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AN AUTOMATIC SAMPLE COLLECTING VACUUM PUM Pt

By E. R. WEAVER? AND MARTIN SHEPHERD?

RECEIVED SEPTEMBER 15, 1927 PUBLISHED JuLy 6, 1928

The mercury displacement pump, which has been generally abandoned
for the simple production d high vacuain favor d the more rapid mercury
vapor pump, isstill & value when the gas pumped is to be collected for
further investigation. Numerous automatically operated pumps d the
Topler type have been described.* Without discussing the ingenious
features d these systems, several & which are quite useful, it may be said
that the majority d them have one or more d the following faults: (1)
vorticesareformedin the bulbs during operation; (2) the mercury entering
the pump head when low pressure prevailsis not sufficiently controlled to
prevent fracture occurring here or in the delivery tube; (3) in order to
avoid the first two faults, the operation d the pump is made excessively
slow; (4) the mercury delivered from the pump has to be returned to the
system by hand; (5) the mercury in the pump is not well enough protected
from contamination and oxidation to permit the continued operation o
the pump for long periodsd time.

A pump designed by the senior author a number d years ago eliminates
these and other faults and at least three pumps have been built and put
into successful operation. The third pump to be constructed has beenin
continuous use for the past three years, and its behavior has proved
entirely satisfactory. The design and operation d this unit will be
described.

! Publication approved by the Director o the Bureau of Standar ds, Department of
Commerce, Washington, D. C.

* Chemist, Bureau o Standards.

3 Associate Chemist, Bureau d Standards.

¢ Beutell and Oberhopper, Chem.-Zig., 43,705 (1919);C. A., 14,662 (1920); Bianu,
Bull. sec. sci. acad. Roumaine, 5, 58 (1916); C. 4., 14, 1789 (1920); Johnson, THS
JOURNAL, 34, 909 (1912); Klein, J. phys., 9, 44 (1910); Compt. rend., 148, 1181 (1909);
Maass, THIS JOURNAL, 37, 2654 (1915);Morley, Sil. J.,47, 40 (1894); Parnfil, J.
chim. phys., 11, 801 (1914); Porter, Ind. Eng. Chem., 16, 731 (1924); Stedman, Trans.

Roy. Soc. Canada, 15, 93 (1921); Steele, Chem. News, 102, 53 (1910); Phil. Mag., 19,
(1910); Maass, ‘Tu1s JOURNAL, 41, 53 (1919).
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The pump control is by mercury displacement in a separate cycle made
to operate on the suction d a water aspirator or any d the mechanical
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vacuum pumps commonly on the market. |ts operation may be described
with reference to the line drawing (Pig. 1) while details o construction

and assembly are apparent from
a study o the photograph (Fig.
2).

The line drawing has been sim-
plified by the following lettering
system. (1) Figures designate
stopcocks. (2) Capital lettersdes
ignate bulbs or other mgjor parts
d theunit. (3) Lower case letters
designate tubing connecting these
parts. (4) Double lower case
letters indicate dimensional levels.

The spaceto beevacuated iscon-
nected to the pump through cock 1
and drying tube A containing phos-
phorus pentoxide sublimed onto
class wool. The gas may enter
the displacement pump directly
through 5 or through a mercury
vapor pump d the StimsonS type
located at B. The Stimson pump
is capable d producing a high
vacuum in an apparatus d reason-
ablesizewithin afew minutes, with
the comparatively high backing
pressure d 2 to 4 cm. The dis
placement pump itself has, then, a
very small volume to evacuate,
that is, merely the connections f
and g and bulb C and trap D.

In case gases condensable at
liquid air temperatures are to be
pumped, condensation bulb C is
used. After condensation, stop-
cocks 4 and 5 are closed and the
condensate isvaporizedintoHand
G or by-passed to a storage system.
This step often saves much d the
time ordinarily spent in pumping.

Fig. 2.—Automatic Samplecollecting vacuum
pump.

A McLeod gage, represented with its connections by /, O, D, M, g,
5 Stimson, J. Wash. Acad. Sci., 7,477 (1917).
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10 and 11, permitsthe operator to know the pressureat theinlet f d the
displacement pump proper.

The contralling or actuating system, which connects to the pump
reservoir N through tube j, comprises the system represented at the right
side of the drawing by the bulbs S and T, reservoir Z, interconnecting
tubes h, i,X, yand z, and cocks 12, 13, 14 and 15.

The operation d this control unit may be described by tracing one
completecycle. Itspurposeisto apply alternate vacuum and atmospheric
pressure to the pump reservoir N.

The reservoir Z isfilled with mercury until the volume above level ##
isnearly equal to thevolumed bulb S and tube X, and barometric columns
in tubesy and 7, including bulb U. The mercury must fill Z somewhat
above level mm; the correct amount may be determined by trial. A
vacuum from an aspirator or other vacuum pump is maintained through
oneinlet d stopcock 7. This reduced pressure is communicated through
tube h, bulb T, tube n and bulb S to tube X, drawing the mercury from
Z into X, through stopcock 15, by which its flow may be regulated, into
bulb S Simultaneously, this reduced pressure is communicated through
thecycleh, T, p, mercury trap and dust filter P, and tube j tothe pump reservoir
N. The mercury sed in U-tube AA is not broken until the mercury in
Z reacheslevel nn. When this occurs, air rushes through AA and x into
S and the sudden increase d pressurein S causes the mercury to begin to
siphon through o into bulb T. The suction through 7 is immediately
interrupted by a barometric column in h. The main reservoir, N, of the
pump s now open to atmospheric pressure through AA, x, S, n, T, P, and
tube j. Tube y and the lower part d h now serve as a siphon to return
the mercury from T to Z, and the time required for this operation is con-
trolled by stopcock 14. When T isempty, air entersh. The slugd mer-
cury in h above jj isswept into trap E, from which it returnsto Z through
i. Air also enters the upper end o y. Mercury flows but dowly through
the partially closed cock 14. Air flows many times as fast as mercury
through the same opening, hence, when air reaches 14 the mercury iny
and U drops suddenly, covering the open end d AA and preventing the
mercury in Z from being carried up in small portions by an "air lift" as
it would beif al the mercury returned dowly to Z. When AA has been
sealed over, the starting condition is restored and the cycle repeats itself.
The air admitted to N isdried in X to prevent fouling d the mercury.

The displacement pump proper comprises the reservoirs N and R
discharging through tubest and # and air trap Y into pump chamber H,
which in turn délivers the gas through fall tube » and trap Q into the
sample storage reservoir G, whence mercury from L may be made to dis
place the gas through stopcock 8 for delivery to any other apparatus
sealedto8. A systemterminating infloat valve BB and connected through
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tubes q, #, s, and trap X effects the automatic return to the reservoir N
d mercury delivered on the compression stroke from the pump head H
to the collecting bulb G.

Very pure mercury isintroduced into the system through tube ¢, which
may then be closed or left open to the air through a drying tube and dust
filter. The amount & mercury must be just sufficient to fill the inter-
connecting tubes k, - m, r, s, t, %, v, w, trap Y, the reservoir G with a
slight excessin L, and the pump head H when N and R are just empty.
The amount d mercury should be finally adjusted by trial, operating with
needle valve 12 nearly closed to avoid breaking the pump head if too
much mercury is in the system. When correct adjustment is obtained,
the mercury from N, which empties quickly through the large tube t
just failstofill the pump head I and so avoidsfracturing this part. The
small bulb R contains just a little more mercury than is required to com-
plete the displacement stroke, and discharges dowly through tube
containing a capillary stricture V d sufficiently small bore to prevent
the mercury striking sharply against the pump head.

Before beginning to collect a sample, vacuum applied through cock 7,
tube a, mercury trap F and stopcock S is made to draw mercury from
reservoir L, connected to the atmosphere through cock 2, into reservoir
G. When G is completely filled, 8 is closed, 2 turned to connect L to the
vacuum and mercury withdrawn from G into L, leaving a barometric
vacuum in G into which gas from H is discharged. This arrangement
permits placing the pump reservoir N below H, the chamber into which
it discharges, and the consequent operation d the pump by vacuum and
atmospheric pressure rather than vacuum and positive pressure.

The gas delivered from H is effectively prevented from returning by
trap Q, which also prevents gas bubbles being carried down tube s. The
mercury which follows the gas through delivery tube # automatically
returns to the pump through valve BB® when vacuum is again applied
to N. The reservoir N is made d a tube approximately 35 mm. in di-
ameter and 30 cm. in length, sloped at an angle d about 30° from hori-
zontal to prevent the vortex action invariably observed in the usua
reservoir. BulbsSand T in the control system must be relatively narrow
inclined tubes for the same reason. The delivery tube » must be con-
structed d tubing d 0.5-0.7mm. bore, in order to be completely effective.
Larger bores do not deliver the discharged gas properly, leaving films
which prevent the obtaining d high vacua. It is perhaps superfluous to
note that the construction d H and m presents an exacting problem to
the glass blower, since any surface approaching the horizontal is apt to
trap a gasfilm and ruin the efficiency d the pump.

8 Thefloat valvesBB and | are solid glassballsground perfectly spherical and fitting
against a 45° ground seat. Floatsd thistype donot fail aslong as they remain clean.
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It should be noted that the specified levels indicated by the double
letters are quite significant to successful operation of the pumping cycle
as well as the control cycle. The level aa—dd need not be 80 cm. unless -
the pump is made to operate on a barometric valve in tube f. The glass
float T is to be preferred at this point. Construction should closely ad-
here to the other levels specified.

It is apparent that pumping ceases when the pressure in H equals that
in G. At this point the pump runs automatically without further transfer
of gas from the pump head to the storage reservoir. The pump is then
stopped at the termination of a compression stroke by turning cock 13
to the air, and the pumped gas transferred from G by mercury displace-
ment from L, cock 2 being turned to the atmosphere for this purpose.

It is worthy of particular comment to note that the pumping cycle
contains no stopcocks except the outlet cock No. 8. This is a very im-
portant feature, since stopcock lubricant will foul the mercury and make
impossible the obtaining of high vacua. The mercury in contact with 8
is carried forward from the pump, and never backward into G. No lubri-
cant can therefore be carried into the pumping system. The pump is so
arranged that mercury must be added to the Topler cycle through g,
never through 8. In actual use, an original filling of pure mercury was
perceptitly fouled at the end of two years’ operation. If the outlet of ¢
and inlet of N had been provided with suitable drying tubes, as suggested
herein, it is believed the small amount of fouling that occurred over this
long period might have been prevented. It is required, of course, that
the mercury does not come into contact with a corrosive gas.

For draining and cleaning either the controlling or the pumping system,
outlets are provided in the form of drawn-out glass tips at CC and DD.

The pump was mounted, as shown in the photograph, on a frame of
angle iron, the bulbs containing heavy weights of mercury being set into
plaster of Paris in suitable metal forms. This type of mounting is de-
sirable when a permanent unit is to be set up. In the event of breaking
any part, the whole is easily accessible to a hand torch.

The pump operates readily at a rate of one or two cycles per minute.

Summary

"T'he automatic sample collecting vacuum pump here described has been
in successful operation for several years. The pump is an automatic
T'épler, which acts as the backing unit to a high speed mercury vapor
pump. The automatic control is accomplished by an arrangement of
mercury displacement within an auxiliary cycle, which can be operated
by a water aspirator or any motor driven vacuum pump commonly on
the market. No pressure above atmospheric is required for the operation
of the pumping unit. _The design incorporates_features which prevent
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fracture d the Topler pump chamber and delivery tube. Stopcocks
have been eliminated from the pumping cycle and a minimum quantity
d dried and filtered air comes in contact with the mercury in the pump
reservoir; the mercury is consequently not fouled through contact with
lubricants or moist air. The mercury delivered by the Tépler pump is
automatically returned to the cycle, while the gas pumped is automatically
collected and may be transferred as desired to other units.

The control system is entirely independent d the vacuum pump and
may find other applicationsin which alternating vacuum and pressure are
desired.

‘WAaSHINGTON, D. C.

[ConTRIBUTION PROM THE HUNTINGTON FUND POR CANCER RESEARCH, MEMORIAL
HospITAL, New York Crry]

SOME PROPERTIES OF COLLOIDAL LEAD

By HELEN QuIiNCcY WOODARD
RECEIVED OCTOBER 14, 1927 PUBLISHED JuLy 6, 1928

In the course d the preparation d colloidal lead suitable for clinical
usea number d the propertiesd lead sols prepared by the Bredig method?t
have been studied. The more outstanding d these properties are pre-
sented below.

Apparatus and Method. — The apparatus was the same as that de-
scribed by the author elsewhere.? The anode was !/i-inch commercial
sheet lead from the National Lead Co. Thecathodewasaroll o ** Pueblo™
lead foil from the American Smelting and Refining Co. Baker's “c. p.”
reagents and Eimer and Amend's “c. .” and "Tested Purity' reagents
were used and were not further purified. The approximate currents used
at different times are given below, temporary fluctuations up to *109%,
d the values given being caused by irregularitiesin the arc: 1.4 amps.,
40 volts, 3.8 amps., 50 volts; 7.0 amps., 60 volts. The temperature
range was 10-35°.

Properties.— The colloidal lead was dark gray and fluorescent when
first prepared, turning blue-black after being centrifuged or being allowed
to stand for a few hours. It was brown by transmitted light. The
particles carried a positive charge, as shown by their migration in an elec-
tric field. When a current passed directly through a sol, the lead coagu-
lated to tree-like growths on the electrodes.

When protected from air by paraffin seals about 5 mm. thick the sols
would keep for from three to nine weeks before coagulating. I, however,
they were left with a large surface in contact with the air, they rapidly

! Bredig, Z. angew. Chem., 12,951 (1898).
2 Woodard, Ann. Sur., 607, Oct., 1927.
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developed an area d clear supernatant liquid, as observed by Stenstrom
and Reinhard.? Solsleft uncovered in thisway soon settled out,

The colloidal lead wasreadily coagulated by electrolytes. Sulfuric acid,
sodium carbonate, sodium bicarbonate, potassium hydroxide and sodium
chloride, when added to sols stabilized by potassium hydroxidein amounts
sufficient to bring the final concentration d added electrolyte to 0.001 N
or higher, caused visible coagulation in a few minutes. The €electrolytes
mentioned had about equal precipitating power in equinormal concentra-
tions, but acetic acid had much less effect. The coagulation time could
not be determined accurately but was roughly inversely proportiona to
theaged thesol.

All the sols could be coagulated by shaking with air or with carbon
dioxide. Thetimed shaking required to coagulate a sol under given con-
ditions decreased with increasingage d the sol.

Series d sols were made by arcing in different electrolyte solutions.
The concentrations d stable colloidal lead prepared under different con-
ditions are shown in Table I, the criterion o stability being the ability o

TaBLE |

PH of initial Current, Number Average  Average dev.

Electrolyte soln. amps. of sols conen., % Pb fromav., %
0. 00025M HC1 3.6 1.4 15 0. 038 =20
.000125 MH,S0, 3.6 1.4 5 .039 =19
.00022 M CH;COOH 5.2 1.4 6 .050 24
H:0 only 55 1.4 6 050 *=14
.000124 M NaCl 1.4 6 .082 =11
.00025 M NaCl 5.6 1.4 6 .100 = 8
.00050 M NaCl 1.4 5 .091 %18
, 00099M NaCl 1.4 3 .040 =12
.000125 M NaHCO; 8.3 1.4 5 .083 =17
.000125 M Na,CO;s 9.2 1.4 5 .098 *+13
.00011 M KOH 8.8 1.4 5 .104 *=15
.00022 M KOH 10.0 1.4 63 122 *15
.00044 MKOH 1.4 6 .130 =14
.00087 M KOH 1.4 3 .067 =12
.00022 M KOH 3.8 13 152 *19
.00022 M KOH 7.0 29 .187 +18

the sol to withstand centrifugingfor fiveminutesat aforced 1000 X grav-
ity. The average deviations from the average concentrations d sols in
each electrolyte series are rather large in comparison to the differencesin
the average concentrationsof sols in different series. Nevertheless, a com-
parison o the different series brings out the following relationships fairly
clearly.

(1) The concentration d colloidal lead stabilized by 0.00022 M potassium hy-
droxide at currents o 1. 4-7. Gamps. isdirectly proportional to the current used.

3 Stenstrom and Reinhard, J. Biol. Chem, 69, 607(1926).
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(2) For the entire range d electrolyte solutions examined with the exception o
the neutral salt sodium chloride, the concentration of colloidal lead stabilized by equi-
normal solutions d different electrolytesis a function d the PH d the initial solution;
se Fig. L (Note that the Px values given in the table were obtained from solutions
that had cooled from the boiling point in the apparatus in contact with the electrodes.
Considerablelead is dissolved under these conditions.)

(3) For the electrolytes potassium hydroxideand sodium chloride, the concentra-
tion d stable colloidal lead dispersed by a given current rises with increasing electrolyte
concentration up to a maximumwhich is reached in the neighborhood of 0.0003 M, and
then falls; see Fig. 2. It could not be determined whether the curvesfinally drop to
zero, owing to the extreme difficulty d maintaining an are in high electrolyte concentra-
tions, and thelatter portionsd the curvesareill defined for the same reason.

1
0
o/

0.10 °

/

o

0.05 0
8 —

Average concentration of sols, in 9, Pb.

4 6 8 10
Pu o arcing solution.

Fig. 1. —Lead solsin approximately 0.00025 N solutions o different electro-
lytes. Relation d concentration d sol to PH of arcing solution.

Therelation o the concentration d lead solsto the weight o lead dis-
integrated from the cathode during the preparation o the sols offers an
interesting contrast to the relationship found by the author and othersfor
the similar solsd gold, silver and platinum.* Thus, the concentration of
gold, silver and platinum sols risesto a maximum during arcing, and then,
on further arcing, falls, sometimes rather rapidly, to zero. With lead
sols, on the other hand, the concentration rises rapidly to a maximum
during arcing, and further arcing, even when quite prolonged, does not show
any tendency to cause the concentration of colloida lead whichisstableto
five minutes centrifuging with a force of 1000 X gravity to fall bdow
thismaximum. Thisistrued solsin all the different electrolyte solutions
examined. Table II gives a typica example. The relation for uncen-

4 Briggs, Dissertation, Columbia, 1923; Woodard, Dissertation, Columbia, 1925;
Baeyertz, Dissertation, Columbia, 1924.
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.. Lead
disintegrated, g.
1.30
1.66
2.06

HELEN QUINCY WOODARD

TasLy IT
CENTRIFUGED SOLS IN 0.00025 M NaCl AT 1.4 AMPS.

Concen.
sd, % Pb

0.104
.099
.109

.. Lead
disintegrated, g.
2.13
2.69
3.63

Concen.
sol, % Pb
0.089
.110
.089

Vol. 50
N

trifuged sols is much less consistent than for centrifuged ones, and the
maximumd concentrationisreachedlatex.
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. N
/] .
g | N
B0 P — e TN .
g °~ N \\
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=} ~
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© 0.02
0.0002 0.0004 0.0006 0.0008 0.0010

Molarity of arcing solution.

Fig. 2—Lead solsin solutions o potassum hydroxide and sodium chloride.
Relation d concentration of sol to concentration o arcing solution.

The behavior d lead sols under the influence d gravitational force also
differs from the analogous behavior d gold sols under centrifugal force,
and in general from the settling d dispersionsd mixtures o particles of
different degrees d stability.6 This was shown by a study d uncentri-
fuged sols which were alowed to stand in cylinders 30 cm. high with an
internal diameter d 4-45cm. Thesurfacesd the solswere covered with
paraffin. Samples were withdrawn for analysis from the center o the
column of liquid from timeto time. Typical curves obtained by plotting
concentration against time d standing areshown in Fig. 3. These curves
show, as expected, an initial rapid drop in concentration as the unstable
particles settle out. Thisisfollowed by a period d nearly constant con-
centration, as with colloidd gold. After a time the influenced a cumu-
lative precipitating is apparent. Visible coagulation begins and the con-

® Ayres, Chem. Met. Eng., 16, 190 (1917); Davidson, Dissertation, Columbia,
1924.



Julv, 1928 SOME, PROPERTIES OF COLLOIDAL LEAD 1839

centration falls rapidly to zero. This was observed in sols stabilized by
acids, neutral salts and alkalies alike. A similar but less marked effect

0.10

[o]
O\ H.SOy O
2 4 ° o

) \O T
: N\

o
o
&

Concentration of sols, in % Pb.

10 20 30 40
Time of standing, days.

Pig. 3.—Lead sols in 0.000125 M H,SO4 and in 0.00025 M NaCl. Change
d concentration on standing.

was observed in sols which had been centrifuged for five minutes; see
TableIII. Inview d thereadinesswith which the solscan be coagulated

TABLE III
CHANGE IN CONCENTRATION o CENTRIFUGED SoLS IN 0.00022 M KOH AT 7.0 Amps.
Time, Original concn. Time, Origina QOO
No sols days remaining, % N2 sols days remaining, %
8 5 100 5 30 70
8 10 98 5 35 55
8 15 93 5 40 38
8 20 89 5 45 17
8 25 83 5 50 9

by shaking with air, it seems probable that the precipitation is caused by
the oxygen and carbon dioxide which are absorbed through the paraffin
sedls.

Summary

Theconcentration d stable colloidal lead prepared by the Bredig method
has been found to be proportional to the current used in the preparation
of thecolloidandtothe PH d theinitial solutioninwhichthearcingisdone.

The concentration o colloidal lead has been found to rise to a maximum
with increasing concentration d stabilizing electrolyte used, and then to
fall as the concentration o stabilizing electrolyteisfurther increased.
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Some properties d Bredig colloidal lead have been compared with the
corresponding properties d colloidal gold, silver and platinum.
NEwW York CITY

[CoNTRIBUTION FROM THE LABORATORY OR PHY SICAL CHEMISTRY, STATE UNIVERSITY OF
lowa]

THE CONDUCTIVITY AND VISCOSITY OF SOLUTIONS OF
LITHIUM NITRATE IN CERTAIN MIXED SOLVENTS

By J. L. WHITMAN AND S. R. SPENCER
RECEIVED FEBRUARY 8, 1928 PUBLISHED JULY 6, 1928

As part d some investigations being carried on in this Laboratory, it
was found desirable to make a seriesd measurements d the conductivity
and viscosity d solutionsd lithium nitrate in mixtures & methy! acohol
and ethyl acohol, and d methyl alcohol and water. Such measurements
have previoudy been made by Jones and Lindsay? and by Jones and
Carroll,® but it seems desirable to report the more extended series d
measurements which we have made.*

Materials

Lithium Nitrate. —This was prepared from pure lithium carbonate and C. ». nitric
acid, was recrystallized five times from conductivity water and was then shown to be
free from impurities by a spectroscopictest. The drying d the salt was found to be
more difficult than would be indicated from the literature. Anhydrous material could
only be obtained by prolongedheating at 150° in avacuum. This probably accountsfor
the fact that the values here recorded are uniformly higher than the values previously
reported.

Water.—Laboratory distilled water was electrically redistilled from alkaline
permanganateand had a conductivity o 1to 1.2 X 10~¢.

Alcohd.—A good graded ethyl alcohol wassuccessively treated with lime, metallic
calcium, silver nitrate and finally again with lime prepared according to Danner and
Hildebrand.® Thus prepared it had a conductivity d about 3 X 1077, while methyl
alcohol prepared in asimilar manner had a conductivity of 2 X 1078,

Solutions.—Dry lithium nitrate was weighed into a quartz flask, solvent o the
required composition then being added to give a solution d the greatest desired con-
centration. More dilute sol utionswere made by adding solvent in the required amount
to this stock solution.

Apparatus and M easurements

A Leedsand Northrup Kohlrausch slide wire bridge with extension coils, a micro-
phone hummer, tunable head phones, Curtis coil resistance boxes, adjustable air con-

! The data reported in this paper constitute a portion of a Dissertation presented
to the Graduate Faculty d the State University d lowa by S. R. Spencer, in partial
fulfilment o the requirementsfor the degreed Doctor d Philosophy.

2 Jones and Lindsay, Am. Chem. J., 28,329 (1902).

3 Jones and Carroll,ibid., 32, 521 (1904).

4 For a summary and review of the work d Jones in the field of conductivity in
mixed solventssee Jones and Kreider, 4bid., 45,282 (1911).

§ Danner and Hildebrand, Te1s JOURNAL, 44,2824 (1922).
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densers and the usual sheathingsand shieldings were used. The grounded water-bath
consisted o a heavy Pyrex vessd of about 12 liters capacity, the temperature being
regulatedto25 = 0.01°. Washburn pipet cellswerecalibrated by themethod of Kraus
and Parker.® All other apparatuswas car efully calibrated and from 8 to 15 resistance
measurements were made on each solutionused. All values were corrected for the con-
ductivity of the pure solvent.

Viscosity measurements were madein an Ostwald type quartz viscosimeter.

Experimental

Methy!l Alcohol-Ethyl Alcohol Mixtures.—The equivalent conductivi-
tiesd solutionsd lithium nitrate d variousconcentrationsand in solvents
ranging in composition from pure methyl alcohol to pure ethyl alcohol are
recorded in Table |. In every solvent used the equivalent conductivity
increases with dilution as is normally the case with water solution, but in
no case does the Mass Law hold. For the more dilute solutions the
conductivity is aimost exactly a linear function d the composition d the
solvent, and even for the 0.1 molar solution the deviation is small. The
viscositiesd asariesd mixturesd the two adcohols are given in Table 11,
referred to water at 25° as unity.

TaBLE 1

Tue EQuIVALENT CoNDUCTIVITY oF LITHIUM NITRATE IN METHYL ALcoHoL, ETHyL
ArcoHOL AND IN MIXTURES o THESE SOLVENTSAT 25°

Concn., 1009, 100%
molar CHaOH 90% 80% 70% 60% 50% 40% 30% 20% 10% C:H;OH
0.1 54.27 50.56 45.71 41.83 37.05 33.84 30.16 26.88 23.62 21.01 17.47
.05 63.07 58.10 53.17 49.19 43.87 40.12 35.82 32.04 28.36 24.69 20.74
.025 71.27 65.49 59.30 55.73 49.77 45.95 41.05 36.96 32.75 29.07 24.07
.0125 78.88 72.21 66.30 61.92 56.33 51.49 46.11 41.57 37.05 32.09 27.36
.00625 84.70 78.51 72.36 67.16 61.85 56.35 50.82 45.81 41.17 36.10 30.40
.003125 89.30 83.87 77.91 71.21 64.41 61.03 54.82 49.92 45.06 39.22 33.25
.001562 93.10 87.85 81.84 75.21 69.87 65.09 59.50 53.34 47.40 41.12 35.10
.000781 95.63 91.40 85.16 79.11 73.15 67.52 62.10 56.05 50.05 44.08 38.13
.000391 99.59 94.02 88.10 82.24 76.05 70.51 64.85 59.24 53.19 47.31 41.10
.000195 104.17 98.12 92.18 86.15 80.21 74.31 67.81 62.14 55.91 50.08 44.16
TABLEII
Tug V1SCOSITY of METHYL ALcoHoL-ETHYL ALcoHoL MIXTURES AT 25°
CH:0OH, % Viscosity CH:OH, % Viscosity CHOH, %  Viscosity
100 0.5968 60 0.7800 20 1.0477
90 .6400 50 .8262 10 1.1310
80 .6826 40 .8785 0 1,2530
70 .7249 30 .9618 .- “ras

In Fig. 1, Curve 1, composition d solvent is plotted against equivalent
conductivity for the most dilute solution; in Curve2 composition isplotted
against viscosity for the pure solvent. Viscosity determinations were
made for a number o the more dilute solutions but the values obtained
differed so little from those for the pure solventsd the same composition
that t he latter values have been used in all cases.

8 Krausand Parker, THISJOURNAL, 44,2422 (1922).
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Methyl Alcohol-Water Mixtures.— Table III gives the equivalent
conductivitiesfor aseriesd solutionsd lithium nitrate in various mixtures
d methyl dcohol and water. Viscositiesd the same mixtures are given

1 2
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Curve 1.—Composition—conductivity. Curve 2.—Composition—viscosity.
Fig. 1.—Lithium nitrate in methyl alcohol-ethyl alcohol mixtures.

in Table 1V. Dilution was not carried as far as with the methyl alcohol-
ethyl alcohol mixtures,sinceit wasfoundt hat at aconcentration d 0.00625
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Curvel.—Compositioni-conductivity. Curve 2.—Composition-viscosity.
Fig. 2.—lithium nitratein methyl alcohol-water mixtures.

molar the viscosity d the solution did not differ appreciably from that
of the pure solvent. The corresponding curves are shown in Fig. 2
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TanLg III

THE EQuivAaLENT ConbpucTiviTy oF LiTHium Nrrrate 1N WATER, METHYE ALCOHOL
AND IN MIXTURESOF THESE SOLVENTSAT 25°

Conen. 100% 100%
molar HyO 90% 80% 70% 60% 50% 40% 30% 20% 10% CH:OH
0.1 90.56 75.09 64.01 54.95 50.25 47.14 45.50 49.91 47.15 49.82 54 27
.05 94.84 79.31 66.85 57.71 53.07 50.01 48.37 49.21 51.40 54.96 63.07
.025 98.87 83.05 70 04 60.23 55.54 52.40 51.05 52.24 55.20 59.81 71.27
, 0125 102.14 8585 72.77 62 57 57.97 54.70 53.47 55.17 58.99 64.68 78.88
.00625 - 105.45 88.43 75.91 64.75 60.04 56.60 55.56 58.00 62.95 68.87 84.70
Taery |V
‘Tag Viscosi TY oR WATER-METHYL ALcoHoL MIXTURES AT 25°
H:0, % Viscosity H:0, % Viscosity H:0, % Viscosity
100 1.000 60 1.781 20 1.229
90 1,240 50 1.760 10 0.9473
80 1.466 40 1.656 0 .5969
70 1.667 30 1.483

Ethyl Alcohol-Water Mixtures.—Data d previous authors are used
for ethyl alcohol-water mixtures, conductivity data from Jones and

Q/ON
105 g N 22.9 X 10~
1

95 / ‘ 20.9
85 ' \ 18.9
75 / \/ 16.9
65 / \ .

55 3
2 / \
45

Equivalent conductivity.

—t —

SRS

© ©
Absolute viscosity.

4 10.9
—
35 8.9
100% 90 80 70 60 50 40 30 20 10 100%
C,H:0H H:0

Curve 1,—Composition-conductivity. Curve 2.—Composition—-viscosity.
Fig. 3.—Lithium nitratein ethyl alcohol-water mixtiires.

Lindsay? and viscosity data from Noack.” Graphs are shown in Fig. 3.
The conductivity data are unsatisfactory since values are given only for
one mixture, that containing 509, acohol. It is evident, however, and
isso stated by Jones and Lindsay® that no minimumexistsat 25°, although
adlight minimum is found for certain concentrationsat 0°.  An examina-

7 John C. Evans, ""Physico-Chemica Tables," Griffin and Co., Ltd., London,
1911, p. 651.

8 Ref.2 p. 362.
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tion d Fig. 3 shows that a decided maximum occurs in the composition-
viscosity curve, in this respect being similar to the methyl alcohol-water
mixtures.

Discussion

Jones and Lindsay2 and Jones and Carroll® studied solutions d several
salts in mixturesd methyl acohol and water. Measurements were made
at various concentrations and at 0 and 25°. They concluded that "the
minimum d conductivity is caused primarily by the great decrease d
fluidity resulting when the two components d the mixture are brought
together.”® Without considering the many dilutions used, 23 distinct
cases were studied, d which 9 show a very pronounced minimum in the
conductivity curve, 3 show aslight minimum, while 11 show no minimum.o
The very marked minimum occurs only in the methyl acohol-water
mixtures, while in the ethyl alcohol-water mixtures the minimum occurs
only at 0°, and then only occasionally. For calcium nitrate no minimum®*
appears under any conditions. These results are difficult to interpret
interms d viscosity, especialy in view d thefact that oned the common
arguments in favor d the relationship between viscosity and conductivity
is that the temperature coefficientsd the two are nearly the same.

We have verified and extended Jones' results for the methyl alcohol-
water mixtures and have obtained data for methyl alcohol-ethyl acohol
mixtures. The work is being continued to include a number o the higher
alcohols.

SUmmary

1. Measurements have been made o the conductivities and viscosities
d solutions d lithium nitrate in water, methyl alcohol and ethyl acohal,
and in various mixturesd these solvents.
2. Thedifficultiesinvolved in drying lithium nitrate have been pointed
out and are shown to be a possible source d error in previous work.
lowa GTY, lowa
9 Ref. 2, p. 553.

1 Three d this group show a very dlight minimum at one concentration. The
reader isreferredto theoriginal articlefor a completecomparison.
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Introduction

U. Fischer,! and Braune and Koref,2 working in Nernst's laboratory,
have made measurements d the free energy of formation (A) and heat
d formation (U) o silver iodide from its elements. Nernst® has meas-
ured the specific heat o silver, iodine and silver iodide down to the tem-
perature d liquid hydrogen. TFischer and Nernst regard the agreement
between the measured heat d formation and the value computed indirectly
from the free energy and specific heats by the aid d the Third Law o
Thermodynamics as sufficiently close to furnish support for the Law.

Grinnell Jones and M. 1. Hartmann* made measurements o the po-
tential d cdlsd thetype Ag, Agl, ¥KI, xKI + I, sat., Pt (similar in prin-
ciple to the cdl used by Fischer but differing in details) at both 25 and
0°. ‘They were thus enabled to obtain avalue for d4/d7, or the entropy
d the reaction directly from their electromotive force measurements
without using thermochemical measurements. They found a value for
the entropy nearly twice that found by Fischer and criticize Fischer's
work; they also point out that their resultsand Nernst's dataon the specific
heatsd these substances are not reconcilableby the Third Law o Thermo-
dynamics.

The essenced the Third Law d Thermodynamics is that, for areaction
between solids, the temperature coefficient d the free energy, d4/d7T, or
theentropy (S d thereactionisafunction soldly d the specificheatsdf the
substances involved and can be computed quantitatively if these specific
heats are accurately known from absolute zero up tothe working tempera-
ture. Therefore, asispointed out by Jones and Hartmann, the sharpest test
d the validity d thetheory isobtained by comparingthevaluesd dA4 /dT
experimentally determined with that computed from the specific heats o
the substances involved. Pischer's method d testing the theory, referred
to above, requiresnot only accurate data on thespecificheatsand onthefree
energy d the reaction at one temperature but in addition requires accurate
measurements o the heat d thereaction. Therefore, the unavoidable ex-
perimental errorsin the calorimetric work increase the difficulty o testing
the theory by this method. Electromotive force measurements are in

' U. Fischer, Z. anorg. Chem., 78, 41 (1912).

¢ H. Braune and F. Koref, Z. anorg. Chem., 87, 175 (1914).
3 W. Nernst, Ann. Physik., [4] 7, 36, 395 (1911).

¢ Jones and Hartmann, THisJournaL, 37, 752 (1915).
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general more precisethan cal orimetric measurements and in the comparison
d very smilar measurements made at a slightly different temperature,
theeffect d systematic errorson the temperature coefficient may belargely
eliminated.

This point d view issupported by the publications d G. N. Lewis, and
especially by the work d R. H. Gerke,® which isin our opinion the most
rigid test d the validity d the Third Law yet published, and which is
based solely on the comparison d measurements d the temperature coeffi-
cient d the electromotive force d galvanic cdls with the computations
based on measurementsd specific heat from absolute zero up to the usual
working temperature. 1n the application of this method errors in the po-
tential measurementswhich vary with the temperature should be guarded
against with special care.

If the data d Nernst on the specific heats d silver iodine and silver
iodide are correct, and if the Third Law isvalid, thevalued d4 /47T should
be 2.19 caories per degree.

H. 8. Taylor® and Taylor and Anderson’ have discussed this discrep-
ancy between the data d Jones and Hartmann and d Fischer but without
definitely locating the cause d the discrepancy. In the meantime G. N.
Lewis and his associates have published papers too numerous to refer to
in detail which furnish stronger evidence d the validity d the Third Law
d Thermodynamics than the numerous papers from Nernst's laboratory.
The paper d Gerke® referred to above is especidly significant. A recent
paper by Webb® which summarizes and extends the work done on this
subject at Princeton also supports the validity o the Third Law.

The discrepancy between theresultsd Fischer and  Jones and Hart-
mann has been studied by O. Gerth,® a student d Nernst, who duplicated
thecdlsd Jones and Hartmann and d Fischer and repeated the measure-
mentsd electromotiveforce (E;), and in both cases obtained results which
agreed within a few tenths d a millivolt with those d the original authors
and also checked the divergent temperature coefficients.

The iodine electrodes prepared either by the procedure d Fischer or
by that d Jones and Hartmann were measured by Gerth against each
other and agreedwithin = 0.02 millivolt. Significant differenceswerefound
by Gerth when the two types d silver-silver iodide electrodes were meas-
ured against each other. Fischer used pure electrolytic crystals o silver.
His silver iodide had been previously fused and then alowed to crystallize
on cooling and then broken up into small pieces and added to the silver

§ R. H. Gerke, T'1s JoURNAL, 44,1684 (1922).
¢ H. S. Taylor, ibid., 38, 2295 (1916).
7 H. 8. Taylor and W. 'I'. Anderson, Jr., ibid., 43, 2014 (1921).

8T, J. Webb, J. Phys. Chem, 29, 816 (1925).
> Q. Gerth, Z Elektrochem., 27, 287 (1921).
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electrodes as a depolarizer. The electrolytes were N/2, N/3 or N/10
solutions d potassium iodide. Jones and Hartmann covered a platinum
spiral with silver by electroplating from a cyanide bath. The silver was
covered with a paste d pure silver oxide in water, and then heated in an
electric furnace to a low red heat to convert the silver oxide completely
into spongy metallic silver. The eectrodes were then coated with a thin
layer d silver iodide by making them an anode in a solution d potassium
iodidewith avery low current density. Theseelectrodeswerethen allowed
to stand in a fresh solution & N/10 or N/20 potassium iodide.

Gerth measured silver-silveriodide electrodes d these two types against
each other in /10 potassium iodide. His measurements showed that
the electrodes made according to the specifications d Jones and Hart-
mann were positive to those prepared according to Fischer by 0.54 milli-
volt at 25° and in general the difference is represented by the formula
E = 0.00090 — 0.000015 t.

Thisindicates that the crystalline form d slver iodide used by Fischer
is more stable than the form used by Jones and Hartmann. Gerth says
"The differencein the silver electrodes found by the preceding measure-
ments explains a part d the discrepancy mentioned at the beginning."
This conclusion does not seem to us to be justified because the potential
readings d Jones and Hartmann are above those of Fischer, whereas if
the only difference between the two types d cdl had been that Fischer
used a more stable form d depolarizer he should have obtained the higher
readings. Thus, if to Gerth's value for the complete cell with the J +
H typed electrode, E; = 0.6934 + 0.000258 t, thereisadded the difference
between the two kinds d electrodes, E = 0.0000 — 0.000015 t, we obtain
E; = 0.6943 4 0.000243 t, which should be the same as Gerth's directly
measured value for the completecdl d the Fischer type whereastheresult
obtained by Gerth by actual measurement was E; = 0.6921 + 0.000302 t.
Thus by taking account d the difference between the two types o elec-
trodes as measured by Gerth, the discrepancy between the measurements
of Fischer and those d Jones and Hartmann is made worse instead o
being partially accounted for.

Even more important than the discrepancy between the experimental
resultsd Fischer and d Jones and Hartmann isthe difference in the com-
puted corrections to alow for the disturbing effect & the formation o
tri-iodides in the solution.

The iodide-iodine-tri-iodide equilibrium has been much studied in the
past but a detailed review d this earlier work must be omitted to save
space.'® These researcheshave established that when free iodine is added

1 (@) J. I,. Gay-Lussac, Ann. de chemde, 91, 72 (1814); (b) E. Baudrimont, Compt.

rend., 51, 827 (1860); (c) I,. Dossiosand W, Weith, Z. fur Chemie, 5, 380 (1869); (d)
M. LeBlanc and A. A. Noyes, Z. physik. Chem., 6, 401 (1890); (e) A. A. Jakowkin,
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toasolution d aniodidethe principal reaction that occursisthe formation
o atri-iodide accordingto the reaction | — 4 1, I;—. The equilibrium
constant o thisreaction, (I- X I)/Is~ = k, isatrue constant if the solu-
tion is sufficiently dilute in free iodine and iodide, but if the solution is
saturated with iodine, especidly if theiodideis0.1 N or stronger, thereisa
decrease in the constant which indicates that some higher complex is pres-
ent. The iodine electrode is reproducible, constant and reversible to an
unusual degree, but in the interpretation d measurements made with it
proper alowance must be made for the formation o tri-iodides and the
conditions should be so chosen that the formation d higher polyiodides
is negligible.

As a result d the formation d the tri-iodides, there is a difference in
the concentration d the iodideion in the two halves d the cell which re-
quires that an osmotic work correction be applied by the Nernst Equation
E, = RT/F In e/ci. Fischer not only omitted the liquid junction en-
tirely but applied the osmotic work correction in a crude manner because
o alack d accurate knowledge d the tri-iodide equilibrium at the odd
temperatures d his measurements. Jones and Hartmann utilized the
results d Bray and MacKay'® on the tri-iodide equilibrium at 25° and
madeastudy d thisequilibriumat 0° themselves'® for the purpose. From
their measurements with 0.1 N potassium iodide solutions, they found
dA/dT = 3.7 ca. per degree; and from their measurements with 0.05 N
potassium iodidesolutionsthey found d4 /d7T = 45 cal. per degree. They
regard the latter as the more reliable.

Gerth made new measurements d the potential d silver—silver iodide-
iodine cells similar to those d Jones and Hartmann, using N/20, N/40
and N/60 potassium iodide solutions (E;) and the results show the same
systematic change with concentration.

Gerth then undertook to reduce the disturbing effect d tri-iodides by
working with solutions unsaturated with respect to iodine but having a
known vapor pressure d iodine. The osmotic work correction and the
liquid junction correction are thus substantially reduced and replaced
by a correction which can be computed by the Nernst equation E, =
RT/2F 1n p./p1, from thevapor pressured iodinefrom the solution actually
ibid., 13,539 (1894); 18,585 (1895); 20,19 (1896); (f) A. A. Noyes and J. Seidensticker,
ibid., 27, 357 (1898); (g} W. C. Bray and G. M. J. MacKay, Tris JOURNAL, 32, 914
(1910); (h) W. C Bray, ibid., 32, 932 (1910); W. C. Bray and E. L. Connolly, ibid.,
33, 1485 (1911); (i) Grinnell Jones and M. L. Hartmann, ibid., 37, 241 (1915); (j)
R. Abegg and A. Hamburger, Z. anorg. Chem., 50, 426 (1906); (k) C. L. Parsons and
C. E. Whitternore, THIS JOURNAL, 33, 1934 (1911); (1) G. A. Linhart, THIS JOURNAL,
40, 162 (1918); (m) G. S. Johnson, J. Chem. Soc., 1877, p. 249; (n) H. L. Wells and
H. I,. Wheder, Z. anorg. Chem., 1, 448 (1892); (o) H. W. Foote and W. C. Chalker,
Am. Chem. J., 39, 561 (1908); (p) C. L. Parsons and H. P. Corliss, THIS JOURNAL, 32,

1367 (1910); (q) E. W. Washburn and E. K. Strachan, ihid., 35,691 (1913); (r) P. P.
Fedotieff, Z. anorg. Chem,, 69, 32 (1911).
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used (1) and the vapor pressure d solid iodine at the temperature d the
cdl (p2). Thisisfundamentally a good idea because as a general rule the
activity of un-ionized molecules such as 1, is very nearly proportional to
the vapor pressure and only slightly if at all influenced by the concentra-
tion of theionspresent, whereasthe activity coefficient d theionsisappre-
ciably different from the degree d dissociation as estimated from the con-
ductivity even in solutions as dilute as 0.05 N and widely discrepant in
solutionsas concentrated as0.5 N. But if the unsaturated iodine solution
can be made sufficiently dilute to reduce the osmotic work correction
and the liquid junction to a small figure d the order & one or two milli-
volts the error in this correction is probably negligible.

To prepare potassium iodide solutions with a small known iodine vapor
pressure, Gerth passed nitrogen through a U-tube containing iodine main-
tained at 0°, thus saturating the nitrogen with iodine vapor at the vapor
pressure d solid iodine at 0°. This nitrogen was then bubbled through
a potassium iodide solution d known concentration at some higher tem-
perature, until equilibrium had been established. The voltage d a plati-
num electrode in this solution against a platinum electrode in a solution
d the same strength in potassium iodide but saturated with solid iodine
was then measured (£;). The measured potential includes the potential
due to difference in iodide ion concentration (osmotic work) and to the
liquid junction between the saturated and unsaturated solution as well
as the potential due to the difference in the activities d the free iodine
in the two solutions. If the vapor pressures are accurately known the
latter potential can be computed with precison. This permits the sum
of the osmotic work correction and the liquid junction correction to be
determined experimentally with a precison greater than they can be com-
puted from the theoretical formulas as was done by Fischer and by Jones
and Hartmann. This method does not entirely eliminate the necessity
d applying a computed correction for the osmotic work and liquid junc-
tion due to the formation d tri-iodides because there still remains a dif-
ferencein the iodide ion concentration in the pure potassium iodide solu-
tion containing no iodine which surrounds the silver iodide electrode and
in the solution which is unsaturated with iodine, used by Gerth in his
measurements. This potential (¥,) must be computed by the methods
criticized above. Gerth attempted to make the unsaturated iodine solu-
tion sufficiently dilute so that the error in this correction would be negli-
gible.

Although the basic idea d Gerth's method is good, he lacked the data
necessary for its successful execution. This method requires an accurate
knowledge d the vapor pressure d iodine at each d the temperatures
used in the experiments. Gerth did not determine the vapor o iodine
at each o his working temperatures and does not even state directly the
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values which he used, but herefersto Abegg's ""Handbuch,” Vdl. 4, part 2,
p. 350 (1913), wherea table of vapor pressures d iodineat varioustempera-
turesisgiven. Thesedata by many differentexperimentersare obviously
inconsistent and lacking in the precision needed for the purpose, as may
be readily seen by plotting them on the same sheet with the data givenin
the "International Critical Tables,”” Vol. IIT, p. 201, which are based
chiefly on the work d Baxter and Grose. The vapor pressure at 0° is
especially important for Gerth's calculations but issolow (0.03mm. d mer-
cury) that itisdifficultto determine with precision and is recorded to only
one significant figure. 1t would seem to be over sanguine to claim that
thefiguresused by Gerth arereliable within 109, and yet an error d 109,
makes an error in the computed potential d 1.2 millivolts, whereas Gerth
computes the corrections to tenths d millivolts.

Gerth till omits the liquid junction correction (E;) on the assumption
that the potential between the pure potassium iodide around the silver
iodide electrode and the unsaturated iodine solution around the platinum
electrode is negligible, but this is by no means true as may be seen by in-
spection d Tablesl-V bdow. Moreover, sincethesesolutionsat 11.5' are
approximately one-third saturated, and at 25° are only one-tenth satura-
ted, the error due to this omisson will have a marked temperature coeffi-
cient.

The essentia idead Gerth's new method is to replace the osmotic work
correction, E,, and liquid junction, E;, which are computed by the Nernst
and Planck equations, respectively, involving the concentration d the
ions, by a direct measurement, E,, and a computed correction, E,, based
on the vapor pressured iodine. This changeis partial only and the frac-
tion o thetotal correction obtained by the old and by the new methods
is different at different temperatures. A reference to Table 6 o Gerth's
paper will show that at 25° thetotal correction is —0.0152 volt, d which
—0.0133isobtained by the new method and —0.0019 (or 12% d thetotal)
iscomputed by theold method. At 11.5° the total correctionis —0.0126,
of which —0.0056 or 449, is obtained by the old method.

It is apparent that Gerth's new method would fail utterly at 0°, as at
this temperature E, and E, would become zero and the total correction
would be E, as computed by the old method (plusthe liquid junction cor-
rection which Gerth omits). Thisin effect amounts to applying the cor-
rection by the new method at 25° and by the old method at 0° and if the
two methodsare different in effect, as Gerth contends, this procedure must
introduce an error in dE/dT and in d4/dT or the entropy; but as was
pointed out above it is especially important to avoid errorsin d4 /dT in
attempts to test the validity d the Third Law d Thermodynamics.

More recently Gerke!' has made measurements on three different cdls

11 R, H. Gerke, THIS JOURNAL, 44, 1703 (1922).
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which can be combined so that the following results may be obtained in-
directly for the reaction Ag + 1/, I, = Agl, at 25°; electromotive force,
0.6858 volt; free energy, 15825 caories, heat d formation, 14,814
calories; entropy, 34 cdories per degree. Gerke, unlike any o the in-
vestigatorsreferred to above, used precipitated silver iodide. Webb® has
measured the heat d formation d slver iodide calorimetrically and ob-
tained 14,975 calories. He combines this with the value d 15,767 calories
for the free energy (based on the average d the data of Gerke, Gerth,
Brauneand Koref, Taylor, and Jones and Hartmann) and hence computes
the entropy to be 2.6 calories per degree

Experimental Part

Gerth’s fundamental idead using solutionsunsaturatediniodine, thereby
replacing the osmotic work correction and the liquid junction correction
by another correction dependent on the vapor pressure (or activity) o
theiodine, seemed to be a good oneif it could be donein a way free from
the objections pointed out above in Gerth's procedure. In particular
we regard it as essentia to use a method equally applicable at 0° and at
25°.  We, therefore, undertook a new investigation d the iodine—iodide—
tri-iodide equilibrium with specid attention to dilute solutions (down to
0.01 N potassum iodide and from 2 to 33% d the amount  iodine neces-
sary to saturate the solution withiodine). The results have been used in
a redetermination d the normal potential  the iodine electrode.

Titration givesthesum d thefreeiodineand d the tri-iodide but does
not distinguish between them. Earlier studies d this equilibrium dis-
cussed above have been based on the determination d the free iodine
either by (1) distribution experiments with a non-miscible solvent such
as carbon bisulfide or carbon tetrachloride, interpreted with the aid o
data on the distribution o iodine between the solvent and pure water,
or (2) analyses d potassium iodide solution saturated with solid iodine
interpreted on the assumption that the concentration d the free iodine
in the solution containing potassum iodide is the same as the solubility
d iodinein water (corrected for hydrolyss).

Since we were interested in studying solutions containing very little
free iodine, the second method was ingpplicable. The first method was
obj ectionabl e because the other solvent used is not entirely soluble in the
water and thus changesthe nature d the medium, and because the distri-
bution ratio is extremely unfavorable. The distribution ratio d iodine
between carbon tetrachloride and water is high and varies with the con-
centration (85-87.9) sothat themerest traced emulsfied carbon tetrachlor-
idein the water layer makes serious errors in the analysis. With carbon
bisulfide this ratio is even more unfavorable and variable (585-652).12

12 Jakowkin, Z. physik. Chem., 18, 586, 588 (1895).
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These difficulties were overcome by the invention d a device which
we call an equilibrator, which has been described in a separate article
because d its suitability for the investigation o many similar problems.?

A potassium iodide solution of the desired concentration was prepared by weight,
its density and conductivity were determined and one tube d the equilibrator (A) was
filled with thesolution. Sufficientdry iodinewasthen added to give approximately the
concentration desired. A mixtured water and a saturated solution d iodinein water
in the proper proportion to give approximately the desired concentration was placed in
the other tube (B) d the equilibrator, and one drop d dilute sulfuric acid wasadded to
prevent hydrolysis. Portions d the potassium iodide solution containing iodine were
then blown from tube (A) into a pycnometer to determineitsdensity, intoaconductivity
cell, into the electromotiveforce cell and into a weight buret. In a similar fashion the
liquid from the water side of the apparatus (tube B) was blown into a pycnometer and
weight buret.

Thettitrationsfor iodinewere made by the Washburn method!# using arsenite solu-
tions and phosphate bufferswith a starch indicator. The end-point is sensitiveto 0.01
mg. d iodine. Itsprincipa drawbackisthat thearsenitesolution, if exposedtoair, dowly
changes its factor by oxidation. We, therefore, found it necessary to maintain an oxy-
gen free atmospherein the stock bottle. Compressed nitrogen from a steel tank passed
through a suitable purifying train to remove all oxygen, then through a wash bottle
containing some d the standard arsenite solution to bring it to the proper aqueous
vapor pressure and then was delivered to the top o the stock bottle containing the
reservestock d standard arsenitesolution.

Thetitration of the potassium iodide solution from tube (A) gives the
sum d the free iodine (I5) and the tri-iodide (ZI; = I3~ + KI;). The
titration of the water from the other tube givesthe free iodine (I,) which
at equilibrium isthe samein the two tubes. Hence the tri-iodide may be
obtained by asimple subtraction, and the iodide remaining may be readily
obtained by subtracting the tri-iodide from the original concentration d
the solution. ‘The equilibrium constant d thereaction K+ + I~ + I, T—
K+ -+ I3~ may then be readily calculated. This calculation assumesthat
the activity d the uncharged molecule I is the same as its concentration
in the dilute water solutionin the other tube d the equilibrator with which
itisin equilibrium, and that the activity coefficientsd the iodideion and
the tri-iodide ion in the same solution are identical, so that the ratio o
the activity d these ionsin the common solution is the same as the ratio
d their concentrations.

The electromotiveforce measurements were made in cellsd the ground
stopper typeintroduced by Laurie!® and similar to those used by Jones and
Hartmann except that the upper joints were glass stoppers. Thistyped
cell has several important advantages over the other typesin common use.

13 Jones and Kaplan, THis JoURNAL, 50, 1600 (1928).
14 E. W. Washburn, ibid., 30, 31 (1908); Washburn and Bates, ibid., 34, 1341
1912).
( u*)A. P. Laurie, Proc. Roy. Soc. Edinburgh, 28, 383 (1908); Z. physik. Chem., 67,
627 (1909).
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(1) It requires only a small amount d the solution used and makes
good thermal contact with the constant temperature bath.

(2) It gives readings which are constant for long periods and easily
reproducible.

(3) Theliquid junction formed by diffusionin the ground joint realizes
experimentally the theoretical conditions assumed by Planck in the deri-
vation d the formula for the liquid junction potential and therefore this
formula may be used with greater confidencefor the computation of the
diffusion potential than is possible with other types of liquid junctions
which are not so well defined. This type o cel has the disadvantage o
a high internal resistance, which greatly diminishes the sensitiveness o
the galvanometer, especialy if dilute solutions are used. This drawback
is probably mainly responsiblefor the fact that this type has been com-
paratively little used in the past.

We have invented an improvement in the potentiometer which over-
comes this difficulty entirely and makes the sensitiveness o the voltage
measurement practically independent d theinternal resistance. Thisim-
provement consistsin adding alargeelectrostatic condenser in parallel with
the galvanometer and itstapping key. Then with the tapping key open,
the condenser will be charged to a potential equal to the difference between
the potential o the cdl and the setting d the potentiometer. A high
resistance in the cell cannot prevent this charging o the condenser but
can only delay it dlightly. If the cdl has aresistanced the order of one
millionohmsit iswell to wait about one minutefor the condenser to become
charged. Then on closing the tapping key the condenser will discharge
through the galvanometer but not through the cdl and therefore a deflec-
tion d the galvanometer will not be influenced by the high resistance o
the cdl, but will show any dlight error in the adjustment d the potentio-
meter in spite d the high resistance d the cell.

Of course this procedure requires a sensitive ballistic galvanometer in
place d the dead-beat instrument commonly used. To bring theinstru-
ment quickly and conveniently to its zero readingit is advisable to shunt
the galvanometer by a resistance equal to the critical damping resistance
d the galvanometer and another tapping key.

The condenser actually used was made by soldering together in parallel
enough Western Electric paraffined paper condensers to give a capacity
d 44 microfarads (these cost approximately fifty cents per microfarad)
mounted in a suitable wooden box carrying a double pole, single throw
switch by which the condenser may be disconnected or connected as de-
sired. It iswdl to have this switch open until an approximate balance
(within a few millivolts) has been secured because if a high charge is im-
pressed on the condenser it does not dischargeitsdf completely on a single
contact d the discharge key, since with paper condensers the charge is
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partly "absorbed” in the dielectricand can only be completely removed by
tapping the key severa times at intervals d a few seconds. Then the
switch is closed and the key tapped several times to remove the absorbed
charge. The galvanometer is brought to rest at its zero by the key in
the critical damping circuit. After waiting a short time for the condenser
to become charged (in extreme cases up to one minute) the key is tapped
and the deflectiond the galvanometer, if any, noted. Then the potentio-
meter isadjusted until the galvanometer reads zero when the key istapped.

Theeffectivenessd the condenser isshown by atypical example. These
measurements were made on a cdll Ag, Agl, 0.01 N KI, 0.01 N K| + 1s,
Pt at 0° in which the liquid junction was made inside d a well ground
stopper which was pushed in tightly. ‘The internal resistance d the cdll
was measured and found to be approximately 1,600,0000hms, an exception-
ally high value.

When the condenser was not used it was necessary to change the setting
o the potentiometer by 3 millivoltsin order to cause a deflection o 1
mm, on the scale and it was concluded that the potential d the cell was
0.646 volts with an uncertainty & 1 millivolt.

The condenser of 44 microfarads was then connected. It was found
that a changein the setting d the potentiometer d 0.1 millivolt made
a difference in the galvanometer reading d 3 mm. on its scde—a ninety-
fold increase in sengitiveness. At balance the potentiometer reading was
0.64555, volt which was probably correct within 0.02 millivolt. With
the condenser the sensitivenessd the potential measurement was found
to be nearly independent d the internal resistance. With our potentio-
meter and galvanometer, which were high-resistance instruments, the
condenser is not needed to measure the potential d cells having an inter-
nal resistance d 10,000 ohms or less. This modification d the potentio-
meter overcomes the principal difficulty in the use d cels d the Laurie
type for measurement of electromotive force.

The results d the experiments with the equilibrator and the electro-
motive force measurements are recorded in Tables |-VI, in which the
abbreviations have thefollowing significance: CK is the concentration d
the potassium iodide solutions used; M isthe sum d the concentration
d thefreeiodine (Iy) plus the iodine equivalent d the polyiodides present
in the potassiumiodidesol ution which isunsaturated with respect toiodine,
as determined by titration d theliquid from one tube d the equilibrator;
1, is the concentration d free iodine in each tube d the equilibrator as
found by titration d the tube containing water (plus a trace d sulfuric
acid to prevent thereaction I, + H,O = H+ +i1-+ HIO). Inthelater
calculations polyiodides higher than Is, if present, are neglected; ZI; =
M — I, ZI = 3K — ZI; k = (Z1 X Ly)/ZIs, the equilibrium constant o
thereaction KI -+ I, KI;.
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If it beassumed that the activity coefficient & theiodideion and of the
tri-iodide ion in the common solutionisthe same, thenk = (I- X I,)/I:—,
where the symbols represent the activities of the respective molecular
species. This assurnption finds support in the following considerations.
(1) There seems to be much evidence that activity coefficients are func-
tions primarily o thevalenced theionand d thetotal ion concentration!®
and thereis no change in valenceand in total ion concentration due to the
reaction I- 4+ I, = I3—. (2) Thereis no change in freezing point when
iodineis added to a solution d potassium iodide. (3) The degrees of dis
sociation as computed from the conductivity d Kl arid d K13 are very
nearly the same (probably equal within the experimental error ashas been
shown by Jones and Hartmann, see THis JOURNAL, 37, 250251 (1915)).

The percentage o saturation is obtained by dividing the free iodine
(I;) by 0.00132 at 25° and by 0.000635 at 0°.17

E; (J.and H.) isthe measured potential o thecdl o the type, Ag, Agl,
0.1NKI,0.1 N KI + I, sat., Pt taken from the paper o Jones and Hart-
mann. F. isthe result d our new measurement d the potential of cells
o thetype, Pt,0.1 N KI + L sat., 0.1 N KI T I, unsat., Pt, in which the
solution unsaturated with respect to iodine was taken from the equili-
brator and is a portion d the same solution whose analysis is recorded
in the upper part d the table, and the solution saturated with iodine was
made from the same original potassium iodide solution. By adding these
two potentials, the osmotic work correction and the liquid junction cor-
rection applied by Jones and Hartrnann is largely although not entirely
eliminated, but a new correction (£;) must be applied owing to the fact
that the iodine around the electrode is unsaturated. This correction is
computed by the Nernst formula, £, = RT/2F In I, (sat.)/I» (unsat.).

This computation assumesthat the activity d theiodineis proportional
to its concentration in its water solution. These solutions are dilute
(0.00132 at a maximum) and contain no ions, and therefore the errors
involved in this calculation are beieved to be less than in the best esti-
mate that can be made in regard to the activities d iodideionsin solutions
d potassium iodide up to one-tenth normal.

E, is the remaining osmoatic work correction referred to above, which
must be applied because the concentration d the iodideion in the pure

16 | ewis and Randall, ** Thermodynamics and the Free Energy & Chemical Sub-
stances,” McGraw-Hill Book Co., New York, 1st ed., 1921, p. 374; E. Huckel, Ergebnisse
der exakten Naturwissenschaften, 3, 243 (1924).

