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TABLE I.

As B xB mean T(°C) 10+-D’/D

1 CCLh CCl.CHa 0.50 —2.8 0 +1
0.46 12.0 3.540.7

24.2 3.541
2 CCla CCl3(CHjs)2 0.53 —2.8 2.4+0.6
3 CCla C(CHs)s 0.50 —2.8 29 +1.5
0.28 ~2.8 26 +1.5

4 CClL.CH; CCl1,(CHy)e 0.39 —2.8 0.5+1
12.0 3 0.7

25.0 18 +t

5 CCl;CHa C(CHa)4 0.30 -2.8 17.5 1

6 CCl2(CHa)e C(CHas)4 0.47 —2.8 17 2

{'IA becomes more concentrated in the cold part of the thermal diffusion
cell.

The experiments were carried out with the apparatus described
by G. Thomaes,?® in which a system without convection is sub-
jected to a vertical temperature gradient, the concentration
gradient being measured continuously by an optical system.
In order to test this method, we also measured the diffusion
coefficient of the system CCl,—C(CH;), as a function of con-
centration by the diver method of B. Gerlach.! Both methods
gave values of D of the same order of magnitude in the case of
equimolecular solutions (Diherm=2.107%, Dyjver=1, 3.1075) while
dilute solutions of C{CHj)4in CCly studied in the thermal diffusion
apparatus gave values of D much larger than expected. This
might be explained by a slow convection of the liquid (see Table I).

As in all the former papers of this laboratory, the theory gives
the correct sign of I’/D. Besides it is in good quantitative agree-
ment with the experimental results for the system CCl,—C(CHj,),
(X =35), but it cannot actually explain the rapid increase of D'/D
with temperature in the case of systems 1 and 4.

We are much indebted to Professor de Brouckere and Professor
Prigogine for constant advice and interest, and to the Institut
Interuniversitaire des Sciences Nucléaires for financial aid.
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Infrared Dichroism in the 13.8p Band of n-C;Hyy
Single Crystals and Polyethylene.
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Department of Physics, University of Michigan, Ann Arbor, Michigan
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TUDIES on the 13.84 band in the infrared spectrum of

n-parafins and of polyethylene have established that this
band is due to the CH, rocking vibration in the plane perpen-
dicular to the chain axis,!? and that the splitting into two com-
ponents, at about 720 cm™ and 730 cm™, is probably a result of
interaction between rocking modes on neighboring chains in the
crystal 3! In melted paraffins and in the amorphous regions of
polyethylene this vibration occurs only at 720 cm™, and, there-
fore, polarization measurements on cold-drawn polyethylene (in
which both components exhibit perpendicular polarization)
always show a higher dichroic ratio for the 730 cm™ band than
for that at 720 cm™'. Theoretical considerations* indicate that
the two components arise from in-phase and out-of-phase rocking
motions of CH: groups on neighboring chains. As a consequence,
it is to be expected that each of the components will be polarized
along a difference crystallographic axis. In order to check this,
polarized spectra of single crystals of a n-paraffin CieHzs were
obtained; the results agree with this theoretical prediction.
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F16. 1. Spectrum in 13.8u region of #-CssHr single crystals, using polar-
ized radiation: electric vector parallel to e axis, ———— electric vector
parallel to b axis.

Crystals of CisHys were grown from a di-isopropyl ether solu-
tion, being obtained as thin parallelopipeds. X-ray diffraction
photographs showed that the ¢ axis of the crystal was approxi-
mately perpendicular to the plane of the platelet and also estab-
lished the orientation of the ¢ axis and b axis. A b-axis length of
5.56A indicates that the crystal is a modification, different from
the normal form,® in which the long chain axes are tilted at a
small angle to the basal plane. The sample used consisted of a
number of such single crystals oriented identically (as nearly as
possible) on a rock salt plate. Using a silver chloride polarizer,
spectra were obtained with the electric vector parallel to the
a axis and to the b axis of the crystal.

The polarized spectrum in the 13.8u region of the single crystals
of CssHyy is shown in Fig. 1. It is seen that each component is
almost completely polarized along one crystallographic axis, the
720-cm™! band along the b axis and the 730-cm™! band along the
a axis. The doublet at 1460 cm™ shows the same characteristics:
the low-frequency component is polarized along the b axis and
the high-frequency component along the ¢ axis.

