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We carried out direct measurement of adsorbed amount at the air-solution interface to confirm
the validity of the Gibbs adsorption equation by using radiochemically and surface chemically pure
tritiated sodium dodecylsulfate (TSDS) and a sheet scintillation counter, which was developed for

the purpose of counting f-rays of tritium in air.

The adsorbed amount increased with increasing

SDS concentration and showed the saturation values of 3.19 X 10-1° mol/cm? in the concentrationre-
gion from 3.2 x 103 to 14.4 X 10~3 mol/1000 g solution at 25°C. For the salt-free solution of ionic
surfactant the Gibbs adsorption equation is confirmed to be valid for =2 when activity in place of
concentration is used. The equation of state for the ionic adsorbed film is further proposed. The
cohesive pressure due to the attraction between hydrocarbon chains was given as a function of in-

verse molecular area.

The direct measurement of adsorbed amount,
I', at the air-solution interface of ionic surfactant
has been carried out by many workers to check

1) A. P. Brady, J. Phys. Chem., 53, 56 (1949); D. J.
Salley, A. J. Weith, Jr., A. A. Argyle and J. K. Dixon,
Proc. Roy. Soc. (London), A203, 42 (1950); B. A. Pethica,
Trans. Faraday Soc., 50, 413 (1954); E. G. Cockbain,
ibid., 50, 875 (1954); J. W. James and B. A. Pethica,
“Proc. Intern. Congr. Surface Activity, 3rd,” London,

2, 227 (1961).

the validity of the Gibbs adsorption equation.'~%
Although a factor of n=2 in the Gibbs equation,®
dy=—RTnl'd In a, is predicted theoretically,
the experimental verification of the equation has

2) J. T. Davies, Trans. Faraday Soc., 48, 1052 (1952).

3) G. Nilsson, J. Phys. Chem., 61, 1135 (1957).

4) R. Matuura, H. Kimizuka, S. Miyamoto and R.
Shimozawa, This Bulletin, 31, 532 (1958).

5) E. A. Guggenheim, ‘“Thermodynamics,” North
Holland Publishing Co., Amsterdam (1949).
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not been conclusive; several workers?:3:9) indicate
n=1 for ionic surfactant in a salt-free solution.

It is well known that the radiotracer method?
is particularly suited for the measurement of [I”
in many respects compared with the others such
as  ‘“moving bubble” method® or microtome
method.” However, the adsorption experiments
using surfactants labelled with *C or 33S involve
considerable uncertainty in the measurement of
I" of 35S-labelled sodium dodecylsulfate,® for in-
stance, because these isotopes are not soft enough.
‘On the other hand, owing to the extremely soft
B-rays, *H renders the measurement of I" highly
accurate.!® However, in such reports’-11:12) which
are still limited in number, the measurement of
surface radioactivity is made with a 27 windowless
gas-flow counter using humidified propane gas,
which inevitably produces undesirable adsorption
at ‘“hydrocarbon gas-solution” interface instead
of air-solution interface.

In the present paper, a radiochemically and
chemically pure sample of tritiated sodium dodecyl-
sulfate (TSDS) was synthesized and accurate deter-
mination of I” at “air-solution” interface was made
by employing a sheet scintillation counter.

Experimental

Materials. Sodium  dodecyl-2,3-*H3H sulfate
(TSDS) was prepared by the previous method'® with
slight modifications. n-dodecene-2,3-ol-1 was syn-
thesized from decanal and diethyl malonate® and the
product was tritiated to give n-dodecan-2,2-3H,3H-ol-1
(TDOH). The unsaturated alcohol was purified by
preparative gas chromatography (Yanagimoto GCG-
3DH) and subsequently tritiated with tritium gas (Radio-
chemical Centre, Amercham, England, ca. 0.8 cc at
S.T.P. 98% *H). The tritiated alcohol thus obtained
was subjected to simultaneous gaschromatography
(Yanagimoto GCG-5DH) for the substance and radio-
activity. The results proved to be chemically and radio
chemically pure for the sample obtained. It was then
sulfated by the usual method!® to give TSDS, which

6) H. L. Rosano and G. Karg, J. Phys. Chem., 63,
1692 (1959); A. M. Mankowich, J. Amer. Oil Chemists’
Soc., 43, 615 (1966).

