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1835 cm,~! were assigned by rather complex com- between calorimetric and spectroscopic entropy to
binations deriving intensity through resonance 0.36 cal./deg. mole, In the calorimetric measure-
froni the 1803 cm. ™! fundamental, The 835 cm.~! ments,® an unusual expansion of the sample near
matrix band has a shoulder on the high frequency the melting point stretched and eventually broke
side of the band whose origin remains obscure. the resistance thermometer. There are also unre-

All band contours as observed by Nielsen, ef ¢/.,* solved questions about the possible presence of a
agree with those predicted in the Table I assign- second crystalline form. Consequently the accu-
nient with the one exception of the 440 cm.~! band racy of the calorimetric entropy is questionable.
already mentioned. Professor Giauque has told us of his intention to

The spectroscopic entropy has been calculated repeat the heat capacity mneasurements to firmly
using the assignment in Table I and the microwave settle the third law value.

rozatéggzé clgn?;c)an)ts ‘;f Rggigr;sor;.;z 1 Acknowledgment.—We wish to thank Mr. Dol-
t .66°K. (b.p. = 66.99 cal./deg. mole i : :
208 16°K. S = 67.82 cal./deg. mole g}lzu:rilr?,rielr\l{;lhgan for aid in performing the matrix
This reduces tlhie apparent third law discrepancy P '

(16) G. W. Robinson, J. Chem. Phys., 21, 1741 (1933). BERKELEY 4, CALIFORNIA
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Microwave Absorption and Molecular Structure in Liquids. XXI. Relaxation Times,
Viscosities and Molecular Shapes of Substituted Pyridines, Quinolines and
Naphthalenes!?

By ROBERT W, RaMpoLLA AND CHARLES P, SMYTH
RECEIVED SEPTEMBER 5, 1957

Dielectric constant and loss measurements at wave lengths of 1.25, 3.22 and 10.0 cm. and 300 m. have been carried out at
20, 40 and 60° ou 1- and 2-methylnaphthalene, 1,2,3,4-tetrahydronaphthalene, 1-nitronapnthalene, 2-, 4-, 6- and 8-methyl-
quinoline and 2,4- and 2,6-dimethylpyridine in tle pure liquid state, and also on 1-nitronaphthalene in dilute benzene solution.
These data have been used to construct arc plots from which were obtained the critical wave length, distribution coeflicient
and optical dielectric constant at each temperature. A change in the direction of the dipolar vector for similarly shaped,
non-spherical molecules is found to have a marked effect on relaxation time but not on viscosity. A rough proportionality
betweel relaxation time and viscosity is observed for molecules of not too different size and shape provided the direction of
their dipolar vectors does not vary appreciably.

The investigation into the relations between di- thlzuriﬁcatign;f l\iatlerigls.l_—The 22,3,4-tet{)ahydl':<1m?ph-

: . : alene and 4-methylquinoline used were obtained from
electric rel.axatlzn and c(vitheI: mo_leculir pliz?pertles, Matheson, Coleman and Bell, Inc., the 6- and $-mnethyl-
such as size, shape and viscosity, has €€l €X-  guinoline from the Eastman Kodak Co., while the rernaining
tended to include a series of ten aromatic com- six compounds were from Brothers Chemical Co, 2-Methyl-
pounds, all but two of which are modifications of naphthalene was fractionally crystallized at the melting

the basic naphthalene nucleus. The rigidity of point and glistilled at reduced pressure. 1-Nitronaphthalene
th 1 1 liminat ¢ the difficulties i was fractionated at reduced pressure and recrystallized
e molecules eliminales some o € dinculties M- twice from heptane. The other compounds were refluxed
volved in the interpretation of these relations when over barium oxide for 24 hr. and then fractionally distilled,
internal rotation and bending are possible,** while énalytical rgajgenthgrad;e benzene from the General Chfemical
ST : o , _ 0. was used for the solution measurements without further
}hed51mllar1ty mn (Ehggs'sslzfsr and shapes ShoXllld tall'f purification. Although the boiling point of the 1-methyl-
ord a convernien 1S 10T cofrparison. 1 the  paphthalene sample agreed well with the literature value,
compounds have been measured in the pure liquid the fact that it was obtained from “‘Practical’’ grads mate-
state, and, in addition, 1-nitronaphthalene has been rial would seent to account for the anomalously high dipole

