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SPECTROSCOPY LETTERS, 3 (2) 35-42 (1970) 

IR-SPEC'I'RA OP M2UO$4*H20 C0MPI;EXES 

EEY 30RDs: IR-spectra, uraayl fluoride complexes 

V . I .  Sergienko and R.L. Davidovich 

Chemistry Mvision, F.E. Department, Siberlan Branch, 
Academy of Sciences of the  USSR, Vladivostok, 

U . S  .S.R. 

T b i s  work is devoted to  the study o f  Xb2UO$4*H20 

and C S ~ U O ~ ~ ~ * H ~ O  IR-speclra with the aim of obtaining a set  

o f  vibration frequencies characterizing M2U0$4*H20 complexes; 

elucidating the role and nature o f  water bonds in the  struc- 

tures of the aboveaentioned compounds; and receiving pre- 

liminary information on the s t ructure  of M2U0$'4*H20. The 

investigated compounds were synthesized in accord with OUT 

previous paper 1 . M2UO$4*D20 and MaUO$?4.'ID0 were ob€ained 

by recrystal l iz ing M2U02P4*H20 f r o m  D20 and HDO respectively. 

The IR-spectra were recorded with the aid o f  "UR-20" 

( C a r l  Zeiss Jena) and ctIKS-12t' spectrometers; the latter 

was supplied with a CsI prism. Both suspension i n  w u t e  mi- 

neral o i l  and moulding of discs with lcBr were applied 88 me- 

thods for sample preparation. The frequency values found in 
the spectra and their respective assigings are c i t ed  in 

Table I. 

BS is generally known, the uoZ2+ group asymmetric 

stretching vibration frequencies, found in  the uranyl com- 

plex spectra, l i e  i n  the 830-1050 cmol raage. 

sive 870-890 em4 bands in  the B62UO$4*H20 spectra are 

The inten- 
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V.1. SERGIENKO AND R.L. DAVIDOVICH 

-signed to the 9 =(UOz2+) vibraeous. 
banda in the above-said M2U02E;C*H20 spectra range are not 
observed. 
c ies  i n  the h12U02F4*H20 spectra are considerably higher 
than the corresponding frequencies i n  the pentafluoroura- 
nylate spectra (855 and 847 cm-' f o r  Eb3U02p5 and CS+JO$~ 
respe~t ive ly )~ ,  which is indicat ive of the strengthening o f  

Other intensive 

It i s  noteworthy that the ?aa(UO 2+ ) frequen- 2 

the U 4  bond at  M3UO~s=todd2UO~4*H20 transfer. 

TABIX I 
Frequencies (cm") found i n  Rb2UO$4-H20 and CS$JO$?~*H~O 

IR-spectra a d  their assigpments 

203 VIR 
219 w 
224 81 

232 vw 
288 s 
322 w 
384 s 
448m 
y18W 
727 w 
814 w 
890 9 

1689 m 
3330 s 
5- 

5530 8 

C s~UO$?~*H~O 

192 vw 
'198 w 

216 w 
223 w 

281 a 
320 w 
380 s 
437 m 
557 w 
720 v 
814 w 
889 s 
879 s 

1682 m 
3290 s 
3380 s 

3530 9 

8 (UO22+> 

s - strong; m - m e d i u m ;  w - weak; vw - very weak.  
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IR-SPECTRA OF M Z U O ~ F ~ . E € ~ O  COMPLEXES 

An interesting feature o f  the M2U02F4*H20 IR-spectra 

is the appearance therein of the U022+ symmetric stretch- 

ing vibration frequencies. These frequencies a r e  presen- 

ted i n  the Rb2UOg4*H20 and C S ~ U O $ ~ * H ~ O  spectra by very 

narrow bands (A 
8pce of 3,(U022+) in the uranyl complex IR-spectrum may be 

caused by the symetry violation of the urangl group force 

field, this, as a rule, being due t o  the low symmetry 

ei ther  o f  the UO2'" equatorial surrounding or of  the com- 

plex crystal la t t ice .  

 he far m-spectra ( 4  K X )  a='') of R B ~ u o ~ ~ * ~ ~ o  and 

C S ~ U O $ ~ - ~ O  contain intensive bands at 384, 288 and 380, 
2 281 an'' mspaCt iV8 ly .  