7) J. K. Dixon, A. J. Weith, A. A. Argyle and D. J.
Sally, Nature, 163, 845 (1949); G. Aniansson and O.
Lamm, dbid., 165, 357 (1950).

8) M. G. Donnan and J. T. Barker, Proc. Roy. Soc.
(London), A85, 557 (1911).

9) J.W. McBain and L. A. Wood, ibid., A174, 286
(1940).

10) G. Aniansson, /. Phys. Chem., 55, 1286 (1951).

11) M. Muramatsu, K. Tajima and T. Sasaki, This
Bulletin, 41, 1279 (1968).

12) K. Tajima, M. Muramatsu and T. Sasaki, ibid.,
42, 2471 (1969).

13) M. Muramatsu and K. Tajima, J. Labelled Com-
pounds, 2, 304 (1966).

14) J. Koo, M. S. Fish, G. N. Walker and J. Blake,
Org. Syntheses, 31, 35 (1951).
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contained a trace amount of unreacted TDOH. The
product was purified seven times by isotopic mixing
with non-radioactive dodecanol in ethanol solution,
followed by extraction with ether to remove dodecanol
and to lower the specific activity of TDOH.'» The
specific activity of TSDS obtained was 9.16 Ci/mol.
The surface-chemical purity of TSDS was confirmed by
the disappearence of minimum near the critical micelle
concentration (CMC) in surface tension versus concen-
tration curve.

Thus, special care should be taken for the purity of
the substance used. In fact, we had found!® that many
radioactive impurities are produced in the originally
pure tirtiated stearic acid of specific activity of about
10 Ci/mol, when it is kept standing for 6.5 years in
solid state. In the present experiments, therefore, the
purification by Soxhlet extraction was continued until
just before the adsorption experiments.

Water was distilled three times after being refluxed
overnight by adding sulfuric acid and potassium per-
manganate. Ammonium sulfate used for the sub-
strate solution was twice recrystallized from water and
an oily substance was removed by ethereal extraction.

Apparatus. The tritium radioactivity was measured
by the sheet scintillation counter,!” modified so as to
count the radioactivity at air-solution interface as shown
in Fig. 1. The effective area of scintillator sheet (a)
was 37.50 cm?, and the periphery of the sheet was masked
to avoid the effects of corners and edges of trough and
scintillator sheet upon the scintillae. The scintillator
probe was placed on the horizontally supported plate
(b), which was moved vertically by the gear (c) at the
rate of 2 mm per revolution. The counting was made
at the applied voltage of 1250 V and with a discrimina-
tion with from 5 V to infinity.

All experiments were carried out in nitrogen gas
atmosphere contained in a dark glove box. The gas
controlled to 25°C by passing through a copper tube
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Fig. 1. Apparatus.
d: phototubes e: prism
h: ball-bearing k: water bath of 25°C

1:  bubbler
For further details see text.

15) E. E. Dreger, C. L. Keim, G. D. Miles, L. Shed-
lovsky and J. Ross, Ind. Eng.”Chem., 36, 610 (1944).

16) M. Muramatsu and K. Tajima, J. Labelled Com-
pounds, 3, 343 (1967).

17) M. Muramatsu, N. Tokunaga and A. Koyano,
Nucl. Instr. Methods, 52, 148 (1967).



July, 1970]

(i) and completely humidified by passing through two
bubblers (j) and a long tube (g) filled with pieces of
wet paper was introduced in and allowed to leak slowly
out of the cell to avoid the effects of carbon dioxide and
evaporation on adsorption. Humidity of the gas was
measured by the weight increase of CaCl, due to pas-
sage of the gas. It was found to be 98+£3% at 25.0+
0.2°C.

Procedure. An aqueous solution of TSDS was
introduced into a Teflon trough (nin Fig. 1), and the
surface of solution was carefully swept twice by a Teflon
barrier. The end of the second sweeping was taken
as time zero in the surface aging of adsorption. The
scintillator probe was then lowered to a fixed position
about 0.8 mm above the water surface, which was
assured by the electric contact of Pt-electrode (f) fixed
at the scintillator probe with aqueous solution connected
to another electrode. The warm gear (m) and needle
point electrode in Fig. 1 enabled the distance between
the probe and the aqueous surface to be adjusted to
within an accuracy of 0.02 mm. The standard devi-
ation of counting rate due to this error was less than 19%,.
Counting was started to measure the time dependence
of radioactivity over the surface of solution.

