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A SPEC!l?F4OfjCOPIC STUDY OF OU!I!ERdPHEIB I N m A C T I O N  IN H3U02F5 c o m m s  
KEY WORTJG: IR-spectra, 1.dnincsccncc and I9F "I, complex 

uranyl fluorides 

V.I. Sergienko, R.L. Davidovich, V.1. Koatin and A.A.1Vlatstutain 

Chemistry Division, F,E. Scient i f ic  Centre, Ac.Sci. USSR, 
Vladivostok, USSR 

The data available i n  l i t e ra tum on the  vibration spectra 

of  complex uranyl compounde indicate that  the stretchirq v i m  

bration frequencies of the UO? group depend not only on the 

camposition of the ooordination sphere, but alao on the outer 

surrounding of the complex anion, The outer-sphere cation, in 

ca8e of uranyl complexes, ac t s  ae a competitor of the uranyl 

group t o  f o r m  bonds with ligand~, 

sult of decrease i n  the electron density localised on the 

U-P bonds,the etrengkh of these bonds becomes less. 

A t  ths same ti=, 88 a re- 

Vdovenko e t  al. have shown' that the Jae (no$+) frequen- 
cies found i n  the I R  absorption spectra for M2UO2Cl4 comple- 

x88 regularly decreaae with I+ size  increme, 

t i o n  role i n  uranyl complexes of other compositions, parti- 
cularly i n  fluoride complexes, are practically absent. 

Data on ea- 

The present communication cite8 the investigation re- 

su l t s  fo r  the influence of outer-sphere cations on the spect- 

r a l  characterist ics of complex uraayl fluozides with an 

I UO F composition, the methods Used being IR-~pectros~opy, 3 2 5  
lwniniscence and '9.~4 NMR, 
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SERGIENKO, DAVIDOVICH, KOSTIN, AND MATSTUTSIN 

dependenoe of the asymmetric stretching vibration 
2+ 

frequencies of the U02 -group in M3tJ02F5 oomplexee on the 

For alkaU metal catiom the dae values satisfactorily cor- 

respond t o  a 6mooth curve. However, the 

s i z e  of *he outer-ephere cation has been scrutiniced before. 2 

(UO?) frequen- 

es values found i n  the IR-absorption spettsa of Y,UO,F, 

C 

(IT. Trina js t i i :  

wInstitute "Rudjer EoSkovi6". Zaqreb, Croat ia ,  

bYugo sl avi  a 

RADICAL ANIONS 

t 

U 
In this note  w e  wish t o  r epor t  our calculations of t h e  

spin dens i ty  d i s t r i b u t i o n  In t he  seve ra l  hydrocarbon 

radical anions using t h e  "ha l f -e lec t ron"  SCP MO 

[va r i ab le  be ta ]  method o f  Dew&'**. 

c a l c u l a t e s  t h e  energy of a system I n  which t h e  unpaired 

e l ec t ron  is replaced by two "ha l f -e lec t rons"  of the 

o p p o s i t e  s p i n .  In t h i s  w a y  one has t h e  pseudo closed- 

s h e l l  system a t  equi l ibr ium geometry and t he  resulting 

1 

B 

8 

s 

a 

C 

This  method 

a 

a 
energy [E] d i f f e r s  f r o m  t ha t  [E,] :;iven by Roothaan's 3 

V 
pFoce?ure only f o r  114 Jmm 
9 
R Eo = E - 1/4 Jmm 
d 
,-$&g~&+,$ a ~ ~ ~ R " ~ S d e ~ ~ ~ t h ~ c t ~ o n  due t o  the murious 

Ih the general case, the possibility of H-bond formation 

i n  complex uranyl colapound6 w i l l  depend both on tbe electron- 

donating properties of coordinated UganaS and on %he eleotron- 
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accepting properties of the cation. 

these bonds w i l l  depend on how pronounced these properties 

are. It is known that fluorine, oxygen, nitrogen and chlorine 

atom are capable t o  form the strongest H-bonds ,  the given 

order of the elements indicabing a corresponding decrease in 

the above-mentioned abil i ty.  Taking this in to  account, one 

may expect t ha t  the role of H-bonds i n  outerslphere inter-  

action w i l l  be a l ight  w i t h  chloride complexes, Indeed, the 

observed frequenciea i n  the IRdpectra of %U02C14 cor- 

re la te  well with the ionic radius of M'.' 

The s t a b i l i t y  of 

On the other hand, the outer-sphere interaction role of 

H-bonds i n  complex uranyl fluorides sharply increases. 

the values of 3, frequencies found i n  the spectra of com- 

plexes with complex cations practically do not correlate 

with the catdon size* 

Hence, 

At first sight, it may Seem that the cation effect  i n  

complex uranyl fluorides is of  different nature f o r  simple 

and complex cationa. However, i n  rea l i ty ,  this is not true. 