5 . ; . : moment value obtained for it in Table III. Boiling or
1nvest1gated in dilute benzene solutions. The melting points and refractive indices are tabulated below,

methods used in measuring the dielectric constants ,gether with values taken from the literature.
and losses of liquids and in calculating critical wave _
lengths have been described in previous papers of Experimental Results

this series.?—11 Tle dielectric constants ¢’ and losses ¢’/, measured at 1.25,
3.22 and 10.0 cm., the static dielectric constants ¢, meas-

(1) This research has been supported in part by the Office of Naval  yred at 300 m., the densities d and the viscosities 3 for the
Research. Reproduction, translation, publication, use or disposal in  pyure liquids are listed in Table I, Table II contains the
whole or in part by or for the United States Government is permitted. slopes, ao, a’ and a’’ of dielectric constant and loss against
(2) This paper represents a part of the work submitted by Mr. R. W.  mole fraction for solutions of 1-nitromaphthalene in benzene.
Rampolla to the Graduate School of Princeton University in partial The data in Tables I and II have been used to construct

fulfillment of the requirements for the degree of Doctor of Philosophy. Cole and Cole arc plots'? from which critical wave lengths
(8) C. P. Smyth, J. Phys. Chem., 53, 580 (1054). Am, distribution parameters a and infiuite frequency or opti-
(4) C.P.Smyth, Rec. Chem. Progr., 11, 1 (1950). cal dielectric constants e~ were obtained. The results at
(5) W. M. Heston, Jr., E, J. Hennelly and C. P. Smyth, THIs JoUr- J

naL, 70, 4093 (1948). (9) A. D. Franklin, W. M. Heston, Jr.,, E. J. Hennelly and C. P.
(6) H. L. Laquer and C. P. Sntyth, ¢bid,, 70, 4097 (1948). Smyth, ibid., T2, 3447 (1950).
(7) E. J. Hennelly, W, M. Heston, Jr,, and C. P. Smyth, ¢bid., 70, . (10) F. H. Branin, Jr., and C. P, Smyth, J, Chem, Phys., 30, 1121

4102 (1948). (1952).
(8) W. M. Heston, Jr., A. D. Franklin, E. J. Hennelly and C. P. (11) F. H. Branin, Jr., J. Appl. Phys., 28, 990 (1952).

Smyth, sbid., T2, 3443 (1950), (12) K. 8. Cole and R. &, Cole, J. Chem, Phys., 9, 341 {1941).
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BoiLiNGg PoIiNTS, MELTING POINTS AND REFRACTIVE INDICES
~—————RB.p., °C. — —— R X

Compound Obsd. Lit. Obsd. Lit.
1-Metliylnaphthalene 244 .4 244 .6 B 1.6155%
2-Methyluaphthalene M.p. 34.1 34.6" 1.6023 (40°) 1.6026 (40°;"
1,2,3,4-Tetraliydronaphtlialenc o 207.6% 1.5414 1.54135°
1-Nitronaphthaleue M. 545 558 ...
2-Methylquinoline 2466 246-247° 1612607
4-Methylquinoline 263, 6 265.5° 1.6206"
6-Methylquinoline 2592 2538 6" 1.6157%
8-Methylquinoline 247 .9 247 & o 1.6164
2,4-Dimethylpyridine 157.5 157.8° 1.4984 (25°; 1.4985 (25°)°
2,6-Dimethylpyridine 142.7 142,53 1.4936 (25°} 1.4953 (25°)®

@ Physical and Thermodynamic Properties of Hydrocarbong,” A.P.I. Res. Project 44, Carnegie Press, 1053,

cach tentperature are listed in Table III, togetlier with molar
volumes [/ and macroscopic relaxation times 7y, calculated
from the rclation

A (1)
o=

Included also are dipole moments x calculated by means of
the Onsager equation!3 for the pure liquids and by meaus
of the Halverstadt and Kumler equation¢ for the solutions.
The data are similar in accuracy to those in previous papers
of this series.

