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The magnetic susceptibilities of a number of liquids dissolving oxygen have been determined by an improved
viscometer method at 298.15 K and 105.3 kPa; it has been confirmed that they are nicely expressed using the
Wiedemann’s additivity law, and it is found that they are perfectly linear with the volume fraction of oxygen in
the atmosphere in contact with liquids: a new-type law of susceptibility. It is shown that the effects of dissolved
air are not canceled out unless the susceptibility of an oxygen-free liquid is used as the reference value, even
when the solubilities of oxygen in the sample and the reference liquids are equal, causing a real error to an

extent as much as 1.7%.

About 40 years ago, Eggleston, Evans, and Richards®
pointed out experimentally that most of the diamag-
netic susceptibilities of organic liquids reported in the
past are in error by an amount as much as 1.7%, corre-
sponding to the effect of dissolved oxygen. Soon there-
after, French and Harrison? stressed by demonstration
that in real observations the error caused by not being
careful of dissolved atmospheric oxygen is not so seri-
ous, as pointed out by Eggleston et al., since the oxygen
effect on the liquid sample is nearly canceled out by the
presence of oxygen in the reference used. Despite these
two published comments on this subject, leaving much
to be open, almost all of the earlier researchers mea-
sured the susceptibilities of liquids or solutions without
considering the dissolved air. Recently, the present au-
thor and a co-worker reported on an improved viscome-
ter method®% which is very useful for the determination
of the magnetic susceptibilities of diamagnetic liquids.
The present paper concerns an accurate determination
using the method involving the magnetic susceptibili-
ties of a number of organic liquids equilibrating with
air of different compositions. Further, it clarifies the
difference in the two seemingly conflicting conclusions
of Eggleston et al.V) and of French et al.? In addition,
a new-type linear-law of susceptibility is proposed.

Principle

First, the principle of the viscometer method is briefly
described, since this method is unfamiliar. A capillary
viscometer cell of the modified Ubbelohde-type shown
in Fig. 1 is placed in a magnetic field so that the lower
end of the capillary is in the center of the pole gap of
an electromagnet, while the capillary part extends ver-
tically, through the inhomogeneous region, outside of
the field. The liquid in the capillary is forced to flow
down due the dual action of the gravitational and mag-
netic forces acting on it into the environmental gas that
occupies the dead space below the capillary. Supposing
that a liquid of a certain volume requires a time of ¢y to
flow down through the capillary of the viscometer un-
der action of an external magnetic field of the strength
(H), one may write the Poiseuille’s equation as follows:
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Fig. 1. Schematic representation for the G-L contact
in a viscometer cell and the magnetic forces acting
on G and L; (I), Front view, and (II), side view. G,
gas phase; L, liquid phase; C, capillary; A and B,
detectors; P, the position of the pole pieces of electo-
magnet; J, water jacket cabinet.

1 - 1
= Cldvgh + —2-(RL - kg)H?, (1)
H

where C'is a constant determined by the geometry of
the cell and by the viscosity of the flowing liquid; gis the
acceleration due to gravity, h the mean effective head
of the liquid, dr, the density of the liquid, and ki the
volume magnetic susceptibility of the liquid phase (L) in
equilibrium with the gas phase (G) whose susceptibility
is kg. Here, the gas is assumed to dissolve in the liquid
without any chemical reactions. In the absence of a
field, Eq. 1 reduces to a simple form, such as 1/t =
Cdy, gﬁ, where fy is the time of flow in the absence of
a field. We now introduce a new parameter, 7, defined
by
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+G) = to —ty _ 5 (kL — rg), K= H_ﬁ @) the same gas by means of an operation tube connected to
tn dy 2gh’ the cell. The gas flow rate was then reduced to 0.3x107°

where K is a cell-constant, as long as ty is measured
under the same field strength (H). For a two-compo-
nent gaseous mixture of oxygen (O) and nitrogen (N)
equilibrating with a working liquid in the cell, one may
write Wiedemann’s rule for the apparent susceptibility
(kg), of a gas mixture saturated with the vapor of the
working liquid at a given temperature (7) and pressure
(P), as follows:

KG = KOZO + KNTN + KVTV, (3)

where k3, k3, and kY denote the volume suscepti-
bilities of pure oxygen, pure nitrogen and pure vapor
of the liquid at a given condition, respectively, and zo,
In, and v are the volume fractions of these gases in the
same sequence. Converting the susceptibility of species
i (k9) per unit volume into that (x§) per unit mass, by
the aid of the definition formula, k{=d;x$, and using
the abbreviation d; (=d/z]), one may write an equa-
tion for the specific susceptibility (xr(G)) of the liquid
equilibrating with the gaseous mixture. From Egs. 2
and 3 we have

x(G) =1

(G) | doxd + dnxt +dvxv
7 @ . (4)
Generally speaking, the difference in the diamagnetic
susceptibilities between the liquid and vapor is usually
very small and, in addition, the magnitude of the last
term, dvxy/dL in Eq. 4, is very slight. Thus, identifying
xL(G) and x¥, one obtains the following expression:
1 [dLT(G)
T dy —dy K
Equation 5 is a basic equation for determining the

susceptibilities of liquids which dissolve oxygen by the
present method.

x1(G) +doxd +duxy].  (B)

Experimental

Measuring Cell.  The volume of the upper globular
part of the cell is about 5x107% m3; the capillary is about
0.1 m in length and 0.3x107% m in diameter. In contrast
to the original method,” in which the viscometer cell of the
Ostwald type is used, and the upper globular part is in a ho-
mogeneous magnetic field that is sufficiently wide to cover
this part, the present method has the following convenient
points. A much smaller magnet may be used, since the more
limited homogeneous region of the magnetic field and a nar-
rower gap of the pole pieces are used. Furthermore, the
mean-effective heads of the liquids are automatically main-
taind at a same value, irrespective of the volumes of the
liquids in the cell. As compared with the horizontal-type
cell,) the vertical cell used here has a comparable repro-
ducibility (£0.02%) for different sample liquids and easier
handling of the cell, though less sensitivity.

Measurements Bofore the measurements, the liquid
in the cell was saturated with the gas by passing it through
the liquid for about 10 min at a flow rate of about 1.2x107°

m?3 s7!; the dead space of the cell was fully replaced by

m?3 s7!, and alternate measurements of the flowing times

(to and tg) were followed repeatedly as the tube was con-
nected to the cell. The flowing times were read off at an
accuracy of £0.001 s. The details of the operation-tube sys-
tem were illustrated in a previous paper.3) Both before and
after every measurement of 7 under a gaseous mixture, the
measurement was repeated under nitrogen in order to check
the recovery of 7(N) to its original level. By this proce-
dure we could obtain indirect information that no chemical
change occurred in the liquid upon dissolving the gaseous
sample. The temperature and pressure were kept constant
at 298.15+0.01 K and 105.324+0.13 kPa (790+1 mmHg).
The cell-constant K was evaluated, using Eq. 5 based on
the 7-value of water measured under nitrogen, using the
x-value of —0.7205%x107¢ cm®g™'# for water. The result
was 1.15x10° kg? m~2 s72 A~? under a magnetic flux den-
sity of 1.99 T, the highest available at a maximum mag-
netizing current of 4 A (£0.01%). (The x-value of water
used here as a standard was obtained from a literature-
value® of —0.7200x107% cm®g~! at 291 K using an em-
pirical relation” for its temperature dependence.) In the
electromagnet used, pole-pieces were of 2x1072 m diame-
ter and the tips were fixed to have about a 7.5x107% m
gap. The density of the liquid (dL) was measured by using a
precision density meter (SS-D-200T of Shibayama Scientific
Co.), which gave the oscillation periods of the sample cell
and the reference cell paralleled to each other. The densities
(kg m™®) of the gases (do, dn, and dy, respectively) were
computed by the following equations (assuming ideal gases):

do = 3.85 x (P — p)¢/T, (6a)
dn =3.37x (P —p)(1 - ¢)/T, (6b)

and
dy =0.12 x pM/T, (6c)

where p (kPa) is the vapor pressure of a liquid having a
molecular weight of M at a given temperature ( T(K)); ¢ is
the volume fraction of oxygen in the mixed gas.