7 Jones and Hartmann found the solubility d iodine in water to be 0.0006383
mole d I, perliter at 0°, From the conductivity o the solutionthey determined that
the hydrolysis o iodine, I, + 1,0 = H* + I- T HIO, is responsiblefor the solution
d 3.2 X 10~ moled iodine. Therefore the solubility d iodine as such (I:) is 0.0006383

—0.00000320r 0.000635. Thefigure0.000638given by Jones and Hartmann isincorrect
owing to an arithmetical error made by themin thiscalculation.
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potassium iodide solution used around the silver iodide electrode is not
the same as the concentration d the iodide ion in the unsaturated iodine
electrode. It is computed by the formulaE, = (RT/F) In (Cofe/Cify) =
RT/F InZK/ZI, where C; (= ZK) is the concentration d theiodidein the
original potassium iodidesolution and C; representsthe concentration d the
iodide in the solution containing some free iodine (ZI). It is assumed
that the conversond a part d theiodideinto tri-iodide does not change
the activity coefficient (f: = fu).

E; is the correction for liquid junction potential because the liquid
junction potentials in the two cells measured although nearly equal are
not exactly so (Gerth makesan error in assuming them to beequal). The
correction which must be applied isthe potential between a pure potassium
iodide solution and the same solution after a part o the iodide has been
converted into the dower moving tri-iodide ion. It is computed by the

TABLE |
ExPERIMENTAL DATA, N/10 Kl
At 25° At 0° —
Expt. no. 25 26 20 21 22 23
2K, g mol /L 0 10000 0 10000 0.10017 0 10017 0 10017 0 10017
M, g mol./l .008246 . 00486565 ,003673 ,003562 006964 .01139
12, g. mol./1. .00012413 . 000070864 . 000027008 . 00002624 . 00005241 . 00009328
=Is, g mol /1. .0081219 .0047946 . 0036460 .0035358 0069116  .011297
21, g. mol./1, ,091878 ,095205 . 096524 .096634 . 093258 . 088873
k = (31 X 1)/
2Is .001403 .001407 .000715 . 000717 000707 .000734
% sat. withT: 9 4 5.4 42 4.1 8 3 14.7
Ey (J. and H),
volts +.7000 ~+.7000 - 69360 + 69360 -+ .69360 - 69360
Ez, volts —,0424 — 0503 —.04780 — 04833 — 03905 - 03170
E,, volts -+ ,03037 ~-.03757 - 03716 +-,03750 -+ 02936 4+ .02258
E,, volts —.00218 = 00126 — 00087 - . 00085 — 00168 — 00282
Ej, volts +.00050 + 00029 4+ 00021 4+.00021 -+ 00040 + 00066
E, volts .68629 . 68630 .68230 -+ ,68213 . 68263 + 68231
k, average = 0 001405 .000718
E, average = 0 6863 6823
A, calories = 15,835 15.744
dE/dT = 0.000160. dA/dT = 3.64 caloriesper degree.
TasrLg 1Ia
ExPERIMENTAL DATA, N/20 K| at 25°
Expt. no. | 2 3 6 10 13
2K, g. mol./L 0.05019 0 04994 0.04994 0.04977 0 04998 0.05000
M, g. mol /L . 012687 . 012496 .012078 .002670 .0011534 .001364
Iz, g. mol./l. . 000452 . 000441 .000419 . 00007647 .000031518 .000031105
21s, g. mol./L .012235 .012055 .011659 .0025935 .0011219 .0011053
21, g. mof /1. .037955 . 037885 .038281 .047176 ,048858 ,048895
k= (ZIXI2)/ZI; .001403 ,001387 .001375 ,001391 .001372 001376
% sat. with I, 34 2 334 317 5.8 24 2.35
E,, volts - .69920 + .69920 + ,69920 + .69920
Ez, volts - .02250 — .0495 — 06160 — .06180
E,, volts + .01407 + .03659 + ,04798 + .04814
E,, volts = .00710 - ,00137 — ,00058 — ,00057
Ej, volts + 00150 + 00031 + .00014 + 00014
E, volts + .68517 .68523 .68514 . 68511

k, average = 0 001386 E, average = 0.68516. A, calories = 16,8009.
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TABLE IIs
ExpERIMENTAL DATA, N/20 K1 at 0°
Expt. no. 16 17 18
rK, g. mol./L .05000 0.05000 0.05000
M, g. mol./L .001824 ,001984 .002004
I;; g. mol./l. .00002712 000030255 .00002935
Xls, g. mol./1. .0017969 ,0019537 .00197465
=1, g. mol./L .048203 ,048046 .048025
k=2 X I)/2Is 0007275 ,000744 .000714
% sat. with I, 4.3 48 46
Ey, volts + 6920 + 6920 + .6920
E,, volts — .04890 — ,04740 ~— .04750
E,, volts + 03711 + o352 + .03618
E,, volts — .00086 — .00094 — .00095
E;, volts + 00021 -+ ,00023 —+ .00023
E, volts .67956 + 67971 67996
k, average = 0.000729. E, average = 0.67974. A, caories = 15,684.
dE/dT = 0.000217. dA/dT = 5.0.
TABLE III
ExXPERIMENTAL DATA, N/50 Kl
—_— At 25eT T — At 0°
Expt. no. 28 29 39
=K, g. mol./l. 0.02000 0.02000 0.02000
M, g. mol./1. .0023668 ,001194 . 0016505
I,, g. mol./1. .0001745 .00008353 .000062015
=1, g. mol./L. .0021923 .0011105 .0015885
Zl, g. mol./l. .017808 .0188895 .0184115
k =CI X L)/ZI; .001417 .001421 .000719
9, sat. with Iy 13.2 6.3 9.8
E., volts + .66110 + 65040 .6537
E., volts + .02599 + 03546 + .02738
E,, volts — .00298 — .00147 — .00194
E;, volts + 00067 + 00034 + .00047
E, volts 68478 68473 .67961
k, average, 0.00142 .000719
E, average = 0.6847; 6796
A, cdories = 15,800 15681

dE/dT = 0.000206. dA/dT = 4.74 cal. per degree.

formula E; = RT/F In ZC4A,/ZCpAg Where 2C4 A, is the sum o the
product d the concentration and the mobility d each d the ions in the
pure potassium iodide solution and 2CgAp is the corresponding value
for the solution containing free iodine. The addition o all of these
potentials gives the effective electromotiveforce, E, d thecell Ag, Agl, L.

The results obtained with the tenth normal solution were still different
from the results obtained with thetwentieth normal solution. Thereforeit
seemed desirable to work with still moredilutesolutions.  Jones and Hart-
mann had made an attempt to do this but had abandoned it owing to the
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TABLE IV
ExPERIMENTAL DATA, N/100 KI
Expt. ro. 33 ME— ™ 35 At0 R
2K, g mol./l. 0.010274 0.010274 0.010300 0.010300
M, g. mol./L .00065807 .0006422 .0005672 .0007245
I;, g. mol./L 00008283 00008168 .00003832 .00005006
=13, g. mol./L .00057524 00056058 .00052888 .00067444
=1, g. mol./1. .0096988 .0097134 0097711 .00962586
k=1 X I)/2I; .001397 .001415 .000708 000714
9% sat. with I, 6.3 6.2 6.0 7.9
E., volts + 65010 + .65010 + .64740 + .65060
E,, volts -+ .03556 -+ .03574 + .03304 + .02990
E,, volts - .00148 — .00144 — .00124 - .,00159
E;, volts + 00034 + 00033 + 00030 + 00036
E, volts 68452 68473 + .67950 67927
k, average, 0.00141 .000711
E, average = 0.6846, 0.67939
A, calories = 15,797 15,676

dE/dT = 0.000209. d4/dT = 4.83 cal. per degree.

fact that their cells containing dilute solutions had such a high resistance
that their gavanometer was not sufficiently sensitive. This difficulty
we have overcome by the invention d an improvement to the potentio-
meter system described above. | n this work with more dilute solutions
the iodine solutions containing dilute solutions from the equilibrator were
measured directly against the silver—silver iodideel ectrodeprepared by the
method d Jones and Hartmann without using saturated iodine electrodes.
The electromotiveforce, E,, thus obtained isequivaent to E, - E, shown
in the table above.

These experiments using unsaturated iodine solutions show a reduction
in the osmotic work correction and liquid junction correction as compared
with all previouswork in thisfield. With saturated solutions the osmotic
work correctionisabout 18 millivoltsat 25° and 15 millivoltsat 0°, whereas
insomed the above experimentsthe osmotic work correction was reduced
to 0.6 millivolt while the average d all at 25° was 204 millivolts and at
0°, 1.3 millivolts. These averagesinclude some experimentsin which the
solutions were purposely made stronger in iodinethan is necessary in order
to detect a possible trend, but there is no evidenced such atrend. In
Gerth’s experiments the osmotic work correction was d about the same
magnitude at 25° and from 5.1 to 5.6 millivoltsat 11.5. Gerth does not
give data asto tri-iodide formation, so that it is impossible to check his
caculations. The liquid junction potential has been reduced from about
3.0 millivoltswith saturated solutions to lessthan one-tenth d this value
in our unsaturated solutions but it is not negligibleasis assumed by Gerth.
A comparisond the results for the equilibrium constant, k, the electro-
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motiveforce, £, and freeenergy, A, and itstemperaturecoefficient,d4 /d T,
indicates that there is no systematic variation with the concentration
intherange0.05to0 0.01 N, but the dataobtained with 0.1 N appear signifi-
cantly different, thus indicating that higher polyiodides are present in
sufficientamount to invalidate the results with the more concentrated
solutions. 1 n order to test this hypothesisand chedk still further the work
d Fischer it was decided to work with N/3 K| dso.

Cdlsd thetype Ag, Agl, N/3 KI, N/3 KI +1, sat., Pt were prepared
and the potential measured at 25 and 0°, Some d the /3 solution was
aso usad in the equilibrator with less iodine than required for saturation
and the distribution constant determined at 25°. Unfortunately, the
€l ectromotiveforce measurementson these dilute solutionswerelost owing
to an accident and there was no time availableto repeat them. There
sults are shown in Table V.

TABLE V
ExpErmMENTAL DATA, N/3 KI
At 25° . AtQ°
Expt. no. 30 31 40
ZK, g. mol./1. 0.32975 0.33333 0.32386
M, g. mol./l. .18016 ,0034913 .16253
I, g. mol./L .00132 .00001471 *.000635
21;, g. mol./l. .17884 .0034766 .161895
ZI, g. mol./1. .15001 ,32985 .161965
k = (ZI X L)/Z1s .001113 .001396 .000635
% sat. with I 100 1.11 100
E,, volts -+ ,70150 .6960
E,, volts — .02036 — .01656
E;, volts +.00349 -+ .00309
E, volts .68463 .68253
A, caories = 15,797 15,748 calories
dE/dT = 0.000084. d4/dT = 1.94 caories per degree.
The data on the equilibrium constant d the reaction K | + I, KI;

are summarized in Table VI. The figures are computed on the assump-
tion that higher polyiodidesare absent and that the activities d theiodine

TaBLE VI
Summary opP EquiLiBRIUM CONSTANTS OP THE IoDIDE-IODINE-TRI-I0DIDE REACTION
Solns. At 25° Solnsﬁ Solns. AL0° Solns.
satd. unsatd. satd. unsatd.
Concn. o K | with Iz with Iz with Iz with |z
N/3 0.00111 0.00140 0.000635 = .....
0.1 N ,00131 .00141 .000693 ©.000718
.05 N .00137 .00139 .000707 .000729
.02 N .00137 .00142 .000712 .000719
Ol N .00139 ,00141 .000710 .000711
.005 N .00142 e 00071y ...
.002 N ,00147 cee 000706 ...

.001 N 00150 R .00069¢ .....
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and tri-iodide ions in their common solution are identical. The data for
the saturated solutions (except N/3 K|, which are from Table V) aretaken
from Bray and MacKay at 25° and Jones and Hartmann at 0°, recomputed
on the above basis.

The solutions unsaturated with iodine show no evidenced a systematic
trend in spited avariation in iodine content from 2 to 34% d saturation
and in K| concentration from 0.01 N to N/3; in view o the low con-
centration d freeiodine in some d the solutions the concordanceis satis-
factory. It is more difficult to secure concordant results at 0° than at
25°, owing to the smaller vapor pressure o iodine, the weaker solutions
used and the greater difficulty of maintaining temperature constancy
over the longer periods required for the experiments. The equilibrium
constant may be taken as 0.00140 at 25° and 0.00072 at 0°, but the solu-
tions which are saturated with iodine show clearly a systematic decrease
o the constant with increasing concentration which is clearly evident
with the N/3 solution. The variation is greater at 25° than it is at 0°.
These data emphasize the importance d working with dilute solutions o
potassium iodide unsaturated with iodine when using iodine e ectrodes.
The fact that there appears to be a greater tendency to form the more
complex polyiodidesat 25° than at 0° showsthat when working with strong
solutions saturated with iodine as Fischer did the error will have a tem-
perature coefficient. The experimental_li)_/ determined valuesfor E,dE/dT,
A, dA/dT and U for the reaction Ag T /3 T, = Agl are summarized in

Table VII.
TABLE VII
SumMmARY of DATA FOR THE REActioN Ac + 1/ I = Acl

N/3 0.1N 0.05 N 0.02 N 0.01 N
E at 25° (0.68463) 0.6863 0.6851, 0.6847; 0.6846,
E at 0° (.6825;) .6823 .6797,4 .6796 .6793,
dE/dT (.000084) .000160 .000216 .000206 .000209
A at 25° (15797) 15835 15809 15800 15797
A at 0° (15748) 15744 15684 15681 15676
d4/dT (1.94)cal. 364 5.00 4.74 4.83

per degree
U at 25° (15219) 14750 14318 14386 14358

Theresults with the N/3 solutionsare not directly comparablewith those
obtained with the more dilute solutions because no experiments using the
equilibrator and dilute solutions were completed with /3 K1, but these
data are comparable with Fischer's measurements. These data indicate
that the results are unreliable in solutions 0.1 N or stronger, probably
owing to theformation d polyiodides more complex than the tri-iodide or
possibly a complex formed by action d potassium iodide on silver iodide,
but that in solutions as dilute as 0.05 N and below no such disturbing
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effect is observed. We therefore believe that the new results obtained
with dilute solutions unsaturated with iodine are the most reliable.

The results of the different experimenters on the entropy d the reaction
Ag + '/: I, = Agl, are summarized in the following table, arranged in
chronological order and also arranged to show the influence of the con-
centration d the potassium iodide on the results, except in the case of
Gerke, who did not use potassium iodide at all.

TasLE VIII

SUMMARY OF THE VALUES OF d4 /dT" or THE ENTROPY OF THE REACTION AG + 1,1, =
Acl, By VARIoUs OBSERVERS, IN CALORIES PER DEGREE

Concn. of Jones and Jones and
K1 used Fischer Hartmann Gerth Cerke Webb Kaplan
N/2 2.419 .. .. ..
N/3 1267 . .. .. . 1.96
N/10 166 3.68 . .. 2.6 3.64
N/20 .. 4.52 2 22 - .. 5.00
N/40 . .. 2 37 .. ‘e
N/50 .. . . .. . 4.74
N/100 o . .. 34 .. 4.83

If the specific heat measurements on silver, iodine and silver iodide
determined by Nernst are reliable and the Nernst-Lindemann formula
isused to extrapol ate the data down to absolute zero, the value 2.19 calories
per degree would be a confirmation d the Third Law.

It will be noticed that Fischer's temperature coefficients d the free
energy vary greatly with the concentration but in no systematic manner.
For the purpose d testing the Third Law, Fischer averagesthe resultsob-
tained with the N/2 and N/3 solutions and rejects the results obtained
with the N/10—an objectionable procedure. Moreover, inadequate
alowance for the influence d tri-iodides and higher polyiodides in these
strong solutions saturated with iodine vitiates the results. Gerth's re-
sults come close to the figure 2.19 which, assuming the accuracy o the
specificdata obtained in the Nernst laboratory, would support the validity
d the Third Law; but as has been pointed out in more detail above,
Gerth's new method d surmounting the difficultiesdue to the formation
d tri-iodidesfails completely at 0°, and at other temperatures the manner
d applying the correction varies considerably with the temperature, thus
introducing an error into the temperature coefficient, d4/d7. Moreover,
the vapor pressure d iodineis not known as a function d the temperature
with sufficient accuracy for the purpose. Our new method o using the
equilibrator is a considerable improvement over Gerth's method in prin-
ciple and radically different in technique. It is equally usable at 0° and
at 25° and permits working with solutionsmorediluteiniodinethan Gerth's
method. ‘The work of Jones and Hartmann, although improved upon, is’
confirmed and the opinion that they expressed as to the greater reliability
d the data obtained with dilute solution is confirmed.
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Since the papersd Fischer and o Jones and Hartmann were published,
new determinations d the specific heat o iodine at low temperatures
have been published by Giinther'® and by Lange.l® Giinther’s results
agree substantially with the earlier results obtained by Nernst at tem-
peratures above 30° absolute but differ considerably between 20 and 30°
absolute. Giinther has proved that there is a transition between two
allotropic forms o iodine which occurs at some temperature between 20
and 30° absolute but this transition is a dow one and his data do not make
it possible to determine the heat o transition, the specific heat o the
form stableat thelower temperature, or theexact temperature of transition.
Recently, the heat capacity d iodine has been redetermined by Lange
withintherangelOto 52° absolute. Heobtained lower resultsthan Nernst,
and Gunther.

Lange obtained no indication d the existence d a transition tempera-
ture between allotropic forms within this range but o course that does
not disprove the existence d another form more stable at low tempera-
tures. Tange combines his data at low temperatures with Nernst's at
temperatures above 52° and gives a table from which the entropy o iodine
at 25° may readily be computed to be 13.95 entropy units. If this is
correct and if Nernst's data on silver and silver iodide are correct, then
the valued the entropy change during the formation d silver iodidewhich
would be predicted from the heat capacities by the Third Law is 26.6
—13.95—10.25 = 26 instead d 2.19 based onthe measurements d Nernst.
If Gunther's observationsare correct, Lange was probably working with an
unstable modificationd iodineat thelower temperatures and unstableforms
commonly have a higher heat capacity than the stable form. Moreover,
Lange's work shows that the datad Nernst are too highin the lower range
of temperature and makes it probable that they are too high in the upper
range also. If thisiscorrect the vaue 13.95 for theentropy d iodine may
be too high and this would make the value 2.6 for the entropy d formation
o silver iodide too low.

Therefore the value d 2.19 for the entropy  formation d silver iodide
based on the specific heat of measurements d Nernst can no longer be
regarded as having a sound experimental basis, and the fact that the elec-
tromotive force measurements d Fischer and Gerth, which are shown
aboveto befaulty, agreewith thisfigurecannot furnish proof o thevalidity
of theThird Law d Thermodynamics. But a conclusion that the theorem
is not valid cannot be drawn from the available evidence d this case be-
cause o the uncertainty as to the entropy o iodine. The essence d the
theorem is that at absolute zero temperature the entropy d chemical
reactions is zero and therefore the entropy at any other temperatureis a

18 Giinther, Ann. Physik, [4] 51, 839 (1916).
© B, Lange, Z. physik. Chem., 110,352 (1924).
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function d the specific heats alone. In the past decade evidence sup-
porting the validity o the Third Law d Thermodynamics has accumu-
lated, especially by the work of G. N. Lewisand his associates at the Uni-
versity d California and by the work d H. S Taylor and his students at
Princeton, but more extensive and reliable data on the heat capacities
from absolute zero to room temperatures and on the heat effect of any
changes d crystalline form that occur within this range of temperature
are urgently needed to test this very important theoretical principle.

SuUmmary

1 The earlier work on the free energy d formation of silver iodide
is reviewed.

2. The equilibrium constant, (I- X I,)/I; = k, d the reaction |- +-
I, 7 I, wasfound to be 0.00140 at 25° and 0.00072 at 0°. The results
show no systematic variation with the concentration d the iodine between
the limits 2 and 339, d saturation and no systematic variation with
the concentration d the iodide between the limits 0.01 and 0.1 N. Solu-
tions saturated with iodine give a lower value for the constant especially
in the more concentrated solutions of iodide. This indicates that in the
stronger solutions some higher polyiodides are formed.

3. A modification o the potentiometer by replacing the usual dead-
beat galvanometer with a ballistic galvanometer and shunting an electro-
static condenser d high capacity across the galvanometer and its tapping
key has made it possible to determine the potential d a cell having an
internal resistance d 1,600,000 ohms within 0.02 millivolt. This inven-
tion overcomes the principal difficulty in the measurement o the potential
d cdlshaving theliquid junction within a ground glass joint.

4. Measurements have been made d the potential d iodide concen-
tration cellswith one electrode consisting d a platinum electrode dipping
in asolution o potassium iodide saturated with iodine and the other elec-
trode being similar except that it is unsaturated but with the free iodine
activity fixed by the equilibrator.

5. Determinations were made d the solubility d iodine in N/3 po-
tassium iodide solution at both 25 and 0°.

6. The free energy o formation d silver iodide has been determined
by the aid d the equilibrator, using solutions containing much lessiodine
than is necessary to produce saturation so that disturbances due to the
formation d polyiodidesare minimized and can be allowed for by the use
d the data supplied by the equilibrator. ‘The results show no systematic
variation with the concentration within the range 0.01 to 0.05 N, but do
show a dlight variation at the higher concentration.

7. The average results obtained with the most dilute solutions (0.01
to 0.05 N) are: free energy at 25°, 15,802 calories; free energy at 0°
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15,680 calories; change in free energy per degree, or entropy change,
4.8; heat o formation at 25°, 14,354 calories.

8. The bearing d these data on some earlier attempts to verify the
Third Law d Thermodynamics is discussed.

CAMBRIDGE 38, MASSACHUSETTS AND MORGANTOWN, WEST VIRGINIA

[CONTRIBUTION FrROM THE PITTSBURGH EXPERIMENT STATION, U. S. BUREAU OR MINES]

NOTE ON MEASUREMENTSOF THE RATE OF DECOMPOSITION
OF NITROGEN PENTOXIDE AT VERY LOW PRESSURES!

By ArLBERT G. Loomis? AND DaviD F. SmrTa?
RECEIVED MARCH 7, 1928 PuBLISHED JuLy 6, 1928

Introduction

The decomposition d nitrogen pentoxide is one d the most interesting
and most extensively studied d the few known unimolecular reactions.
Data on the rate d its decomposition are d great importance to the ad-
vancement d our knowledge d the mechanism o chemical reaction.

Although the decomposition d nitrogen pentoxide has finally been
shown to be strictly unimolecular over a considerable pressure range,?
the measurements d Hirst and Rideal* would seem to indicate a quite
unexpected increasein the specificrate  decomposition at very low pres-
sures. These authors state that, after a critical consideration d their
data, they are d the opinion that the increase is real and outside d the
experimental uncertainty. Just preceding the presentation d our data,
Hibben,* by a method similar to Hirst and Rideal's, the details of which
are not given, failsto agree with Hirst and Rideal and concludesthat the
normal rate obtains down to very low pressures.

Since Hirst and Rideal's result is totally unexpected and requires a
unique theoretical treatment,® it was thought advisable to repeat these
measurements by the method which would avoid or at least detect the
presence or absence d what seemed to us some objectionable features in
Hirst and Rideal's experiments. Especially does this seem desirable since
another investigator, using a method similar to Hirst and Rideal's, has
obtained a totally different result.

The possible objections to Hirst and Rideal's method that occurred to
us were the following. First, unless the apparatus were o proper design,

! Presented before the Division d Physical and Inorganic Chemistry at the 74th
Meeting d the American Chemical Society, Detroit, Michigan, September 5to 10, 1927.

2 Physical Chemigt, Pittsburgh Experiment Station, U. S. Bureau o Mines.

3 Danielsand Johnston, THISJOURNAL, 43, 53 (1921); Lueck, ibid., 44, 757 (1922);
Runt and Daniels, ibid., 47, 1602 (1925); White and Johnson, ibid., 47, 1240 (1925).

¢ Hirst and Rideal, Proc. Roy. Soc. London, 1094, 526 (1925).

5 Hibben, Proc. Nat. Acad. Sci., 13 (8), 626 (1927).

¢ See Thomson, Phil. Mag., 269, (7), 241 (1927).
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the condensation d a heavy gas in the presence o a noncondensable
gas might be arelatively dow and incomplete processeven at low pressure.
Second, condensation d the heavy gasmight involvea considerableamount
d occlusion d thelighter gas. 'Third, adsorption effects, which would be
inappreciable at high pressures, might at low pressures be relatively large
compared to the total amount d gas present.

Experimental Method

The authors' apparatus and experimental procedure may be under-
stood by reference to Pig. 1. The nitrogen pentoxide prepared in the
usual way by dehydrating pure nitric acid with phosphorus pentoxide,
was first distilled into a receiver (not shown in the figure) cooled by ice
and salt. A small part d this, as needed, was distilled in a stream of dry
ozone into the tube a, which was kept cold. The purified crystals in a

To vacuum To vacyum

(===, =—= — To ozonizer or Vacuum

Fig. 1. —Diagram d apparatus.

were then pumped df at 0 and —20° by meansd an oil pump connected
through a liquid-air trap. They were then pumped off at —100° with a
mercury diffuson pump. After the whole apparatus had been thoroughly
baked and pumped out with the diffuson pump until a spark discharge
gap showed perfectly dark (pressure < 10—5 mm.), the tube a was brought
to 0° and the pipet ¢ kept at about 1° while thelatter wasfilled with nitro-
gen pentoxide at its vapor pressure at 0" (50 mm.). The volume o the
pipet ¢ was such as to give the required pressure when its contents were
admitted to the 5-liter flask g. The nitrogen pentoxidefrom the pipet was
alowed to pass over and condense in the U-tubef, which was cooled by
liquid air. After sufficient time had elapsed to dlow complete conden-
sation in the U-tube, the apparatus was evacuated again through the
stopcock d while the tube was sealed of at e At no time did the spark
gap show the presence d any oxygen at this point.
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The 5-liter flask g was provided with a thin glass bulb by meansd which
communication could be established with the rest d the apparatus by
applying a magnet to raise and lower the piece d iron enclosed in a glass
tube at h, thus breaking the thin bulb. The flask g, after removal of the
liquid air from the U-tube, was placed in athermostat at 30.00°, at which
temperature nitrogen pentoxide decomposes at a convenient rate. During
the time the decomposition d the nitrogen pentoxide was taking place,
the flask was sealed onto the rest d the apparatus, and the connecting
tubes were baked out and thoroughly evacuated with the diffusion pump.
The small glasstubes j, I and » arefilled with glass beads to serve as con-
densers; k isa jacket through which cold air could be passed to prevent
decomposition d nitrogen pentoxideif it was desired to distil the nitrogen
pentoxide back and forth between 7 and 1

After an experiment the oxygen was pumped out d g by means d a
large (2-liter) Toepler pump ¢, the heavy gases being retained in the liquid-
air condensersj andl. The oxygen was delivered from the Toepler pump
into the calibrated pipet s containing mercury and surrounded by a jacket
filled with water at a uniform temperature. Pressures and volumes were
measured in the pipet by means d a high-grade cathetometer.  Air traps
were provided, asat t, wherever there was danger that air might be carried
into the apparatus by the mercury. Great care was taken to pump out
thoroughly every part d the apparatus and to avoid subsequent entrance
of tracesd air. Pointson the apparatuswheresealswerelater to be made
were always previoudy heated to the softening temperature and pumped
df in order to avoid driving out gas from the glass during sealing.

After theflask g was pumped out, it could be sealed df ati. Thetotal
nitrogen pentoxide present was determined by closing the stopcock
and heating the condensersto decompose all the nitrogen pentoxide. The
resulting oxygen was then pumped over into the pipet s as before, a third
liquid-air trap at » assuring that no heavy gases escaped into the Toepler
pump.

Adsorbed gas in g could be obtained by heating and further pumping.
Occluded gasin the traps j and ! could be obtained, after sealing df at 4,
by distilling the condensate back and forth between ;7 and I and pumping
off the gas so liberated.

Experimental Results

Experiment 1-As a check on our method, an experiment was madefirst at moder-
ate pressure.  The oxygen from the decompositionthat took place in seventy minutes
at a temperature d 30.00° occupied a volumed 3.2909 cc. at a pressured 104.22 mm
and a temperature d 26.59°. The oxygen from complete decompositionhad a pressure
of 366.81mm. at thesame volumeand temperature. The reaction rate constant for the
decompositiond nitrogen pentoxide isthus calculated from these datato be k = 4.7 X
10-3. Calculated from the experimentsd Danielsand Johnston, the constant at high
pressures is 4.1 X 102 We considered this agreement to be as close as could be
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expected. The origina pressure of nitrogen pentoxidein the 5-liter flask in this ex-
periment was thus about 0.25 mm.-—the pressure beow which Hirst and Rideal state
that the constant beginstoincrease. Thetotal oxygen obtained isroughly that which
we expected from the amount o nitrogen pentoxideinjected into the reaction flask.

Experiment 2—An experiment was next made at a pressure which, judging from
Hirst and Rideal's results, would be low enough to effect a marked increase in the
rate d decomposition. Approximately 1.4 cc. d nitrogen pentoxide at a pressure of
about 50 mm. was put into the reactionflask. The resultsare as follows: time of re-
action at 30°, 105 min.; oxygen fromreaction, 0.7580 cc. at p = 12.90 mm. and t =
24.50"; oxygen from complete decomposition, 0.7580 cc. at p = 17.99 mm. and t =
24.50°. From the oxygen recovered, the pressure in the resction flask is calculated
to be 0.0055 mm. Therate constant from thesedatais12 X 103, which would seem
to confirm Hirst and Rideadl's results. However, the amount d nitrogen pentoxide
calculated from the oxygen recovered is but about 40% of that actually put into the
apparatus. Thisfact suggested theexistenced adsorptionor occlusion effects.

Experiment 3.—Experiment 3 was designed to determine the extent to which the
heavy gasescondensed in the two liquid-air traps had occluded oxygen.  Approximately
1.0 cc. d nitrogen pentoxide at 50 mm. was injected into the 5-liter reaction flask:
timed reactionat 30°, 102 min.; oxygen from the decomposition taking place in this
time, 0.4908cc. at p = 11.13mm. and t = 26.33"; oxygenfrom complete decomposition
d the nitrogen pentoxide, 0.4908 cc. at » = 13.53 mm. andt = 26.33" (includes pre-
cedingamount d oxygen); oxygen after repeatedly redistillingand pumping condensate,
04908cc. at p = 16.73 mm. and t = 26.33" (includesboth precedingamounts of oxy-
gen). The oxygen occluded is thus about 24% d the oxygen which would otherwise
be obtained. The total oxygen recovered would correspond to a pressure o nitrogen
pentoxide in the 5-liter flask of 0.0033mm. Thisis but 30% of the nitrogen pentoxide
actually used.

Experiment 4—An attempt was made to determine the amount of adsorption
d nitrogen pentoxide in the 5-liter reaction flask. One cc. d nitrogen pentoxide at
approximately 50 mm. was injected into the reaction flask. To show further that no
nitrogen pentoxide had decomposed during its injection into the reaction flask, the
apparatus was pumped out with the Toepler pump at thisstage d the experiment, with
the liquid air still in the U-tubef of Fig. 1. No oxygen was obtained. The liquid
air was then removed from the U-tube, the apparatus having been provided with a
stopcock at ein placed theseal at h. Theflaskwasalowed tostand at room tempera-
turefor ten minutes. Thestopcock was then opened to the liquid-air-cooled condensers
j and ! and the flask pumped out with the Toepler pump. The amount of oxygen ob-
tained was 06100 cc. at » = 6.00 mm. and t = 27.04. (At this point the reaction
flask was heated with a flame and pumped out several times.) The oxygen obtained,
including the previousamount, was0.6100 cc. at » = 1064 mm. and t = 27.04°. The
stopcock at e westhen closed and the remaining nitrogen pentoxide decomposed. The
oxygen obtained, including both previousamounts, was0.6100¢cc. at = 16.41 mm. and
t =2704. Thenitrogen pentoxideadsorbed in the 5-liter reaction flask was thus 2597
d the total accounted for nitrogen pentoxide.

Experiment 5.—Although it was not thought that oxygen would be appreciably
adsorbed on the glassin the presence d the heavier gases, an experiment was made to
determine the magnitude d adsorption effects with pure oxygen. Accordingly about
1.5cc. o oxygen at 40 mm. wasinjected into the 5-liter flask, provided with a stopcock
as before. After afew minutes standing at room temperature, the oxygen was pumped
out with the Toepler pump. The amount d oxygen obtained was 0.7300 ce. at p =
7163 mm. and t = 26.41°. The additional amount d oxygen obtained by heating the
S-liter flask wasv = 0.7300 cc. at p = 254 mm. and t = 2641°. The stopcock at e
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was then closed, the liguid air was removed from the condensers ; and /, and the con-
densers were heated with a flame while the adsorbed oxygen waspumped out. Anaddi-
tional amount of oxygen wasobtained fromthe condensers d 0.7300cc. at p = 6.71 mm.
and ¢ = 26.41°. The oxygen adsorptions might be still smaller in the presence of the
heavier gases.

Experiment 6.—n order to furnish a more conclusive demonstration that surface
effects were causing the discrepancy, an experiment was made in the same reaction flask
in which had been placed, after careful cleaning and drying, about 24 meters of tubing
(of Pyrex glassthe same asthat d the reaction flask) & 3 mm. internal and 5 mm. ex-
ternal diameter, cut into 3.5-cm. lengths. Thistubing increased the ratio of surfaceto
volumein the reaction flask from 0.28t0 1.52 or about 5.4-fold.

The nitrogen pentoxide injected into the flask was 1.4 cc. at about 50 mm. The
oxygen obtained after seventy-four minutes' decomposition at 30.00" was 0.5217 cc. at
p = 155 mm. and t = 25.72". The oxygen from complete decomposition o the
nitrogen pentoxide caught in the condensers 7 and 1 was 0.5217 cc. at p = 3.19 mm.
and t = 25.72" (including the previous amount o oxygen). The reaction velocity
constant calculated directly from these datais9 X 102 Thetotal oxygen recovered,
however, correspondsto but 4.6% o the amount d nitrogen pentoxide injected into the
reaction flask.

Discussion o the Results

Our data show that adsorption and occlusion effects involve a large
fraction d the gas present at low pressures. It islikely that surface con-
ditions changed during the course d the experiments and, since they were
not well defined, the quantitative reproducibility d surface effects could
not be expected. Experiment 6, however, aside from any quantitative
data, conclusively shows the large part played by surface effects. Thus,
with an increase o roughly 5-fold in the ratio d surface to volume, the
amount d nitrogen pentoxide accounted for in our ordinary procedure
was at most only about 15% d the usual recovery. We believe that the
effect in this experiment is entirely outside d any possible experimental
uncertainty.

Because d the conditions mentioned, we considered it inadvisable to
attempt further work by this method on the reaction in glass apparatus
at very low pressures. Somed the complicationsinvolved are the follow-
ing: the reproduction d surface conditions and the necessary uniform
treatment d the surfacesinvolved, in regard to heating and pumping df
adsorbed gases, would be troublesome if not impossible; the measure-
ment d oxygen adsorptionsin the presenced nitrogen pentoxide at these
temperatures could not wel be accomplished; the amount o occlusion
doubtless depends not only upon the quantities d gases present, but also
on the rate of condensation d the heavy gas; the rate of decomposition
of the nitrogen pentoxide which is attached to the walls d the apparatus
is not known; and during the time taken to pump out the reaction flask
the adsorbed nitrogen pentoxide would be decomposing and contributing
an indeterminate amount d oxygen. We have therefore been content
to demonstrate the existence d these effects without attempting to esti-
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mate quantitatively thetrue homogeneousrate d the reaction. However,
although the application d correctionsto the rate on the basis d our data
is somewhat arbitrary, it seemslikely that a reasonable account d these
effects would tend toward giving about the normal rate d decomposition.

Althoughwedo not know how different,if at dl, these adsorption and oc-
cluson effectswerein the apparatus used by Hirst and Rideal and by Hib-
ben, the presumptionisthat these effectswere present to somedegreein their
experimentsalso. Results at theselow pressureswhich do not take account
o adsorption and occlusion effects when present we feel are fictitious, and
we believethat theinformation previoudy obtainedon therated decompo-
sition d nitrogen pentoxideat very low pressuresisopen to serious question.
Without knowing more d the details d the apparatus and procedure used
by the other investigators, we are, d course unableto say in what way,
if inany, their results may have been influenced by effectssuch aswefound.

Inthelight d previousknowledged adsorption phenomena, it is readily
seen why adsorption does not appreciably affect experiments in which
comparatively large quantities d gas are used. The nitrogen pentoxide
adsorption is evidently that type which, at very low pressures, increases
with increasing pressure only up to the point at which the surface becomes
completely covered with adsorbed gas. Occlusion effects in any method
involving condensation d the heavier gases might be appreciable, even
at higher pressures; infact, our first experiment seems to indicate this.

Summary

1. Objectionable features in previous methods for the study o the
decompositiond nitrogen pentoxideat very low pressures have been painted
out and the reaction has been studied by a new method.

2. At very low pressures the adsorption d nitrogen pentoxide on the
walls & our Pyrex glass apparatus and the occluson o oxygen as the
heavier gases are condensed have been shown to involve a large fraction
d the total amount d gas present.

3. Itis believed that experimentsformerly thought to indicate an in-
creased rate d decomposition d nitrogen pentoxide at low pressures are
open to seriousquestion, and that any experiments by the method hitherto
used would yidld fictitious results when adsorption and occlusion effects
are present and not taken into account.

PrrrseurcH, Pa.
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THE PRODOCTS OF THE PHOTOCHEMICAL DECOMPOSITION
OF HYDROGEN AZ|DE

BY ArNoLD O. BECKMAN AND RoscoE G. DICRINSON
RECEIVED APRIL 11, 1928 PuUBLISHED JULY 6, 1928

Introduction

Since thefirst preparation d hydrogen azide by Curtius! in 1890, this
substance and its salts have been the subject o many investigations.
Theanhydrousmaterial2 isamoderately volatile (b. p. 37°), colorlessliquid.
Although the anhydrous liquid is violently explosive, the vapor may be
handled at somewhat reduced pressure without difficulty. Since the gasis
colorless, visibleradiation may be anticipated to be without photochemical
effect. However, we have found the gas to be decomposed by ultraviolet
radiation d asufficiently short wavelength; the present paper isconcerned
chiefly with an examination d the productsd this decomposition.

We are indebted to Dr. Don M. Yost for hisinterest in this work. H-
nancial assistance has been received from a grant made to Professor A. A.
Noyes by the Carnegie Institution d Washington.

Preparation of Hydrogen Azide

Sodium azide, NaNj;, was purified by acidifying and distillingan aqueous solution
of the salt. The agueous distillate was just neutralized with carbonate free sodium
hydroxide and evaporated to dryness.

GaseousHN; was obtained3 by dropping sulfuric acid (2 vals. coned. HySOs, 1 vol.
H,0) onsolidNaN;. TheHN; evolved wasswept by acurrent d air (previoudy passed
through a liquid air trap) through a long calcium chloride tube into a trap immersed in
liquid air. The generatingflask was then sedled df and the trap and a 1-liter storage
bulb attached toit wereevacuated. Theliquid air wasthen removed, allowingthe HN3
tovolatilizeinto thestorage bulb; the HN; pressurewasabout 13 cm. o mercury.

Apparatus and Procedure

A diagram d the apparatusisshownin Fig. 1. TheHN;wasstored intheflask, A.
With theaid d two stopcocks, B, small amountsd HN; were admitted to the vacuum
system; the mercury cut-offsC and D were kept closed when this occurred.  The HN3
wasfrozenout by applyingliquidair at E, and tracesd non-condensablegas pumped of f.
Then with the cut-offsand the McLeod gage closed, the liquid air was removed from E
and the gasilluminated in the quartz tube, F, which was joined to the glassapparatus
through a graded seal.

The sourced radiation was a condensed, high frequency spark between aluminum
electrodes, located about 30 cm. from the tube, F.  The electrical energy was supplied
through a step-up transformer, the primary current being 50-100 amperest at 220 volts,

! Curtius, Ber., 23,3023 (1890).

2 Curtius and Kadenhausen, J. praks. Chem., 43,207 (1891).

8 Dennisand Isham, THISJOURNAL, 29,216 (1907).

4 Such an intense source was not essential to the present experimentsbut was used
because it wasat hand for other purposes.
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50 cycles per second. The secondary voltage was 13,000 volts. A 0.1 mf. condenser
wasshunted acrossthespark. Thespark wasblown out by ablast d air.

At the close o the illumination, liquid air was applied at E or G.  The cut-off
D was opened and readingswere made with the McLeod gage and quartz fiber gage,® H.
This gage was d the bifilar type® and was arranged with the magnetic starting device
already described by oned us.” Liquid air wasmaintainedat the U-tube, J, throughout
the experiment. | n some cases the condensable constituents were frozen out in one o
the bulbs, G, which wasthen sealed df for analysis.

A
F
B
~

To
MERGURY
VAPOR  C G E D
Pump

To

McLEeop

GAGE

Fig. 1

Qualitative Observations

It was found that brief illumination d gaseous HN; produced a gas
non-condensablein liquid air. Somewhat longer illuminations, especially
at higher HN; pressures (about 5 cm.), produced a white solid on the
insidewall d thereaction bulb nearest the spark.

These effects were absent when the radiation wasfiltered through 5 mm.
d 669, acetic acid in a quartz container. The acetic acid removedS
radiation o wave lengths shorter than 2400 A. Photographs o the
absorption d gaseous HN; made with a quartz spectrograph showed that
appreciable absorption set in at about 2200 A. and increased toward shorter
wave lengths. Accordingly, short wave length radiation was clearly
necessary for the photochemical effects; the important radiation was
probably the strong lines at 1854, 1862, 1935 and 1990 A.

The white solid was volatile, sublimingto a cooler portion o the tube
when the tube was dightly warmed with a flame; when the tube was

5 Haber and Kerschbaum, Z. Elektrochem., 20,296 (1914).

¢ Coolidge, THIS JOURNAL, 45, 1637 (1923).

" Beckman, J. Opt. Soc. Am., 16,276 (1928).

8 Henri, “Etudes de Photochimie,”” Paris, Gauthier-Villars, 1919, p. 90.
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evacuated the solid quickly disappeared. | n one experiment, after some
of the solid had been formed, the quartz tube, F, was cut of from the
apparatus and a little of the solid removed for examination. The polariz-
ing microscope showed the solid to be composed d .small optically
anisotropic crystals. The remaining solid quickly dissolved in a small
amount d water added to the tube. The solution gave with Nessler's
reagent the beavy, yellowish-brown precipitate characteristic & ammonia.
Another portion d the solution was added to ammoniacal silver nitrate;
there was no trace d a mirror or a coloration on heating, showing the
absence d hydrazine or other strong reducing agent.

These properties and tests showed that the white solid was ammonium
azide, NHs;N;. Analysesd the non-condensable gas were made with the
aid d the quartz fiber gage.

Quantitative Observations

It iswdl known that at sufficiently low pressures the quartz fiber gage
can be used to measure the value & Z(p+/M), the sum of the products
of thepartial pressuresd the separatecomponentsd thegasinto thesquare
roots d their molecular weights. Indeed, if  is the time required for the
amplitude d the vibrations to decrease by some definite fraction o its
value,?

1 =aZ(pVM) + b (1)

where a and b are apparatus constants.
Since, in the present case, the non-condensable gas can contain only
nitrogen and hydrogen, we may write
2oV = 5@p) VIm T (1 - %) (5p) VIx, @
where s isthe molefraction d hydrogen and My, and My, are themolecular

weights o hydrogen and nitrogen, respectively. Solution d this equation
for x gives®

2(pV' M)
WNS - T

‘\/MN: - '\/Hﬂz
Measurement d Z(p+/M) with thefiber gage, and o £p with the McLeod
gage then permits the calculation d x.

The gage was calibrated with air, nitrogen and hydrogen. The cdli-
bration plot d 1/r vs. Z(pn/M) was a straight line at pressures below
2 % 1072 mm. When the products had higher pressures, a portion was
confined (for example in the McLeod gage) and was expanded after the
remainder had been pumped off. The gage was tested as an analytical
instrument by making measurements o the mole fraction o hydrogen in

® Dickinson and Mitchell, Proc. Nat. Acad., 12,694 (1926).

x =
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hydrogen—nitrogen mixtures made up to a known composition. ‘The
resultsd these tests are given in Table |.

Tasre |
ANALYSISOR KnowN MiXTURESOR HYDROGEN AND NITROGEN
2p, mm. 2(pVM) x13, by analysis *ms, by synthesis A
0.935 X 10~2 4.60 X 10~2 0.098 0.093 +0.005
.987 4.69 139 ,142 - .003
625 2.82 .219 218 + .001
1.371 3.30 746 760 - .014

Analysesd the non-condensable gasresulting from illumination of HNj;
showed 10 to 15 méle per cent. & H,. ‘There aresevera possible ways
in which Hs and N; as wel as NH;N; might result: (1) decomposition
d HN; into NH4N; and N,, and subsequent decompgsition o NHN;
(or NH3) into N and Ha; (2) decompositionof HN3, giving simultaneously
NH;N3;, N; and Hs; (3) decomposition of HNj into N, and Hz and subse-
quent formation & NH;(as, for example, by H, + nn, (activated) =
NH; T N:). Experiments in which sufficiently little decomposition is
alowed to take place should in case (1) lead to xg, =2 O, in case(3) to
xy, = 0.25 and to intermediate valuesin case (2).

A seriesd exposures was made in which the time o illumination and
the pressure & HN3 were chosen to give amounts d products covering a
wide range. 'The results are given in Table II.

TaBLE I
DEPENDENCE 0B CoMPOSITION OR PRODUCTSON EXTENT 0B DECOMPOSITION
Pgx;, mm. Time, sec. PHz + Ng, mm. XH2
1.5 25 3.21 X 10~2 - 0.091
12 7 5.37 .098
12 10 6.42 -.091
29 56 32.1 112
16 90 54.6 .147
7.5 240 62.0 .136
18 90 64.9 - .153

Although the amount d non-condensable products was varied 20-fold,
there appears to be no tendency for xg, to approach either O or 0.25 at
zero decomposition. 1t is concluded, therefore, that the formation of N,
and H. and d NH.N; occurs simultaneously (case (2)). Since the mole
fraction d H, is increased somewhat by prolongation o exposure, it
appears that subsequent decomposition  NHNs or NH; occurs. NH;
is known!® to be photochemically decomposed by radiations o the wave
lengths 2025-2139 A.

Since, in the decomposition products, the total number o gram atoms
d nitrogen must be three times the total number o gram atoms o hy-

© Warburg, Sitzh. preuss, Akad. Wiss., 1912, p. 216.
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drogen, the amount of ammoniain the products can be predicted from the
amounts of nitrogen and hydrogen if no other productsareformed. The
number d moles of ammonia expected to be finally present can be easily
shown to be given by

T (U = 4om)

where p, v and T are the total pressure, volume and temperature d the
nitrogen—hydrogen mixture. A determination d the amount d ammonia
formed was made at the end d each d three illuminations. For this
purpose the liquid air was applied, not at E but at the end o the chain
d bulbs, G, the last of which was then sedled off. This bulb was dipped
in liquid ar and its tip then broken under ammoniafree water, the water
rushing in and filling the bulb. By then breaking the tip at the other
end o the bulb, the contents were transferred to a 2ce. colorimeter tube
containing 1 cc. d Neder's reagent. The same amount d Nesder's
reagent was added to each d two other colorimeter tubes and these were
made up with measured amounts d 0.000474 M NH,C! solution to colors
which approximated and bracketed the color d the unknown. The
results aregiven in TableIII.

Nyms =

TaBLE III
CoMPARISON OF AMOUNTS OF NH; EXPECTED AND FoUND
Py, + Png 2, NHCI soln., NNH; caled. Nnng; found,
(mm. Hg) ce. *Hz2 ce. micromoles  microtnoles
0.0617 476.5 0.1122 0.511 0.219 0.242
.1054 478 .1532 .666 317 .315
.1214 480 1365 .740 .358 .351

The number & moles d NH3 calculated from the composition d the
non-condensable gas and the number found by colorimetric analysis agree
wel within the error d the latter determination; henceit appearsunlikely
that any products other than H,, N, and NH; areiormed in considerable
amount. The male fraction d hydrogen, 0.09, in the non-condensable
gas initially produced (Table IT) corresponds stoichiometrically to 73%
decomposition d the HNj; into NH; and N, and 27% into He and Ns.

The Molecular Weight of Hydrogen Azide

I n the literature, the conclusion that hydrogen azide vapor consists o
unassociated HNs; molecules appears to be based upon a single vapor
density determination by the Victor Meyer method at the boiling point o
chloroform.? In extensond this result, we have made several molecular
weight determinationsby means d the quartz fiber!* and McLeod geges.

1 A new fiber gage was used in these measurements. It differed from the first only
in having a singleflat fiber 4 cm. long and was found entirely satisfactory. A singlefiber
with elliptical cross section has been used by Coehn and Jung, Z. physik. Chem., 110,
709 (1924).
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The hydrogen azide was admitted in the usua manner. |t was then
pumped down to a pressure of about 0.02 mm. The trap, J, was packed
iniceand readingsd the two gagesweremade. From thevalue Z(p/M)
obtained from the fiber gage was subtracted 0.0030 mm. corresponding to
the pA/M of the mercury vapor present. The remainder, divided by the
pressure, as read on the McLeod gage, gave v/M. The results are given
in Table 1V.

TABLE IV
MOLECULAR WEIGHT OB GASEOUS HN;
b (mm. X 109 S(pVM) X 102 Dev. from

(McLeod) Quartz fiber) M av.
2.26 15.46 44.9 1.3
2.00 12.90 39.7 3.9
1.47 9.96 43.3 0.3
1.24 8.75 46.5 2.9
Av. 43 6 2.1

Summary

Gaseous hydrogen azide has been found to be decomposed by ultra-
violet radiation from an aluminum spark, giving hydrogen, nitrogen and
ammonia (ammonium azide). These products are formed by concurrent
reactions; on brief illumination 27% d the decomposition gives H, and
N; and 73% gives NH3 and N,

By means d the quartz fiber and McILeod gages, the molecular weight
d hydrogen azide has been determined as 436 = 2.1.

PAsabENA, CALIBORNIA

THE SPECIFIC HEATS AT LOW TEMPERATURESOF
MANGANOUS OXIDE, MANGANOUS-MANGANIC OXI DE AND
MANGANESE DIOXIDE'

By Russeny, W. MILLAR?
RECEIVED APRIL 13, 1928 PUBLISHED JULY 6, 1928

The present articleis one d a seriesfrom this Laboratory dealing with
the thermodynamic properties d the oxidesd metalswhich are important
in metallurgical processes. Preceding articles have dealt with zinc oxide,?
but it is now proposed to extend the investigationsto many other oxides,
as well as to several sulfides.

The specific heats d the oxides & manganese so far determined have
been confined, with the exceptiond those d Russdll* at low temperatures,

! Published by permission o the Director, U. S. Bureau d Mines. (Not subject
tocopyright.)

2 Associate Chemidgt, Pacific Experiment Station, Bureau d Mines.

3 (@) Maier, THIS JOURNAL, 48, 356 (1926); (b) Maier and Ralston, ihid, 48,
364 (1926); (c) Maier, Parksand Anderson, ibid., 48,2564 (1926).

4 Russdll, Physik. Z., 13, 59 (1912).
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to the measurements d Regrnauit’ and Kopp® at slightly above room
temperature. The previous results are summarized in Table 1.

TasLE I
TrE MoLar, HEaT CarPAciTY oF MNO AND MNO.
Substance ¢, °C. Cp Investigator

MnO 13-98 11.14 Regnault
MnO. —187-78.0 8.50 Russall
MnO, —78.2-0 12.23 Russall
MnO. 2 448.3 14.27 Russell
MnO; 1748 13.8 Kopp

The method d the present investigation was that originally used by Eucken? in
Nernst's laboratory, and hassincebeen adopted by almost all investigatorsin thisfield.

The apparatus differed but little from that d Gibson and Giaugue,® who improved
considerably on the original design. Changes, however, were made, some d which
have been described by Giauque, Buffington and Schulze.® The vacuum jacket, 10
by 25cm. insze, wasd brasstubing with walls3 mm. thick. The cover, which was d
brass 13 mm. thick, was soldered onto the jacket. The heavy protecting shield was o
lead poured between concentric copper tubes. The wall o the outer tube was made
6 mm. thick, in order to distribute rapidly the heat generatedinacoil d constantan wire
wound in grooveson theouter surface. A copper sheath protected theshieldfromradia-
tion. The protecting shield, with its cover, weighed 8 kilograms.

The cover d the shield, d 2.5cm. copper sheet, was secured by machine screws.
I n it were Bakelite conduitsthrough which passed the wiresleading to the calorimeter.
Each wire, before passing through the cover, was soldered to oneend o a strip o thin
copper clamped by a screw to the cover but insulated from it by very thin mica. Beat
passing down the wire thusfound its way to the shield of high heat capacity instead o
to the calorimeter.

The calorimeter, d copper tubing 3.7 by 13 cm., was wound with about 260 feet
of No. 40B. & S. gage doublesilk covered copper wire, which served asboth thermometer
and heatingcoil. Additional insulation and thermal contact wereobtained with Bakelite
varnish. The calorimeter was protected from radiation by a sheath of copper, 0025
mm. in thickness, which was stuck on by Bakelitevarnish. Rapid distribution d heat
was obtained by means d sheets o 0.13mm. copper, paralel to each other and to the
axis d the calorimeter, which were soldered at their edges to the inner wall. S nce
these sheets were spaced at 3 mm. and the voids between the particles d the sample
werefilled with hydrogen, the distribution d heat wasso rapid that thermal equilibrium
was obtained in three to ten minutes. The volume d the calorimeter was 130 ce., the
weight, 115¢.

With respect to the vacuum system and the electrical wiring, the apparatus was
similartothat d Gibsonand Giauque. Electrical measurementsweremade witha White
double potentiometerand time measurementswith an accurately calibrated stop watch.

The copper resistance thermometer was calibrated during the specific heat deter-
minations for each substance by means d a single junction copper-constantan thermo-
couple soldered to the bottom o the calorimeter.  Thisthermocouplewas made o wire

8 Regnault, Ann. chim. phys., [3] 1,129 (1841).

s Kopp, Phil. Trans, [1] 155, 71 (1865).

7 Eucken, Physik. Z., 10, 586 (1909).

¢ Gibson and Giauque, Tars JOURNAL , 45, 93 (1923).

¢ Giauque, Buffington and Schulze, 7bid., 49, 2343 (1927).
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from the same spool as thermocouple No. 17 d Giauque, Buffington and Schulze.?
This thermocouple was compared with No. 17 through a secondary standard, and No.
17 was itself compared by Giauque, Buffington and Schulzewith the hydrogen gas ther-
mometer, and with the hydrogen and oxygen vapor pressure thermometers by Giauque,
Johnston and Kelley.t®

Thecorrectionfor the exchanged heat betweenthecalorimeter and i tssurroundings
was made by the assumption & Newton's law d cooling. The small correction for the
differencein temperature between the thermometer wire and the average temperature
o the calorimeter described by Giauque and Wiebelt was calculated and applied. At
room temperature this correction often amounts to as much as 19}, and occasionaly 29,
but at liquid air temperatures only about 0.1%, correctionis necessary on this account.
The effect o the correctionisto lower the caleulated valued the specific heat.

Materials.—Manganous-manganic oxide was prepared by igniting a good grade
d c. p. manganous sulfate in platinum at 1100°. The sample was heated for a week,
pulverized and heated again as before. It was then heated in a current o gaseous
hydrochloric acid according to St. Clair-Deville;!? nitrogen was passed over the hot
crystals for three hours to displace the hydrochloricacid, and the product was cooled.
The product wasfinely crystalline. The preparation showed 1.006 times the oxidizing
power d pure manganous—manganic oxide toward oxalic acid. Although Meyer and
Rotgers!? state that oxidation d manganous—-manganic oxide prepared by the ignition
d manganese dioxide does not occur in air, possibly under the conditions of the present
test this particular sample combined with the small amount d oxygen in the nitrogen.

Manganous oxide was prepared by reduction d amorphous manganous—manganic
oxide by hydrogen and crystallization by gaseoushydrochloricacid. A finely crystalline,
bright green product resulted. This product showed no oxidizing power toward oxalic
acid but the total manganesedetermined by oxidationto manganesedioxide with stand-
ard potassium permanganate corresponded to only 99.0% manganous oxide. Cor-
rection was made in the specific heats for the impurity, which consisted of small flakes
d silicafrom the wal d the preparation flask.

Manganese dioxide was prepared by heating the nitrate at 170° until the evolution
d the oxidesd nitrogen had ceased. The product was 99.6% manganese dioxide.

Theresultsare given in TablesII-V.

TABLE IT

THE HEAT CapaciTY PER GRAM MOLECULE OR MNO
Run Run Run Run Run
no. T,°K Cp no T,°K. G, no. T,°’K. C, no. T,°K Cp no. T,°K. Cp
704 4.426 9 116.5 17 65 17 111.0 10.53 25 116 2 23.96 33 203.3 9.173
74.3 4869 10 1189 7.530 18 112.0 1098 26 117 1 7.837 34 217.5 9.462
82.1 5650 11 921 6797 19 1130 1171 27 ... 35 229.7 9.592
88.5 6.348 12 96.5 7362 20 1139 1250 28 1286 7.482 36 247.1 9.728
.1 9.829 13 989 7757 21 1148 1378 29 143.3 7.793 37 272.9 9.992
118.5 7.564 14 104.8 8.769 22 1155 2370 30 155.6 8 124 38 289.1 10.16
126.8 7.470 15 108 8 9664 23 1157 67.68 31 178.0 8.625 39 293.7 10.26
134.5 7593 16 1099 10.13 24 1159 107.56 32 189.7 8927 40 300.2 10.30

O~NO U WN R
=
o
©
=

10 Gjauque, Johnston and Kelley, THis JOURNAL, 49,2367 (1927). Theauthor takes
this occasion to express his gratitude to Professor Giauquefor his kindnessin furnishing
him with the temperature scale and for many suggestions during the progress of the
measurements.

11 Giaugue and Wiebe, Turs JOURNAL, 50,101 (1928).

12 St. Clair-Deville, Compt. rend., 53, 199 (1861).

13 Meyer and Rotgers, Z. anorg. allgem. Chem., 57, 104 (1908).
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TasLy III
THE HEAT ABsSoRPTION PER MOLE, AH, BETWEEN 77 AND T3 ¥or MNO
Run no. T T2 AH Run no. Ty T AH
9 115 810 117.109 22.93 22 115.152 115.647 11.73
17 110488  111.533 11.01 23 115.644 115.830 12.61
18 111538 112.533 1093 24 115 823 115.942 12 80
19 112.544 113.476 10.91 25 115.943 116.429 11.64
20 113.485 114357 10.90 27 109.937 121.207 147.17
21 114.315 115161 10.97
TABLE 1V
THE HEAT CaPAcCITY PER GRAM M OLECULE oF MN;O4
Run no. T, °K. Cp Run no. T, °K. Cp
1 72.2 9.725 14 188.0 26.26
2 76.0 10.46 15 199.1 27.34
3 85.5 12.11 16 200.4 27.37
4 95.6 13.68 17 209.4 28.23
) 103 6 15.02 18 220.0 28.75
6 111.9 16.45 19 233.2 30.15
7 121.5 18.02 20 241.4 30.69
8 129.8 19.25 21 2525 31.28
9 138.2 20.29 22 263.1 32.07
10 151.9 22.14 23 2715 32.45
11 160.0 23.08 24 283.4 32.76
12 167.4 23.97 25 295.3 33.35
13 177.6 25.11 26 305.2 33 46
TasrLe V
THE HEAT CapPaciTY PER GRaAM MOLECULE, Cp, OF MNO,
Runno. T,°K. Cp Runno. T,°K. Cp Runno. T,°K. Cp
1 956 6.406 14 72.8 3.901 26° - .
2 97.4 6.193 15 748 4.151 27 2219 1124
3 107.2 5.847 16 767 4.372 28 2366 11.70
4 QD2 7 262 17 78 8 4.619 2 249.8 12.19
5 1154 6.285 18 81.1 4.994 30 72.5 3.875
6 119.7 6514 19 83.4 5.370 31 74.6 4.114
7 130.2 7.006 20 86.0 5849 32 91.8 8.510
8 139.6 7.494 21 883 6.450 33 92.5 9.034
9 148 8 7.996 2 90.3 7.343 A4 93.2 8.667
10 166.9 8869 23 92.9 8 658 35 93.9 7.810
11 179 3 9 453 24 93.7 8.140 36 292.6 13.60
12 188.7 9.872 25 95.4 6.549 37 293.8 13.53
13 199.5 10.35

¢ Run No. 26. Heat absorption between 87.743°K. and 98.437°K. = 76.35
cal./mole.

