
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 29 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Phosphorus, Sulfur, and Silicon and the Related Elements
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713618290

MOLECULAR STRUCTURE OF PC1F4: INFRARED SPECTRUM, LOW-
TEMPERATURE RAMAN SPECTRUM, AND GAS-PHASE DIPOLE
MOMENT: PENTACOORDINATED MOLECULES. IX
Robert R. Holmesab

a Bell Telephone Laboratories, Murray Hill, New Jersey b Department of Chemistry, University of
Massachusetts, Amherst, Mass

To cite this Article Holmes, Robert R.(1995) 'MOLECULAR STRUCTURE OF PC1F4: INFRARED SPECTRUM, LOW-
TEMPERATURE RAMAN SPECTRUM, AND GAS-PHASE DIPOLE MOMENT: PENTACOORDINATED MOLECULES.
IX', Phosphorus, Sulfur, and Silicon and the Related Elements, 98: 1, 45 — 54
To link to this Article: DOI: 10.1080/10426509508036940
URL: http://dx.doi.org/10.1080/10426509508036940

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713618290
http://dx.doi.org/10.1080/10426509508036940
http://www.informaworld.com/terms-and-conditions-of-access.pdf


Phosphorus, Sulfur, and Silicon, 1995, Vol. 98, pp. 45-54 
Reprints available directly from the publisher 
Photocopying permitted by licensc only 

0 1995 OPA (Overseas Publishers Association) 
Amsterdam B.V. Published under liccnsc by 

Gordon and Breach Science Publishers SA 
Printed in Malaysia 

MOLECULAR STRUCTURE OF PCIF,: INFRARED 
SPECTRUM, LOW-TEMPERATURE RAMAN 

SPECTRUM, AND GAS-PHASE DIPOLE MOMENT: 
PENTACOORDINATED MOLECULES. IX* 

ROBERT R. HOLMES? 
Bell Telephone Laboratories, Incorporated, Murray Hill, New Jersey 

(Received 8 August 1966) 

The vapor-state infrared spectrum (2000-250 cm- ') and liquid-state Raman displacements (Av = 50- 
1200 cm-') of PClF, are reported. The vapor-state electric dipole moment of PCIF, was obtained from 
a study of the temperature variation of the dielectric constant over the range -68" to - 2". The resulting 
value is 0.78 5 0.01 D. The induced polarization is 13.7 ? 0.4 cc. Interpretation of the vibrational 
data as well as the dielectric data and 35Cl pure quadrupole resonance frequency support the conclusion 
that the structure of PCIF, is a trigonal bipyramid (C,,, point group) with the chlorine atom located at 
an equatorial site. 

The infrared and Raman spectra of all members of the phosphorus (V) chloro- 
fluorides PCl,F, --n have been reported' previously except for PCIF,. Analysis of 
the vibrational data and results of dielectric,2 pure quadrupole, and nuclear mag- 
netic resonance measurements3 have shown that the molecular forms4 of these 
compounds exist in a trigonal bipyramidal framework with the fluorine atoms 
showing a preference for axial sites. 

Recently we have synthesized5 PCIF, and have obtained the corresponding data 
to allow its structure to be determined. 

EXPERIMENTAL 

Materials 

The compound PCIF, was synthesized by low-temperature fluorination of the mo- 
lecular form of PCI,F, using SbF, as the fluorinating agent.' PCl,F, was prepared 
in vucuo according to a modification6 of a previous procedure.' The preparations 
were carried out in a Pyrex glass vacuum system. Stopcocks and ground-glass joints 
were lubricated with Kel-F grease. 

No impurities were evident in the Raman spectrum. However, because of possible 
reaction with the cell materials and disproportionation of PClF, to PF, and PC12F, 
observed' in the gas phase, small amounts of the latter in addition to POF, were 
detected in the infrared measurements. 

Reprinted with permission from J .  Chem. Phys., Vol. 46, No. 10,3718-3723,15 May 1967. Copyright 

*Previous paper: R. R. Holmes and R. N. Storey, Inorg. Chem., 5, 2146 (1966). 
tDepartment of Chemistry, University of Massachusetts, Arnherst, Mass. 01002. 