Materials.  Nitrogen and oxygen were obtained from
commercial sources with purities exceeding 99.9%, from
which gaseous 'mixtures (an artificial air) of appropriate
compositions were prepared. These artificial and atmo-
spheric airs were dried by successive passage through sil-
ica gel and diphosphorus pentaoxide, and, finally, through a
membrane filter (FM-22; Fuji Photo Film Co.). The compo-
sitions of the airs were analyzed by a gas-chromatographic
technique. Water was purified by sub-boiling distillation
from a quartz still after deionization. Methanol, ethyl ace-
tate, acetone, dimethyl sulfoxide, toluene, benzene, cyclo-
hexane, heptane, 2,2 4-trimethylpentane, and carbon tetra-
chloride were Dotite Spectrosol solvents for spectroscopy
(Dojindo Co.). Ethylbenzene and cyanobenzene were Tokyo
Kasei guaranteed reagents; the remainer was a Wako guar-
anteed reagent. Aniline, N-methylaniline, N,N-dimethyl-
aniline, and acetic acid were dried and distilled just before

#Note that cgs units are used hereafter. In SI units the
volume susceptibility is dimentionless and numerically equal
to 47 times the cgs value.
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measuring, while the other solvents were used without fur-
ther purification.

Results and Discussion

More than 25 measurements were repeated to yield
a mean 7-value. The 7-values measured under atmo-
spheric and artificial air samples (oxygen+ nitrogen)
having different compositions are shown in Table 1.
The x1(G)-values were obtained from these experimen-
tal 7-values in combination with the necessary physico-
chemical data listed in Table 2, and are shown in Ta-
ble 3 and Fig. 2; the calculation was carried out us-
ing a value of 107.3x10~¢ cm3 g~! for the specific sus-
ceptibility of oxygen (xQ), which had been previously
determined by the present author,® and —0.43x10~¢
cm® g1 for that of nitrogen (x%), which appeared in
the Landolt-Bérnstein table.'® As can be seen in every
case (Table 3), the susceptibility of nitrogen-saturated
liquid (xL(N)) falls in the lowest level compared with
that of air-saturated liquid (xr,(Air)); further, the value
of xL(G), as shown in Fig. 2, is strictly linear with the
volume fraction of oxygen in air. The relation may be
expressed according to the following empirical formula:

x1(G) = xL(N) + [x1(0) — xL(N)]#, (7

where x1,(O) represents the susceptibility of a liquid
saturated with pure oxygen at a given temperature and
pressure. This is a new linear relation of the suscepti-
bility for liquids in equilibrium with air. As an example
verifiable of this law (Eq. 7), the ¢-values (the oxygen
content) of atmospheric air are determined by calcula-
tions involving the observed xi(G)-values for various
liquids; the results are listed in the last column of Ta-
ble 3: They are found to be thoroughly consistent with
each other, and in good agreement with the ¢-values
determined by different methods.!V

According to Wiedemann’s law, on the other hand,
the susceptibility of a liquid equilibrating with a gas
mixture (G, an air), can be expressed as follows:

xL(G) = wLxi + woxd + wNXN, (8)

where wy, wo, and wy denote the weight fractions
of the working liquid, dissolved oxygen, and dissolved
nitrogen, respectively. Since most liquids scarcely
change their density upon the dissolution of gasses, it
is allowable to put approximately wy, =1, and further
to make the conversion wo={(do/dL)L(0) and wn=
(dn/dL)L(N), where L(O) and L(N) denote the solu-
bilities (Ostwald coefficients) of oxygen and nitrogen in
liquid, respectively. Thus, instead of Eq. 8, one has

s doL(0) , dnL(N) .
YL(G) = x5 + =2 ( )XO+ nL( )XN- (9)
dv s,

As long as x1.(G) and x1(O) are measured under the
same experimental conditions (7 and P) the volume
fraction (¢) of oxygen (obtained from Egs. 6 and 9),
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Fig. 2. Relationships between observed susceptibili-
ties of liquids equilibrating with atmospheric and ar-
tificial airs and the volume fractions of oxygen. 1,
heptane; 2, cyclohexane; 3, ethylbenzene; 4, water;
5, benzene.

