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Abstract: The effects of high pressures (0-25 kbars) on the near-ultraviolet and visible absorption spectra of
trans-azobenzene have been studied. Azobenzene is dispersed in six different polymer matrices and compressed

in an optical cell at room temperature,

The magnitude and direction of the spectral shift depend upon the type of

transition (n~* vs. 7*), the nature of the polymer matrix, and other specific interactions whose relative importance
are not easily ascertained. The n—#* band shows a blue shift in a hydroxylic polymer at the highest pressure.
The intensity of the m—r* band is unaffected by compression while the n-7* band strength increases significantly,
Such enhancement could resuit from partial removal of its symmetry-forbiddenness or greater intensity-stealing

from the m—=* transition at higher pressures.

he lowest electronic transitions in molecules con-

taining chromophores such as the azo or carbonyl
groups have been shown to originate from the bonding
(7) or nonbonding (n) orbitals and to end in the anti-
bonding (7*) molecular orbital. The n orbital is
localized largely on the heteroatom while the = and =*
orbitals usually characterize the entire chromophore
in the absence of = conjugation in the rest of the mole-
cule. Empirical criteria for distinguishing n-=* from
m—m* transitions, relevant to the present study, have
been developed for the absorption process: much lower
intensities, the disappearance of fine structure, and blue
shift of the band maxima in polar solvents.2® These
guide lines along with others have identified the m,7*
and n,7* character of the two transitions in the near-
ultraviolet and visible spectral region for the molecule
azobenzene.

Homogeneous media that have been chosen for pres-
sure studies of m—#* transitions in conjugated molecules
are polymer matrices.—* In analogy with compressed
liquid solutions,X increasing pressures produced red
shifts, relatively small changes in intensities, and con-
siderable broadening. Only for the pseudo-aromatic
molecule azulene was an initial blue shift observed for
the lowest electronic transition at high pressures,*11:12
The #—#* transitions in aromatic and aza-aromatic
hydrocarbons behave similarly upon compression,’
although differences due to the heteroatom are expected
and observed. The effects of high pressures on n—n*
spectra of organic molecules have not been reported
and are of particular interest in the present work.
The n—=* absorption of azobenzene in polystyrene has
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been studied at atmospheric pressure.!® It was con-
cluded from a Beer’s law plot that a solid solution (““mo-
lecular dispersion”) has been formed. It is assumed
that an essentially homogeneous distribution has also
been achieved in all plastics used in the present work.

The molecule trans-azobenzene was chosen to illus-
trate the effects of high pressure on the azo chromo-
phore. This molecule, in which steric effects are
absent, has two electronic transitions accessible to the
high-pressure apparatus so that a comparison of pres-
sure effects can be made for the same molecule. The
strong (oscillator strength, f ~ 0.56)14 transition in the
ultraviolet (315-mu band) has been assigned a #—7*
transition,!® in analogy with stilbene. Both molecular
orbitals are largely confined to the azo group and give
rise to the color band in azo dyes.'®* In the visible
spectrum (~445 mu) lies a weak (f ~ 0.016)14 broad
band attributed to a transition from the n to the same
=* orbital. It has been thought that the 445-mu band
arises from two nearly degenerate n states,” but recent
polarization!® and band-analysis!® studies demonstrate
that the band arises only from the higher n level which
is split by ~15,000 cm~! from the lower one. Polar-
ization data also assert that the n—=* transition is sym-
metry-forbidden despite the relatively high intensity.?
Since it is polarized in-plane, its intensity is largely
stolen from the color band. 1618

The n—#* transition has been studied in various liquid
solvents and analyzed in terms of the magnitude and
direction of shift in the band maximum. Incontrastto
other n—7* bands, the solvent effects are small,? prob-
ably due to the absence of solute dipoles in both states.
In nonpolar solvents a small red shift is observed with
increasing refractive index.?! When the polarity and
dielectric constant are increased, a blue shift is noticed
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Figure 1. The absorption spectrum of azobenzene in cellulose ace-
tate (CA) at atmospheric pressure (unlabeled curve) and 25 kbars:
(a) the 7—7* band (3 X 10-3 M), (b) the n-7* band (0.2 M).

(+400 cm~! in acetonitrile relative to diethyl ether). 2!
A further blue shift in hydroxylic solvents is attributed
to hydrogen bonding of ~1-kcal/mole strength.?2!
Although the intensities of the bands have not been
discussed as a function of solvent polarity, the present
work endeavors to correlate and compare solvent and
pressure effects on band maxima and intensities for the
two electronic transitions.