1967 American Institute of Physics. 
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46 R. R. HOLMES 

Spectra 

To avoid disproportionation of PCIF, to PCl,F3 and PF, it was necessary to record 
the Raman spectrum of the liquid at low temperatures. A previous Raman cell 
design' was modified to allow precise centering of the liquid-sample tube. This was 
accomplished by properly constricting the inner wall of the cell at the end tapering 
toward the optical flats. The constriction was such to allow use of 7- to 9-mm-0.d. 
sample tubes. 

To avoid the hazards of pressure buildup, if any, caused by disproportionation 
of that part of the PCIF, vapor (producing the more volatile PF,) which would be 
exposed to room temperature during the recording of the Raman spectrum, the 
sample cell arrangement and procedure discussed' previously for PF, was used 
here. The measurement was performed at about - 100°C. However, neither a trace 
of PF, nor of any other impurity was evident in the Raman spectrum. 

Raman displacements from the 4358-Hg line were recorded with a Cary Model 
81 spectrophotometer and are considered accurate to -+3 cm-l for the sharper 
lines. Weak and broad instrument ghosts ippeared at about 145 and 170 cm-' with 
the latter being the stronger of the two. Qualitative polarization measurements 
were obtained with the use of cross and axial Polaroid cylinders which fitted around 
the outside of the Raman Dewar cell. To check on the effects of geometry, the 
Raman spectrum of both PF, previously recorded with a different Cary 81 spec- 
trophotometer and CC1, were studied in the cell arrangement used for PClF, as 
well as the polarization of the CCl, lines. 

The gas-phase spectrum of PCIF, was recorded in the range 2000-400 cm-' with 
a Perkin-Elmer Model 337 grating Infracord and in the range 2000-250 cm-l with 
a Perkin-Elmer Model 421 spectrophotometer. The former was calibrated with 
polystyrene and the latter with ammonia and H20 vapor. A 10-cm gas cell fitted 
with AgCl, KBr, or CsI windows was used. Both Pyrex and Monel metal cells were 
used. 

Argon was mixed with the PClF, for some of the runs to minimize decomposition 
to PF, and PCl,F, and cell attack. Even so, some weak bands were attributable to 
PF, and PCl,F,. Their presence was confirmed by obtaining repeat spectra of the 
same sample as a function of time. With a sample having a pressure of a few mm, 
the bands assigned to PCIF, completely disappeared in 3-4 h in the beam of the 
421 while PF, bands were seen to grow as well as POF3 bands, the latter less so 
than the former. At higher sample pressures small amounts of disproportionation 
products made themselves evident. 

After conditioning of the cell with the PClF,, reproducible spectra were obtained 
in the pressure region from 2 to 500 mm. The frequency accuracy is + 2  cm-'. 

Dielectric Measurements 

The dielectric measuring assembly, cell-bath housing, and operating procedure have 
been described2 in connection with vapor-state dielectric measurements of PCl,F, 
and PCl,F, performed in this laboratory. The manually nulled quartz spiral Bourdon 
gauge used to measure pressure was replaced by a Texas Instruments automatically 
servonulled quartz spiral Bourdon unit. As a result the time of the measurement 
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MOLECULAR STRUCTURE OF PCIF, 47 

on a sample at a particular temperature and pressure was reduced to about a minute. 
In order to keep the time down in the earlier study,2 the measurement was a two- 
man operation. Any effects due to the slow conversion of PClF, to PF, and PC12F2 
observed near room temperature accordingly would be minimized. As noted,2 
temperature equilibrium is reached in a minute or so on the first addition of sample 
to the evacuated cell and almost instantaneously on successive additions or re- 
movals. To further minimize any sample contamination due to instability the mea- 
surements were confined to temperatures below 0" (range, -68" to -2°C). 

At each temperature several series of capacitance-versus-pressure readings were 
made in the range 10 to 270 mm. Several samples were used and measurements 
were made as a function of both increasing and decreasing temperature. A different 
portion of a particular sample was used at each temperature. Analysis of the results 
showed no systematic differences which might indicate lack of homogeneity. The 
pressure readings recorded were good to ltO.01 mm. The temperature was held 
constant to t0.01" and determined with a Pt resistance thermometer. 

A new Pyrex cell was constructed which was similar to that used before but had 
a conductive Nesa coating applied to all exterior portions instead of a silver coating. 
The latter served as a shield from external capacitive coupling in the three-terminal 
system used. The replaceable capacitance of the cell determined as before with 
ammonia gas was 188.3 ? 1.0 pF. 