_ xu(G) = xu(N)
= %(0) (M)’ (10)

should give a consistent value, irrespective of actually
executed temperature and pressure. Equation 10 is
identical to Eq. 7. Thus, the empirical formula of Eq. 7
is necessarily obtained from Wiedemann’s law if the
gas behaves ideally (within experimental errors), and
if Henry’s law is applicable for the experimental condi-
tions.

The effect of dissolved oxygen on the susceptibility
of a diamagnetic liquid was reported for the first time
by Eggleston et al.,¥’ who pointed out the presence of
an error in the literature-values (as mentioned above).
A comparison of the susceptibilities of various liquids
found in the literature (g (Lit)) with those determined
in this work (x(N)) is given in Fig. 3, where the nor-
malized quantity defined by the following equation is
taken:

6 = [xu(Lit) — x(N)]/[xr(Air) = x.(N)).  (11)

One may seen that nitrogen-saturated values mea-
sured by Eggleston et al., i.e., —0.7081x1076 cm?®g~!
for benzene and —0.8665x107¢ cm3g~! for heptane,

are in fairly good agreement with our results. Further-
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Table 1. 7(G)-Values (—10% 7) Measured under Air of Different Oxygen Con-

tents (%) at 298.15 K

02/%
Materials 0 Air 51 73 100
Water 10.437 10.853 11.454 11.893 12.426
Methanol 9.912 10.273 10.796 11.182 11.637
Acetic acid 7.817 8.152 8.629 8.978 9.406
Ethyl acetate 8.980 9.284 9.737 10.052 10.471
Acetone 8.301 8.589 8.997 9.302 9.668
Dimethyl sulfoxide 8.282 8.669 9.207 9.610 10.086
Ethylbenzene 10.715 11.120 11.699 12.106 12.635
Toluene 10.462 10.840 11.395 11.795 12.274
Nitrobenzene 7.385 7.708 8.192 8.522 8.957
Cyanobenzene 9.207 9.585 10.125 10.510 11.004
Benzene 10.287 10.639 11.136 11.506 11.950
Aniline 9.887 10.306 10.909 11.336 11.870
N-Methylaniline 10.108 10.518 11.112 11.550 12.053
N,N-Dimethylaniline 10.346 10.755 11.333 11.761 12.277
Cyclohexane 11.642 11.999 12.529 12.909 13.368
Heptane 12.544 12.933 13.498 13.924 14.410
2,2,4-Trimethylpentane 12.779 13.149 13.690 14.099 14.585
Carbon tetrachloride 6.403 6.569 6.816 6.988 7.211
Carbon disulfide 7.639 7.793 8.019 8.182 8.377
Table 2. Physico-Chemical Data of Liquids at 298.15 K
Molecular Density Vapor
Materials weight pressure®
M 1073 di, /kgm™2 p/kPa,
Water 18.02 0.997044" 3.145
Methanol 32.04 0.786622 16.265
Acetic acid 60.05 1.043473 2.054
Ethyl acetate 88.11 0.894359 12.1
Acetone 58.08 0.784739 29.401
Dimethyl sulfoxide 78.13 1.095697 0.095
Ethylbenzene 106.17 0.862788 1.267
Toluene 92.14 0.862022 3.765
Nitrobenzene 123.11 1.198100 0.036
Cyanobenzene 103.12 1.000332 0.81
Benzene 78.11 0.872531 12.665
Aniline 93.13 1.017457 0.04
N-Methylaniline 107.16 0.981940 0.064
N,N-Dimethylaniline 121.18 0.951763 0.099
Cyclohexane 84.16 0.773636 13.031
Heptane 100.21 0.679377 6.098
2,2,4-Trimethylpentane 114.23 0.687558 6.562
Carbon tetrachloride 153.82 1.584509 14.565
Carbon disulfide 76.14 1.255427 47.633

a) Estimated from literature-values at near 298.15 K in CRC Handbook (1981).

b) Taken as the reference.

more, the validity of relation (10) is also shown in their
values, giving the volume fractions of oxygen (¢) in at-
mospheric air to be 0.211 for heptane and 0.188 for ben-
zene, in agreement with an authentic value determined
by a different method. However, many of the other liter-
ature-values are, irrespective of the method used, show
slightly less diamagnetism than do the observed values
of x1(N), and distribute around the values of xr(Air),
(6=1), rather than x,(N), (§=0).

