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Abstract 

The --infrared spectrum of XeF4 vapor has strong bands 

at 123, 291, and 586 em. -l. The Raman spectrum of the 

sclid has very intense peaks at 502 and 543 cm.-l and a 
-1 weaker one at 235 em. . These data show that the molecule 

is planar and of symmetry n4h . The seven fundamental fre­

quencies have been assigned as 543 (a1g), 291 (a2u), 235 

(~1g)' 221 (b1u), 502 (b2g), 586 (eu), and 123 (eu), the 

assignment of 221 cm.-l to blu being uncertain. 

The infrared spectrum of XeOF4 vapor has intense peaks 

at 288, 362, 578, 609 , and 928.2 cm.-1 and the Raman spec-
"' ··' 

trum o'f the liquicf 'has bands at 231, 286, 364, 530, 566, 
~ 1 

and 918 em. The spectra fit a c4v model very well. 

The fundamentals determined are: 1928.2 ( a1 )·, 578 ( a1 ) , 288 

(a1), 231 (b1 ), 530 (b2), 609 (e), and 362 (e). This leaves 
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one· (~2 ) and one (e) ·fundamental undetermined. Very close 

correspondence between vibrations in the two molecules 

indicates that the· 0-Xe-F angle in XeOF4 must be rather 

close to 90°. 

Introduction 

The preparation of XeF4 has been described pre­

viously (l) and .the results of a preliminary_ study of its 

vibrational spectra report~d briefly. (2) The prepara~ion 

of XeOF4 is described in the present volume. (3) We re­

port here the results of a more complete study of the 

Ram~n spectrum of solid XeF4 ~nd of. the infrared spectrum 

of the vapor. For XeOF4 we have studied the Raman spectrum 

of the liquid and the infrared spect:r:um of the vapor. 

Purity of Compounds 

The purity of the XeF4 was checked by infrared 

analysis. The probable impurities are XeF6 and XeF2 which 
1 - 1 . 

·have ·absorption pe~ks at 610 em.~ an·d 5~6 em.- respec-

tively. The s~mple was found to contain small amounts of 

the more ,volatile XeF6 but this was easi~y removed since· 

its vapor pressure is higher by_a factor of 10. Pumping. 

the equilibrium vapor rapidly out of the storage can 

sever.al.times removed.the XeF6 so that none of the 610 cm.-1 

absorption .. ~ou19- -be det~cted in the bulk of sample remaining., 

.. ~he :X~OF4 was pr.epared by reacting XeF6 with Si.o2 as de.­

. scribed in this volume •. The completion of. the. reaction 
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was indicated by the disappea~ance of the yellow color. 

It was purified from materials of lower volatility, such 

as XeF4, by keeping the quartz bulb in which it had been 
'· 

prepared at -25°C. while pumping out.the ~eoF4 • 

Techniques of Spectroscopy 

The infrared spectra were obtained with a Beckman IR-7 

with Csi and NaCl prisms and Perkin-Elmer.421 and 301 

* Elpcctrophotomete_rs~. Th~ <.:ells were made of nickel and 

were used wi.th either AgCl or polyethylene windows. For 

XeOF4, wtth a 30 mm. vapor pressure at room temperature,. 

the usual 10 em. path ~e·ngth was enough but for XeF4 a 

60 em. absorbing path was,also used. 

The Raman spectrum of XeF4 was obtained for the solid 

using the Cary 81 photoelectric instrument with the lens 

system designed for solids. ·The sample used was approxi­

mately one gram that had grown to a single crystal in a 

sealed quart~ tube. The XeOF4 was studied as the ~iquid 

at room temperature q_sing. a ~yrex Raman tube with seven mm. 

0 .D.· and filled to a length of three em. Qualitative in-
' . 

dications of polarization were obtained for the stronger 

bands of.XeOF4 by using· Polaroid cylinders around the 

Raman tube. 