RESULTS 

Dipole Moment of PCIF, 

Table I lists the polarization P for PClF, as a function of temperature. Average 
values of P determined from measurements on three different samples are listed. 
The polarizations are reproducible to about _t 0.07 cc. 

Calculation of the dipole moment from a least-squares treatment of the data in 
Table I gave 0.78 ? 0.01 D. The same result is obtained if individual values are 
used. The temperature-independent polarization is 13.7 _e 0.4 cc. The limits of 
uncertainty are those associated with the standard deviation in the slope of the 
least-squares line and the standard deviation in the intercept. 

TABLE I 
Temperature variation of the molar polarization of PCIF,. 

T ("C) P (cc) 

-68.38 32.24 
-59.45 31.25 
-48.30 30.48 
-37.28 2 9 . U  
-24.82 28.94 
-12.04 28.28 
-1;57 27.52 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
4
3
 
2
9
 
J
a
n
u
a
r
y
 
2
0
1
1



48 R.  R. HOLMES 

INFRARED AND RAMAN SPECTRA 

Infrared and Raman spectra of PClF, are shown in Figures 1 and 2. The frequencies, 
relative intensities, states of polarization, and suggested assignments are given in 
Table 11. The assignments are made on the basis of CZz, symmetry, the justification 
for which is discussed below. 

Table I11 lists the number and activity of fundamentals for C,,, as well as other 
possible point groups. Structural models are shown in Figure 3. 

t f  I 

f R E W E K Y  (CM-') 

FIGURE 1 Infrared spectrum of PCIF, at 25°C. Top: PE Model 337 grating Infracord, (A) p = 30 
cm, (B) p = 3 cm, (C) p = 0.5 cm, 1 = 10 cm, (D) filter change. Bottom: PE421 spectrophotometer, 
p = 20cm. 

AV(CY-') 

FIGURE 2 
slit 10 cm ', amplification 1500, doublet slit. 

Raman spectrum of PCiF, at - 100°C, slit 10 cm-', amplification 1275, single slit; (insert) 
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MOLECULAR STRUCTURE OF PCIF, 49 

TABLE I1 
Vibrational spectrum of PCIF,." 

ir (gas) Raman (lrqJb 

cm-1 I cm-1 I Pol. Assignment (C:.) 

356 

427 
434 

459 
472 

481 
490 
499 

522 
53 1 
542 
55 1 
5 6 0  
567 

618 
626 
634 

665 
672 

685 
691 
700 

730 
738 
746 
765 
771 
178 
808 
817 
825 

859 
869 

895 

903 

W 

mw 
mw 

P mw 
Q m  
P s  
Q,;  
P m  
Q m  
R m  
P vs 
Q VP 
R vs 

P mw 
Q mw 
R mw 

Q m  
R m  
P P  

is, 
P vw 
Q vw 
R vw 

P vw 
Q vw 
R vw 

P w  Q,: 
P m  
Q m  
vs 

vs 

144 
355 

435 

490 

(510) 

553 

689 

884 

? 

PCI;F1* 

PClnF, 

PChFa 

(;;;I 
927 

945 

954 

986 
994 

lo02 
1019 
1026 
1038 

1063 

1120 
1129 

1176 
1186 

(1194) 

1251 

1335 

1405 
1417 
1428 

1416 

1558 

1590 

1608 

1795 

1893 

1995 

P vn 

%; 
m 

m 

Q vs 
R vs 

P m  

P V8 

Q,: 
W 

P vw 

P vw 
Q v w  

P z 
vw 

vw 

P mw 

R mw 

vw 

vw 

vw 

Q mw 

vw 

vw 

vw 

vw 

p drnotu w l r u i z 4  dp, dewlar id;  I. strow; m, medium; w, w d ;  v, 8 Frmuencior and luirnrnenis 01 POFi lundamrntsls arc taken from H. Selil 
VCW. 

were ohmined using a planimeler. 
b b n  intendtin are relative to the 

and H. H. C l u w n ,  J. Chem. Pbys .44 , lW (1966). 
, stronaat line h ing  equal to tW and See Ref. 1. 

Presence of PFI at 516 crn-1 causes uymmetry to the high-frequency ride 
oI the S64b0an-l bad. 

TABLE 111 
Activity of fundamental modes for various models. 