Inasmuch as the cation influence is connected with the trans- 

f e r  of  eleotron denelty from the coordinated Uganda onto the 

cation, one may naturally expect that the thua acquired elec- 

tron should occupy the lowest W i l l e d  atomic orbital of the 

cation. The depfh at which the orbi ta l  Ues  depends on the 

nature of the l a t t e r ,  anB i s  determined by the cation-to- 

electron affinity. For a3hali metal cations, the cation-to- 

electron affinity reduces with passing from t o  Cs+, and 

tbs ionic radius of these cations increases i n  the same se- 

ries. 
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SERGIENKO , DAVIDOVICH, K O S T I N ,  AND MATSTLTTSIN 

I n  the case o f  complex cations, the cation-to-electron 

-to-eleatron pair) a f f in i ty  does not correlate with their (or 
s i t e s ,  and is determined solely by the nature of ths cation 

itself. In the case when the oation is not a strong elec- 

t ron acceptor, its influence on the many1 complex I s  S l i g h t ,  

and the values of the 3 ,  frequency shall f i t  in with the I 

muwe plot ted fo r  cations 09 alkali metals. If, on the other 

band, the cation contains considerably "a tripped" profom, 

then i ts  affinity t o  the electron will be great, and its in- 

fluence on the spectral  and geometric (possibly also mague- 

t i c )  characterist ics of the uranyl complex w i l l  coxrespond- 

ingls r i s e r  

It should be expected that the sens i t i v i ty  of uranyl 

complexes of various contpoaiticms t o  the influence of the 

cation w i l l  be different  and w i l l  be determined by the pro- 

p r t i ee  of the coordinated Ugands. Tbis ahould be eepeoi- 

a l l y  perwptible  i n  complexes with complex oations, since the 

main path for  the electron aSnslw t ransfer  in such compound6 

is the H-bond, whose strength depends not only on the proper- 

ties of the cation, but also on the electronegativity of the 

Uganda, 

Cs3U02F5 and (R3NH)$J02F5 oomplexes are rather notable In  

this plane. In chloride complexes, substi tution i n  the outer 

sphere of the Ca+ cauon f o r  R3& leads' t o  an increase of 

sas (UOg+) only by 1 om"', 

fluorouranylates is accompanied by a 68 can' frequency shift 

i n  aqnmetric stretching vibrations (see !Table I ) ,  

The absolute magnitude of outer-Piphere interaotLon, 
expressed through a shift i n  the 3 ,  (UOg+) frequency with 

The I R  absorption s p o t r a  fo r  Ce,U02C14, (B3NX)2UO$4p 

A similar substitution in penta- 
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SERGIEWKO, D A V I D O V l C H ,  K O S T I N ,  AND MATSTUTSIN 

substitution of one cation for another dependa on ths nature 

of the ligaeds not only i n  the c8se of complex cations, For 

example, substitution of Na’ for Ki i n  the outer sphere of 

acetate many1 c o ~ l e x e s ~ ’ ~  is accompanied by a shift in 

3 as by only 4 C I U ~ ’ ~  i n  the case of chloride ooplplexes, the 

shiFt is eqnal t o  circa 16 cmc/’; and with pentafluoSoura- 

nylate complexes - the passing from Na3U02B5 t o  K3TJO2Y5 

lea& t o  a decreaae i n  Sae (no$+) frequency by 19 c~I-’. 

!be studies oonducted f o r  long-wave IR absorption spectra 

of M ~ U O ~ F ~  c0mpleres2~3 allow us t o  trace the influence of tbti 

cation directly i n  the frequencies of the stretching vibra- 

t ions  of U-I? bonds. It follows from Table 1 that the 

frequencies in the seriea K3U02F5 - Rb3U02F5 - Cs3U02F5 dea 

orease, though the nature of the sas (TJOF) change implles an 

increaae of dw i n  the seriee, Apparently, this behaviour of 

tb stretching vibration frequencies i n  U-F bonds of M31J02F5 

(Y - K, Rb and CS) i a  connected with the increase of the ca- 

tion mass forming a bond with the coordinated fluorine atoms. 

An analysis of the I R  absorption speatra for M3U02F5 com- 

plexes with outer-sphere complex cations, whose interaction 

with the anion ie achieved by way of H-bcmd~ (hence, the ca- 

tion mass does not play an essential role), shows quite a clear 

dependence of the 3 ,  frequency on the degree of the cation- 

anion interaotion. Thus, for emmple, the U-F b a d  stretch- 

ing vibration frequency found in the (R4I!I)$JOZF5 absorption 

spectrum3 (the oation-anion interaction is quite weak) was 

383 CC’; the 3, frequency Tlalue fe the < N H ~ ) ~ I J O ~ P ~  spectrum 
(with a considerably stronger cation-anion bond) w a s  

24 
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OUTER-SF'IIERE INTERACTIOK I N  M-110 ,F COIMPLEXES 
> >  

344 cm-'; and the same value for the (R3BH)3U02F5 complex 

(with the strongest cation-an;lm bond) was found t o  be even 

lower3 -- 348 cmR1. 