Results

Figure 2 shows the time dependence of radio-
activity at the surfaces of SDS solution varying
in its concentrations. The time required for attain-
ing the saturation value of counting rate decreased
with increasing bulk concentration of solution, and
the time dependence practically disappeared above
CMC.
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Fig. 2. Time dependence of total radioactivity
on solution surface. Concentration of SDS
(10-3mol/1000 g solution)

1: 0.324 5: 2.02 9: 4.73 13 8.05
2: 0.656 6: 2.47 10: 5.49 14 9.29
3. 1.07 7: 3.04 11: 6.02 15: 11.33
4: 1.48 8: 4.09 12: 7.02 16: 14.38
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Fig. 3. A, plot for SDS and A4, plot for DOH.

The counting rate of horizontal part in each
curve of Fig. 2 was taken as the equilibrium value,
A,, which is plotted against SDS concentration in
Fig. 3. The radioactivity due to the bulk of the
solution, 4,, was determined from the radioactivity
over the surfaces of the solutions of TDOH in non-
radioactive DOH under the same geometrical
conditions as that of A, determination. The A4,
values thus obtained were corrected for the diffe-
rence in absorption and scattering of S-particles
between water and DOH and plotted against
radioactive concentration, C,, in Fig. 3 in the same
manner as in the previous report.!) The calcu-
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Fig. 4. Radioactivity vs. surface concentration for
TSDS.
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lation of I" was made by

Ai—4,
K

I = (¢S]
where a constant £ must be known. It was de-
termined by counting the surface radioactivity
for known amounts of TSDS film spread over the
aqueous ammonium sulfate solution of 809, satu-
ration in the Teflon trough.’® Figure 4 shows
the relationship between the surface radioactivity
and the amounts of TSDS.
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Fig. 5. Adsorption isotherm of SDS at air-solu-
tion interface (25°C).
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The adsorption isotherm obtained is shown in
Fig. 5. It can be seen that I" markedly increases
with increasing concentration of SDS and arrives
at the saturated adsorption of 3.19 X 10-1° mol/cm?
at bulk concentration of about 3.2 10-3 mol/
1000 g solution beyond which I" does not change

TABLE 1. ADSORBED AMOUNT AT GAS-SOLUTION INTERFACE OF SODIUM DODECYLSULFATE
BY VARIOUS METHODS
Saturated
RI adsorption Temp.
Method species amounts, oG Reference
X 10-1° mol/cm?
RT SH 3.19 25 present paper
RT 3H 5.0 25 3
RT SH 5.89 20 11
RT 353 3.7+1 28 4
RT 35S 3.35 20
RT 358 7.5 21
RT 35S 4.841 22
bubble 4.06 24—26 23
bubble 3.32 26 24
bubble 3.00 20 25
bubble 4.00 25 26
bubble 4.88 28 27
microtome 5.4 21—22 9%
* Sodium dodecylsulfonate
18) H. B. Bull, J. Amer. Chem. Soc., 67, 10 (1945). 22) E. Hutchinson, J. Colloid Sci., 4, 599 (1949).

19) M. E. L. McBain and E. Hutchinson, ‘Solubili-
zation and Related Phenomena,” Academic Press Inc.,
New York (1955).

20) J. M. Corkill, J. F. Goodman, D. R. Haisman
and S. P. Harold, Trans. Faraday Soc., 57, 821 (1961).

21) R. Ruyssen and J. Maebe, Mededeel. Koninkl.
Viaam-Acad. Wetenschap. Belg. Kl. Wetenschap., 15, 5
(1953).

23) A. Wilson, M. B. Epstein and J. Ross, ibid., 12,
345 (1957).
J. E. Bujake and E. D. Goddard, Trans. Faraday
Soc., 61, 190 (1965).
H. Kishimoto, Kolloid-Z. Z. Polym., 192, 66 (1963).
Ira Weil, J. Phys. Chem., 70, 133 (1966).

C. Walling, E. E. Ruff and J. L. Thornton, Jr.,
ibid., 56, 989 (1952).

24)

25)
26)
27)
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with the concentration even beyond CMC (8.1 x
10-3 mol/1000 g solution). The area per molecule
at the saturated adsorption is found to be 52.0 Az.
The surface tension of the solution was measured
by the drop volume method, the correction of
Harkins and Brown being applied. The results
(circles) shown in Fig. 6 show that the surfactant
employed was surface-chemically pure. The Wil-
helmy plate method was also adopted for the sur-
face tension measurement for comparison.