The figure accompanying this text displays the results for all three
oxides. Table III shows the heat input for the points which fall on the
steep dopes d the specific heat curve for manganous oxide, and the initial
and final temperatures. Obviously the curve rises so rapidly that the
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recorded heat capacities at the average temperatures are not valid and
cannot be plotted; in the figure they are used only to indicate the course
d thecurve.

No reason can be given for the discontinuitiesin the curves for man-
ganous oxide and manganese dioxide. Although it might be suspected
that the maximum in the curve for manganese dioxide was due to an
impurity  the manganous oxide, this could not have been true, since
Meyer and Rotgers!® found that manganese dioxide was stable in air at
530°, and the sample used here was heated only to 170°.  Furthermore,
manganous—manganic oxide is certainly stable at 1100°, and the curve
for this substance showed no discontinuity in the temperature range o
the experiments.
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Fig. 1.—The molal heat capacities of MnO, Mn;O4 and MnOs.

Attention should be called to the fact that points on the steep portions
d the curves for manganous oxide and manganese dioxide are perfectly
reproducibleand that the specific heatsin theregionsd the discontinuities
are independent of the history d the substance. Thus, in Table IT we
note that a continuous series of runs extended from 70.4°K. to 134.5°K.,
and that the sample was cooled to about 116°K., where two runs were
made. The sample was then dlowed to come to room temperature,
cooled to 92°K. and a continuousseriesof runswas madefrom that temper-
ature to room temperature. An examination d Table V shows that the
sample was cooled to liquid air temperatures three times—for runs 1,
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14 and 30—but that the points obtained near 97°K. fall on the same
smooth curveindependently of the history d the substance.

Ewald™ found that ammonium chloride had a higher specific heat
between —80 and 0° than between 0 and 50°, but dilatometric measure-
ments in the lower range failed to reveal a volume change. Simon'® has
measured the true specific heat d thissalt and found at 242.6°K. a change
greatly resemblingthat & manganousoxide. Parksand Kelley'¢ measured
the heat effect for a similar change in magnetite at 115°K. Measure-
ments in this Laboratory, soon to be published, show the curve for mag-
netite to besimilar to that & manganous oxide.

I n order to calculate the entropy at 298°K., it is necessary to integrate
graphically the equation

S dS = fC,dinT

from 0 to 298°K. Assuming the third law d thermodynamics, S, = 0,
it remained for us to find the area under the plot & C, against In T from
0 to 298°K. Since the lowest d the present measurements is about
70°K., the extrapolation was made with the assumption that at very low
temperatures, that is, about 30°K., the equation d Debye gives the
specific heat and entropy. In al that follows, the teferences are to plots
o log T asabscissaand C, as ordinate.

According to the theory d Born and K4arman,!” the molal heat capacity
at constant volume

AT TH] o

where p is the number o atoms in the molecule, D(Bv;/T) and E{(pv;/T)
represent Debye and Einstein heat capacity functions containing values
o frequencies d v; and v;, respectively; B is the ratio k/k, where h is
Planck’s quantum constant and % is Boltzmann's gas constant for 1
molecule. If the frequenciesin the three directions are assumed to be
the same, the equation reducesto

-3 [(5) + ()]

These equations may be expected to hold only at low temperatures;
for the substances for which data are shown here, Equation 2 holds only
to about 150°K:, and it is not expected that Equation 1 will hold at tem-
peratures much higher. No attempts were made to use Equation 1. At
very low temperatures the Einstein terms disappear and the heat capacity
is represented solely by the Debye terms.

14 Ewald, Ann. Physik, [4] 44, 1213 (1914).

15 Simon, sbid., [4] 68, 241 (1922).

16 Parksand Kdlley, J. Phys. Chem., 30,47 (1926).

7 Born and Karmén, Physik. Z., 13, 297 (1912); 14, 15, 65 (1913); Born, “Dy-
namik der Kristallgitter,”” Teubner, Leipzig and Berlin, 1915.
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According to Equation 2 the heat capacity per moed manganous oxide
should be represented by thesum d one Debye and one Einstein function.
I't was found that the experimenta curve (C, — log 7" codrdinates), ex-
tending down to only 70.4°K., could be extrapolated to meet, without
an abrupt changed direction, the Pebye function d frequency 8z = 231
A curve was then drawn representing the probable course o the curve
without discontinuity, and the differences between this curve and the
Debye function were plotted. As high as 178°K. these differences could
be represented, within the accuracy d the experimental data, by an
Einstein function d frequency Bv = 502. Above 178°K. the di fferences
fell below the Einstein curve, instead d aboveit, as we should expect,
since C, and not C, was measured. In readlity, the values o C,, if the
necessary datafor the calculation from ¢, were available, would probably
not fit the theoretical curves above 150°K.

The entropy at 35:48°K., as given by the Debye function, is 0.514.
The area under the curve and its extrapolation to 35.48°K. between
this temperature and 298°K. amounts to 14.406. We have, for MnoO,
Sies = 14.92 cal./deg.

For manganous-manganic oxide we should have C, = D{(Bv/T) +
6E(Bv;/T), where »; may have the same or different values for the six
terms. It was found convenient, however, to represent the data by
three Debye and four Einstein functions, usng vauesd gv = 278 and
611, respectively. The agreement with the data was excellent up to
158°K., and with true values d C, probably up to 140°K. The Debye
entropy bdow 31.62°K. is 0.704, and the remainder below 298°K. is
35.022. We havefor MnzOs, Sus = 35.73 cal./deg.

For manganese dioxide one Debye function with fv = 268 and two
Einstein functions with 8o = 653 fit the data to 140°K. The Debye
entropy bdow 31.62°K. is 0.257 and the remainder below 298°K. is
13.677. For MnO., Saes = 13.93 cal./deg.

In each extrapolation it was found that even though the Debye curve
were shifted dong the axis d abscissas to positionsso unreasonable that
sharp breaks were necessary to join it with the experimental curve,
such shifting d the Debye curve did not change the entropy at 298°K.
more than 0.1 unit. Simon!® has shown that it is possible, in fitting
theoretical curves to the experimental data on complicated substances, to
obtain satisfactory combinations other than those demanded by the Born-
Karman theory, and even to fit thevaluesd C, rather than thosed .

The free energies were calculated from the equation

AF = AH-TAS
where A F is the change in free energy in forming the oxide from its ee-
ments, AH the heat of formation and A S the change in entropy, all at
the temperature T.
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I n order to calculate the entropy o formation, the entropy d oxygen at
298°K. must beknown. Thecaculationsd Lewis, Gibson and Latimeri3
give for 02, Szs = 48.0 as the weighted mean d 3 vaues—namely, from
Eucken’s! specific heats and heats d transition d the several forms of
oxygen and the third law of thermodynamics, they give Lewis and Gib-
son’s?® calculation d O, Sis = 48.23; from the data for the reaction
Ce T+ 1/,0, = CO, they givefor Oy, Sws = 45.6; from the entropy d mer-
curic oxide and mercury and the entropy changein the formation d mer-
curic oxidefromits elements, they givefor Og, Ssss = 49.2.

Giauque and Johnston,?* who haverecently repeated very accurately the
work o Fucken on oxygen, have given 40.8 as a preliminary value o
the entropy per moled oxygen at its boiling point. Millar and Sullivan?®*
have calculated, from the data  Sched and Heuse,?® the increase in
entropy d gaseous oxygen at 1 atm., when heated from the boiling point
to 298°K., to be 8.36. The sum, 49.16, agrees aimost exactly with the
result d Lewis Gibson and Latimer obtained from the entropy change
o thereactionHg + /20 = HgO. Thevauechosenfor Oz isSss = 49.2.

Theentropy d manganese, Sq:s = 7.3, is taken from Lewisand Gibson.2°

The heats d formation d these oxides have been determined by both
Berthelot?* and LeChatelier?® with much better agreement than is usual
with datad this kind. For manganous oxide Berthelot gives 90,900 cal .;
LeChatelier, 90,800. For manganous-manganicoxide both give 328,000,
while Rff and Gersten® give 329,000 = 740. For manganese dioxide
Berthelot gives 125,300 and LeChatelier 126,000, while Mixter?” gives
119,600 cal., but he states that this value is only an approximation, and
" that LeChatelier, who used pure natural pyrolusite, probably gives a
more accurate value for crystalline manganese dioxide. Although the
manganese dioxide used in the present investigation was similar to that
used by Mixter, Berthelot's value will be used because d errorsin Mixter's
work which he himsdf points out.

Table VI exhibits the data used and the resulting values d the free
energy d formation d the oxides.

I tishoped that the specificheats necessary to extend these cal culationsd
thefreeenergiesd formationto hightemperatureswill someday beavailable.

1 | ewis, Gibson and Latimer, THis JournaL, 44, 1008 (1922).

19 Fucken, Ber. deut. physik. Ges., 18, 4 (1916).

2 Lewisand Gibson, THis JoUrNaL, 39,2554 (1917).

21 Giauque and Johnston, personal communication.

22 Millar and Sullivan, Bur. d Mines Tech. Paper, No. 424, 1928,

28 Scheel and Heuse, Ann. Physik, [4] 37, 79 (1912).

24 Berthelot, " Thermochimie," Vol. II, Gauthier-Villarset Fils, Paris, 1897.
% T eChatelier, Compt. rend., 122, 80 (1896).

% Ruff and Gersten, Ber., 46, 400 (1913).

2 Mixter, Am. J. Sci., [4] 30, 198 (1910).



July, 1928 THE DIELECTRIC POLARIZATION OF LIQUIDS. III 1883

TaABLE VI
DATA AND VALUES
Substance Mn 0z MnO MniOs MnQO:
Saos 7.3 49.2 14.92 35.73 13.93
Reaction AH AS AF
Mn + 1/,0; = MnO —90,900 -170 — 85,830
3Mn 4 202 = Mn;0, —328,000 —84.6 —302,800
Mn 4 Oy = MnO; —125,300 —-426 —112,600
Summary

The specific heats & manganous and manganous—manganicoxides and
d manganese dioxide have been measured from 70 to 300°K.

With the aid d the third law d thermodynamics, the free energies of
these substances at 298° K. have been calcul ated.

[CoNTRIBUTION FROM THB DEPARTMENT OF CHEMISTRY, PrincETON UNIVERSITY]

THE DIELECTRIC POLARIZATION OF LIQUIDS. 1II. THE
POLARIZATION OF THE ISOMERS OF HEPTANE

By C. P. SmyTH AND W. N. StooPs
RECEIVED APRIL 14, 1928 PUBLISHED JULY 6, 1928
Accurate measurements d the dielectric constants d methane, ethane
and hexane over a wide range d temperature! have made it possible to
calculate that the moleculesd these substances have no electric moments
and calculations made by an approximate method have also indicated the,
absence d an electric doublet in the molecules d octane and decane.?
This is in accord with the fact that, according to calculationsfrom molec-
ular structure,? it should be possibleto replace a hydrogen atom attached
to a carbon atom by a methyl group without alteringthe electric symmetry
d the molecule unless the bulk d the methyl group causes distortion of
the structure or unless the methyl group itsdf is distorted due to small
shiftsd electronsin thefield d a doublet already present. Since, with the
exception d methane which, as the first member d the series, might be
expected to be abnormal, all d the hydrocarbonsstudied had contained an
even number d carbon atoms, it seemed desirable to investigate an odd
member d the series, which, d course, would contain an even number of
C—C bonds. Measurements made upon pure samplesd all o the isomers
d heptane very kindly loaned to us by Dr. Graham Edgar d the Ethyl
Gasoline Corporation have made it possibleto determinethe electric sym-
metry d nine different arrangementsd six C-C bonds. An octane, 2,2,4-
trimethylpentane, loaned by Dr. Edgar, has aso been studied.
! (@) Sanger, Physik. Z., 27, 556 (1926); (b) Smyth and Zahn, THis JOURNAL,
47,2501 (1925); (c) Smyth and Morgan, zbid., 50,1547 (1928).
2 Smyth, THis JOURNAL, 46,2151 (1924).
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I nthefirst d this seriesof papers® the method d obtaining the electric
moment o the molecule of a substance has been discussed. The mol
polarization d a substance, P = (e—1)/(e + 2) X M/d = P T P,
Py, in which ¢ = the dielectric constant, M = the molecular weight,
d = the density, Pg + P, = the polarization due to shifts d chargesin
the molecule inducible by an external field and Py = the polarization
due to the orientation d the permanent electric doublets d the molecules.
When Py, is0O, the moment d the moleculemust be 0. Pg may be calcu-
lated as the molar refraction for light d infinite wave length, MR, =
(A=N/AD (2 — 1)/ (n® + 2) X M /2], where» istheindex d refraction for
light & wave length » and A is the wave length corresponding to a char-
acteristic vibration frequency in the ultraviolet region. P4, the difference
between P, the polarizationdue to electronic shifts, and the total induced
polarization, iscommonly attributed to induced shifts & atomsor radicals.

The refractive indices were measured by Mr. E. W. Engel with the
assistance d one d the writers. A Pulfrich refractometer was used and
accurate temperature control was obtained by aflow d water from care-
fully regulated thermostats. A complete series d measurements was
made for thesodium D line. A month later, after readjustment o thein-
strument and installation d a new prism, measurements were made again
for the D lineand dsofor the «, 8 and v hydrogenlines. The new values
for the D line showed an average diierence from the old values d only
0.00009, thesign d the difference being disregarded. The molar refrac-
tionsfor thedifferent wavelengthsare givenin Table |, with therefractive

“4ndices. Thesemolar refractionswere used to calculatethevaluesd MR..,
givenin TablelV as Pg, by the substitution o the correspondingvalues o
MR and X. Asfour equations were thus obtained for each substance and
only two were necessary in order to solvefor MR,, atest d the equation
and the data was made by calculating MR, first from MR, and MR,
and then from MRz and MRp. Although this method d combining the
valuesis the one best calculated to make any error apparent, the greatest
difference found between the values obtained from the two pairs o refrac-
tions was 0.02. The dispersions calculated from these data are given in
TablelV.

The densitiesand diel ectric constants were measured with the apparatus
described in thefirst two papersd this series,'? the dielectric constant o
the benzeneused in calibrating the condenser being taken as 2.279 at 25°.
Measurements were made upon three heptanes d markedly different
structure and upon the octane, 2,2,4-trimethylpentane, over the entire
range of temperature within which they were liquid. The dielectric con-
stants were measured at intervals d about 15° and the densities at in-
tervals of about 20°. Asthe temperatures were not the samefor different

3 Smyth, Morganand Boyce, THisJoURNAL, 50, 1536 (1928).
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TaABLE |

Rerracrive INDICES AND MOLAR REFRACTIONS AT 20°

Ty

2'2-Dimethyl-
pentane 1.39106
2,4-Dimethyl-

pentane 1.39097
2-Methylhex-

ane 1.39377
n-Heptane 1.39646
3-Methylhex-

ane 1.39744
2,2,3-Trimethyl-

butane 1.39817

3,3-Dimethyl-

pentane 1.39987
2,3-Dimethyl-

pentane 1.40071
3-Ethylpentane 1.40232
2,2,4-Trimethyl-

pentane 1.40074

"8
1.38710
1.38702

1.38983
1.39248

1.39343
1.39419
1.39589

1.39675
1.39839

1,39649

1.38233

1.38233

138509
1 38777

1.38873

1.38940

1.39114

1.39201
1.39366

1.39163

o

1.38038
1.38042

1.38311
1.38579

138677
1.38744
1.38918

1.39005
1.39169

1,38962

MR

y MRg

3532 35.00

3527 34 95

3B B 34.95
3523 3491

35.13 34.82

35.08 34.77

35.00 34.69

3498 34.67
3492 34.61

40.07 39.69
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MRy,

34.61

34.57

34.57
34.54

34.45

34.39

34.32

34.31
34.25

39.25

MR

o

34.46

34.42

34 41
34.39

34.30

34.24

34.17

34.15
34.10

39.08

measurements and as the values varied uniformly with temperature, the
datawereinterpolated at 10° temperature intervals. These results for the
dielectric constant and density, together with the values & the molar po-

TasLe II

DIeLEcTRIC CONSTANTS, DENSITIES AND POLARIZATIONS OF THREE HEPTANES

— n-Heptane
t, °C. € d P
—120
110
100 ... ... A
90 2.083 0.7752 34.25
80 2.069 .7670 34.27
70 2.055 .7587 34.31
60 2.041 .7501 34.38
50 2.027 .7420 34.41
40 2.013 '.7337 34.44
30 1.999 .7252 34.48
20 1.986 .7170 34.53
—10 1.972 .7088 34.55
0 1.958 .7004 34.60
+10 1.944 .6921 34.62
20 1.930 .6838 34.64
30 1.916 .6755 34.65
40 1.903 .6667 34.72
50 1.888 .6575 34.78
60 1.873 .6483 34.80
70 1.858 .6392 34.84
80 1.842 .6300 34.83

g
o

-+90

.6208 34.79

~—2,2-Dimethylpentane—
€ d P

L e i N e i e Gl S IV OB O OIS )

.106
.091
.076
.062
.047
.033
.018
.004

989
975

.960
.945
.930
915
.901
.887
.872
.857
.843
.828

.120 0.7926
.7841
7757
.7670
.7588
.7502
.7418
.7333
.7249
.7162
7077
.6993
.6908
.6823
.6738
.6652
.6564
.6477
.6390
.6301
.6215

34.32
34.40
34.42
34.48
34.51
34.53
34.57
34.59
34.62
34.64
34.68
34.70
34.72
34.73
34.73
34.76
34.79
34.81
34.82
34.86
34.85

€

2.132 0.8079 33.
.00

2.118 .7995 34
2.102 .7912 34

2.089 .7831 34:
2.075 .7749 34.
2.060 .7666 34.
2.045 .7582 34.
2.029 .7499 34.
2.014 .7419 34.
2.000 .7335 34.
985 .7251 34.
971 7160 34.
956 .7075 34.
942 .6988 34
.927 .6900 34
913 .6812 34.
.899 .6724 34.
:885 .6634 34.
.870 .6540 34.
.855 .6442 34.
.840 .6340 34.

Pt bt bk et et e ek e e e e

——3-Ethylpentane——
d P

95

.00

05
08
10
11
10
09
12
13
19
20

.24
.26

30
34
38
42
47
55
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TABLE III
DIELECTRIC CONSTANTS, DENSITIES, AND POLARIZATIONS OF 2,2,4-TRIMETHYLPENTANE
t, °C. ¢ d P t, °C. € d P
—100 2114 0O 7897 39.14 0 1.971 0O 7078 39 42
20 2.100 .7814 39.19 +10 1.957 ,6998  39.43
80 2 086 7733 30 23 20 1 943 6918 39 44
70 2.072 , 7652 39 27 30 1.928 .6837 39 44
60 2.058 . 7569 39.31 40 1.914 6756 39.45
50 2.043 .7488 39.32 50 1.900 .6676 39.46
40 2.029 7407 39.34 60 1.886 ,6587 39.53
30 2.015 7326 39.37 70 1.872 .6498 39.58
20 2.000 7242 39.41 80 1.858 .6402 39.66
—-10 1.985 .7160 39.40 0 1.844 .6303 39.76
100 1830 6206 39.86
TaBLE IV
PHysicaL CONSTANTS OF THE HEPTANES AND OF 2,2,4-TRIMETHYLPENTANE AT 20°
:_; X 104(20-30%) 4 P PE P4 MLI;}Q -1 "
2,2-Dimethyl-
pentane  1.915 14 0.6737 34.73 33 82 0 91 0.86 0.01068 0.00385
2,4-Dimethyl-
pentane  1.917 15 .6745° 34.75 33.79 .96 .85 .01055 ,00361
2-Methyl-
hexane 1.922 14 .6789* 34.70 33.78 .92 .85 ,01066 ,00378
n-Heptane 1.930 14 .6836 34.65 33.77 .88 .84 ,01067 .00409-
3-Methyl-
hexane 1.930 14 .6870° 34.49 33.68 .83 .83 .01067 ,00372
2,2,3-Trimethyl-
butane 1.930 13 .6892 34.38 33.61 .78 84 01073 .00585
3,3-Dimethyl-
pentane  1.940 15 6934 34.45 3355 90 .83 01069 0044
2,3-Dimethyl-
pentane 1 942 15 6951" 34 42 33 54 .88 .83 01066 ,00406
3-Ethylpen-
tane 1.942 15 .6088 34.24 33.48 .76 .82 ,01063 .00377
2,2,4-Trimethyl-
pentane  1.943 15 ,6918 39.44 3835109 .99 .01112 00503

¢ Determined by Dr. Graham Edgar.

larization calculated from them, are givenin TablesII and I1I. Sincethe
three heptanes and the octane showed similarity d behavior in their
slight variation d the polarizationwith temperature as represented in Fig.
1, the other heptanes were measured only at 20 and 30". For the sake d
comparison, Table IV gives for each d the heptanes and for the 2,2,4-
trimethylpentane at 20°, thedielectricconstant, the temperature coefficient
of the dielectric constant calculated from the values at 20° and 30°, the
density, the molar polarization, P, and the molar refraction for light d
infinite wave length = Pz, The valuesd P, are calculated as P—Ppg,
which will be discussed later. The densities d al the heptanes at 20
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and 30° have been determined by Dr. Graham Edgar. Asthe valueswhich
we have obtained at these temperatures are in excellent agreement with
those d Dr. Edgar, we have used his values for four d the substances as
indicated. The viscositiesin e.g.s. units at 20°, measured by Mr. H. E.
Rogers with a Bingham viscometer, as well as the dispersions calculated
fromthedatain Tablel, areincluded.

In Fig. 1 the scale on which the polarizationis plotted against tempera-
tureissolargethat many d the pointsappear to liesomedistance from the
straight lines which best represent them. Actudly, the polarization o
these substances varies little with temperature, but the variation, such as
itis, isan approximately linear increase with increasing temperature, while,

39.8
//
— 39.6
04=Trimethyl |Pentane | 41|
. 34.9 Pentan — = 39.4
=] b
S 347 Bl S 39.2
g 2,2=Dimethyl |Pentand — P :
38 = P
Qo
S 845 T — —
34.3 T W-+eptane T
. — =
—
34.1
L 1" 3-Lhyl | Pentane
33.9 Lt N

—120 100 80 60 40 20 0 20 40 60 80 100
Temperature, °C.

Fig. 1.—Variation o polarization with temperature. The values for the polari-
zation d 2,2,4-trimethylpentane are shown at the right.

if the molecules possessed electric moments, the polarization would nor-
mally decrease with rising temperature. The increase, less than 29 for a
200° change d temperature, is not predicted by the theory of dielectric
constants. As a small increase in refraction with rising temperature has
been observed for a number d liquids, while vaporization also appears to
bring about a dlight increase in refraction,* it seems possible that the
forcefields d adjacent molecules reduce the mobilitiesd the bound elec-
trons to asmall extent, thereby reducing the refraction. Asthe molecular
separation and motion increase with rising temperature, the effect o the
force fields upon the electrons is decreased, the refraction, and hence the

4 (a) Eisenlohr, ' Spektrochemie organischer Verbindungen,”” ¥. Enke, Stuttgart,
1912, p. 19; (b) Lorenz, Ann. Physik, 11, 70 (1880); (c) Brithl, Z. physik. Chem., 7,
1 (1891).
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polarization, thus being increased. Another and perhaps more important
factor is theincrease in the number d degrees d freedom with increasing
temperature, which should facilitate the displacement of chargesin the
moleculesand, hence, increasethe polarization. Aschanged temperature
alters the degreed molecular association or orientation, which has a great
effect upon the polarization, the small effects just described may often be
so masked as not to be apparent. Hexane, benzene and a few other sub-
stances which have eectricaly symmetrical molecules also show a slight
increasein polarizationwith risingtemperature.'®®

The curvesin Fig. 1 may beregarded as establishing the absence d any
measurabl e electric moment in the moleculesd the four substances repre-
sented. Consequently, Py = 0 and Py = P—Pgp. AS P—Pygis prac-
tically the samefor the other heptanesasfor these which have no moment,
it may be concluded that P;; = 0 for them also, that is, that they have no
moments. Indeed, if P, were neglected entirely and Py, set equal to
P —Pg, the moments calculated would be exceedingly small. The con-
clusion is, therefore, justified that the moments o all the heptanesand d
2,2,4-trimethylpentane are zero or, at least, too small to be detected by
any method now available, which, d course, isall that can besaidasto the
electric symmetry d any molecule.

In Tables | and IV the isomers are arranged in the order in which many
o their propertieshave been found by Edgar and Calingaert® to fall. As
would be expected, the diel ectric constants, densitiesand refractive indices
vary concomitantly. The temperature coefficients d the dielectric con-
stants between 20 and 30° are approximately the same, but the data d
Table IT show that the coefficientsover awideranged temperature differ
slightly from one another. The viscosities show a much greater variation
in valuesthan do any d the other propertieslisted and thefirst fivein the
list depart markedly from the regular order observed, at least approxi-
mately, for the other properties. The values d the dispersion, #,—n,,
are approximately the samefor al the heptanes, a marked rise being ap-
parent on passng to the octane. The values d the molar dispersion,
MR,—MR,, vary little, if any, more than might be caused by experi-
mental error, but there appears to be a slight decrease in going down the
list. A dslight and irregular decrease is aso apparent in going down the
columnd P, valuesfor theheptanes. Theabsolutevariationinthevalues
of P, is much lessthan that in the values d P and P g, which fall approxi-
mately in the usual order and vary concomitantly. As the refraction and
polarization depend upon the mobility o the outer electrons d the mole-
cule, the small but concomitant variations d P and Pz show that varia-
tion in the positions d the atoms in the molecules has a detectable effect

s Isnardi, Z. Physi k, 9, 153 (1922); Sanger, Physik. Z., 27, 165 (1926).
8 Private communicationto the authors.
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upon the mobilitiesd the binding e ectrons, the average mobility decreas-
ing dightly in the order indicated by the decreesing values o P and Pg.

The concluson to be drawn from these results, taken in conjunction with
the work on other hydrocarbons, is that the atomsin a saturated hydro-
carbon molecule may be joined together in every possible configuration
without giving rise to any measurable lack d eectric symmetry. This
hasavery definite bearing upon the electronictheoriesd valencein organic
compounds, for the heptane molecules may be resolved into the various
akyl radicalsto whichit is customary to assign varying degrees o electro-
negativity, the formulas d the radicals being represented with a pair o
bonding electronsat varying distancesfrom their carbonatom.7  If such a
variation is an inherent property d the radicals, it should exist when the
radicals occur in the heptane molecules and give rise to electric moments
d varying sizes and, hence, to different vauesd Py. It has been con-
cluded that P, differs from zero by a negligible amount. If it is not
actually zero, any variation in its value must be included in that o 24
as caculated. The largest difference observed between the values o P4
for any two isomers, namely, that d 0.20 between 2,4-dimethylpentane
and 3-ethylpentane, would, if due to but one pair d electrons, correspond
to a displacement d the effective position d the charges d less than 3
X 10~ em. from a symmetrical location. |t ssemsimprobable that such
a displacement and the very smal change in forces which it must cause
would have an appreciable effect upon the properties d the molecule.
It must be further remembered that the possible displacement which has
been estimated is the greatest that could occur and is probably much
larger than any actually existing in these molecules  This does not pre-
clude the possibility that the bonding eectron pairs d different alkyl
groups may be differently affected when they hold more polar groups in
combination, but the relatively small variation in the electric moment o
the moleculeamong the different alcoholsand among the members o other
series provides strong evidence? against the assumption o any consider-
able variation in the position d the bonding eectron pair. The hypothe-
sgsd a bonding electron pair located in positionsd varying unsymmetry
thus receivesno support from the physical evidence here considered.

Summary

The didectric constants, densities, refractive indices, dispersions and
viscositiesd the isomers d heptane and d 2,2,4-trimethylpentane have
been measured. The polarizations d three d the heptanes and o the
octane calculated from dielectric constant and density measurements over

7 See Kharasch and Grafflin, THIS JOURNAL, 47, 1948 (1925); Kharasch and
Marker, 7bid., 48, 3130 (1926); Kharasch, J. Chem. Education, 5, 404 (1928).

8 Smyth, THis JOURNAL, 46, 2151 (1924); Krchma and Williams, #éid., 49,2408
(1927).
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the entire range of temperature within which the substances are liquid
increase very dightly with temperature, indicating that the moleculescon-
tain nodectricmoments. Thevery small differencesbetween the polariza-
tions and the molar refractionsextrapolated to infinite wave length for al
o the substances show the absence d a measurable moment in their
molecules. It is concluded that the atoms in a saturated hydrocarbon
molecule may be joined together in every possible configuration without
giving riseto any measurablelack d electric symmetry, although very small
differencesin the rigidity d binding d the electrons are detected. The
electrical symmetry d the moleculesgivesno evidenced a differencein the
electronegativities d the various constituent radicals.
PRINCETON, NEW JERSEY

[CONTRIBUTION FROM THE CHEMICAL LABORATORY OF THE UNIVERSITY OF KANsAS|

SOLUTIONS OF SALTSIN PURE ACETIC ACID. |I.
PRELIMINARY PAPER!

By ArRTHUR W. DAVIDSON
RECEIVED APRIL 14, 1928 PUBLISHED JULY 6, 1928

Introduction #

The study d the solubilities and chemical reactions d salts in non-
aqueous solvents reveal s certain analogies between these solutions and the
more familiar solutions in water. These analogies have been most ex-
tensively developed, by the well-known researches d Franklin and his
co-workers, for solutions in liquid ammonia. Despite the large amount
of work that has been donewith other non-aqueoussolvents, our knowledge
o such solutionsisstill so fragmentary that the accumulation and organ-
ization d much additional information would seem to be desirable.

I n a previous paper,? the writer described an attempt to study the solu-
bilities and reactions d salts in anhydrous sulfuric acid, a liquid d very
different nature from those non-aqueous solvents which have been most
widely examined. It was found that the range d investigation in this
solvent wasseverely limited by thefact that, duetothe large self-ionization
of sulfuric acid, reactions d a solvolytic nature were d such general oc-
currence as greatly to interfere with the study d other reactions. It
was decided to investigate, from the same point d view, solutions o salts
in anhydrous acetic acid, this liquid being sufficiently polar in nature to
beafairly good solventfor many salts, whileits self-ionizationis apparently
very small, since its specificconductivity is d the order 2 X 1078 re-
ciprocal ohm.

1 Presented beforethe Division o Physical and Inorganic Chemistry of the Ameri-
can Chemical Society at the St. Louis meeting, April, 1928.
2 Davidson, THIs JOURNAL, 47, 968 (1925).
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The information that; has hitherto been gathered concerning the solu-
bilities and reactions d salts in acetic acid is decidedly meager. It was
thought until rather recently that thisliquid was a very poor solvent for
inorganic salts.® Such data as have been obtained are very widely scat-
tered. Many d the results o investigations previous to 1924 have been
collected by Walden, in his “Elektrochemie Nichtwassriger Losungen,’’*
athough even here the data must be sought under several different head-
ings. Quantitative measurements d solubility at various temperatures
have been reported for mercuric chloride, uranyl nitrate, magnesium
bromide and iodide, calcium chloride, antimony chloride and bromide,
and the acetates of sodium and silver.® In addition, several addition
compounds between .sdts and acetic acid have been isolated, including
compounds with the acetates d the alkali metals,® and compounds with
aluminum chloride, magnesium bromide and iodide, calcium chloride,
antimony chloride and sodium iodide.? Conductivity measurements have
been made on solutions o the akali acetates and d several other salts.®

There have been a few scattered observations concerning reactions o
metallic oxides with acetic acid, limited for the most part to the formation
of acetatesin whichthemetals exhibit unusually high valences.? The best
known exampled thisisthe formation d lead tetra-acetate from red lead.

Since the publication d Walden's text there have appeared, so far as
the writer has been able to ascertain, three articles bearing on thi s subject.
Webb?? studied the activities d several saltsin acetic acid solution, using
the freezing-point method, and discussed the results on the basis of the
assumption d practically complete ionization and the Debye-Hiickel
theory. Stranathan and Strong,!! from the viscosities and conductivities
d acetic acid—stannic chloride solutions, deduced the existence o an addi-
tion compound which, however, was not isolated. Still more recently,
Hall and Conant,?? in a study d hydrogen ion activities in what they

3 See, for instance, Beckmann, Z. physik. Chem., 57, 129 (1907).

4 Bredig's ""Handbuch der angewandten physikalischen Chemie,”" Vol. XIIlI,
J. A. Barth, Leipzig, 1924.

5 (a) Etard, Ann. chim. phys. (7) 2, 555 (1894); (b) Oechsner de Coninck, Compt.
rend., 132, 90 (1901); (c) Menschutkin, Z. anorg. Chem., 54, 89 (1907); (d) Menschutkin,
J. Russ. Phys.-Chem. Soc., 43, 1785 (1911); C. A., 6, 1280 (1912); (e) Kendall and
Adler, Ta1s JOURNAL, 43, 1470 (1921).

8 For referenceson this subject seeref. 5 (e), p. 1479.

7 (a) Walker and Spencer, J. Chem. Soc., 85, 1106 (1904); (b) Turner and Bissett,
ibid., 105, 1777 (1914); alsorefs.5¢, d.

8 A summary d these measurementsis given by Waldenin** Das Leitvermogen der
Msungen," Leipzig, 1924.

? Seeref. 4, p. 378.

10 Webb, Turs JOURNAL, 48, 2263 (1926).

11 Stranathan and Strong, J. Phys. Chem., 31, 1420 (1927).

12 Hall and Conant, Tu1s JOURNAL, 49,3047,3062 (1927).
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propose to cal “‘superacid” solutions, have described the neutralization
o various organic bases by acids in glacial acetic acid, and have given
some interesting speculationson the results, in terms d Bronsted's theory
of acids and bases.

Object o the Present Work

I n the investigation which is now in progressin thisLaboratory, itisthe
writer's intention to extend the solubility data for salts in acetic acid by
the determination d a large number d solubilities qualitatively, and a
few typical ones quantitatively, and to make a study d reactions which
take place between ionized salts in this medium, this being a field which
has scarcely been touched. Only salts d inorganic bases will be con-
sidered.

The present paper reports the results of some preliminary experiments
of aqualitative nature, which appear to thewriter to bed interest. Quan-
titative experiments are in progress.

Experimental Part

T he solvent used in these experiments was a special graded c. p. glacid
acetic acid, whichhad amelting point d 16.4". Thesaltswered areliable
c. . grade and were dried under suitable conditions. The anhydrous
sulfuric acid used was prepared as described by Kendall and Carpenter,?
and had a melting point d 10.4°. )

1 Solubilities of Salts in Acetic Acid.—The number d salts which
were found to be appreciably soluble was considerably larger than might
be supposed from the meager data in the literature. The results d quali-
tative tests d solubility are given below.

Thefollowing salts werefound to be readily soluble at room temperature:
LiNO;, Ca(NO,)2, NHNO;, Cu(NOs)s, CaCly, ZnCly, FeCl;, SbCl;, Bal,,
Znl,, NHSCN, KCN, LiCoH;0,; KC:H;0,, NHCoH30., Pb(CyH;30:)s,
Cd(C:H30s)..

The following were found to be somewhat less soluble than the above:
AgNO;;, Alcls, chlz, Hglz, COClz.

The following were appreciably, though dlightly, soluble (apparently
less than one part in one hundred o solvent at ordinary temperature):
NaCl, KCl, KBr, KI, NH,Cl, NH,Br, NH4I, NaNO;, KNO;, BaCl,, KCI10;,
Na2$O4, (NH4)§SO4, CU(CzHaoz)z.

Thefollowing salts werefound to be practically insoluble: AgCl, AgBr,
Agl, AgCN, AgSCN, PbCl, Pbl, HgCl, Cdl, Ba(NOs)s;, Cas(POy)s,
Cu3(POy),, CaCO;; aso the sulfates d 14, K, Cu, Ag, Ca, Ba, Mg, Zn,
Cd, Hg(-ous and -ic), Al, Pb, Mn, Ni, Co and Fe(-ous and -ic).

2. Double Decomposition Reactions in Acetic Acid.—Double de-
composition reactions were found to take place in this solvent as readily

13 Kendall and Carpenter, TH1s JOURNAL, 36,2498 (1914).
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as in water, the course d such reactions being determined largely by the
solubilitiesd the several saltsin question.  1n many casesthese reactions
were similar to familiar phenomena in aqueous solution. Thus silver
chloride, bromide, iodide, cyanide and thiocyanate Wer e each precipitated
uponthe additionof asolutionof asalt containingthe corresponding anion
to a solution o silver nitrate. The slver cyanide precipitate, however,
failed to dissolvein an excessd potassum cyanidesolution. Lead chloride
and lead iodide were precipitated from lead acetate solutions by sodium
chloride and potassium iodide solutions, respectively. Solutions of cad-
mium acetate, lead acetate, zinc chloride, antimony chloride and silver
nitrate al readily gave precipitatesd the corresponding sulfides upon the
introduction d hydrogen sulfide gas.

A solution d ferric chloride!* gave, with ammonium thiocyanate solu-
tion, a degp red color, but no precipitate, just as in agueous solution.

In many other cases, however, the reactions followed a less familiar
course. A few examples d this will be described. When a solution o
copper nitrate wes treated with sodium acetate, a finely-divided, green
crystalline precipitate d copper acetate was formed. A barium iodide
solution, upon the addition d sodium nitrate, gave afinely-divided, white
crystalline precipitate, which was shown to be barium nitrate. Any o
the sulfates could be precipitated by the addition d a drop d anhydrous
sulfuric acid, or a small amount d a solution d sulfuric acid in acetic
acid, to a solution d a soluble salt d the metal in question. These came
down as amorphous, flocculent precipitates from dilute solutions, or as
gelatinous massesfrom concentratedones.  Even thesulfates o the alkali
metals were readily precipitated in this way, athough very dilute solu-
tionsd sodium and ammonium salts gave no precipitate. | n connection
with the genera insolubility d sulfatesin acetic acid, it isan interesting
fact that sulfates which normally form hydrates can be precipitated in
the anhydrous condition even when the solution contains some water.
Thus, when hydrated cupric nitrate was dissolved in acetic acid and a litfle
concentrated sulfuric acid added, a white precipitate & anhydrous cupric
sulfate was obtained. Similarly, hydrated nickel nitrate gave yellow
anhydrousnicke sulfate, and hydrated cobalt nitrate, pale pink anhydrous
cobalt sulfate. It isworthy d notice that sulfatesare insoluble in liquid
ammonia, also.'®

The only salt that was found to be noticeably solvolyzed by acetic acid
was sodium carbonate with which, even at ordinary temperature, the sol-
vent reacted fairly vigoroudy, with the evolution d CO,. The reaction

14 According to Weinland, a solution d ferric chloride in 96% acetic acid contains
the cation Fe;(C.Hz;0:)s+++. See, for instance, Weinland, Kessler and Bayerl, Z.
anorg. aligem. Chem., 132,209,225 (1924).

5 Franklin arid Kraus, Am. Chem. J.,21, 8 (1899).
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was, d course, not nearly s0 vigorousasin the case d agueous acetic acid.
Sodium bicarbonate was solvolyzed only very dowly, and calcium car-
bonate not at all.’

3. FEffect d Sodium and Ammonium Acetates upon Solubilities of
Certain Other Sdlts.—The acetates d the metals may be regarded as
bases in acetic acid, since they presumably have the same negative ion as
the solvent.l” This being the case, it might be expected that in this sol-
vent they would exhibit properties analogous to those d the hydroxides
in water. The following observations support this hypothesis.

Zinc acetate is practically insolublein acetic acid,!® even at the boiling
point. Itwasfound, however, to dissolvequitereadily in a sodium acetate
solution (about 5 mole per cent. & sodium acetate). Thisis analogousto
the solubility d zinc hydroxide in aqueous sodium hydroxide solution,
and would appear to be due to the amphoteric nature d zinc. The solu-
bility o copper acetate in acetic acid was not increased by the presence
o sodium acetate.

Ammonium acetate, in acetic acid, may be regarded as the analog o
ammonium hydroxidein water. T hat thisanalogy isfar from being merely
aformal oneisindicated in a rather striking manner by the followingfacts.
Zinc acetate was found to dissolve readily in ammonium acetate solution
(about 5 male per cent. d ammonium acetate), as does zinc hydroxidein
water. Copper acetate, which was found to be only dlightly soluble in
acetic acid to give a greenish solution, and which could, in fact, be precipi-
tated from a solution d a soluble copper salt by the addition & a small
amount d ammonium acetate solution, not only dissolved readily in excess
of this solution, but gave a dark blue color when so dissolved. When
this solution was heated, its color gradually deepened, until at the boiling
point it became a very intense purplish-blue, which was practically iden-
tical with the characteristic color attributed to the copper—ammoniaion
in agueous solution. On cooling this characteristic purplish tinge dis-
appeared. |t seems reasonable to suppose that ammonium acetate re-
versibly dissociates to some extent into free ammonia and acetic acid as
the solution is heated, and that the purplish-blue color is due to an ion o
similar natureto that which givesriseto it in aqueoussolutions. Ammon-
ium acetatewas alsofound to dissolveother difficultly soluble salts, notably
silver chloride, cupric sulfate, cobalt sulfate and nickel sulfate. All these
phenomena are being investigated further, and will be discussed in a sub-
sequent paper.

16 | n connection with solvolysis by acetic acid, it should be mentioned that Rosen-
heim and Miiller, Z. anorg. Chem., 39, 175 (1904), found that ferric chloride and ferric
bromide crystallized from anhydrous acetic acid as Fe(C:H;0:);Cl and Fe(C,H;0,),Br,
respectively.

17 Compareref. 2, p. 969.

18 Seeref. be, p. 1478.
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Summary

1. A fairly large number of salts, especialy halides and nitrates, have
been found to be soluble in acetic acid. All sulfates are very dlightly
soluble.

2. Double decomposition reactions have been found to take place
quite readily in this solvent, A number d such reactions have been de-
scribed.

3. Solvolysis does not occur in acetic acid solutions to any marked
extent.

4. Anaogies have been pointed out between the behavior of certain
acetates in acetic acid and that d the corresponding hydroxidesin water.

LAWRENCE, KaNsAs

[CoNTRIBUTION FROM THE DEPARTMENT OF PHYSICS, UNIVERSITY OP PITTSBURGH]

THE MOLECULAR HEAT AND ENTROPY OF HYDROGEN
CHLORIDE CALCULATED FROM BAND SPECTRA DATA

By ELMER HuTcHissoN
RECEIVED APRIL 14, 1928 PuBLISHED JuLY 6, 1928

I. Introduction

It iswdl known that the heat capacity d gases decreaseswith tempera-
ture in the neighborhood d absolute zero. The temperature variation
d the molecular heat d gaseous hydrogen chlorideis especially interesting
becauseit may be used to confirm the interpretation which the new quan-
tum mechanics places upon band spectra.  The computation of molecular
heats, by means o the energy levels derived from band spectra, was first
carried through by Hicks and Mitchell." They made use d the spectral
measurements d Imes and d Colby, Meyer and Bronk and assumed the
" a prior: probabilities” or weights d the quantum states to be 2, 4, 6, 8,
etc., correspondingto those states characterized by the rotational quantum
numbers 1/, 3/5, 5/s, 7/2, €tc. Van Vleck? and others have pointed out
that according to the new quantum mechanics the a prior: probabilities
must bel, 3, 5,7 for thestates?/s, */2 5/, 7/2 for smple polar moleculeslike
HCI. Experimental proof that these probabilitiesare correct is furnished
by Bourgin’s® measurements d the absorption intensities o hydrogen
chloride.

The band spectra measurements d Colby, Meyer and Bronk have been
recalculated by Kemble,* who hasobtai ned equationsexpressing the energy
levelsas afunction d the vibrational and rotational quantum numbers.

1 Hicksand Mitchell, Tris JourNarL, 48, 1520 (1926).

2 Van Vleck, Phys. Rev., 28 986 (1926); see also Hutchisson, ibid., 29, 360A
(1927).

3 Bourgin, zbid., 29, 794 (1927).

¢ Kemble, J. Opt. Soc. Am., 12, 1 (1926).



1896 ELMER HUTCHISSON Vol. 50

The calculations made in this paper are based on Kemble's values for
theenergy levelsand the a priors probabilities assigned by the new mechan-
ics. Besides the molecular heats, the entropy values o hydrogen chloride
at the various temperatures are calculated in accordance with the method
given by Giaugue and Wiebe.® The calculated results are then compared
with experiment.

II. Cdculations

The molecular heat d a gas is obtained by differentiating the energy
of a mole d the gas with respect to the temperature. The translational
energy d the gas remains constant and may therefore be left out d con-
sideration. The rotational and vibrational energy may be obtained by
summing up the different energy levels obtained from band spectra data.
Theexpressonfor the molecular heat iswell known and has been used by
several investigators. It may be written as

W
¢ N 4 B b Wy o T
~ JdT w"

m
ZnZm ph € kT

where % isthe a priori probability of the m'™ rotational state and the
n'" vibrational state, / is the mechanical equivalent o heat and N is
Avogadro's number. For purposes d computation a more convenient
form is asfollows
c=7[z-&)]
e:, ch

Pj = 2By, (03)0" D e mand of, = o

in which

where ¢}, are the band spectra wave numbers expressed in cm. ™.
Kemble's equations for the spectral energy levels may be written®
(expressed in cm. 1)
Fpu(m) = A, + 28 m + B, m* -+ D, mt

where

Ag=0 By = 10.4469 +=0.0050 Dy = —0.000529
A, = 2887.19==0.053 B, = 10.1417=0.0050 Dy = —0.000522
As = 5667.23=0.17 B; = 9 8624=0 0023 D; = —0.000514

and s = 0.078 =0.012. Inthe600° K. calculation 28 terms for n = /s, 24 termsfor
n = 3/, and 12termsfor » = 5/, are needed. |n these calculationsm takes the value

/s, 3/2, 5/a, /o, ete.

The results d the computations are given in Table I. The constants
usedin all theresultsarethosefound in the™ International Critical Tables."

5§ Giaugue and Wiebe, Tris JOURNAL, 50,101 (1928).
& | n thisequationour # isthe sameas Kemble's (j—1/z).
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The probable error in the value & molecular heat may be indicated by
making use d the probable errors assigned to the band spectra constants
by Kemble. For instance, in the computation for 0° (273.1°K.) the By
termisthemagjor portion of important energy levelsso that the percentage
probable error remains constant for all terms. A change may therefore
be made in the temperature which will balance the change in e, and still
keep ¢ constant. The required change in temperature is = 0.13°K.
This change in temperature would produce a change o only a few units
in thefifth decimal place. Kemble’s constants and therefore the molecul ar
heats are given for the lighter isotope d HCl. The change produced by
the other isotope would be very small.

TaBLE |
REsULTS oF COMPUTATIONS
C(Rot. + Vib.) Cn SoIC/T aT C(Rot. + Vib.) Cy SoIc/TdT
cal. cal. Entropy cal. cal. Entropy
deg. 71 deg. ~t units deg. -1 deg. 1 untts
T, °K. mole-' mole 1 per mole T,°K. mole-1 mole™?! per mole

600 2.1010 5.0814 9.354 13 2.1782 5.1586 1.619
450 2.0182 4.9986 8.761 11 2.1630 5.1434 1.255
373.1 2.0023 4.9827 8.385 1.7235 4.7039
273.1  1.9962 4.9766 7.761 0.9517 3.9321
200 1.9945 4.9749 7.140 .5140 3.4944
120 1.9933 4.9737 6.121 .1799 3.1603

60 1.9954 4.9758 4.739 .0259 3.0063

30 2.0110 4.9914 3.352 .0000 2.9804

15 2.1386 5.1190 1.928

=Wk ot

In Fig. 1 the molecular heats are plotted against the temperature.”
This graph shows the sharp maximum which occurs at about 12.5°K.
The shape d this curve is markedly different from the experimental
molecular heat—temperature curve for hydrogen, which has a gradual
monotonic increase in C, from 3/, R at 60°, to approximately %/: R at
room temperature. The explanation® d the absence o a maximum on
the basisd the quantum theory in the case d hydrogen, isthat thegasis
made up d a mixture d molecules d different types (those having sym-
metrical and those having antisymmetrical "' eigenfunctions'). Themolecu-
lar heat o this mixture givesa curve which agreeswel with experiment at
low temperaturess

There are not many accurate determinations d the molecular heat of
gaseous hydrogen chloride. Observations have been made by Masson,®

7 1t should perhaps be noted that these cal culations take no account of the Van der
Waalsforces. However, the experimental values have been reduced to theideal state
so that the calculated values should agree with experiment. The possible existence of
(HCI1), moleculeshas been neglected.

8 Dennison, Proc. Roy. Soc. (London),115A, 463 (1927).

® Cornish and Eastman, THISJOURNAL, 50,627 (1928).
10 Masson, Fil. Mag., 13, 533 (1857).
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Regnault,!! Strecker!? and Muller,'® but their values disagree among
themselves 0 much that it is difficultto have much faith in any of them.
Pier!* measured the molecular heat d& HC1 from O to 1600°, using the
bomb method, and obtained the equation ¢, = 4.90 4 0.0009 6, where
isthe centigradetemperature. Thevalues obtained from hisequationsare
included in Fig. 1. Pier'sdatafor hydrogen appear to be too low at room
temperature, so it is possible that the same is true for hydrogen chloride.
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Fig. 1.—Graph showingthevariation d thespecificheat d hydrogenchloride
with temperature calculated from band spectradata. Curve 1 is taken from
Hicks and Mitchell'sdata. Curve 2 shows the values calculated in this paper
based upon the a priori probabilities indicated by experiment and the new
quantum mechanics. The single reliable experimental point isshown at (3).

The most accurate measurements are, without doubt, those o
Schweikert,'s using the velocity d sound method. His values have been
slightly corrected by Partington and Schilling.®* His value for C, at 0°
is 4.995 cal. mole—! deg.~!, which agrees well with the calculated value
(C, = 4.977) given, and certainly confirmsthis result ratier than the cal-
culated vaued C, = 4.8790n the basisd the older quantum mechanics.

11 Regnault, Mem. Acad., 26, 1 (1862).

12 Strecker, Wied. Ann., 13, 20 (1881); 17, 85 (1882).

13 Muller, ibid., 18, 94 (1883).

14 Pier, Z. physik. Chem., 66, 759 (1909); Nernst, Z. Electrochem.,17, 272 (1911).

15 Schweikert, Ann. Physik, 43, 593 (1915).

18 Partington and Schilling, ** Specific Heat of Gases,"" Ernst Benn, Ltd., London,
1925.
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Giaugue and Wiebe have shown that the same terms used for specific
heats may be used to evaluate f;7C/TdT for entropy calculations. In
our notetion their equation may be written

S = fTCT/IT = R [m P - f,;j]

The values d this integral for the various temperatures are included in
Table |. The total entropy may then be obtained by using the Sackur
equation for the entropy due to the tranglational energy

S =§R1nM+§R1nT+R1nV+So

where S, has the values —11.06 (Tetrode) or —11.38 (Lewis) entropy
units per mole. Giauque and Wiebe have given, as the experimental
value d the entropy per mole, 41.2 Entropy Units at the boiling point
(188.07°K.). Extrapolating between the values given in Table |, we
obtain S, = 7.02 at 188.07°K. Usng the values given in the " Interna-
tional Critical Tables,” S isfound to be 34.35 or 34.03, depending upon
thevalued S;,. Our value for the total entropy per mole at the boiling
point is therefore 41.45 or 41.13 E. U., whilethe experimental val ue given
by Giaugue and Wiebe is 41.3 when corrected to the ideal state. At
298.1°K. our calculated value d the entropy is 44.65 or 44.33, while the
experimental value is given as 445. ‘The calculated values at 298.1°K.
are 0.01 E. U. higher than those given by Giauque and Wiebe. At 0°
the total entropy per mole amountsto 44.04 or 4372 E. U.

f wemakeused the valued S, taken from Hicks and Mitchell's data,
which is given as 6.75 at 298.1°, we may comparethe entropy results o
the older quantum theory with thosed the new mechanics. It was noted
by Giauque and Wiebe that Hicks and Mitchell neglected the zero point
entropy. It may also be noted that Hicks and Mitchell have an error in
summing up the componentsd the entropy, S; and S., to obtain their final
entropy value in the case that uses the Tetrode constant. Using S, as
given, the entropy per moleat 298.1°K. is44.850r 4453 E. U. as compared
with the experimental value d 44.5 E. U. In thiscase, also, the present
calculations give slightly better agreement than those based on the older
quantum theory, although the agreement is not decisive because d the
large probableerror in the experimental result.

Summary

The molecular heat d gaseous hydrogen chlorideis computed from band
spectra data for temperatures from 1°K. to 600°K. It isshown that the
curve obtained by plotting the molecular heat against temperature rises to
amaximum at 12.5°K. At 0° the calculated molecular heat agrees very
wdl withthesinglereliableexperimental value, whilethe earlier cal cul ations
d Hicksand Mitchell give a value about 0.1 cal. mole-' deg.~! too low.

Thevaluesd f;7C/TdT, which may be used to calculate the entropy
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for the various temperatures, are calculated by the method suggested by
Giauque and Wiebe. The entropy at 0° is found to be 44.04 or 43.72
Entropy Units per mole, depending upon whether the Tetrode or Lewis
value d the chemica constant is used.

PitTtsBurcH, PennsyLvaNia

[ConTRIBUTION FROM THE Scroor, oF CHEmISTRY, UNIVERSITY OF MINNESOTA]

A RAPID METHOD FOR THE SEPARATION OF ALUMINUM AND
BERYLLIUM

By I. M. KoLTHOFF AND ERNEST B, SANDELL
RECEIVED APRIL 23, 1928 PUBLISHED JuLy 6, 1928

From the voluminous literature on the subject d the separation o
aluminum and beryllium it may be concluded that the estimation o these
elements in the presenced each other isd great difficulty,and that there
is no simple, satisfactory method for their accurate determination. An
excellent summary d the older methods for the separation d aluminum
and beryllium will befound in C. I,. Parsons " The Chemistry and Litera-
ture d Beryllium." H. T. S Britton' concluded from an experimental
study d the more important methods proposed that the only four which
were capable d giving satisfactory results, if the details d the respective
procedures were carefully adhered to, were the following. 1. Decompo-
sition by boiling & sodium hydroxide solutions d aluminum and beryl-
lium.?2 Sodium beryllate is hydrolytically decomposed, giving a pre-
cipitate o beryllium oxide; sodium aluminate remains in’ solution. 2.
Parsons and Barnes' method.® Beryllium hydroxide is dissolved by hot
sodium bicarbonate solution; aluminum hydroxide is not dissolved. 3.
Method d Wunder and Wenger.t The oxides are fused with sodium
carbonate and the residue is extracted with water. Aluminuni goes into
solution. 4. F.S Havens'® ether—hydrochloricacid method. Beryllium
chloride aloneis solublein a mixture d hydrochloric acid and ether satu-
rated with hydrogen chloride. O these methods, Britton considered 1
and 4 to be the most satisfactory. For discussion and criticism o these
methods, sse Hellmut Fischet® and also I,. Moser and M. Niessner.” A
method which appears to be superior to any hitherto proposed has recently

1 Britton, Analyst, 46, 359, 437 (1921); 47,50 (1922).

? R. Gmelin and Schaffgotsch, Pogg. 4nn., 83, 175 (1843); Penfield and Harper,
Am. J. Sci., (i), 32, 110 (1886); Zimmermann, Z. anal. Chem, 27, 61 (1888).

3 Parsonsand Barnes, THis JourNAL, 28, 1589 (1906).

¢ Wunder and Wenger, Z. anal. Chem,, 51,470 (1912).

5 Havens, Z. anorg. Chem., 16, 15 (1898).

8 Fischer, *"Wissentschaftliche Veroffentlichungen aus dem Siemens-Konzern,'
1926, Band V, Heft 2, p. 99.

7 Moser and Niessner, Monatsh., 48, 113 (1927).
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been described by I.. Moser and M. Niessder,” in which aluminum alone
is precipitated by a saturated solution d ammonium acetate containing
3% d tannin. The tannin must be destroyed in the filtrate before the
beryllium can be precipitated. The method which is described below is
simpler and more rapid.

R. Berg® has recently introduced the use d o-hydroxyquinoline (called
"oxine'" by F. I, Hahn)® for the separation and determination o various
metals. According to our own experience, this new reagent is very useful
in many different analytical procedures.

In a solution weakly acid with acetic acid and containing ammonium
acetate, aluminum is precipitated quantitatively by a solution o oxine
as (CsHON);AL.  Beryllium is not precipitated under these conditions.
On the addition d@ ammonium hydroxideto thefiltrate from the aluminum
precipitation, beryllium givesa precipitate d indefinite composition which
appears to be beryllium hydroxide containing adsorbed oxine. Addition
d oxine and ammonium hydroxide to a solution d a beryllium salt con-
taining sufficient sodium potassium tartrate to prevent precipitation o
beryllium hydroxide givesa yellow precipitate, somewhat difficult tofilter,
which unfortunately cannot be used in the estimation d the element,
both on account d its solubility and its variable composition.

The procedure adopted is based on the following facts. (a) From a
weakly acid solution containing aluminum and beryllium, aluminum is
quantitatively precipitated by the addition d an acetic acid solution of
oxineand an excessd ammonium acetate. The precipitate of (CoHgON )a-
Al isweighed after drying at 120-140°.

(b) I'n the filtrate from the aluminum precipitation beryllium hydroxide
is precipitated by the addition & ammonia and ignited to the oxide.

Procedure

Reagent.—R. Berg,® F. L. Hahn’ and |. M. Kolthoff*® all worked with
a 5%, solution d oxine in 95% acohol when precipitating aluminum.
Kolthoff found the results with aluminum to be about 0.49, too low
when thus precipitated. We confirmed these results and found the low
values obtained to be due to the solubility d aluminum o-hydroxyquino-
line in the warm dilute acoholic solution from which it is precipitated.
We therefore recommend that an acetic acid solution o oxine be used in
the precipitation d aluminum and possibly also with other metals. More-
over, the acetic acid solution of the reagent has the added advantage
over the alcoholic solution that it is more stable and may be kept for
many weeks without change. The reagent is prepared by dissolving a

8 Berg, J. prakt. Chem, 115, 178 (1927); Z. anal. Chem, 70, 341 (1927); 71, 23
(1927).

® Hahn, Z. anal. Chem, 71, 122 (1927).

| M. Kolthaff, Chem Weekblad., 24,606 (1927).
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sufficient amount d finely powdered o-hydroxyquinoline in 2 N acetic
acid to form a 5% solution. Ten cubic centimeters d reagent thus pre-
pared are sufficient to precipitate one millimoled aluminum.*

Determination d Aluminum.--The solution d auminum and beryllium salts
(containing not more than 100 mg. d either oxide per 100 cc.) which should be only
dlightly acid is warmed to 50-60° and treated with an excessd the acetic acid solution
o oxine. A solution d 2 N ammonium acetate is dowly added until a permanent
precipitate isobtained and then 20-25 cc. mored ammonium acetate isadded to insure
the complete precipitation d aluminum. When the aluminum o-hydroxyquinoline
has settled, the liquid is poured through a Jena glass or porcelain filter crucible (more
convenient to usein this case than a Gooch crucible). The precipitate is washed with
cold water and dried at 120-140". It then has the composition (CsH¢ON)sAl and con-
tains 11.10% d ALOs.

Determination d Beryllium.—The filtrate from the aluminum precipitation is
heated nearly to boiling and ammonium hydroxide is cautiously added to the liquid
until itsmellsfaintly & ammonia. The berylliumhydroxidethus precipitated is colored
yellow or brown by adsorbed oxine. |t is filtered of and washed thoroughly with a
hot dilutesolutiond ammoniumacetate containing afew dropsd ammonium hydroxide.
The precipitate may be dried directly over alow flameand ignited (without the addition
d oxalicacid) in a platinum crucible over a blast lamp. The beryllium oxide thus ob-
tained is somewhat more hygroscopic than the form ordinarily obtained by ignition d
beryllium hydroxideprecipitatedintheabsenced oxineand it must therefore be weighed
quickly. The single deflection method of weighing, as described by P. H. M.-P. Brin-
ton'? may be advantageously used.

Analytical Results

The standard solution d aluminum used was prepared by weighing out
potassium alum obtained by recrystallization o a very pure product.
The beryllium nitrate solution employed was standardized by careful
gravimetric analyses according to the method d Parsons, the platinum
crucibles used being reweighed after ignition.

I n solutions containing only aluminum, or aluminum in the presence o
akali salts, results d a high degree d accuracy are obtained by the used
an acetic acid solution o o-hydroxyquinoline, as the followingtableshows.