Experimental Section

The six plastics that were used as solid “solvents” in the present
work are listed in Table I along with macroscopic properties relevant
to the present work. The numerical values do not have quantita-

Table I. Some Physical Properties of Polymer Matrices

Refrac- Dielec-
(AV/  tive triccon-
Density, Vyho, index, stant,

Plastic Abbrev p° kbar n® De
Polyethylene PE 0.86 0.09* 1.51 2.25
Polystyrene PS 1.05 0.12¢ 1.59 2.45
Poly(methyl meth- PMMA 1.17 0.11¢ 1.49 3.5

acrylate)
Cellulose acetate CA 1.30 0.12¢ 1.49 ~4.7
Polyacrylonitrile PAN 1.17 ... 1.52 6.5
Poly(vinyl alcohol) PVA ~1.25 0.066 1.514

a “Modern Plastics Encyclopedia,” Breskin Publications, Inc.,
New York, N. Y., 1963. ? Reference 22b. ¢ Reference 22a.
d C, E. Schildknecht, “Vinyl and Related Polymers,” John Wiley
and Sons, Inc., New York, N. Y., 1952, p 351.

tive significance because they depend upon the precise history of
preparation and treatment, For example, the properties of cellu-
ulose acetate (CA) depend upon the per cent acetylation (about
40%), and the polyethylene (PE) density is strongly affected by the
average molecular weight. As the branching group becomes more
polar, the density (p) and dielectric constant (D) increase, although
the latter quantity is strongly reduced from that observed in mono-
mer liquids. This is expected from its restricted motion, although
the quantity applicable to the immediate environment of a solute
molecule is probably considerably higher. The refractive index (»)
is largest for polystyrene (PS) because of the phenyl groups, and for
this plastic increases strongly in the spectral region of interest
owing to the relatively long wavelength (~3000 A) absorption of
PS. Bridgman2? and Weir2? have reported the bulk compressi-
bilities of several plastics, from which we extrapolate that the per
cent volume contraction is practically the same except for the
poly(vinyl alcohol) (PVA) plastic. This assumption permits the

(22) (a) P. W. Bridgman, Proc. Am. Acad. Arts Sci., 76, 71 (1948);
(b) C. E. Weir, J. Res. Natl. Bur. Std., 53, 245 (1954).

comparison of spectral shifts and intensity changes in the various
matrices at the same isobar, The absorption tail of the plastic
does not extend below 3200 A even at the highest pressures with the
single exception of polystyrene.

The high-pressure absorption technique using a Cary Model 14
spectrophotometer has been reported.?® The standard tungsten
light source has been replaced with a halogen quartz lamp (Applied
Physics Corp. accessory) which delivers sufficient intensities down
to 3000 A.

The chemical rrans-azobenzene was purified on alumina columns.
The plastic films, 0.010--0.030-in. thick, are prepared by evaporating
suitable solvents containing azobenzene and dissolved polymer. 24
The concentrations are ~3 X 10~% and ~0.2 M, respectively, for
observing the 7—=* and n—7* bands at an optical density ~1.5.

The broad absorption bands are almost identical in plastic and
liquid solutions of similar polarity, judging from their shape and
maxima. In Table II the band maxima are reported for various
media at normal pressure (1 atm). It is seen that the 317-my band
(m—n*) and the 445-my band (n-=*) show a red and blue shift,
respectively, in increasingly polar media. A molar extinction co-
efficient of 640 is computed for the n-#* band of azobenzene in a CA
film. The melting point, molar extinction, and exposure to ultra-
violet radiation confirm the presence of only the 7rans isomer.

Table II. Maxima, Red Shift, and Intensity Ratios of
Azobenzene Bands
Band maxima —Av(em™1) loskbars/
(kK) at 1 atm at 25 kbars liatm
n-z¥e [ sl n-r* g-g*d n-p* g-gx*

Methylcyclo-

hexane 22.4 31.5
PE- 22.5 31.5 510 940 1.5 1.0
PS 22.5 31.15 450 1.8 ..
PMMA 22.67 31.15 330 580 1.6 1.0
CA 22.7 31.25 260 660 1.3 1.0
PAN 22.8 30.86 420 750 1.2 1.0
PVA 22.8 30.86 —90 920 1.2 1.0

@ +100 cm~L *=+£150 cm™L °¢—50 cm™!}, 4100 cm™!
4 50 cm~!, ¢ See Table I for abbreviations.

