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. as did carlier work for the « phase within this pressure
range. However we find a strong temperature dependence for
the pressure coeiiicient which, in the theory ol Benedek, Bloem-
yergen, and Kushida,® is evidence that the variation of inter-
molecular bonding with intermolecular distance is an important
factor in both the pressure and the temperature dependence of
the resonance frequency. Our measurements to date give the
following coellicients (ke per 1000 psi, all 0.2): « and 8 phases,
2.6a129°C; aand ¥ phases, 1.5at 0°C; « phases —0.5 at —76°C;
7 p}nsc -1-0 lat —76°C.

Work is continuing on these mcasurcmcnts, and an x-ray and
nuclear resonance single crystal analysis of the structure is in
progress in these laboratories.

* Work done in the Sarah Mellon Scaife Radiation Laboratory and sup-
ported by the U, 8. Air Force through the Office of Scientific Rescarch of the
Air Research and Development Command.
| }l’rcsent address: Sandviken's Jernverks Aktiebolag, Sandviken,
.\\m el
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2 C Dean, thesis, Harvard, 1952 (unpublished).
ui(Ilisgg;ieL Bloembergen, and Kushida, Bull. Am. Phys. Soc Ser. IT, 1,
4+ D. Dautreppe and B. Dreyfus, Compt. rend. 241, 795 (1955).

Infrared Spectra of Polyethylene and
Long Chain n-Paraffins
ELpox L. FERGUSON
Naval Reseerch Laboratory, Washington 25, D. C,
' (Received February 20, 1956)

BSERVATIONS of the infrared spectra of some hishly

crystalline, unbranched polyethylene and long chain normal
parailins, together with an examination of the rather extensive
literature on this subject, indicate that several very puzzliing
situations exist.

According to the usual interpretation of the very long paraflin-
crystal spectrum on the basis of a model having a factor group
isomorphous with 17, the infrared spectrum should exhibit two
CH stretehing miode doublets, a CH. hending mode doublet and a
CH2 rocking mode doublet all maving perpendicular dichroism
(with respect to the carbon chain axis). In addition there should
occur a single CHa wagging mode band and possibly a CIT, twist-
ing mode singlet of parallel dichroism. The perpendicular bands
have all been assigned unambiguously and offer no difficulty.?
However, no parallel band can reasonably be assigned as a funda-
mental. Four bands are observed?® in the region where the CHy
wagging fundamental is expected, namely at 1310, 1335, 1370,
and 1380 ecm™., The first three must be due to the amorphous part
of the polyethylene since their intensity increases very greatly
upon melting and they are absent in the spectra of very long -
paraflins which form perfect crystals. This is very clearly cvi-
denced in the spectrum of amorphous and crystalline polycthylene
wax obtained by M. B. Hall and shown in the paper by Nichols.?
The remaining band at 1380 cm™ is due to the symmetric-
deformation mode of the terminal methyl groups. The possibility
of overlapping here is excluded, since the spectrum of a very long
chain unbranched polyethylene® shows no absorption at this wave-
length.

The apparent absence (or extremely low intensity) of the CH.
wagging fundamental in polyethylene is quite unexpected for
the following reasons. In both the wagging and rocking modes of
vihrution, the distortion of the four carbon bonding orbitals is
geometrically the same. Since the four orbitals are approximately
equivalent, it follows that the change in dipole moment for the
wagging vibration would be nearly equal to that for a rocking
vibration of the same amplitude. The mean square amplitude
of the normal wagging mode is approximately one-half that of the

rocking modc at 720 cm™*, using the formula (x,.‘)=-#—com T

where », is the vibrational frequency in waye numbers.* It, there-
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fore, would be surprising il the rocking viliration
more than an order of magnitude greater than that of they
mode. Since the observed spectra indicate that the diserepancy is
much greater than this the situation must be considered anoma-
lous.