* · We are indebted to the Perkin~Elmer Corporation for the 

opportunity to use the 301 instr.ument at Norwalk, Connecticut, 
•' 

and to Charles Helms and Robert Anacreon for thetr help 

with the operation of that spectrophotometer. 
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Results and Interpretation 

XeF4.--Figure 1 sho~s tracings of the regions of the 

infrared spectrum where bands were observed, and Fig.· 2 

is a tracing of the Raman spe·ctrum. Judging from their 

positions and intensities the three ini'rared bands at 123, 

291 and 586 cm.~l are probably fundamentals. Of the fo~r 

bands observed in the Raman spectrum the one at 442 cm.-l 
-is the least intense and probably does not represent a 

fundamental. "It may, in fact, represent a combination of 

4 =1 ,, 0 -1 .5 3 ·em. ·excited by '-!-339 A. and 502 em. excited by 
0 

4347 A. which would occur at apparent shifts of 442 and 
-1 0 445 em. from 4358 ~. 

In considering the information the spectral data fur-

nish on the molecular synunetry_1 it must be noted that the 
. 

Raman measurements are for the solid compound and the 

infrared ones are-for the vapor. Some solid-vapor shifts 

in frequencies are to be expected and the Raman spectrum 

· might contain frequencies due to lattice modes. 

From the infrare~_spectrum alone one can conclude 

that there'.is. ~igh symmetry in the XeF4 molecule •. Only 

one band is.observed in the region where bond stretching 
. ·-1 . 
motions (500 = 700 em. ) are expected. Of all the 

. synunetries possible for the Yz4 -molecule, only for Td ( tet·ra­

hedral) and D4h (squar·e-planar) woul:.d there be· J.ust one 

infrared~acti ve 'bond stretching fundamental. The infrared· 
. ·-

spectrum also allows the distinction·to be made between 
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these two symmetries since a Td mol~cule wou~d have one 

bending mode that wo~ld be inf~ared active while a n4h 

molecule would have two o As two are observed for XeF·4, 

the n4h mo~el is the pref~·rred one o Strong support for 
/ . 

this is provided in the/Raman spectrum also. 
I -

The fundamental,.4ibr·ations of a n4h YZ4 mo;tecule 

5 

are described in th~ left half/of Fig. 3 as to their modes 
i 

of atomic motions,; symmetrie,-, numbering and spectral 
'/ 

activity. The a
1
ssignment .of v2 is q,efinite from the band 

contours predicted for planar molecules by Gerhard and 
. I I • 

Dennison. (±) Only ror the- out-of~plane motion, v2 , 
I . 

should there be a .. very intense Q-branch and this ·is ob-

served at 291 cm.~l The other two infrared fundamentals 

are ·then assigned without ambigu.ity. 

The Raman spectrum of the·solid also fits very well. 
-1 The. two ve.ry intense .bands at 543 and 502 em. must be. 

due to the two stretching vibrations. _Although polariza­

t1.on measurements could not be made it is quite .certain 

that the ·symmetric vibration is the higher cme because .any 

significant repulsion between fluor,ines.woui~ almost re• 

quire this·. F-11rther support for this interpretation of 

the Raman spectrum of the solid has recently been obtained 

in this la'Qoratory.* The 235 cmo-l Raman.band is assigned 

'* H. H. Hlman and L. A. Quarterman observed a Raman band at 
553 em.~ of XeF4 in HF solution. Tpis must correspond to· 
the 543· cm.-1 band for the solid. The v5 band was not .ob­
served ;.t~n ·the·--very dilute solution~'.·.· Th:f;1; -fnd1.cates that 
the higher frequency is a sharper· band in the solution and 
is therefore. the totally symmetric one. · ; 

- j 

l 
I 
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The band at 442 -1 em. : .. , if an 
i. 

actual frequency, m~st be an overtone of the inactive ~ 4 • 
' .... · ., ',i,. ·.'·. 'l''i'· 

~his gives .the vaiue of .221 for ~4 ,. but this .must .~e ·con~ 
• . • . I . . . '' ! • . • •. :·.' • • I' 'I·. 'J' • : ••••• ~·· • : .\, .t . ' .. ; '\ . 