TABLE I
REsuLTS OF ANALYSES
Ali0s Weight of oxine Al2O3
taken, g. ppt., g. found, g. Error, g.
0.02691 0.2420 0.02686 —0.00005
102691 2424 ,02691 .00000
.02691 2422 ,02688 = .00003
.02691 .2424 .02691 .00000
.02691 .2416 ,02682 = .00009
.02691 .2431 .02698 + .00007

11 Most d the determinationswere made with o-hydroxyquinoline obtained from
the Amsterdamsche Superphosphaatfabrieken. A good product—though rather ex-
pensive—is put on the market by the Eastman Kodak Company.

12 Brinton, TH SJOURNAL, 41, 1151 (1919).
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The separation d aluminum and beryllium was carried out in volumes o
about 200 cc. d original solution according to the directions given above.

Tasrg 11
SEPARATION OF ALUMINUM AND BERYLLIUM
Aluminum Beryllium
AlLOs AlOs BeO BeO
taken, g. found, g. Error, g. taken, g found, g. Error, g
0 00834 0.00844 -+-0.00010 0.1854 0.1863 +0 0009
[02083 .02090 + .00007 :1854 .1856 + 0002
.02691 .02695 + 00004 .2 ..
.02691 .02700 + .00009 1
.02691 .02704 + .00013 1 - -
.02691 .02688 — .00003 0027 .0924 — .0003
.02691 .02706 4+ .00015 .0927 10924 - .0003
.1086 .1082 = .0004 .0927 .0929 + o002
.1086 .1084 — .0002 L0927 .0922 — .0005
.1086 .1084 — .0002 0464 .0483 + .0019
.1086 .1086 .0000 .0232 .0236 i .0004
.1086 .1083 = .0003 .0464 .0469 .0005
.1628 .1620 — .0008 .0927 .0934 + o007

If ferricironispresentit will be precipitated with the aluminum. Two
separationsd berylliumfromferricironweremade. A solution containing
1g. d ferricalum and 0.0927 g. d BeO in about 100 cc. was treated with
an excess d oxine, as described in the auminum precipitation, and the
black ferric o-hydroxyquinolinewasfiltered df and beryllium determined in
the filtrate in the usual way. The weights d beryllium oxide obtained
were 0.0931 and 0.0937 g. The separation is therefore satisfactory.

Prom the table d results given above it will be seen that the weight
d beryllium oxide found is a little high in most cases. Thisis partially
to be ascribed to a dlight solubility d auminum o-hydroxyquinoline in
water, which was found to be increased to some extent by beryllium salts.
An excess d oxine will, however, reduce the solubility d the aluminum
compound. Therefore in those cases where there is much beryllium and
little aluminum present, it is advisable to add at least 509, d oxine in
excess. In ordinary cases where aluminum, and not beryllium, pre-
ponderates, an excessd 10-20%, d oxineis sufficient.

If the amount d berylliumis quitesmall, it is best to convert the oxide
to the sulfate and weigh the latter. Anhydrous beryllium sulfate has
already been proposed as a weighing form for beryllium by Taboury.!?
A few drops d sulfuric acid (1:1) are added to the oxide, and then the
water and most of the excess sulfuricacid are evaporated off. Theresidue
may be safely heated to constant weight at temperatures from 350 to
400°. Satisfactory results with known amounts d beryllium oxide have
been obtained.

18 Taboury, Compt. rend., 159, 180 (1913). .
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Summary
A simple and rapid method has been described for the separation o
aluminum and beryllium by the used an acetic acid solution d o-hydroxy-
quinoline. Beryllium is also separated from ferric iron by means o this
reagent.

MINNEAPOLIS, MINNESOTA

A NEW DESIGN OF APPARATUSFOR THE MOVING BOUNDARY
METHOD OF DETERMINING TRANSFERENCE NUMBERS!

By EDGAR REYNOLDS SMITH?
RECEIVED APRIL 26, 1928 PuBLisEED JuLy 6, 1928

During the past few years several designsd cellsfor the determination
o transference numbers by the moving boundary method have been de-
scribed.? In each d these, the boundary moves through a calibrated
tube and the number d coulombs which pass through the circuit, while
the boundary moves through a predetermined volume, is measured. The
purpose d this article is to describe an apparatus which has two unique
features. (a) A calibration d the measuring tube is not required. (b)
After the boundary has traversed the length o the measuring tube, it
can be returned to the starting point for a fresh determination. This
operation can be repeated any number o times without changing the
solutions.

Apparatus and Manipulation

The cdl is shown in the figure. The boundary tube B (of approxi-
mately 0.3 em. inside diameter), the electrode tube C and their connecting
tube are filled with the solution to be measured. The tube H contains
mercury and the remainder o the cdl is filled completely with the in-
dicator solution to a point wdl above the stopcock D. The method o
forming the boundary, except for a slight modification, is the one de-
scribed by Maclnnes and Smith.** In this modified cell the boundary
tube B projects about 0.3 cm. into theindicator reservoir | and its opening
is ground flat, thus presenting a true surface for contact with the plunger
F. The latter isfitted with a rubber cap to which two small hooks are
attached. Rubber bands stretched between these hooks and the glass
projections J serve to hold the plunger firmly against the top d B before
beginning the measurement. For precise work it would be safer to sub-

! Publication approved by the Director o the Bureau of Standardsd the U. S.
Department o Commerce

2 Associate Chemist, Bureau o Standar ds.

3 (a) Maclnnes and Smith, Tuis JOURNAL, 45, 2246 (1923); (b) Smith and Mac-
Innes, ¢bid., 46, 1398 (1924); (c) Maclnnes and Brightosi, ibid., 47, 994 (1925); (d)
Smith and Maclnnes, ibid., 47, 1009 (1925); (e} MacInnes, Cowperthwaite and Huang,
ibid., 49,«1710 (1927).
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stitute ground glass stoppersin place of the rubber stopperson the closed
sided the apparatus.

As s00n as the electrical circuit is closed, the rubber bands are removed
and, with stopcock E closed and D open, F is gently loosened. When
the boundary appears in B, F is carefully raised to about a centimeter
above the top of B. Stopcock D is then cdlosed and E is opened. Just
asthe boundary reaches amark
m, a coulometer is connected || ! |
into the circuit. After the
boundary has moved through a
suitable volume, depending on
the deposit desiredin thecoulo- |4
meter, mercury is dowly with-
drawn from H into a weighing
flak until the boundary has
been raised dightly above m.
When the boundary again
crosses m, the coulometer isdis-
connected and at thesametime
asecond coulometer can be con-
nected into the circuit for a [J
second measurement. A

From the weight & mercury
and d the deposit in the coulo-
meter, the transference number
is caculated by means d the
equation®

where V is the volume through
which the boundary has moved
(theobservedweight d mercury Fig 1

divided by its density), ¢ isthe

equivaent volumed the measured solution, F isthefaraday, Q) isthe num-
ber d coulombs passed and Av is the correction*for the volume change per
faraday due to the electrodereaction and to transferencein the closed side
d thecdl.

Experimental Test

A preliminary experiment showed that the boundary could be raised
any desired number d times without distortion provided the rate of with-
drawal d the mercury was not fast enough to produce turbulence. An

* Lewis, THIS JOURNAL, 32, 862(1910).
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attempt to hold the boundary stationary at a definite position by with-
drawing the mercury at exactly the rate & motion d the boundary was
abandoned because d the constant attention required.

Sincethe object of thisinvestigationwasto test the practicability o the apparatus,
a measurement d the cation transference number d 0.1 weight normal potassium
chloride was performedwith 0.065 weight normal lithium chloridefor the indicator solu-
tion, This combination has been wel investigated by other methods®***¢ which
give a value of 0.492, and it furnishes a reliable check on the present method. The
anode was a piece d platinum gauze coated with silver and the cathode was the same
with an additional coating d silver chloride. Dried salts d analytical reagent quality
were used without further purification. The silver coulometer was o the porous cup
type.
The coulometer was thrown into the circuit when the boundary reached m.  After
the boundary had moved through a volume d about 1 cc. it wasraised and then alowed
to continue down the tube through about 1.7 cc. |t was then raised to a position
dlightly above the mark and when it again reached m the coulometer was disconnected.
By this manipulation the motion d the boundary after having been raised is included.
The weight d the mercury withdrawn was 36.65 g. and the silver deposited in the
coulometer weighed 0.0588g. From these weights the valuesd V/¢, F/Q and d Tk
(uncorrected) were, respectively, 0.0002688, 1835 and 0.493. Since the anode side o
thecdl wasdosed, the correction (Av/¢ in equation 1) to be applied in this caseis cal-
culated asfollows Per faraday at the anode, | molecular weight d silver chlorideis
formed. 1 atomic weight o silver disappearsand T'w; equivalentsd lithium chlorideare
lost by migration. The accompanying volume change isan increesed approximately
14 cc. and the correction, whichin this caseis appreciable, amounts to 0.001 and must be
subtracted. Thecorrected value of the transference number istherefore 0.492. identical
with the value by other methods. However, the experiment was carried out at room
temperature (22°) without the use d a thermostat, and the result obtained is not to be
considered as an accurate determination d the transference number but merely as a
satisfactory test d the apparatus.

Summary

A moving boundary cell in which the boundary may be returned to the
starting point for a new measurement any number o times has been
described. The measurements with this apparatus are independent o
any tube calibration. The method consists in closing one side of the
cell and withdrawing mercury from the closed side so as to oppose the
motion of the boundary. The mercury withdrawn is weighed to obtain
the volume through which the boundary has passed.

WasHinGTon, D. C.
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[151sr ConTRIBUTION FrOM THE COLOR AND Farm WASTE Division, JOINTLY WITH
Som, FERTILITY InvESTIGATIONS, BUREAU OR CHEMISTRY AND SOILS, UNITED STATES
DEPARTMENT oF AGRICULTURE]

SPECTROPHOTOMETRICDETERMINATION QF HYDROGEN
ION CONCENTRATIONSAND OF THE APPARENT DISSOCIATION
CONSTANTS OF INDICATORS.

V. FAST GREEN F C F

Bv W. C. HorLmEs AND E. ¥, NYDR
RECEIVED APRIL 30, 1928 PUBLISHED JULY 6, 1928

Fast green F C F, or p-hydroxyerioglucineA (C. I. No. 671), isthe most
recent addition to the group d artificial coloring matters, the use o which
issanctioned in coloringfoods.! |t appears probable, aso, thatit will prove
to be a very vauable biological stain.? The dye undergoes several
color transformations with variation in hydrogenion concentration. Since
these phenomena might, in some measure, affect its utility in the applica-
tion referred to and might, on the other hand, render it & usein indicator
practice, their investigation was undertaken.

The tetrasodium salt o the dye, which is formed under conditions

d pronounced alkalinity, is nr=»"3f‘=~'ly colorless. The trisodium salt
HECZ\

Hzc DN 1\ CHQ
NaO;SH.Cy” \C5H4SOaNa.
\C/
is blue, having an absorp-

a

tion band with a maximum at approximately 611 mu. In passing from
about PH 10 to about PH 6, the dye is transformed to the disodium salt

H:C, C2H5
HzC> /
NaOasH4C,, C6H4SOsNa
A4

58,—

which is green and has an

absorption band with a maximum at approximately 628 mu. A further de-
cided modificationin color isformed in the region d pronounced acidity,
consequent upon acid salt formation at the unsaturated amino group o the

1 H. Johnson and P. Staub, Ind. Eng. Chem, 19,497 (1927).
2 R. Haynes, Stain Technology, 3, 40 (1928).



1908 W. C. HOLMES AND E. P. SNYDER Vol. 50

A
=N ¢ /S
HC, (]:\ 7 <CH=
H, I NCeH,SOH
HO,SH/Cs 4
(¥

Y,

is yellow and is doubtless to be considered as a yellow o the second order.

The two dissociation ranges d possibleindicator utility are those o the
polyacidic salt and d the phenolic salt.

The acid indicator range d the dye was investigated only in a prelimi-
nary manner. It was found that the conversion to the polyacidic dye
salt was very nearly but not quite complete at PE—*. Spectrophoto-
metric measurements carried out with buffered solutions d the dye over
the range between PH 0.87 and P+ 2.00 gave calculated values for ap-
parent dissociation constants which increased with each step in the re-
duction d the acidity o the solution. Two intermediate products are
formed in passing from the polyacidic salt d the dye to its disodium salt;
the color acid and the monosodium salt. It was evident that the dis-
sociation ranges d these various products overlapped and that their
dissociation constants could not be determined by the methods at hand.
It would have been possible to carry out an arbitrary calibration o
a spectrophotometric ratio against hydrogen ion concentration in this
region, but this was not undertaken, since the preliminary data indicated
that the color d the dye was distinctly less sensitive to minor variation
in acidity than is that d sulfonephthaleins available for employment in
the same region.

The akaline indicator range was investigated more thoroughly. The
equipment and technique employed werethoseoutlined in previouspapers.?
Theratio d the extinction coefficientsd the solutions at 600 mg to their
extinction coefficients at 640 mu was selected as the standard spectro-
photometric ratio. Since a ratio d this type (K,) is unaffected by
variation in indicator concentration, no effort was made to avoid minor
variation in that particular. All solutions, however, contained approxi-
mately 17.3 parts of dye per million parts d solvent. The temperature
at which the spectrophotometric measurements were made was approxi-
mately 29°, and the Sgrensen values o solutions recorded below have
been corrected, when necessary, to conform to that temperature.

The dissociation d the indicator with increasing alkalinity appears
normal until approximately P+ 9.8 is reached, at which point the forma-

3 Holmes and Snyder, TH1s JOURNAL, 47,221(192%).

dye. The polyacidic salt formed
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TaBLE I

STANDARDIZATION OF FAST GREEN F C F AGAINST SgrRENSEN VALUES

Eat600mu Eat 640 mpu

Pu (Av.) (Av.) Rs Pn
6.14 1.18 1.50 0.79 8.55
6.68 1.21 1.46 .83 8.81
7.12 1.26 1.43 .88 9.02
7.62 1.29 1.31 .98 9.53
7.82 1.30 1.25 1.04 9.80
8.03 1.33 1.18 1.12 10.06
8.22 1.37 1.12 1.23 10.41
8.41 1.40 1.05 1.34 10.91

Eat 6086 mp Ea&

(Av)
1.425
1.47
1.51
1.53
1.54
1.52
1.50
1.46

t 640 mu
Av.)

1.02

.97
.95
.90
.88
.85
.83
.805

1909

PR
hooON

1.77
1.80
1.81

tion d the trisodium salt is about 98% complete. Beyond that point it
isevident that the further formation d the trisodium salt is accompanied
by conversion d trisodium salt into the colorless tetrasodium salt.

circumstance is without ef-
fect uponspectrophotometric:
application but renders suit-
able precautions advisable if
the indicator is used in con-
junction with drop ratio
colorimetric practice.  In
drop ratio technique it is
recommended that the color
standards be prepared with
buffer solutionsd PH 9.8and
PH 6.5, whereby theindicator
will be obtained in approxi-
mately 989, d its respective
forms. Error will result if
the alkalinity specified isex-
ceeded.

The apparent dissociation
constant d the indicator in
this range is approximately
81(5). Thiscalculatedvaue
was checked by measuring
the combined absorptions of
two solutions at PH 9.8 and

That

/

1.7

/

1.6

1.5

14

/
/
[

10

/

0.9

0.8

d//

5 6

7 8
Pu.

9

1 O

1 1

Fig. 1.—Fas grenFC P. R, = E at 600 mu/E at
640 mu. Temperature, 29° alkalinerange.

PH 6.5, respectively, containedin cdlsd equal thickness.

Spectrophotometric technique in the dkaline range f Fast Green
F C Fisdightly lessaccurate than with such other indicators as have been
investigated previously. Minor discrepancies were noted in duplicate
determinations, which arose, apparently, from readjustmentsin physical
equilibria, and the spectral interval between the bands o the dye forms
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is smaller than is desirable. Whereas, however, the sulfonephthaleins
are to be preferred in general indicator application, Fast Green F C F
may well prove useful under some circumstances.

Summary

Spectrophotometric data are supplied for the determination d hydrogen
ion concentrations over the P4 range between 6.7 and 10.0 with Fast
Green FCF.

The apparent dissociation constant d the dye in this range is approxi-
mately 8.1(5) at 29°.

WasHINGTON, D. C.

NOTE

Note on Colorimetric Estimation o Titanium by Hydrogen Dioxide
Method. — The employment d hydrogen dioxide as reagent in the colori-
metric estimation d titanium compounds, in acid solution, constitutes
an accurate and rapid method for the determination o small quantities
of this element.

It has been ascertained1that the presence d phosphoric acid produces
a dlight fading d the ydlow to orange coloration, even when present in
small amounts, rendering corrections essential to the accuracy d the
procedure.

During experimental work undertaken and carried out by thewriter, the
fact has been observed that the addition o uranium acetatetothesolution
d titanium salt in solutions containing free hydrogen ions eliminates en-
tirely the tendency to fading, at temperatures ranging from 20 to 50°.
Theinhibiting effect & the uranium compound upon the PO ion is not so
pronounced at temperatures in excess d the maximum figure furnished.

It hasbeen found that the uranium compound, inthe proportiond 1cc.
o 0.19, solution to each 0.1 mg. d the element under examination, is
most satisfactory in stabilizing the coloration produced by the action o
hydrogen dioxide on titanium salts in solutions containing phosphoric
acid, thus counteracting the tendency d the acid in question to decrease
theintensity d the original coloration obtained.

The effect & the uranium acetate solution is independent o the
amount or quantity d phosphoric acid or its compounds present in the
solution under investigation.

CONTRIBUTION FROM THE FREDERICK G. GERMUTH
CHEMICAL L ABORATORY OF THE

BUREAU oF STANDARDS, DEPARTMENT OF PuBLIC WORKS

Crry oF BALTIMORE, MARYLAND

Recriven ApriL 10, 1928
PUBLISHED JuLy 6, 1928

1 P, Faber, Z. anal. Chem., 46,277 (1907).



July, 1928 PENTOSE IN PECTIN 1911

[ConTRIBUTION RROM THE DiviSioN of CHEMISTRY, AGRICULTURAL ExPERIMENT
STATION, STaTE COLLEGE 0% WASHINGTON]
AN INVESTIGATION OF THE I-_|YPOTHETICAL COMBINED
PENTOSE AND THE SO-CALLED FREE PENTOSE WITH
INFERENCESON THE COMPOSITION OF PECTIN

By Ronarp B. McKINNIS
RECEIVED JANUARY 5, 1928 PUBLISHED JULY 6, 1928

Introduction

In connection with a study d the carbohydrate changes in apples, a
quedstion arose as to the pentose content. A study d the literature
revealed the fact that very little had been done by other workers. The
results obtained from this investigation point to some very significant
and interesting facts concerning pectin and pentose.

Occurrence

Pentoses are commonly assumed to be components d leaves and other
portionsd plants. Spoehr! states that the exitence d free pentosesin
leaves is entirely uncertain. Colin and Franquet? question the findings
d Davis and Sawyer and state that pentoses, if present at all, are there
invery dight quantity.

The pentoses are widdy distributed in a hypothetical combined form
as componentsd complex substances such as glucosides, nucleinic acids
and most commonly as anhydride-like condensation products o unknown
molecular weight and structure.

On preliminary inspectionit seems probablethat the main source d pen-
tose in apples would be the pectins and hemicdluloses.  The existenced
free pentoseswould, then, be dependent upon the hydrolysisd the pectins.

Method of Determining Pentoses

Although many methods have been used for determining pentoses,
none is entirely satisfactory. The method used in this work is similar
to the Officid Method,?® with the exception that steam is slowly passed
through the mixtureto carry df thefurfural, and at the sametime maintain
the volume d the mixture more constant. Distillation is stopped when
the digtillatefailsto give a red color with freshly prepared aniline acetate
test paper. Phloroglucinal is used to determinethefurfural.

Free Pentoses

It is evident that before estimating free pentoses there must first be
made a separation from pectin, pectic acids and galacturonic acids, be-
L}
Spoehr, " Photosynthesis," A. C. 8. Monograph, Chemical Catalog Co., New
York, 1926, pp. 189-194.
2 Colinand Franquet, Bull. soc. chi m &s0l., 9, 114 (1927).

3" Official and Provisional Methods of Analysis," U. S. Dept. of Agr., Bur. of
Chem., Bull. No. 107, 54-55 (1912).
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cause these give a considerable yield o furfural. This separation can
probably be best obtained by extraction with 95% alcohol, keeping the
concentration d the alcohol on the apples at least 80%. Thefree pentoses
will be found in the acohol extract along with the hexoses. Such an
extract, from Délicious apples, failed to give an estimable precipitate o
furfuralphloroglucide. This is significant as it shows that free pentoses
are absent, or are present in only small amounts.

Combined Pentoses. Pentoses in Pectin

I n estimating the total, or combined pentoses, an error will result due
to the furfural from the pectin. Various workers, but especially Ehr-
lich* and Dore,® have shown that pectin and the galacturonic acids yield
considerable quantities d furfural. All pectic substances contain galac-
turonic acid as an essential constituent.

Due to the fact that pectin yields furfural on distillation with hydro-
chloric acid, it has generally been assumed that pectin contains a pentose,
probably arabinose. Nanji, Paton and Ling® include one arabinose mole-
culein their hexarringformulafor the structure d pectin.

Ahmann and Hooker” state that the pentose d pectin probably does
not exist as such, but is a decomposition product d galacturonic acid,
which in turn isderived from pectin.

According to Ehrlich,* even so mild an hydrolysis as boiling with water
splits off the araban portion d the pectin complex in a form soluble in
709% alcohol. Since al ordinary pectin preparations are produced by
a treatment at least as drastic as boiling with water, it would appear that
the arabinose-containing fraction d pectin could be leached out by di-
gesting in 709, dcohol. Thefurfura yield d the residue might then be a
measure d the galacturonic acid content and the furfural yield d the
extract a measured the pentose. Dore,® however, found that the furfural
yield o the residue varied and that after two successive digestions the
yield was much lessand constant.

According to Nanji, Paton and Ling,® in their hexaring formula for
pectin, arabinose is within the ring. For this reason it does not seem
probable that arabinose within could be split off with 70% alcohol. Ac-
cording to Dore,® an extraction with 709, alcohol might extract arabinose
extraneoustothering. Hisresultsshow that thisispossible, ashisfurfural
yields vary accordingly.

If thefurfural error due to galacturonic acid could be found, an estima-
tion d pentose would be possible.  One moleculed galacturonic acid will

4 Ehrlich, Chem.-Zig., 41, 197 (1917).
5 Dore, TH SIOURNAL, 48,232 (1926).

& Nanji, Paton and Ling, J. Sec. Chem. Ind., 44, 253T (1925).
? Ahrnann and Hooker, Univ. & Mssouri Agr. Expt. Sta. Res. Bull., 1925, p. 77.
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theoretically yield either one molecule d mucic acid or one molecule of
furfural.

HNO
COH(CHOH),COOH ~———> COOH(CHOH),COOH
mucic acid

HCl
COH(CHOH),COOH ————> CH;0.CHO + CO; - 3H,0

furfural

The furfural yield d the galacturonic acid could be estimated from the
yield d mucic acid if we knew what fraction d the theoretical yield would
be obtained in practice and that no galactose would take part in the
reaction. Interference is quite probable since galactose is included in
the hexarring formula d the pectin molecule. The estimation o galac-
turonic acid by determining the mucic acid yield would, therefore, be®un-
satisfactory.

The amount d carbon dioxide evolved, however, is theoretical and
provides an accurate estimation d the gaacturonic acid. This method
is specific for the glucuronic acids and it can be assumed that the other
isomeric glucuronic acids are absent.

Method o Determining Galacturonic Acid

For the determination o galacturonic acid, a modification o the Le-
fevre-Tollens method for glucuronic acid was used. Briefly stated, the
method consists & decomposing the substance by heating with 12%
hydrochloric acid and absorbing the evolved carbon dioxide in scrubbing
towers containing a known volume d standard barium hydroxide solution.
A current d carbon dioxide free air drawn by suction carried the carbon
dioxide away from the surface d the liquid through a reflux condenser,
which returned the condensable matter. For precaution, an absorption
tower filled with granulated zinc was placed between the condenser and
the carbon dioxide scrubbing towers. After the scrubbing towers came a
guard tube d soda lime and an expansion chamber which was connected
with the vacuum supply through a release valve which served to regulate
the current.

Correlation between Galacturonic Acid Content and Furfural Yield

The samples used in al determinations were from ripe Winesap apples,
grated and thoroughly mixed to get comparablesamples. These samples,
d 25 9. each, were preserved in sufficient strong alcohol to keep theal cohol
concentration above 75%. All determinations were made on the whole
25g. sample, the alcohol being dowly evaporated df just before use.

Thefollowing results were obtained with thefurfural distillation method
already mentioned, without alcohol extraction d the philoroglucide.

Sample 1 3 4 5 Avg.
Furfural, g. 0.1013 0.1163 0.1025 0.1132 0,1083
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With acohol extraction lower results were obtained.

Sample 6 7

Furfural, g. 0.0950 0.0790 Av. 0.0870
T he galacturonic acid determinations gave the following results

Sample 9 10

Carbon dioxide, g 0.1125 0.1200 Av. 0.1162

0.1162 g. d carbon dioxide would be derived from 0.4885 g. d digalac-
turonic acid.

To check the actual furfural yield, Ehrlich’s digalacturonic acid was isolated as
follows. A water extract d the apples was prepared by repeated digestion with hot
water. The apple extract was saponified by the addition d sodium hydroxide and
boif€d with hydrochloricacid. This, according to Ehrlich,* gives digalacturonic acid.
These processes were repeated and the precipitate was dried and weighed. The pro-
cedure was similar to that used by Rowell,® for the determination d pectin. To the
200 cc. o appleextract obtained from 25 g. d apples, wasadded 10 cc. & 10% sodium
hydroxide and the mixture was dlowed to stand for fifteen minutes. Twenty cc. of
10% hydrochloric acid was then added. The mixture was boiled for five minutes and
filtered on a fluted filter paper; the precipitate, washed with a small amount d hot
water, was returned to the beaker and made up to 100 cc. Treatment with base and
acid, boiling and filtration was repeated. Two hundred cc. volume was used for the
boilingwith acid. The precipitate waswashed with hot water until thefiltrate showed
only a slight acidity, transferred to a tared Gooch crucible, dried first at 55-60, then
overnight at 95° and weighed. The averageyield from the 259. sasmplesd apples was
0.0955 g.

The acid has been shown by Ehrlich to be free from pentoses. It is
prepared in the same way as the pectic acid  Wichmann and Chernoff,
which Nelson® has shown to be identical with the digalacturonic acid
d Ehrlich and Sommerfeld.10

Furfural determinations on the digalacturonic acid gave results as
follows.

Sample, g. 0.0942 0.0968 Av. 0.0955
Furfural, g. 0.0166 0.0164 Av. 0.0165

0.0955 g. d digalacturonic acid would give a theoretical furfural yield
d 0.0495 g., which makesthe actual yield d 0.0165 g., 33.3% d the theo-
retical yield. From the 04885 g. d digalacturonic acid found by the
carbon dioxide determination, a theoretical furfural yield d 0.2534 g.
would be obtained. Actually the yield would be 33.39%, d the theoretical
or 0.0844 g. This checks wdl with the actual yield d 0.0870 g. found.

Thisrelation of digalacturonic acid to pentose is more clearly shown by
calculating theratio d thefurfural and carbon dioxideyieldsfor the whole
apple and the digalacturonic acid. The ratio, furfural/carbon dioxide

¢ Rowell, State Colleged Washington, Master's Thesi s, 1926.
» Nelson, THISJOURNAL, 48,2412 (1926).
10 Ehrlich and Sommerfeld, Biockem. Z., 168,263 (1926).
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for the apple samplewas found to be 0.75, and for the digalacturonic acid,
0.74.

From thisit ssemsevident that the apples contained no pentose whether
free or combined and that the assumed pentose d pectin does not exist.

The Significance d Galacturonic Acid

It has been shown that pectin does not contain a pentose sugar. Ehr-
lich, however, has isolated by boiling with dilute organic acids, d-rotatory
l-arabinose. This statement is not contradictory to what has just been
found. Withdilutewesk acid hydrolysis,d-galacturonicacid very probably
givesl-arabinose, asfollows.

HOH HOH
| |
i i
HCOH H(|:OH
HOéH dii. HOCH
| o — [ o0+ co
HOCH HA HO(I)H
HO e
COOH
d-galacturonicacid l-arabinose

If stronger acid is used, furfural is formed from the arabinose. This
accounts for the pentose confuson as being due to the fact that galac-
turonic acid with dilute acids gives 1-arabinose, while with more concen-
trated acid it givesfurfural.

The digalacturonicacid d Ehrlich is probably a compound formed from
d-galacturonic acid, asfollows.

2COH(CHOH),COOH —> [COH(CHOH),CO0H],—H:0
d-Galacturonicacid Digalacturonic acid

Pectin is probably composed d a number d these groups, with part or
al d the carboxyl groups octupied by methoxyl or other esterifying or
salt-forming groups, though it isnot certain.  Thework is being extended
to other fruits and the isolation and properties d digalacturonic acid
are being investigated.

Summary

It has been shown that gpples and apple pectin contain no pentose,
either free or combined. The furfural comes from arabinose, which in
turn is derived from the galacturonic acid. Arabinose is only an inter-
mediate product in the formation d furfural from galacturonic acid.
With wesk acids some arabinose can be obtained before it is decomposed.
Thedigaacturonicacid is probably the nucleus unit d the pectin molecule.

UNIVERSITY OF PITTSBURGH, PITTSBURGH, PENNSYLVANIA
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[ConTriBUTION FROM THE ScHool oF MINES AND METALLURGY, UNIVERSITY OF
MiSSOURI]

THE CATALYTIC ACTION OF NEUTRAL SALTS. THE EFFECT
OF NORMAL ALKALI SULFATESON ALKALI ACID SULFATES
INTHE KETONIC SPLITTING OF ETHYL ACETOACETATE

BYE. A. Goobuug AND H. L. DuNLAP
RECEIVED FEBRUARY 2, 1928 PuBLISHED JuLy 6, 1928

In this work the action d normal potassium and sodium sulfates has
been investigated with two concentrations o their corresponding acid
salts. ‘The compound used for studying this effect is ethyl acetoacetate,
which gives carbon dioxide upon its ketonic splitting in an acid solution,
thus serving as a meansfor carefully following the course d the reaction.
Also, this reaction is irreversible, as one d the products o the reaction

is removed as a gas.
?—— 70 gas measuring apparatus
~

790 Support
for Frame

STIRRING APPARATUS

Condense

/ﬁ'ame
'vat Post,
Fivo £ /
Agitating Armz
: Fulley
Cram, 2373 .
o
Voa/ for R ‘ '
Ester | = Agitating Arm
Vial Suppoy Connection

BLeads
Fig. 1.

Biirkit used ethyl acetoacetate in his study d the hydrolysis reactions-
with sulfuric, hydrochloric and nitric acids and found that this ester was
completely decomposed above 40°. The advantage in using this ester

! Biirki, Helo. Chim. Acta, 1, 231 (1918).
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is that the carbon dioxide evolved can be easily measured to follow the
course d the reaction over a long period d time. The classical method?
d halting the reaction, if this is possble, and determining by titration
the amount d ester hydrolyzed at intervals, is subject to considerable
error.

Experimental Part

Materials.—The best grade of ethyl acetoacetate was redistilled under reduced
pressure and the middle half of the distillate used. This was stored in amber colored
bottles, each containing enough for a few determinations, in order not to expose the
ester to ar over too long a period.

The ethyl alcohol was dehydrated 5,1°, ;3 e

over lime and anhydrous copper Flask

sulfatein the usual rzanner. P 4 2///
The best gradesd sodium and

potassium sulfates and acid sulfates

were each recrystallizedfrom water

several times, dried to constant Bulbed

weightand analyzedfor their sulfate  fsoo vl

content. The various stock solu-
tionsd thesesaltswereanalyzedfor
their sulfate content to make sure
that all solutionswered known con- %

g¢|||||-||u:|1|||vln

centrations. Aliquot parts d these
stock solutionswere taken for dilu-
tion to their required normalities.
Apparatus.—The apparatus
used in the work was developed by
Dr. C. E. Boord and H. |,. Dunlap
inan unpublished work on the study
d alkali and alkalineearth chlorides
with hydrochloric acid on the hy-
drolysis d this same ester. The
thermostat was electrically heated
and the temperature controlledto a
tenth d adegree. The flasks were
madespecially for this work, having
a capacity d two hundred cc. and
with necks five inches in length.
Thesewereconnected to acondenser b &
(Fig. 1) by means o a two-holed g
rubber stopper, one for the con-
denser and the other for the iff L__/
platinum wire which held the vial
containingtheester. Theflask and
condenser werefirmly fastened to a framewhich wassuspendedat the top, thelower part
being connected to a pivoted arm from a pulley. In operation, this gave the flask a
circular motion in the bath and thus agitated its contents. The neck of the flask ex-
tended three inches above the thermostat liquid and thus permitted the watching o the

2 Ostwald, J. prakt. Chem., 28, 449 (1883).

Con-~
denser
Box
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Fig. 2—Gas measuring apparatus.
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vial beforeitsrdease. Theside arm at the top d the condenser permitted the adjust-
ing o the pressure within the apparatus before tripping the ester into the solution for
starting thereaction.

The gas measuring apparatus (Fig. 2) isa modified Blier-Whitechain d bulbstype.
A three-way manifold connects all compartments d the condenser and leveling bulbs.
These gas measuring compartmentswere al carefully calibrated and the volume d gas
at any time could beread to one-tenth d acc. Thewholegastrain wasimmersedin a
water-filled box which had two opposite sides d glass. The temperature d the sur-
rounding water was recorded with each reading for correcting the volume d the gasto
standard conditions. Two sets of flaskswere used in the thermostat, thus permitting d
two determinations at the same time. Readings were taken at five-minute intervals.

600 0.4 N H:S0;
/ | 0.2N HiSO04
500 % Sy
400 / 0.4 N NaHSOs
3 / / 0.4 N KHSOs
O /
@ 300 /
) / 0.2 N NaHSOs
5 L 0.2 N KHSO.
s / % 0.4 N NaHSO~N NasSO4
0.4 N NaHSO«+—N KaS04
200 // ]
/ % =
0.2 N NaHSO~N NasSOs
/ / /-0.2 N KHSO~N KsSOs
100 / // /
/ | Na:S0¢ and K2SO4
/ /__///-Hzo
'_____———;___-———’/—’/
1

0 50 100 150 200
Time in minutes.

Fig. 3.—Hydrolyss d N/2 ester at 90°.

Experimental Procedure.—The desired concentration d salts was placed in the
flasks along with one cc. d acohol and water to make 46.8 cc. and when the ester
(3.25279.) wasintroduced, thismade50 cc. d ahaf molar solutiond ester. Thecapped
vials containing the ester were held in place until the temperatured theflask and con-
tentsbecamethat d the bath. After adjusting the measuring bulbsand starting agita-
tion, the outside connection was closed, the vial dropped and the zero reading taken.
AssoonasS0cc. d gasiscollectedin the burets, thisissmply transferred to one d the
50-ce. bulbs. Checkswererunin all cases with an allowablevariation o three-fourths
o oneper cent. Vapor pressurecorrectionswere madein all casesasthat d pure water,
whichisindighterror butitisthesamefor all determinations.
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The volume of carbon dioxide was reduced to standard conditions and
graphs were plotted for thefive minuteintervals. The data are condensed
in Tables | to VII. The reaction constant is calculated according to the
formula

560.3
560.3 — V;
where V, represents the corrected volume of carbon dioxide collected in
time “¢” and 560.3 is the volume d the gas which could be obtained by
complete decompositiond the ester. The third column gives the various
values for “k,” the constant for a first order reaction.

K = lt 10g1o

-
o
i
X 0.4 N HsSO4
e
5 /
-
]
2 /
X / 0.2 N H2SO4
(o]
N
-
|
I —
. — //—
s X
a9
89
g o
o
2y
gL | ——4 0.4 N NaHSO.
3 X
)
0.4 N KHSO.
T
2
X 0.2 N NaHSOs
N 0.2 N KHSOs
0.4 N NaHSO«+N Na:zS0s
. 0.4 N KHSOs+N K:S04
s 0.2 N NaHSO~N NasSOs
— 0.2 N KHSOsN K2504
X
- N Na:S0~K:S04
H20
(=}
0 50 100 150 200

Time in minutes.
Fig. 4.—Reaction constantsfor hydrolysisdf estersat 90°.

Data obtained with hydrolysisd the ester at 90° are shown graphically
in Fig. 3 and the variation d the velocity constants with time is shown
in Fig. 4. Similar curves are obtainable at other temperatures.

Discussion o Data.—It might be expected in the hydrolysis of the
ester with pure acid that the reaction constant would increase with time
as the more active hydrogen would be affected by the increasing concen- .
tration d the acohol and acetone from the decomposition of the ester.
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TasLE I
HYDROLYSIS OF N/2 ETHYL, ACETOACETATE
At 80° wi At 90° with
Time, 0.2 N H:SOs 8 4 N sto. Time, 0.2 N H:SO« 0.4 N HSO4
man. CO: k X 108 min. CO: kX 108 CO: k X 103
25 94.0 31.90 173.6 64.42 10 75.7 6.304 142.1 12.70
50 179.1 33.45 309.0 69.65 . 30 213.2 6.932 358.1 14.75
100 311.0 35.17 466.7 77.71 50 316.6 7.231 478.8 16.74
150 401.9 36.56 530.8 85.24 70 395.9 7.607 540.3 20.68
200 461.0 37.57 561.0 90 454.7 8.053
) At 95° with At 95° with
Time, 0.2 N H2304 0.4 N HaS0s Time, Water alone N Na2S04
min. CO: k X108 CO2 k X 108 min, CO: k X 103 COz k X 10
20 191.3 9.069 310.1 17.51 50 20.9° 0.333 24.4 0.387
40 318.4 9.119 455.7 18.22 100 39.2 .315 46.9 .380
60 404.5 9.264 522.5 19.52 200 72.2 .300 85.0 .357
80 460.6 9.371 555.8 26.19 300 100.6 .287 114.2 .330
100 496.2 9.417 400 125.9 .276 139.9 .314
TaBrg II
NEUTRAL SALT EFFECT ON AcID SULFATE IN HYDROLYSIS OF N/2 ETHYL ACETOACETATE
At 80° with
0.2 N KHSO« 0.2 N NaHSO4
Time, 0.2 N KHSO4 N K2S04 0.2 N NaHSO, N Na:SO4
man, CO: Kk X 10 CO: Kk X 108 CO: k X 108 CO: k X 102
25 24.1 0.764 11.8 0.370 27.3 0.868 12.5 0.395
50 48.1 .780 23.0 .364 54.6 .890 25.4 .403
100 93.6 .794 44.3 .358 105.2  .903 51.0 .410
150 133.6  .796 66.3 .364 150.5 .906 75.6  .420
200 172.5 .798 86.5 .365 191.7  .909 98.9 .421
TasLg III
At 80 with
) 0.4 N KHSO4 0.4 N NaHSO«
Time, 0.4 N KHSO4 N K2SO4 0 4 N NaHSO4 N Na2SOs
nun, CO: k X 103 COo: Kk X 108 COz k X 108 Co: k X 10
25 37.0 1.195 17.6 0.554 44.4 1.434 20.7 0.657
50 74.1 1.232 35.5 .569 88.1 1.485 41.7 .672
100 141.5 1.264 69.2 .573 165.6 1.521 82.7 .694
150 200.3 1.278 100.9 .574 230.8 1.538 121.6 .708
200 250.0 1.285 132.6 .586 286.5 1.555 158.4 .721
TaBLE IV
At 980° with
) 0.2 N KHSO 0.2 N NaHSO4
Ti e, 0.2 N KHSO4 N KaS0¢ 0.2 N NaHSO, N NasSO¢
mun, COs k X 108 CO: k X 10% COa k X 108 CO2 k X 103
25 42.2 1.360 22.4 0.709 49.8 1.617 245 0.777
50 81.6 1.367 425 .685 94.6 1.606 47.0 .761
100 150.4 1.357 80.4 .873 1719 1.591 90.4 .764
150 209.0 1.358 115.0 .665 237.3 1595 1305 .767
200 260.7 1.359 149.1 .667 (292.8)% (1.605)* (167.3)* (.770)°

¢ Extrapolated from graphs.
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0 4 N NaHSO:

N Na2504
COs k x 103
37.3 1.197
74.1 1.230

141.3 1.262
202.1 1.295

(256.8)" (1.331)'

0.2 N NaHSO,4
N Na2S04

CO2 k X 103
349 1.117
63.5 1.045

111.2 0.961
152.5 .919

(189.0)° ( .894)"

0.4 N NaHSO4

N NazSO4
CO2 k X 103
48.3 1.566
89.5 1.512
161.6 1.478
220.3 1.446

TABLE V
NEUTRAL SaLT EFFECT ON AcID SULFATEIN HYDROLYSISor N/2 ETHYL ACETOACETATE
At 90° with
) 0.4 N KHSO,

Time, 0. 4 N KHSO, N KaSOs 0.4N II(YaHSOg
min. CO: k X 10¢ COo: Kk x 108 COo: X 10
25 65.0 2.142 33.5 1.071 78.8 2:633
50 123.6 2.164 65.4 1.078 148.0 2.664
100 222.6 2.198 124.3 1.089 260.4 2.714
150 299.7 2.210 176.7 1.097 3456 2777
200 359.2 2.225 225.0 1.112 (405.3)" (2.791)°

¢ Extrapolated from graphs.

TaBre VI
At 95° with
0 2 N KHSO4

Time, 0.2 N KHSO4 N KzS0y4 0 2 N NaHSO,
mtn. CcO, kx 1B CO: kX 108 CO:  k X i0s
25 55.8 1.822 32.8 1.048 62.9 2.068
50 103.0 1.764 52.8 0.963 116.1 2.017
100 181.3 1.698 101.9 .872  199.5 1.912
150 243.8 1.654 139.0 .826 2649 1.853
200 (296.4)° (1.634)* (173.0)* ( .809)* 316.0 1.803

¢ Extrapolated from graphs.

TasLg VII

At 95° with
. 0.4 N KHSO4
25 82.7 2774 46.5 1.505 95.5 3.250
50 148.2 2.668 83.1 1394 1716 3.176

100 250.6 2.575 1475 1328 2845 3.078
150 322.8 2.485 202.2 1.295 359.3 2.968
200 (379.2)' (2.455)" 248.1 1.270 (408.0)" (2.829)'

¢ Extrapolated from graphs.

Temp., °C.

95

(266.0)° (1.399)"

TaBLE VIII
TIME Rat1o DATA FOR POTASSIUM SALTS
Timeto Timeto
roduce produce
5ec. of )
Concn. COz, min.  Ratio
0.2 N KHSO, 80
0.2 N KHSO,, N K504 172 0.465
0.4 N KHSO4 50 459
0.4 N KHSO,, N K SO0: 109 : v
0.2 N KHSO, 46 495 99
0.2 N XHSO4 N K380, 93 B 202
0.4 N KHSO, 28 483 63
0.4 N KHSO,, N K,S0; 55 : 124
0.2 N KHSO, A 500 79
0.2 N KHSO4, N K504 68 ’ 166
0.4 N KHSOq 2 489 50
0.4 N KHSO4, N K504 45 : 102
Average0.2 N .487
Average0.4 N .477

150 cc.
d COq¢ min. Ratio

0.490

.508

.476

.490

,483
.499
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The greater the concentration of the acid, the greater we should expect the
variation d thisreaction constant. Datain Table | show thisto betrue.

The effect d the neutral salt on the rate d hydrolysis may be shown
by calculating the ratio d the time required with the acid sulfate plus
the neutral salt for producing 75 and 150 cc. d carbon dioxide, to the time
required with the acid salt alone for producing the same quantity o car-
bon dioxide. In this manner the constituents in the solution will be the
same at the time d comparison. These calculations are given in Table
VI for potassium salts and calculationsfor sodium salts give very similar
results.

Summary

An apparatus has been devised for accurately measuring the velocity
d reactions at higher temperatures and over a long period d time with
substances evolving a gas.

The effects & normal sodium and potassium sulfates on their corre-
sponding acid sulfates in the hydrolysis d ethyl acetoacetate have been
studied at the temperatures d 80°, 90° and 95°.

RowrLa, MISSOURI

[ConTriBUTION FROM THE CHEMICAL LABORATORY OF Sranrorp UNIVERSITY]
CARBONIC ACID AZIDES

By CHARLES VINTON Hart!
RECEIVED FEBRUARY 13, 1928 PuBLISHED JuLY 6, 1928

Accepting the view d Franklin and his collaborators to the effect that
guanidine, cyanamide, dicyandiamide and melamine are ammono car-
bonic acids,? then the compounds named and formulated asfollows. (1)
guanylazide, HNC(NH;)N;, (2) cyanazide, NCNs, (3) dicyanamidazide,
NCNC(NH;)N;, (4) dicyandiazide, NCNC(Ns)s, (5) cyanuramiddiazide,
CsNa(Ns):NH,; and (6) cyanurtriazide, CsN3(Ns)s, are to be looked upon
as carbonic acid azides.

Dicyandiiide, NCNC(N3),, and Dicyanamidazide, NCNC(NH;)N3.—
By the action d cyanogen bromide on sodium azide in water solution,
Darzens® obtained a crystalline product, formed as he believed in accord-
ance with the equation, NCBr + NaN; = NCN; + NaBr, to which he
gave the name carbon pernitride.

1 An abgtract o athesissubmitted in partial fulfilment d therequirementsfor the
degreed Doctor d Philosophy at Stanford University, 1927. Dr. Hart died at Berke-
ley, California, April 12, 1928. This paper, for the most part, isin theform mitten by
the author. (E. C. Franklin.)

2 Franklin, Trars JOURNAL, 44, 486 (1922); 46, 2137 (1924); Burdick, #bid., 47,
1485 (1925); Blair, ibid., 48 87, 96 (1926). See also Pinck and Blair, #bid., 49, 509
(1927).

3 Darzens, Compt. rend., 154,1232 (1912).
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Looking upon cyanogen bromide and sodium azide as a carbonic acid
bromide and sodium ammono nitrate, respectively, then Darzens com-
pound, represented by the formula, Nz ¥C+ -Nz N =N, would be a mixed
carbonic-nitric anammonide.*

It wasin an attempt to determine whether Darzens compound would
be converted into a mixture d cyanamide and hydrazoic acid by the
action  ammonia that the investigation described in this paper had its
origin.

When, accordingly, a current d dry ammonia gas was passed into an
ether solution & Darzens compound, ammonium azide was obtained as
expected but instead d cyanamide the other product d the reaction proved
to be a hitherto unknown compound d the formula, NCN(NH,)N;, to
which the name dicyanamidazide has been given.

The formation d this carbonic acid azide is readily explained on the
assumption that Darzens had the dimer d cyanazidein his hands, which
under the action d ammonia is ammonolyzed as represented by the
equation, NCNC(N3); -+ NH; = NCNC(NH,)N;, into dicyanamidazide
and hydrazoic acid.

Hydrolysis of Dicyandiazide.—Darzens states that when his azide is
hydrolyzed with boiling water, carbamic acid azide isfirst formed, which,
being unstable, decomposes to give carbon dioxide and hydrazoic acid.
The present investigation showed the hydrolysisto proceed in conformity
with the equation

NCNC(Nj): 4+ H,0 = NCNC(OH); + 2HN; = CO; + 2HN; 4 H.NCN

The hydrazoic acid and cyanamide were not formed quantitatively for
the reason that a certain portion d each disappeared to form 5-amino-
tetrazole.® When a sodium hydroxide solution was used in place d pure
water for the hydrolysis, sodium azide and sodium cyanamide were formed
almost quantitatively.

Reduction o Dicyandiazide and Dicyanamidazide.—Dicyandiazide is
reduced to dicyandiamide in accordance with the equation, NCNC(N3).
+ om,S = NCONC(NHp): + 25 + 2N, when treated with hydrogen
sulfide. It isinteresting to interpret the reactionsinvolved as consisting
in the reduction d a mixed carbonic-nitric anammonide to a mixed car-
bonic-nitrous acid which breaks down into a carbonic acid and nitrous
anammonide, NCNCH(-NZ $NT =N); + 4H = NCNCH-NZ IN+ -NHy),
or NCNCH(-NH~ +Nf INH); = NCNC(NHo,); + 2N,.

Dicyanamidazide is reduced to dicyandiamidein asimilar manner.

Tests for the Presence of Azide Groups.—During the early part of

4 An ammonia analog o a purely hypothetical carbonic-nitric anhydride, OC-

{ONO:),.
8 Hantzsch and Vagt, Ann., 314,362(1900) .
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this investigation, some doubt was entertained as to whether or not we
were dealing with azide groups in these compounds since azides tend to
revert to the more stable isomeric tetrazoles. Although sodium azide is
formed when dicyandiazideand dicyanamidazide, respectively, are warmed
with sodium hydroxide solution, yet the literature concerning tetrazoles
does not seem to exclude similarly acting substances from being ring
compounds.t Tetrazoles are generally very resistant to theaction d alkali
or acid, so the formation d sodium azide by treating a compound with
sodium hydroxide solution would strongly indicate the presence d a free
azide group and not a stable ring compound. It is highly desirable that
we have some other test to substantiate this one.

Turrentine” has shown that hydrogen sulfide reduces hydrazoic acid in
the cold to nitrogen and ammonia. ThieleSin hisinvestigation d guanyl-
azide reduced this compound to guanidine with hydrogen sulfide, sulfur
being precipitated and nitrogen evolved whilein asimilar manner Hantzsch
and Vagtg reduced carbamic azide to urea.

These reactions together with experience to the effect that al the
azides described in this paper readily undergo reduction when treated
with hydrogen sulfidelead us to emphasize two tests for proving the pres-
ence d azide groups, (1) heating the substance with sodium hydroxide
solution to form sodium azide and (2) the reduction d the azide group
to the amino group by means d hydrogen sulfide with simultaneous
evolution d nitrogen and the precipitation d sulfur.

Dicyanphenylamidazide and Phenyldicyandiamide.—When an al-
coholic solution d dicyandiazide is treated with aniline, dicyanphenyl-
amidazide is formed as represented by the equation, NCNC(Ny):
CsHsNHz = NCNC(Ns)NHCsHa + HNa.

Dicyanphenylamidazideis a phenyl ester o a carbonic acid azide con-
taining one unreplaced acid hydrogen atom in consequence d which it
should show distinctly the properties d an acid. A sodium salt, stable
in the presenced water, has been prepared.

When treated with hydrogen sulfide dicyanphenylamidazide is reduced
to phenyldicyandiamide, NCNC(NH:) NHC¢H;, whichis probably identical
with phenylcyanguanidine.!?

a-Naphthylamine, methylamine, ethylamine and phenylhydrazine were
found to enter into reactions with dicyandiazide. With the exception of
dicyan-a-naphthylamidazide the products formed were not purified and
analyzed.

¢ See, for example, (@) Thidle and Ingle, Ann., 287, 233 (1895), and (b) Freund
and Schander, Ber., 29,2500 (1896); (c)Ott and Ohse, Ber., 54, 179 (1921).

7 Turrentine, T'rrs JourRNAL, 34, 285 (1912).

® Thiele, ANN. Chem,, 270, 48 (1892).

 Ref. 5, p. b

1 Wheder and Jamieson, THrs JOURNAL, 25, 721 (1903).
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The Opening of a Tetrazole Ring.—An attempt was made to prepare
{-cyan-5-aminotetrazole, a tetrazole isomer o dicyanamidoazide (formula
in bracket below) by treating the sodium salt & aminotetrazole with
cyanogen bromide. Instead o the expected compound dicyanamidazide
was obtained, the reaction taking the course represented by the scheme

HzNC<N 1|TI +NCBr mNC{N—ﬁI N
—N ——— N—N | —> H:NC
—NaBr | N\N—CN

Na CN
Since aminotetrazole is formed from guanylazide by isomerization and the
former is converted to dicyanarnidazide by replacement o a hydrogen
atom by a cyanogen group, the transformation d a compound possessing
an azide group to a tetrazole, and from a tetrazole again to a compound
having an azide group, has been effected.

Cyanurtriazide, C;N;(H;);.—It will be recaled that cyanamide is
capable d forming a trimolecular polymer known as melamine from which
cyclic ammono carbonic acid three azides are theoretically derivable,
depending upon whether it is considered as reacting with one, two or
three molecules d hydrazoic acid.

Certain considerationsled Ott, whofirst prepared this triazide, to assume
that one or moretetrazol e groupings might be present in the cyanurtriazide
configuration. Referring to the two genera tests already mentioned in
this paper for theidentification o azidegroups,itisseenthat the hydrolysis
d cyanurtriazide into sodium azide and cyanuric acid by the action o
hydroxide solution® indicatesthe presenced three azidegroups. I norder
to strengthen the evidence that cyanurtriazide containsthree azide groups,
it was subjected to the action d hydrogen sulfide, whereupon melamine
was formed in accordance with the equation, C;H3(N3); + 3H,S =

/NH2 NH; N3
NEC—N=C\ — N=C—N=C < =C—N=C
NH, N; N3
Dicyandiamide Dicyanamidazide Dicyandiazide
N=C-—NH, [N=C—N;]
Cyanamide Cyanazide
NH, [ NH, "l NH, N;
& ¢ ¢ L
VRN N\ VAR VR
Y =y o = Y
NH,—C C—NH, |N—C C—NH, Nye—C C—N, N+—GC C—N,
\N/ \N/ \N/ \N/
Cyanurtriamide Cyanurdi- Cyanuramid-

Meamine amidazide diazide Cyanurtriazide
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C3N3(NHz)s + 3S ++ 3Nz It must therefore be concluded that cyanurtri-
azide does not contain a single tetrazole group.

Cyanuramiddiazide, CsN3(NHj)(Ns): and Cyanurdichlorazide, CsNg-
(Clz)N3.—The first compound was prepared by passing gaseous ammonia
into an ether solution d cyanurtriazide; the second was obtained by
treating one mole d cyanurtrichloride with one mole d sodium azide.
Cyanuramiddiazide was reduced to melamine by the action d hydrogen
sulfide.

Carbonic Acid Azides.—The scheme given above summarizes the rela-
tionships which have been established between three ammono carbonic
acids and their azides.

Experimental Part

Preparation d Dicyandiazide.—To a solution d 25 g. d sodium azidein 100 cc. of
water maintainedat 0°, 45 g. d freshly prepared cyanogen bromide wasadded in small
amounts with continuous stirring. After all d the cyanogen bromide was dissolved,
the flask was removedfrom theice-bath and allowedtostand three or four hoursat room
temperature, whereuponacolorless or slightly yellow oil separated at the bottom o the
flask. Theoil wasextracted with acohol freeether, washed oncewith alittle water and
then dried over anhydroussodiumsulfate.  After one hour the ether solutionwasfiltered
into several evaporating dishesand the ether removed by a current d dry air. Some
crystals usualy formed on thesidesd the dish and were carefully removed with a piece
d filter paper and saved for futureseeding. As a rule after the ether had disappeared,
an oil remained to which a crystal d the substance had to be added in order to start
the crystallization.  After washing with a very small amount d anhydrous ether, the
product was obtained in the form d needle-like crystals by recrystallization from
pure, dry ether. The crystals wereremoved from thedish to a filter paper by the use
d a horn spatula and dried in vacuo over phosphorus pentoxide. The yield was about
55%-

The purest reagentswere used in this preparation since small amounts d impurities
prevented crystallizationeven after seeding. I the crystals were not pure, or in case
they were dlowed to stand in contact with the mother liquor, a substance was formed
after a time which wasinsoluble in ether and water, and was not exploded by shock.
Thisfact wasnoted by Darzens, and believed by him to be evidenced theformation o
a polymer d cyanogenazide. Furthermore, a well crystallized, explosive, water soluble
compound showing no definite melting point was isolated from the reaction mixture.
Unfortunately neither d these compounds was further investigated.

Dicyandiazide, especialy when impure, is dangerously explosve. |t issolublein
water, ether, chloroform and acohol, but insoluble in petroleum ether. The purest
crystalsobtainedin thisinvestigationmelted at 40.3° (corr.). Darzensgivesthemelting
point, 35.5-36.0°. At a temperature d about 70°, it commencesto decompose, and it
explodeswith extreme violenceat about 170".

Theanalysisd this compound was made by mixingthe powdered sampleintimately
with powdered cupric oxide and so regulating the combustion that the substance de-
composed at alittle above 100".

Anal. Caled. for C:Ns: C, 17.7; H, 0.0; N, 82.4. Found: C, 17.9; H, 0.02;

N (Dumas), 82.0. R
Mol. wt. d dicyandiazide, caled. for C;Ns: 136. Caled. from the following data,
137.
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Substance Solvent Depression Mol. wt.
0.1014 (CeHsNOy), 17.33 0.293° 141
1073 (C4H;NO,), 18.40 .308° 134
1175 (CsH:NO,), 18.40 B341° 132
.1135 (CsHs), 11.83 .347° 141

Hydrolysisd Dicyandiazideby Boiling Water.—The apparatus and procedure used
were essentially those used in the determination d carbon dioxide in rock analyses with
the exceptionthat a tube containing a 5% solution of silver nitrate was interposed be-
tween the reflux condenser and the drying tubes in order to absorb the hydrazoic acid.
I n solutionin boilingwater decompositiond the compoundwasrapid. Thesilver azide
formed was filtered on a Gooch crucible and weighed as such. The carbon dioxide
evolved was absorbed in a soda-limetube at the end d theapparatus. The cyanamide
remainingin solution in the reaction flask was determined by precipitation as the silver
salt from a dlightly ammoniaeal solution. When thefiltrate from this salt wasacidified
with dilute nitric acid, a gelatinous silver precipitate wasformed which was not further
investigated (dicyandiamide).

Anal. Calcd. for CO.: 32.3. Found: 29.0. Cacd. for HNs: 63.2. Found:
434. Cadcd. for NCNH,: 30.9. Found: 21.0.

Although the analytical data show the carbon dioxide which was formed to ap-
proximate the theoretical, the hydrazoic acid and the cyanamide obtained are far below
the calcul ated amount.®

Hydrolysis d Dicyandiazide with Sodium Hydroxide Solution.——To a suspension
d 0.1g.in 10 cc. d water, 0.6 g. d sodium hydroxide was added and the solution was
heated to about 70° for some two minutes. After dilution to about 100 cc.. the cyan-
amide was precipitated from the slightly ammoniacal solution by adding a solution o
silver nitrate. The silver azide was precipitated from the filtrate by acidifying with
dilute nitricacid.

Anal. Subs, 0.1000: AgNCN, 0.1926; AgNs; 0.2115. Cacd. for NCNH,:
30.9. Found: 31.6. Cacd. for HN;: 63.2. Found: 60.7. 0.1926 g. of Ag;,NCN
gave0.2137 AgCl. Calcd. for Ag: 84.3. Found: 83.5. 0.2115g.  AgN; gave0.1971
AgCl. Calcd. for Ag: 71.9. Found: 70.2.

Reduction d Dicyandiazide to Dicyandiamide..—One gram o dicyandiazide was
dissolvedin about 5ce. o acohol.  After dilutingwith 30 cc. d water, hydrogen sulfide
was passed through the solution. Nitrogen was evolved and sulfur was precipitated
immediately. After heating to 80° for afew minutesto coagulatethesulfur, thesolution
was filtered and the filtrate was evaporated with a current d dry air. Thecrystalsd
dicyandiamide thus obtained were, after recrystallization, found to melt at 207.4'.
When mixed with pure crystals d dicyandiamidemelting at 207.8' the mixture melted
at 207.5".

Ammonolysis d Dicyandiazide to Dicyanamidazide.—A sow current of ammonia
was passed into a cold solution o 0.39g. d dicyandiazide in about 150 cc. of dry ether.
Ammonium azide separated as a white, flocculent precipitate. After filtration and re-
moval d theether, colorless, plate-likecrystal sof dicyanamidazideremained, which after
recrystallization from ether melted at 151-152° with evolutiond a gas; yield, 0.30 g.

Anal. Cdcd. for NCNC(NH;)N;: C, 21.8; H, 1.8; N, 76.3. Found: C, 21.8;
H, 1.8; N (Dumas), 76.2.

Dicyanamidazideis sparingly soluble in water and ether and is very solublein al-
cohol and acetone. It is only slightly solublein chloroform and hot benzene and it is
insolublein petroleum ether. When an aqueoussolution d dicyanamidazide isboiled,
hydrazoic acid is given of gradually. When heated with a concentrated solution o
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sodium hydroxide, sodium azide, sodium carbonate, cyanamide and ammonia are
formed. Whenheated inatube it decomposeswith afl ash leavingalight brown residue
melon).

( Diz:yanami dazide from Aminotetrazole (the Openingd a Tetrazol e Ring). —Amino-
tetrazole nitrate, 37 g., suspended in 50 cc. d water, was brought into solutionand
neutralized by adding a concentrated solution o sodium hydroxide, using phenol-
phthalein as an indicator. After cooling to about zero degrees, 27 g. o pulverized
cyanogen bromidewas added in small quantities while agitating. | n order to increase
thesolubility d thecyanogenbromide, about 40cc, d acetonewasadvantageously added
at thispoint. Some heat was evolved. After standing for several hours, the solution
was extracted wth ether and the ether solution was dried with anhydrous sodium
sulfate. Pure dicyanamidazide was obtained after evaporation and recrystallization
from ether.”* The crystals gave all the reactions characteristic d dicyanamidazide;
melting point, 151-152°. A mixed melting point gave 151°.