For the error (Ay) involved in the susceptibility de-
termined by the Gouy method without taking care of
dissolved air, French et al.?) gave the following expres-
sion and demonstrated that the effect of dissolved air
would be canceled out by that in the reference liquid
used: ##

##The sign of the susceptibilities are taken to be negative
for diamagnetism and positive for paramagnetism, just op-
posite to those taken by French et al.?)
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Materials (A) (B) ) (D) Eq. 9 on application to air, as follows:

Methanol 0.6600 (12) T  pewe ‘

0686 (13)| o | Ax = X2 = xu(Air) + 25~ Lr (Air) (13)
0.6690 (22) i ) ROL
0.6685 (25) LA and
Acetic acid 0.5283 (12) , ! (@] . .
0.5332 (14) I o Ay = rgpe[irlAln) _ L(Ain), (14)
0.5347 (15) bQ Fgdr Fody,
o ) . © here k3 is the vol tibility of air, and L(Air)
0.5292 (25) ' CA where k3 is the volume susceptibility ir, an ir
Ethyl acetate 8‘235 (:3) o 10O and Ly (Air) are the solubilities of air in the sample and
0616 216; o) : the reference liquids, respectively, under given experi-
0.6156 218 'O mental conditions (7T and P). According to Eq. 13, when
0619 (1 o : P
! ' water is used as a reference, or when deaeration is car-
0.6130 (22 N ’ .
0.6135 %25)) N ried out one-sidedly on the reference, such a quantity,
Ethylbenzene 8;%;2 ggg b OA x$ —xwL(Air), the first member of Ay, would result in a
Toluene 0.7174 (12) Lol real error, because the second member of Eq. 13 usually
0725 (13) O ; vanishes, due to the slightest solubility of air in water.
g;?,;§° 88 o E Q Nevertheless, water has been used more often than not
0.7112 (20) | Xe) J as a primary reference, since it is the most familiar and
0.7176 (25) LA 3 H i
- : L8 purest substance available with ease, and that it has a
Nitrob 0.5090 (15 HOR o ers . .
irobenzene 0.5025 5173 ' : o susceptibility with sufficient accuracy. In contrast to
ggg;‘: gg% : N this, accoridng to Eq. 14, as the effects of dissolved
Cyanobenzene 06322 200 ! OE a oxygen were seemingly to be canceled out when both
Benzene 0.7023 (12) ! o) sample and reference liquids behave equally regarding
8‘283(7) 82% E 10 ° their physical properties, such as gas solubility, Gouy
0702 (24) ! '@ force (or magnetic susceptibility), and density. In fact,
sat'd with N g-;gg? (28; ‘o P A such properties of benzene (that used as a reference in
sat'd with Af, 0.7020 (1) : o) the demonstrative experiments conducted by French et
- 1.:;at'd with 02 3.23(5)6 (1(;)) S o al.?) are of comparable magnitude to those of most or-
yclohexane . 1 ' . 1 -d tivel
0.7853 (25) : BN ganic liquids, respectively.

Heptane 0.8527 521) O] To solve this conflict, let’s consider, for example, mea-
satd with N 8-:22; 2(% o 4 surements of the susceptibility of the same material
sat'd with Af, 08513 (1) ) as the reference liquid. Regardless of the procedures,

'd with Q2 0.794 S E whether the deaerations for the sample and the ref-

Carbon tetrachloride g“gg 83 ' io o erence liquids are carried out or not, the same value

0.4340 (19) : e as the susceptibility of the reference liquid used should
8~:§2° 83 ' ! @ L be obtained, and the cancellation seemingly becomes
0.4329 (25) : N perfect, as is shown in Eq. 14. However, if the ref-

-7 0 5 1 3 erence value used includes an error corresponding to

Fig. 3. Comparison of the susceptibilities measured
in this work and found in literatures for various lig-
uids. (A), literature-values, xr(Lit); (B), the ref-
erence number. (C) and (D) indicate the levels of
xL(N) and x1(Air) measured in this work, respec-
tively. 8§, normarized quantity defined by Eq. 11. O,
Gouy method; @, Quincke method; A, Tortion bal-
ance method.