sidered as quite doubtful and is therefore list~d in 
' }: • • •• •• •• -!-·,. I ~.:· : ' •'I : : ···; . .'. .Jl. -~; . • .. I ; I . . ·: ,:· . ..,.. I -~ • •

1 . .... • 

Fig. 3 with two question marks. 
• 1 • ·-~ • : :· I • ~ I I • l .• . ., 

The infrared absorption peaks .at 1105 and 1136 cm.-1 

may ~e S:ssi~ned as v5 + v 6 ~ .~·O.~B·· ~m. -l, ~nd v1 + ,v6 = 

1129 cm.~1. The fit is satisfactory wh~n account is taken 
,•, "'• o'· 'n,: I ' ', ',;o ·:· ... : .:• ,.o., •' I ',> •' 'I", I '!'>';":,,:, •.' •' ', .. 

of corrections needed due to vapor to solid shift of fre- . 
• , ' ' • · • ; ·, I '.,1' ,I '•, ·· 1 •• . . ... '[..• 1· , 

1 
1,:· 'I ' I . ;. 1' ,0 , 1.·:·•:. ·, ~ •' i ·: !.,.,,. ' ·.,• 1' 

quencies. 
~· ,. ~ . . 

There is one feature of the inf~ared spectrum that . 
• • '• I .' +:' ~ : 'l. I .. I • • •• ,. • '~~ .:. ! ~ I • 

we do not understand. and that is the doublet appearance 
l •••• ·' H·• ·.• ~. ·.·.·; ····; •.. •:· . I ,·. •' • •;':.: •• ' .... • .·.: ,. ':' .'•: .'· •• t· 

has been traced many times and the peaks 
. ·,t .• ' • ,·· ; ' · · . :,·.'uj ·J \ •• ·.• .. . • ·1 : , · • ' • • ~, 

of v6 . This 

reproducibly 
.•. ;• ··:. ... ,: ·, 

v -1 . 
found at 581 and 591 nm~ ~ ·~~pected is a 

triplet band with all three peaks of.about equal intensity 
• • • ,, , •, , 

0 
': ' • 1: 'I' :•'; ,;;'' , ::.: ,' •I!•• 1., ' 0 J, 0 I '"' :.' ." , ';'.',! ::• .. ~!:, ,

0 
° !:•, " , :~ ,•, 1'::• '• 0 

;. "' I •' '• , ·,• \' ·;, 'w , #·,•:••' 

and with a P-;-R separation of approximately 14 ·.cm.,.-:1 
o (4) 

' • ,:, : •.: ',',• ~: .. :,: ·,!., ';,'J~.'o'':·l·, •', '1~> ~:·;'·'',·,,.'! ·::. ,,-;•: .f': ,·.· .~. '1.' ·,·,; • :·.Y~.:.' '•' •!•:.~o·:.t• 

The observed splitting is much too large to ascribe to~-
.•··. •.:.···:.v····= ,. :1 .,·.·;·,,. .:··,· •.•. 1.,·.• •. ·••·•· ':. ···:·-:· ·.'. ,~ -~--~. 

isotopes of xenon and may be due to a Coriolis. coupling· 
:',' ' \,'1 "'•.~ l• ,' ,1, ' ....... ; ;,.\ ,r.: l;i •( .~ '., I :~ (l' !,• :'> ,_..' ~~ ·,, •l •' '',',,""';''~., •.·:' ~:· :>•:•. • •,"' ;.''o' ,,·' 

between the doubly degenerate vibration and rotation. 
I •:':, •I 'I • "., ,: ·!, ,' lo,:,' ' .. :• 'o•\'•, :•' '••: ,":•,' • f,'"':',_.! ~:.' ,.;;. •'•;'.j,'- ~· ~,',j'~•'•' .':,~~~:J" . ._:<i::··•'t ':.. 

