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THE JWlAN SPEC'THA OF SOLID XENON lTTRAFLOORIDE 

AND ITS ADDUcr WITII XENON DIFLUORIDE 

Inorganic r-t:t terials 
and ,partment 

* by Christopher J. Adams 

Research Division, Lawrence Berkeley Laboratory, 
of Cnemistry; University of California, 
Berkeley, California 94720 

ABSTRACf 

The Raman spectra of the solids XeF4 and XeF2 ·XeF4 show effects 

arising in intermolecular vibrational coupling., Assigrunents based on 

factor group analysis are proposed. 

ThTRODUCfION 

The Ramanl and infrared2 spectra of gaseou..c:; xenon tetrafluoride have 

previously mlu properly been interpreted in tern6 ofaXeF4 molecule of 

D 4h synunetry, which has the vibrational representation Alg + BIg + Azu + 

B2 + 2E. For solid xenon tetrafluoride, Claassen et aZ. 2 observed only g u, 

three Raman lines, which they assigned to fund<:i/Tlentals in the three Raman-
-1 -1 

active, gerade modes of a D 4h XeF 4 species: 543 em ,vI (Alg); 502 em , 
-1 

v4 (B2 ); 235 em ,v3 eBl ). g g , 

During recent investigations n~de in this laboratory of complex 
, " 3-5 

fonnation between xenon tetrafluoride and antimonYlpentafluoride , 

the purity of the xenon tetrafluoride used was routinely checked by 

recording the Haman spectra of the solid. The discrepancy observed 

between qur Raman spectra and those previously pUblished prompted the 

detailed investigation and analysis of the Raman spectrtml of solid xenon 

tetrafluoride described jn this paper; :included are data for the crystal-
I 
I 

line adduct XeF2·XeF4, for which no spectroscopicinfoflnation has previously 

beel,l reported. 
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EXrERJMI~'TJ\L 

Xenon difluoride was prepared by u.v. irradiation of xenon-fluorine 

mixtures (mole ratio Xe:F2 > 1:1)6. Xenon tetrafluoride was prepared by 

hcating a mixture of xenon and fluorine (mole ratiol:5) at 400°C and 
. 7 

6 aUn, a.Tld purified using RuFS by the method of Bartlett and Sladky . 

The adduct XeFZ'XeF4 was prepared by fu!?ing in a Kel-F trap an intimate 

mixture of equimolar amolUlts of the difluoride and tetrafluoride. The 

purity of the three compounds was checked by X-ray powder photography. 

Raman spectra were obtained from finely powdered sanvles packed 1ll 

thin-walled quartz capillaries of internal diameter ca. 1 nun. 1he 

capillaries ",'ere filled in the dry-nitrogen atmosphere of a VAC Dri-Lab, 

temperarily stoppered with Halocarbon grease, removed from the Dri-Lab, 

and penna.Tlently scaled by drawing dm..n in a smal] fla.llc. Ra''TIaJl spectra 

° were excited at 4880 A with a CRL argon-ion iaser (power at sample 300 mW); 

using 180° backscattering light collection, spectra were recorded with a 

Spex 1401 monochromator and a photon~counting detection system. 

RESULTS AND DISCUSSION 

Our Raman spectra of solid XeF 4 are shown in the Figure c:md enumerated 

in Table 1. Use of laser excitation exposed the region of low Raman 
I 

shift to examination, so that our spectra are more complete than in the 

earlier accowlt. The most striking feature is the observation of four 

relatively strong features between 500 and 560 cm- 1, in the I region primarily 

associated with fundamentals in Xe-F stretching modes, rather than the 

two expected for the XcF4 molecule of D4h symmetry. Since tltere exist no 

suitable' overtone or cOllluination levels to accowlt, ci tller directly or. 

.> 
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via Fenni resonance, for this mul tip] ic:i ty of lines, we bel ieve it to be 

\ due to vibrational coupling between different XeF4 molecules in the 
I 

'\ \ 
", . 

lattice, and have interpreted the rest of the spectrum from this premise • 

Xenon tetrafluoride crystallizes in the monoclinic space group P2l /n 

(isomorphous with point groupc2h ), with two XeF4 molecules per unit cellS. 

