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CaF, and MgO. In view of thz above, the increase
In the dispersion of C with increasing temperature
i KCl, KBr, KI and NaCl is probably due to
large variations in the oscillator strengths and the
absorption frequencies of the optical electrons with
temperature.

As the slopes of the dispersion curves for potas-
sium halides (Fig. 1) appear to increase with
Increasing temperature, the X . , the wavelengths
corresponding to the reversal3% in the sign of C,
of these «crystals may change with temperature.
As the absorption wavelengths A, of these crystals
on the longer wavelength side, are found? to shift
further to longer wavelengths with the increase of

temperature, the A also may be expected to
shift to longer wavelengths.
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ON THE FORCE FIELD OF PFy

THE trigenal bipyramidal molecule belongs to Dg,
symmetry species and has vibrational representation
I'=2A,+4+2A,” +3E +E”. Consequently, an
analysis using pgeneral valence force field would
involve 13 force constants. As experimental data
we have 8 vibrational frequencies!, 2 coriolis
coupling constants! and 4 vibrational amplitudes=.

The first attempt to work out a force field capable
of reproducing these experimental data was made
by Levin recentlyl. In solving the E’ species force
field he assumed one of the F, clements ()
to be zero. The fotce field thus obtained by him
led to agreement of the frequencies within 2 ¢cm-t
of the experimental values. The { values calculated
by him were fit within 0-06 and 0-05 for & and
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{c respectively. The complete force field led to
satisfactory agreement with the vibrational ampli-
tudes.

An entirely different set of force field for the
B’ species, fitting the coriolis and frequency data,
was soon reported by Lockett ef af3. He frst
analysed the possible force fields by setting Fa
in_the vicinity of zero. He has given two sets
of force fields by arbitrarily fixing F., = — 0-18 md.
One of the sets resembles that of Levin and the
other is drastically different, However, on replace-

ent of Levin’s E" force field, with this later. set,
we note marked deviation from the experimental
values in the vibrational amplitudes. :

Here we have made a fresh approach to the
problem of fixing the E' force field, fitting all the
experimental data in a better way and avoiding
constraints such as one of the F, = 0.

The symmetry coordinates and the potential
function are the same as those used by Levinl,
The force field obtained by us using the usual FG
matrix methodt {s given in Table I along with the
sets reported by Levin! and Lockett3. The calcu-
lated and experimental values of coriolis coupling
cons.anis and vibrational amplitudes are  included
The agreement obtained for our

values are excellent, except the slight discrepancy
in the value of ! (F, ...F,).

TasLe 1
The B’ force field of PF,

. —— by

F;; Present

Set by Set b
set Levin Lockett
F.. md/A 4-838  4-1940-19 45
Fqs mdfA 0-299 0-284-0-03 1+7
F.,md/A .. 3-443 4:-194-0-08 2-47
F.,md .. —0-049 Q 0-91
F., md .. —0-014 0-184+0-04 —0-18
Fy, md/A .. —0-380 0-3540-11 1-64
Tasre II

Coriolis and vibrational amplitude data
experimental and calculated values

Al —— et e - e smmy

Experimental Present Sctby  Sct by
value set Levin Lockett
s 0-77 105 077 083

L, 0-31 1005 O30 O3
HP--F.)) ..0-041 $0-002 0-041 0042 045
HP~F,) ..0043:0°002 0-043 0-04~ ﬂ*t}.!_‘?f
LD, F,) 0-059{0:003 0061 0-060 0-CSS
J(F, ;o0 Fep) 0081+ 0-Q08 O-008 0-094 H-0uY

- —— j——
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e P i Sl s, = ——
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The present result is intresting, singe the du-
eanal orms are only a Jiehtly modificd form ol
force field Tepoited by Lesind

the  diagonal



(F.. = 4-94dmd A, Foo.o=0-22 mdA. For =
3-9mid. AL F., = e = F,.- = O fithing the frequency
data alonc.  Moreover the interaction force con-
dants Foo= - 0:049 md and F. .= — 0-014 md.
are quite smafl. The value of F.=-—-038md. A
compares  well with that of Levinl. The P-F

equatonal stretching foice comstant f, = §-712 md/
A 15 in eseellent apreement with the valued of
f, = 370 md/A for the P-F equatorial bond In
P, Cl,, The anial bonding force constant f —
$-244 md A works out to be 76 less than the
cquatorial force constant. This s In very good
agrecment with the gceneral result arrived at by
Sehig e¢r alb throuph orbital »yalence force field
studies in penta Duorides that. the asial stretching
torce constant s approumately 809 less than the
cquatorial stretching force consatnt.

Thus one arrnes at an interesting situation with
two different sets of force fields—the present one
and the one suggested by Levin—both capable of
reproducing all the experimental data satisfactorily.
Though the present set may dbe preferred at the
first sight due to the smallness of the interaction
force constants and better reproduction of coriolis
coupling constants (which are very sensitive to the
varation 1n force field). one cannot discard com-
pletely the set suggested by Tevin. The multipli-
city of such solutions fitting large number of experi-
mental data has been observed® before in molecules
hke NF,. PF,, BF,, RuQ,, etc. The authors?
have reported that vibrational amplitudes for bonded
interatomic distances serve as criteria to fix one of
the sets uniquely in the case of 2 X 2 degenerate
vibrational species. However, in the case of 3 X 3
degenerate sibrational species this becomes impossi-
ble and a unique fixing of the force field demands
more addittonal data than these.
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X-RAY DETERMINATION OF THE

DEBYE TEMPERATURE QF
EUROPIUM FLUORIDE

FHE purpose of this communication is to report the
resufts of an X-ray determination of the Debye
tcmperature of europium fluoride (EuF,). The
general proceduie is the same as described in an
earlier communicaticn? from this laboratory.

X-ray powder diffractograms were obtained with
the help of a Philips PW 1031 diffractometer using
filtered copper radiation and an argon-filled G. M.
counter. The infegrated intensities were corrected
for thermal diffuse scattering?. Theoretical intensities
for a static lattice were calculated from the rela-
tion ;

I = constant (L.P.) j F-

where the various terms have the same significance
as discussed earlierl. Europium fluoride has the
fluorite structure.  As such, the structure factors
have the forms3 :

F=4f for h4- A+ 1=4n+1

F—=4(f  +2f,) for h4+k+1=4dn

F=4(f , —2f,) for h+k+1=4n+2.
In the evaluation of the structure factors, Dirac-
Slater atomic scattering factorst corrected for
anomalous dispersiond were used for Eu"t and F—,
In view of the limited number of reflections avail-
able, no attempt was made to obtain the B-factor
separately for the three types of reflections. Instead,
the mean B-factor was obtained by plotting log
(I,/1,) against (sin 6/X)2, This plot is shown
in Fig. 1. The slope of the linear plot was obtained
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Plot of log (I;/1;) against (sin 8/2),

¥Fic. 1.

by a least squares procedure. From the vajue of
B, the Debye temperature was calculated with the
help of tables compiled by Benson and Gill%.

A value of 431 +28° K is obtained for the
Debye temperatuie of europium fluoride at 100m

(emperature. This value is much higher than the
value 329° K obtained by Lauer ¢t «l.7, from

clastic constants, ¥t must be noted that exact agree-
meat s not to be expected between Debye tempera-