Spectra taken with the sample in a solid holder and in the high-
pressure optical cell at atmospheric pressure, corrected for the
gently sloping base line, agree within 100 cm~! for the two geom-
etries. In every plastic at least three high-pressure runs were made
for each band until two agreed within 50 cm~! in the shift and
+0.2 (n—-7* band) or £0.1 (7—7* band) in the intensity ratios
(I p/L,tm) at 24 kbars for samples of identical concentration.

The intensity ratios have not been corrected for the small increase
in the number of absorbing molecules at higher pressures, which is
of little consequence for relative comparisons at a given isobar.
Irreversible effects were not observed.

Results

The spectral distributions of the two absorption bands
at atmospheric pressure and 25 kbars are compared in
Figure 1. It is noted that the band shape retains its
symmetrical character and shows very small or
no broadening for the m—#* and n-=x* bands, respec-
tively, at higher pressures. This observation also holds
true for the other plastics. The effects of pressures
on the two absorption band maxima and their intensi-
ties are summarized in Table II for the 25-kbar isobar. ?
The red shifts at 25 kbars are larger for the 7—=n* tran-
sition, although the comparatively weaker n—=* band
also shows a strong pressure dependence of the band
maxima. Aside from the large shift in PE, the red
shift increases steadily with increasingly polar functional
groups on the polymer chain. The n-#* band has

(23) H. W. Offen and A. H. Kadhim, J. Chem. Phys., 45, 269 (1966).

(24) H. W. Offen, A. H. Kadhim, and E. H. Park, to be published.

(25) Only in the instance of the n-7* band in the PVA matrix is a
blue shift observed.
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Figure 2. The effect of pressure on the intensities and band maxima
of the m—7* and n—#* bands of azobenzene in polyethylene (PE).

larger displacements in nonpolar plastics and shows by
comparison strong interactions opposing the red shifts
in the plastics CA and PVA which are capable of hy-
drogen bonding. The n-#* band maximum of azo-
benzene in PVA shows no displacement up to 20 kbars
and then a small blue shift at 25 kbars. The intensity
of the 7—#* band remains unchanged up to 25 kbars,
within our experimental uncertainties. The intensity
ratio increases very sharply for the weaker n—#* band.
Since the band width is nearly constant, the intensity
ratio Ip/l.iy at the band maximum can be approxi-
mately set equal to the relative change in the theoretical
absorption strength (f) of azobenzene. A nonpolar
environment is more effective in increasing the transi-
tion probability. In this class of matrices, the large
phenyl group (PS) is most influential in modifying the
wave functions in the overlap region. It was found that
the molar extinction of the n—=* band in liquid solution
(at | atm) increases with solvent polarity, while the
pressure effect was largest in nonpolar plastics.

One reason that the azobenzene system was chosen
for this comparative study of n-7* and =—=* bands
was the fact that the two transitions are well separated
in energy so that the contribution of the absorption
edge of the strong band to the weak n—~#* band would
be minimal. Extrapolation of the #—7* absorption tail
at atmospheric pressure shows that its contribution to
the n—7* band intensity at 445 mu is negligible. How-
ever, the spectral shift of the 7—=* band is larger than
in the n—#* band so this fact contributes approximately
5-119 to the intensity ratio at the n—7* band maxi-
mum at 25 kbars. In the case of PVA, the stronger
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Figure 3. Theeffect of pressure on the n—7* intensity and maximum
of azobenzene in polystyrene (PS) and cellulose acetate (CA).

m—m* band broadening makes an additional contribu-
tion at 25 kbars so that the blue shift would be larger
than observed. This factor has not been included in the
data (Table II) because the estimated correction factor
lies within the stated uncertainty of the measurements.
In Figures 2 and 3 the uncertainty has been indicated
at 25 kbars. It is, of course, less at smaller pressures,
but there exists an additional uncertainty in the pressure
axis because of the quasihydrostatic pressure environ-
ment so that the cross-lines are left out for clarity below
25 kbars.