Discussion

Evaluation of I'. In Table 1 are shown the
values obtained together with those obtained by
other methods. The values are seen to fluctuate
widely. Evidently the f-rays of 3%S are too hard
for an accurate measurement of the SDS adsorp-
tion to be made, while 3H much reduces the
experimental error. However, the measurements
of °H radioactivity with a 2z windowless gas-flow
counter involve many difficulties which should
be overcome. First, there is the possibility that
the counting gas (humidified hydrocarbon) is
adsorbed at the surface and solubilized in the
bulk of surfactant solution.!® Also, it is probable
that the adsorption of the surfactant is affected
by the high voltage applied and by the gas phase
being hydrocarbon instead of air. These effects
are unfavorable for the use of a 27 windowless
gas-flow counter and the use of an end-window
type is recomended.

It is seen in Table 1 that the results obtained
happen to be close to some of the adsorption data
obtained by the foam method. However, the
latter method is not favorable because of the differ-
ence in adsorption on plane and non-plane surfaces,
and also the difference in adsorption on solution
surface and on two sided film where the van der
Waals and coulombic interactions between the
two parallel films are effective.?® Difficulties
also arise from uncertainty in the estimation of
surface area, non-equilibrium state of adsorption
due to the short period of passage of bubbles, and
the gradual changes of bulk concentration and pH
of solution during the passage of a large number
of bubbles.?®) Thus, it is not surprising to find
discrepancies in I" values between the foam and
the radiotracer methods, the latter being free of
the difficulties mentioned above.

Surface Tension vs. Concentration Curve.
Figure 6 shows the values of equilibrium surface

28) J. Lyklema and K. J. Mysels, J. Amer. Chem.
Soc., 87, 2539 (1965).

29) F. L. Jackson and F. P. Krause, J. Phys. Chem.,
67, 2355 (1963).

30) K. Nukina, Master thesis, Dept. Chem., Fac.
Sci., Tokyo Metropolitan Univ., (1966).
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tension, y, measured by the Wilhelmy plate me-
thod3® (squares) and by the drop volume method
(circles) as a function of SDS concentration. A
systematic difference seems to exist between sur-
face tension data obtained by these methods. A
similar tendency has been reported by Boucher
et al.3V) for sodium hexyl a-sulfopelargonate. They
inferred that the surface tension data obtained
by these methods appear to be reliable in so far
as they do not affect molecular cross-sectional areas
of surfactants obtained by applying these data to
the Gibbs equation. However, the results of the
present measurement exhibited limiting slopes
of curves being different from each other as shown
in Fig. 6. This would be reasonable, when we
consider marked aging phenomena observed in
surface tension of detergent solution.

Gibbs Adsorption Equation. In the present
system the Gibbs adsorption equation® is expressed
by

—dy = RT[ ny+dlnayny+ + RT[ p-dlnap-
+ RTI y+dlnag- + RTT ox-dlnagy- 2

where p, I' and a express the surface tension of
solution, the amount of adsorption and activity,
both for the solutes. The subscripts Na+t, D—, H+,
and OH~- denote sodium, dodecylsulfate, hydrogen
and hydroxyl ions, respectively. Since the SDS
solution was almost neutral and pH was kept prac-
tically constant to 6.0+0.2 throughout the meas-
urements for all solution, we put for approximation
d ag+=d apg-=0. Assuming no surface hydroly-
sis,3®  ['y+=Iog-=0, and electrical neutrality
both in bulk and surface layer, namely Cyy+=
Cp-=C, and I'yyg.=1p-=I">® we get from Eq.
(2)

dy _ dlnfi>
~ RTdInC _2r(1+ dInC ®

where fi=(fna+Xfp-)V/? is the mean activity
coefficient of SDS. It has been reported®® that
activity coefficient of SDS solution varies according
to the method of measurement such as the glass
or membrane electrode methods. However, fi
is better approximated by the Debye-Hiickel
second approximation. Thus, for uni-univalent

31) E. A. Boucher, T. M. Grinchuk and A. C. Zet-
tlemoyer, J. Colloid Interfac. Sci., 23, 600 (1967).

32) D. Eagland and F. Francks, “Proc. Intern.
Congr. Surface Activity, 3rd,” London, Sec. B 539
(1960).