Anal. Caled. for C;H,Ns: C,21.8; H,1.8. Found: C,21.8,H,2.1.

Reduction o Dicyanamidazide to Dicyandiamide.—One gram o finely powdered
dicyanamidazide was suspended in 30 cc. d cold water, and hydrogen sulfide was
passed through the solution for haf an hour. Nitrogen wasevolved and sulfur was pre-
cipitated. The solution was heated almost to boiling in order to precipitate the sulfur
and was then filtered. The cold solution was evaporated in a current d air to a small
volume. After purification by three recrystallizations, the substance melted at 207.5°.
When mixed with pure dicyandiamide melting at 207.8°, the mixture melted at 207.7.

Dicyanamidazide Hydrochloride, NCNC(NH,)N;-HCI-H;0.—One gram o pure
powdered dicyanamidazide was dissolved in 5 cc. o concentrated hydrochloric acid.
Within a few minutes needle-like crystals separated out. The excess d acid was ab-
sorbed on a porous plate and after air-drying the crystals weredried for ashort timeina
desiccator. The hydrochloride containing one molecule d water gradually decomposes
when heated, losingits crystallineappearance above 150°.

Anal. Cdcd. for C;H:Ne-HCI-H,O: Cl, 216. Found: 217.

Dicyanphenylamidazide, NCNC(N;)NHCsH;—To a solution o 0.55 g. o dicyan-
diazidein 10 ce. d dcohol, asolution d 0.35g. d anilinein 10 cc. o alcohol wasadded
and thoroughly mixed. Hydrazoic acid was freely evolved and within haf an hour
needle-like crystals separated from the solution. After filtration the crystals were
washed with alittleacohol. They wererecrystallizedfrom alcohol.

Anal. Caled. for CsH¢Ng: C, 51.6; H, 3.2. Found: C, 51.2; H, 3.2.

Dicyanphenylamidazi dedecomposessuddenly with evolution d a gaswhen heated
above 145°.  Itisinsolublein most d thecommonsolvents. |t dissolvesin concentrated
hydrochloricacid, but itisreprecipitated upondilution. When heated withconcentrated
sodium hydroxide solution, sodium azide and anilineare two d the products formed.

Sodium Dicyanphenylamidazide, NCNC(N;)N(Na)CsHs~—Dicyanphenylamid-
azide, 0.5 g., was suspended in 3 cc. & water and a norma solution d sodium
hydroxide was added until most d the azide dissolved. After filtration, the solution
was concentrated to a small volume by a current d dry air. The crystals separated
asvery minute needles. They weredried in a desiccator.

Anal. Cdcd. for CsH;NgNa: Na, 111 Found: 11.0.

Reduction d Dicyanphenylamidazide to Phenyldicyandiamide.—Approximately
0.5g. d dicyanphenylamidazidewas suspendedin a mixtured 5 cc. d alcohol and 5cc.
o water. After warmingto 70°, hydrogen sulfide V&S passed into thesolution. At the

1 The yiedld wasgood (E. C. B.),
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end d the reaction the solution was brought to boiling in order to coagulate the sulfur.
Afterfiltration, the solution wasevaporated toasmall volumeby dry air.  Platecrystals
were obtained which after recrystallization from water melted at 195-196°. Phenyl-
cyanguanidine® isdescribed asforming needle crystalsfrom water, melting at 190—191°.

Dicyan-e-naphthylamidazide, NCNC(N3s)NHC;sH;.—One gram of dicyandiazide
was dissolved in 15 cc. o alcohol and one gram o a-naphthylamine dissolved in an
equal volumed alcohol wasadded. Hydrazoic acid wasfreely evolved and after some
time beautiful needle crystals separated which were filtered and recrystallized from al-
cohol. Thecrystals decomposeddowly when hested. They werefound to beinsoluble
in most & the common solvents.  When heated with a concentrated solution of sodium
hydroxide, sodium azidewasformed and the odor d a-naphthylamine was observed.

Anal. Calcd. for CuHsNg: C, 61.0; H, 34. Found: C, 60.9; H, 3.5.

Sodium Dicyan-a-naphthylamidazide, NCNC(N;)N(Na)CieHz.—Dicyan-a-naph-
thylamidazide (0.3 g.) wassuspendedin10cc. d water and alittlelessthanthecal culated
amount d normal sodium hydroxide was added. The solution was heated to boiling
and filtered. Upon cooling, the sparingly solublesodium salt crystallized out as needles.

Anal. Calcd. for CeH;Ne¢Na: Na, 8.9. Found: 89.

Reductionof Cyanurtriazide to Melamine.—Cyanurtriazide® (0.6 g.) wassuspended
in a mixtured 25cc. o acohol and 15cc. d water and hydrogen sulfidewas passed into
the cold solution for about one-haf hour. Nitrogen was evolved and sulfur was pre-
cipitated. After boiling and filtering, the solution was evaporated to about 7 or 8 cc.
Upon cooling, melamine separated ascolorlessplatecrystals. They wererecrystallized
oncefrom hot water.

Anal. Calcd. for CsHgNs: N, 66.6. Found: 66.2.

Cyanuramiddiazide, CsN3(NH;) (N3);.—Two gramsd cyanurtriazide weredissolved
in 200cc. d anhydrous ether and a current & ammonia was passed through the solution
for one hour. A white precipitate formed consisting d a mixture d ammonium azide
and cyanuramiddiazide. After filtration, the mixture wastreated with a little water in
order to dissolve the ammonium azide. The cyanuramiddiazideremained undissolved
as dense, colorlesscrystals which wererecrystallizedfrom alarge volume o hot alcohol
forming large plate-like crystals.

Anal. Cadcd. for C;HpNye: C, 20.2; H,11 Found: C, 20.1; H, 1.2.

Thissubstance doesnot melt sharply, but startsto decomposeabove 200 °, gradually
turning brown. 1t decomposes with great violence when heated suddenly to 210°.
When treated with a solution o sodium hydroxide it dissolves and is reprecipitated
when the solution is acidified. When heated with a strong sodium hydroxide sol ution,
sodium azide, cyanamide and carbon dioxide are formed. It isinsolublein most of the
common solvents.

Reduction o Cyanuramiddiazide to Melamine.— Cyanuramiddiazide (0.5 g.) was
suspended in a mixture d 10 cc. o alcohol and 10 cc. d water. Hydrogen sulfide was
passed into the warm solution.  Notwithstanding the slight solubility o the substance
the reaction took place with vigorous evolution d nitrogen and deposition o sulfur.
After filtration, the solution was evaporated to a small volume, whereupon melamine
separated as colorlessplate crystals.

Anal. Calcd. for C;H¢Ng: N, 66.6. Found: 66.1.

Cyanurdichloridazide, C;Ns(Cl)N3;.—One gram d sodium azide wasdissolvedin 10
cc.d water and wasdowly added toasolutiond 3g. d eyanurtrichloride in20 cc. of ace-
tone. After shaking for about five minutes, the solvent wasallowed to evaporate spon-
taneously. Plate-like crystals separated which were filtered off, washed with water
and recrystallized froma small amount d warm alcohol; m. p. 85°.



1930 PAUL E. WESTON AND HOMER ADKINS Vol. 50

Anal. Cdad for C.NeCly: Cl, 372, Found: 37.7.
Cyanurdichloridazide s sparingly soluble in dcohal and insdluble in water.  The
usud testshowed the presanced an azide group.
I n conclusion, the author wishes to extend his sincere thanks to Dr.
Edward Curtis Franklin under whose guidance this work progressed.

Summary

1. The product previously known as cyanogen azide or carbon perni-
tride is shown to be dicyandiazide.

2. The azides studied are shown to be derived from the ammono
carbonic acid, cyanamide and its polymers.

3. Two generd tests, which show the distinction between compounds
containing azide groups and their isomeric tetrazoles are described and
their application demonstrated.

4. The structure d cyanurtriazide containing three azide groups is
confirmed, thus eliminating the tetrazole structures which the original
investigator considered.

5. A tetrazole ring is opened, revealing thefree azide group from which
the original tetrazole was derived.

6. Thefollowing new compoundsare described: (1) dicyanamidazide,
(2) dicyanamidazide hydrochloride, (3) dicyanphenylamidazide, (4) sodium
dicyanphenylamidazide, (5) phenyldicyandiamide, (6) dicyan-a-naphthyl-
amidazide, (7) sodium dicyan-a-naphthylamidazide, (8) cyanuricamiddi-
azide and (9) cyanuricdichloridazide.

BEr<ELEy, CALIFORNIA
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CATALYSISIN THE CONVERSION OF ALLYL ALCOHOL AND
ACROLEIN INTO PROPIONALDEHYDE

By PauL E. Weston AND HOMER ADKINS
RECEIVED FEBRUARY 16,1928 PUBLISHED JuLY 8, 1928
F. H. Constable’ concluded from a study o the rates d the reactions
at different temperatures that allyl alcohol over copper showed two pri-
mary reactions
CH,~CHCH,0H = CH~CHCHO * H, )
CH:~CHCH.0H = CH;CH,CHO @
He demonstrated that propional dehydewas not formed, as bad previously
been assumed, according to the reaction
CH==CHCHO + Hi = CH,CH,CHO 3)
For some time one d us has been greatly interested in those properties
d oxide catalysts which determine the proportion d simultaneous and
1 Condable, Proc. Roy. Soc. (London),A113, 254 (1926).
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competing reactions. In amost all d the cases previoudy studied in
this Laboratory one d the competing reactions involved dehydration o
the organiccompound. |t was thereforea matter d considerable interest
to investigate the proportions d two reactions, one d which involved
dehydrogenationand the other intramol ecul ar rearrangement, over various
catalysts whose characteristics had been previoudy studied for the re-
actionsd saturated alcohols, esters, etc.  Theresults of thisinvestigation
will shortly be submitted for publication, but in this communication we
wish to present certain data bearing on the converson d allyl alcohol
and acrolein into propionaldehyde over a zinc oxide and an aluminum
oxide catalyst.

The apparatus used in the experimental work isshownin Fig. 1. The method o
introducing the alcohol wasa modificationd that designed by Paul E. Millington in this

Laboratory. A constant head d water A, equivalent to 35cm. o mercury, compressed
air inthe bottle B. Therate d flow d alcohol from the reservoir, G, through the fine

Fig. 1. —Apparatus for the study d the reactionsd acohols over solid catalysts.

capillary, H, could be varied slightly by regulating the pressured the air by changing
the depth d the mercury inC. D isacacium chloridetower to dry theair and E isa
manometer. The flow d acohol could be stopped instantly by releasing the air pres-
surein the reservoir, G, through the stopcock, F.  Thelimb, J, d thecatalyst tube was
2cm. in diameter and 33 em. long. The exit tube was a capillary d 2 mm. bore. Six
tenths d acc. d thecatalyst intheform d fragmentsd smdl pillswas placed in a thin
layer at 1, on top d glass beads which filled the tube to the point 3. The catalyst
tube was immersed in an electrically heated bath d sodium and potassium nitrates,
the temperature d which was kept constant at 330 = 3° by means d a Leeds and
Northrup potentiometer controller. At 400° considerable charring and side reactions
took place but at 330° the amount o side reactions was smadll, as shown by the com-
positiond the gaseous products.

The gaseous products d the reaction were collected over an aqueous solution of
sodium bromidein the cylinder, O. Sufficient oxygen was added to make the volume
100 cc., and the gas was analyzed over water in an Orsat apparatus. The portion ab-
sorbed by potassium hydroxideis reported as carbon dioxide; that removed by bromine
as unsaturated hydrocarbons. The hydrogen and carbon monoxidewere determined by
exploding the residue and measuring the contraction and subsequent absorption by
potassium hydroxide. The composition d the gas was approximately 9% carbon di-
oxide, 6% unsaturated hydrocarbons, 80% hydrogen and 5% carbon monoxide.
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The aldehydes formed in the reaction were determined by precipitation as the p-
nitrophenyl hydrazones. Seventy cc. of a saturated solution d p-nitrophenyl hydrazine
in normal hydrochloricacid wasplaced in a 250ce. wide-mouthed bottle, N, closed by a
rubber stopper bearing a stopcock. Air was removed from the bottle till a pressure o
D mm. of mercury wasreached. Thebottlewasthen attached to theexit o thecatalyst
tube and the stopcock opened enough to reduce the pressure in the tube (as indicated
by the manometer, M) slightly below atmospheric pressure. After a sample had been
collected, the stopcock was closed, the bottle shaken occasionally and alowed to stand
for four hours. The hydrazonewas collectedin a Gooch cruciblecontai ning an asbestos
mat, dried inacalcium chloridedesiccator at 50 ° under reduced pressureand weighed.

The loaded catalyst tube was put in place in the bath and dry air was allowed to
pass through it for one and one-haf hours before admitting alcohol. Thirty minutes
after the flow d a cohol had begun, an aldehyde sample wascollected, then a gas sample
whichin turn wasfollowed by another aldehyde sample, and so on till three gassamples
and four aldehyde samples had been collected. Enough aldehyde was collected to give
about 0.3 g. d hydrazone, which took from three to six minutes. Enough gas was
collected to giveabout 15 cc. d hydrogen, which required from fifteen to thirty minutes.
The allyl alcohol was prepared from formic acid and glycerin and dried by refluxing
with potassium carbonate; b. p. 95.5-96.5° (corr.) at 745 mm.?
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Pig. 2.—Variation in percentaged acroleinwith rated alcohol flow. The
percentaged acrolein (ordinates) in thealdehydes produced is plotted against
the time of samplingin minutes (abscissas)lor threeratesd allyl acohol flow,
namely, 20, 30 and 53 cc. per hour. The zinc oxide catalyst wasformed by
the thermal decomposition d zinc oxalate.

From the length d the interval for sampling the aldehyde and the
weight o the hydrazone produced, the amount d hydrazone that would
be formed per hour was calculated. ‘This was plotted against the mean
time during which the sample was collected, giving an activity curve as
shown in Fig. 3. The weight d the hydrogen was calculated from the
volume d hydrogen found in the gas analysis. Assuming a 969 con-
version d acrolein to the hydrazone,' the weight d hydrazone formed
was calculated and then the weight per hour. This value divided by the
activity (from Fig. 3) at the mean time of collecting the gas sample gave
the percentage of acrolein produced at that time. The three values ob-
tained in one experiment were plotted as in Fig. 2.

It was observed in connection with other experiments that the pro-

2 "'Organic Syntheses," John Wiley and Sons, Inc., New York, 1921, Val. I, p. 15.
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portion o acrolein, as compared to propionaldehyde, was increased by
decreasing the rate  passage o allyl acohol over the catalyst. For
example, in an experiment where the percentage d acrolein should have
been about 14% with 30 cc. d alcohol per hour, the percentage of acrolein
found was actually about 199, when therate d acohol flow had decreased
to perhaps 15 cc. per hour. (A similar effect is d course produced by
increasing the volume d the catalyst.) Followingthiscasual observation,
experiments were carried out in order to measure this effect. The results
d these experiments are summarized in Fig. 2.

The decrease in proportion o acrolein with increased rate o passage
of allyl alcohol suggested the possibility that propionaldehyde is formed
through the reaction d acrolein and allyl alcohol

CH=CHCHO + CH,—CHCH,0H = CH,;CH,CHO t CH=~=CHCHO ()
This possibility was not considered by Constable in his discussion o the
reactions d allyl alcohol over copper. It cannot be eliminated as was the
possibility that propionaldehyde resulted from the reaction o acrolein
and hydrogen, for in this scheme acrolein is reproduced at exactly the
sameratethat it is consumed.
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Fig. 3.—Variation o activity withrated alcohol flow. Therate of hydra-
zone formation in g. per hour (ordinates) is plotted againg the time of sam-
pling expressad in minutes (abscissas) for threeratesd alcohal flow.

Anincreasein the rate o passage of the acohol over the catalyst would
favor reaction (4) because it would increase the probability that an allyl
alcohol molecule would be adsorbed by the catalyst on a "' point'" or area
adjacent to an adsorbed acrolein molecule before the latter was desorbed.

If propionaldehyde is formed according to reaction (4) then while the
proportion o acrolein to propionaldehyde decreases with increasing rate
d passage d dlyl acohol, the amount should remain constant and there
should be an increased formation d propionaldehyde, that is, there should
be an increasein activity as measured by the amount d hydrazone forma-
tion. ‘This is seen to be true from a consideration d Fig. 3, where the
highest rate of flow of alcohol gives the highest activity and the lowest
rate d flow gives the lowest activity.
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That the rate of formation of acrolein is approximately constant and is
independent of the rate of flow of alcohol may be readily shown by a con-
sideration d the data given in Figs. 2 and 3. In Fig. 3, the area under
the curve between 40 and 110 minutes gives the total weight d hydra-
zone formed during that time interval at that rate d flow o acohaol.
Thus at 53, 30 and 20 cc. per hour, the amountsd hydrazone formed are,
respectively, 482 g., 458 g. and 3.67 g. In like manner the aréa under
a curvein Fig. 2 divided by thelength of time gives the mean percentage
o acrolein formed during that interval. At rates d flow d allyl acohol
of 53, 30 and 20 cc. per hour, the mean percentages d acrolein are, respec-
tively, 110, 12.8 and 14.09,. The product d the weight d hydrazone
and the mean percentage of acroleinisthe weight & hydrazone equivalent
to acrolein.  Since 969, d the hydrazone is precipitated, the weights o
acrolein formed at rates d flow d alcohol o 53, 30 and 20 cc. per hour
are, respectively, 0.16 g., 0.18 g. and 016 g These values are identica
within the limit d experimental error.

Furthermore, if reaction (4) takes place, then increasing the concen-
tration d acrolein (as by adding it to the allyl alcohol passed over the
catalyst) should increasetheamount d propional dehydeformed and should
decrease the amount d acrolein formed over the catalyst. This point
was tested experimentally by using alyl alcohol containing 5 cc. d acrolein
per 100 cc. d acohol at arated 53 cc. per hour. Theweight o hydrazone
equivalent to the weight d acrolein already present in the acohol was
subtracted from the total hydrazone found. The remainder was then
used in the customary calculations. The percentage d acroleinwith pure
alcohol would be about 129, at forty-five minutes but with this alyl
dcohol-acrolein solution it was only 6.7%. A second determination was
made in which the value 6.79, was checked; then over the same catalyst
pure acohol was used and 9.39, d acrolein was obtained. At thistime
(117 minutes), using pure acohol throughout, the acrolein would have
been 10% d the total aldehyde formed. |n another experiment in which
asolutiond 15cc. d acroleinin 85 cc. d alcohol wasused, 1.59, of acrolein
was obtained at the end d forty-five minutes instead d the normal pro-
portion d 129%,. The activity in this case was abnormally high, 6.8 g.
per hour. This indicated that an abnormally large amount d propion-
aldehyde was being produced.

Theexperimental evidencethat propional dehydeisformed through there-
action d acroleinand allyl alcohol would bestrengthened if propionadehyde
could be formed under conditions in which the intramolecular rearrange-
ment o reaction (2) could not take place, for example, asin reaction (5)

CHy=CHCHO + CH;CH,CH.0H = 2CH;CH.CHO (5)
but n-propyl acohol cannot be used over zinc oxide because it itsdf is
dehydrogenated to propionaldehyde. However, over alumina this latter
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reaction does not take place. Only traces d adehyde were formed when
n-propyl alcohol was passed over 06 cc. d an alumina at 3306°. The
flow o alcohol was then stopped and in its place over the same catalyst
an approximately 109, solution d acrolein in n-propyl alcohol was used.
The amount d aldehyde passed over the catalyst was equivalent to 87 g.
d hydrazone per hour. At theend d seven minutes hydrazone was being
produced at therated 12.0 g. per hour, at theend d twenty-five minutes
the rate was 14.1 g. and at the end d forty-five minutes hydrazone was
being produced at therated 13.4 g. per hour. Therewas thus being pro-
duced by thereaction d acroleinand n-propy! acohol, aldehyde equival ent
t03.3g., 54 g.and 4.7 g. d hydrazone per hour. These values correspond
to a converson d acrolein to propionadenyde d 38, 62 and 549,
respectively. It isthus clearly established that n-propyl as well as allyl
alcohol will reduce acrolein to propionaldenyde, and that the reaction
takes place over dlumina as well as over zinc oxide.

Constable showed that the hydrogenation d acrolein did not occur
over copper, so it seems improbable that it should occur over the less
active oxide catalysts. In the case d the reaction d acrolein and n-
propyl alcohol over alumina there is no possibility & the hydrogenation
d acrolein taking place, for alumina does not catalyze the formation o
hydrogen from propyl acohol. It isd coursepossible that a part d the
propionaldehyde formed over zinc oxide from allyl alcohol results from
intramolecular rearrangement or through some other mechanism.

Constablefound that sintered copper gave alower proportion d acrolein
than did copper which wasnot sintered. He suggested that therewere two
setsd active points, one for each reaction, and that one set was destroyed
to a greater extent than the other in the sintering. 1t is possible that sin-
tering the copper simply reduced its activity, which issimilar in effect to
increasing the rate d flow d acohol, and thus reduced the proportion d
acrolein.

Summary

The behavior over a zinc oxide catalyst d allyl alcohol and mixtures
d it with acrolein has been investigated as has dso the reaction over
auminad acrolein and n-propyl acohol. All o the experimental results
indicate that the formation d propionaldehyde from allyl alcohol over
zinc oxide results at least in part from the reaction d allyl alcohol with
acrolein and not through the hydrogenation of acrolein nor through the
intramolecular rearrangement d allyl alcohol.

MapisoN, WISCONSIN
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DIPIPERIDYLS!
By C. R. Smrru?

RECEIVED FEBRUARY 20, 1928 PuBLISHED JuLy 6, 1928

There are six possible dipiperidyls corresponding to the six di E)yridyls.
All d the dipyridyls®are known, but up to the time d these experiments
only three of the dipiperidyls had been prepared. The author has pre-
pared two additional dipiperidyls, p, ~and p,&, leaving only the a,v-
derivative for further study.

Themethod d preparationisthat o reduction d thedipyridyls by means
d hydrogen in the presence d platinum oxide catalyst. The dipiperidyl
is produced in a state d purity equal to that of the dipyridyl. Often it
can be purified by suitable means when the dipyridyl cannot be easily
purified.

The three dipiperidyls previousy known were prepared by means o
sodium and ethyl or amyl alcohol reduction and required considerable
purification. ~,y-Dipiperidyl* was the first dipiperidyl to be prepared
by the sodium reduction and presented considerable difficulty in its purifi-
cation. Ahrens prepared the dipiperidyl in a pure condition by means
d the dinitroso derivative. Blau prepared o,B-dipiperidyl® with great
difficulty, usng steam distillation, crystalization d the hydrochloride
from acohoal, distillation d the base and repeating the operations until
a maximum melting point (68-69°) was obtained. «,a-Dipiperidyl® aso
was prepared in a pureform by Blau and required almost as much manipu-
lation as +,y-dipiperidyl.

The author has prepared the dipiperidyls mentioned, together with
B,v- and B,B-dipiperidyls and also certain derivatives useful for charac-
terizing them. All the dipiperidyls are strong bases which absorb carbon
dioxide readily from the air. They are very stable to the action d heat
and air. The picrates usually melt with decomposition. The bases may
be titrated with two molecular equivalents d strong acid to one d base,
phenolphthalein being used as indicator. The bases are very soluble in
water, dlightly soluble in ether and almost insoluble in petroleum ether.

I n no instance does a partial reduction d the dipyridyl molecule appear
to take place, either in hydrochloric acid solutions d various strengths,
acetic acid solution or various solvents. ‘The reduction goes to comple-
tion, calculated as for the formation o dipiperidyl, and stops. When

! This paper vas read at the Insecticide Symposium at St. Louis.

2 Associate Chemist, Insecticide Division, Chemical and Technological Research
Bureau d Chemistry and Soails.

8 Smith, Tris JOURNAL, 46414 (1924).

4 Ahrens, Ber., 24, 1479 (1891).

5 Blau, Monatsh., 13, 330 (1892).

8 Blau, ibid, 10,375 (1839).



July, 1928 DIPIPERIDYLS 1937

one-haf this quantity is used a mixtured dipyridyl and dipiperidyl always
results. In alkaline solutions, or solutions without acid, no reduction
takes place at all, probably because the catalyst is inactive or rendered
so by the production d the akaline dipiperidyl.

Experimental

The same general procedurewas used in the preparation of each d the dipiperidyls.
The dipyridylswere usually dissolved in a moderate excess of hydrochloric acid in water
or alcoholicsolution and reduced at atmospheric or higher pressures. The quantity o
hydrogen absorbed agreed with theabsorption d twelve hydrogenatoms. The platinum
oxide catalyst was prepared by the methed d Vorhees and Adams.” After reduction
thesolution wasseparated from the platinum, evaporated tolow volume and precipitated
by means o absolute alcohol as the dihydrochloride. (If the original dipyridyls were
somewhat impure this precipitation effected a purification but is otherwise unnecessary
forthe preparation d the bases.)

The bases were freed with caustic potash and extracted with ether. They may
be recrystallized from petroleum ether or a mixtured ether and petroleum ether.

The experimental results on five dipiperidylsare given in tabulated form. Only
asmall amount o crude «,y-dipyridyl was obtained, boiling at 282-284°, from a large
quantity d mixed dipyridyls obtained i the action d sodiumon pyridine. The correct
quantity d hydrogen was absorbed but the dipiperidyl was too impure to prepare pure
derivatives. Further study isrequired to obtain these a,y-derivatives.

The phenyl isothiocyanate addition products d the type C;oHzoN2-2CH;NCS
crystallizewell from acohol or acohol and water mixtures.

TaBLE I
DIPIPERIDYL, DERIVATIVES
Melting point, ° C. B.pt., . . . o .
ni- PONCS base, Cin Hin N in Dini- Sin
Base troso comp. °C. base, % base,; % troso, % PhNCS, ¢

v, v* 172 149 225° .. P e ee 14.74

150 229
a,af Liq. 159 178¢ 259 R . 24 .20 14 .47
a,B° 68 88 .. 269 e

69
B,8° 105 102 200 282 71.09 11.83 24.93 14 .49
By 159 149 202 270 70.90 11.85 25.30 14.57
Calculated 71.40 11.90 24.78 14 .64

¢ Ahrensgives 160° for baseand 141- 143 ° for dinitrosocompound. Base sublimes
long needles below melting point, and boiling point could not be determined.

® Needles.

¢ Figures are identical with those given by Blau. The «,8-dipiperidyl picrate,
however, melted at 224°, unchanged on recrystallization. Blau gives215°.

¢ Needles.

® Needles arranged in rosets.

/ Sublimesto needlesin rosets.  Picrate blackensat 200° but doesnot melt at 230°.
The platinum double chloride turns gray at 235° but doesnot melt at 250". N in base,
cacd., 16.7%; found, 16.8%.

The dipiperidyls resemble nicotine and hexahydronicotinein their chemical struc-
ture to a degree which makesit desirable to examinetheir toxicity to insects. A study

7 Vorheeswith Adams, THIs JOURNAL, 44,1397 (1922).



1938 DONALD W. MACCORQUODALE AND HOMER ADKINS Vol. 50

d the insecticidd action of these compounds is being made in cooperation with Dr.
C. H. Richardson, Deciduous Fruit Insect Investigations, Bureau d Entomology.

Summary

1. a,a, B,8- v,y By~ and a,B-dipyridyls were reduced quantitatively
to the corresponding dipiperidyls by means d hydrogen in the presence o
platinum oxide catalyst. Impure «,y-dipyridyl was also reduced to the
dipiperidyl but proper purification could not be made.

2. Certain physical constants d the bases, their dinitroso and other
derivatives were determined to characterize them.

WAaAsHINGTON, D. C.

[ConTRIBUTION PROM THE LABORATORY OR ORGANIC CHEMISTRY OF THE UNIVERSITY OF
WiscoNsIN]

AN ORGANICTITANOUSCOMPOUND AND ANEW METHOD FOR
THE PREPARATION OF SOLUTIONS OF TITANOUS SALTS

By DoNALD W. MAc¢CORQUODALE AND HOMER ADKINS
RECEIVED MARCH 5, 1928 PuBLISHED JuLY 6, 1928

Bischoff in 1923 observed that a blue colored substance insoluble in
organic solvents and containing no sodium resulted from the reaction o
an acohaolic solution d tetra-ethyl ortho titanate with metallic sodium.
He demonstrated that the compound contained trivalent titanium and
was presumably an ethyl titanite.

This crude ethyl titanite is readily prepared by converting titanium
tetrachlorideinto tetra-ethyl ortho titanate.! The yield may beincreased
to 819, d the theoretical by centrifuging the mixture containing the
sodium chloride and decanting off the alcoholic solution d the ortho
titanate instead d distilling it from the salt mixture. The salt should
be shaken and centrifuged twice with alcohol in order to wash out the
ester. The titanate isreadily purified by distillation so that it is entirely
free from al metallic or acid impurities.

The trivalent titanium compound is most easily prepared by adding an acoholic
solution o ethyl titanate as rapidly as possible to a flask containing findy divided
sodium, the flask being equipped with an efficient reflux condenser which in turn is
equipped withaBunsen valve. Whenthe reaction becomestoo vigorous, i tismoderated
by immersing the flask in an ice-bath for a moment. However, the more vigorousis
thereduction, the better the yield d product, so that the reaction should be allowed to
proceed as vigoroudy as the efficiency d the condenser Wl permit. “The separation o
the blue precipitate is best effected by centrifuging, after which the solution can be
decanted and the precipitate washed by shaking up with absolute alcohol and centrifug-
ing again. The product should be washed in this manner two or three times, after
which it can be dried over concentrated sulfuric acid in an atmosphere d hydrogen or
nitrogen. From 30 g. d ethyl titanate dissolved in 200 cc. of absolute acohol, 20 g. of
product may readily be obtained, using 10 g. o sodium for the reduction.

! Bigchoff and Adkins, THIS JOURNAL, 46,257 (1924).
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This dark blue amorphous solid contains from 55 to 709, as much
trivalent titanium aswould an equal weight d ethyl orthe titanite, (CoHs)s-
TiOs. |t reduces aromatic nitro compounds to amines very readily and
aromatic aldehydes to acohols somewhat more dowly, when used in the
form d a sugpension in absolute dcohol. |t dissolves in hydrochloric
acid and in dilute sulfuric acid, forming the titanoussalts.

When the dry ethyl titanite is exposed to the air it very rapidly turns olive-green
and then white, the odor o acetaldehyde being very pronounced. To obtain samples
for analysis the material, in acoholic suspension, was transferred to small glass bulbs
which werefilled with nitrogen. The alcohol was removed by heating at 100° for one
hour under a pressured 5-10 mm. and the bulbs were then sealed off, filled with nitro-
gen. Theresults obtained were asfollows. From 0.2287 g. o substance, 0.1736 g. of
water and 0.3368g. d carbon dioxide were obtained: calcd. for CeHysOsTi: C, 39.31;
H, 8.25. Found: C, 40.18; 8.49.

Trivalent titanium was determined by titrating the ferrous salt formed by the ac-
tion d thecompoundon an excessd ferricaluminan atmospheredf carbon dioxide. All
valuesfor trivalent titanium werelow. A sample which had been boiled with absolute
acohol inacurrent d hydrogen for several hoursshowed 21.31and 20.77%, o trivalent
titanium instead d thetheoretical 26.25%. Thiswouldcorrespondtoamixtured about
80% d ethyl titanite ((C:Hs)sTiOs) and 20% d ethyl titanate ((C2Hs){ TiO4). Accord-
ingly, adetermination o total titanium was made by dissolving the material in concen-
trated hydrochloricacid with theaddition d afew dropsd concentrated nitric acid and
precipitating the titanium as titanium dioxide.2 The resultswere 24.93 and 24.86%, of
titanium as compared with the theoretical valued 25.21% calculated for this mixture.

From thisanalysisit seemed probable that the material was a mixture of the two
esters and a further effort was madeto effect their separation. 1t wasfound impossible
to wash out the ethyl titanate but a partial separation was accomplished by heating at
156° and 8-10 mm. for one hour. Under these conditions some d the ethyl titanate
distilled out and was condensed in the cold part d thetube. A sample treatedinthis
manner wasfound to contain 22.85%, d trivalent titanium, which corresponds to 87.49,
d ethyl titanitein the preparation. Increasing the temperature from 156 to 185° had
no effect. Probably the remaining impurity wasin part titanium dioxide but we were
unable to remove this as we found no non-reactivesolvent for the ethyl titanite. It
appears probablethat if thetitanites d the higher alcoholswere prepared they would be
found to be more soluble and so might be more readily purified, but this has not been
attempted.

Summary

An organic trivalent titanium compound has been prepared in an
impure state by the reduction with sodium d an dcohol solution o tetra-
ethyl titanate. This dark blue compound acts as a reducing agent and
also dissolves in hydrochloric or dilute sulfuric acid to form titanous
salts. The titanous salt solutions S0 obtained are entirely free from iron
or other metallic or acidicimpurities. An improvement in the method of
preparation d tetra-ethyl titanate has been described.

MaADIsoN, WISCONSIN

2 Scott, " Standard Methods d Chemica Andysis' D. Van Nostrand and Co,,
New York, 3d ed., 1922, p. 542.
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[ConTRIBUTION PROM THE UNivERsrry OF CALIFORNIA]

THE STRUCTURE OF MERCERIZED CELLULOSE. 1. THE
SPACE LATTICE OF MERCERIZED RAMIE CELLULOSE AS
DEVELOPED FROM X-RAY DATA:?

By O. L. SpoNsSLER AND W. H. DorE
RECEIVED MARcH 5, 1928 PusLIsHED JULY 6, 1928

It has been noted by Herzog? and by Katz and Mark? that mercerized
cellulose gives a diffraction pattern with x-rays which differs somewhat
from that d untreated cellulose, but no clearly defined space lattice for
mercerized cdlulose has been heretofore worked out.*® Based upon new
X-ray data that we have obtained for mercerized ramie fibers, we have
developed a space lattice which appears to agree with all d the observed
facts. In the present paper this structure is described and suggestions
aremade in regard to the probable mechanism o mercerization.

Several lots of ramie fibers were extracted with a mixture d alcohol and benzene
and then mercerized by treating for thirty minutes with solutionscontaining 1, 8, 14,
17.5 and 289, respectively, d sodium hydroxide. The akali wasremoved by washing
for along timewith distilled water, then digestingfor afew minutesin very dilute acetic
acid and again washing thoroughly with water. Finally the sampleswere dried in an
oven. In order to keep the fibers from becoming tangled during these treatments,
each sample was wound on a glass frame and tied in position, whereit remained during
all o the operations.

After mercerizationthe fiberswere cut from the frames, laid parallel and cemented
with dilute cdloidininto tablets from which small blockswere cut. These blockswere
used for obtaining the diffraction patterns. A molybdenum Coolidge tube was used
as the sourced radiation, and a monochromatic beam d x-rays was obtained by using
screens o zirconium oxide. The procedureis described in greater detail in an earlier
paper.
By revolving the block d fibers through known angles, it is possible to determine
thepositiond the atomic planeswith referencetothelong axisd thefibers. Whenthat
axis, designated hereasthec axis, isparallel tothelined propagationd the x-ray beam,

! This paper is a joint contribution from the Department d Botany, University
of Californiaat LosAngdes, Cdifornia, and the Divisond Plant Nutrition, University
o California Experiment Station, Berkeley, California

¢ Herzog, J. Phys. Chem., 30,460 (1926).

3 Katz and Mark, Z. Elektrochem., 31, 105 (1925).

.3 Since this paper was written, a paper by Meyer and Mark. Ber., 61, 593-614
(1928), has appeared in which is proposed a structure for native celluloseresembling in
many ways the structure proposed by the present authors in 1926 (see ref. 6), but
differingin several respects from the earlier structure. Based partly upon the data o
Herzog, and partly upon new data d their own, Meyer and Mark have calculated
lattice dimensions for mercerized cellulose and have made suggestionsasto the probable
orientation changes accompanying mercerization. The lattice dimensions given by
these authors as wdl as their conclusions are at variance with those d the present
paper. Additiona data will probably be required beforeit will be possibleto show how
far these conflicting views are capable d being reconciled.

4 Sponsler, J. Gen. Physiol., 9,221-233 (1925); 9, 677-695 (1926).
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the position iscalled the 0° position; when the beam cuts thefibersat right angles, the
position d the ¢ axisis referred to as the 90° position. The interplanar spacings cal-
culated from the diffractionlinesobtained from the0° position are the spacings between
planes d atoms which are parallel to the fiber length; when obtained from the 90°
position, they are the spacings between planes which are perpendicular to the fiber
length.

In Table I the interplanar values obtained from the 0° position for the
various mercerization treatments are listed for comparison.

TABLE |

INTERPLANAR VALUES FROM 0° PosiTIoN RAMIG FIBERS
Untreated, A. 89 NaOH, A.  14% NaOH, A 175 Na0H, A.  28% NaOH. A.

6.10 6.08 7.55 7.53 7.64
5.40 5 45 4.49 4.48 4.51
3.98 3.98 4.10 4.10 4 09
2.65 2.64 2.22 222 2.24
1.98 1.96 o .. ..
1.93 1.88

The first and second columns are practically identical; similarly, the
third, fourth and fifth columns. Apparently no change had taken place
in thefirst two; whilein the remaining three columns the change produced
by the akali was the same regardiess d the concentrations used. A
critical concentration isindicated between 8 and 14%. From data which
we are not presenting completely at thistime, that critical point wasfound
to be very close to 13%,. For convenience we are using the term "un-
mercerized" as associated with treatments below the critical concentration,
and "mercerized" for all above that. We found that fibers which have
been subjected to concentrations near 139, may produce lines of both
groups. The significance d that observation is as yet uncertain, but
studies now under way may determine whether indvidual fibers have
dlightly different critical points or whether the samefiber wall may contain
both mercerized and unmercerized cellulose.

In Table II values from Table | are summarized into the two groups
which we have called ""unmercerized" and "mercerized." Instead of tak-

TABLE II
INTERPLANAR VALUES FCR MERCERIZED AND UNMERCERIZED RAMIE FIBERS FROM 0°
PosiTioN
Unmercerized. Treated with 1 or Mercerized. ‘Treated with 14, 171/2 or
8% NaOH or untreated . 28% NaOH i
Spacing, Density Spacing, Density
A. d line A. d line
6.10 Strong 7.55 Medium
5.40 Medium 4.50 Strong
3.98 Very strong 4.10 Strong
2.65 Weak 2.23 Weak
1.98 Very weak

1.93 Very weak
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ing the averages, however, we have used the valuesfor the strongest clean-
cut lines which were obtained, on the assumption that they are most nearly
correct.

I't may not beout d placeto assumeat thistime that the various planes
of atoms producing the diffraction lines have shifted from the spacings
givenin thefirst column to thosegiven on thesamelinein the third column.
This assumption will be amply justifiedlater by thefacts. Inthetableit
will be noted that with the shift in positions, changes aso occur in the
densities d some d the lines. Especidly significant is the change in
density d theline corresponding to the 5.40 spacing into a stronger 4.50,
and that d the 398 to a wesker 4.10. These density changes are d
considerable importancein determining the orientation d the constituent
Cs unitsin the structure for mercerized cdlulose, as will be shown further
on.

The patterns from the 90° position d the fibersare identical in all cases
regardless d the concentration d sodium hydroxide used, so far as the
interplanar spacings are concerned. However, there is a very evident
differencein the density d at | east three lines, between the mercerized and
unmercerized groups, the5.15 lineisglightly stronger, the 3.40 considerably
weaker and the 258 much wesker from the mercerized material.

TaBLE IIT
INTERPLANAR VALUES ROR MERCERIZED AND UNMERCERIZED RAMIE FiBERS FROM 90°
PosITION
Unmercerized, Treated with 1 or Mercerized. Treated with 14, 17t/2
89 NaOH or untreated or 28% NaOH
Spacing, Density Spacing, Density
A o line A. of fine
5.15 Strong 5.16 Strong
3.40 Medium 3.36 Very weak
2.58 Very strong 2.59 Strong
2.03 Strong 2.02 Strong
1.70 Strong 1.69 Strong

From the intermediate positions, between ¢ and 90°, the mercerized
fibers produced fewer lines than the unmercerized. Their valuesand den-
sitiesaregivenin TableIV.

TaBLE IV
INTERPLANAR VALUES FOR MERCERIZED RAMIE FIBERS PROM POSITIONS BETWEEN 0
AND 90°
Position o fibers Spacing, A. Density of line
70to 80° 2.46 Weak
60 to 70° 3.15 Strong
60° 2.19 Weak
55° 4.38 Strong
40 to 50" 2.62 Medium

60to 70° 1.89 Very weak
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Development of Space L attice

The interplanar spacings for mercerized material given in these tables
are in agreement with the calculated spacingsfor alattice the elementary
cdl d which is slightly monoclinic and has the axial ratios, a:b:¢ =
0.595:1:1.352 (a = 4.53 A., b = 7.61,= 10.30).

The angle made by the axes, a and b, is approximately 83°. We have
departed here from the conventional nomenclature o crystallography,
since, consistent with the terms employed in our earlier work on untreated
cdlulose, we have found it convenient to retain the long axis o the fiber
asthecaxis.

Thevolumed thiselementary cel is4.53 X sin83° X 7.61 x 10.30 =
353 cu. A. The volume d the cellulose unit, CeHiOs, assumi ng that no
chemica change has taken place, is 162.1/1.57 X 1/(6.062 X 10%) =
170 X 10-2* cm.® or 170 cu. A., where 162.1 is the sum o the atomic
weights & CeH1¢05, 1.57 is the value for the specific gravity of mercerized
cellulosedetermined by us by the de Mosenthal method® and 6.062 < 102?
is Avogadro's number. There are then two d these Cs units per elemen-
tary cdl. 353/170 = 2.08 groups per unit cell.

In Table V the data from the previous tables are brought together for

TABLE V

INTERPLANAR SPACING VALUES ROR MERCERIZED AND UNMERCERIZED RAMIE FIBERS
Basis, a: b:¢c = 4.53:7.61:10.30, aoh = 83°

Unmercerized

treated with Mercerized treated with 14, 171/2 or 28% NaOH
1or 8% NaOH Angular position

or untreated. Obs. Calcd. o fibers

Obs. values, values, values. Obs.

As . . approx. Calcd. Indices
6.10 7.55 7.55 0° 0? (010)
5.40 4.50 4.50 0° 0° (100)
3.98 4.10 4.10 0° 0° (110)

.. 2.23 2.22 0° 0° (210)
2.65 .. .. (120)

.. .. 10.27 . 90° (001)
5.15 5.16 5.13 90" 90° (002)
3.40 3.36 3.42 QO° 90° (003)
2.58 2.59 2.56 90° 90" (004)
2.03 2.02 2.05 90° 90" (005)
1.70 1.69 1.71 90° 90° (006)
4.35 4.38 437 55° 58° 114)
2.17 2.19 2.18 60° 58° (114)
2.62 2.62 2.63 45" 50° (113)
2.35 2.46 2.44 75° 71° (014)
2.97 3.15 3.13 65° 65° (013)
1.94 1.89 1.88 65" 65° (105)

¢ Figuresin this column are taken directly from an earlier paper, J. Gen. Phystol.,
9, 221-233 (1925).

5 H. J. de Mosenthal, J. Soc. Chem. Ind., 26,443 (1907).
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comparison, and the corresponding crystallographic indices and calcul ated
values for theinterplanar spacingsand for the angular positions have been
added. The observed angular position refers to a relationship between
thelong axisd thefiber and the path d the beam, the calculated position
to the angle between the long axis and the diffracting plane as determined
from the elementary cdl. These two values should agree within a few
degrees. The calculated values are based upon the axial dimensions as
given above and upon the value o 83° for the angle between the axes
aandhb

The close agreement between observed and calculated values seems to
indicate that the spacelattice for mercerized ramie cellulose, which we have
described, meetsthe requirement o the x-ray data.

Discussion
A comparison d the lattice which we have just deduced for mercerized
ramie cellulose with our earlier lattice for unmercerized cellulose®®. re-
veals rather definitely, we believe, the
rearrangement d the structural units
«  which has taken place during merceriza-
tion d thefiber.

In the earlier paper® it was shown

that untreated ramie cellulose is ap-
4. parently made up d glucose units ar-
v -/.ranged in parallel chains d indefinite
| + : length running lengthwise d the fiber,
| 2 Fg. 1. the Cs units d the chain being united
tRrough®ut by glucosidal linkages. T he chains themselves, in a cross sec-
tH)rLof _—tbeﬁ.ber]dé‘réééngularly spaced 6.10 by 5.40 A.
I3, thé present gpaper|. the data indicate that during mercerization the
cHains are moved bodilly in such a manner that the 6.10 A. spacing has
betome 7.55 A., whilethe 540 A. spacing has become 450 A. This is
illustrated in Fig. 1, which shows a section through the unit cells per-
pendicular to the ¢ axis. The solid circles indicate the centers d the Cs
groups as they occur in the unmercerizedfibers; the dotted circlesshow the
new positionsafter mercerization.

As pointed out in our earlier paper,® each o the constituent glucose
units d cdlulose contained a six-membered ring which gave the unit a
flattened structure having a maximum dimension o about 7 A. at right
angles to the ¢ axis. In the unmercerized fibers this dimension was re-
garded as lying dong one d the diagonalsd the 6.10 by 5.40 rectangle as
indicated in Fig. 2.

% Sponsler and Dore, " Fourth Colloid Symposium Monograph,” Chemical Catal og
Company, New Y ork, 1926, pp. 174-202.

-
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This view is in agreement with the x-ray data, since the diagonal 3.98
line is much denser than either the 6.10 or the 5.40 lines. The density of
thelinesfrom the mercerized fibers, however, forcesa different interpreta-
tionin regard to the position d theflattened Cs units. Here the 4.10 line,
adiagonal, isd equal density to the 4.50 line, whichmay correspond tothe
5.40 of the unmercerized material. The equality d density o these two
lines strongly suggests that in the mercerized material one-half of the
number d C, groups have their long dimension (7 A.) along the diagonal
and the other haf along the 4.50 planes, that is, paralel to the b axis.
This may be more clearly seen from Pig. 3, where several possible arrange-
ments are shown, each diagram representing asection through the unit cell
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perpendicular to the ¢ axis. In A and B thelong dimensionsd all the Cs
unitsd any one chain liein the same direction, but al those o two o the
chains lie along the 450 planes and d the other two chains along the
diagonal planes. By either arrangement a given chain would contribute
mostly to one line or to the other, but by the arrangement shown in C
every chain would contribute equally to each line. Here the dotted
circlesindicate alevel below thesolid circles. A study d three-dimensional
modelsseemsto indicate the C arrangement as the most probabl e one.

In attempting to fit a three-dimensional model d the glucose unit to
our original elementary cell  untreated cellulose, we were forced to
place the long dimension o the unit (7 A.) on a diagonal o the cell be-
cause the axial dimensionswere too short (6.10 and 5.40). This diagonal
position furnished very satisfactory agreement with the densities d the
diffraction lines produced. A similar agreement between position o the
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units and density of lines should occur, d course, with the mercerized
cellulose. It isinteresting to note that the density d the lines demanded
that about hdf d the units should change their position from the diagonal
to the b axis, and then to find that the axial dimension along that axis
had actually increased sufficiently (to 7.61 A.) to alow for the new orienta-
tion o thelong axisd the glucose unit.

I n the above discussion we have attempted to show that the chains d
Cs units have been shifted in their relative positionsand that theindividual
units in each chain have assumed new relative positions with respect to
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one another. 1t now remains to be considered whether in addition to
these larger shifts there have aso occurred internal rearrangementsin the
structured the chain and o the Cg unit.

The fact that identical diffraction lines were obtained from both un-
treated and from mercerized fibers in the 90° position shows that the
planes d atoms at right angles to the ¢ axis have not shifted during the
rnercerization process. Since it has been shown in our earlier paper that
the arrangement of these particular planes o atoms is produced by the
arrangement d atoms in the amylene oxide ring d the constituent glucose
units, the absenced changein the arrangement d the planeswould appear
to indicate that the ring formation has not been disturbed. Although
the same planes & atoms exist after as before mercerization, a distinct
change in the intensities d three lines shows that there has been some
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change in the spacial relationshipd some d the constituent atoms o the
Cs group.  An adequate explanation may be found in the mobility of the
hydroxyl group attached to the sixth carbon atom. An examination of the
three-dimensional model” will show that
while therest d the atomsin the mole-
cule are in practically fixed postions,
this particular hydroxyl is capable d
rotation about the axis d the bond
joining thefifth and sixth carbon atoms.
A rotation from position A to position
B, as shown in Fig. 4, would have a
tendency to produce the changes ob-
served, namely, a decrease in the density d the 2.58 and the 3.40 lines
and an increasein that d the 5.15line.

A B
Fig 4

The Nature d the Mercerization Change

From the preceding considerations mercerization appears to be the
resultd rearrangementsin threediierent ways. (1) ashiftin the position
d the chain with respect to the neighboring chains, (2) a partial rotation
d the alternate glucose units in each chain and (3) a shift in the position
d the hydroxyl attached to the sixth carbon atom. We are not prepared
to discuss at present either the timerelation or the causd relation o these
three events; that is, we do not know whether the movement d the whole
chain is due to the partial rotation d the alternate glucose groups nor
whether those movements are influenced by the probable shifting o the
hydroxyl mentioned.

Regardless d the relationship existing between these three rearrange-
ments, the new positionstaken by the chains and by the constituent units
and parts seem to dispose d several suggestions which have appeared in
the literature concerning the nature d mercerization. It seemsextremely
unlikely that the mercerization process involves (a) a migration o an
oxygen bridge,® (b) an enolization,® () an isomeric change,® or in fact any
typed molecular rearrangementd the constituent glucose, since any such
changewould almost certainly produce a different diffraction pattern than
that which is obtained from the 90° position d thefibers.

It appears dso unlikely that mercerization is a progressive change
varying in degree with the strength d the alkaline solution employed, as
Herzog? contended. Herzog recognized three stages d mercerization;
the first with 8 to 109, NaOH, the second with about 14% and the third
or "'total mercerization™ with 28% NaOH.

* Ref. 6, Fig. 3, p. 179.

8 Herzog and Londberg, Ber., 57, 329 (1924).
s Gebhard, Chem.-Ztg., 37,663 (1913).
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Our data indicate that there is a critical concentration d alkali below
which the treatment does not produce a permanent effect on the arrange-
ment d the Cs units. This critical concentration is in the neighborhood
of 139% for sodium hydroxide. Material treated with akali of about
that concentration is quite likely to give diffraction linesd both the mer-
cerized and unmercerized fibers, as previousy mentioned. It is probable
that certain discrepancies between our data and those d Herzog are due
to this partially mercerized condition. In hisdatafrom the 149, material,
the interference points A; and Az were apparently produced by the parts
o the fibers which were unmercerized, since they appeared from the 89
and not from the 28%,; while opposed to this the A; and A, lines were
produced by the mercerized parts d the fibers since they appeared from
the 289, and not from the 8% treatments. With that explanation his
data, but not his conclusions, are in agreement with ours with one further
exception. Apparently he has made the error o accepting interference
points produced by Kz wave lengths as though they were d X, origin.
His point A; from 8% treatment is quite clearly of Kg origin, while A4
isdf K, originfromthesameset d planes. O coursethat As point should
be discarded and, without that, there is no basis for Herzog's conclusion
that mercerizationis a progressive change.'® On the other hand, both his
data and ours seem to indicate that only two general types o x-ray dif-
fraction patterns are obtainable, one from unmercerized and the other
from mercerized material, and that the spatial rearrangement o the
groups o atomswhichexistin mercerized material is produced by a definite
concentration d the alkali. Although the fibers are swollen to a different
extent with different concentrations d akali, the component chains, upon
washing, seem to behavein only two ways: for concentrations below 139
they return to their original position, for those'above that concentration
they take on new positionsas described above.

We desire to cal attention here to the additional support which the
observations recorded in the present paper give to the conception d a
cellulose structure as being made up d continuous chains of glucose units
which are held together by primary valencelinkages. Aswe have shown,
mercerization produces a separation o the chains and a partial rotation o
the units within the chains. This rotation is definitely a rotation about
an axis which is parallel to thelong axisd the chain. Throughout these
changes the chains as such remain intact; that is, the C; units have not
become detached from the chain.

If the units were held together by secondary valence forces only,"" then
the alkali treatment should produce a separation d the units lengthwise
o the fiber, just as it produces the separation d the chains laterally.

v Sponsler has discussed thiserror in greater detail in Nature, 120,767 (1927).
1 X, Hess and others, Ann., 435, 1-144 (1923); 443, 71-112 (1925).
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Our x-ray evidence, however, shows that no separation d the Cs groups
occurs lengthwised thefiber, but that the chains have become separated,
indicating that the forces existing between the unitsin the chain must be
greater than those exerted laterally from chain to chain. We consider
that the greater forces holding unit to unit correspond to primary valences
and the lesser ones between the chains to secondary valences.

Again, if cdlulose were composed d detached Cq units held in space by
secondary vaence only, it is scarcely conceivable that the forces which
produce mercerization would be exerted so as to produce partial rotation
on one axis only and that axis the long axis of the chain. It would seem
more likely that rotation would occur on severa axes rather than only
one which happens to be awaysthe long axis d the chain, and, further,
it would seem that the units would be forced out d their linear arrange-
ment unless the forces which hold the units together, and incidentally
act as pivots, are stronger than the laterally acting forces.

The x-ray evidence which we have brought forward points very strongly
to a linear arrangement d the units and shows that the mercerization
process produces rotation d some d the units about the long axis o the
chain but does not disturb their linear arrangement. This evidence
indicatesthat the forces holding the units together in a linear chain are
too strong to be overcome by the mercerization process and that, on the
contrary, the forces acting laterally unquestionably have been overcome.
These stronger linear forces correspond to our conception d primary
vaence forces; the wesker lateral forces, to secondary valences.

We have not yet attempted to correlate the gross changes o swelling,
shrinking and twisting which accompany mercerization with the changes
observed in thelattice structure.

We have 50 far been concerned with the structureof mercerized cellulose
rather than with the mercerization process. Accordingly, we have as yet
no insight into the mechanism by which treatment d cellulosefibers with
strong sodium hydroxide solution is able to produce the changes we have
been discussing., but studies are now under way with swollen fibers which
may give some suggestion as to the mechanism involved in mercerization.

Summary

1 X-ray diffraction data are given for ramie cdlulose which has been
subjected to mercerization processes with various strengths o sodium
hydroxide solutions. The evidence shows that there is a critical concen-
tration d the akali at about 139, above which the fibers are mercerized,
bdow which they remain unmercerized.

2. From the diffraction patterns d mercerized ramie cellulose a space
lattice has been developed, When compared with the unmercerized
lattice the ¢ axisis seen to be unchanged while the a and & axes have been
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changed froma = 540 in the unmercerizedto a = 4.53 in the mercerized
andfromb = 6.10,tob = 7.61 A. The angle between axesa and b has
been changed from 90 to 83°.

3. Asaresult & mercerization the chains d glucose units have been
shifted laterally in the wall d thefiber and have remained unbroken.

4. Within the chain the original glucose unit has remained unchanged
except for a shift d the hydroxyl d the sixth carbon atom. The x-ray
diffraction patterns indicate that there has been a partial rotation d some
of the glucose units about the long axisd the chain.

5. A comparétive study d the structures d mercerized and unmer-
cerized cdlulose has produced additional support to the view that the
constituent units d cdlulose are united in chains by primary valence
linkages.

Los ANGELES, CALIFORNIA
BERKELEY, CALIPORNIA

[Communication PROM THE DEPARTMENT OF INDUSTRIALAND CELLULOSE CHEMISTRY,
McGiLL UNIVERSITY]

STUDIES ON REACTIONSRELATING TO CARBOHYDRATESAND
POLYSACCHARIDES XIv. POLYMERIZATION OF
ALDEHYDES

By HaroLp HiBBERT, W. F. GILLESPIE! AND R. E. MONTONNA?
RECEIVED MARCH 8, 1928 PuUBLISHED JuLY 6, 1928

The nature d polymerization, aggregation and disaggregationis one d
peculiarimportancein relationtotheva ence, surfacetension, crystal and ab-
sorptionforceswhich ceme into play intheformationd largecrystallineand
colloidal aggregatesin plant and animal life, since'* permanenced form™ and
" capacity toexist" are both dependent on the ability d specificsubstances
to exhibit the pheonomenon d "aggregation.” The nature d the forces
throughwhich thisincreased permanenceand stability areattained is, asyet,
quite unknown, as is evident from the work  Bergmann,® R. O. Herzog,*

! Presented to the Faculty o the Graduate School, McGill University, June,
1927, in candidacy for the degreed Master of Science.

2 Taken in part from the thesisof R. E. Montonna as presented to the Graduate
School of YaleUniversty in June, 1924, in candidacy for thedegreeof Doctor of Philoso-

hy-
Pny 3 Bergmann, " Allgemeine Strukturchemie der complexen Kohlenhydrate und
Proteine,” Ber., 50, 2973 (1926); " Beitrage zur Chemie hochmolekularer Stoffe," Ann.
445, 1 (1925); ““Uber den hochmolekularen Zustand von Kohlenhydraten und Pro-
teinen und seine Synthese,” Z. angew. Chem, 38, 114 (1925); Naturwissenschafien,
1925, p. 1045; “Uber €in assoziierendes Hexosan," Ann., 448, 76 (1926).
¢ Herzog, " Published Researches from the Kaiser Wilhelm Institut fiir Faser-
stoffchemie,” 1920-1977.
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H. Mark,% Hess,® Pringsheim,” Staudinger,® Karrer,® Waldschmidt-Leitz®
and others.

Asillustrating the complexity d the problem involved, the recent work
d Bergmann,'? on cellobiose anhydrideand d Hess® on cellulose may be
cited. In the Fom d their acetates these substances are present in solu-
tion as monomolecular derivatives which, however, on saponification
yield the origind, highly polymerized, hydroxy compounds.

There seems to be little doubt, as suggested by Bergmann,*® that in
the case d the polysaccharides the factors regponsible for the polymeri-
zation are concerned with the entire molecule (a) the hydroxyl groups,
(b) latent aldehyde groupsand (c) oxygen bridge rings.

In order to throw some light on the subject, work has been carried
out for some considerabletime by the author and his co-workers on the
propertiesd the carbonyl group.

I n connection with an investigation carried out severa years ago on the
mechanism d the formation d esters from adehydes by the catalytic
action d an aluminum alkylate (Tischtschenko)* it seemed possible that
the function d the catalyst might be explained by the formation o an
intermediate, unstable four-membered oxygen ring (A) which, through

9RCHO + 2A1(0C;Hs)s = 2RCH(OC,H) [OAI(OC,Hy). ] e))
10CH, (H.GORALO 0
reu T >CHR - RCH< >CHR + 2A1(0C,Hy),
\OEA_I'(E)Csz)z HsCin O A. (2)
0
RCH<O>CHR — > RCOOCH;R 3)

5 Mark, “Uber die roentgenographische Ermittelung der Struktur organischer
besonders hochmolekularer Verbindungen," Ber., 59, 2982 (1926).

s (@ Hess, “Uber Cdlulose, Ann., 435, 1 (1923); (b) Papierfabrikant, 35, 541
(1927); (c) Kolloid-Chemische Beihefte, 1996, p. 93; (d) “Ueber Lésung und Abbau von
Cellulose, ein Beitrag zur Chemie hochmolekularer Korper," Z. angew. Chem., 39, 1189
(1926); see also (€) Naturwissenschaften, 19, 435,

7 Pringsheim, ""Abbau und Aufbau der hochmolekularen organischen Stoffen,™
Rer., 59,3008 (1926).

8 Staudinger, ''Die Chemie der hochmolekularen organischen Stoffen,' Ber., 59,
3019 (1926).

® Karrer, " Der Aufbau der polymeren Kohlenliydrate," see Ergebnisseder Physiolo-
gic, 20, 443 (1922).

10 Waldschmidt-Leitz, “Zur Struktur der Proteine,” Ber., 59, 3000 (1926).

11 For synopsis see ""Handbuch der normalen und pathologischen Physiologie,”
1927, pp. 922-924.

12 Bergmann, Ber., 57, 1276 (1924).

13 Bergmann, Ann., 445, 5 (1925).

14 Tischtschenko, J. Russ. Phys. Chem Ges., 38, 355, 482 (1906); Chem. Centr.,
1906, (11), 1309, 1552.
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the wandering of a hydrogen atom would be capable d yielding the corre-
sponding ester.'®

An attempt to prepare such a ring by the interaction o chloral with
trimethylacetaldehyde

o
CCLCHO + (CH,),CCHO —> C13CCH<O>CHC(CH3)3

yielded instead a mixed paraldehyde, formed from the union d two moles
of trimethylacetaldehyde with oned chloral
o]
(H5C);C-HC, CH-C(CHa);

0
CH-CCls

The substance® is a crystalline product, remarkably stable toward
aqueous and acoholic alkali. Owing to a temporary interruption in the
work it was not possibleto carry it further and in the meantime two other
i nteresting communicationson the same subject have appeared.