Discussion of Results

The use of the Onsager equation in calculating
dipole nioinents has met with considerable success
in the past, particularly when applied to sym-
metrical molecules for which it was intended. The
inoments given in Table I, however, indicate that
the Onsager equation is inadequate for highly
polar, unsymmetrical molecules. The values thus
obtained for the methylquinolines and 1-nitro-
naphthalene are considerably lower than values ob-
tained from solution measurements, the discrep-
ancy ranging from 1297 in the case of 2-methyl-
quinoline to 229 in the case of 4-methylquinoline.
The dipole moment of 0.59 X 107* found for
1,2,3,4-tetrahydronaphthalene, however, is in close
agreement with that of o-xylene, 0.62 X 10~ in the
vapor state and 0.58 X 107! in benzene solution.
On the basis of the vector model of dipole moments,
the moments of these compounds should be iden-
tical and equal to 1.73 times the moment of toluene,
or 0.64 X 1071, if one uses the vapor value 0.37 for
the latter. The slight increase i1 moment of 2-
methylnaphthalene over that of toluene is consist-
ent with the fact that inductive effects tend to
make the moments of 2-substituted naphthalenes
somewhat higher than those of their benzene ana-
logs. When compared with fhe values for 2-
methylnaphthalene and toluene, the apparent
moment value obtained for 1-methylnaplithalene,
0.51 X 1078, is anomalously high, probably be-
cause only ‘‘Practical” grade material was avail-
able as the source of the sample measured. Traces
of polar inmpurities could account for this high
value, although the internal consistency of the
microwave results indicates that their effect on tle
relaxation ume is negligible.

The critical wave length of 2-methylnaphthalene
is considerably longer than that of 1-methylnaph-
thalene at 40 and G0° despite the fact that the latter
has a higher viscosity. This behavior can be ac-

counted for qualitatively, at least, in terius of the”

(13) L. Onsager, THis Jour~at, 58, 1486 (19306).
(14) I. ¥. Halverstadt and W. D, Kumler, rbid,, 64, 2088 (1942).

b Beilstein.

position of the molecular dipole axis and molecular
shape. With the methyl group in the 2-position,
the molecule is elongated, the dipolar vector making
an angle of approximately 30° with the long axis of
the molecule in the plane of the rings. Substitu-
tion of the methyl group in the 1-position, however,
produces a structure with the dipole directed al-
most parallel to the shorter axis of the molecule,
again in the plane of the rings. Since dielectric
relaxation involves orientation through rotation
about an axis perpendicular to that of the dipole,
the increase in critical wave length of 2-methyvl-
naphthalene is to be expected as a result of the effec-
tive increase in size of the orienting unit for rota-
tions both in and out of the plane of the rings.

The structure of 1,2,3,4-tetrahydronaphthalene
is considerably different from that of the niethyi-
naphthalenes, due primarily to the puckering of
the saturated ring, which makes the mniolecule
smaller, but thicker. The Stuart-Briegleb inodel
of this molecule reveals that the direction of the
resultant dipole moment is normal to the carbon-
carboil bond shared between the aliphatic and the
aromatic ring and lies in the plane defined by the
latter. As a result, the difference betwecn the
sizes of the orienting units for rotations about
either of the two axes perpendicular to the dipole
axis is small. The absence of any distribution of
relaxation times, as evidenced by the zero value for
« in Table IIT at all temperatures, together with
the shorter critical wave length of 1,2,3,4-tetra-
hydronaphthalene as compared to those of the
methylnaphthalenes is consistent with this model.

