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The above result does not preclude the existence of a 
C3 v minimum with substantially different geometrical 
parameters, but the work of GHH and our previous the
oretical work16 argues against such a structure. It 
seems clear that further experimental and theoretical 
work is needed to resolve these structural ambiguities 
and account for the molecular spectra and dipole mo
ment of this molecule. 

The author thanks Professor H. F. Schaefer III for 
helpful discussions and computing time. This work was 
completed during the author's tenure as a Miller Fellow 
at the University of California, Berkeley. 
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We report here the vibrational spectrum of UFe mole
cules isolated in Ar, Xe, and CO matrices, and the in
frared spectrum of inonomeric UF 5 molecules produced 
in these matrices by photolysiS with ultraviolet radi
ation. 

The eXperimental apparatus consisted of a Displex 
model DE202S closed':'cycle 1-W helium refrigerator 
system (Air Products and Chemicals, Inc., Allentown, 
PA) with an Air Products APD-IC-1 temperature con
troller. UF 6 and the desired matrix gas were premixed 
in a 2.51 Monel cylinder. The mixed sample passed 
through a Monel metering valve to a stainless steel 
inlet orifice opposite the cooled sample target, which 
was a CsI window for the infrared studies and a pol
ished copper flat for the Raman spectra. Spectra were 
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obtained on a Perkin-Elmer model 180 infrared spec
trometer and a Cary model 82 laser Raman spectrom
eter using 5145 A Ar+ excitation. An Oriel model 6242 
source fitted with a 1-kW mercury-xenon lamp and a 
Schoeffel model GM-250 Hlonochromator were used for 
the photolysis experiments. 

Most of the work reported here was carried out using 
inert gas/UF 6 ratios of 1000, but dilution ratios of 200 
were used to measure the weaker combination bands; 
peak positions were not dilution sensitive over this 
range provided that the deposition conditiOns were 
otherwise identical. Increasing the dilution ratio to 
104 resulted in no significant improvement in the quali
ty of the spectra. Deposition at about 1 mmol/h at 
20 K produced the best spectra; annealing the sample 
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rarely improved spectral quality. The spectra were 
recorded with the matrices held at about 10 K. 

The infrared and Raman measurements are summa
rized in Table I. The stretching fundamental 1'3 in an 
argon matrix is shown in Fig. 1{A), and is typical in 
that the main absorption is accompanied by several 
weaker features, indicating the presence of multiple 
trapping sites and/or slight matrix perturbations of 
the equilibrium Oh symmetry of UF6 • (Lowered sym
metry is also suggested by the fact that 1'1 is not ob
served to be completely polarized in the Raman; its 
measured depolarization ratio is -0.5.) Details of 
these secondary features depend on the matrix gas 
and on the rate and temperature of deposition, as do 
the magnitudes of the frequency shifts from the vapor 
band positions. 1 The principal infrared absorption 
peaks were 0.3 to 0.7 cm-1 wide in Ar and Xe matrices 
(measured full widths at half absorbance, minus the 
spectral slitwidth); in CO the secondary structure is 
so prominent that no meaningful linewidth measure
ments are possible. 

Photolysis was initially carried out with broad-band 
ultraviolet radiation. In Ar matrices the photolytic 
decomposition proceeds rather rapidly; the 619-cm-1 

UF 6 peak decreases in intensity and two new peaks grow 
in at 561 and 584 cm-1 (Fig. 1), which we attribute to 
the expected2 photolysis product UF 5' In the bulk SOlid, 
a-UF 5 3 and (3-UF 5 4 both have polymeric fluorine
bridged structures, with strong, broad U - F stretching 
absorptions at 570-610 cm-1 and equally strong, broad 
U-F-U bridging modes at 390-400 cm-1

• 5 The sharp
ness of the matrix peaks, and the complete absence of 
any absorption near 400 cm-1

, indicate that we are ob
serving isolated UF5 molecules. After some hours of 
photolysis a steady state is reached and the relative in
tensities of the UF 5 and UF 6 absorptions do not change 
further. Annealing the matrix at this point reverses 
the dissociation, and about 80% of the original intensity 
of the UF 6 peak can be recovered. 

We were unable to produce sufficient UF 5 to obtain 
a satisfactory Raman spectrum, so the structure of 
isolated UFs must remain speculative at present. Two 

TABLE 1. Vibrational frequencies of matrix-isolated UF s 
(cm-I). 

Assignment Ar :UFs Xe :UFs CO:UFs UFs vapora 

VI + v3 (ir) 1281. 3 1290.9 
v2 + v3 (ir) 1145.8 1156.9 
VI + v4 (ir) 847.3 852.8 
v3 + v5 (ir) 816.9 -824 
v2 + v4 (ir) 712.3 719.1 
v2 + Vs Or) 673.2 -674 
VI (A II stretch; R) 665.8 666 667.1 
v3 (Flu stretch; ir) 619.3 617.0 618.4" 625.5 
v2 (E I stretch; R) 529.6 530 534.1 
v5 (F2f bend; R) 199.7 205 200.4 
v4 (Flu bend; ir) 183.5 186.2 

aAt 298 K, from Ref. 1. 
·Strongest peak; other peaks, nearly as strong, at 620.4 and 

621.8 cm-I • 
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FIG. 1. Infrared spectra of a 1000: 1 Ar: UF s matrix at 
-10 K: (A) before photolYSiS; (B) after 30 min broad-band 
ultraviolet irradiation; (C) after 4. 5 h irradiation. Spectral 
slit width approximately 0.8 cm-I . 

infrared-active U-F stretches would be expected for 
the trigonal bipyramidal (D 3h ) and three for the square 
pyramidal (C4v ) structure, but one of the latter three 
would be expected to be weak, 6 so the infrared data 
alone are inconclusive. 