33) R. Defay, I. Prigogine, A. Bellemans and D. H.
Everett, Ed., “Surface Tension and Adsorption”,
Longmans, London (1966).

34) H. Huff, J. W. McBain and A. P. Brady, J.
Phys. and Colloid Chem., 55, 311 (1951); C. Botre, V. L.
Crescenzi and A. Mele, J. Phys. Chem., 63, 650 (1959);
L. Shedlovsky, C. W. Jakob and M. B. Epstein, ibid.,
67, 2075 (1963).
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electrolytes, we have

.18V C
_h,fi=_1__8l/£_ @

T4 .
1308V C
where r,. is the average radius of hydrated anion
and cation in the solution (A unit). According
to Kielland’s report®® and in agreement with Hay-
don’s opinion®® that r for alkylsulfate and quater-
nary ammonium ions should be slightly higher
than 5 A, we put r4=7 A in Eq. (4) for SDS ion
of all concentration. Differentiating Eq. (4) we

have
dl 0.59V'C
4=- dilnfCi = T+ —\? ®
(1+ 1e5VC)

The values of I" were calculated from Eq. (3) by
the evaluation of dy/d In C from p vs. C measure-
ment and A from Eq. (5). The result is shown in
Fig. 7 as solid and broken lines for the Wilhelmy
plate and the drop volume methods, respectively.
The amount of adsorption directly measured by
the radiotracer method was also plotted as shown
by circles in Fig. 7. The observed values are in
good agreement with those calculated by Eq. (3)
applying the surface tension data of the Wilhelmy
plate method, compared with those of drop volume
method throughout the whole range of bulk con-
centration. The deviation of drop volume data
is marked especially at low concentration. This
may be understood since the drop volume method
is insufficient for giving an equilibrium surface
tension at low concentration where the rate of
attainment of equilibrium is slow. On the other
hand, a slight discrepancy at lower concentration
in the case of the Wilhelmy plate method probably
comes either from the uncertainty of surface ten-

5 T T T T T T T

I', x10-1 mol/cm?

Activity, X103 mol/!

Fig. 7. Comparison of observed and calculated
values of SDS adsorption using Eq. (3).

O : observed values
calculated values (drop volume method)
— : calculated values (Wilhelmy plate method)

35) J. Kielland, J. Amer. Chem. Soc., 59, 1675 (1937).
36) D. A. Haydon and F. H. Taylor, Phil. Trans.
Roy. Soc., A252, 225 (1960).
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sion data or from the invalidity of Eq. (3), which
has been derived by neglecting the Ht ion terms.

It should be emphasized that for the salt-free
solution of not so dilute ionic surfactant the Gibbs
adsorption isotherm is proved to be valid for n=2
in the Gibbs adsorption equation, provided that
activity is used in place of concentration.

Equation of State. Many investigators have
reported3$:37) various types of equation of state for
the monomolecular film at an air-solution inter-
face. Davies proposed a surface equation of
state,3%)

(n—ns—n,(A—A4,) = kT 6)

for charged monolayer at air-water interface, where
m is the total surface pressure, 4 and 4, the area
and co-area per molecule in adsorbed film, k the
Boltzmann constant, 7" the absolute temperature,
7s the cohesive surface pressure due to the van der
Waals forces of attraction between the hydrocarbon
parts of the adsorbed surface-active ions as given
by

400 m
s = = g2
for A>71 A%/molecule, and )
ns = —0.67m

for A<71 A%/molecule, with m for the effective
number of CH, groups present in the long-chain
ion. Further, 7, in Eq. (6) represents the repulsive
surface pressure due to the polar head groups of
adsorbed ions. Davies gave

2kT
— ®

7, = 6.03C% —
where C; denotes total (uni-univalent) electrolyte
concentration.

Figure 8 shows the observed equation of state
for the adsorbed film of SDS, using the data of
surface tension measured by the Wilhelmy plate
method and the amount of adsorption by radio-
tracer method. In Fig. 9 plots of 1/(n—nsn,)
against 4 are shown as circles, assuming that m,
and 7, are expressed by Egs. (7) and (8), respec-
tively. If we draw a line with the slope of k7" and
through the point 4,=33 A? given by Davies for
adsorbed films of SDS, it largely deviates from the
observed values (circles). This clearly shows the
inapplicability of the empirical equation (7), which
has been presumed from the behavior of 7 vs. 4
relation for the monolayer of octadecyltrimethylam-

37) E. Matijevic and B. A. Pethica, Trans. Faraday
Soc., 54, 1382 (1958); R. K. Schofield and E. K. Rideal,
Proc. Roy. Soc. (London), A109, 57 (1925); F. M. Fowkes,
J. Phys. Chem., 66, 385 (1962); E. H. Lucassen-Reyn-
ders and van den Temple, “Proc. Intern. Congr. Surface
Active Substances, 4th”, Brussels (1964).