The rather long critical wave lengths of 1-nitro-
naphthalene and the methylquinolines are roughly
what one would expect for molecules of this size
and polarity, Unlike the methylnaphthalenes,
however, the direction of the dipole moment in the
latter compounds is affected very little by the posi-
tion of the methyl group, anounting to a shift of
less than 107 from the short axis of the miolecule in
the case of 2- and 6-methylquinoline. Conse-
quently, while the size of the orienting unit for rota-
tions in the plane of the rings is larger for the 2 and
6 isourers, tlie opposite is true for rotations out of
the plane, and the resulting variation in critical
wave length is much smaller than that found for
the methyvinaphthalenes. The somewhat simnaller
values found for 2- aud §-methylquinoline may be
attributed to the partial shielding of the hetero-
cyclic nitrogen atoin by the methyl group with its
attendant reduction of intermolecular attractions.
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TaBLE I
DENSITIES, V1SCOSITIES, DIELECTRIC CONSTANTS AND LOSSES OF SUBSTITUTED NAPHTHALENES, QUINOLINES AND PYRIDINES
1.25 3.22 ~——10.0 ct,———
1, °C. d 7(cps.) €@ € ' e’ e’ e” € ”
1-Methylnaphthalene
20 1.0189 3.10 2.915 2.637 0.040 2.664 0.080 2.764 0.126
40 1.0058 1.97 2.853 2.606 .053 2.656 .094 2.764 .113
60 0.9902 1.40 2.797 2.589 .059 2.648 .099 2.749 .094
2-Methylnaphthalene
40 .9961 1.67 2,747 2.587 .029 2.610 .052 2.671 .066
60 L9759 1.27 2.702 2.560 .034 2.589 .054 2.656 .055
1,2,3,4-Tetrahydronaphthalene
20 .9678 2.22 2.776 2.433 .074 2,510 .157 2.687 .151
40 . 9532 1.53 2.719 2.417 .085 2.512 .161 2.672 .116
60 .9389 1.13 2.665 2.400 .094 2.527 .157 2.632 .093
1-Nitronaphthalene
60 1.2260 3.57 18.45 3.71 1.64 4.71 3.02 9.67 5.36
2-Methylquinoline
20 1.0582 4.26 7.24 2.93 0.42 3.02 0.84 4.30 1.93
40 1.0427 2.56 6.78 2.92 .59 3.21 1.16 4.94 1.83
60 1.0272 1.73 6.30 2.94 at 3.45 1.35 5.26 1.66
4-Methylquinoline
20 1.0809 6.24 9.31 3.05 0.59 3.57 1.20 4.80 2.56
40 1.0665 3.46 8.81 3.08 0.78 3.49 1.51 5.85 2.61
60 1.0520 2.22 8.32 3.15 1.01 3.86 1.88 6.55 2.42
6-Methylquinoline
20 1.0650 4.42 8.48 3.06 0.53 3.26 1.02 4.35 2.19
40 1.0498 2.66 7.97 3.05 .74 3.41 1.42 5.13 2.39
60 1.0347 1.78 7.51 3.10 .86 3.68 1.59 5.74 2.22
8-Methylguinoline
20 1.0710 4.44 6.58 2.87 .38 3.02 0.75 3.84 1.59
40 1.0559 2.67 6.10 2.86 .47 3.12 0.96 4.38 1.58
60 1.0408 1.80 5.67 2.86 .56 3.32 1.11 4.76 1.41
2,4-Dimethylpyridine
20 0.9296 0.887 9.60 3.22 1.93 4.92 3.01
40 .9120 .676 8.88 3.43 2.17 5.47 2.92
60 .8945 .538 8.21 3.70 2.34 5.81 2.56
2,8-Dimethylpyridine
20 .9246 . 869 7.33 2.90 1.32 4,14 2.19
40 .9072 .668 6.70 3.01 1.40 4.67 2.07
60 . 8897 .532 6.08 3.22 1.56 4.70 1.69
TaBLE II shape, their critical wave lengths should not differ

SLOPES (a) FOR THE DEPENDENCE OF DIELECTRIC CONSTANT
aNxD Loss oF SorLuvTioNs UPON MoLE FRACTION OF 1-
NITRONAPHTHALENE IN BENZENE

t, °C. as No (cm.) e’ a”
20 23.70 1.25 4.19 5.90
3.22 10.12 9.16
40 21.42 1.25 5.10 6.60
3.22 11.49 8.57
60 19.20 1.25 6.38 7.06
3.22 11.58 7.66

The lutidines or dimethylpyridines have by far
the shortest critical wave lengths and lowest viscos-
ities of any of the compounds investigated, a re-
sult which is consistent with their smaller size and
more nearly spherical shape. Since the molecules
of the 2,4- and 2,6-isorners are virtually identical in

appreciably, as is, indeed, the case.