Funda- R-ir coin- 
Point group mentals Raman Infrared cidences 

c4. 9 9(3  P) 6 6 

C2. 12 12(5 p) 11 11 
C. 12 12(8 PI 12 12 

CI" 8 8(1 1)) 8 8 

For the C,,, symmetry the selection rules say that only the a2 vibration is infrared 
inactive and of the binary combinations only u,u2 = A ,  and b,b, = A ,  are not 
allowed in the infrared. 
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50 R. R. HOLMES 

c4v 9 A 
FIGURE 3 Structural models for PCIF.,. 

FIGURE 4 Coordinates for PCIF, (C2, point group) 

With reference to Figure 4 the B, vibrations are taken to be those symmetric 
with respect to the X Z  plane. The principal moments of inertia may be approxi- 
mated for this symmetry on the basis of recent bond-distance information on PF,839 
determined by electron diffraction. Assuming the following parameters, P-Cl,, 
2.04 p\; P-F,, 1.52 A; P-F4, 1.57 A; a ,  120"; p,  90" the principal moments of 
inertia become, 265 X lov4(', 368 x g-cm'. The smallest 
inertial axis coincides with the C, axis, the largest with the X axis. The A, vibrations 
involve dipole changes parallel to the C, axis and hence should give rise to A-type 
band contours characteristic of asymmetric-top molecules. Correspondingly, the 
B, and B, vibrations giving dipole changes parallel to the X and Y axes should 
exhibit, respectively, C- and B-type band contours. 

With reference to Badger's and Zumwalt's calculations" and using the moments 
of inertia estimated above, it is expected that the Q branch of the B-type bands 
should be more pronounced than that of the C type, but not especially so. Less 
difference might be expected between the A and C types. As seen in Figure 1, no 
major variations in contour are present for those bands which are not overlapping 
their neighbors. 

and 414 x 
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MOLECULAR STRUCTURE OF PCIF, 51 

By reaso,n of the intensity and occurrence in overtones and combinations, seven 
bands in the infrared spectrum qualify as fundamentals. A weak band at 356 cm-l 
in the infrared may be included as a fundamental because of its appearance in the 
Raman. The 144-cm-' band, below the range of the infrared instrument, of mod- 
erate intensity in the Raman may be counted also. As mentioned above, broad 
instrument ghosts appear at 145 and 170 cm-' with the latter being the stronger 
of the two. While experience has shown that these ghosts may be magnified some- 
what by the particular sample under investigation, their relative intensities have 
never been observed to reverse. In Figure 2 the ghost band at 170 cm-l is clearly 
evident in the Raman scattering. It is presumed that the lower intensity ghost is 
contributing slightly to the band observed at 144 cm-l. As a result of the relatively 
large intensity observed for the latter band, it is included as a fundamental with 
considerable confidence. Consequently, nine bands are reasonably established as 
fundamentals. The Raman spectrum supports these as fundamentals except for the 
very strong bands at 903 and 921 cm-l in the infrared; presumably their intensity 
is too low to be detected in the Raman under the conditions cited in the experimental 
section. On this basis, the structure having C,, symmetry is ruled out. A total of 
six infrared-active fundamentals exist for this point group (Table 111) while eight 
have been directly observed for PClF,. 

The total number of fundamentals allowed for the structure of C,,, symmetry is 
eight. This is one less than the number readily established as fundamentals and 
hence the C,,, point group appears as an unlikely representation. However, the 
latter may be considered to be a relatively weak argument against the likelihood 
of the C,, configuration. A more severe criticism arises from an attempt at a 
vibrational assignment for this symmetry. In making such a fit one of the very 
strong infrared-active fundamentals would remain unassigned and ul(a,) ,  princi- 
pally a PF, symmetric stretch, would appear at an unexpectedly high intensity in 
the infrared (one of the very strong bands centered around 900 cm-l). The latter 
band in the C,,, point group should be intense in the Raman, which is not the case. 
The only band seen in this region is the least intense Raman line at 884 cm-l. In 
addition, the 144-cm-' band in the Raman which is most likely polarized would 
have to be assigned to a depolarized e mode. Further evidence against the C,, 
symmetry is given in the discussion. 

The difficulties cited above in attempting to fit the spectral data to the C,, 
symmetry are removed by considering the more unsymmetrical representation, C,:,. 
For this symmetry a total of 12 fundamentals should exist and only nine have been 
accounted for. 