The contrast in the rate of change of Av and Ip/l1¢m
with pressure is demonstrated in Figure 2 for the PE
matrix. The w—=* band shows, as in the case of other
m transitions in conjugated molecules,’” a curvature
approaching the pressure axis, There is strong indica-
tion that the n-n* transition shows a greater rate of
shift Av/AP in the highest pressure interval, This trend
appears somewhat stronger in the PS matrix, as seen
from Figure 3. The rate of shift of the n—=* band in
CA parallels that of PS to ~20 kbars and then appears
to show a reversal at the highest pressure. As already
mentioned, PVA shows no change to ~20 kbars and
then a blue shift at 25 kbars., The same cause may be
responsible for both observations., The intensity rise
in the n—7* band of azobenzene in PS appears to become
steeper at higher pressures. These differences in
Av/AP are believed to be real, but their dependence
on such parameters as changes of intermolecular dis-
tances requires smaller limits of error and the precise
connection between compressibility and the applied
pressure,
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Discussion

Spectral Shift. Interpretations of frequency shifts
arising from compression of the solute’s environment
have usually drawn upon theories concerning solvent
shifts. 126 As the wealth of solvent shift data has
abundantly demonstrated, these theories cannot be
quantitatively verified, although their use in qualitative
predictions and correlations cannot be denied. One
theory, developed by McRae? (preceded by discussions
of Bayliss®* and Bayliss and McRae®®), has enjoyed
special attention for the class of compounds here studied
because of its inclusion of a wide spectrum of meas-
urable solute and solvent properties, For a solute
with zero dipole moment in both the ground and excited
states, the general solvent shift arises from dispersive
interactions and the solvent Stark effect, representing
solute-induced dipole-solvent dipole interactions. The
first contribution has been discussed by Bayliss,®®
and the latter effect of placing a nonpolar solute in a
polar environment has been analyzed by Baur and
Nicol.?®* The synthesized expression for the red shift
is —Av = [A(n* — 1)/2n® + 1)] + [B(D — 1)(2D
+ 1)/D] where A ~ f/vd® and B ~ 1/R® (4 >> B).
Here, d and R represent the radii of the solute cavity
and solvent shell, respectively. In nonpolar solvents,
the red shift is determined entirely by the London dis-
persion forces. Previous studies of the pressure de-
pendence of the band maxima of aromatic hydrocar-
bons®7 suggest a linear decrease in cavity volume with
increasing density so that the relative shift for two tran-
sitions should equal fiv./fov;. This ratio for the r—=*
and n—7* bands is ~25, while the ratio of the shift
in PE at 25 kbars is ~2. This poor agreement cor-
responds to that observed for the L, and L, bands of
chrysene.® The magnitude of the red shift in nonpolar
solvents does not appear to discriminate between differ-
ent types of electronic transitions. The red shift in
polar solvents increases with increasing polarity, as
expected from the Stark effect (B > 0). However,
the least polar medium, PE, reveals the largest shift.
Since the refractive index is about the same for all
plastics (except PS), such discrepancy could be re-
lated to different compressibilities of the plastics or a
larger solute cavity in the polar plastic.

The preceding discussion, based on general solvent
shift theories, ignores the presence of specific interac-
tions which can dominate environmental effects. The
effect of hydrogen bonding of the azo group in PVA
and CA plastics is definitely noticed in the observed
spectral shifts of the n—=* band with increasing pres-
sures. The blue-shift contribution in hydroxylic sol-
vents can be attributed to a stronger hydrogen bond in
the ground state which lowers the n orbital en-
ergy. 21,3031 This bond is considerably weakened
upon promoting an n electron following light absorp-
tion. Increasing densities strengthen the hydrogen
bond and form more complexes, including conceivably
both sites in the molecule. The complex formation

(26) J. M. McKelvey and A. D. King, Jr., J. Chem. Phys., 43, 3178
(1965).

(27) E. G. McRae, J. Phys. Chem., 61, 562 (1957).

(28) (a) N. S. Bayllss, J. Chem, Phys., 18, 292 (1950); (b) N. S. Bay-
liss and E. G. McRae, J. Phys. Chem., 58, 1002 (1954).

(29) M. E. Baur and M. Nicol, J. Chem, Phys., 44, 3337 (1966).

(30) G. C. Pimentel, J, Am. Chem. Soc., 79, 3323 (1957).

(31) M. Ito, K. Inuzuka, and S. Imanishi, ibid., 82, 1317 (1960).

contributes a term opposing the general red shift.
This term appears to become dominant above 20
kbars.