The wavelength dependence of the photodecompositior 
was studied using monochromatized radiation (10 nm 
bandpass). The relative quantum efficiency for UF 6 

dissociation per unit absorbance of UF 6 is relatively 
constant over the region 250-300 nm, in the strong 
allowed B - Xabsorption band of UF 6,7 but then drops 
rapidly as the edge of the B - Xtransition (330 nm 7) is 
reached. Radiation in the forbidden A - Xband of UF 6 

(340-410 nm 7) is at most 10-4 as efficient in effecting 
conversion to UF5 as is that at - 280 nm. 

In CO matrices, which should be efficient fluorine
atom scavengers, the photolYSiS is very rapid: all of 
the UF 6 can be decomposed in a few minutes using a 
broad-band source. Three sharp infrared bands appear 
at 533, 543, and 568 cm-1 with relative absorbances 
of about 0.5, 0.7, and 1. 0, respectively, in addition to 
numerous bands elsewhere in the spectrum that can be 
asSigned to FCO, {FCO)2, and F2CO. 8 We attribute 
the absorptions in the 530- 570 cm-1 region to UF 5 per
turbed by the influence of CO molecules, perhaps even 
to the point of forming a compound such as UF5CO. 
This decomposition is not reverSible on annealing, and 
if photolYSiS continues anew, broader band appears at 
499 cm-1 and continues to grow; this may be due to UF 4 

or to polymerized UF 5• We could not effect photode
composition in a xenon matrix even after several hours 
of irradiation. 

We thank F. B. Wampler for assistance with the 
photolysiS experiments. 
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Static dielectric constant of pyroelectric crystals 
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In a previous paper, 1 Urano and the author have ex
tended the Frohlich! formula for static isotropic dielec
tric constants in such a way that it can be applied to 
anisotropic dielectrics which are assumed not to be 
pyroelectrics. In this note, we drop this assumption 
and present a formula for the static dielectric constant 
of pyroelectric crystals. 

When we consider a pyroelectric crystal the relation 
between the electric displacement D and the electric 
field E is 

Dl = DOl + L (lkEk, (1) 
k 

where DOl is a constant vector, and (u is the dielectric 
tensor. In our case the electric polarization P takes a 
form as 

P=PO+Pin> (2) 

where Po is the spontaneous polarization, and Pill is 
the induced polarization. An electric dipole moment M 
is related simply to the electric polarization P by the 
following equation: 

M=V'P, 

where V' is the volume of the crystal. The electric 
dipole moment can be divided into two parts as in (2), 
namely, 

(3) 

(4) 

where Mo and Mill are the spontaneous and the induced 
part of M, respectively. 

We take the coordinates axes x, y, z along the prin
cipal axes of the dielectric tensor (lk' Without loss of 
generality we may take the field E to be along the z axis 
and we shall use this condition hereafter. Therefore, 
from Eqs. (1)-(4) and the well-known relation D =E 
+ 41T P, we obtain 

(5) 

where (.> is the z principal value of the dielectric ten
sor. This equation is a pyroelectric version of (1. 9) of 
Ref. 2 and it affords the relation between macroscopic 
and atomic theory. 

The method which will be used is quite similar to the 
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method which has been used by Frohlich. 2 We select 
from the crystal a macroscopiC spherical region of vol
ume V which consists of a number of elementary charges 
el' each of which can undergo a displacement from the 
equilibrium position. This displacement is denoted by r ,. 
A set of all the displacement vectors will be collectively 
denoted by X. We shall calculate the average electric 
moment of the sphere in the direction of the field E. 
We treat the inside of the sphere using classical sta
tistical mechanics. The outside, however, will be con
sidered as a continuous dielectric medium. The po
tential energy U(X, E) of the sphere in the configuration 
X, in the presence of the field ~ is given by2 

U(X, E) = U(X) - Mill.(X) G., (6) 

where U(X) is the potential energy in the absence of the 
field E, and G. is the z component cavity field which has 
been calculated ass 

(.e) 
G.e = (t..l _ nW ((w -1) E.. (7) 

Here n(·) is the z component of depolarization coefficient 
and it is defined in Refs, 1 and 3. 

Therefore, the average electric dipole moment Miu 
can be calculated with the aid of (6) and (7): 

f Miu(X) e-UlX,B )/1lT dX 
f e-u1x,kl7 i1' dX ' 

(8) 

where k is the Boltzmann constant, T is the absolute 
temperature and () is the statistical average value in 
the absence of the field E. In the derivation we have 
used (MiU) =0 and a weak field apprOximation: 

e-U(X.Bl/ kT 0< e-U(X)/kT[l + Miu(X)G./kT]. (9) 

Inserting the Result (8) into (5) and using Miu = (M. 
- Mo.), we have come to the follOwing conclusion: 

\.) 41T (.) «(M. - Mo.)!) 
( -1=-V (I.J_ nW((w_1) kT (10) 

Evidently, this Formula (10) agrees with (9) of Ref. 1 
when the spontaneous polarization is absent in the crys
tal. 

Copyright © 1976 American I nstitute of Physics 
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