The xenon atqm sites are centres of symmetry, and there are two llon-
" i " 

equivalent pairs of fluorine atoms in each molecule. l\hile the Xe-F bond 

lengths are equal v.'i thin the stated e).-pcrimental uncertainty, the space 

group demands that the molecular syrrnnetry be c2h . A factor group analysis 

of the unit cell is presented in Table 2. Since the XeF4 molecules retain 

their centres of s}'IlUlletry in the lattice, the 3A+ 3B intenlal modes 
g g 

of the crystal derive from the gerade modes of the free molecule; likewise 

the 6Au + 6Bu internal crystal modes derive from the un;erade molecular 

modes. Oni y gerade modes give Raman -acti ve fundamentals. 

Table I shows the assignment of the observed Raman spectrulll, and the 

corre1at1on of the gerade vibrations of the discrete D4h XeF4 molecule 

with the vibrations of the bimolecular C2h lUlit cell. The lines at 551 
-1 " " 

and 543 an are the crystal B and A relatives of the molecular Al g g " g 

fundamental (554.3 an-I), corresponding respectively to the out-of-phase 

and in-phase motions of the two molecules in the unit cell; the pairs of 

lines at 506 and 503 em -1 and 238 and 216 em - ~ likewise correspond to the 

"4 (B2g) andv2 (BIg) fundamentals of the free molecule. Other features 

are assigned as lattice modes, overtones, and comhinations. As in the 

vapour-phase Raman spectrLllll, first overtones of modes with ungcy·acie flID

damcntals arc observed: the effects of inteTInolccular coupllng are again 

apparent in the observation of two lines (at 599 and 588 em-I) deriving 
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from the overtones of the A and B crystal components of the A_ flmda-- u u ,--Lu 

mental (Vz) Hhich is found at 291 cm- l in the gaseous infrared spectnlll12 • 

Changes in the relative intensities of the Raman lines between 

vapour and solid support this model. -'In the spectnun of the vapour v 4 

has about one-tenth the intensity of VI 
7 - "-I 

(Alg); that the 543 em and 

em-I lines of the solid have nearly equal- intcnsities IS consistcnt lvith 

both being fundamentals in totally symmetric Ag modes. 

The 1:1 adduct XeF2 ·XeF4 crystallizes in the space group P2 I /c, 

which is closely related to that of XeF4. The unit cell contains two 

molecules each of XeF2 and XeF4 , and each molecule (XeFZ or XeF4) is 

surrounded by four neighbours of its ohnkind and eight of the opposite 

kind. Ho\,'ever, a layer structure can be recognised with al t:ernate planes 

of XeF
2 

and XeF
4 

molecules. 

The essentially molecular natllre of the adduct is clearly supported 

by the Raman spectnun shown in the Figure and assigned in Table 1; 

details of the spectrum, however, are very different from those of pure 

XeF
4

• The lines at 548 em-I and 219 an-I, clearly identified with the 

XeF4 component, show no splitting or asyrrm~try even using slit widths 

-1 - -1-1 0.25 em; in XeF4~ these lines show splittings of _8 an and,22 an , 

respectively. It is, therefore, assumed that only one of the three lines 

at 503, 509 and 511 an-I is due to XeF
4

, the other two arising from VI 

of XeF 
2 

via intennolecular coupling. In asslgmJ1g the frequencies the 

Ag and Bg components of tl1e XeF4 vibrations are adjudged coincident. 