Although these considerations are consistent with
the gross features of the pressure dependence, subtle
differences between the spectral shift of the n—#* and
m—m* bands (Figures 2 and 3) cannot be rationalized in
simple fashion. The opposite curvatures of the spec-
tral shift in nonpolar plastics for the two bands must
consider the microscopic situation. For example, the
lone-pair electrons in a predominantly sp? orbital do
not have their charge localized between nuclei and are
therefore more susceptible to the electron clouds
of the environment. In fact, exchange repulsion
may become significant for the n electrons, resulting
in a greater red shift of the n-x* band (since
the 7* level is evidently lowered as deduced from pres-
sure behavior of the w—7n*) at higher pressures. Evi-
dence for such repulsive interactions has been found
for atoms in small cavities within some rare gas ma-
trices.?? One might evaluate the magnitude of this
effect from the different rates of shift Av/AP for the two
bands from data of higher precision and extended to
higher pressures. In complex formation the repulsive
forces are overshadowed by bond formation and at-
tractive solvent dipole-solute-induced dipole interac-
tions, hence permitting a net blue shift in hydroxylic
“solvents” at high pressures, The polymer PS re-
quires special consideration because the functional
group has relatively low energy levels capable of charge-
transfer interaction with the solute. The degree of
long-range order (per cent crystallinity) and the actual
size of the groups on the polymer chain would also
influence the size of the solute cavity, and, if the group
is polar, further restrictions due to relative orientation
restraints (solvent dipole-sp?-electron interactions)
would be imposed. Other factors that may affect the
spectral shift at higher densities include the n-orbital
splitting, geometrical changes in the excited state, and
electrostatic forces between the excited electron and the
resultant hole, all of which could have a variable pres-
sure dependence, which cannot be expressed in terms
of solvent bulk properties.

Intensities. In contrast to solvent shifts, the problem
of intensities is seldom mentioned because it is difficult
to evaluate the distortion of the charge distribution in the
two electronic states when intermolecular interactions
are modified by solvents or pressure, Attempts to
correct the transition moment integral by the correction
factor (n? + 2)2/9»%% upon passing from the vapor to
solution have been discarded. 34

The results clearly show a great difference between
the pressure behavior of the two bands. In agreement
with = systems (aromatics), the maximum intensity is
largely unaffected by pressure. The increase in band
width appears smaller for the “localized” m—* transi-
tion in azobenzene in comparison with transitions in
highly conjugated = systems. Hence, there is little
change in absorption strength upon compression for =
excitation. However, the n—7* is significantly en-
hanced at higher densities. This sensitivity to ex-
ternal perturbation must be related to the relaxation

(32) M. McCarty, Jr., and G. W. Robinson, Mol. Phys., 2, 415(1959).
(33) N. Q. Chako, J. Chem. Phys., 2, 644 (1934).
(34) L. E. Jacobs and J. R. Platt, ibid., 16, 1137 (1948).
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of the symmetry-forbiddenness or an increasede ffective-
ness in intensity-stealing from the color band.!618
The compression of a crystal should show evidence
of out-of-plane polarization, but this experiment has
not been performed. It might be expected that a weak
transition is more easily perturbed and that the local
symmetry could be distorted by the closer proximity of
the solvent electrons or the simultaneous excitation of
antisymmetric vibrations.

It has been argued that the diffuse character of the
n-7* band arises from strong mixing with the color
band.1%1618 Such mixing is enhanced by decreasing
the separation of the two states, which is indeed the
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result of external pressure application since v,,«(P) >
Var#(P). However, the pressure dependence of 1/AE
cannot be the largest factor determining intensity
changes because AFE is the smallest in PVA at 25 kbars,
and yet its intensity rises less than in the other plastics.
Hence, increases in the interaction matrix must make a
sizable contribution at high pressures.

The precise source of the greater intensity in a strongly
perturbed environment cannot be determined from the
present information which nevertheless demonstrates
the magnitude of the differences in the pressure behavior
of localized m—7* and n—~=* transitions in the same mole-
cule.

Bis (fluoroxy ) difluoromethane, CF,(OF),

Frederick A. Hohorst and Jean’ne M. Shreeve

Contribution from the Department of Physical Sciences, University of Idaho,
Moscow, Idaho 83843. Received September 28, 1966

Abstract:

in the formation of a substance having the empirical formula CF,0,.