Helferich?? has shown that mixed paraldehydes can be obtained readily
from acetaldehyde and both the halogenated butyraldehydes and chloral
in which two moles d acetaldehyde are united with one mole each d the
chlorinated aldehydes.

These products are oils which possess a strong paraldehyde odor, are
difficultly soluble in water and decompose sowly into their component
partson standing, morerapidly under the influenced acids.

Stepanow and co-workers'® in an interesting re-investigation d the work
of Hibbert and Hili*® on thesynthesisd bromo-acetaldehyde from paracet-
aldehyde were ableto prepare mono-, di- and tribromoparacetal dehydes.

They adso were able to isolate «,8-dibromo-ethyl acohol [CHyBrCH-
(OH)Br] and to show that the product readily loses hydrobromic acid to
give tribromoparacetal dehyde, thus indicating the mechanism by which
the acid probably functions as a catalyst in paraldehyde formation.

CHzBl' CH2BI‘
CH CH
| THjo B oMo
H. H g -
3CH:BrCH(OH)Br —> il}_f_f 5_H i(]) —_—
l —— .
BrH,CCH CHCH,Br BrC,CCH CHCH;Br
' 1-‘—-!—'-\ No”
{H_Brj

15 A review of this and similar reactionsis to be given in a seriesdf forthcoming
paperson” The Mechanism of Organic Reactions.”

16 This product was first prepared by R. E. Montonna in February, 1924.

17 Helferich, Ber., 59, 1276 (1924).

18 Stepanow, Ber., 58, 1718 (1925); 59,2533 (1926).

1 Hibbert and Hill, Trrs JourNAL, 45, 734 (1923).
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The action d other catalysts such as sulfuric acid, zinc chloride, etc.,
may thus be satisfactorily explained.

In the present investigation the work d Stepanow and co-workers on
the bronloparaldehydes was confirmed and in addition new paraldehyde
derivatives were prepared from both propionadehyde and zsobutyralde-
hyde with chlora in which two molesd each d theformer are combined
withoned chloral. Each of themembersd a seriesd substituted acetal -
dehyde~, namely, H—CH,;CHO, CH;—CH.CHO, (CHs)==CHCHO,
(CH;);=CCHO, is thus found to condense readily with chloral to give
amixed paraldehyded the genera type:

0
R-HC CH-R

o Jo
CHCCl;
These paraldehydes are stable crystalline products which are insoluble in
water and show no tendency to alter on standing. They decompose on
continued boiling with sulfuric acid but are very stable toward alkali.

All attempts to prepare mixed paradehydes involving three different
aldehydes were unsuccessful. Thus with molecular proportions d iso-
butyraldehyde (A), propionaldehyde (B) and chlora (C), instead o the
expected A B C paraldehyde derivative, there was obtained a mixture of
two paraldehydes,the one being formedfrom twomalesd propionaldehyde,
the other from two moles d di-isobutyraldehyde with one mole d chloral.

Similar attempts using bromo-acetaldehydein place d chloral were also
unsuccessful.2® |t is d interest that a paraldehyde o hydroxypyruvic
aldehyde has been isolated? and that the recent work of Klason?? assigns
tolignintheroled a paraldehydederivatived coniferyl aldehyde.

Practical Part
Paraldehyde Formation from Trimethylacetaldehyde and Chloral, CCI;CHO +
2(CHj;);C-CHO.—14.75 g. o chloral (1 mole) wasmixed with8.69. ¢ trimethylacetalde-
hyde? (1 mole) (b. p. 74-78) at room temperature. There was an increase in tem-

» The explanation apparently liesin the different reaction vel ocitieswith which the
componentsunite. From this standpoint it might be d interest to see whether acetol,
dioxyacetone and glyceric aldehyde are capabled forminga mixed paraldehyde o the
A B C type, since there is the possibility that abnormal biochemical changes possibly
may be due in certain cases to the formation d the relatively stable paraldehyde de-
rivatives, thusinterrupting the normal coursed oxidation, etc.

*1 Evans and Waring, THrs JOURNAL, 48, 2679 (1926).

2z Klason, Ber., 58, 1761 (1925); 61, 171 (1928).

3 This was prepared by Richard's method, Ann. ckim. phys., [8] 21, 360 (1910),
by first decomposing the trimethylpyruvic acid with aniline. It was found better to
hydrolyze this reaction product by refluxing with 209 sulfuric acid for two hours
instead o attempting to distil it as he recommends. After washing the bisulfite com-
pound with ether and drying, it should then be decomposed with sulfuric acid and
steam distilled, since sodium carbonate tends to cause polymerization.
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perature o about 6°. After standing for two days the product had become almost
solid. The crystals were separated from the small amount d mother liquor and re-
crystallized from hot, absolutealcohol, m. p. 114-115°; yield, 16 g.

Anal. Subs, 0.2700, 0.2548: H,O, 0.1570, 0.1510; CO,, 04436, 0.4222. Subs.,,
0.1149, 0.2183: AgCl, 0.1537, 0.2908. Calcd. for CuH»0:Cl;: H, 6.62; C, 45.06;
Cl, 33.29. Found: H, 6.51, 6.63; C, 44.75,45.17; Cl, 33.09, 32.96.

Mol.vi. Subs., 0.2564, 0.2817, 0.2982: benzene, 17.543. AT, 0.241, 0.259, 0.280.
Cacd.: 319. Found: 311,333,311.

Thesubstanceisinsolublein hot and cold water and in dilute acohoal, readily soluble
in hot absolutea cohol and cold benzene.  1tisvery stable towardagueousand alcoholic
akali.

The product may be obtained morereadily by using atrace d concentrated sulfuric
acid as a catalyst and warming until solution occurs.  After standing for two hours at
room temperature the semi-solid, crystalline massisfiltered and the product recrystal-
lized.

Propionaldehyde and Chlord (CCL,CHO - 2CH;CH,CHO).—Fourteen and one-
half grams of propionaldehyde(2 moles) was mixed with 18.4 g. (1 mole) d chlordl, the
flask placed in a freezing mixture (—10°) and a few bubbles o dry hydrogen chloride
gas passed into the mixture. The contents were adlowed to stand at 0° for about
twelve hours, the crystals formed removed by suction fittration, washed with a small
quantity of 50% acohol and then dissolved in absolute alcohol. The solution was
diluted by adding one-fifthits volume d water and the oil separating out redissolved by
warming. It was filtered hot and alowed to crystallizedowly. The erystals, after
filtering, washing with acohol (609) and drying, melted sharply at 62.5°; yield, 35-40%,.

The sane product was aso obtained without the used a catalyst (HCI).

Anal. Subs, 0.1804, 0.1760: H,0, 0.0798, 0.0791;, CO,, 0.2387, 0.2391. Subs.,
0.1287: AgCl, 0.2097. Calcd. for CsHi:0:Cl;: H, 4.93; C 36.43; (1, 40.39. Pound:
H, 4.92, 4.98; C, 36.40, 37.00; C1, 40.27.

Mol. w. Subs., 04365, 0.8884: benzene, 17.60. AT, 0490, 1.001. Cacd.:
263.5. Found: 259,256.

Isobutyraldehyde and Chlora (CCI;,CHO + 2(CH,);CHCHO).—This compound
was prepared similarly, both with and without a catalyst; needle crystals from 809,
alcohol; m. p. 685-69°; yield, 39%.

Anal. Subs, 01674, 0.1718: H,O, 0.0896, 0.0891; CO,, 02565, 0.2601. Subs,,
0.1123, 0.1061: AgCl, 01680, 0.1569. Calcd. for CioH;0:Cls: H, 5.83; C, 41.30;
Cl, 36.58. Found: H, 5.93, 5.78; C, 41.80, 41.30; Cl, 36.84, 36.60.

Mol. wt. Subs, 03057, 0.8806: benzene, 17.60. AT, 0.310, 0.890. Calcd.:
2915. Found: 287,289.6.

All three parddehydes are very insolublein hot and cold water but are
readily solublein organic solvents. They show no sign d decomposition
on standing for several months; are stable toward akalies, but decompose
on boiling with dilute sulfuric acid.

All attempts to prepare paral dehydesinvolving three different aldehydes
(propionaldehyde, ésobutyraldehyde and chloral; acetaldehyde, iso-
butyraldehyde and chloral, etc.) were unsuccessful, only mixtures
paraldehydes containing two molesd the adehyde to one mole d chlora
being obtained. Negative results were aso obtained usng bromo-
acetaldehyde in place d chloral.
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I't was not found possible to condense acetaldol with chloral to give a
mixed paraldehyde.
Summary

1. Chloral either aone or, better, in the presenced a trace o hydro-
gen chloride, combines with acetaldehyde,"* propionaldehyde, isobutyr-
aldehyde and trimethylacetaldehydeto give paraldehydes corresponding
to the generd type (2RCHO + CCLCHO).

2 It apparently does not combine with acetaldol under similar con-
ditions.

3. Attemptsto prepare a mixed paraldehyde containing three different
aldehydeswere unsuccessful.

4. The possible role played by such derivativesin plant and animal
life would seem to call for some consideration.

MONTREAL, CANADA

[ContrIBUTION FROM THE CuEMicar LaBoraTOPY ofF THE RICE INSTITUTE]

ALPHA-FURFURYL CHLORIDE (FURYL-2-METHYL CHLORIDE)
AND ITS DERIVATIVES.
I. THEPREPARATION AND PROPERTIESOF ALPHA-FURFURYL
CHLORIDE AND A FEW ALPHA-FURFURYL ETHERS
By W. R. KrNER
RECEIVED MARCH 12, 1928 PusLIsHED JuLy 6, 1928

The synthesisd many relatively smple derivativesd furan hashitherto
beenimpossibleor, at best, extremely difficult and complicated, due to the
fact that reactive starting materials such as the w-halogen derivatives o
furan homologs have been practically unknown. A halogen in the side
chain d a furan ring correspondsin reactivity to that possessed by a halo-
geninthesdechain d abenzenering.

Fenton and co-workers' were the first to prepare a reactive haogen
derivative & methylfuran when they succeeded in isolating 2-chloro-
methyl-and 2-bromomethyl-5-furfuraldehydefrom alarge variety o car-
bohydrates usng a non-aqueous solvent (for example, ether, chloroform
or carbon tetrachloride) saturated, respectively, with hydrogen chloride
and hydrogen bromide. They pointed out the high order o reactivity
of the halogen and prepared a number d derivativesin which the halogen
was substituted by groups such as H, OH, OCOCH;, OCOCeHs, CeHs
and CH.C,H,OCOH, while subsequent workers’ extended the list of sub-

' Presented before the Organic Chemigry Divison d the American Chemical
Society at the St. Louis meeting. April. 1928.

! Fenton and Gogtling, J. Chem. Soc., 73, 556 (1898); ibid., 75, 423 (1899); ibid.,
79, 361,807 (1901); Fenton and Robinson, ibid., 95, 1334 (1909).

2 Erdmann, Ber., 43, 2392 (1910); Cooper and Nuttall, J. Chem. Soc., 99, 1197

(1911); E. Fischer and v. Neyman, Ber., 47, 974 (1914); s also Middendorp, Rec.
trav. chim., 38, 23-38 (1919).
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stitutions to include the OCH; and OC;H; groups. Rill and Jennings®
obtained the 2-bromomethylpyromucic acid by direct bromination under
specific conditions and noted the easy hydrolysis to form the hydroxy
compound.

Only recently has the preparation d the parent w-halogen methylfuran
been successful. Zanetti* has succeeded in preparing ethereal solutions
of both the afurfuryl bromide and iodide from a-furfuryl acohol by
simple procedures. | n the case d theiodide at least 40% d the alcohol
is transformed and 70% in case d the bromide. Using these reactive
agents, Zanetti prepared five ethers which had previously been unknown.
Zanetti did not isolatethe bromideor iodidein a pure condition but merely
obtained them in an ethereal solution. Von Braun and Kohler were the
first to have prepared an ethereal solution d the bromide? by the treat-
ment d afurfurylethylmethylamine with cyanogen bromide, which resulted
inan 809, conversond the base (by weight) to thebromide. Thismethod
is not as convenient, however, as that o Zanetti. Von Braun and Kohler
describe the properties d the ethereal solution, particularly its gradual
decomposition on standing, and add that when an attempt was made to
distil it, it completely decomposed. They consider it asurprisingly satis-
factory result that a-furfuryl bromide is stable even for several hours.
They also predicted that the same ease o decomposition would probably
befound in the chloride.

Von Braun and Kohler attempted to make a-furfuryl chloride by the
well known Von Braun reaction which, in this case, consisted in the treat-
ment o the benzoyl derivative o a-furfurylmethylaminewith phosphorus
pentachloride. The reaction resulted only in the complete resinification
of the substances present, the sameresult being obtained with phosphorus
pentabromide. Gilman and Vernon® also attempted to prepare the chlor-
ide by treatment d an ethereal solution o a-furfuryl alcohol with thionyl
chloride at low temperature and by passing dry hydrogen chlorideinto an
ethereal solution o the alcohol in the presence d a dehydrating agent
(calcium carbide), The yidd in the first case was 109, (based on the
amount o afurfuryl ethyl ether obtained) and 5% in the second case.
Both o these methods are therefore decidedly unsatisfactory and im-
practical. Gilmanand Vernon state that "all effortsto distil the chloride
werefutile. After some80-90% o the ether had been distilled at reduced
pressure, the contents d the flask suddenly and violently decomposed
into a hard, intractable tar. The temperature d the water-bath in which
theflask wasimmersed did not exceed 30°.”

3 Hill and Jennings, Am. Chem. J.,15, 180 (1893).
¢ Zanetti, Tr1s JOURNAL, 49, 1061, 1065 (1927).

8 VVon Braun and Kohler, Ber., 51, 87 (1918).
¢ Gilmanand Ver non, TH SJourNAL, 46,2576 (1924).
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It isthe purpose d this paper to demonstrate that under certain condi-
tionsit is possible to prepare the chloride and isolateit in a pure state by
vacuum distillation, to obtain a satisfactory analysis, determineits physical
properties and prepare derivativesd it.  Zanetti hasshown that the bromide
is more stable than the iodide toward potassium hydroxide’ and in this
work it isproved that the chlorideis more stable toward potassium hydrox-
ide than the bromide The relative stabilities d these furfuryl halides
thus coincide with the order usually given for organic halides, namely,
chloride > bromide > iodide. Although the chloride is a relatively un-
stable substance it is d a much higher order d stability than the state-
ments d previousinvestigators would lead one to believe.

Since the furan nucleusis sensitive to halogen acids, it is imperative in
the successful preparation o the furfuryl halidesto avoid so far as possible
the presence d halogen acids in an uncombined state. The Darzens
method for the preparation d chlorides from alcohols,® which consists in
the treatment d the alcohol in a solution d a tertiary amine (pyridine
was used in this work) with thionyl chloride, isideal in this case since the
hydrogen chloride which isliberated from the acohol and thionyl chloride
isimmediately taken up by the base and therefore causes no decomposi-
tion d the sensitive alcohol. By this method a-furfuryl alcokol has been
converted into a-furfuryl chloride with a 639, yidd of distilled material.
The boiling point observed was 49.6-50° at 27 mm. The substance dis-
tils as a water-white liquid which is sufficiently stable, in the absence of
moisture, to permit its analysis and the determination o its density and
refractive index. It is insoluble in water but soluble in the common
organic solvents. |t possesses a characteristic odor and is a weak lachry-
mator. On standing it gradually turns yellow, then green and finally
black and deposits a black, resinous precipitate. An ethereal solution
remains nearly colorless for several days at room temperature and gradu-
aly turns yelow with the formation d a black, gummy precipitate.
There is no difficulty whatsoever in preparing and keeping the substance
long enough for usein any reaction.

From the pure chloride a number d ethers were prepared using the
procedure given by Zanetti.* The ethers were chosen as the first deriva-
tives to be prepared since Zanetti has recently prepared a considerable
number d them by a convenient procedure and in good yield. They are
listed below together with their boiling point, density, yield, refractive
index and calculated and observed molecular refraction. It isinteresting
to note that Zanetti was unable to prepare the allyl ether by treatment d
the a-furfuryl bromide with allyl alcohol; hestates "the heat of formation
was so great as to decomposethe a-furfuryl bromide, giving only resinous

7 Ref. 4, p. 1067.
8 Darzens, Compt.rend., 152, 1314 (1911).
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products.” Using the chloride no difficulty whatsoever was experienced;
in fact, the highest yield of the eightsethers prepared was obtained in this
case.

TABLE I
a-Furrurvr, ETHERS
Press., Density, Yield, R?fr]rggt([ve P/l rlggttﬂ?r{
Name B.p., °C. mm. 20°/4° % N’D°° (Abbé) Obs. Caled,
Methyl 134-135 762 1.0163 66 1.4570 30.031 30.060
Ethyl 149.5-150.5 770 0.9844 81 1.4523 34.573 34.678
n-Propyl 168-170 767 0.9656 79 1.4523 39.164 39.296
n-Butyl 189-191 777 0.9516 78 1.4522 43.707 43.914
Allyl 173.5-174.5 772 1.0025 88 1.4718 38.554 38.829
Benzyl 108-109 1 1.0865 83 1.5372 54.082 54.167
a-Furfuryl 88-89 1 1.1405 84 1.5088 46.604 47.041
Cinnamyl  141-142 1 1.0802 85 1.5661 64.670 62.936

% Some materia waslost accidentally.

Experiments are already under way in this Laboratory using the chloride
for the preparation d a large number d other furan derivatives such as
the amines, acetoacetic and malonic ester derivatives, those obtained from
the Grignard reagent, etc.

I wish to thank my friend, Dr. John R. Johnson d Cornell University,
for thefirst generoussampled furfuryl alcohol used in this work.

Experimental
A.  Preparationd a-Furfuryl Chloride

The a-furfuryl acohol was always freshly distilled just before using; it boiled at
84.5-85.0° at 26 mm. The pyridinewasobtained from the Eastman Kodak Company,
and was thoroughly dried over solid potassium hydroxide and distilled. The thionyl
chloride was distilled from cotton seed ail through a Glinsky column and then re-dis-
tilled; it waspractically water white.

The following procedureis typical  a number d experiments which were made:
46.2 g. (047 mole) d freshly distilled furfuryl alcohol was placed in a 500cc. three-
necked Pyrex round-bottomedflask, the center neck being fitted with a stirrer, one side
neck with a 50ce. dropping funnel and the other with a loosaly stoppered thermometer;
44.7 g. (0.565 mole, 209, excess) d pyridine was added, which caused a slight evolution
d heat, and then 50 ce. d dry ether (prepared in the same way as one prepares Grignard
ether). The flask was immersed in an ice-bath and the stirrer started. When the
temperature fell to about 2-3°, 61.7 g. (0.52mole, 10% excess) d thionyl chloride dis-
solved in 50 cc. d dry ether wasadded from the dropping funnel, dropwise, in 10cc. por-
tions, to the mixturein theflask, each 10ce. portion being added over aperiod d about
twenty minutes. In this way the temperature d the reaction mixture remained at
7-9° during practically theentirereaction. The reaction was very vigorous, each drop
of thionyl chloride producinga hissingnoise and a spattering d the liquid.

During the addition d the second 10ce. portion, each drop o thionyl chloride pro-
duced a locd turbidity and after about haf d this portion had been added a heavy,
oily layer started to separate. During the addition d the seventh portion the lower
layer crystallized and the temperature rose rapidly to about 15° and then gradually
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fell again. After this portion wasall added the thermometer wes temporarily removed
whilea bent glass rod wasinserted to break up thecrystallinelumps as much as possible.
Thelast portionsd the thionyl chloride caufed the crystallinematerial, which wasorigi-
nally a light brown color, to turn greenish-black. After all d the thionyl chloride had
been added the mixture was stirred for an additional twenty-five minutes.

Darzensrecommendsthat, after the additiond the thionyl chloride to the aleshol—~
pyridine mixture, the mixture be heated until evolution d sulfur dioxide ceases. I n
this case such a procedurewas not possiblefor it wasfound that the heating resulted in
nothing but a black tar; presumably the furan ring was destroyed or else polymeriza-
tionoccurred, Sinceheating wasnot requiredin thiscasetogiveafairyield it may not
be necessary in other casesin which, following Darzens, heating is usually carried out.
Theremoval d theethereal solutionfrom theflask fortunately wasextremely easy since
the brownishlumpswererather largeand pasty. Thethermometer wasremoved and in
its placea glasssiphontube wastightly stoppered, the short end d whichreached tothe
very bottom o theflask. By having an electriclight bulb behind the flask so asto be
able to see through the ethereal solution the siphon tube could be placed in a space
cleared up by the stirrer. Slight air pressure was then applied through the dropping
funnel and the ethereal solution completely siphoned df into an Erlenmeyer flask.
The ethereal solution waslight yellow in color and transparent. The siphon tube was
removed, 50 cc. d dry ether added to the reaction flask and the mixture stirred for five
minutes after again breaking up the lumps with a bent glassrod. Then the ethereal
solutionwasagain siphoned off.  Thisextraction wasrepeated threetimes, thelast time
the flask being removed from the ice-bath to permitit to warm up slightly. The total
ethereal solution, which reacted acid to litmus paper, was thoroughly extracted with 50
cc. d 50% potassium hydroxide solution, everything being kept very cold and the
potassium hydroxidesol ution being added in small portionsin order not to cause undue
heating. The ethereal solution was then removed and dried over anhydrous sodium
carbonate.

Inthedistillationd thefurfuryl chloride 75cc. portionsd theethereal solution were
used and thedistilled product wasconvertedinto the variousethersdescribed later. The
ether solutionwas added in portions to a 25cc. Claissenfractionating flask the side arm
d which wasfitted with a short water condenser, a 50cc. distilling flask being used asthe
recelver. The air entering the flask during the distillation was dried with a soda lime
tube and a similar large sodalime tube was placed between the receiver and manometer;
a water pump furnished the suction. |t isthe custom in thisLaboratory to clean glass
apparatus by immersion in a bath d very hot sulfuric acid. 1t wasfound that unless
certain precautions were taken somed the acid remained adsorbed on the walls o the
apparatus and that when the furfuryl chloride was distilled decompositionoccurred in
thesidearm and receiver. Thisdifficulty was overcome by carefully washing all appa-
ratus a large number d times in tap water followed by washing with distilled water,
then alowing the apparatus to soak in a large bath of distilled water overnight and
subsequently re-washing with distilled water. The distillingflask was also steamed to
remove completely any acid from the side arm and indentationsd the fractionating
column. The apparatus was then dried in an oven at 130°.

After removal d theether in vacuumin the apparatus describedabove, a yellowish-
brown, cily residueremained. On distilling this from a water-bath the liquid distilled
very readily and yielded a water-white distillate. Various boiling points observed were:
49.1-49.4° (26 mm.); 49.6-50.0' (27 mm.); 54.0-54.4° (33 mm.); d35 = 1.1804; d3°
= 1.1783; N% = 1.4941 (Abbé). My, cacd. = 28.666; My, obs., = 28.788.

Anal. Subs., 0.2072, 0.2253; AgCl, 0.2538, 0.2747 Caled. for CH,OCI:
Cl1, 30.436. Found: 30.299, 30.16.
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The analysesare slightly low due to the fact that during the time necessarily re-
quired to wagh out thesampleand introduceit into the Carius tube some decomposition
was taking place. This was evident from the fact that the sample gradually turned
yellow.

B. Preparation o a-Furfuryl Ethers

The ethers were prepared by treating a given weight d the distilled chloridein 75
cc. d dry ether with 100% excess d dry, pulverized potassium hydroxide and with
2009, excessd the desired alcohol, the alcohol being added in portions. In the cased
methyl and e-furfuryl alcohol the reactions were vigorous enough to cause the ether to
boil, so that cooling was necessary; large amounts d a flocculent precipitate d potas-
sium chlorideformed. In the case d the other acohols the reaction proceeded more
slowly and only small quantities d heat were evolved and small amounts o potassium
chloride deposited. The reaction mixtures were allowed to stand overnight. Then
the ether was evaporated on a hot-plate until the temperature o the flask contents
reached 75°. Theflask wasthen heated in awater-bath at 75-80° for a haf hour, cooled,
100 ce. d distilled water added and the oily layer which separated removed with a
separatory funnel. The agueous layer was extracted four times with 25ce. portionsd
ether and thetotal oily layer-ether extract was dried over anhydrous sodium carbonate.

The ether was removed in vacuum and the residue subjected to fractional dis-
tillation, either at atmospheric pressure or in vacuum, depending on the boiling point
o the furfuryl ether. The boiling points and densities, in general, agree quite well
with those given by Zanetti except in the cased the afurfuryl and benzyl ethers. In
these cases the boilng points observed were about 10" lower than reported by Zanetti ;
his distillations were made at 2 mm., whilein this work the pressurewas1 mm. The
fact that the boiling points of the cinnamyl ethers agree even though distilled at two
slightly different pressures makes it probable that the 10° difference in the boiling
points in these two instances does not correspond to the decrease occasioned by a 1mm.
change in pressure. Both d these ethers were systematically fractionated twice and
they boiled very uniformly over the small range d temperature indicated. The close
agreement between the calculated and observed molecular refractionsindicatesthat the
substances were pure.  The value obtained for the refractive index d the ethyl ether
does not agree with the value (N* = 1.4316) given by Gilman and Vernon. They do
not state their light source, but assuming that they used the D linetheir observed molec-
ular refraction is 33.046, which is quite far from the calculated value & 34678. It
thusappearsthat their valuefor the refractive index isincorrect or their substance was
impure. . The agreement between the observed and calcul ated values for the molecular
refraction d the substanceslisted isgood in all casesexcept the cinnamyl ether. Inthis
case there isthe usual exaltation due to the conjugated system present in the cinnamyl
group. It isaso interesting that the refractive indices d the ethyl, n-propyl and #-
butyl ethersare amost identical.

Using the iodidefor the preparation d ethers Zanetti obtained a mixture d ethers
which contained as much as 30% d the di-«,’-futfuryl ether formed by the reaction
o theiodide with furfuryl acohol. The latter was present, either because it was not
reacted upon during the preparation o the iodide, or was formed by the hydrolysis
o theiodide. Using the bromide practically no di-a,a’-furfuryl ether appeared to be
formed. Thisisaso true in the case d the synthesis using the choride. “I*he crude
ethers are nearly pureand leave practically no residuewhen distilled.

Theremarks d Zanetti concerning the instability of the furfuryl ethers have been
confirmed. When placed in tubes at atmospheric pressurethey gradually darken, but
if sealed off intubes at about 1 mm. pressurewith a trace d hydroquinone, they remain
nearly colorlessfor a considerablelengthd time.
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Summary

1. e-Furfuryl chloride has been isolated in a pure state, analyzed and
its physical properties have been determined. |t isa relatively unstable
substance but d sufficientstability to bedigtilledin avacuum and usedin a
variety d reactions. |t seemsobviously morestablethan thecorresponding
bromide and iodide. This is the first time the parent w-halogen methyl
furan has been obtained in a pure, free condition, having previously been
known only in solution.

2. The chlorine atom possesses a high order d reactivity, comparable
tothat d thechlorinein benzyl chloride. Eight ethershave been prepared
from the «-furfuryl chloride and their physical properties determined.
The allyl-a-furfuryl ether has been prepared by the direct reaction be-
tween the chloride and allyl acohaol.

3. The synthesis d this reactive chloride has opened up new possi-
bilities in the furan series and investigations d other reactions using
afurfuryl chloride are being continued.

HousToN, TExAS

[CONTRIBUTION FROM THE CHEMICAL LABORATORY oF THE UNIVERSITY OF MICHIGAN]

A METHOD FOR THE MEASUREMENT OF INTERFACIAL
TENSION OF LIQUID-LIQUID SYSTEMS!

By F. E. Barteri? anp F. L. MILLER?
RECEIVED MaRcH 17, 1928 PUBLISHED JuLy 6, 1928

Recently the authors were confronted with the problem of measuring
the interfacial tension between water and a seriesd crude petroleum oils.
Some d these oils were very dark, practically black; consequently, the
methods most generaly used for interfacial tenson measurements were
not satisfactory. With the more transparent oils the Reynolds capillary
tube method* was used, but with the darker oils the liquid interface
within the capillary could not be seen. After considerable experimenta-
tion amethod wasdeveloped by meansd whichit waspossibleto determine
the interfacial tension between the dark oils and water and subsequently
it was found that this method gave results which checked well with what

! This paper contains preliminary results obtainedin aninvestigation onthe* Dis-
placement d Petroleum Oils from Oil Bearing Sands by Means o Selected Aqueous
Solutions,” listed as Project No. 27 d AmericanPetroleum|nstitute Research. Financial

assistancein thiswork has been received from aresearchfund d the American Petroleum
Institute donated by The Universal Oil Products Company. This fund is being ad-
ministered by the Institute with the cooperation d the Central Petroleum Committee
d the National Research Council.

2 Director, Project 27.

8 American Petroleum | nstitute Research Assistant.

¢ Reynolds, Trans. Chem. Soc., 119, 460-466 (1921).
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we believe to be some d the most reliable values to befound in the litera-
ture. The apparatus is simple in construction, is easy to operate and
reasurements can be quickly carried out.

Ferguson® has presented discussions covering the different methods which
have been used for interfacial tension measurements; accordingly, no com-
prehensivediscussion will be presented in this paper. 1t iswell known that
the most generally used methods have involved either the principlesd the
drop weight or the capillary rise method. The capillary rise method has
been used with modification by Lerch,® Clark,’ Reynolds,' Harkins and
Humphery® and others, and not always with agreement in results. It is
believed that the results reported by Harkins and Humpherys represent
about the most accurate val uesobtained to date with a method based upon
capillary rise.

The result of our experience with a number d the existing methodsled first to the
construction d an exceptionally smple apparatus with which apparently very satis-
factory results wereobtained (Fig. 1).
The apparatus consists d a glass
cup, A, about 4 cm. in diameter and
A 8 cm. in depth to the bottom o
which issealed a capillary tubeoutl et
d about 0.3mm. radius. The re-
mainder d the apparatus consists
¢ ———— only d an open dish, B, which is
Organic large enough to eliminate effects due

S to capillarity.
h quwd For the determination d inter-
) d<| facial tension, oneimmersesthe capil-
. lary in the dish d water (B) until the
Capillary- - ——-—Interface @) caiibration mark (a) is exactly level
l 4 with the surface. Water will risein
' the capillary to the bottom d the
J L B cup, thereby wetting the capillary
Water throughout its length. The organic
liquid (or oil) to be used isthen dowly
added from a buret, at the later
Fig. 1. stages drop by drop, until the water-
organic-liquid interface is forced
downward to the calibrated mark (a). The height d the organicliquid is then readily
measured by meansof a cathetometer. Knowing the density o the organicliquid, the

interfacial tension, Sz, is calculated fromthe formulation

_ thdg
S23 - 2 (1)

The results obtained with this apparatus for different organic liquids

8 Ferguson, Brit. Assn. Adv. Sci., Fifth Report, Colloid Chem., 1923, pp. 1-13.
5 Lerch, Ann. Physik, 9, 434 (1902).

” Clark, Proc. Amer. Acad., 41,361 (1906).

& Harkins and Humphery, THISJOURNAL, 38,242 (1916).
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against water showed close agreement with those obtained by Harkins
and co-workers.?

The advantages d this apparatus are that it can be constructed from
the materials to be found in almost any chemical laboratory and by one
not expert inthe art d glassblowing. The only precaution to be observed
in construction isthat excessive constriction or enlargement d the capillary
at any point must be avoided; otherwise, difficulty will be encountered in
bringing about a gradual descent d the liquid-liquid interface to the mark
d calibration. Although this apparatus appeared to give good results,
certain disadvantages were encountered such, for example, as the im-
practicability d using liquids denser than water, as also difficulty in
obtaining exact temperature control.

A detailed description d this simple apparatus is given herewith, in-
asmuch as it isfelt that this apparatus may proveto be well suited to the
needs o some investigators and, further, it has been found to be satis-
factory when placed in the hands d students in the regular laboratory
courses.

An apparatus was next constructed which could be used with liquids o
any density and which could be placed in a water thermostat and held
at any desired temperature.  In
our experiments a thermostat
with plane glass sideswasused ~ |~
and readingsweremade through A B
this glass.

Theapparatusisshownin Pig. 2. he Organic

It consists d two cups, A and B Liquid .
about 4 em. in diameter and 8 cm. d<| Water }
b

in height. These are connected by
glass tubing, one arm d which is a L € _

capillary tube d approximately 0.3-
mm. radius. The operation d this Organic
apparatus is similar in principle to | yid
that previoudy described. In case
the organic liquid to be used is less
dense than water, the latter (about
10 cc. or more) isput intocup B. It
will completdly fill the glass tube and Fg 2
will mount to the top d the capillary
tube. Immediately theorganicliquidisintroducedat A sothat aliquid-liquid interface
isformed at the upper end d thecapillary. Moreliquid isadded, finally drop by drop,
until the interfacial meniscus is forced down even with the calibration mark at C.
Readingsh and h', the heightsd the organicliquid and water, respectively, above this
meniscus, are now taken by meansd acathetometer.

I n casethe organicliquid is denser than water, the operation issomewhat different.
Water (about 10 cc.) is put into cup A until it mounts just to thetop d the tube in the

® Numerous paperson interfacial tension.
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bottom of cup B (Fig.3). Theorganicliquid (aschloroform,etc.) isnow added slowly
to cup B, sothat thewater isforcedback until the liquid interfaceentersthe lower end
of the capillary and finally reachesthe mark C. Readingsaretaken with the catheto-
meter as before.

In either d the above cases the procedure is simple and the time re-
quired for adetermination is not over ten to fifteenminutes. The formu-
lation used in this caseis asfollows

Sy = ;_g (ha-h'd") )

in which h and d are the height and density d the organic liquid and
I’ and d' are the height and density d water, respectively.

The radius d the capillariesin both types d apparatus is determined
by suspending the inverted cup at a given temperature in a pure liquid
(as benzene) of known surface tension (S for benzene is taken as 28.25)
for thistemperature (25°). By
A B carefully adjusting the appa-
ratus the meniscus is brought
to the etched mark on the cay-
illary. Theheight of thismenis-

Organic cus above the level d theliquid

IS b T |-(|qu>1'9 X in the container is measured

h ' with a cathetometer. The ra-

___I____ c ____ /= ___1_ _ diusr,isthusdetermined from

the formula
5 = (hdg
Water- 2 @)

! or

-
L\,\.D,JT' . r = ol 4)
t iganic Liguid ) Meniscus Corrections.—In
Fig. 3. the determination o surface
tension d aliquid by the capillary rise method, the height d theliquid is
measured only to the lowest point d the meniscus. This leaves a small
quantity d liquid abovethis point which should be considered and for which
a correction in the reading should be made. In order to determine the
height representative d the true mass d the liquid column supported
by the force of surface tension, a correction must be added. The actual
valuein termsd height d liquid which should be considered in this cor-
rection is approximately one-third that of the height d the meniscus
itself. Different investigators'® have employed somewhat different meth-
10 Taplace, “Mécanique Celeste" Supp. au livre 10, 1805; Poisson, " Nouvelle
Theor. del'Action Capill.," 1831; Mathieu, “Théorie de |a Capillarité,” Ch. II, Ch. |V,
1883; YLohnstein, WWBd Ann., 54, 713 (1895); Rayleigh, Proc. Roy. Soc., 92A, 184
(1915); Schrodinger, Ann. Physik., 46, 111,413 (1916).
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ods in making this correction. A generaly accepted correction is that
given by Poisson,*' who expressed the correction as a function of the
radius d the capillary. The equation follows (%, represents the observed
height d theliquid column)

h =k + s r — 0.12% ;; (5)
0
accordingly, substituting for the value d h in equation (3)
_ rhdg , rdg ridg i
S ="+ 5 — 01288 4 (6)

This correction may be used for small capillaries, that is, those with
radius lessthan 1 mm., but does not hold strictly for larger ones.

Richards and Coombs?!? have justified a simple treatment which involves
only a correction for the measurement d the height d the meniscus itself.
Letting %, represent the observed height and #,, equal the height of the
meni scus

b= hot /s hn @
from which
S = rdg/2 (ho T /s ) ®

They have measured &, directly and the valuesobtained by them show
satisfactory agreement with those cal culated with the Poisson formul ation.

The radius d the capillaries used by us came wdl within the limits
demanded by these formulations; accordingly, the Poisson equation was
applied to our datafor the calculation d capillary radius and comparisons
were made between the values obtained when such meniscus corrections
were applied and results obtai ned when no meniscuscorrections were made.

Results.— Data will be given which were obtained with two different
sets d apparatus (double cylinder type), designated as apparatus No. I,
and apparatus No. 2. The diameter d the capillary in No. 1 was un-
corrected, 0.2530, corrected, 0.2522; in No. 2 it was uncorrected 0.3551,
corrected 0.3329. In the first case there was an apparent error due to
meniscusreading & —0.39%, in the second an error d —0.6%,.

In the measurement d interfacial tension a meniscus is also involved,
and again when water forms a zero contact angle the general shape o the
meniscus is the same as that encountered in the determination o pore
radius. Similar theoretical treatment was applied and similar corrections
were made. It was found that in the case d liquids whose interfacial
tension values ranged between 25 and 40 dynes, the corrections were well
within the limits d experimental error. For example, results for the
interfacial tension d benzene and water were amost identical when cal cu-
lated, first, making no meniscus corrections whatsoever and, secondly,
making meniscus corrections, that is, making meniscus height corrections

11 Poisson, " NouvelleTheor. del’Act. Capill.," 1831, pp. 112.
12 Richardsand Coombs, THis JOURNAL, 37, 1656 (1916).
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both in thecaculation of radiusd the capillary tube and in the subsequent
calculation d the interfacial tension using this corrected radius value.
It happensthat in each of these cases in which the interfacial values are
within the range indicated, the magnitude o the corrections for the
interfacial tension values and for the capillary radius bear the same per-
centage relationships. 1n other systems having interfacial tension values
outside the range indicated, the corrections for these values do not bear
the same percentage relationshipsto the capillary radius corrections, and
failure to apply the meniscus corrections in these cases does involve a
perceptible error; even in these cases, however, the error is not great and
the deviation still comes within the limits encountered in amost any one
o the methodsin present use. In fact, as shown in the table below, the
deviation is not greater than errors involved in the calibration and use d
different apparatus. 1t may befound that when liquidsd an exceptional
degree d purity are used and when further refinements are made and
precautions are observed in the use  the apparatus, results even more
consistent may be obtained.

The following table contains the results obtained with apparatus No. 1
and apparatus No. 2 (each of the double cylinder type) with six different
liquids. Both corrected and uncorrected results are given.

TABLE 1

INTERFACIAL TENSION VALUES OBTAINED WITH APPARATUS
Temperature, 25; apparatus No. 1; r, 0.2530 (uncorr.); r, 0.2522 (corr.)

Organic liquid h h

against water (water) (org. liquid) A&d-A’d” Ses (uncorr.) Sw (corr.)
Benzene. .. ... ... ..., 50.93 16.66 27.85 34.56 34.56

Toluene 61.47 2384 29.04 36.04 36.04

Ether. 4305 22.13 8.50 10.55 10.62

Chloroform 29.20 18.06 25.50 31.65 31.65

Carbon disulfide 44.80 16.17 3868 4800 47.95

Crude petroleum oil “M” . 50 04 19 73 19.70 24.45 24.47
Temperature, 25; apparatus No 2; r, 0. 3551 (uncorr.); r, 0.3529 (corr.).

Liquid hd-h'd" Ses (uncorr.) S (corr.)
Benzene . . 37.64 12.99 19.90 34.66 34.65
Toluene . .. .. 4010 13.78 20.74 36.12 36.10
Ether .. .. 30.10 15 33 6.09 10.61 10.74
Chloroform . . . 238 17.45 18.16 31.63 31.64
Carbon disulfide . 3492 16.10 27.60 48.08 47.98
Crude petroleum oil “M” 34.61 13 25 14.06 24.50 24.54

Summary

1. A method based upon the capillary tube principle was devel oped for
the determination d theinterfacial tension d liquid-liquid systems.

2. Two somewhat different types d apparatus were designed. Both
types were constructed and used in the experimental work described herein.
Both gave satisfactory results.
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3. The method israpid. The apparatus can be cleaned easily. Non-
transparent liquids can be used, likewise liquids d any density. ‘The
apparatus can be placed in a water thermostat and kept at constant
temperature while readings are being made.

4, In constructing this apparatus, it is not essential that the diameter
d the capillary be strictly uniform throughout. Calibration o capillary
radius is necessary only for a given point on the capillary tube; also for
work d ordinary accuracy no capillary corrections for meniscus height
readings are necessary.

5. Results which have been obtained show a close agreement with
what are believed to be the most accurate interfacial tension data available
in the literature.

ANN ARBOR, MICHIGAN

[ConTRIBUTION IROM THE LABORATORY OR ORGANIC CHEMISTRY GF THE UNIVERSITY CF
W ISCONSIN]

SYNTHESIS OF HEPTANE DICARBOXYLIC ACID-1,5!

By ALBERT S. CARTER
RECEIVED MARCH 19, 1928 PUBLISHED JuLy 6, 1928

Perkin? attempted to prepare heptane dicarboxylic acid-1,5 through
the condensation d diethyl ethyl malonate with trimethylene bromide and
subsequent condensation with diethyl malonate to yield heptane tetra-
carboxylic ester-1,1,5,5. This was hydrolyzed and partially decar-
boxylated with the formation d an acid which seemed to be ethyl pimelic
acid (heptane dicarboxylic acid-1,5). This product could not be purified
to yield a solid acid, such as might be expected from the melting points
d the other isomers d azelaic acid, consequently Perkin expressed doubt
as to the purity o hisproduct. Thiswork was repeated with the utmost
careand it wasfound that the results duplicated those obtained by Perkin.
It wasfound, however, that small amounts d nonanetetracarboxylic ester-
3,3,7,7 could be isolated from the reaction product and it was thought
probable that the corresponding diethyl pimelic acid might be the im-
purity whichinhibited the crystallization d the product.

The use d trimethylene chlorobromide or the addition o the sodium
derivative o ethyl malonic ester to trimethylene bromide instead o the
addition d the bromide to the sodium derivative would decrease the
tendency to form the nonane tetracarboxylic acid (theformer wastried by
Perkin), but neither d these methodswould insurethat none of the second-

" From an investigation carried out under the direction of Professor Richard
Fischer which constituted a part o a thesis presented by A. S Carter to the Graduate
School Faculty of the University of Wisconsn in partial fulfilment of the requirements

for the degree d Doctor of Philosophy.
% Perkin, J. Chem. Soc., 65, 991 (1894).
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ary product would beformed. The idea of adding the sodium derivative
to the bromidein order to have constantly an excessaof the bromide present
was tried without success.

T o avoid completely the condensation d two moleculesd the malonic
ester with trimethylene bromide, a synthesisinvolving the used phenoxy-
propy! bromide was carried out to yield phenoxypropylmalonic ester and
phenoxyvaeric acid. This was hydrolyzed to form iodovaeric acid,
esterified and condensed with diethyl malonate.

CH:(COOC;Hs):

H,O -
CsHsO (CHz)sCH (COOCsz)z '—i—>
C2H50Na .

Cer.O (CHz)aBl'

HI C,H;0H
CsH,O(CHy):CH(COOH); —> CoH;0(CH),COOH —> I(CH);,COOH ————>

HCC.H;(COOC,H;). H,O Heat
I(CH2)4COOC2H5 > CszOOC(CH2)4CC2H5(COOC2H5)2 —_— >

NaOC,H;
HOOC(CH,),CH(C,H;) COOH

Experimental Part

8-Phenoxypropyl Malonic Ester.—Following the general course d some work by
Marvel and MacCorquodale,® phenoxypropyl malonic ester was prepared as follows:
32 g. d sodium was added to 500 cc. d absolute acohol and to this was added 225 g.
o diethyl malonatethrough a droppingfunnel, with frequent shaking. During a period
of about one hour, 325g. d phenoxypropyl bromide was added to the reaction mixture,
which was then refluxed for four hours. Most d the acohol was distilled from the
neutral productand it wasshaken with water to removethesodium bromide. Theester
layer was collected in a little ether, separated from the water and dried over sodium
sulfate. From this ether solution, phenoxypropyl malonic ester was obtained by frac-
tionation under diminished pressure. Thefraction containing the ester was collected at
228-235° (26 mm.}); yield, 310 g. or 76%.

Anal. Subs, 0.2000: CO,, 0.4770; H,0, 0.1334. Calcd. for CysHz05: C, 65.30;
H, 748. Found: C, 65.05; H, 7.41.

8-Phenoxypropyl Malonic Add.—Ore liter d 209, sodium hydroxide and 300 g.
of phenoxypropyl maonic ester were refluxed for about five hours. The resulting
solution was cooled and acidified with dilute sulfuricacid. The precipitated phenoxy-
propyl maonic acid wasfiltered df and recrystallized from hot water; yield, 218 g. or
90%; m. p. 72-78 with some decomposition. The melting point is given in the
literature* as 75-80°.

é-Phenoxypropyl Valeric Add—Two hundred g. d the malonic acid derivative
was decarboxylated by heating in a 2-liter flask in an oil-bath at 175° until the evolu-
tion d carbon dioxidewas complete. The product was cooled and recrystallized from
petroleum ether, giving 147 g. (90%) of the phenoxypropyl valeric acid; m. p. 55-56°
(Gabriel gives65-66"). Thesilversalt d thisacid was prepared by crystallizationfrom
a hot solutiond the ammoniumsalt by the addition d silver nitrate.

Anal. Subs, 0.2000: AgCl, 0.0957. Calcd. for C;;H303Ag: Ag, 35.85. Found:
Ag, 36.01.

8-lodovaeric Acid.—One hundred g. d phenoxyvaleric acid was refluxed for four

3 Marvel and MacCorquodale, THis JOURNAL, 46, 2838 (1924).
* Gabriel, Ber., 25, 418 (1892).
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hours with 400 cc. of hydriodic acid (sp. gr. 1.70) and the mixture was diluted with
several timesits volume of water and extracted with ether. Toseparatetheiodovaleric
acid from phenol, the ether solution was extracted with saturated sodium carbonate
from which the acid was precipitated with hydrochloric acid, filtered and dried. This
crude product was partly purified by dissolving in 75% acohol and pouring over ice.
After drying and reerystallization from warm petroleum ether, white needles were
obtained, melting at 54-56°, which agrees with the melting point previously reported;®
yield, 80 g. or 68%. Anattempt to prepare bromovalericacid in asimilar manner using
48% hydrobromicacid gavepoor yields.

Ethyl é-Iodovalerate.—A mixture containing 100 g. d the iodovaleric acid in 500
g. of a 5% solution d dry hydrogen chloridein absolute acohol was refluxed for four
hoursand then thegreater part d theacohol and hydrogenchloridewas removed by dis-
tillation. The solution was diluted with an equal volumed water, the ester layer ex-
tracted with ether and the ether solution washed with saturated sodium carbonate to
removefreeacid. Theether solutiond the ester was dried over sodium sulfate and dis-
tilled under diminished pressure; the ester was collected in thefraction boiling from 108
to 118° (20 mm.); yield, 68 g., representing 61% d thetheoretical (this is amost 90%
if corrected for the acid reclaimed from the carbonate extract o the reaction product).

Anal. Subs., 0.5000: AgI, 0.4490. Cdcd. for C;Hy;30.1: 1, 49.61. Found: |,
48.54.

Triethyl Ester & Heptane Tricarboxylic Aeid-1,5,5.—Four g. d sodium was dis-
solved in 50 cc. d absolute alcohol and to thiswasadded 34 g. d diethyl ethylmal onate
followed by 44.1g. d ethyl iodovalerate. The reaction mixture was worked up in the
same manner as in the preparation d phenoxypropyl maonic ester, the product being
obtained in a fraction boiling between 195 and 200" at 20 mm.

Heptane Tricarboxylic Acid-1,5,5.—As in the case d phenoxypropyl malonic acid,
31.5¢g. d thetricarboxylicacid ester washydrolyzed with 150 cc. of 20% sodium hydrox-
ide to yield a product o oily crystals melting at 86-88 and decomposing with the
evolutiond carbon dioxideat temperatures above 140°.

Heptane Dicarboxylic Acid-1,5.—Decarboxylation d 20 g. d the tricarboxylic
acid between 140 and 180° gave 16 g. d yelow oil which wasdistilled under diminished
pressurefrom a Claisen flask carrying a modified arm.  Upon fractionation almost the
entire product was collected at 218-223° at 17 mm. (Perkin records 260" at 82 mm.)
The fraction was a thick, colorless oil which seemed to resist all attempts to obtain a
crystalline product from it, but after standing as a liquid for several days, it suddenly
completely crystallized. Thiscrystallinematerial melted at 41.5-43.0° and was soluble
in hot water, alcohol and hot benzene. The silver salt was prepared by dissolving in
dilute ammonium hydroxide, boiling out the excessammoniaand precipitating from the
cooled solutiond the ammonium salt by adding silver nitrate solution.

Anal. Subs., 0.3000: AgCl, 0.2125. Calcd. for CoH1404A8,: Ag, 53.68. Found:
Ag, 53.32.

These analyses, whiledlightly low for silver, consdered with the method of prepara-

tion, indicate that the product isheptane dicarboxylicacid-1,5.
Summary
Heptane dicarboxylicacid-1,5 has been synthesized through thefollowing

steps. trimethylene bromide, phenoxypropyl bromide, phenoxypropyl
malonic ester, phenoxyvaleric acid, iodovaleric acid, heptane tricarboxylic
acid-1,5,5 and heptane dicarboxylicacid-1,5.

5 Cloves, Ann., 319, 367, 388 (1901).



1970 ROGER ADAMS AND J. R. MARSHALL Vol. 50

Heptane dicarboxylic acid-1,5has been obtained asa solid.

In the course d the synthesis, the following new compounds were pre-
pared: ethyl é-iodovalerate, triethyl ester d heptane tricarboxylic acid-
1,5,5, heptane tricarboxylic acid-1,5,5 and the silver salt d heptane
dicarboxylic acid-1,5.

WirMINGTON, DELAWARE

[ConTRIBUTION FROM THE CHEMCIAL LABORATORY OF THE UNIVERSITY OF ILLINOIS]

THE USE OF PLATINUM-OXIDE PLATINUM BLACK IN THE
CATALYTIC REDUCTION OF AROMATIC HYDROCARBONS.
XvIin

BY ROGER ApAMS AND J. R. MARSHALL?
RECEIVED APRIL 2, 1928 PuBLISHED JULY 6, 1928

One d the few classes d reducible compounds which does not lend
itself readily to reduction under ordinary laboratory conditions is the
aromatic hydrocarbons. These compounds have frequently been reduced
at high temperatures, using nickel or other metals as a catalyst, but no
satisfactory method is available for their reduction under such conditions
as are most conveniently used in a scientific laboratory, namely, room
temperature or slightly above, atmospheric pressure or pressures not over
two or three atmospheres and readily prepared catalyst. The reactions
should be comparatively rapid and it should be possible to reduce large
enough quantities to be sufficient for ordinary research purposes. The
success o platinum-oxide platinum black as a catalyst for the addition d
hydrogen to many unsaturated compounds, as compared with other
forms d catalytic platinum, led to a study d its use in the reduction d
aromatic hydrocarbons.

Willstatter® and his associatesreport the hydrogenation d benzene and
toluene at ordinary pressures and temperatures by means d hydrogen
and platinum black prepared by the reduction d chloroplatinic acid and
formaldehyde. However, the large amount o catalyst needed compared
with the amount d material to be reduced rendersthe method impractical
for ordinary work. For thereductiond 3.0 g. d benzenein13cc. d glacia
acetic acid with 0.1 g. d platinum black, six hours was required; for 1.8 g.
o toluenein 3 g. d acetic acid with 0.5 g.  platinum black, three and
one-half hours; for 6 g. d xylenein4g. d aceticacidwith 0.9 g.d platinum

1 The previous article in thisfield is by Bray and Adams, THis journaL, 49,2101
(1927). Referenceto the other work will befound inthisarticle.

2 This communication is an abstract d a thesis submitted by J. R. Marshall in
partial fulfilment of the requirements for the degree o Master d Science in Chemistry
at the University d lllinois.

3 (@) Willstatter and Waldschmidt-Leitz, Ber., 54, 113 (1912); (b) Willstatter
and Hatt, sbid., 45, 1471 (1921).
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black, twenty-four hours. Other hydrocarbons were reduced under con-
ditions comparable with those cited.

The benzene hydrocarbons have also been reduced by means o colloidal
platinum. Skita*® and his associates reduced several, d which may be
mentioned asexamples, 1 g. d toluenein 120 cc. d acetic acid with 0.41 g.
d colloidal platinum in three and one-haf hours; 10 g. d xylenein 80 cc.
d acetic acid with 1.5 g. d platinum in three to four hours, using in this
instance, however, 3 atmospheres pressure and 80° temperature.

The use d platinum-oxide platinum black has proved to be o value
and to be a catalyst far more effective than those mentioned. Although
the investigation is not entirely complete, publication d the results at
hand is offered since, in an article recently published, Kuhn® has noted in
the course d an investigation on the addition reactions o conjugated
systems that certain compounds such as diphenylbutadiene were reduced
by platinum-oxide platinum black not merely to diphenyl substituted
saturated hydrocarbons, but even further until the benzene nuclei were
saturated. Thus the completely hydrogenated derivatives of diphenyl-
butane, diphenylhexane and diphenyloctane were prepared. Though
acohol has usually proved to be the most satisfactory solvent for reduc-
tions with platinum-oxide black, with ethyl acetate as the second most
desirable, in the case o the aromatic hydrocarbons neither is as suitable
as glacial acetic acid. The temperature was in practically all cases that
d the room and the pressure was varied from two to three atmospheres.
The following table indicates how readily various hydrocarbons may be
reduced in practically quantitative yieldswith a smal amount of catalyst.

Thefirst seven compoundsand thelast twoin the table could be reduced
to completion with 0.2 g. d catalyst. The heavier molecules, however (in
genera those with more than one phenyl group), required several additions
d 0.2 g. d catalyst to obtain complete reduction within a required time.

A few experiments were made with benzene, toluene and xylene, in-
creasing the amount d catalyst and, as might be expected, the time o
reduction was very materially decreased. |n addition it might be stated
that fluorene and «,a-diphenylpropane resisted al attempts at reduction
by asimilar procedure. Itisthe opinion d theauthors that thisdifficulty
was probably due to slight impurities, even though special precautions
were taken to remove them. In generd, the rate  reaction o these
aromatic compounds seemed to be very dependent on the purity o the
compounds and reagents Presence d traces d impurities frequently di-
minished the rate d reduction markedly.

Skita®® fractionated very carefully 9g. d reduced m-xylene. From this

¢ Skita and Meyer, Ber., 45,3589 (1912).
s Skita and Schneck, Ber., 55,144 (1922).
¢ Kuhn and Winterstern, Hely. Chim. Acia, 11, 123 (1928).



1972 ROGER ADAMS AND J. R. MARSHALIL Vol. 50

TaBLEI

RebucTion o ArRomaTIC ComPounps IN 50 cc. oF GLAciAL ACETICc AciD AT 25-30°
TEMPERATURE AND 2-3 ATMOSPHERES PRESSURE

Amount of Amount of Time,
Compound used B. p. or m. p., °C. substance, g. catalyst, g. hrs.
Benzene 79.5-80 15.6 (0.2 mole) 0.2 2.0
Toluene 110-111 18.4 (0.2 mote) .2 2.75
Ethylbenzene 136-136 8 21.2 (0.2 mole) 2 7.5
m-Xylene 139-140 21.2 (0.2 mole) .2 21.5
Mixed xytenes 138-145 21.2 (0.2 mole) .2 26.0
Mesitylene 164.5-166 12 (0.1 mole) .2 8.5
Cymene 175-176.2 13.4 (0.1 mole) .2 7.5
Diphenylmethane 27 {(m. p.) 16.8 (0.1 mole) .2 70
Triphenylmethane? 92.2-92.5 (m. p.) 8.74 (0.033moley 4XO0.2 480
a,a-Diphenylethane 147 (15 mm.) 18.2 (0.1 mole) 3 X 0.2 265
Dibenzyl 52.6-53 (m. p.) 18.2 (0.1 mole) 3X0.2 37.0
Phenylacetic acid 76 (m. p.) 13.6 (0.1 mole) .2 5.5
B-Phenylpropionic acid 48 (m. p.) 15.0 (0.1 mole) .2 60
Compound obtained B. p, °C. nD d Ref.
Cyclohexane 79-79.5 (752 mm.) 1.4242/20° 0.7769/20° 7,3,4
Methylcyclohexane 100-100 2 (742 mm.) 1.4198/20° .7687/20° 7,4
Ethylcyclohexane 129.8—130 (743 mm.) 1.4278/25° .7899/25° 8
m-Dimethylcyclohexane 118.5—-119 (747 mm.) 1.4230/25° .773/25° 3b, 9, 10
Mixed dimethylcyclohexanes 118-123 (743 MM.)  teiensee meenanas ..
Trimethylcyclohexane 135.5-138 (743 mm.) 1.4257/25° .8250/25° 9
1-Methyl-4-isopropylcyclohexane 63 (22 mm) 1.4370/25° .8061/25° 9
Dicyclohexylmethane 110-110.5 (18 mm.) 1.4875/20° .8884/20° 11
Tricyclohexylmethane 163.2 (4 mm.) 1.5264/20° .9644/20° 12,13
a,a-Dicyclohexylethane 112 (7 mm.) 1.4887/25° .9070/25° 7,14
a,8-Dicyclohexylethane 147-148.5 (12 mm.) 1 4760/18° .8774/18° 4
Cyctohexylacetic acid 110-112 (3 mm) 1.4558/30° 1 007/30° 16
B-Cyclohexylpropionic acid 112-114 (4 mm.) 1.4596/25° 1,0178/25° 15,17

® Temp., 60° C.; 100 cc. o acetic acid.

(7) lpat'ev, Ber., 40, 1281 (1907); (8) Sabatier and Senderens, Compt. rend., 132,
566 (1901); (9) Skita and Schneck, Ber., 55, 144 (1922); (10) Skita, Z. angew. Chem.,
34, 230 (1901); (11) Sabatier and Senderens, Compt. rend., 132, 210 (1901); (12)
Ipat'ev and Dolgov, Compt. rend., 183,304 (1926); (13) Godchot, Marcel, Compt. rend.,
147, 1057 (1918); (14) Sabatier and M. Murat, Compt. rend., 154, 1771 (1923); (15)
Zelinsky, Ber., 41, 2676 (1908); (16) Treudler and Damond, Compt. rend., 141, 5%4
(1915); (17) Ipat'ev, Ber., 41,1003 (1908).
he reports that he was able to obtain two constant boiling fractions, one
at 119° and the other at 121.5°, which he assumed to be the trans and
cis forms, respectively. In the reduction with platinum-oxide platinum
black the product, even though available in much larger quantities than
reported by Skita, could not be fractionated into two constant boiling
compounds. It appears that the largest proportion d the product was
probably thetransform. In the same way, at least the greater proportion
of the reduction product d cymene was a single compound.

Experimental

Platinum Black.—The platinum oxide was prepared from c. ». chloroplatinic acid
in the manner described previously.'® The apparatus was the same as hasbeen used in
the previousinvestigations.

18 Adams and Shriner, Tais JourNAaL, 45,2171 (1923); Org. Syn., 8, 92 (1925).
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Purification d Substances to be Reduced. —Commercid C. P. products were ob-
tained and further purified. Thiophene-free benzene, toluene, ethylbenzene, xylene.
mesitylene, cymene and diphenylmethane were refluxed for three hours over sodium and
then digtilled. Only the constant boiling fraction was used for the reduction. ‘Tri-
phenylmethane, «,a-diphenylethane, dibenzyl, phenylacetic acid and B-phenylpro-
pionic acid were crystallized alternately from acohol and glacial acetic acid. After
several reerystallizations the compoundswere used for reduction.

Method of Isolation of Products.—After filtration and evaporation of the solvent,
the reduced compounds, with the exception d the two acids, were treated several times
with a mixture df 10 cc. of coned. nitric acid and 25 cc. o sulfuricacid at 0-5° for five
to ten minutes. After each treatment the compound was washed with water. When
the acid mixture no longer turned yellow, the compound was considered t o be pure and
was washed, dried and distilled. )

The cyclohexylacetic acid and the B-cyclohexylpropionit acid were merely distilled
from the acetic acid in order to purify them.

Summary

It has been found that platinum-oxide platinum black is an excellent
catalyst in the reduction with hydrogen d various types o aromatic
hydrocarbonsin glacia acetic acid as a solvent.