~~e: .stru~.tur..: .. ,.of ... ~~li'4 solid !,las -~een ·~b~~~-n~d bY, 
,,_ .. ··l····\ .. ~.1:.:1:'~ .... ~-· .... ;•.-:·~_. .. · \ .. \.···:: _1,·,.:. I ~-=•:.·· .•. ··"··:. ~ . ·'·-:.·.-··-~.·- .\;,.;,.·(·•l~ ... r.·'-·:~···"~-·~, . 

. . ~~r~y .~i~f~~~t~on ... (.~~~~~.L,,a~d . ~y .~.e,~~.~o~ .. ,~~~~.~~~~i~m .d:~).· 
It has been ~found th~,t. the molecul·e . i~ square. p·lanar wi.thin 

. ·:' .. ·. \';' ... ···i·· ·.· .: ·.: . .-· .. ::- ... ·;. ~ .:;·: .. · ..... \ ... ·. •::•,, .· .. ·~ ... ~~j.· .. <'1J ··-·:: ... i'!··· ·. ·.~o.:.·' .·' ; .. ··.·.··.;,"'; 

·confir.A'lat.ion 9f. th.e square planar 
"',,'I •,, ~ l,ot ~i ,' ,: :·,:.. ···,. • ·•, .. ·:. :·~.4..'.'•. J.i'· ' 1 ~/_t.'.:_. ;.". • .lj''·'~j.~ ·~{·•:-'. 

'' 

experimental erroro 

molecule in the vapor ·phas.e hat? been obta:tned by elec.tron 
• .···.:·.,,··•'• '• ,' . ' ·.·:· ';, •,,,·:' ~·',/';.::, .. :;·, .,.· .. ·.~. ::')J"·: .. "'···•;~•'l_i':' ,f.\,. , .. 1', ••• 1 ~·'•·, ~·.:\.·.~ •J:J ···~~ .~~ ¥;·~,,..:· ;.\f:':'' .' ·>,!:·.'' ,1.',•1:,-':J '\j',;, 

diffractfono . (9) 
·P·:j 'J'::.:.···:··:·~ ... . :l'._,, ·~.;:~· : (~:·T··:~; .. : . 

Several theoretical· discussions. (10,;11.) ·~ave stated 
.·.~ , .. ,, '~ ... :., .... s.. !r:···-·--.~-~ ·~; .. '·:~·~:.!. ·····:1:. .. ·.~ ... :.;,. :.·' ·~·:"f:.;;:.•h·., ..... :·.-:,;:-:. rJ ~~·;i• ····~·~~ ~:~;':"<t.r•, ', ...... P .: ... ·· .l: '.',! .:: -~ ·.·. 
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that the square planar model best fits the theory and one 
! ' • : ;1: •,··: :''. •' ' ' ' .. •'· .- ·I ' '· .:'ot;•l,,~!•' ~· ;~: .' '. ,, ·" .. ;·,•, ·:· .; .'' .... ~: 'I'',;'' .. · •• • ••. ~ .• _:. 

of them (10)· suggests that t~e molecule could possibly be 
.•! t\ ':·'···~.····.'·:'··· ••• ;:.·11.·" 

distorted by coulomb repulsion. Therefore, it seems 

interesting to question whether the vibrational data 

require an exactly planar molecule· or whether the "ring": .. 

of fluorines might be slightly puckered. If the latter 

·were true the_Raman-acti~e v5 woul.d b~ i?frared-active, 

~uta slight distortion would, of course, result in a·vei.-y 

weak infrared band. One can set a rough upper limit to 

the amount of possible puckering if one looks at the in­

frared spe~trum in the region of so2 cm.-1 and makes the 
-·· 

plausible assumption· that the rate of change of bond moment 

with stretching is approximately the same for v
5 

and v6 • 

~he result is that ~~ up~~r limit ~an b~ set f~r deviati6n 

of the Xe-F bond from the plane of a1?out.0.5 degrees, or . 
'o"·, . · \: .. 

fluorine distances of 0.02 A. from t~e plane. 
. ' 