It would seem, from what has been said above,
that considerations of molecular size, shape and di-
pole direction can account quite successfully for the
observed differences in the dielectric behavior of
many substances provided they do not differ consid-
erably in polarity and viscosity. In order to ex-
tend our discussion to a comparison of the behavior
of the methylnaphthalenes with that of their highly
polar analogs, it is first necessary to take these dif-
ferences into account.

In Table IV are given the viscosities », measured
relaxation times Ty, and the ratios 7m/7n and
Tu/n, where T, is the microscopic or proper relaxa-
tion time of the molecule as obtained from the ex-
pression proposed by Powles.? The significance
of the internal field factor, which forms the basis

(15) J. G. Powles, J. Chem. Phys., 21, 633 (1953).
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TaBLE III
Opricar DiIELECTRIC CONSTANTS, DISTRIBUTION PARAM-
ETERS, CRrricaL WAVE LENGTHS, RELAXATION TIMES,
MOLAR VOLUMES AND DIPOLE MOMENTS OF SUBSTITUTED
INAPHTHALENES, QUINOLINES AND PYRIDINES

731
Am (X 101t

7, °C. € @ (cm.) sec.) Vice.) w( X 1018)

1-Methylnaphthalene

26 2.62  0.10 10.5 5.87  139.6 0.51)

40 2.60 .08 6,70 3.59  141.0

60 2.57 .05 4.62 2.45 143.6
2-Metliylnaphthalene

40 2.57 0.16 8.67 4.60 142.7 0.42

60  2.54 0.17 5.43 2.88 143.2

1,2,3,4-Tetrahydronaplithalene

20 2.42  0.00 5.52  2.93 136.6 0.59
460 2.39 .00 4.27 2.27 138.7
60 2.37 .00 3.29 1.75 140.8

1-Nitronaphthialene

60 2.8 0.23 13.1 6.95 141.2 3.31
2-Methylquinoline

20 2.81 0.04 16.1 8.55 135.3 1.71

40 2.81 .025 9.97 5.29 137.3

60 2.81 .00 6.67 3.54 139.4
4-Metlivlquinoline

20 2.95 0.08 18.4 9.77  132.5 1.99

40 2.95 .06 11.2 5.95 134.3

60 2.95 .03 730 3.92  136.1
6-Methylquinoline

20 2.97  0.05 18.2 0.66 134.4 1.84

40 2.95 .03 11.2 5.95 130.4

60 2.03 .00 7.49  3.98 138.4
8-Metliylquinoline

20 2.82  0.03 16.6 8.81 133.7 1.58

40 277 .02 10.2 5.42  135.0

60 2.73 02 6.58 3.49 137.6

2,4-Dimethylpyridine

20 2.28 0.10 4.55 2.42 115.3 2.24

40 2.25 .08 3.26 1.73 117.5

60 2.20 .07 2.44 1.30 119.8

2,6-Dimethylpyridine

20 2.42  0.03 4.37  2.32  115.9 1.78

40 2.40 .02 3.11  1.65 118.1

60 2.38 .00 2.390 1.27 120.4

1-Nitronaphthalene in benzeue

20 0.11 4.30 2.28 4.00

40 .10 3.15 1.67

60 .09 2.45 1.30

for the calculation of 7, lies in the fact that mole-
cules of similar size and shape, but differing in
polarity, should, aside from possible difference in
viscosity, have approximately equal microscopic
relaxation times. The compounds have been
separated into two groups on the basis of sinilarity
inn molecular shape.