38) J. T. Davies, J. Colloid Soc., 11, 377 (1956).
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Fig. 8. Pressure us. area curve of SDS at air-
solution interface.
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Fig. 9. Plots of 1/(m-ns-m,) against A for SDS.

O : observed values
—: calculated from Davies equation

monium ions, but has not yet been confirmed ac-
tually, at least for monolayers of shorter carbon
chain length. Thus, Eq. (7) turned out to be
inapplicable to soluble adsorbed films, and the
present authors propose the empirical equation

m= ©
where K is a proportionality constant, determined
from the 7 vs. A curve. Substitution of Egs. (8)
and (9) into Eq. (6) yields an equation of rectan-
gular hyperbola when A(n—mn,) is plotted against
4. Thus, graphical plots give
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K=2.43kT
A, = 38.4 A?/molecule
and the final equation becomes
<n+6.03 c?+—0—‘%ﬂ—>(/1—‘4,,) — kT (10)

Figure 10 shows the curves based on Davies’ equ-
ation and Eq. (10) together with the experimental
data (circles). Eq. (10) is shown to fit the actual
behavior of adsorbed film better than Davies’ equ-
ation. The observed 7 vs. 4 curve shows a more
condensed film than that predicted by Davies’
equation. The large deviation of Davies’ equ-
ation, especially in the region of large molecular
area, may be ascribed to the insufficient contri-
bution of 7 given by Eq. (7) to total surface pres-
sure. It should be emphasized that Eq. (10)
holds regardless of the value of 4 being smaller
or larger than 71 A%*/molecule, which is not the
case in Eq. (7). It is shown that Eq. (10) with
K=2kT and A4y=27.0 A%*/molec. also fits the =
vs. A curve for the monolayer of octadecyltri-
methylammonium ion, while Davies’ equation
fairly deviates from the curve.

40
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A, A?/malec.
Fig. 10. mus. A plot for SDS.
O : observed values

Eq. (10)
Davies equation

Recently, Chattoraj et al.®® proposed the fol-
lowingy equation for 7, on the basis of the two-
dimentional van der Waals attraction,

%s

s = A2 11y

where «, is the van der Waals constant for a sur-
face phase. To explain the deviation of Eq. (11)

39) C. K. Chattoraj and A. K. Chatterjee, J. Colloid
Interfac. Sci., 21, 159 (1966).



1998

from their experimental data, they assumed the
existence of surface micelles for the region of A<
130 A2/molecule. In the present studies, how-
ever, Eq. (11) has been confirmed not to hold in
the region of 4< 150 A2/molecule, suggesting the
inapplicability of their equation and the uncer-
tainty of the existence of surface micelles in ad-
sorbed layer.

As for the value of 4, for the charged adsorbed
films, there is always disagreement among various
authors. Phillips and Rideal'® give A4,=20 A2
for the dodecylsulfate ion, and Davies3® considers
33 A% reasonable, though Cook and Tablot)

40) J. N. Phillips and E. Rideal, Proc. Roy. Soc., A2325
159 (1955).
41) M. A. Cook and E. L. Tablot, J. Phys. Chem.,

[Vol. 43, No. 7

suggest A, being as large as 50 A% The present
experiments give A,=38.4 A2, This value is
reasonable when we take account of the fact that
the cross-sectional area for a hydrated sulfate ion
is 28 A% per molecule.*» The difference may be
ascribed to the presence of the hydrocarbon chain
attached to the ion. It should be emphasized
that the value 4, obtained in the present study is
based upon the equation of state which is in agree-
ment with the direct measurement of 7 vs. A re-
lation, while the values of other workers are based
upon the equations which are not in agreement
with the experimental results, at least for SDS.

56, 412 (1952).
42) R.D. Vold and M.]. Vold, Ed., “Colloid Chemis-
try,” Reinhold Pub. Corp., N. Y. (1964), p. 100.