The Q-R ·separation of ll ± .1 em. -l·: in the 291 cm;''"'1 
. . ,· . . 

band can ·'be used to .:calculate a bond length. This gives· 
0 

1.85 ± 0~2 A. for the·Xe;;.F bond, in good.agreement with 
0 •.. • .. · .... ,.· ... 

the value of 1.9lt. A~>· for 'the vapor obtained fr9m electron: 
·. ::: 

dif'f'ra.ction. C2.L .• Sirice :the value of v 4 is uncer.t~in, we· · 
,,.·. ..... ·· .. · 

have not calculated thermodynamic functions. 

XeOF4 .~=Figure 4 is::' .. a tracing of the infrared sp~ctrum 

of XeOF4···vapor and Fig·~·-·.5 is a photograph of t}le.Ramari·~·.·· 
. : ~ ;. ·~ 

spectr~m of_the liq\iid~ ·The intens~ absorption b~l)d. at 

928.2' -~.~.~ .. ~1 .:for the .. vapor .and" the. peak at 919 .cm.:·~1 1n ,.the 
• \· • •• :· • • 'I. • ···~;. •• ' •. • • • • • . • 
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Raman of the liquid must represent a Xe = 0 stretching 

motion. The high vaiue·of this frequency rules out the 

possibility that the 0 is bonded to both Xe and one of 

8 

the fluorines. Rather, the valence of the.Xe is six, and 

the most likely molecular symmetry then is c4v, which is 

adequately verifiedby the spectra. The right. half of 

Fig. 3 gives the spectral activity, our·assignments, the_ 
. . . . 
species and schematic indications of vibrational motions 

.. 
~ 

of XeOF4 assuming c4v symmetry. The XeF4 part of the· 
·- _._._ 

molecule is drawn in the figures as plane although the 
... 

symmetry does not require thiso The two Raman bands with 

no counterparts in the infrared must be assigned to b 
\;: . 

species, and can be identified with v4 and v5 by comparison 

with corresponding motions in the XeF4 moleculeo The 

polarization scans indicated that both 919 Cmo·~l and 566 

em. -l are polarized and. therefore must be assign~d to al o· 

The identical and distinctive shapes of the infr~red ·b~nd.s: 

at 928.2 and 288 cm~.,;,l i~dicate that they b~long to the , 

same species, so th~·' 288.cm •. -l is .assigned .. ;:.also to a1 • 
. .I.· '•,' 

The 566 ·{a1 ~ is the most .. intense Raman b~t,ld and probably 

has its infrared cou~tei'part at 578 cm.:~l, where its ;harp 

Q-branch is seen on the side of an ·intense ,band. It .:is . 
. '· 

the weakest of the infrared fundamentals. 
.. ·. ;.· 

The two other strong infrared .. bands then must be e 
·. '. 

fundamentals 0 They are: .. assigned as. v7 and· v8 b,ec~use. Vg ; 
. :. ' ' ~ . ·• , •. I; 'o;,' • ,: • ·.'' •J:. 

is-expected to be lower ·in frequency. This leaves v6 _an(i 
. ·. ·, , . .,. '· ~ '. .. ' 
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v
9 
undete~minedo The former may be described as an "F4 

ring puckering" motion that is probably very weak in the 

Raman effect; the corresponding motion ,in XeF4, v4, is 

inactiveo A search was made for ~ 9 betwe.en 100 and 200 
-1 . . 

em. in the Raman spect:t:>um. The scans are not shown in 
. ~. ·. 

Figo 5 becaMse no ba~d was found. It may be expected to 
i 

·. '. 

be very weak in the Raman-because the corresponding 
.. 

vibration in XeF4 i~· active only in the infrared. When 

v9 ha.s been obtained by extending the infrared study to 

lqwer frequencies, and the heat capacity of XeOF4 has ';bee.n 

measured, it should be possible to calculate an approxi-

mate value for v6• 

Three weak bands in the infrared and one in the 

Raman may be assigned as combinations.. The infrared bands 
. 1 

at 1186, 1156.and 735 em.= are assigned as v2 + vT= 1187 

(E), 2 X v2 = 1156(Ai) and 2. X va = 724(Ai+Bl +B;). The . 

last one is also close to expected· values for --·~7 i-. v
9

. ;- . 