the 384, 380 ano' bands are assigned t o  the stretching Vi- 

brations of the U-F bonds, while those a t  288, 281 cm-' t o  

the bending vibrations o f  the U022+ groups in the said Oom- 

pounds. 

the M$10.$4*H20 spectra a r e  located in  a higher frequency 

range compared to 3 (Up) found in H3UO$5 spectra, and this 

indicates a certain strengthenbg o f  U-F bonds i n  ?d$JO&H20. 

evaluate (by J o n s s r ~  method) the force constant FUo, which, 

in turn,  allows to obtain several other characteristics f o r  

the urapyl group and U-I? bonds. To calculaee the 0-0 bond 

order (so> and its length (%*I, the fomulae FU,=3.33n - 
0.73 and Rue= R., - log n were useda4 The results are shorn 
in Table 2, wbich,with comparison in view, also cites the 

= 3 - 5 at-') a t  814 am-'. The appear- 

By analogy with OUT previous work , 

It should be noted that  the d (Up) frequencies fn 

I[nowing the values of d S  and 3, i n  UOZ2+, one can 
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g 0 2 

P,,(mdSn/A) q&) %* %I? compound 

6.40 1 0739 2.14 0.430 

6 0 0 l  1 0764 2.02 0,392 
Bb2u0$4*%0 

Hb3u095 

Comparison of the calculated Fuo, and p\lo values 

for Rb2U094*H20 and Bb3U02p5 allows us t o  infer considerable 

strengthenFng of the uranyl p u p  bonds with less fluorine 

atoms involved in the complex ion. 

is apparent from T a b l e  2 that the U=F bond order c h q e s  

insignificantly. 

spectra show several low-intensity bands. However, the i r  

assignment is extremely difficult. 

On the other hand, it 

The 180-250 cm-’ range of the %UO$4*B$ 

’Phree bad&? o f  approxLmatelg equal intensity 81)e ob- 

served i n  the M2U094a%0 spectra in the water stretching 

vibration range. 

frequency shift ( $H/~F I+ - 1-36). ‘pbeir s m a ~  ILZLIZ- 

width and relatively high 4 (H20) values indicate the ab- 

sence of strong H=bond i n  M2U09rc*H20. H-bond energy as- 

sessment f o r  these compounds with Sokolov’s method giws 

A t  deuteration the said bands show a low- 

5 

2.5 - 4.0 k C a l / m o l *  

To elucidate the nature of the water bond in *he in- 

vestigated complexes, IR-spectra f o r  M2U024*D20 and 

M2U024.HD0 mere obtained. The frequencies found in the 
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IR-SPECTRA OF M,U0,F4*H20 COMPLEXES 

Rb2U02F;c-D20 and Rb2UO$4*BDo* spectra in the stretching v i -  

bration range for the OH and OD bonds a m  c i t ed  in Table 3. 

4 (OH) 4 (OD) 
I 

E&zUO$4 H20 R b 2 U 0 g 4  H W  Rb2U0 s4* DzO Kb2U02p4 HDO 

3530 3520 2610 2620 
3- 3380 2500 2520 
3330 2445 * & 

Cs2U02F4.D20 (HIX)) IR-spectra are identical. 

39 

The number of  bands in the OH (OD) range o f  the s t r e t -  

ching vibrations i n  the half-deuterated hydrate spectrum, 

as i s  generally known, determines the number of  vBIzlous h w  

myyl groups i n  the compound. The study of the halfiieute- 

rated hydrate absorption spectrum allows, likewise, to di- 

vide the fundamental vibration bands and their  overtones. 

Since two bands a m  obsemed i n  the M2UO$4.BDo spectra 

stretching vibration OH (OD) range, it was inferred that  

the compounds studied contaiB two different types o f  OR 

groups ( o r  two kinds of  water molecules) t o  which the 3530 
and 3400 an4 bands correspond i n  the Rb2U0.$rC*H20 spectra, 

and the 3530 and 3380 cm-’ bands - Fn the C S ~ U O $ ~ * H ~ O  

spectra respectively. 

iB the speatra of these compounds belong t;o the overtone of 

the bending vibra-ans, i t s  intensity being strengthened as 

a result  o€ the F e d  resonance. Bending vibrat ions,  dis- 

covered in  the M2UO$4*E20 IR-spectra, possess unusually 

The 3330 and 3290 cm-’ bands found 
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V.1. SERGIENKO AND R.L. DAVIDOVICH 

(for crysta l  hydirates) high frequencies: I689 and 1682 cm? 