URBANA, ILLINOIS

[CONTRIBUTION FROM THE DEPARTMENT 0 CHEMISTRY, UNIVERSITY 0F CALIFORNIA]

THE EFFECT OF THE CYANIDE GROUP ON THE BASICITY OF
ALIPHATIC AMINES AS DETERMINED IN WATER AND
ALCOHOL SOLUTIONS -

By T. D. STEWART AND Vivien Cook
RECEIVED APrIL 16, 1928 PuBLI SHEDJULY 6, 1928

Stewart and Aston! studied the influence o akoxyl substitution upon
the basicity d tertiary aliphatic amines, usng derivatives o the type
ROCH,N(CyHs),. They found that methoxy, ethoxy and isobutoxy
substitution lowered the base strength and gave to the basic dissociation
constants d the amino ethers the values 3.6 X 1079 1.8 X 10—% and
4 X 1077, respectively. The comparisons were made colorimetrically in
acohol, usng methylaniline and benzylamineas standards. By assuming
that the relative base strengths in water and dcohol solution would be
the same, the above figures were assgned as for an aqueous solution.
The work d Goldschmidt and Mathieser? indicatesthat in general amines
are stronger bases in adcohol than in water, but with notable exceptions,
so that comparisons d basicity in acohol cannot be considered to offer
a dmilar comparison in water. The above vaues, then, must be con-
sidered not as absolute but as relative to themselvesand to methylaniline
in dcohol solution only. It is, nevertheless, apparent that alkoxyl sub-

Stewart and Aston, Tris JOURNAL, 48, 1642 (1926).
2 Goldschmidt and Mathiesen, Z. physik. Cheim., 119, 439 (1926).
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stitution upon the a-carbon d an amine causes a marked decreasein the
tendency d the nitrogen atom to attach a proton, and particularly in-
teresting to observe that the effects of different alkoxyl groups are con-
siderably differentin magnitude.

The present paper deals with the effect upon the base strength o sub-
stituting a cyanide group for a hydrogen atom upon a carbon in the
a-position to the nitrogen in methyldiethylamine, triethylamine, benzyl-
diethylamine and isopropyldiethylamine. ‘The comparisonsare made both
in alcohol and water solutions in the first and third cases, but only in
alcohol in the other two because d the rapid decomposition o these
bases in aqueous acid.

Experimental Results
The electrometric titrations d «-diethylamino-acetonitrile and o «-di-

ethylaminophenylacetonitrile were carried out in water as described in
the Experimental Part. The results indicate basic dissociation constants,

TaBLE |

THE ELECTROMETRIC | ITRATION OF SOLUTIONS OF a-DIETHYLAMINO-ACETONITRILE IN
Excrss oF 0.1 N HyprocHLoRICACID WiITH 0.1 N Sopbium HybroxIDE

Part A

Total Concn, of amino salt

Sample, add, Temp., at the true end-point,
Expt equiv. cc.of 01N °C. equiv./L.
1 0.003976 45.49 22.8 0.07777
2 ,003597 45.56 22.6 .06405

3 .004135 45.13 22.5 .0837
Part B
ercentagetltratlon Voltage, H* X 1073,
Expt. o salt by NaOH from plot equiv./L. Kp X 1010
1 0 0.481 3.363 .66
25 .535 .399 .75
50 .561 .1438 .69
2 0 .489 2.401 1. 07
25 .545 .2647 113
50 .573 .0886 113
3 0 .488 2.462 1.31
25 .550 .2218 1.3
50 .575 .0810 123
Av. 103
TaBLE 11

Tar ELecrromETRIC ‘TITRATION OF SOLUTIONS  OF a-DIETHYLAMINOPHENYL-
ACETONITRILE IN ExcEss oF 0.1 N HyprocHLorIc Acip wiTH 0.1 N Sobium HyDRoxIDE

Part A
Total Elapsed time Weak base
Sample, acid, beforetitra- found, Temp.,
Expt. equiv. cc.d0.1N  tiom, min. eqmv. °C.
1 0.00275 36.17 35 0.00240 22.5
2 .002785 36.03 25 .00238 22.8

3 .002875 36.05 120 .001225 22.5
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TasLg 11 (Conduded)

Part B
- Approximate Solubility o Free Base, 0.00176 Equiv./L.
01N Total pr%gletnt
NaOH, vol (approx.), (H), Cation,

Expt. ce. cc. equiv./l. Voltage equiv /1 equiv /1.  Kp x 100
1 9 58 45.75 0 049 0.4477 0,01234 0.0373 1.72
1 16 05 52.22 .0328 .4559 0089%6 .0239 152
1 25 38 61 55 0126 4812 .00331 .00932 1 60
2 896 44,99 .0515 4491 01175 0398 192
2 15.98 52 01 0308 4618 .00714 .0237 189
2 24 9 60.12 .0132 .4811 .00335 0099 1.68

Av. 172

Kg, d 1.0 X 107 and 1.7 X 101, respectively, and are summarized in
Tables | and II and Fig. . The method d e¢aleulation is described in
the Izter section.

0.9 0.9

0.8 f 0.8

0.7 0.7

Elextromotive force, volts
Y
N

207 ” -
NI INV.e

0.4 0.4
0 20 40 0 20 40 60
[C.H;]:NCHC:H;CN. [C.H;:[NCH,CN.
Volume o alkali, ce. d 0.1 N.
Fig. 1. —Titration curves d salts d a-aminonitriles in water.

In each d the three titrations d a-diethylamino-acetonitrile (Table I,
Part B) consistent values d K g are obtained, but the three do not agree
well among themselves, perhaps due to constant small errors in the elec-
trode condition. Still greater difficulty was experienced in attempting
to get reproducible results when the base was titrated directly with acid,
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probably due to poisoning of the electrodesin the alkaline solution. The
numerical average given may be considered accurate within 30%.

Since the «-diethylaminophenylacetonitrile is sparingly solublein water
and upon titration d its acid solution started to precipitate before the
excess acid was neutralized, the inflection point o the titration curve
did not signify the point d equivalency d acid and base present. More-
over, the substance decomposes more or less rapidly in dilute acid, pre-
sumably according to the equation

CH;CHCNN(CoHy)z + H,0 —> CeH;CHOHCN + (C;Hg)NH

The net result is the transformation d a weak base to a stronger base,
so that the concentration d the salt present (Table 11, Part B, Col. 4)
was corrected for this reaction (see Experimental Part). Curve III,
Fig. 1, for this substance was for an acid solution which had stood for
two hours before titration. The weak base had almost disappeared.
Table III summarizes the results of the colorimetric comparison in
alcohol at room temperature. An alcoholic hydrogen chloride solution
of known strength, containing the indicator in question, was added to a
weighed sample d the pure base. Details o the color comparison are
given later and only the average d several determinations isgivenin Table
III. The ratios d the various basic dissociation constants are taken

from the expression
Catian) t —
x = £21%) on-) - (%Sel) (OH-)
wherein it is assumed that the acid is completely dissociated and the
concentration d hydrogen ion is negligible in comparison to the con-
centration d cation, that is, al d the acid is neutralized. At equa
hydrogen ion (or hydroxyl ion) concentration, as shown by the indicator,
the ratios d the constants are the ratios d the respective salt/base ratios.

TasLg 11T

‘Tae PERCENTAGE TITRATIONS OF SOME a-DIETHYLAMINO NITRILES, #-CHLORO-

ANILINE AND ANILINE: wiTH ALcoHOLIC HYDROGEN CHLORIDE AT CORRESPONDING

INDICATOR Corors, AND THE RELATIVE STRENGTHS OR THE RESPECTIVE BASES IN
ABSOLUTE ALCOHOL SOLUTIONS

Part A
. Methyl red and propyl red . Methyl red
m-Chloro a-Diethylamino- a-Diethylamino- a-Diethylamino-
aniline (Kc) propionitrile (Kp) acetonitrile (K 4) phenylacetonitrile (K p)

%o % Kp/Kc % Ka/Kc % Kc¢/Kp

40 58 . 2.07 56 1.91 1 5.4

50 66 1.94 64 1.78 13 6.7

60 72 1.72 72 1.72 16 7.8

70 80 1.72 80 1.72 18 10.6

80 87.5 1.75 87.5 1.75 25 12.0

0 “ . - . 41 12.9

Av. 1.8 Av. 1.8 Av. 9.2
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TABLEIII (Concluded)

Part B Part C
Propyl red . Methyl red and thymol blue
m-Chloro- a-Diethylamino- a-Diethylamino-
aniline (KC) phenylacetonitrile (K p) acetonitrile (K 4) Aniline (Ky)
% % Kc/Kp % % KN/Ka
50 14.5 5.9 40 92 17.3
60 17.0 7.3 50 95 19
70 21.5 8.5 60 97.2
80 31 8.9
Av. 7.7 Av. 18

The trend in the ratio d the constants in the case d the phenylated
derivative may be due to experimental error, although there is no sug-
gestion in the actual datad an uncertainty d this magnitude.

The fact that the trend is less marked in the experiment using Propyl
Red than it is in those with Methyl Red, suggests some specific action
d the base upon the indicator, or it may involve the assumptions used
in the comparison d the constants.® It isdoubtful whether the numerical
average should be taken rather than an extrapolation toward higher
fractional neutralization. Sincethe averagesagreein the two series better
than the extrapolations, they are taken as more nearly approaching the
correct valueand afinal valued 8.5 assumed for theratio d the constants
d m-chloro-anilineto adiethylaminophenylacetonitrile in alcohol. It is
believed that thisis correct within 209,.

Table 1V gives a résumé o the results. The values for aniline and
m-chloro-aniline in water are taken from Landolt-Bornstein's ‘‘Physikal-
ische-Tabdllen.” Kpg is the basic dissociation constant in water, K4,
the acidic dissociation constant d the cation, obtained for water solution
from the relation K4 = Kw/Kp, where Ky = 1.0 X 1074 K, in
acohol solution is taken in the case d aniline, methylaniline and m-
chloro-anilinefrom the work o Goldschmidt and Mathiesen,? and in the
other cases calculated from these and from the above determined ratios.*

8 Goldschmidt and Mathiesen, ref. 2, give the dissociation constant o m-chloro-
aniloniumion (CICsHNH;*) inacohol as6.1 X 107%, and d aniloniumion (C:H:NH;*)
as 2 X 1078, A solution d aniline hydrochloridewhich is0.05 M would then contain
about 3 X 10~* N hydrogenion, since hydrogen chlorideisastrong acid, even in alcohol.
A solutiond chloro-anilineand its hydrochloride, in equivalent amounts, would contain
about 6 X 10~% N hydrogenion, and at the same point our data show anilineto beabout
989, titrated, whereascal culated from theabovefiguresit should be97%. Weare, then,
insubstantial agreement and are apparently justifiedin the assumption of our simplified
formula.

4 In addition to theresults d Table IV, we have made measurements on a base
prepared from acetone, and which is presumably a-diethylamino-isobutyronitrile.
I't had the correct equivalent weight and isa new preparationso far as we know. The
yield was small and the preparation has not been duplicated, hence we have not de-
tailed the results at this time. | n acohol solution the substance titrated precisely as
does aniline. If this is true, it means that whereas the introduction o one methyl
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TABLE IV

Basic AND Acibic DissociATION CONSTANTS OF SOME AMINE BASES AND SALTS IN
WATER AND IN ALCOHOL

Water solution . Alcohol solution
Ratios of Ratios of
Base KB Kgy (t:gﬁstt) gﬁtcs Ka congt]fnts
a-Diethylaminophenyl aceto-
nitrile 1.7 X 1071 59X 10™* ... 52X 10
m-Chloro-aniline 34X 10 29X 107* 2 6.1 X 10 8.5
a-Diethylamino-acetonitrile 1.0 X 10~ 1.0 X 10~* 2.9 3.4 X 1075 1.7
a-Diethylaminopropionitrile ........  ........ ... 3.4X 1078 1.0
Aniline 46 X 1071 22X 107" 46 2 X107¢ 17
Methyl aniline ... ool . 1.3 X105 0.154
a-Diethylamino-methyl
methyl ether ..o Lol L. 92X 1077 14.1
a-Diethylamino-methyl
ethyl ether ..o Lol oo 184 X 1077 5.0
a-Diethylamino-methyl
isobutyl ether ... Lol ... 8.27T X 107° 22.2
Methyldiethylamine 27X 107 3.7 X107 ... ...

Discussion of Results

We may record in Table V for reference® the dissociation constants in
water o the parent compounds d the cyano and alkoxyl amines and
the data for a similar seriesd substitutions in acetic acid.

TABLE V
Basic AND Acipic DissociATION CONSTANTS IN WATER
Bases .¢:] Acids Ka
Methyldiethylamine 27 X 10~ Acetic 1.8 X 107
Diethylbenzylamine 36X 10 Phenylacetic 5.3 X 107
Triethylamine 64X 10 Cyanoacetic 3.7 X 1073
M ethoxyacetic 3.3X 1074
Ethoxyacetic 2.3X 1074

From a comparison d Tables 1V and V, using either the ratios d the
dissociation constants or the logarithms o such ratios, it is seen that
the cyano and alkoxyl groups substituted in amines reduce the basicity
to a much greater extent than they increase the strength o acetic acid
when substituted upon the a-carbon atom. The two systems are not
strictly comparable, sincethat d the aminesis a 1,3-substitution from the
affected atom (nitrogen) whereas in acids the substitution is 1,4. The
effect d substituting a methyl or phenyl group in a cyano-amine is the
same as for the same substitution in the ssimple amine. The logarithm
o the dissociation constant  methyldiethylamine (in water) is decreased
group into the acetonitrile derivative causes no change in the base strength, a second
methy| group produces a 17-18 fold increase in base strength. Mr. A. J. Alstrom, to

whom we areindebted for this provisional result, isrepeating the preparation.
¢ Tandolt-Bérnstein, " Physikalische-Chemische Tabellen,” Berlin, 1923.
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about 0.85 by phenyl substitution in the a-position, and about 6.4 by
cyano substitution. Similarly substitution d hydrogen by phenyl in
diethylamino-acetonitrile decreases the logarithm o the dissociation
constant by 0.77. Theincreased the logarithm d the dissociation con-
stant of acetic acid is 0.47 for phenyl substitution, 2.32 for cyano sub-
stitution and 1.27 for methoxy substitution. Methoxy substitution in
the amines likewise produces a smaller effect than cyano substitution,
at least in acohol solution. From the data now available, it would not
be safeto assumethat the effect  changed solvent from water to alcohol
would produce in the amino nitriles and in the amino ethers the same
change or even a similar change in the basic dissociation constants d the
respective bases. |t is, however, probable that the two classesd amines
closdly maintain in water the same relative basicitiesasin alcohol.

It so happens that the bases studied here maintain the same order in
base strength in acohol and in water, although theratios d the dissociation
constants differ widely in the two solvents. The series  bases studied
by Goldschmidt and Mathiesen? differed even in order. The reasons for
this will not be discussed fully at this time. It isevident, however, that
in the expression

kg = (Cation)

(Base)

the parentheses denote the activities d the respective substances. Since

normally it is the concentration and not the activity that is measured,

and since in the present work solutions d equal hydrogen ion activity are

compared, we may substitute for the above activities the product o the

concentration by a factor vy and write for two different bases in a given
solvent

(OH")

'le’Cution
K’B 72C/Ba.se

K's Y3C” Gation
Y4C"Base
A similar expression could be written for a second solvent. It is then
seen that theratio o the constants, K’ and K", as calculated only from
the concentrations, can be the same in two solventsonly in case the ratio
d the four v factors remains constant with change d solvent. The v
factors involve deviations from the laws d perfect solutions and may,
in addition, not be constant with respect to changes in concentration.
It is not surprising that numerical constancy d the above ratios is not
found. The question is further complicated by the assumption d in-
finitely dilute solutions in each solvent as the standard state d a given
molecular species in that solvent. There would be a difference in the
energy contents of the hypothetical molal solution d a given solute in
two different solvents which should be included in a strict comparison
d the basic dissociation constants d a substance in those solvents.
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Finally, if a base is composed d two or more tautomers, the net base
strength is determined in part by the relative amounts d the tautomers
present. A change d solvent may change these relative proportions and
in a manner unrelated to the relative base strengths d the individual
tautomers. Then the comparison o a base which may tautomerize with
one which may not, in different solvents, might lead to results which would
be difficult d interpretation in terms d their respective structures.

Experimental Part

Preparation d Materids —The following amino nitriles were prepared using the
method of Knoevenagel and Mercklin.$

a-Diethylamino-acetonitrile from formaldehyde, sodium bisulfite, diethylamine
and potassiumcyanide; colorlessail, solublein water; b. p. 35-40° (6 mm.) and 62-63°
(14 mm.); yield, 85% based on diethylamine.

a-Diethylaminopropionitrile from acetaldehyde and other reagents as above;
colorlessail, solublein water; rapidly hydrolyzesin aqueousacid; b. p. 47-49° (7 mm.)
and 67-68' (17 mm.); yideld, 659 based on diethylamine.

a-Diethylaminophenylacetonitrile from benzaldehyde and other reagents as above;
slightly solublein water, solublein dilute acid, usualy light yellow or greenish yelow
after distillation; b. p. 112° (7 mm.) and 130-131° (11 mm.); yield, 839, based on
diethylamine. The base decomposesmore or lessrapidly in acid solution, most rapidly
in dilute acid, but even then the reaction requires some hours. It may be dissolved
in acid and be reprecipitated with base unchanged. The equivalent weight may be
accurately determined by dissolvinga weighed sample in a known excessd 0.1 N acid
and back-titrating immediately with 0.1 N base, using the difference between the j re-
cipitation end-point and the phenol phthal einend-point asa measured the base present.
The latter end-point should coincide with that d an equal amount d acid to which no
base has been added.

«=Diethylamino-isobutyronitrile, from acetone and the other reagents as above.
Theyield was very poor and the preparation could not be duplicated after several trials;
b. p. 75-77° (23 mm.); equivalent weight to methyl orangetitration, 140 g.; colorless
oil, solublein water, rapidly hydrolyzed in aqueousacid.

Aniline—A redigtilled sample d a commercial preparation was used. It was
colorlessand remained so, in the dark, for several days.

m~-Chloro-aniline.—A redistilled sample d Kahlbaum's preparation was used. |t
distilled withinaranged onedegreeand was colorless.

Alcoholic Hydrogen Chloride was prepared by generating hydrogen chloride from
pure concentrated hydrochloric and sulfuric acids, drying the gas by passage through
sulfuric acid and collectingit in cooled commercia absolute alcohol d good grade. |t
wasthen diluted to the desired normality with the same acohol and the indicator added
to thestock solutionin thefollowingconcentrations, respectively: methyl red, 0.0083g.
per liter; propyl red, 0.012g. per liter; thymol blue (acid), 10 ce. d asaturated solution
in alcohal, per liter. The normality d the alcoholicacid was determined by diluting a
measured volumed the solutionwith water and titrating with standard alkali, usingthe
contained indicator. One seriesd experimentswas made using 0.1 N acid and several
using about 0.05 N acid.

Solubility d a-Diethylaminophenylacetonitrilein Water.—This was determined at
20° asfollows. A 0.4580-g.sample (0.002349equiv.) wasdissolvedin 30.0cc. d 0.1 N

6 Knoevenagel and Mercklin, Ber., 37,4087 (1904).
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acid and 2.00ce, portions d this solution were added to known volumes of -water.
Excess akali in known volume was then added to the mixtureand the presenceor ab-
sence d a turbidity noted. In one experiment, afird volumed 97.0 ce. allowed no
turbidity; in another a fina volume o 91 ce. dlowed a very slight turbidity which
cleared on the addition d 10 cc. o water. Since a high degree of accuracy was not
desired, this volume d 92.0 ce. was taken as accurate and represents a solubility o
0.00176 = 29% equivalents per liter. At 30° the solubility is about 0. 00185 * 2%
equivaentsper liter.

Electrometric Titration Procedure —The dde arm d an ordinary decinormal
potassium chloride calome electrodewas dipped directly into the solution prepared for
the titration. In this was immersed an apron type foil platinum electrode. NoO
attempt was made to excludeliquid junction potentials because df other uncertainties
involving poisoning d the electrode which could be d much greater magnitude. A
Leeds and Northrup type K potentiometer, a calibrated standard cdl and electrolytic
hydrogen generator completed the equipment. The hydrogen electrode was first
broughtin equilibriumwith a knownamount d 0. 1 N standard acid and then an amount
d organic base added which was not quite equivalent to this acid. The solution was
then titrated withQ 1 N alkali asusudl.

Thetitration curvesare given in Pig. 1 and the datafor the calculations
given in Tables | and II (see previous section). The hydrogen ion con-
centration was cal culated from the equation

log, L~ = E =0.3%8
(H? ™ 0.00019844T

Inthecased adiethylamino-acetonitrile, the constant & hydrolysis of
the salt and the basic dissociation constant d the base were calculated
from the expressions

_ (H*)? . Kp = 75
Ku = onend s = @' T

The concentration d salt was determined from the total volume (volume
d acid plus volume d akali) at the true end-point, and the amount o
baseused. The other calculationswere based on the simplified expression

_ (Sdt) Kw
# 7 (Base) (HY)

Inthe case d the phenylacetonitrile derivative the last equation given
wasused. The concentration d the base was constant and equal to that
in a saturated solution; that d the salt (cation) was calculated from:
(e)total volume d the solution and (b) total equivalents d salt present
(base used minus base decomposed minussalt neutralized and hydrolyzed).
The amount d base decomposed was given by the difference between the
acid started with and acid found, as shown by the second inflection of the
titration curve. Most d the reaction d decompostion took place before
the back-titration started and used up acid by the formation o a strong
base, presumably diethylamine.

Colorimetric Determination d Relative Base Strengths in Alcohol.—
A wedge type colorimeter was used. The two wedges were fitted with
the stock acoholic acid-indicator solution, and one  them was then

K



1982 T. D. STEWART AND VIVIEN COOK Vol. 50

made alkaline with afew dropsof diethylamine. They were each mounted
separately on movableframes provided with a scale reading from 0 to 100.
The comparator cup was of such dimensionsasto give the same depth o
solution as that provided by the wedges when their combined scale read-
ings were 100. Careful calibration of the colorimeter was not necessary
because it was used in a purely empirical way. A daylight lamp furnished
illumination, reflected from a frosted glass background. Manipulation
o the wedges permitted variation d the color shades and intensity, and
the recorded scale readings allowed reproduction at will & any previously
used color standard. In practice it was found that the alkaline wedge
could be shifted appreciably without sensible alterations d the color
shade. Readingsd the acid wedge scale only were used.

The organic bases to be compared were weighed into a small flask
provided with glass tubing attachments similar to those d a wash bottle.
The stock acid-indicator solution was added in desired quantity from a
buret the tip of which passed through the stopper d the flask. At any
given time some of the solution could be forced over into the comparator
cup, the color comparison made, withdrawn back into the flask, more acid
added and the operation repeated until the possible range d color com-
parison was covered. Small amounts d water caused no appreciable
change in the color d the solutions, and in the system employed there
was no exposured the solution to the air except through calcium chloride
filled tubes, and except that the comparator cup had a small opening for
the insertion d a glass tube through which the liquid was introduced and
withdrawn. The acid wedge reading was plotted for each base against
its percentage titration and smooth curves were drawn through the points.
A given wedge reading then represented a corresponding hydrogen ion
activity for each d the various solutions. A summary o the data is
given in Table ITI. By the above method, using the same stock solution
for all the bases, the comparisons are made at equal cation, hydrogen ion
and anion concentrations (assuming completeionization d acid and salts).
The ratio d the dissociation constants is then very closaly the inverse
ratiod theconcentrationsd thefree bases under these conditions. More-
over, the total ionic strength d the solution changes but very little during
the whole course d the titration.

Summary

The basic dissociation constants d a-diethylamino-acetonitrile and o
a-diethylaminophenylacetonitrilein water are 1.0 X 10~ %and 1.7 X 10-1,
respectively. In dcohol solution, the acidic dissociation constants o their
salts (chlorides) are 3.4 X 1075 and 5.2 X 10~* respectively, while those
o adiethylaminopropionitrile and d a-diethylisobutyronitrile in alcohol
are 34 X 107® and 2 X 1078, respectively. The base strengths d some
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amino ethers in acohol have been recalculated. Some o the factors
which determinethe apparent changein relative base strength with change
d solvent are discussed.

BERKELEY, CALIFORNIA

[ContriBUTION FROM THE CHEMICAL LLABORATORY OF THE UNIVERSITY OF |LLINOIS}

CYCLOPROPYLMETHYL ALKYL ACETIC ACIDS AND THEIR
BACTERICIDAL ACTION TOWARD B. LEPRAE Xun

By J. A. ArRVIN? AND ROGER ADAMS
Ryciivep ApPriL 17, 1928 PuUBLISHED JULY 6, 1928

The various synthetic acids which have been studied for their bacteri-
cidal action have so far contained either a five or six membered ring.
The present investigation has covered the synthesis o a series o acids
containing a three-membered ring, namely, the cyclopropylmethyl alkyl
acetic acids, (1) where the R varies from n-amyl to n-myristyl. These
acids are d interest because they lead to the possbility o determining
whether the significant factor for the bactericidal action in the many
acids that have been studied is the character d thering or isthe molecular
weight & the whole molecule, or merely that part d the molecule outside

d thering structure.
CH,

‘>CHCH2CH(C02H)R '
¢H,

In Table | are given the bacteriologica results.

TABLE |

CveLopPrOPYLMETHYL ALKYL ACETIC Acips, C:H:CH,CH{(CO:H)R
Dilutions of sodium salt in t housands
0 60 70 80 90 100 111 125 133 143 153 167 176 185 200
+ + o+ 4+ +

R =
#-CsHn
n-CeHia
#-CrHis
n-CgHiy
n-CpHig
n-CroHn
n-CuHas
12-CizHzg
n-CraHzg

+4+ +8
+++8
a1

11 ++5
1+ ++8

+
+ + + o+ o+
SRR s
_|_

1

T
+

It is noticeablethat practically ro bactericida effect appears until the
R group is n-octyl or larger. The two most effective acids were those
containing the decyl and the undecyl groups. It appears, then, that in
this as in other series, at least sixteen carbon atoms in the molecule must

! Paper XII inthisseries, Tars JOURNAL, 50, 1790 (1928).
2 This communication is an abstract of a portion of a thesis submitted by J. A.

Arvinin partial fulfilment o therequirementsfor the degreed Doctor of Philosophy in
Chemistry at the University o Illinois.

[
[

F A+

+ 11
+
+Hh+

+ +1 1

+

+ b+
+ 1+
+ + 4+



1984 J. A. ARVIN AND ROGER ADAMS Vol. 50

be present before the bactericidal effect approaches the maximum. In
Table IT arethe most effectiveacids d four series.

TasLg II

CoumprarisoN OF BACTERIOLOGICAL RESULTSOF VARIous COMPOUNDS
General formula _effegtﬂi%'dn. Empirical
R/CH(CO:H)R R= R: inthousands formula
C3;H;CH,CH(CO:H)R 7-CroHg CH; 143 Ci6H300:
7-Cy Has CH; 153 Ci:H30:
Cng(CHz)ch(C02H)R n-C7H15 C7H13 160 CleHaoOz
n-CaHu C7H13 170 Cl 7H8202
C:H,CH(CO:H)R n-CyoHy CsHo 143 C17H320.
n-CuI'Iza C5H9 153 stHqu
CeHy;; CH(COH)R n-CoHjyo CsHn 176 C17H320:
n-CioHy CeHn 176 Ci1sH30;
CoHll (CH2)2CH (COgH)R n—C-,H;s CsHu 220 01 7Ha:03

7n-CsHyy CsHis 320 Ci1sHzOs

It appears that there is no marked difference between the molecules con-
taining different rings provided the molecular weight d the whole molecule
issufficiently large. It isinteresting to note also that in those compounds
o proper molecular weight, there seems to be a greater bactericidal effect
where the two groups which are substituted in the acetic acid have ap-
proximately the same number o carbon atoms.

The acids were prepared by condensing cyclopropylmethyl bromide
with malonic ester. The diethyl cyclopropylmethyl malonate was then
condensed with the various alkyl bromides, the esters were saponified and
carbon dioxide was eliminated.

Experimental

Cyclopropylmethyl Bromide.—This was made by the method o J. von Braun.3
The last step in the procedure was not described in detail and was observed by the
authorsto requirerather definiteconditionsif the best resultswereto be obtained.

I n a500-cc. Claisenflask, 1359. d phosphorus tribromide was converted to penta-
bromide by thedow addition d 80 g. d bromine. The mixture was cooled during the
addition and then alowed to stand for a few hours. Theside arm o the Claisenflask
was bent downward and extended through the neck well into the bulb d a 500-ce: dis-
tilling flask used asareceiver. Thesidearm d thisreceiving flask wasalso bent down-
ward and connected in the same way to another distilling flask. The phosphorus
pentabromide was heated in an oil-bath at 85-90° for a few minutesand then 79 g. d
molten cyclopropylmethyl benzamidewasadded. When the contentsd the flask were
homogeneous, the system was evacuated and the receiving flasks were cooled by ice
and salt mixtures. The reaction mixture was distilled until the temperature d the
distilling vapors reached 150° at 18 mm. The digtillate was poured into ice water
and allowed to stand at 0-5° with occasional stirring for two hours. The product was
separated, the aqueous layer extracted with a little ether and the whole washed with
water. The crude material made in this way from three runswas fractionated and 87~
91 g. (46-489%,) d cyclopropylmethyl bromide was obtained: b. p. 104-110°.

3 J. von Braun. Ann., 445,201 (1925).
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Diethyl Cyclopropylmethyl Malonate..—Cyclopropylmethyl bromidewas condensed
with malonic ester in the usua way, though the mixturewas heated for forty hours be-
forethereaction wascomplete. Theyieldswere66-70%, d thetheoretical.

Diethyl Cyclopropylmethyl Alkyl Malonates.—These were prepared by a method
previoudly described, by the condensation d alkyl bromides with diethyl cyclopropyl-
methyl malonate.* The yieldswere 60-66% d the theoretical.

Cyclopropylmethyl Alkyl Acetic Adds—Thee were prepared from the malonic
acids by a method previously described.”  The yieldswere86-94% of thetheoretical.

TaBLE III
Digrnyi, CYCLOPROPYLMETHYL ALKYL Maronatss, CHsCH,C(CO.C,Hs).R
2 Calcd., % Found, %
R= B p., °C. " @y c H c H

n-CeHy — 122-125(1.7mm.) 1.4450 09770 6756 9.93 67.02 9.73
n-Celyy  139-142 (2.9mm) 14470  .9685 6840 10.14 67.98 10.08
n-CiHy  146-149 (2.7mm.) 1.4481  .9613 69.17 10.33 68.71 10.22
n-CsHyr  149-154 (2.3mm.) 1.4491 9559 69.88 10.50 69.70 10.41
n-CoHyy  165-168 (2.5mm.) 1.4503  .9512 70.53 10.67 70.73 10.76
n-CroHy  162-166 (1.9 mm.) 1.4510 9460 71.13 10.81 70.93 10.80
n-CyHy  186-189 (3mm.)  1.4519 9419 71.68 10.95 71.52 10.85
n-CpHy  183-187 (2mm.)  1.4526  .9395 72.19 11.07 71.71 10.97
n-CuHyp  192-195(1.9mm.) 1.4530  .9377 73.11 11.29 73.37 11.01

H 129-133 (18 mm.) 1.4363 1.0216 61.61 8.58 61.03 8.32
TABLE 1V
CYCLOPROPYLMETHYL ALKYL AcErICc Acips, C;H;CH.CH(CO.H)R
nm dm Calcd., % Found. %
R~ M. p., °C. B. p., °C. D 4 C H C H
7-CsHny ... 112-115(1.4 mm.) 1.4469 0.9375 71.68 10.95 71.37 10.91
#-CeHyg ... 130-132 (1.8mm.) 1.4498 .92563 72.66 11.19 7246 11.03
7-CrHys ... 136-139(2mm.) 14509 .9236 73.52 11.40 73.33 11.39
n-CsHiy ... 146-149 (2.1mm.) 1.4529 .9142 74.27 11.58 74.11 11.52
n-CsHyo ... 162-164 (2.3 mm.) 14545 9105 74.93 11.75 74.70 11.66
#-CioHy ... 176-178 (2.7 mm.) 1.4553 .9064 75.51 11.89 7523 12.04
n-CpnHey 27-28 186-189 (3mm.) . vee.  76.05 12,03 75.72 11.93
n-CieHys 20-30 191-195 (3 mm.) cens ... 7652 12,14 76.39 12.00
n-CiHyy 35-37 176-179 (1.3 mm.) .... ... 7734 12,39 76.76 12.19
Summary

A series d cyclopropylniethyl acetic acids has been prepared and
tested for bactericidal action toward B. Leprae.

No appreciable bactericidal effect appeared until the alkyl group was
n-octyl or larger, thus indicating asin previous researchesthat molecular
weight o the whole molecule plays an important role. No marked
difference was found between molecules containing 5-, 6- or 3-membered
rings provided the molecular weight was approximately the same.

URBANA, ILLINOIS

¢ Adams, Stanley and Stearns, THIS JOURNAL, 50,1475 (1928).
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THE CHEMISTRY OF LIGNIN.
1I. FRACTIONAL EXTRACTION OF LIGNIN FROM CORN COBS

By Max PHILLIPS

RECEIVED APrIL 20, 1928 PuBLISHED JuLY 6, 1928

I napreviouscommunication," a description wasgivend aligninfraction
obtained by treating corn cobs with alcoholic sodium hydroxide solution
at room temperature. The analytical data presented agreed with those
required for the dissected formula CsHi09(OH)(OCHs)s. The yield
of thisfraction amounted to 3.49% d the weight d the corn cobs treated.
This yield representsonly a part d the total ligninin corn cobs as deter-
mined for example by the Dore? modification o the Konig and Becker?
method. 'The question arose whether all the lignin could be removed by
prolonged and repeated extraction with alcoholic sodium hydroxide
solution. If al thelignin weresimilarly combined with the carbohydrates,
such a result might reasonably be expected. It was found, however, that
only a part d the total lignin could be obtained even after exhaustive ex-
traction with this reagent. The residual lignin could be obtained only
by subjecting the extracted corn cobs to the action d sodium hydroxide
solution at successively higher-temperatures.

The experimental procedure employed consisted in subjecting corn cobs
that had previoudly been extracted with a 1:1 alcohol —benzenesolution to
exhaustive extraction with alcoholic sodium hydroxide solution at room
temperature until a test sample upon removal d the alcohol and subsequent
acidulation no longer gave any precipitate of lignin. The residual ma-
terial, which still contained some combined lignin, was successively ex-
tracted with a 2% agueous sodium hydroxide solution at 100° until the
extract wasfreefrom lignin. The residue from this treatment was simi-
larly extracted with a 29 agueous sodium hydroxide solution at 135°
and finally with a 4% sodium hydroxide solution at 180°. ‘The residue
obtained fromthe final treatment was entirely free from lignin.

Among chemists who have accepted the view that lignin is chemically
combined with the cellulose or with other carbohydrate material, much
difference d opinion prevailsregarding the manner in which this combina-
tion occurs. Erdmann* and Lange® assume that an ester-like union exists

1 Phillips, THisJournaL, 49,2037 (1927).

2 Dore, J. Ind. Eng. Chem, 12, 984 (1920).

s Konig ad Bedke, "Veodffatlichungen der Landwirtschaftskammer fUr die
Provinz Wedfden," Heft 26, 1918, and E. Becker, Dissertation, Miinger, 1914, z.
angew. Chem., 32, 155 (1919).

* Erdmann, Ann., 138, 1 (1866); Ann. Supplement, V, 223 (1867).

s Lange, Z. physiol. Chem, 14, 15, 283 (1889).
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between an acid group in the lignin and an hydroxyl d the carbohydrate.
On the other hand Hoppe-Seyler,® Grafe,” and Mehtal are inclined to the
view that there exists an ether-like linkage between the lignin and the
cdlulose or other carbohydrate, Data obtained on the fractional extrae-
tion of the lignin from corn cobs indicate that the lignin is dissimilarly
combined with the carbohydrates. The assumption that all of the lignin
is combined with the carbohydrates either as an ester or an ether
is unwarranted as far as the lignin from corn cobs is concerned. It is
believed that both types d linkage are present, which explanation would
account for thefact that only a part of thelignin may be removedfrom corn
cobs with acoholic sodium hydroxide solution even after exhaustive ex-
traction. The analyses made on the lignin fractions do not justify the
conclusion that there is more than one kind d lignin present in corn cobs.
There is apparently no alkali lignin present in corn cobs in the free state,
for extraction with a solvent such as a 2:1 acetone-ethanol solution, which
is an excellent solvent for free akali lignin, failsto yield any lignin.

Experimental

Five hundred grams o ground corn cobs which had previously been extracted with
boiling 1:1 alcohol—benzene solution was digested at room temperature with 1000 cc.
d acoholic sodium hydroxidesolution (20 g. & sodium hydroxide, 400 cc. o water and
600 ce. o 959, ethanol) for forty-eight hours. The yelowliquor was decanted, the cobs
were pressed and the liquor was combined with that obtained by decantation. This
solution was neutralized with hydrochloric acid and the acohol was removed by dis-
tillation under reduced pressure. After the residual solution had been made distinctly
acid with hydrochloric acid, the precipitated lignin was filtered off, washed free from
hydrochloric acid and dried at 80°. This digestion with acoholic sodium hydroxide
solution and subsequent isolation  the lignin was continued until no more lignin was
obtained. Six extractions were required. The six lignin fractions were combined and
purified by dissolving in 2:1 acetone—al cohol solution (200 cc. d acetone, 100 cc. of 95%
ethanol) filtering and pouring the filtrate into 1.5 liters d boiling water containing 50
cc. d concentrated hydrochloric acid. Thiswas alowed to cool to room temperature,
filtered, washed with water until the washings gave no test for chlorine with silver ni-
trate and dried at 80°. A light ydlow, amorphous powder was obtained (Fraction
"A'" Tablel).

Theresiduefrom the digestionwith al coholicsodium hydroxidesol ution wasrefluxed
with 2% agueous sodium hydroxide solution for lour hours. |t was then filtered, the
filtrate acidified with hydrochloric acid and the lignin filtered odf. The refluxing with
29, aqueous sodium hydroxidesol ution was continued until no morelignin wasobtained.
The several lignin fractions were combined and purified by dissolving in acetone and
alcohol asalready described (Fraction "B, Tablel).

The residue obtained after the extraction d lignin fraction “B’’ was digested with
a 29, agueous sodium hydroxide solution for four hoursin an autoclave at 135°. The
akalineliquor wasfiltered df and the digestion with 2% sodium hydroxide was repeated

8 Hoppe-Seyler, Z. physiol. Chem., 13, 84(1888).
7 Grafe, Monatsh., 25,987 (1904).
8 Mehta, Biochem. J.,19, 958 (1925).
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until no morelignin was obtained. The lignin was isolated from the alkaline solution
and purified from acetone and alcohol as already described (Fraction "'C,"" Table I).

The residue from the foregoing treatment was heated for two hours with 4%
aqueous sodium hydroxide in an autoclave at 180°. The alkaline extract was acidified
with hydrochloric acid and the precipitated lignin wasfiltered off. Theresiduefromthis
operation when similarly treated gave no lignin. The cellulose residue was nearly
colorless and gave no color reaction with phloroglucinol and hydrochloric acid. When
it was bleached with sodium hypochlorite, a pure white product was obtained. The
yield of celluloseamounted to 35% d theweight d the moisturefree corn cobs.

The results d this experiment are given in Table |.

TasrLg |
LieninFracTionsEXTRACTED Wom Corn Coss
Lignin M ethoxy Pentosansin lignin Cellulose
(caled. (calcd. Before After (calcd.
on corn . on purification purification on corn
cobs Total Ashin ash-free with acetone with acetone cobs
Lignin treated), Il%nm, li%nin, lignin), andalcohol, and alcohol, treated).
fraction % % % %o % % %
A® 4.4 48.4 0.37 16.45 0 o
B? 3.7 40.7 0.43 15.31 2.16 0 5 35 8
(ox 0.84 9.2 .19 15.05 0.79 0 t ’
D¢ 14 1.5 e 7.50"

@ "A" —Com cobs extracted with 29, alcoholic sodium hydroxide at room tem-
perature.

b «B”»—Residue from "A" refluxed with 2% aqueous sodium hydroxide solution.

¢ “C”—Residue from ""B" heated with 29 aqueous sodium hydroxide at 135°.

4 «“D”—Residue from “C"” heated with 4%, agqueous sodium hydroxide at 180°.

¢ N o ash determined in this lignin fraction.

The percentage d methoxyl in the various lignin fractions was deter-
mined by the method d Zeisel and Fanto.® The pentosans in the lignin
fractions were determined by the A. O. A. C. method.1®

Table | shows that 48.4% d the total lignin in the corn cobs was ob-
tainedin thefirst fraction, 40.7%, in the second, 9.2, in thethird and 1.59,
in the fourth. All d the lignin fractions after purification with acohol
and acetonewerefreefrom pentosans. Fraction "A" contained no pento-
sans or furfural yielding compounds even before purification, owing to the
insolubility d the pentosans in the alcoholic sodium hydroxide solution.
The statements in the literature that pentosan or some furfural yielding
body forms an integral part d the lignin molecule must be considered as
erroneous, especialy as applied to the lignin from corn cobs. Attention
is called particularly to the progressive decrease in the percentage of
methoxy! in the lignin fraction with the increase in the temperature used
for the extraction d thelignin.

® Houben-Weyl, ""Die Methoden der organischen Chemie” Vol. III, Georg
Thieme, Leipzig, 1923, p. 144.

0 **Official and Tentative Methods d Analysis of the Association of Official Agri-
cultural Chemists,” A. O. A. C., Washington, D. C.
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Carbon and hydrogen determinations d the four lignin fractions gave
the following results.
Anal. (Fraction A.) Subs., 0.1534, 0.1215: CO,, 0.3517, 0.2783; H;0, 0.0666,
0.0529. Found: C, 62.52, 62.46; H, 4.86,4.87.
Anal. (Fraction B.) Subs, 0.0890, 0.0948: CQ,, 0.2043,0.2171; H;0, 0.0390,
0.0438. Found: C, 62.60, 62.45; H, 4.90, 5.17.
Anal. (Fraction C.) Subs, 0.1112, 0.0974: CO,, 0.2614, 0.2298; H.0, 0.0543,
0.0469. Found: C, 64.10, 64.34; H, 5.46,5.39.
Anal. (Fraction D.) Subs, 0.0857,0.1039: CO,, 0.2139, 0.2597; H:0, 0.0487,
0.0603. Found: C, 68.06, 68.16; H, 6.36, 6.49.

Summary

Lignin was fractionally extracted from corn cobs by a 29, alcoholic
sodium hydroxide solution at room temperature, by 29, aqueous sodium
hydroxideat 100° and at 135°, and finally by 4% agueous sodium hydrox-
ide at 180". Each method o extraction was continued until no further
lignin was obtained, before the next method in the series was employed.
The results iustify the conclusionthat the lignin in corn cobs is unequally
combined with the carbohydrates, part d it beingloosely bound, possibly
in theform d an ester, and the remainder being morefirmly held, probably
in the form d an ether-like combination.

WasHinaTon, D. C.

[1491H CONTRIBUTION PROM THE Coror AnD Farv WASTE DivisioN, BUREAU OF
CHEMISTRY AND SOILS, U. S. DEPARTMENT OF AGRICULTURE ]

THE TAUTOMERISM OF BRILLIANT CRESYL BLUE

By WarLrEr C. HoLMES
RECEIVED APRIL 21, 1928 PuBLISHED JuLy 6, 1928

Brilliant cresyl blue is an oxazine dye having metachromatic properties
which finds important application in biological staining. ‘The stain sold
by the National Anilineand Chemical Company isthe dimethyl homolog
d thedyeillustrated under No. 877 in the Colour Index.

With variation in concentration in aqueous solutionsthis dye undergoes
a striking modification in color d the same type that all metachromatic
dyes and the majority o aminated triphenylmethane and quinone-imide
coloring mattersin general undergo.’ In relatively concentrated aqueous
solutionsit is present principally in a violet form, with maximum absorp-
tion at about 575mu. The dilution d these solutionsis accompanied by
a progressive transition to a second dye form, which is blue, with maxi-
mum absorption at about 625mu. Representative absorption curves are
recorded in Fig. 1L

Considerable evidence has been obtained which indicates that color
modification d this type does not arise from electrolytic or hydrolytic

* Homes, Ind. Eng. Chem., 16, 35 (1924).
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dissociation, solvation or alteration in the state d molecular aggregation
d the solute. It congtitutes evidence d tautomerism in the dye, in
which the modification in the dye molecule is probably the result d a
rearrangement d affinities, brought about by the interplay o residual
affinities of solute and solvent.3
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Fig. 1.—Brilliant cresyl blue. (1) Approximately 40 mg. of
dye per liter o distilled water in a 1-cm. layer. (2) Approxi-
mately 1000 mg. d dye per liter of distilled water in a 0.0432-cm.
layer.

Means have been found d obtaining the violet form o brilliant cresyl
blue in a medium in which its properties may be investigated to better
advantage than is possiblein agueous solutions. The writer is indebted
to Dr. Marian Irwin o the Rockefeller Institute for suggestionswhich led
to thisdiscovery.

Holmes, Twuis JOURNAL, 46, 2118 (1924).
3 Holmes, Am. Dyestuff Reporter, 16,429 (1927).
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A 0.19, solution d the dyeis prepared in a M /15 acetate buffer solution
d 0.6 M sodium chloride content, having a P4 value d 3.42. (The
solution should be distinctly acid, but the precise degree of acidity is
relatively immaterial.) The solution is shaken thoroughly with an equal
volume d chloroform and the chloroform is diluted 1:5 to obtain a
suitable intensity o color for spectrophotometric measurements in 1-
centimeter cdls. The absorption curve d such a solution is recorded
inFig. 2, Curve L

In thissolution most d the dyeispresent initsvioletform. Thecurve
gives evidence, however, d a small proportion d dye in its blue form.
The modification d this solution upon saturation with ammonia is illus-
trated by Fig. 2, Curve 2
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Fig. 2.—Brilliant cresyl blue.
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By direct solution d the solid dye in chloroform a solution which gives
the absorption represented by Fig. 2, Curve 3, may beobtained. 1n this
solution the greater part d the dyeis present in its blue form, although
there is definite evidence d the presence d a small proportion of the
violet form. The modificationd this solution upon saturation with am-
monia is recorded in Fig. 2, Curve 4, and the subsequent modification of
the ammoniacal solution upon the addition d 2%, glacia acetic acid is
shown in Fig. 2, Curve 5.

The principal interest d these data lies in the evidence which they
supply respecting the relative reactivity d the various forms of the dye.

The saturation d the solution d the violet form of the dye with am-
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monia results in only a minor degree d conversion to the orange dye-
base (see Curves 1 and 2, Fig. 2). The actual degree o conversion o
violet dye to base is much less than the apparent degree, owing to the
presence in the original solution d appreciable quantities d the blue
form o the dye, which undergoes complete conversion to base. On the
other hand, the saturation d the solution d the blue form d the dye
with ammonia results in its immediate and complete conversion to the
dye-base (see Curves 3 and 4, Fig. 2). The resulting solution still con-
tains the dye originally present in the violet form, apparently in an un-
altered state. Theblueform o the dyeisvery reactive to akali, whereas
theviolet form o the dyeis highly inactive.

When the blueform d the dyeis converted to dye-base and the dyeis
subsequently regenerated, the absorption curve d the recovered dye does
not coincidein spectral location with that d the original dye (see Curves
3 and 5, Fig. 2). The recovered dye is not brilliant cresyl blue but its
monomethyl homolog, as indicated by the agreement between its absorp-
tion and that d the monomethyl homolog prepared by direct synthesis
at this Laboratory. It is wel known that various quinone-imide dyes,
such as methylene blue, are so susceptible to alkaline oxidation that their
conversion to the dye-base may be attended by the loss o an alkyl sub-
stituent group. The blue form d brilliant cresyl blue is so readily oxi-
dized in ammoniacal chloroform solutions that the reaction is practicaly
instantaneous.

The orange dye-base is readily and completely converted into the dye
by acids (see Curves4 and 5, Fig. 2). Thedye-baseisso reactive, in fact,
that the mere exposure d its unprotected chloroform solutions to air re-
sultsin a comparatively rapid conversioninto dye carbonate.

Both the orange dye-base and the blue form d the dye, accordingly,
are highly reactive, whereas the violet form d the dye is relatively inert.

I n accordance with the hypothesis recently advanced by the writer
to account for the tautomerism observed with variation in concentration
of aminated dyes in agueous solution, the transition concerned is one
between structure d addition product type, in which the amino nitrogen
atom involved is essentially trivalent, and structure d the ammonium
salt type in which it is pentavalent. In the instance d brilliant cresyl
blue the two color forms may be represented in the following manner

O IJNH’ = N/ :)\0 /()NHz I

H;C /\
HaC—Cl H;C Cl

(violet) (blue)
¢ Holmes, Stain Technology, 1, 116 (1926).
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This hypothesis was based upon color considerations and apparently
affords a thoroughly adequate explanation d the observed differences in
color in tautonieric forms o aminated dyes. Direct evidence of structure
d thetypeillustrated in Formula | islacking, although a closely anal ogous
structure has been demonstrated in the complexes which basic dyes form
with cyclic derivatives containing phenolic groups.®

A compound of the structural type represented by Formula | would be
expected to be relatively inert. The writer's hypothesis, accordingly,
supplies an explanation o the observed lack d chemical reactivity in
theviolet form d brilliant cresyl blue, and thisinactivity, in turn, supports
thevalidity d the hypothesis.

Summary

The violet and blueforms d brilliant cresyl blue, which exist in tauto-
meric equilibrium in aqueous solutions d the dye, have been isolated.
The former tautomer is chemically inert whereas the latter is reactive.
These facts are held to support the author's hypothesis that the tauto-
merism is one between structure d addition product type and structure
d ammonium salt type.

WASHINGTON, D. C.

[ConTrIBUTION FROM THE CHEMISTRY L ABORATORY OF CORNELL COLLEGE]

THE WURTZ REACTION. FACTORS INVOLVED IN THE
PREPARATION OF OCTANE

By HarrY F. LEwis, ROBERT HENDRICKS AND G. ROBERT YoHE
RECEIVED APRIL 23, 1928 PuBLISHED JuLy 6, 1928

The work herein described is concerned with an attempt to determine
the factors which govern the successful carrying out o a Wurtz reaction.
The preparation d octane from butyl bromide offerssuch an opportunity.

The preparation d 2,5-dimethylhexane from ¢sobutyl iodide and sodium
as described by Wiirtz! opened up to the organic chemist a valuable
method for the preparation d the higher adiphatic hydrocarbons. Fittig
and others soon adapted the reaction for use in the synthesis of mixed
aromatic aliphatic and higher aromatic hydrocarbons.

Schorlemmer,? using butyl iodide and sodium, was the first to use the
reaction in the preparation d norma octane. He compared his product
with those octanes formed through the hydrogenation o methylhexyl-
carbinol and suberic acid and proved their identity.

The mechanism d the Wurtz-Fittig reaction has received much study

§ Holmesand Hann (awaitingpublication). Thispaper will probably be published
in the October, 1928, issue d Sain Technology.

! Wurtz, Ann., 96, 365 (1855).

2 Schorlemmer, Ann., 161, 280 (1872).
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within the last few years and a good picture d the situation will be found
in a recent article by Bachmann and Clarke.?

Discussion of Experimental Work

In order to determine the importance d the various factors which
govern the formation d octane, a number d variables have been studied
i n connection with a standard procedure; these include the relative masses
of sodium and butyl bromide, the amount d solvent (diethyl ether),
temperature, time, area and diameter d the sodium, dryness d reagents,
agitation, influence d methyl cyanide and the method & recovery d
octane from the reaction mass.

Astheresultd thisstudy, a method has been developedfor the prepara-
tion d largeamounts d octane, with yields d 65-709, based upon butyl
bromide. Octane thus prepared has the following physical constants:
b. p., 124.2-124.8°; #} = 1.3961; di° = 0.7044.

The data tabulated on the following pagesindicate that: 1. optimum
yields d octane are obtained when the sodium is used in excess; the excess
need not be greater than 50 mole per cent. This holds for sodium used
either as 2 mrn. wire, shot or thin shavings.

2. A volumed ether two and a haf times the volumed butyl bromide
is necessary for keeping the reaction mixture sufficiently fluid to agitate.
More is unnecessary and less may result in a loss & octane due to local
overheating.

3. Low temperatures appear to favor the production d octane; higher
temperatures give greater quantities d unsaturated hydrocarbons. At 0°
high yields d octane result. At this temperature the blue intermediate
compound isnot formed. An accurate temperature study is hard to make
without changing morethan onevariableat atime. An attempt was made
to use the higher ethers as solvents, but was not successful because d the
difficulty d separating those ethers from the octane. It should be stated
here that the ethers up to the iso-amyl ether are stable to the action o
sodium for several hours at the reflux temperature.

4. Eachset d operating conditions has a maximum time for optimum
yield. Too long operation may even cause a loss d octane for there is
some evidence that octane is dowly acted upon by sodium at its reflux
temperature.

5. Thefiner the sodium wire, and consequently the greater the area,
the more rapid is the formation d octane. Wire finer than 0.5 mm. is
difficult to prepare with the ordinary sodium press. Wired 2 mm. diame-
ter is easily prepared and satisfactory for most uses.

6. Tracesd water present in the reaction mixture cut down the yields
far more than would be predicted on the basis d the primary reaction

3 Bachmannand Clarke, Trrs JOURNAL, 49,2089 (1927).
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between sodium and water.  On the other hand, ether prepared by washing
with water, drying over phosphorus pentoxide and distilling over sodium
does not yield as much octane as does ether dried over calcium chloride
and distilled over sodium.

7. Agitation speeds up materially the octane-producing reaction.

8. Methyl cyanide has no positive action in the formation o octane.
In fact, octane was not obtained from the reaction mixture containing five
drops d the cyanide. This is somewhat different from the experience o
Michael.* In the preparation d butyl and zse-amyl benzene on the other
hand, methy! cyanide has no effect on the yield d hydrocarbon.

9. Small amounts d octane are easily recovered from the reaction
mixture by digtillation at the concluson d the experiment. Larger
amounts are best obtained after the sodium isfirst destroyed, either with
dilute alcohol or with water, as recommended by Bartow and Sellards.?

Chemicals Used

Butyl Bromide.—Butyl bromide was prepared from #-butanol according to the
method described in ** Organic Syntheses,” Vol. I, p. 5; d2° = 1.2740; #%° = 1.4381.
Sodium.—J. T. Baker metal, used as 2 mm. wire.
Diethyl Ether.—U. S. P. dried over calcium chloride and distilled and kept over
sodium.
Procedure

The solvent ether, 50 cc. (0.472mole), is placed in a 500-cc. round-bottomed flask
equipped with a double neck addition tube and a reflux condenser, and the sodium, 6.9 g.
(0.3mole), added. The butyl bromide, 21.9 cc. (0.202mole),isrun in over a period of
two minutes. In ashort time, the mixtureisat the reflux temperature whereit is main-
tained during therequired time. If the mixtureisto beagitated, a special three-necked
addition tube bearing a mercury seal replacesthe two-necked tube. At theend d the
time set for the reaction, the condenser is turned down and volatile materials distilled.
These are separated by fractional distillation, two fractionations being sufficient. The
fraction coming over between 110 and 130° is collected as crude octane and the octane
content estimated by the refractive index. Reference is made to an octane-butyl
bromide refractive index curve drawn from values obtained on mixtures of known com-
position and tested in an Abbé refractometer, using the sodium light and at a tempera-

TasLE I

PHysicaL CONSTANTS OR MIXTURES o OCTANE AND BuryL, BROMIDE
Refractive index. 20°

Octane, % Butyl bromide, % Density, 20° (sodium light)

100.00 . 0.7044 1.3961
95.07 4.93 7239 1.4000
83.35 16.65 .7607 1.4011
51.91 48.09 .89040 1.4091
32.00 68.00 1.0064 1.4189
15.41 84.59 1,1229 1.4276
6.53 93.47 1.2058 1.4330

. 100.00 1.2740 1.4381

4 Michael, Am. Chem. J.,25,419 (1901).
5 Bartow and Sellards, Ta1s JOURNAL, 27, 371 (1905).
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Experimental Data

1 VARIATION IN SoproM-Buryr, BROMIDE: RATIO
Concentrationin moles

Time, Yield.
Ether hours % oct ane Notes
0.472 2.5 18.4
472 2.5 71.3
472 2.5 715
472 2.5 72.2
472 2.5 66.5
472 2.5 73.0
2 TIME-YIELD RELATION
0.472 0.5 14.7
472 1.75 41.5 Diameter wire, 2 mm.
A4T2 2.5 71.3
472 0.5 27.3
4 7 1.0 62.4 Diameter wire, 1 mm.
472 1.5 66.8
472 0.5 66.4
472 1.0 75 3 Diameter wire, 0.5 mm.
472 2.0
472 1.0 36 6]
472 2.5 73.2
472 5.0 71.8 i Sodium as shot
472 10.0 69.4
472 24.0 70.0)
3. SiZE or THE Sobium WIRE
0.472 0.5 71.3 0.5 mm. sodium wire
472 .5 41.5 1.0 mm. sodium wire
472 .5 14.7 2.0 mm. sodium wire
4. INrLUENCE of WATER ON YIELD
0.236 0.5 47.4 No water
.236 .5 37.6 0.1 cc. water
-.236 b 30.3 .5 cc. water
,236 .5 4.1 1.0 cc. water
.236 .5 3.5 2.0 cc. water
5. AGITATION or THE REACTION MIXTURE
0.36 2.5 22.6 No agitation
.36 5.0 44.5 No agitation
.36 2.5 41.4 Agitation
36 50 72 8 Agitation
6. INFLUENCE o¥ METHYL CYANIDE
0 472 05 13.6
AT2 .5 16.7
472 5 Five drops methyl cyanide
472 .5 Five drops methyl cyanide
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Separation o Octane from Reaction Mixture.—No great difference
is noted in the yield d octane in runs which have come to an end, when
the octane is recovered by distillation on the one hand and by destruction
of excess sodium by water and separation d the water insoluble layer on
the other. The latter method is much safer when working with large
quantities d materials. It has been the experience in this Laboratory
that arapid evolution d octane may occur in the distillation process when
the temperature d the sodium mass reaches a certain point. Under such
conditions fires may be expected.

Discussion

Constant yieldsd octane have not been obtained when the solvent ether
iscompletely omitted from the reaction mixture. At times, however, 70%
yieldsd octane have been reached by adding the butyl bromide slowly to
thesodium in the standard set-up or by adding sodium in small amountsto
the bromide and allowing the mixture to reflux. When the apparatusis
fixed for distilling rather than for refluxing, octane mixed with some un-
changed bromide may be distilled from the sodium asfast as butyl bromide
isadded. The octaneyield under these conditionsis between 50 and 709,.

Large quantities d octane may be prepared in the following way.
Twenty moles (1480 g.) d ether, dried over cacium chloride and distilled
over sodium, is placed in a five liter round-bottomed flask equipped with
an addition tube, a four foot reflux condenser and an agitator. Sodium
cut thin with a sodium knifeisadded to the amount o 12.1 moles (278 g.)
and then 8.3 moles (1137 g.) d dry butyl bromide run in over fifteen
minutes. The mixture is refluxed with agitation for ten hours and then
the excess sodium destroyed by dowly adding water to the contents o
theflask. Thelayersare separated; the ether layer is dried with calcmm
chloride and fractionally distilled.

Fractions are collected up to 55, 55-110, 110-130, 130-180, 180-
210, 210-250 and 250-300°. After a second fractionation, a yield o
450 cc. d octane is obtained. This is68% on the basisdf butyl bromide.
The ether recovery is better than 75%.

Butene is aso formed and this is recovered by bubbling the reaction
gasesthrough bromine. Dibromobutane is recovered; this boils between
160 and 170° and has a refractive index d 1.5151 at 20°. A typical run
gave 26 g. d dibromobutane. The literature gives 166° for 1,2-dibromo-
butane.

A saturated hydrocarbon boiling at 295-300° isrecovered to the extent
d about onegram. Thismay be a hexadecane. Three grams dof another
saturated hydrocarbon, boiling point 210-215°, is aso found. The do-
decanes boil at that point.

Sodium bromide is recovered from the aqueouslayer by crystallization.
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The recovery is practically quantitative and the quality d the product
satisfactory for use in making butyl bromide.

Conclusions

1. A study has been made of the factorsinfluencing the formation o
octane from butyl bromide by the Wurtz reaction.

2. Based upon this study, a method has been developed for the forma:
tion o octane in rather large amounts and with yields o 65-709, based
upon butyl bromide.

3. Butene and at least two higher saturated hydrocarbons are also
formed. The boiling points & the hydrocarbons suggest dodecane and
hexadecane.