In the related molecule, CH,PF,( C,,), two separate vibrations attributable to 
PF, axial bending modes were not observed." In fact, the splittings of the vibrations 
( e ' ,  err) which are doubly degenerate in D3h symmetry (PF,) are not appreciably 
split in the region below 450 cm-l in the infrared spectrum'l of CH,PF,. The e' 
and e" modes would be split into a, + b, and a2 + b2, respectively, by the change 
in symmetry from D,, to C,,. The infrared spectrum was not examined in the region 
of the 144-cm-' fundamental but the 356 cm-' is seen to be unresolved having a 
half-width at half-height of about 35 cm-'. This band which is depolarized in the 
Raman and weak in the infrared is assigned to u, and uI2 and would correspond 
to the doubly degenerate frequency e" in D,, symmetry. A separation of 15 cm-' 
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52 R. R. HOLMES 

was observed" for these frequencies (397, 412 cm-') in the CH,PF, molecule. 
Assuming that the lowest frequency observed in the Raman at 144 cm-' represents 
one of the axial bending modes or if close together in frequency and intensity the 
unresolved vibrations, v, and v,, a total of 11 fundamentals have been accounted 
for. The assignment of 144 cm-' to a PF, axial bend is in keeping with similar 
assignments in CH,PF, (179 cm-'),ll (CH3),PF3 (184 crn-'),l2 PCI,F, (124 crn-l),13 
all on C,,, symmetry, and (CH,),PF, (190 cm-l)12 and PCI,F2 (122 cm-l),l both 
of D3,, symmetry. In PF, an assignment made for this vibration (126 cm-')' is now 
believed to be in error. On the basis of a re-examination of the infrared spectrum 
of PFi, a low-intensity band ( p  = 1 atm, 1 = 12 cm) appearing at 300.6 cm-' has 
been suggested for the PF, axial bend.14b 

Considering further assignments, the two most intense lines in the Raman, 435 
and 689 cm-' are polarized, thus classifying them as a, species. These lines cor- 
respond to the 434-cm-' band of moderate intensity and the strong band at 691 
cm-', respectively, in the infrared and are easily classified as v,, a PCI stretching 
vibration, and v,, the PF, symmetric axial stretch. These bands again are in cor- 
responding regions in related molecules. In PC1,Fi (D3h symmetry) the symmetric 
PCI, stretch is at 387 cm-', in PC1,F (C,,, symmetry), it is at 422 cm-l.' The 
symmetric axial stretch in PCI,F, is at 633 cm-', in PF, it is at 640 cm-I.' 

The most intense bands in the infrared spectrum appear at 895, 903, and 921 
cm-I and are most certainly PF stretching modes. A weak, somewhat broadened 
band appears at 884 cm-' in the Raman spectrum. These bands would correspond 
to v,, v7, and v10 but there is little to suggest the order of assignment since they 
are close in frequency and intensity although the highest frequency of the three, 
921 cm-', probably is associated with the asymmetric equatorial stretch, v,. The 
band at 895 cm-' is listed as v1 since there was a suggestion that the broad band 
at 884 cm-' was polarized in the Raman. The 903-cm-l band is assigned to  vlO. 

The intense band in the infrared at 560 cm-', probably depolarized in the Raman 
(553 cm-'), is assigned to v l l  representing an out-of-plane bending motion. The 
corresponding vibration in PF,' appears at 576 cm-', in CH,PF," at 538 cm-'. 
The only other fundamental remaining in the infrared is the strong band at 490 
cm-' (490 cm-' in the Raman also) and the suggested assignment is v,, an in 

' TABLE IV 
Fundamental frequencies of PCIF,. 