The nonappearance of a Imalld absorption-band which can be
attributed to CHa twisting is not troublesome however, since in
the approximation of isolated molecules (corrcluting the spectrum
with the line group rather than the space group, reference 1) this
vibration is inactive and its intensity is expected to be very low.

Another difficulty in the spectral interprettion of puraflin
crystals arises in connection with the well-known hand series of
uniformly spaced, sharp absorptions in the region 11801300 cm™.
These bands are xou..d with considerable intensity in certain Jong
chain fatty acid crystals and other erystals containing long CH,
sequences.® They are also observed in n-paraflin crystals with
greatly reduced intensity. These bands have been commonly
attributed to CHa, wagging and/or CH. twisting.®® This hypothesis
would scem to be untenable on the basis of the spectrum
by Cole and Jones” of a single crystal of eicosanoic acid wherein
the strong, sharp 1180-1300 cm™ band serics shows a pelarization
the same as the component of the CH, rocking vibration at 720
cm™; i.e., perpendicular to the carbon chain rather than parallel
as would be required for either the wagging or twisting mode.

! Marvin C, Tabin, J. Chem. Phys. 23, §01 (1055).

2 Brown, Sheppard, and Simpsen, Dise n"ml ‘araday Soc. 9, :

3 ]. B. Nichols, J. Appl. Pliys. 25, 840 (1954)

* Marlex 50, commercial polycthyicne produced by Phillips Petrcleum
Company.

s R. W, James, Physik. Z. 33, 737 (1932).

. Jones, McKay, and Sinclair, J. Am. Chem. Soc. 74, 2575 (wszg.

¢ Primas and Giinthard, Ielv. Chim. Acta 36, 1659, 1791 (1933).
7 A, R.IH. Cole and R. N. Jones, J. Opt. Soc. Am. 42, 343 (1952).

261 (1930).

Fluorescence Spectrum of Am*? in LaCl;}

D. M. GruUeN, Arponne Nationad Laboratory, Lewont, Tllinois, AND JOUN
G. ConwaY AND R. D, McLArGIiL N, University of C (mmru R
tion Laboratory, axn 3. B, Cuossinciiam, De periment wf Chem
and Rudiation Laboratory, U ryity of California,
Berieeley, Calijoruza
(Received February 20, 1956)

T T is now well recognized that 5/ clectrons occur in the ground-
i state confligurations of atoms and ions of the actinide cle-
mentst

I'luorescenceis well known in a number of lanthanide ons where
it occurs because of the presence of 4f clectrons. By analogy, one
would expect to observe fluorescence in some actinide ions.

Fluorescence has not been observed in neptunium or pluteaium
compounds.* We wish to report here the first observation of the
Am3 fluorescence spectrum.

Single crystals of LaCly (m.p. 860°C) containing 0.0+ (sample I)
and 0.20 {sample II) mole percent Am™ were grown by the Stock-
barger method.

The fluorescence is scli-excited at room temperature owing to
the radioactivity of Am?%, For the observation of the fluorescence
spectrum however, a 1000 w AH-6 mercury lamp was employed.
The spectrum was photographed on a Jarrell-Ash 21-ft Wads-
worth mount spectrograph using a 15 000 lines/in. grating and a
400 slit with exposure times of 3 to 9 hr. The dispersion of the
instrument is about 54 /mm. Spectra were taken at room tem-
perature and at liquid-nitrogen temperature.

All of the lines observed in the ﬂuorcs\...-nc; spectrum are listed
in Table I togethicr with their visually estimated intensitivs. Lines
marked with an asterisk coincide exactly with lines found in the
absorption spectrum, and may be assumed to represent transi-
tions from excited electronic states to the 7/ level of the ground-
state multiplet. The Am™ fluorescence spectrum shows some-
what different behavior in this nspcct from its analog Eu™.
In the former, we have observed fluorescence arising from four
relatively low-lying excited electronic levels whereas in the latter
fluorescence is ohserved only frum the two lowest-ying electronic
levels above the /7 ground-state multiplet.?