MoOuUNT VERNON, lowA

[CONTRIBUTION FrROM THE LABORATORY OF FOODS AND SANITATION, UNIVERSITY OF
WiscoNsIN]

CAROTIN: APIGMENT OF HONEY!

By H. A. SCHUETTE AND PHYLLIS A. Bott
RECEIVED APRIL 23, 1928 PUBLISHED JuLY 6, 1928

Color and quality in honey have from time immemorial borne an in-
verse relationship to each other in the minds d the average consumer,
the more deeply pigmented honeys, as a rule, commanding a lesser price.
Asaresult d this, the practiced designating its color has become universal
in the grading & honey to the end that certain loosaly defined names for
these colorshave come into use. It is only within recent years, however,
that these colors have been defined with the aid d a spectrophotometer.?

Since these color designations are but an attempt to describe the pig-
mentation d a particular honey, and since this pigmentation is due wholly
if not in part to red, orange or yelow coloring matters, it seemed but
reasonable to assume that the latter are d the carotinoid type. ‘To har-
monize this assumption with factual evidence was the purpose d the
study herein recorded.

Experimental

A highly pigmented buckwheat honey, described in trade parlance as
amber colored, was selected for study since it seemed to offer the greater
promise for the recovery d the necessary quantity d pigment for identi-
fication.

Attempts at removal d the coloring matter by precipitation with those
clarifying agents which are commonly used in "purifying™ a sugar con-

! Constructedfrom a thesissubmitted by MissBott totheFaculty of the Graduate
School of the University o Wiscongn in partial fulfilment of the requirementsfor the

degreed Magter d Science, June, 1924.
2 E. L. Sechrigt, U. S. Dept. Agr., Dept. Circ. 364,1925, p. 3.
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taining solution preliminary to analysis, followed by drying and extrac-
tion d the resulting precipitate, were abandoned after repeated trials
during the course d which numerous variables centering around the
dilution d the honey, the nature d the precipitant and the character
d the solvent were introduced. Clarificationwas never complete because
d the colloidal nature d the non-sugars; the extraction d the coloring
matter from the dried precipitate was not quantitative because & what
appeared to be a physico-chemical combination between pigment and
sugars or albuminous matter d the honey; and finally the pigment in
part was invariably lost by oxidation because the whole operation is time
consuming.

An adaptation, with slight modificationsto suit the material in question,
d the method developed by Pamer and Eckles?® for the extraction o caro-
tin from blood serum proved to be successful in thiscase. The procedure
isasfollows.

One kg. d honey was intimately mixed with an equal weight of plaster d Parisin
an ordinary one-gallon ice-cream freezer. To the resulting plastic mass 150 cc. of
95% ethyl acohol was added and, when this had been thoroughly incorporated in the
mass, 500 cc. d petroleum ether (b. p. 60-70°). The contents d the freezer were
then stirred for about twenty minutes, the solvent was removed and the extraction
continued with successive, but smaller, quantitiesd the ether until fresh portions were
no longer colored. Approximately 800 cc. d solvent was used per kilo d honey.

The residue from 15 kg. d honey represented ayield d 0.019, d a crude pigment
which in petroleum ether solution was d a yellowish-orange color and in carbon di-
sulfide an intense orange-red. The colors d these solutions were similar to those pre-
pared from the carotin which had been extracted from carrots by the procedure d Euler
and Nordenson.*

Purification d the crude carotin was effected by fractional precipitation with
absolute ethyl a cohol from carbon disulfidesolution.  The pigment so obtained was sub-
sequently qualitatively identifiedS as carotin by its resistanceto the action o akalies.
by the fact that it was not adsorbed from carbon disulfide solution by finely divided
calcium carbonate, and that with ferric chlorideit produced a green coloration but none
that was characteristic with concentrated sulfuric acid.

Final proof d identity was established by a determination o its adsorption spec-
trum in carbon disulfide solution. By means d a Hilger constant deviation prism
spectroscope illuminated by an iron arc, spectrophotographswere made d solutions of
the carotin when placed in I-inch cdls provided with quartz ends. Carotin solutions*
prepared from the pigments d carrots served as controls. |t was observed that ab-
sorption d light occurredin the regiond 4700-5250 A.and that a portion o thevisible
violet raysand al d theraysin theregion d the ultraviolet were absorbed. Thisisa
characteristic function d carotin.

SUmmary

It has been shown that at least one d the pigments d buckwheat
honey can be isolated with petroleum ether in the presence o ethyl alcohol

3 Palmer and Eckles, J. Biol. Chem, 17,224 (1914).
¢ Euler and Nordenson, Z. physiol. Chem., 56,223 (1908).
5 Ref. 3, p. 225. .
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and calcium sulfate (plaster d Paris), a method applied by Palmer in the
removal d pigmentsfrom blood serum, and that this pigment is carotin.
MaDisoN, WiISCoNSIN

[ConTRIBUTION FROM THE CHEMICAL LABORATORY OR THE UNIVERSITY OF NORTH
CAROLINA]

PARA-CYMENE STUDIES.
X. PARA-CYMYLENE-2,5-DIAMINE AND CERTAIN NEW DYES

By ALviN S. WHEELER AND R. W, Bost?!
RECEIVED APRIL 25, 1928 PuUBLISHED JULY 6, 1928

O thefour possible p-cymylenediaminestwo are known, the 2,6-diamine
described by Alfthan? and the 2,5-diamine, the latter only in the form o
its hydrochloride as described by Liebermann and Ilinski.? The free
base was apparently isolated by Kehrmann and Messinger* for they
state that it was so easily oxidized in the air that it could only be kept
as the hydrochloride. Wallach and Schrader® prepared the diacetate,
melting at 260°. Wheder and Brooks® obtained the same diacetate on
reducing 2-acetoamido-5-nitrocymenefollowed by acetylation. A method
superior to al others was found in the reduction d an azo derivative o
2-aminocymene, a method first used by Martius and Griess.? The amino-
cymene was coupled with diazotized sulfanilic acid, the resulting dye
being reduced with stannous chloride. A poor yield is obtained if aniline
is substituted for sulfanilic acid.

We locate the second amino group in position 5 for several reasons.
This position is para to the amino group already present and is the point
where coupling should take place according to analogous reactions. Sec-
ondly, the melting point d the diacetate is 260°, which is the same as
that o the diacetate obtained from the reduction product d thymo-
quinonedioxime. Further proof was obtained by converting the diamine
into thymoquinone, melting at 45° and described by Carstanjen,® and its
monoxime, melting at 154-6°, and finally into hydrothymoquinone,
melting at 139.5°.

p-Cymylene-2,5-diamine is so unstable in the air that no description
of it has appeared in the literature. We isolated it in an atmosphere d
nitrogen and at reduced pressure in a specially constructed apparatus.

1 An abstract of athesissubmitted in June, 1928, to the Faculty of the University
of North Cardinaby R. W. Bost in candidacy for the degree o Doctor d Philosophy

2 Alfthan, Ber., 53, 86 (1920).

3 Liebermannand Ilinski, Ber., 18, 3200 (1885).

¢ Kehrmann and Messinger, Ber., 23, 3562 (1890).

8 Wallach and Schrader, Ann., 279, 375 (1894).

8 Wheder and Brooks, Ta1s JOURNAL, 49,2834 (1927).

7 Martius and Griess, Chem. Zentr., 1866, 136.

8 Carstanjen, J. prakt. Chem., [2] 3, 53 (1871).
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Itisalight ydlow solid which on exposure to the air changes color within
a few minutes, passing through deep red and green to blue. Oxidizing
agents readily convert it into the quinone, ferric chloridein the cold giving
a quantitative yield in lessthan fifteen minutes. Neither p-phenylenedi-
aminenor p-toluylenediamine isoxidizedtoaquinoneunder likeconditions.
The diamine forms salts with great readiness, the picrate and benzoate
forming amost instantaneously, whereas an ether solution d aniline,
o-toluidineor arninocymene gives no apparent reaction with benzoic acid
in twenty-four hours.

The diamine was characterized by its conversion into the following
new compounds: 2,5-bis-(thioureido)-1-methyl-4-isopropylbenzene, 2,5-
diureido-1-methyl-4-isopropylbenzene and p-aminocymyloxamidoacid.

Twoseriesd dyeswereprepared: first,agroupd diazo dyesby coupling
with certain naphthols and amino acids; second, agroup d azine dyes
the Eurhodine class. The first group gave blue, yelow and red colors
while the second gave brown and purple shades. The dye obtained with
2-naphthol colors wool a blackish violet, whereas the thionaphthol dyes
wool a light buff; thus the sulfur shows a strong hypsochromic effect.
The dye obtained with the naphthol disulfonicacid possessesa very high
tinctorial power and the dye-bath exhausts completely.

Theisopropyl group in the diamineisvery sendtive, for in bromination
and nitration reactionsit islargely destroyed.

Experimental Part

Reduction o 5-(4-Sulfobenzeneazo)-carvacrylamine Hydrochloride.—This com-
pound was prepared as described by Whedler and Cutlar,® who coupled 2-aminocymene
with diazotized sulfanilic acid. Its reduction was carried out asfollows. 47 g. of the
hydrochloridewas dowly added to a boiling solutiond 75 g. d stannous chloride, 65 cc.
o coned. hydrochloricacid and 500 cc. & water. When thelast trace d color had dis-
appeared, the solution was cooled and treated with an excessd sodium hydroxide. The
diamine was extracted with ether and converted into the hydrochloride by passing hy-
drogen chloride gas into the solution; yield, 26 g. or 77.9% d the theoretical.

p-Cymylene-2,5-diamine, CsH,CH;3;C3H7(NHj)..—The free base was isolated by
distillation in an atmosphere of nitrogen and at reduced pressurein an apparatus shown
in the accompanyingdiagram. The air in the system ABIDJR was displaced by ni-
trogen from a cylinder connected with A.  Stopcock B was then turned so that the ni-
trogen displaced the air in the system ABGC. An agueoussolution of the diamine and
200 cc. d ether wasadmitted through buret E into funnel G and the solution saturated
with nitrogen. 1nthe meantimethe system | DJR was evacuated by a pump connected
to R A 159, solution d sodium hydroxide was added to the diamine salt solution in
G through buret E until the phenolphthalein present showed excess thereof. The
stream of nitrogen passing through the solution served to stir the diarnine so that it
readily dissolved in the ether layer. The water layer was drawn df through ¥. The
path d the nitrogen stream was changed so as to passfrom Athrough Cinto G. Stop-
cock B was opened into the evacuated system IDJR, whereupon the ether solution was
drawn from G into flask I. A gentle stream o nitrogen was then passed through the

® Wheeler and Cutlar, ‘T'u1s JOURNAL, 49,2819(1927).
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system ABIDJR and the ether distilled of spontaneously from flask | at a pressure
around 120 mm. A light yellow solid remained in the flask into which 200 cc. of methyl
alcohol, previoudy saturated with nitrogen, was admitted in a manner similar to that
in which the ether was admitted. The acohol took up the few droplets d moisture
present and dso dissolved thediamine. Thealcohol wasdistilledat 120-130 mm. and a
temperature around 30°. The diamine remained as a yellow, solid mass, apparently
consisting d needlesthough not well defined.

The diamine in | was dissolved in ether saturated with nitrogen and admitted
through the same channel as the alcohol. A partial vacuum was produced in G by
evacuating the system ACGBIDJR. C wasclosed and a rapid stream d nitrogen was
passed through ABIDJR until the pressure was one atmosphere. D was closed and B
opened into the partial vacuum G whereuponthe ether solution d the diaminein | was
drawn over into G. Nitrogen was then bubbled through ABGC and the diamine pre-
cipitated by the addition d petroleum ether to G through buret E. Then F was con-
nected with L by rubber tubing and the finely divided precipitate d the diamine
filtered by suction into the nitrogenfilled desiccator P.

To Vecuum Pump

Fig. 1.— Apparatus.

Dibenzoate, CsH.CH;CsH: (NHCOCsH;s)..—The benzoate was prepared in the usual
way in alkaline solution with benzoyl chloride. The product was recrystallized from
hot acohol giving fine, white needles, solublein acetone and alcohol; m. p. 280°; yield,
quantitative.

Anal. Subs, 0.2082: 7.27 cc. d 0.1524 N HCI requiredfor NHz.  Calcd. for Cas-
HasN202: Ny, 7.52. Found: 7.45.

Quinones

The 2,5-cymo-p-quinone, its oxime and the corresponding hydroquinone
were prepared for orientation purposes. They have been described by
Carstanjen.®

2,5-Cymo-p-quinone.~—Four g. d the diamine salt was dissolvedin 200 cc. d 2%
aceticacid. Tothissolutionwasadded 5g. d chromicacid in 200 cc. d water. After

stirring for thirty minutes, the brownish black precipitate was filtered off, dried and
purified by sublimation to give long, slender, glistening yellow needles; m. p. 45.5".
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| tsmonoxime was prepared by heating the quinone with hydroxylamine hydrochlor-
ide for five hours on the water-bath. The product was recrystallized by dissolving in
ether and adding petroleum ether, yielding fine, brownish-yellow needles, m. p. 154-156°.

2,5-Cymo-p-hydroquinone.—The quinone was dissolved in the least possible
amount of acetone and a 2% solution d titanium chloride added until reduction was
complete. The product was extracted with ether; fine, white needles; m. p. 139".

Salts

The sdlts indicated in the table were made by mixing the constituents
in the cold. To obtain the hydrochloride dry hydrogen chloride was
passed into an ether solution d the diamine. For the hydrobromide and
nitrate the corresponding acids were used with gentle heating. These
three salts were recrystalized from absolute alcohol. The other salts
were prepared by mixing ether solutionsd the constituents and washing
the salt with ether. All are soluble in water, acohol and acetone but
difficultly solublein ether. Analyses were made by titrating with sodium
hydroxide, using phenolphthalein asindicator.

TABLE I
DATA oN THE SaLTs
Analysis, acid
Salt Crystal form M.p.,° C. Calcd., % Found, %
Hydrochloride (di) Fine granules 323 (decomp.) 30.75 30.77
Hydrobromide (di) Microscopic needles 330 (decomp.) 49.63 49.13
Nitrate (di) Microscopic needles 196 (decomp.) 43.42 43.13
Chloro-acetate (mono) Microscopic needles 144 . 36.53 36.65
Dichloro-acetate (di) Microscopic needles 165 61.10 60.70
Trichloro-acetate (di) Granular 171 66.56 67.08
Bromo-acetate (mono) Needles 148 (decomp.) 45.85 44.32
Benzene sulfonate (di) Granular Decomp. 69.28 69.22
Benzoate (mono) Microscopic needles 145 42.65 42.53
0-Chlorobenzoate (mono) Microscopic needles 161 48.81 49.10
3,5-Dinitrobenzoate (MoNO) Granular 199 (decomp.) 56.37 56.67
2,4,6-Trinitrobenzoate (mono) Needles 130 (decomp.) 61.05 60.85
Picrate (di) Needles 207 (decomp.) 18.10 17.93

Condensation Products

2,5-Big-(thio-ureido)-1-methyl-4-isopropylbenzene, CioHy:(NHCSNH,);.—A solu-
tion d 2.0 g. d the diamine salt was poured into a solutiond 1.64 g. o potassium
sulfocyanate. The solution was evaporated to dryness and the residue kept on the
steam-bath for two hours. The material was then washed several times with boiling
water, filtered and recrystallized from hot methyl acohol; white, granular substance;
m. p. 235-237°, It is soluble in acohol but insoluble in water, ether and benzene;
yield, 1.2g.

And. Subs, 0.2024: 1869 cc. d 01524 N HCI required for NHs. Calcd. for
Ci2HigNsSe: N2, 19.85. Found: 19.70.

2,5-Diureido-1-methyl-4-isopropylbenzene, Ci;oHi:(NHCONH;)..—To a solution
d 0.5¢g. o thediaminesalt dissolved in 10 cc.  water wasadded dropwise a solution of
1 g d potassium cyanate in 5 cc. d water. The mixture was heated on the steam-
bath for one hour, the product Ntered off, washed with hot water, then with alcohol
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and finally with ether. 1t consisted d a white powder insoluble in water and rather
difficultly solublein alcohol and ether. 1t did not melt under 350°; yield, 0.6 g.

Anal. Subs, 0.1076: 11.37 cc. of 0.1524 N HCI required for NH,;. Calcd. for
CioH1s0:N4: Ng, 22.39. Found: 22.54.

p-Aminocymyloxamido Acid, C12H1s0sN,.—1.44 g. d thediaminesalt was dissolved
in 50 cc. d water and the base set free by the addition d sodium hydroxide. The
diamine was shaken out with ether and the ether solution carefully dried. Tothissolu-
tion was added an ether solution  0.55 g. d anhydrous oxalic acid. A precipitate
formed immediately but the mixture was refluxed for two hours, the ether distilled dof
and replaced with 75 cc. d absolute alcohol and then refluxed for fifteen hours. The
crystals melt at 210-211°. The product israther solublein water but difficultly soluble
in acohol and ether; yield, 0.21 g. The successd the reaction depends upon having
the ether solution d the diaminedry before adding the oxalic acid.

Anal. Subs, 0.2040: 11.10 cc. d 0.1524 N HCI required for NH,;. Calcd. for
Ci2H;603N3: N, 11.86. Found: 11.60.

Diazo Dyes
These dyes were prepared by diazotizing p-cymylene-2,5-diamine at 0°,
adding the phenol dissolved in akali, precipitating the dye with acetic
acid and recrystallizing the product from a suitable sol vent.

TABLE II
Disazo DYE DATA
No. Coupler Solvent Formula Calcd., % Found. % M. P..°C.
1 Resorcinol Dilute alcohol CaoHzoO4Ny N, 13.72 13.43 168-170
2 2-Naphthol Benzene CaoH2602Ny N, 11.81 11.34 295-298 (dec.)
3 Sulfanilic acid Alcohol CpeHsOeNeS,Cl: S, 10.59 10.19 100 (dec.)
4 2-Naphthol- Methyl a-  CsH:00:1:NsSNag S, 13.84 12.42 Above340
3,6-disulfonic cohol
acid
5 Naphthionic Alcohal C3oH2s0eNoS, S, 10.13 10.33 270-272 (dec.)
acid
6 2-Thionaph- Carbontetra- CioHzeNisS: S 12.66 13.07 138-140
thol chloride
TABLE III
DYEING COLORS
The amount o dye used was 4% d the weight o the fiber
Behavior with sulfuricacid
No. Woal Silk Cotton Cold Hot Dilute
1 Chestnut Deep chest- Pale salmon Brown Deep brown Pale brown
brown nut brown
2 Dull violet Blackish- Dusky vio- Light blue Dark brown Brown
black purple let blue
3 Paeorange Paleorange Paleorange Pale brown Dark brown Brown
yellow yellow yellow
4 Diamineazo Diamine azo Light Wind- Dark violet Reddish- Pale brown
blue blue sor blue brown
5 Dragon's Dragon's Salmon Cherry red  Reddish- Brown
bloodred  blood red brown
6 Light buf Warm buff  White Pale straw  Greenish Greenish

yellow brown
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Azine (Eurhodine) Dyes

Three Eurhodine dyes were prepared by dissolving the nitroso com-
pound in 100 cc. d hot methyl acohol and adding to this solution the
diamine salt dissolved in 50 cc. & methyl dcohol. The mixture was
refluxed for thirty minutes when the dcohol was distilled off and replaced
withwater. Thedyewasset freeontheaddition d weak ammonia. The
product was recrystallizedfrom dilute acohol.

TasLg |V
AziNg (FuruopiNg) DYES

1 2
Intermediate p-Nitrosodimethylaniline p-Nitrosophenol
Solvent Dilute alcohol Dilute alcohol
Crystal color Blue black Dark brown
Formula CrsHa2Ny Ci16H1,ON3
M.p.,°C. 300 (dec.) 200-206 (dec.)
N, caled., % 19.04 15.73
N, found, % 18.96 15.91
Color on wool Purplish black Dusky brown
Color on silk Purplish black Dusky brown
Color on cotton Plumbeous Palepurpledrab
Summary

1. p-Cymylenediamine prepared by reducing the dye obtained by
coupling 2-amino-p-cymene with diazotized sulfanilic acid is shown to

be the 2,5-diamine.

2. A series d thirteen salts with inorganic and organic acids was

prepared.

3. Condensation products were obtained with potassium sulfocyanate,
potassium cpanate and oxalic acid.
4. A saiesd disazo dyes was prepared by coupling the diamine with
certain naphtholsand amino acids.
5. Two azinedyes d the Eurhodine class were prepared.
CHAPEL HiLL, NorTH CAROLINA
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[ConTrIBUTION FROM THE Foob RESEARcH Division, Bureay OF CHEMISTRY AND
SoiLs, DEPARTMENT OF AGRICULTURE]

THE ACIDS OF MAPLE SIRUP

By E. K. Nrrson
RECEI VED ArrIL 26, 1928 PUBLISHED JULY 6, 1928

It has long been known that I-malic acid is the chief acid in maple
products. In an examination d maple sugar "sand,” the deposit d the
calcium salts d organic acids which forms in the evaporating kettles, v.
Lippmann! found, in addition to much I-malic acid, considerabled-tartaric
acid and a amdl quantity o tricarballylic acid. E. O. v. Lippmann gives
very littleinformation regardinghis methods of separating these acids. He
states, however, that tricarballylicacid was extracted from the acid mixture
by means d ether. A sampled maple sugar sand, obtained in Vermont,
was examined in the Food Research Laboratory. In addition to I-malic
a number d acids not mentioned by E O. v. Lippmann were identified,
but only a traced tartaric acid and d tricarballylic acid was found.

The material used in the investigation reported in this paper consisted
d two 10-gdlon lots & maple sirup, one from a producer in Vermont,
and the other from a producer at Belleville, Michigan. Both manu-
facturers were reliable, and the sirups were guaranteed to be genuine and
free from adulteration.

The alkalinity d the ash in the Vermont sirup was equivalent to 140
cc. d N/10 acid per 100 cc., and in the Michigan sirup it was equivalent
to 103 cc. d N/10 acid per 100 cc.

‘The free acidity in the Vermont sirup was 4 cc.  N/10 acid per 100 cc.;
in the Michigan sirup it was4.5 cc.  N/10 acid per 100 cc. Most of the
organic acidsin maplesirup are, therefore, in theform o salts.

"The genera coursed procedureconsisted d three steps. (1) extracting
the ether soluble acids after the addition d a quantity d hydrochloric
acid equivalent to the akalinity d the ash; (2) distilling voletile acids
in a vacuum pan and precipitating the non-volatile acids as lead salts;
(3) recoveringthe acids, and esterifying and fractionating the esters.

Experimental

Thirty-eight litersd each sirup were acidified with a quantity o hydrochloric acid
equivalent to thealkalinity d theash, diluted with an equal volumed water and twice
shaken out with ether in 4-liter lots. The ether was concentrated on the steam-bath,
and the concentrated ether solution was reserved until the entire quantity o sirup had
been extracted. The ether extracts were shaken with a dilute solution d sodium bi-
carbonate to remove ether soluble acids, and the ether solution was reserved for a later
investigation d the flavoringsubstancesd maplesirup. The bicarbonate solution was
acidified and the acids were recovered by extraction with ether. The residue from the

1 g, 0. v. Lippmann, Ber., 47,3094 (1914).
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ether, sharp in odor and dark in color, was dissolved in boiling water and filtered with a
little norite.

On standing, the concentrated solution formed crystals. Cf this sparingly soluble
acid, 0 22 g. was obtained from the Vermont sirup and 024 g. from the Michigan
sirup. |t was unsaturated to potassium permanganate and melted at 286° in a sealed
tube. An optical crystalographic examination? confirmed its identity with fumaric
acid. The further concentration d the filtrate from fumaric acid yielded a small
quantity d an unidentified acid having a high melting point but different in optical
propertiesfrom fumaric acid and not corresponding to aconitic, tricarballylic or succinic
acid.

An examination for succinic acid by optical methods established its presence in
very small quantity in the Michigan sirup. Proof d its presencein the Vermont sirup
waslacking.

After extraction with ether, the solution was concentrated in a vacuum pan to a
thick sirup, and thedistillates, neutralized with caustic soda, were evaporated to dryness.
The residue d sodium salts was dissolved in water, an excessd sulfuricacid was added
and thevolatileacidswere distilled. The distillate was exactly neutralized with barium
hydroxide, concentrated to small volume and fractionally crystallized.

The total weight d barium salts from the Vermont sirup was 26.4 g. and from
the Michigansirup, 15.7 g.

The barium salt d volatile acids from the Vermont sirup yielded the following
fractions: 1,4.459. = 60.18% d barium (calcd.for bariumformate, barium = 60.35%) ;
2,2479. = 58.60% d barium; 3, 3.97g. = 57.09%d barium; 4, 9.23 g. = 56.52%
d barium; 5, 4.40 g. = 54.63% d barium (calcd. for barium acetate, barium = 53.72%,).

After theformicacid was removed from Fraction 5, thesilver salt was prepared and
analyzed. It gave 64.01% d silver (calcd. for silver acetate, 64.45%). Optical ex-
amination showed that Fraction 1 was pure barium formate and the bariumsaltswerea
mixture d nearly equal parts d barium formate and barium acetate.

The barium salts o the volatile acids from Michigan sirup yielded the following
fractions. 1, 3.74 g. = 60.58% d barium; 2,4.989. = 59.459, d barium; 3, 2.48 g.
= 56.28% d barium; 4, 7.03g. = 55.95% of barium.

The formic acid was removed from Fraction 4 by potassium permanganate and the
silver salt was prepared and found to contain 64.25% silver (calcd. for silver acetate,
64.45% d silver). Fraction 1 was found on optical examination to be nearly pure
barium formate, and calculation showed the barium salts to be a mixture o 11.3g. o
barium formate and 6.9 g. d barium acetate.

The concentrated sirup, from which thevolatileacids had been distilled, was diluted
with water and precipitated with a moderate excessd lead subacetate. The lead pre-
cipitate wasfiltered and washed. Carbon dioxide was passed through its suspension in
water to break up lead sugar compounds, after which it was again filtered, dried and
weighed. |twasthen decomposed with an excessd sulfuricacid and thelead sulfatewas
removed by filtration.

The sulfuric acid was determined in an aliquot d the measured filtrate and its
equivalent d barium hydroxidewas added to removeit. After filtering barium sulfate,
the solution d acids was evaporated to dryness on' the steam-bath. The organic acids
were refluxed for five hours with 500 cc. d absolute alcohol containing 2.5% o hydro-
chloric acid and, after the alcohol was distilled off, this operation was repeated with a
fresh portion d alcoholic hydrochloric acid.

The esters, after remova o the alcohol, were dissolved in ether. The ether solu-

2 The optical examinations were kindly made by G. L. Keenan o the Food, Drug
and Insecticide Administration.
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tion Was washed with dilute sodium hydroxidesolution until neutral, dried with anhy-
drous sodium sulfate and evaporated, leaving the crude esters. The esters were then
fractionated at 10 mm.

The crudeestersfrom the Vermont sirup weighed 70 g. and after three distillations
gave thefollowing fractions: 1, 115-125°, 0.3 g.; 2, 125-130°, 52.3@., e, = —11.62";
3, 130-135°, 1.79.; 4, 185-145°, 1.8q.; 5, 145-165°, 0.49.; 6, 165-170°, 4.8¢.; total,
61.3g.

The hydrazides were prepared from thesefractions, 0.7 g. d ester, 5cc. d absolute
alcohol and 1 cc. d hydrazine hydrate (42%) being used. Fraction 1 afforded a
hydrazide medting at 173-175°, identified as {-malic hydrazide. Fraction 2 gavea hy-
drazide melting at 177-179°, l-malic hydrazide. Nothing but l-malic hydrazideinim-
pure form was obtained from Fractions 3 and 4, whereas Fractions 5 and 6 gavecitric
trihydrazide, identified by its melting in the hydrated form at 105-107° and in its an-
hydrous form at 147° and also by optical crystallographic comparison with pure citric
trihydrazide.

Michigan sirup afforded 53.5 g. d crude esters, yielding the following fractions on
being distilledtwiceat 10 mm.: 1, 125-130°, 41.44g.; 2, 130-140°,2.1g.; 3, 140-150°,
0.5g.; 4,150-165° 1.3 g.; 5,165-170°, 4.7 g.; total, 50.0Q.

Fractions 1,2 and 3 afforded I-malic hydrazide and Fraction 5 gavecitric hydrazide,
melting (hydrated form) at 105-107°. Theidentity o thefractionswasfurther checked
by optical crystallographic examination.

Fraction 4 was tested for tartaric acid in the following manner. The fraction was
saponified with alcoholic potassium hydroxide, made acid with acetic acid and diluted
to 150 cc. Then 0.25g d ammonium |-tartrate and an excessd calcium acetate were
added, the mixture being wdl stirred. It was allowed to stand for some time but no
precipitated calciumracemate wasobtained, establishingtheabsenced d-tartaric acid.

The approximatequantities d the respectiveacids in these maplesirups, cal cul ated
in grams per liter, are asfollows.

Acids Formic Acetic I-Malic Citric Fumaric Succinic

Vermont, g. 0.134 0.150 1.04 0.095 0.0056 Noneidentified

Michigan, g. 121 .085 0.81 1 .0063 Small quantity present
SUmmary

The acids in maple sirup from two localities were investigated. 1n
addition to malic acid, which predominates, formic, acetic and citric
acids were identified. Also, a small quantity d fumaric acid and a trace
o succinic acid werefound. Therewas evidenced the presenced asmall
quantity d an unidentified acid having a high melting point. Neither
d-tartaric acid nor tricarballylic acid could be found.

‘WasHINGTON, D. C.
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[ConTRIBUTION FROM THE Foob RESEARCH Division, BUREAU OF CHEMISTRY AND
SoiLs, DEPARTMENT OR AGRICULTURE]

THE FLAVOR OF MAPLE SIRUP

By E. K. NELsoN
RECEIVED APRI L 26, 1928 PUBLISHED JULY 6, 1928
The pleasant and characteristic flavor & maplesirup and maplesugar has
been imitated by mixturesd such things aslovage, fenugreek, hickory bark,
vanillin and coumarin. The true character d the Aavor seems never to
havebeeninvestigated. The investigation reportedin thispaper wasunder-
taken with the object d throwing somelight on the nature of maple flavor.

Experimental

The first attempt to isolate the flavoring material was by the barium
process devised by Sale and Wilson® d the Food, Drug and Insecticide
Administration, a process which consists in removing most of the sugar
by meansd barium hydroxide. Fivelitersd Vermont sirup were treated.
The product, a concentrated solution d the flavoring material containing
sugar and coloring matter, was thoroughly extracted with ether. The
ether solution was shaken out with dilute ammonia, 1:10, and then the
ammonia solution was acidified and extracted with ether. After the
ether had been carefully evaporated, the residue was stirred with 100 cc.
o water and 25 cc. o 109, lead acetate solution andfiltered, and thefiltrate
was extracted with ether. On evaporation d the ether, a reddish oil re-
mained which did not erystallize. It has a sharp, acid odor. It was
therefore dissolved in dilute sodium carbonate and extracted with ether.
The ether residue had a peculiar (phenolic?)odor, and with ferric chloride
gaveagreen color reaction.  Vanillinwas not identified.

The ether solution left after extraction with dilute ammonia was
evaporated, the residue was dissolved in water, lead acetate solution added
and the mixture filtered. The filtrate was extracted with ether and the
ether was evaporated. The residue became partly crystalline. The
crystals were separated on a porous plate and recrystallized from ethyl
acetate. White, spindle-shaped crystals, which gradually turned brown
in the air, were obtained. ‘The substance melted exactly at 212° but
darkened at alower temperature. It wasinsolublein water but dissolved
in sodium hydroxide solution and, on shaking, this solution became red.

The substance reduced copper acetate and silver nitrate solutions; on
boilingit withferricchloride a pungent, chlorine-likeodor was evolved, and
a crystalline substance condensed in the upper part of the tube. These
reactions indicate a quinone derivative. Hydrophlorone, which melts at
212°, was prepared and compared crystallographically with the unknown
material, but the two werefound to be different.

1 United States Patent 1, 642, 789.
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An optical examination? showed that the material consisted d spindle-
shaped crystals with straight extinction and invariably showing n = 1.560
(approximately) lengthwise, the n crosswise being higher than 1.690.

The oil absorbed by the porous plate was recovered. Most d it was
soluble in water to a clear, ydlow solution. Ferric chlorideturned it red
and caused turbidity. Nothing definite was obtained from it.

Asit was assumed that the barium treatment may have caused changes
in the flavoring substances d maple, a direct extraction d 1 gallon d
sirup with ether was undertaken. The ether extract was washed with
water, concentrated in astill, andfinally evaporated in avacuum desiccator.
‘T'he residue was small and had an intense odor & maple. When it was
dissolved in dilute sodium hydroxide, the maple odor disappeared, and
acidifying the solution did not restore it. This shows that the flavoring
material isvery sensitiveto caustic alkalies.

It was found that the flavor & maple sirup can be removed with norite.
Oneliter o sirupdiluted with 1liter d water wasstirred for twenty minutes
with 50 g. d norite and filtered. Thenorite waswashed with three 100-cc.
portions o water, drained on a Biichner funnel and exhausted with ether
in a Soxhlet extractor. On evaporating the ether a red oil remained in
which the maple flavor wasindistinct. Thesirup filtered from the norite,
however, had lost its maple flavor. Evidently the flavor, although ad-
sorbed by the norite, had either not been recovered from it or had become
changed and lost its identity.

These preliminary experiments having shown that a direct ether extrac-
tion is perhaps the best method d isolating the flavoring material, which
isa very unstable substance, the use d fixed caustic alkaliesand adsorbents
was avoided in the further study d the problem.

Intheinvestigationd theorganic acids3d maplesirup, ether extractions were made
and the ether solutions, after being washed with dilute sodium bicarbonate for the re-
covery o ether soluble acids, were reserved for the investigation d theflavor. These
solutions, which represent the ether extracts from 38 liters & Vermont maple sirup
and from an equal quantity d Michigan sirup, were shaken with a strong solution of
sodium bisulfite and kept in an ice box with occasional shaking for twenty-four hours.
T he bisulfite solutions wereseparated and acidified with dilute sulfuric acid, and a stream
of carbon dioxide was allowed to bubble through for some time to remove the sulfur
dioxide. They were then extracted with ether and the ether carefully evaporated.
The residues were boiled out several times with petroleum ether and after this was
evaporated the residues had a distinct vanillin-like odor.

The substance obtained from the Vermont sirup showed a tendency to crystallize,
but was not sufficiently pure for examination, though it gave a blue color reaction with
femcchloride.

2 Optical examinations were kindly made by G. I.. Keenan of the Food, Drug and
Insecticide Administration.

8 Reported in a previous paper on " The Acids of Maple Sirup," THis JOURNAL,
50, 2006 (1928).
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The substance from the Michigan sirup, however, was obtained in crystalline form.
The entire quantity d material was only 127 mg., & which one-half was dissolved by
petroleum ether. The substance gave a blue color reaction with ferric chloride and re-
sponded to the resorcinol and phloroglucin tests for vanillin. 1t crystallized from pe-
troleum ether in plates instead of needles. Crystallographic examination showed that
it was neither vanillin nor the ethyl homolog o vanillin. 1t melted at 74~76°. The
odor wasintense and very much likethat d vanillin.

On boiling with dilute ferric chloride and cooling, a crystalline precipitate corre-

sponding to dehydrodivanillin was obtained. This crystallized in tuftsand was found
to be differentfrom dehydrodivanillinin optical properties.

The residuesleft after boiling with petroleum ether were not crystalline and had an
odor like maple. Theresidueinsolublein petroleum ether from the Michigan sirup had
a particularly agreeable odor, somewhat like heliotrope (piperonal).

After extraction with bisulfite the ether solutions were shaken out twice with am-
monium hydroxide, 1:10, 50 cc. being used for each extraction. The dilute ammonia
solutions were separated, poured into dilute sulfuricacid and shaken with ether.

On careful evaporation o the ether, reddish-yellow residues, which were resinous
and had an intense odor d maple, remained. The residuefrom Vermont sirup weighed
0.4 g. and that from Michigansirup, 0.5g.

All efforts to induce crystallization failed. Methylation and acetylization also
failed to afford crystalline derivatives. A hydro-alcoholic solution treated with a few
drops d dilute ferric chloride was colored red, which changed to greenish yellow. The
substance changed easily to a darker colored resin, at the same time losing its char-
acteristic maple odor. This change seems to take place to some extent on evaporating
its etheral solutions, but whether it is owing to polymerization or oxidation is un-
determined.

Boiling with ferric chloridefailed to give a volatile, quinone-likesubstance such as
was observed in the crystalline material isolated from the products o the experiment
in which the Sale-Wilson process was used.

The maple flavor, therefore, appears to depend to a great extent on an
unstable, phenolic substance, or substances, the exact nature of which
remains undetermined. |t seems a reasonable hypothesis, however, that
it may be related to the vanillin-like substance associated with it, and
possibly also to the phlorone-likesubstance which gave a volatile, pungent,
crystalline derivative on boiling with ferric chloride. That it may be
closdly alied with the vanillin-like substance is indicated by the fact that
the latter appears to be more unstable than vanillin, easily turning yellow
in the air and on heating.

The ether solution remaining after the removal d acids, aldehydes and
phenols was evaporated. The residue was very small and did not have
amaple odor. It was reddish and became partly crystalline. Recrystal-
lized from alcohol, spindle-shaped crystals which melted at 210-212°
wereformed. It wasthought that this must be the same as the quinone-
like substance previously obtained, but when it was boiled with ferric
chloride no pungent, volatile substance resulted. On boiling it with ferric
chloride a faint odor of vanillin was observed. The residue from the
Vermont sirup contained a small quantity of a saponifiable oil. Thiswas
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not found in the corresponding residue from the Michigan sirup, and it
isvery probably an oil used in the kettles to stop foaming.

Concluson

Investigation d the flavor & maple sirup showed that it dependsto a
great extent on an unstable phenolic substance which is associated with a
crystalline adehyde melting at 74-76 and similar in odor and properties
tovanillin. Maplesirup may contain minute quantities d other aldehydic
substances which influencethe flavor.

WasHINGTON, D. C.

[ConTriBUTION ¥rROM THE Foop REsEARcH DivisioN, BUREAU OF CHEMISTRY AND
SoiLs, UNITED STATES DEPARTMENT OF AGRICULTURE]

THE ACIDS OF FIGS

By E. K. NELSON
RECEIVED APRIL 28, 1928 PuBLISHED JuLY 6, 1928

No record has been found in the literature regarding the identity o the
acids d figs. Bigelow and Dunbar® in their review d the literature on
fruit acids do not mention the fig. Condit and Creuss? state that fresh
Kadota figs contain from 19 to 249, d sugar and from 0.1 to 0.44% of
acid, calculated as citric.

I n an investigation d sour figs and figs affected with internal rot, B. J.
Howard, d this Bureau, collected samplesd normal and diseased figsnear
Fresno, Cdlifornia, during the summer o 1927. ‘They included Adriatic
"black necks,™ normal Adriatics, Calimyrna figs affected with internal
rot and normal Calimyrnas. Part d these samples, when dried, afforded
the material for an investigation d the acidsin figs.

Experimental

Approximately two kilogramsd each kind d figswasgroundtoa paste. The paste
was disintegrated in 1 gallon d water at 60°, digested on a steam-bath for an hour, di-
luted with an equal volumed alcohol and strained through alinen bag. The residue
was pressed dry, soaked in hot dilute alcohol and re-pressed. Thefig extract was con-
centrated to asirupin a vacuum pan, the distillate being collected for the determination
d volatile acids. After being diluted with water and acidified with sulfuric acid, the
sirup was extracted with ether to recover ether soluble acids. Only fig fat and small
quantities o stearic and oleic acids werefound in this ether extract.

The diluted sirup was then precipitated with a moderate excessd lead subacetate.
After filtration, the lead precipitate was suspended in water and a streem d carbon
dioxidewas dlowed to bubblethroughit for sometimein order to break up lead sugar
compounds. After it was filtered and washed, the lead precipitate was decomposed
with sulfuric acid and the excess d acid was removed with the equivalent quantity d
barium hydroxide. The acid solution was evaporated to dryness on the steam-bath

! Bigelow and Dunbar, J.Ind. Eng. Chem.,9, 767(1912).
* Condit and Creuss, Cdif. AQ. Expt. Sta., Bull., 436, 1-45(1927).
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and esterified by being refluxed for five hours with absolute alcohol containing 2.5%
d hydrochloric acid.  After distilling off the alcohal, the esterification process was re-
peated. The crude esters, in ether solution, were washed with sodium hydroxide so-
lution, the ether was evaporated and the esters, after being weighed, were subjected to
fractional distillationat 10 mm.

The hydrazides prepared from the fractionswere used for the identification of the
respectiveacids.

The barium salt d the volatile acidsfrom 2282 g. d Adriatic black necks weighed
15.71g. Itwasfractionally crystallizedand the bariumin each fraction was determined.
Fraction 1 contained 53.9% d barium; Fraction 2, 53.889%; Fraction 3, 53.95%:;
and Fraction 4, 53.87%;; calcd. for barium acetate, barium = 53.729,. The volatile
acid is therefore acetic acid. No ether soluble acids other than small quantities of
stearic and oleicfrom thefig fat wereidentified.

The crude ester d the non-volatileacid, 9.75g, when distilledat 10 mm. at 170~
171° afforded 8.1 g.  pure ester. |t had the boiling point d triethyl citrateand gave
the characteristic hydrazide, melting at 104-106' in its hydrated form and at 147°
when seeded and in the anhydrousform.

In the tests with normal Adriatic figs, 1925 g. d fruit yielded 1.11 g. of barium
salt d volatile acids, corresponding to 0.27 g. d acetic acid per kilo. The silver salt
was analyzed and 64.44%, d silver wasfound; calcd. for silver acetate, 64.45%. The
ethyl citrate, boiling at 170-171° at 10 mm., weighed 8.93 g., corresponding to 3.2 g. of
citric acid per kilo, and afforded the characteristic hydrazide.

Two kilosd Calimyrnafigs affected with internal rot yielded 2.4 g. o the barium
salt d volatile acids, corresponding to 0.56 g. d acetic acid per kilo. It was shown to
be acetic acid by theanalysisd thesilver salt (64.15% d silver). Fromtheester o the
non-volatileacids a small quantity was obtained distilling under 170" at 10 mm., and
fromthe hydrazide d this, severa timesrecrystalized, a small quantity o malic acid
hydrazide which melted at 177-179° was separated; a mixtured this with pure malic
hydrazide showed no lower melting point. The main portion d the ester, 9.51g., dis-
tilled at 170-171°, correspondingto 3.3g. citricacid per kiloand affording the character-
istic hydrazide.

Normal Calimyrnas, 2.066 kilos, afforded 1.15g. d the barium salt o volatile acids,
correspondingto0.269. d aceticacid per kilo. Thesilver salt contained 64.6% o silver.

In the estersd the non-volatileacids, asmall quantity d malic acid wasidentified
by the hydrazide. Nine and five-tenths grams boiling at 170-171° at 10 mm. corre-
sponded to citric acid, 3.5g. per kilo.

Concluson

Acetic and citric acids were found in Adriatic figs and acetic, citric and
asmall quantity d malic acidswereidentifiedin Calimyrnafigs.

It wasfound that Adriatic black neck figs contained more than 10 times
as much free acetic acid as the normal Adriaticfigs Lesscitric acid was
found than in the normal figs.

Normal Calimyrna figs contained 0.26 g. per kilo o free acetic acid and
3.5g. d citric acid, besides a small quantity of maic acid.

I n Calimyrnafigsaffected withinternal rot thefree acetic acid amounted
to 0.56 g. per kilo, and the citric acid amounted to 3.3g. per kil a

WaAsHINGTON, D. C.
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[CONTRIBUTION FROM THE CHEMICAL LABORATORY OF THE Louisiana STATE
UNIVERSITY]

ANEW METHOD FOR THE PREPARATION OF
PHENOL SULFONEPHTHALEINAND
BROMOSULFONEPHTHALEIN
By R. Freas AND E. A. ProvING
RECEIVED APRIL 27, 1928 PUBLISHED JULY 6, 1928

Introduction

The method used today for the preparation d phenolsulfonephthalein
remains in principle the same as that originally employed by Sohon. An
observation made by one d us in this Laboratory that saccharin, heated
with phenol and sulfuric acid, gave fair quantitiesd phenol red led to the
present study. This reaction probably proceeds according to the following
eauations

(NH,)2S0,
H,SO0, C\O 1
SErrmoe =% 0 + [FH
0} O?
OH OH
CO OH O I
H,SO.
(\>© 8% Xeo +
0 OOH O Yo,

Experimental

Preliminary work indicated the importance d a study d the effect o
temperature, which seemed quite a critical factor. High temperatures up
to 180° yielded a dye in good quantity, but it was very dark in color,
quitereadily assumed a tarry condition and was precipitated with difficulty
from solution. Lower temperatures gave far superior products but lower
percentage yields.

The effect d temperature was studied by heating ten grams d saccharin
with phenol and sulfuric acid for seventeen hours at temperatures ranging
from 116 to 135°. Theresults d five such runs are tabulated in Table I.

TaBLE: I
EXPERIMENTAL RESULTS
Temp., Molar ratios, Saccharinto Yield, Qualjty
°C. phenol sulfuricacid % of theoretlcaj of product
116 1:4.9 1:3.9 1.0 Excellent
120 1:4.9 1:3.9 1.0 Excellent
125 1:4.9 1:3.9 15 Excellent
130 1:4.9 1:3.9 4.6 Fair
135 1:4.9 1:3.9 10.9 Poor
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| t appears that increase in temperature increasesthe yield progressively
but with accompanying deterioration d the product. The maximum
temperature yielding a good product was found to be 125°.

Thedye obtained by heating from 130° upwardsto 150° wasincreasingly
worse. When isolated it was very dark and inclined to be tarry, rather
than the bright red, dry product sought. Examination d some o those
samples obtained at temperatures above 135° gave us reason to believe
that considerable sulfonation had occurred. They exhibited the typical
phenol red color changes but were not tested for their P4 range.

The next factor studied wasthe effect of time uponyield. The optimum
temperature which gave a dye d good quality, as previously determined,
was 125°, for which reason this was chosen as the constant temperature
for the following four runs.

The quantities d the reagents were the same asthose used in the study
d temperature effect, that is, 10 g. d saccharinin the molar ratio of 1:4.9
d phenol, and 1:3.9 o sulfuric acid. The results for four different in-
tervals d time expressed in per cent. d theoretical yield are tabulated
below.

TABLE IT
VARIATION OF YIELD WITH TIME
Timein hours 17 35 48 86
Theoretical yield, % 1.5 12.9 24.8 27.0

These results indicate that the best yields may be expected when the
experiment reaction mixture is heated for at least forty-eight hours.

Variations d the proportions d saccharin to phenol was next tried.
In the five tests, the mixtures were heated for eighty-six hours at a con-
stant temperature d 125". The molar ratio d saccharin to sulfuric acid
was 1:3.9 in each case. The five runs are tabulated below.

TABLE III
VARIATION o¥ YIELD WITH VARIOUS PROPORTIONS OF SACCHARIN

Molarratioofsaccharintophenol 1:2 1:4 1:49 1:5.3 1:9.7
Theoretical yield, % 1.7 10.0 27.0 22.5 20.0

These yields point to a desirable molar ratio d about 1:5.

The next study considered the proper proportions of saccharin to
sulfuric acid. The molar ratio d saccharin to phenol previously em-
ployed, 1:4.9, was used and the heating was conducted for eighty-six
hours at 125°. The variation in the molar ratio d saccharin to acid is
tabulated below.

TABLE IV
REesuLTs WITH VARIOUS PROPORTIONS OF SULFURIC ACID
Molar ratio of saccharin to sulfuric acid 1:2.5 1:39 4

1:6.
Theoretical yield, % 10.4 24.8 2.0
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The molar ratio d 1:3.9 seemed to be the most desirable.

A study of Tables |, II, IIT and IV led to the bdief that the following
are the optimum conditions: time, 48 hours; temperature, 120°; molar
ratios, saccharin 1, phenol 5, sulfuric acid, 4.

Certain metal sulfates were next tested as to their catalytic power d
accelerating the reaction. To each o a number d test-tubes was added
1 g. d the metal salt dong with the proportions o reagents just given.
These tubes were again heated at 120° for forty-eight hours. A check
tube containing no added metal sulfate was included for comparison d
color development. This was the means d judging the efficiency as a
catalyst o the added salt. Thefindingsare tabulated below.

TABLE V
RESULTSWITH METALLIC SULFATES
Intensity of color Intensity of color
development as com- development as com-
M etal sulfate, pared to check tube Metal sulfate, pared to check tube
1g. containing no metal salt 1g. containing no metal salt
Copper Slight decrease Cerium Decrease
Zinc Slight decrease Cobalt Decrease
Mercuric No difference Ferric Marked decrease
Aluminum Decrease Manganese Marked decrease
Chromium Decrease Nickel Marked decrease
Bismuth Decrease Silver No color at all

Thorium Decrease

Observations on color intensity were first made on the melt in tubes
immediately after heating. These melts were then dissolved, neutralized
and diluted, and comparisons d color made with the check tube. In
Nno case was any catalytic action observed.

Experiments were conducted on the effect d various other substances
ordinarily used as condensing agents, as possible substitutes for the
sulfuric acid. There is dways a danger d sulfonation when sulfuric acid
is used, which makes necessary a lower temperature with consequent
lowering d yield.

The first experiment consisted d heating the optimum proportions o
saccharin and phenol with the condensing agents, with theinclusion d one
blank. The substances tested were: anhydrous aluminum chloride,
anhydrous zinc chloride, anhydrous ferric chloride and phosphoric acid
(859%). In dl cases the development d color was dslight after the tubes
were heated for seventeen hours at 120° except with the check tube
containing sulfuric acid, in which the deep red color developed as usual.
The superiority d sulfuric acid as condensing agent was obvious.

The second experiment consisted d heating saccharin, phenol and sul-
furic acid together in tubes with the addition d the four condensing
agents used in the last test. Comparison with the fifth check tube again
showed no improvement due to the extra condensing agent.
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A method based upon the foregoing studies which gives the best yield
d the highest quality product is given in detail below.

Procedure

A small balloon flask is charged with 10 g. d saccharin, 25g. o phenol and 21 g.
(12 ce.) o ordinary concentrated sulfuric acid. The contentsare warmed until &l of
the solid is dissolved, then heated in an electricoven at 120° for forty-eight hours. An
extra day d heating will increase the yield somewhat. The deep red, tarry looking
reaction product is treated while still hot with warm water until solution is nearty com-
plete. Sodium carbonate (a 30% solution is convenient) is added to neutrality, the
changed color isthe best guide, and thecontents are subjected to steam distillation until
al tracesd phenol areremoved. The solutionis made faintly acid with hydrochloric
acid and dlowedtostand. The precipitated dyeisfiltered df with suction, washed with
a minimum d ice water and dried. The dye should be d a bright reb color and but
dlightly solublein water.

A few comments on the method outlined adove may beadded. Sodium carbonate
solutionis used in the neutralization d the sulfuricacid present because it will not bind
any considerable quantity d phenol, the latter seeming to prevent the dye from pre-
cipitating finally as a fine red powder.

Repeated solution d crude products in sodium carbonate and reprecipitation by
addition of hydrochloric acid aimost to the neutral point rendered the final product a
much brighter red and much easier to precipitate.

The vreparation d tetrabromophenolsulfonephthaleinoffered no difficulty. The
method used is given herein brief.

Five gramsd phenol red wasdissolved in 100 cc. d absolutealcohe® and the cooled
solution was treated with the calculated quantity d bromine. It was found desirable
to use a calibrated 10ce. buret to deliver the bromine, basing the weight upon the ac-
curately determined density at room temperature. Mechanical stirring during thesl ow
addition d the bromine and for a short time after the addition was complete was suffi-
cient tocompletereaction.

The brom phenol blue was recovered by diluting, dissolving the dye in sodium
carbonate solution and finally precipitating it with hydrochloricacid.

Conclusions

A simple method for making phenol red has been given. The product
is obtained from cheap materials and after the simplest d manipulative
operations.

The preparation d brom phenol blue from phenol red is described and
offers no new procedure.

The products obtained checked perfectly with the PH ranges given in
the literature for those substances. They were both further tested by
the absorption spectrometric method and were pronounced very pure.

The application d the above method d preparation was found practic-
able in the condensation d many other phenols yielding useful sulfone-
thaleins and work is now in progress on a smple method of preparation for
each d those used in colorimetric hydrogen ion estimation.

BaroN RoUGE, LoursiaNa
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[ConrTrRIBUTION FROM THE CHEMICAL LABORATORY OF PRINCETON UNIVERSITY]

THE ACTION OF THIOCYANOGEN UPON O,N-DISUBSTITUTED
HYDROXYLAMINES AND PRIMARY AMINES!

By Lauper W. JoNEsanD ELMER E. FLECK
Recrivep MAvY 12, 1928 PuUBLISHED JULY 6, 1928

The action of thiocyanogen upon amines has been investigated by
Soderback? and by Lecher, Wittwer and Speer.® Soderback studied the
reaction with phenyl-, diphenyl- and dimethylphenylamine and, in each
case, found that the thiocyanogen group entered the benzenering para to
the amino group. Lecher, Wittwer and Speer showed that in the case
of the products formed with ammonia and with diethylamine, the thio-
cyanogen group attaches itself directly to the nitrogen atom. The purpose
of this work was to extend the study o thesereactionsd thiocyanogen by
investigation d the behavior o thiocyanogen with O,N-disubstituted
hydroxylamines and with certain primary amines.

0O,N-Disubstituted N-Thiocyanohydroxylamines

The action d thiocyanogenon O,N-disubstituted hydroxylamines corre-
sponded to theaction d thiocyanogen upon ammonia and diethylamine.
Hydroxylamines with ethyl and benzyl groups were used for this purpose.
They reacted with thiocyanogenasfollows

2R——O—I‘\I-—H + (SCN); —> R——O—I‘\I—-SCN + R—O—ITIHT—SCN
R R R
T he thiocyanohydroxylaminesformed in this manner are not very stable
compounds. O,N-diethyl-N-thiocyanohydroxylamine distilled from 45 to
46" at 2 mm. but decomposed rapidly when exposed to the air at room
temperature. At 0° this substance showed no signs d decomposition
after several hours. The corresponding O,N-dibenzyl compound was a
white crystalline solid; m. p. 50-52°. At room temperature it could be
kept for about forty-eight hours without signs & decomposition.

Hydrolysis of O,N-Disubstituted N-Thiocyanohydroxylamines.—The
structure d these compounds was established by acid and by akaline
hydrolysis. Acid hydrolysis gave results which corresponded closely in
form with those observed by Lecher, Wittwer and Speer in their in-
vestigationsd similar amine derivatives.
3R——0—1|\I——SCN + 41,0 + 3HCl—> H,80, + 2HSCN + HON + 3R—O0—NH,—C1

R

1 This paper is based upon a thesis submitted by Elmer E. Fleck to the Faculty
of the Graduate School d Princeton University in partial fulfilment o the requirements
for the degree d Doctor d Philosophy.

% Soderback, Ann., 419, 270 (1919).

3 Lecher, Wittwer and Speer, Ber., 56B, 1104 (1923).
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Bjerrum and Kirschner* have shown that the first step in the hydrolysis
of thiocyanogen proceeded as follows
(SCN); + HOH ——> HSCN + HOSCN
The hypothiocyanic acid then underwent auto-oxidation according to the
following reaction
3HOSCN 4 HOH — 2HSCN -+ HCN -+ H2S0,

Since thiocyanic, hydrocyanic and sulfuric acids were also obtained by
thehydrolysisd O,N-disubstituted N-thiocyanohydroxylamines, it seemed
certain that the first step in the latter hydrolysis must yield O,N-di-
substituted hydroxylamine and hypothiocyanic acid. The production d
hypothiocyanic acid indicates that the thiocyan groupin O,N-disubstituted
N-thiocyanohydroxylamine may be regarded as " positive," since it reacts
in a manner similar to the "positive”" haogen d the halogen amines®
R:NCI T HOH —> R;NH + HOCI

On the other hand, akaline hydrolysis of O,N-disubstituted N-thio-
cyanohydroxylamines gave products quite unlike those obtained in the
adkaline hydrolysis o diethylthiocyanamine. Thus, the alkaline hydroly-
ss d the hydroxylamine derivatives proceeds according to the following
reaction

RCH,0ON—SCN + KOH + H,0 —+ Rlc-—H + RNH, + K;S:0: + NH;

while the alkaline hydrolysis d diethylthiocyanamine gave the following
results®
(CH;):N—SCN + KOH -+ Hy,0 —> (C.H;)NH + KOCN + $

The presence d ammonia among the products d hydrolysis o hydroxyl-
amine derivative may be explained by hydrolysis d potassium cyanate.
Theformation d potassium thiosulfate instead d sulfur may be explained
sinceit has been shown by L echer and co-workersthat sulfur and potassium
hydroxide react even in the cold to givethiosulfateand polysulfide. Tak-
ing into account these variations in the two reactions, it can be shown that
the hydrolysis d O,N-disubstituted N-thiocyanohydroxylamines not only
agreeswith thetheory d Lecher, Wittwer and Speer, but servesto support
the mechanism o the hydrolysis advanced by them for thiocyanamine.
They postulate, first, the formation d N,N-diethylthiohydroxylamine and
then a chain splitting to give diethylamine and sulfur. If a similar re-
action occursin the cased O,N-disubstituted N-thiocyanohydroxylamine,
the O,N-disubstituted thiohydroxylamine formed during the first step

¢ Bjerrum and Kirschner, "'Die Rhodanide des Goldes und das freie Rhodan,"
Kopenhagen, 1918.

s Seliwanow, Ber., 25, 2621 (1892), Berg, Ann. ckim., [7] 3, 341 (1894); W. A.
Noyes, Tris JournaL, 23, 460 (1901); Stieglitz, #bid., 23, 797 (1901); Jones, ibid., 36,
1268 (1914).
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of the hydrolysiswould certainly be unstable by virtue d the linking of
the ethoxy group and the group SH to the same nitrogen atom. Since
the ethoxy group is adready in the state d oxidation comparable to an
aldehyde,® it separates as aldehyde, leaving N-ethylthiohydroxylamine,
and this, in turn, decomposes to give sulfur and ethylamine in accordance
with the explanation d Lecher, Wittwer and Speer.
CH;CH,ON(C;Hs)SCN 4 KOH — CH3;CH,ON(C.H;)SH + kocN
o

CH;CH,ON(C.H;)SH —> CHgC{—H + HN(C.H;)SH
VHN(GHY| S {H + EN(GHY){ S |- ——————= S{H + ...  —> HNGH; + S

I n order to show that the formation o aldehyde could not be accounted
for by the action d akali upon the disubstituted hydroxylamine under
the conditions d the experiment, sealed tubes containing the disubstituted
hydroxylamine and 29, potassium hydroxide were heated at temperatures
varying from 100 to 180° for periods d eight hours. In the case d O,N-
diethylhydroxylamine no acetaldehyde or ethylamine could be detected
below 150°. At 180° considerable quantities d acetaldehyde and ethyl-
aminewereformed. O,N-dibenzylthydroxylamine was not affectedat 100°,
but at 150° almost compl ete decomposition into benzaldehyde and benzyl-
amine occurred.

Thiocyanamines

The only mention d the action d thiocyanogen upon primary amines,’
other than the case d aniline already cited, was made by Séderbick.?
He stated that such reactions lead only to ill-defined products. In the
present work, benzylamine and triphenylmethylarnine were found to
react with thiocyanogen to produce the corresponding thiocyanamine.
Thereaction proceeded asfollows

2RNH, + (SCN); —> RNHSCN + RNH;SCN

Pure triphenylmethylthiocyanamine was isolated by the action d tri-
phenylmethylamine with thiocyanogen. Triphenylmethylthiocyanamine
is a white, crystalline solid; m. p. 142°. It may be alowed to stand at
room temperature for a wesk without serious decomposition. Benzyl-
thiocyanamine, formed by the action d benzylamine with thiocyanogen,
could not beisolated in the pure condition. It could neither be crystallized
nor distilled. Analysisfor nitrogen and sulfur gavevaluestoolow by 1-297,
for benzylthiocyanamine, butitsreactionswith acidsconfirmeditsstructure.

8 Nef, Ann., 280,328 (1894); Jones, THISJOURNAL, 36,1285 (1914).

7 Attention wasdirected to thistype o reaction by what seemed t o be a decomposi-
tion of O,N-dibenzyl-N-thiocyanohydroxylamine into benzaldehyde and benzylthio-
cyanamine. When O,N-dibenzyl-N-thiocyanohydroxylamine was first made consider-
able difficulty wasexperienced in crystallizing it. The oil possessed an odor not unlike
that of benzaldehyde. Accordingly an attempt was made to prepare benzylthiocyan-
amine from benzylamine and thiocyanogen in order that the productsof this suspected
decomposition might