It is to be expected that viscosity should be a
more important factor in determining the relaxa-
tion properties of large, unsymmetrical molecules,
than in the case of nearly spherical molecules.®
The influence of viscosity on the observed relaxation

RoOBERT W. RavpoLi.a AND CHARLES P, SMy1il

Vol, 80

TaBsre IV
DEPENDENCE OF RELAXATION TiME (X 10! Sgc.) ox IN-
TERNAL FIELD AND VISCOSITY AT 6()°

n T ™/ T
1-Metliylnaplithalene 1.40 2.45 1.75 1.70
4-Methylquinoline 2.22 3.92 1.77 1.40
8-Methylquinoline 1.80 3.49 1.04 1.61
1-Nitronaplithalene 3.57 6.95 1.95 1.41
2-Methylnaphthalene 1.27 2.88 2.27 2.22
2-Metliylguinoline 1.73 3.564 2.05 1.67
6-Methylguinoline 1.78 3.98 2.24 1.78

tines of the naphthalene and quinoline derivatives
under investigation is evident from a comparison
of the values of Ty and Tam/n in Table IV. As op-
posed to an average deviation of about 239, among
the various Ty values, the deviation among the
Twm/n values amounts to only 89;. The agrce-
ment is particularly significant in the case of 1-
nitronaphthalene whose relaxation time is 2.8
times larger than that of 1-methylnaphthalene, an
increase which is closely paralleled by the ratio of
their viscosities, 2.6. The effect of viscosity on
the analogous benzene derivatives, nitrobenzene
and toluene, is much less apparent. While the
ratio of the relaxation times of these more nearly
spherical molecules at 20° is 8.3, the ratio of their
viscosities is only 3.4, A similar lack of propor-
tionality between these two properties is to be
found on comparing 2,6-dimethylpyridine with -
xvlente, the ratio of relaxation times being 2.7 as
opposed to a viscosity ratio of only 1.4. In gen-
eral, the farther the molecules comprising a sub-
stance depart from spherical symmetry, the greater
is the interdependence of its relaxation and viscous
properties.

The ratio of Tym/», when corrected for the cffects
of the internal field by means of the equation of
Powles, leads to the values in the last column of
Table IV. It will be noted that the resulting
Tu/n values of the more polar compounds in each
group are less than the values found for the corre-
sponding methylnaphthalenes, which are of such
low polarity as to make the internal field correc-
tions negligible. This apparent overcorrection is,
however, quite small when one considers the wide
range of polarities involved.

It may be questioned, nevertheless, whether the
calculation of 7u may better be inade using sonie
alternative expression for the internal field. Use
of the Debye'S correction factor results in an almost
complete lack of correspondence between either the
Tu or Tu/n values for these compounds. Applica-
tion of the O’'Dwyer and Sack! relation, while giv-
ing considerably better agreement among the
nicroscopic relaxation times themselves, destroys
the correlation between viscosity and relaxation
time observed for both the uncorrected Ta1/n ratios
and those corrected by means of the expression of
Poxles. In view of the virtual nom-existence of
effects due to viscosity and to the interactions of
neighboring dipoles implied in the agreenlent ob-

(16) . Ilebye, "Polar Molecules,'” Chemical Catalog Co., New
Yerk, N, Y., 1329, Chap. V.
(17) J. ]. O'Dwyer and I8, A, Sack, Australian J. Sci. Reseaich, AS,

(47 (1952).
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tained by using the O’'Dwyer and Sack expression,
the correspondence obtained by using the Powles
expression and then correcting for viscous effects
seems more reasonable.

With the notable exception of 2-methylnaph-
thalene, the agreement among the Tu/y values is
comparable to that in column 3 of Table IV. The
apparent anomaly in the high Tu/y value for 2-
methylnaphthalene is significant in that it is the

DIELECTRIC CONSTANT OF ANTHRONE IN BENZENE
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only compound listed in which the direction of the
dipolar axis is not nearly parallel to the carbon-
carbon bond held in common by the two rings.
For this reason, therefore, the first six compounds
in the table could equally well be grouped together
on the basis of ‘“‘electrical shape,” in which case the
use of Tu/n for purposes of comparison1 is to be pre-
ferred over the use of Typ/7.