The appearance i n  the 4UO$'4*HD0 IR-spectra of two 

OH-bond stretching vibration bands may be explained in two 
ways. 

vibrations o f  two different kinds o f  water molecules, dif- 

fering, f o r  example, i n  H-bond energies, o r  SLtuated diffe- 

rently i n  the crystal  la t t ice .  On the other hand, those 

On the one hand, these bands may correspond t o  the 

bands m s g  correspond t o  the syrnmctdc and aspmetric stret- 

ching vibrations o f  H20 in M2UO$4.H20. 

natLon, however, seems less probable. It is generally 

known6 that if the H20 molecule forms asymmetric H-bonds, 

then this leads t o  a very strong increase of  theA=(da=ds). 

In the case o f  M$JO$4.H20, the distance between the spect- 

rum components ia 120-l% cm-' (theoretical& 110-115 czn-'), 

from which follows that ,  i f  the 3530 (3530) and 3400 (3380d 
bands in  the M2UO2F4.H20 s2ectrum correspond t o  the symmet- 

r i c  and asymmetric stretching vibrations of  the water mole- 

cules, i ts  OH-bond load is practicsllg the same and, conse- 

quently, one OH stretching xibration band should be observed 

i n  the half-deuterated hydrate spectrum. 

'phe second expla- 

Thus, the appearance o f  OH (OD) stretching vibratioz 

bands in the M2U0$4.HW spectra i s  i n  all probability con- 

nected with the aresence o f  two kinds o f  water molecules in 

the M2UOip4.B20 compounds. 

Besides absorption bands, belong- to the stretching 

and bending vibratioas o f  water, low-intensity bands, p a %  of 

which art displaced (dH/Jf1336 - 1.38) a t  deuteration, were 

discovered i n  the 400 - 800 cmoq rwe of the N 2 U O $ 4 0 ~ 0  
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IR-SPECTRA OF M2U02F4’H20 COMPLEXES 

spectra. rPhese bands obviously correspond t o  the  tors ion 

vibrations o f  water. The appearance of these vibrations 

in the c rys ta l  hydrate spectra  is possible7 only in  the 

case of “r&gid” fixation of the H20 molecules i n  t h e i r  

s t ructure  e f ther  by means of  strong H-bonds, o r  coordina- 

tion of the water molecules t o  the metal ion. S t r i c t  as- 

signment of r (H20) frequencies is hnmpered. 

flakagawa e t  ~i l .~,  the high-frequency band in the $2UO$4.%0 

s p e c t r a  i s  ascr ibed  t o  rocking v i b r a t i o n s ,  and the low- 

frequency band t o  the  wagging v ib ra t ions  of the water 

molecules ( see  Table 1). 

According t o  

The study of M2U0.$4*E20 IR-spectra allows s t a t i n g  

certain considerations on the  structure of complex enions 

involved i n  the c omposition of these substances. 

The presence in the  M2U0.$LC*H20 spectra of  bands 

caused by l ibration vibrations of water molecules may serve 

8s evidence of the coordination of H20 molecules t o  U0,2+. 

The poss ib i l i ty  of these vibrations appeariag on account o f  

strong H-bonds i n  M2UOaP4*H20 falls away due t o  high (H20) 

values. If the water molecule in M2U0g4*H20 i s  considered 

coordinated, one m a y  assign the 448 (437) cm-’ band, which 

p r a c t i c a l l y  does not d i sp l ace  a t  deutera t ion ,  t o  the s t r e t c h -  

ing v ib ra t ions  of U-OH2. The high value o f  t h i s  frequency 

proves the  s t rong  f i x a t i o n  of H2@ i n  the coordinat ion sphere 

of uranyl .  

T h u s ,  the  obtained data. al low assuming that  i n  the 

M2U0$4*H20 structure the coordinatdon polyhedron is a dis- 

t o r t ed  pentagonal bipyramid, whose equatorial plane consis ts  
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V.I. SERGIENKO AND R.L. DAVIDOVICH 

of four fluorine atoms and one water molecule. 

The proposed structure f o r  the complex anion i n  

M2UO2F4=H2O expla ins  both the rise of the 1,(UO2*+) 

va lues  and the  appearance of t h e  dS(UOz2+) fre- 

quency in the spectra. 
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