° . FrF° 1 1
AX=XL—XL(AIT)""g‘d—L(F—R— F)a (12)
R

where Fg and FR denote the Gouy forces on the speci-
mens of the air-saturated and air-free liquids used as a
reference, respectively; F° is the Gouy force on a sim-
ilar specimen of air-free sample, and B is a constant
which is characteristic of the equipment used. This
equation can be rewritten by using a modified relation,
x1(Air)=x{ + L(Air)x% /dL, which is obtainable from

the effect of dissolved air in itself, the obtained results
should show less diamagnetism than a pure liquid, x7.
Thus, a cancellation can never be expected as long as
the reference value containing the error caused by dis-
solved air is used, even when the physical properties
of the reference liquid are equal to those of the sample
liquids. In practice, however, as a standard reference,
many workers in the past used the susceptibility of wa-
ter, —0.7200x10~6 cm?3g~1,151922—25 or the value of
benzene, —0.7020x1076% cm3 g—!,1416:1820) which was
the same as the value previously determined without
deaeration by the Gouy method,'®?% using that value
of water as the standard reference. Such a serious sit-
uation may also occur when using methods other than
the Gouy method, as long as the susceptibility is deter-
mined relative to the reference. Thus, the greater part
of the susceptibility data reported in the past may in-
volve an error that corresponds to the effect of dissolved
air, as pointed out by Eggleston et al.?) as well as to in-
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Table 3. Observed Susceptibilities of Liquids Equilibrating with Atmospheric and Artificial Airs
of Different Oxygen Contents(%) at 298.15 K and the Volume Fraction of Atmospheric Oxygen
Computed from the Data Using Eq. 7

Susceptibilities Volume
fraction
Materials —10%x1(G)/em® g~?! ¢(Air)
0% Air 51% 73% 100%
Water 0.7205¥ 0.7193 0.7180 0.7169 0.7153 0.23
Methanol 0.6845 0.6763 0.6652 0.6571 0.6462 0.214
Acetic acid 0.5397 0.5340 0.5256 0.5194 0.5119 0.20s5
Ethyl acetate 0.6203 0.6108 0.5985 0.5884 0.5783 0.22¢
Acetone 0.5736 0.5652 0.5530 0.5444 0.5334 0.209
Dimethyl sulfoxide 0.5718 0.5704 0.5675 0.5659 0.5628 0.1¢
Ethylbenzene 0.7398 0.7325 0.7221 0.7133 0.7047 0.20s
Toluene 0.7224 0.7141 0.7032 0.6947 0.6837 0.214
Nitrobenzene 0.5099 0.5065 0.5032 0.4991 0.4962 0.25
Cyanobenzene 0.6356 0.6310 0.6244 0.6187 0.6135 0.20s
Benzene 0.7105 0.7037 0.6937 0.6867 0.6776 0.20~
Aniline 0.6825 0.6812 0.6796 0.6774 0.6756 0.19
N-Methylaniline 0.6978 0.6948 0.6910 0.6884 0.6830 0.203
N,N-Dimethylaniline 0.7142 0.7102 0.7039 0.6996 0.6938 0.19
Cyclohexane 0.8041 0.7939 0.7807 0.7704 0.7574 0.21g
Heptane 0.8663 0.8505 0.8285 0.8132 0.7921 0.213
2,2,4-Trimethylpentane 0.8826 0.8662 0.8436 0.8278 0.8076 0.21,
Carbon tetrachloride 0.4422 0.4370 0.4301 0.4244 0.4184 0.21s
Carbon disulfide 0.5278 0.5250 0.5214 0.5186 0.5148 0.215
Gas-chromatographic analysis 0.210£0.005
Literature value') 0.2099
a) Taken as the standard.
Table 4. Calculated Susceptibilities of Liquids Saturated with Air and
Oxygen at 298.15 K Using Eq. 15%
_ —10%x1(G)/em® g ™! Solubility,”
Materials
Air Oxygen L(0)/m® m~3
Water 0.720(—0.097)®  0.716(—0.098) 0.03104
Methanol 0.676( 0.044) 0.646(—0.031) 0.2476
Acetone 0.566(—0.141) 0.536(—0.485) 0.2794
Ethylbenzene 0.731( 0.205) 0.699( 0.815) 0.242
Toluene 0.714( 0.014) 0.683( 0.102) 0.24
Benzene 0.704(—0.043) 0.680(—0.352) 0.2079
Aniline 0.681( 0.029) 0.674( 0.237) 0.0603
N-Methylaniline 0.696(—0.172) 0.688(—0.727) 0.0658
N,N-Dimethylaniline 0.710( 0.028) 0.693( 0.055) 0.139
Cyclohexane 0.794(—0.013) 0.758(—0.079) 0.278
Heptane 0.851(—0.059) 0.794(—0.239) 0.36
2,2,4-Trimethylpentane  0.867(—0.092) 0.809(—0.173) 0.3725
Carbon tetrachloride 0.438(—0.228) 0.423(—1.087) 0.246