The static fluorination of carbon dioxide with excess fiuorine in the presence of cesium fiuoride results

Its infrared and nuclear magnetic resonance

spectra suggest the structure F,C(OF),. The compound, which is a colorless liquid at —184°, readily reacts with
mercury and oxidizes acidic iodide solution to give elemental iodine.

tatic fluorination of thionyl fluoride at room tem-

perature in the presence of cesium fluoride provides
a simple route to the hypofluorite, pentafluorosulfur-
(VD) hypofluorite (SF;OF).! However, if fluorination
is attempted in the absence of CsF, only thionyl tetra-
fluoride is obtained. We have examined the fluorina-
tion of carbon dioxide under similar conditions and
report the formation of a bisthypofluorite), bis(fluor-
oxy)difluoromethane, F,C(OF);. Under the experi-
mental conditions used, there was essentially no reac-
tion of fluorine with carbon dioxide without cesium
fluoride,

Experimental Section

A. Materjals. Cesium fluoride (99 %) was obtained from K and
K Laboratories, Inc. Fluorine was obtained from Allied Chemical
Co. and passed through a sodium fluoride scrubber and a —184°
cold trap before use, Carbon dioxide was obtained from North-
west Oxygen Co. Analytical grade reagents were used in analyses.

B. Reactlon Vessel. The reaction vessel was a 75-ml stainless
steel cylinder (Hoke 6HS75) equipped with a reduction fitting, a
Teflon-packed stainless steel needle valve (Hoke 323), and a brass
§10/30 inner joint, Threads were sealed with Teflon TFE tape.

C. Vacuum Systems. A standard Pyrex glass high-vacuum line
was used for most operations. The mercury manometer was pro-
tected with a thin layer of Kel-F No. 1 polymer oil. Molecular
weight determinations were made on a metal high-vacuum line
having a Wallace and Tiernan FA-145 precision dial manometer.

D. Procedure. In a typical run, 2.7 g (18 mmoles) of cesium
fluoride was placed in the reaction vessel. Fluorine was admitted
and the reaction vessel prefluorinated at 190°. The remaining
fluorine was then removed and the vessel heated to 195° under dy-
namic vacuum for several hours,

(1) J. K. Ruff and M, Lustig, Tnorg. Chem., 3, 1422 (1964),

The evacuated vessel was cooled to —184°, and 1.11 mmoles of
carbon dioxide was condensed into it. Excess fluorine, approxi-
mately 9 mmoles, was then admitted and the vessel permitted to
warm to room temperature, After 6 hr, the vessel was again
cooled to —184° and all noncondensable materials were pumped
off through a soda-lime trap. The remaining material, 0.132 g, had
an experimental molecular weight of 118.9, The average yield,
based on carbon dioxide, was 99.7%.

E. Analyses. Null-point potentiometric determination of
fluoride? ® after sodium fusion of a weighed sample of product gave
62.3% fluorine. Volumetric determination of fluorine from lead
chlorofluoride* after basic hydrolysis at 90° of a weighed sample
gave 61,09 fluorine. The theoretical value for CF,O:is 63.3%.

When the compound was allowed to react with cold potassium
iodide solution, iodine was liberated readily. Titration of the
latter with standard thiosulfate showed that the compound had an
experimental equivalent weight of 30.6. Bis(fluoroxy)difiuoro-
methane would have a theoretical equivalent weight of 30.0 when
undergoing a four-electron change.

F. Molecular Weight. The molecular weight of the compound
was calculated from the vapor density assuming ideal gas behavior.
The vapor density was determined using a 208.4-ml Pyrex flask
equipped with a 1.25-mm Teflon stopcock (Fischer and Porter
Co., No. 795-50001-14). The average value obtained was 118.9,
The theoretical value for CF,0; is 120.0.

G. Melting Point. The compound condenses at —184° as a
colorless liquid. Even after several days at this temperature, no
crystallization was observed.

H. Infrared Spectrum. The infrared spectrum of the compound
(Figure 1) was obtained using a Beckman IRS5A and a 5.2-cm cell
with sodium chloride windows. The following bands are observed:
658 (w), 690 (w), 900-940 (w, complex), 1200 (vs), 1245 (s), 1270 (s),
and 1370 (vw) cm~!, The compound is stable, for short times at
least, in contact with sodium chloride windows.

(2) T. A. O’Donnell and D. R. Stewart, Anal. Chem., 33, 337 (1961).

(3) T. A. O’'Donnell and D. R. Stewart, ibid., 34, 1347 (1962).

(4) W. F. Hillebrand, et al., ““Applied Inorganic Analysis,” 2nd ed,
John Wiley and Sons, Inc., New York, N. Y., 1959, p 744,
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