No. Mode description Activity Species Assignment 

1 
2 
3 
4 
5 
6 
I 
8 
9 

10 
11 
12 

PF, stretch 
PF; stretch 
PF, in-plane bend 
PCI stretch 
PF; bend 
PF,F; twist 
PF, stretch 
PCIF, in-plane bend 
PF; bend 
PF; stretch 
PCIF, out-of-plane bend 
PCIF,F; rock 

R(P); ir a1 895 
691 

434 
144 

R(dp); . . . a2 356 

(510) 

R(dp); ir b, 92 1 
(490) 
144 

R(dp); ir b2 903 
560 
356 
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MOLECULAR STRUCTURE OF PCIF, 53 

plane bending vibration. The related frequencies in PF,l and CH3PF4" are at 533 
and 467 cm-l, respectively. However, assignment of the 490-cm-l band to v3 is 
equally likely. The frequencies v, and v, which represent a doubly degenerate e' 
mode in D,, symmetry are separated by 47 cm-' in CH3PF,." An unassigned 
frequency of very weak intensity appearing as a shoulder in the Raman spectrum 
at about 510 cm-I may possibly be v,. The latter frequency was not detected in 
the infrared but may be masked by the strong band appearing at 490 cm-'. 

In any event the infrared and Raman spectra of PCIF, have been reasonably 
interpreted in terms of the C,,, point group. While interpretation in terms of C, 
symmetry is equally plausible, it will not be considered in view of other more 
convincing evidence against its likelihood discussed below. The frequency assign- 
ment and mode description for PClF, are listed in Table IV. 

DISCUSSION 

Analysis of the vibrational data show that the most symmetrical structure C,,, is 
inconsistent with the number and activity of the observed fundamentals for PCIF,. 
The C,,, symmetry is not as easily ruled out on the latter basis but difficulties are 
encountered in attempting a vibrational assignment for this case, while analysis in 
terms of the C,,, symmetry is entirely satisfactory. However, the spectral data do 
not allow a decision to be made between the C,,, symmetry and the less likely 
structure of C, symmetry. 

Comparison of the dipole moment of PCIF, with the values observed for the 
other phosphorus (V) chlorofluorides shows that the assignment of the C,,, sym- 
metry to PCIF, is self-consistent. The value observed for PClF4, 0.78 D, is close 
to the gas-state value observed2 for PC12F, (0.68 D) ~ h o w n ' , ~ J ~  to be a trigonal 
bipyramid with the two chlorine atoms located in equatorial positions (C2,). If, as 
an approximation, a and p (Figure 4) are taken as 120" and 90", respectively, then 
vectorially the structures of PClF, and PC1,F3, each of C2, symmetry, amounts to 
an equatorial P-F opposing an equatorial P-CI bond dipole. The fact that the 
dipole moments are only 0.1 D apart supports the contention that they have the 
same symmetry. Small changes in electronic distribution and degrees of distortion 
between the two molecules could easily account for the difference. 

The dipole moment of the trigonal bipyramidal structure of PClF, having an 
axial chlorine atom (C3J also, vectorially, may be considered in terms of an axial 
P-CI opposing an axial P-F bond dipole. Such a consideration has been discussed2 
for PC1,F where the gas-state dipole moment has been shown16 to be exceedingly 
low, 0.21 D. The small value in PC1,F is attributed primarily to the intrinsic dif- 
ferences in the weaker axial bonds compared to the equatorial bonds.2 A similar 
low value might be expected if PCIF, possessed C,, symmetry. 

The only pentacoordinated molecule shown to have a tetragonal pyramidal struc- 
ture is antimony pentaphenyl in the solid state. l7 The structure  approximate^'^ that 
formed by starting with a trigonal bipyramid of regular geometry and bending the 
axial bonds toward one another while simultaneously widening the equatorial angle 
bisected by the plane in which the axial bonds are moving. The angles F2-P-F, 
and F,-P-F, (Figure 4) for this model would be 150" and the four adjacent bond 
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54 R. R. HOLMES 

angles would approach 94“. However, an estimate of the dipole moment of PCIF, 
using the latter model is not possible for lack of appropriate dipole-moment values 
on this structural type. 

A pure chlorine nuclear quadrupole measurement has been made on PClF,. A 
value of 32.14 Mc/sec was obtained at 77°K for the 35Cl isotope and is in the region 
(31.26 to 32.54 Mc/sec) found3 for the 35Cl NQR frequencies of equatorial chlorine 
atoms for the other members of the PC1,F5-, series. In PC1,F possessing both 
equatorial and axial chlorine atoms, the axial 35Cl NQR frequency was 28.99 Mc/sec 
compared to 32.54 Mc/sec for the equatorial sites.3 Thus, further supporting evi- 
dence is provided by the pure quadrupole measurement that the chlorine atom is 
located at an equatorial site in PClF,, assuming no change in structure occurs on 
going to the solid state, of course. 
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