a) Used the values of x1,(N) measured in this work. b) IUPAC “Solubility

Data Series,”9) selected from the numerical data.

¢) Values in parentheses are

the difference(%) between observed and calculated susceptibilities.

strumental imprecision. According to our estimations,
for example, the errors amount to 1.7% for heptane.
In the diamagnetic study of a solution, the effects of
the intermolecular interactions on the susceptibility are
often discussed.?®?” In the case of a solution, a suffi-
cient cancellation cannot take place, even when a just
value is taken as the reference, because the solubility

of the gases in solution is different from that of pure
component solvents, which can be used as a secondary
reference; that is, the ideality is lost due to the non-
linearity of the gas solubility with the composition of
the mixed-solvent systems.>?® On the other hand, the
effects of intermolecular interactions are usually very
slight in solutions.?®)
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It is thus concluded that the complete removal of dis-
solved oxygen from both the reference and sample is
the most important condition for studying the diamag-
netic properties of liquids or solutions. In addition, it
is preferable to use water as the reference, since its sus-
ceptibility (—0.7200x107¢ cm3 g1 at 271 K),® is im-
paired to only a slight extent by the oxygen effect, and
the empirical relation of its temperature dependence”
is given with high accuracy; further, it is available as
the purest sample. The values of x1(N) for the various
liquids presented here are accurate within +0.05% as
the real values (xf) if the accuracy of the susceptibility
of water taken as a reference is so much. On the other
hand, the accuracy of the xr(G)-values are limited by
the stability of the gas pressure (£0.13%).

As is well known, many of the organic solvents weakly
interact with the dissolving oxygen, and give charge-
transfer absorption bands. These bands are apprecia-
ble, even in such simple molecules as water, methanol
or heptane.?® Generally, since the change in the elec-
tronic states of a molecule affects its magnetic property,
one may compare the xr,(G)-values observed here and
those calculated form Wiedemann’s additive law.

Since xg is very small, by a factor of as much as
1/1000 compared with xQ, x1(G) is virtually obtain-
able, with an error of £0.01%, by instead taking xr,(N)
the sum of the 1st and 3rd terms on the right-hand
side of Eq. 9. Then, substituting the numerical values
for the density of oxygen, one may obtain the following
equation for the practical use:

XL(G) = xu (N) + 3.85 x 10-3. L =PLONXE )
Tdy,

The value of x.(G) estimated using the Eq. 15 and the
solubility data used there are listed in Table 4. They
are fairly close to the observed values listed in Table 3.
Strictly speaking, the difference between the observed
and calculated values is very slight in N, N-dimethyl-
aniline, while it is a considerable extent for carbon tetra-
chloride. The difference found in the later case far ex-
ceeds the experimental error, and seems to be directly
proportional to the volume fractions of oxygen. Con-
trary to this, although the magnitude of the above in-
teraction is remarkable in N, N-dimethylaniline, it is not
appreciable in carbon tetrachloride.?® Large differences
are also found in ethylbenzene and N-methylaniline,
and are not explicable by the interaction effect. It is
thus probable that such a difference is not due to the
molecular interaction between organic liquid and oxy-
gen, but is caused by the poor accuracy of the solubility
data used in the calculation. The interaction effects on
the magnetic susceptibilities are not so large as to be
detectable. This conclusion is quite limited due to the
accuracy of the solubility data for oxygen.
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