1he pattern of overtones and comhinations closely rcsemhJ es that of XcF 4' 

It is at fj rst sight slirpri:;ing that int"t.:l1llo1ecular vihraUol1nl 

COUpliJlg betwccil tlle XeI~4 molecules in Xef2 'XeF4 is so small that it 

- : 
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escapes detection in the Rtunan active fundamentals, since the adduct is 

closely related in structure to the pure phase; it may be due solely to 

the greater separation betweeI) the XeF4 molecules in the adduct. In 

XeF
2

·IFS no COllpUJlg of XeFZ or IrS ,vihrations is seen in tlle Raman 

10 
spectnun • 
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TABLE 1: Rar..an Srectra of ~;oJ id XeF 4 and XeF 2' Xe\'4 

XeF4 (s) XeF (g) (aHc) 
. 4 XeFZ 'XeF4 (5) XeF

2
(g) (a) 

P?/n: CZh ., D4h F2/C == C2h D 
-1 -1 -1 an-I 

«h 
CT.1 ReI.Int. Assi~llent (0) an Re1.Int. Assignment cm ReI. Int. Assignment (b) Assignment 

1093,b 0.03 v/v4 +v2/v 5 _109S,b <0.01 v/vS + v/v5 
10S0,b 0.08 v/\l4 + v2/vS 1049,0 <0.01 v /v 5 + v zlv6/v 3!v 7 

r· ... 
.\ ..... 

101i ,b <0.01 v2/v 5 +v2/vS 1008,b <0.01 v3/v 7 + v3/v 7 

i30,b <0.01 v /\' 5 +v 3/v 6 
.,":0-

(lS~ 0.07 v/v4 + 132 

599 0.27 [2 " 299) 508 0.04 [2 )( 299) 

" 588 0.18 [2 " 294) 5li6· 0.03 [2 " 293] 
J' • .. 

"-

55] 26 V4(Rg} I 554.3 vs vl(~/-- 548 1(10 v 1 (Ag}, vSCBg} 
543 100 \iJ (A;1;) 

Sflt,sh - 35 vs (Rg) } 524 rn V2(B2g) -- Sll 91 v 2(Ag), v6 (B
g

) 
503 85 vJ CAg) 

SuR 79 v7(Bg) I 514.5 VI (Eg+) 
503 88 v3(A/ ( 

4·.S 0.2:, [2 x 224] ---. 433 [2v4J 14~8 0.3 [2 x 219) vw 
430 0.2 [2 x 215) 

(.'." 

~ 

'-

',. 

I 
-...J 

,,-
I 

~6S ,i> 0.02 v3/v6 + 132 
~. 

"~.I..r 

32S,b 0.0.04 [2 x 162) . 322 vw [2v7] -- -32S,b 0.06 [2 x 163] 
". 2S3 t b 0.09 v3 + 60/74 

e!, ..... _ 

238 2. 9 v6 (R ) I 218 rn V3 CB1g} -- 219 5 v4 CAg}, v8 CBg} 
216 3.1 V3CA:) 

J32 
4.1 ) 

106 

"} 101 6.0 92,sh 

2~ 
Lattice 

80,sf. 3, . Lattice 78 Vibrations 

74 14 -. Vibritions 62 33 

60 10 --

(a) Ref. 1 

(b) Bracketed ass igJUnents are overtones of wlgerade fundarnenta 1 s. 

(c) Ungerade fundarrcnta1s of XeF4 (g): 586, v6 (eu); 291, v2 (a2u}; 216, v4 (blu); 161, v7(eu): Ref. 1 
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TABLE II: Factor Group Analysis for XeF4 and XeF2oXeF4 

CompoUI'ld --

Lattice type· 

Space Group 

, Internal vibrations 

Stretches 

Defonnations 

Lattice modes 

. Translational 

Rotational 

Raman-active classes 

Infrared-active classes 

\. 

r«-

XeF4 

Monoclinic 

P2 In = C2h 1 

2A + 2B + 2A+ 2B g g u u 

A + B + 4A + 4B g g u u 

3A + 3B 
u '.1 

3A + 3B 
g g 

Ag,Bg 

~,Bu 

XeF2·XeF4 

Monoclinic 

P2 Ic = C2h 1 

3A + 3B + -3A . + 3B g g -u u 

A + B + 6A + 6B 
g g u u 

6A . + 6B -u, u 

SA + SB 
g g 

A ,B g g 

~,Bu 

" 

I 
00 
I 
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