(A1+A2+B1+B2 ). and v5 + v6(A1).. The weak Raman band. at 
.. .. .. /. -'·"·1 :.... . . . . .. . 

818 em.- "is assigned as. v3 + v5 = 816(_B2) •.. 

Comparisons of the· Two Mqlecules 
·' 

As is indicated in Fig. 3, there is a close corre~ 
... ·. 

" 

.sponde·n.ce betwe.en the vi'9rations of X~F4 · and those of . 
. . . . . . ;.• .•· ; .. - . . ·~.' . ., . . . . .~. . . . 

XeOF4. Each vibration of XeF4 has a corresponding one in 
• 0•. ' ; •• • . .. ..... . 

· XeOF4 and the latt~r. has two a~di tional· ones.. There is 
. . . . . . •', . . ; ~ 

. ·. 

only one pair, howevex•, for which frequencies can be com-.. -:·.· . ' '·· ,' 
' ~ ' ' '•I ~ • t,~ ' 

pared· directly between the two molecules b.ec~use only for 
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v
3 

inXeF4 and v4 in XeOF4 do we have comparable motions 

and each is the only vibration in the species. so that 

there are no interactions with other vibrations. For· 

this ~air we have 235 cm.~1 for sol~d X~F4 and 231 for_ 

liquid XeOF4, i.e. essentially the same frequency. Inc. 

tensity comparisons provide further confirmation for the 
; 

close correspondence. Thus v2 for XeOF4 is very strong 
·,. 

in the Raman and very weak in the infrared and the 

corresponding motion in XeF4 is allowed only in the 
.,. 

Raman spectrum. v61 v7 and v
9 

in XeOF4 are all allowed 
•:.··. 

in the Raman effect but not observed presumably because 
) 

they are very weak. The· three corresponding motions in · 

XeF4 are all forbidden in the Raman effect. 
..... 

These. ob=' 
" . 

servations indic~te .:hat the ~~F4 part of the XeOF4 has 

very nearly the same c~nfiguration as the ·x~F4 molecul,e .• 

Thus ·the 0-Xe-F ang1e must be rather near. 90~ although the 
.. ·.· ~ •. ~ : 

C 4v symmetry does not require 90° and repulsion _be.tween 

the oxygen anO. the f.luorines .could well .cause a l~rger' 

angle. 

. Fo:r;oce Constants 
, ..... 

Preliminary .. fo~ce constant calculations using a 

valence plus. interaction terms tl'pe of potential .function 

similar to that used. by Claassen for hexafluorides (12): 
o· 

gave a value of 3.00 md/A. for the bond stre·tching constant 

and 0.12 for the interaction constant between bonds.at 



-~ .. 

right angles •. The interaction constant for opposite 

bonds cannot be determined accurately, but is approxi-
0 

mately 0.06 md/A. These may be compared with values · 

11. 

given by Smith (13) for XeF2 and with those for PuF6, (g) 
a molecule that also has .fluorine bonds at right angles· 

and of comparable bond length. 

Molecule XeF4 XeF 
~ 

PuF6 
0 

Bond length 1.94 A.(8) 2.00 A.(l4) 1.972 (12) 
" -

. 0. .. .. o· .. " 0 

Stetching force constant . 3.00 md/A. 2.85 md/A. 3.59 md/A. 

Interaction constant for 0.12 0.22 perpendicular· bonds 

Interaction constant "-0.06 0.11 .-0.08 for opposite bonds 

5.-8-63/Jcw 
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·.Fi.go 1·. · Infrared spectrum of XeF4 vaporo •. Approx.1-
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.Figo 3o Vibrational modes and assignments for 

XeF4 and XeOF4o .. 
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