PrINCETON, NEW JERSEY

[CONTRIBUTION FROM THE FRiCK CHEMICAL LABORATORY, PRINCETON UNIVERSITY]

Microwave Absorption and Molecular Structure in Liquids. XXII. The Dielectric
Relaxation Times of Three Prolate Ellipsoidal Molecules in Benzene Solution!*

By DoNAaLD A, PI1tT AND CHARLES P, SMYTH
RECEIVED SEPTEMBER 17, 1957

The dielectric coustauts of benzeue solutions of anthrone, fluorenone and phenanthrenequinone have been measured at
1.25, 3.22, 10.0, 25.0 and 50.0 cmn. wave length at temperatures of 20, 40 aud 60°. Tlie relaxation time and its distribution
parameter for each solute have been determined from arc plots of the slopes at each wave length of the curves for the de-
pendence of dielectric constant and loss upon the concentration of the solute. Anthrone and fluorenone have valyes of re-
laxation time which would be anticipated from their molecular sizes and shapes, but the value for phenanthrenequinoue is

anomalously high. This may be due to a greater volume swept out by this molecule in orienting about its long axis.

The dielectric relaxation of dipolar molecules in
solution provides a means of investigating the vis-
cous drag forces which linder the rotation of the
polar solute molecules. The quantitative effects of
solvent viscosity, of the volume and shape of the
solute molecule and of position of the dipole mo-
ment within the solute molecule are not yet wholly
clear. To further the study of the latter factors,
the dielectric relaxation properties of three roughly
ellipsoidal polar molecules have been examined.

Materials.—Antlirone from Brothers Chemical Co. was
successively crystallized from benzeune and ethanol and
thoroughly dried i an Abderhalden pistol. The purified
material retained a pale yellow tint; m.p. 155°; 1it.? 154—
155°.

9-Fluorenone obtained fromn Brothers Chemical Co,,
was recrystallized from absolute etlanol, forming flat
ieedles having a bright yellow color. After drying, these
melted sharply at 84°; lit.4 84°,

9,10-Phenanthrenequinione obtained from Eastman Ko-
dak Organic Chemicals was twice recrystallized from diox-
ane and dried in vacuo. The orange needles nielted at 208°;
lit.¢ 207°.

Benzene of aunalytical reagent grade, Merck aud Co., was
used without purification. The dielectric loss at 20° and
1.25 cm. wave length was less than 109, higher than that
obtained with benzene dried over sodium hydride and frac-
tionally distilled immediately before use. Tle static di-
electric constants were 2.2854, 2.2454 and 2.2055 at 20, 40
and 60°, aud the refractive indices were 1.5009, 1.4889 and
1.4776.

Methods of Measurement.—The static dielectric con-
stant was nieasured at a frequency of 520 kilocycles/sec.,
using heterodyne-beat equipment.5~7 Microwave measure-

(1) This research has been supported by the Office of Naval Re-
search. Reproduction, translation, publication, use and disposal in
whole or in part by or for the United States Government is permitted,

(2) This article represents a portion of the work submitted by Mr,
Donald A. Pitt to the Graduate School of Princeton University in par-
tial fulfillment of the requirements for the degree of Doctor of Philoso-
phy.

(3) K. H, Meyer, Ann. Chem., Jusius Liebigs, 379, 37 (1911).

(4) "'International Critical Tables,”” McGraw-Hill Book Co., New
York, N. V., 1926,

(5) C.P.Smyth and S. O. Morgan, THiS JoURNAL, 80, 1547 (1928),

(6) G. L. Lewis and C. P. Smyth, J. Chem. Phys., 7T, 1085 (1939),

(7) L.M.Kushnerand C. P, Smyth, THis JoURNAL, T1, 1401 (1949).

ments of diclectric coustant and loss at 1.25 and §.22 cm,
wave leugths were carried out with wave guide apparatus,®?
The standing-wave method of evaluating dielectric loss was
applicable for all solutions, A coaxial resonant cavity ap-
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