The perpendicular polarization of both components in cold-
drawn polyethylene is a consequence of the fact that the alignment
of the ¢ axis along the stretching direction is accompanied by a
random orientation of the @ and & axes perpendicular to this
direction. It has been found possible, however, by heat relaxation
of a stretched sample, to disorient the crystallites in such a way
that the e axis turns into the stretching direction.t On the basis
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F16. 2. Spectrum in 13.8u
region of machine-extruded w
polyethylene film, using O '3
polarized radiation: |
electric vector parallel to 6
machine direction, &
electric vector perpendicu- 2
lar to machine direction. %

\
i
1
]
1
4
1
[}
1
1
1
i
i
i
\l
i
\
\
\
A

130 135 140 145
WAVELENGTH. .



568 LETTERS TO

of the above results on paraffin crystals, one would expect the
730-cm™ component to show parallel polarization; the spectrum
of such a heat-relaxed sample showed this to be true. The same
type of preferred orientation is also found in some machine-ex-
truded films. The spectrum of such a polyethylene film is shown
in Fig. 2; the parallel polarization of the 730-cm™ band is evident.
The expected orientation of the crystallites, viz. with the ¢ axis
lying along the machine direction, was confirmed by x-ray photo-
graphs.

Knowing that in polyethylene the absorption at 730 cm™ is
associated with a axes of crystals whereas that at 720 cm™ is
attributable to b axes as well as to amorphous material, it is pos-
sible, assuming reasonable simplified crystallite distributions, to
calculate readily the dichroic ratio of only the amorphous band
at 720 cm™. Such a calculation has indicated that the amorphous
regions in cold-drawn and in machine-extruded specimens are
indeed oriented, a result in agreement with previous x-ray studies.”
The author wishes to express his appreciation to Dr. F. P. Reding
of Carbide and Carbon Chemicals Company for making available
the CsHzy, and to Dr. P. H. Lindenmeyer of Visking Corporation
for furnishing the machine-oriented polyethylene.
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Dielectric Behavior of Methyl Bromide
in 3-cm Region
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HE dielectric behavior of the symmetric top methyl

bromide molecules has been studied in gaseous state in the
3-cm microwave region at moderate pressures. The dielectric
properties of a polar medium in which storage and dissipation
of microwave energy are involved can be represented by
complex dielectric constant e=¢'— je’’, where (¢'—1) represents
the electric susceptibility of the gas and ¢’ is the dielectric loss
factor which is related to the microwave absorption coefficient
by the linear relation:

a(per cm) =2rbe’’,

where P is the frequency (cm™) at which the absorption is
measured.

The absorption of methyl bromide in the centimeter » region
is due to a number of rotational lines!? clustered about 0.63 cm™
and due to the inversion of the molecule in its ground vibrational
state. The inversion frequency in this case is virtually zero but
the absorption line is spread out to microwave region owing to
the collision broadening effect. The absorption in the three-centi-
meter region is solely due to inversion, the contribution® of the
resonant lines at 0.63 cm™! being negligible.

The theoretical value of the absorption coefficient is calculated
by the quantum-mechanical expression of VanVleck and Weiss-
kopf* for absorption:
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where o (per cm) is the absorption coefficient; I is the intensity
factor (per cm mercury); p is the pressure (cm Hg); (Av)a is the
line-width parameter (cm™); Fo(cm™) is the resonance frequency.
In the case when resonant frequency 7, is zero, this expression (1) »
reduces to the well-known Debye expression (2). Table I gives
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F16. 1. Pressure variation of absorption coefficient of methy!
bromide ( experimental, - -+ theoretical).

the values of the parameters used for calculations. The values of
these two parameters at atmospheric pressure are the same as
given by Walter and Hershberger® and Bleaney and Loubser,!
respectively.

The experimental techniques adopted in the measurements of
absorption and susceptibility have already been reported.>8 The
experimental values of the absorption coefficient in unbounded
medium taken at room temperature and 3.3-cm wavelength have
been plotted against pressure in Fig. 1 which also displays the
theoretical points by small circles. There is a close agreement
between the two sets of values. From the experimental curve of
absorption o5 pressure, we find that the curve follows p2 law up
to 35-cm pressure. It is, therefore, possible to represent accurately
the data of the absorption coefficient tabulated in Table II for
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Pressure in cm Hg

Parameters 20 30 40 50 60 Atmos
2-x:1-pX10¢ 10 15 20 25 30 38
(Av) gy (cm™) 0.032 0.05 0.06 0.08 0.096 0.122

pressures up to 35 cm Hg by an equation:
a
7= (const)p?,

in which the constant comes out to be 1.22X 1076 cm per (cm Hg)2.
From the absorption values we have calculated the values of the
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FIG. 2. Pressure variation of electric susceptibility of methy] bromide.