Using the mthod of V.P. Vdovenko e t  alO6, we wide 

quantitative evaluations of the changes tha t  took place i n  

the M3U02Fs complexes as 8. resu l t  of the change in the in- 

tensi ty  of the outer-sphere cation-anion interaction. The 

calculation resu l t s  eze cited i n  Table 1, showing the maximum 

bond order a l terat ion for U-0 bonds i n  the aorutiniced penta- 

fltaorouranylates t o  be 0.27, the change i n  the bond order of 

U-F bonds being only 0.108. Naturally, it is rather diffi- 

c u l t  t o  record such slight changes by meam aP Pibrational 

spectroscopy. 

To obtain direct  information concerning; tbj character of 

the U-F bonds i n  M3U02F5t we used ths M M R  xaethod. The "F 

IWR spectra for the M3UOzF5 complexes (M - K, Rb, CLP and NE,+) 

were rather aymmetrical. 

i n  respect t o  F2 me ci ted i n  Table I, which shows that S F  
has the  loarest value with Cs3U02F5, and gradually increases 

when passing over t o  Rb3U02F5 - K3U02F5 - (NH4)$J02F5 (%he 

resonance signal shifts t o  the high f ie ld) .  

that  the uranium-fluorine bond possesses the greatest cova- 

lency i n  Cs3U02F5, and the least in (~,+)3U02F5, 
quently, the I9F NMR data fu l ly  corroborate the conclusions 

based on the IR-apectroscopy studies concerning the nature 

of the al terat ion i n  the extent of the c a t i o n d o n  inter- 

actions i n  M3U02F5. 

The chemical shifts (A,), ~ 8 8 u r e d  

!&As fac t  proves 

Come- 
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SERGIENKO, DAVIDOVICH, KOSTIN, AND MATSTUTSIN 

A defini te  connection between the values of sas (UO?) 
and sF is apparent from Table I, 

imply that this dependenoe w i l l  be of a quadratic nature. 

However, since the number of experimental points is not great, 

an& they apparently lie far from the parabola peals, their po- 

sitions &re well expressed by the linear relationship: 

SF = 1.36Jaa - 726, 

General considerations 

It was a lso  of in te res t  t o  traoe the influence of outer- 

aphere cationa by luminescnncc epectra, eince tb l a t t e r ,  

apart from giving data on the vibrational structure of the 

main eleotronio s t a t e ,  ale0 give evidence conoerming the exci-  

ta t ion energy of the uranyl complexr 

The luminescence spectra recorded a t  77% for M UO F 3 2 5  
complexes appeared as 3 or 4 group of equally separate4 

linea. The frequenciea of symmetrio an8 asymmetric stretch- 

i n g  vibrations fo r  uranyl m e  known t o  be7 l i n e a p l y  dependent, 

and i t  is obvious t ha t  the 3,(UO:+) shifts observed i n  tbs 

~uminisoence spectra are  s p b a t i c  in respect t o  $,(I@+) 

shifts. 

'Phe most interest ing resu l t  in our study of ths lurnines- 

mnce spectra of pentafluorouranylatee is, t o  our mind, the 

regularity in the shift of resonance f'requenoy t ranai t ion 

(nteV, n*,,*) with change i n  the intensi ty  of the cation- 

anion interaction. 

series C8 UO F - Rb UO F - K3U02F5 - (NH4)3U02F5, i . 6 ,  t&e 

change i n  the 3, frequency value ooincides, i n  respect t o  

sign, wLth the a l terat ion of the atretcbing yibEation fre- 

quency in the uranyl group and with the a l te ra t ion  of hF . 

A 8  Been from Table ?, do increases i n  the 

3 2 5  3 2 5  
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CIUTEP-3PIIERE INThhACTION IN M [lb9F5 CvVJPLFXES 
3 i  

It is noteworthy that the  3 ,  shift with passing from one 

cation t o  another ia much higher than the sbif't i n  the  f re -  

quencies of 3,(UO$+) and $,(UO$+). 

higher s ens i t i v i ty  t o  the outer-aphere in te rac t ion  of the 

pure electron transition frequency as compare6 t o  s t re tching 

!f!hi8 indicates t o  a 

vibration frequencies. 

We presume t h a t  the  3, frequency Shift i n  the ~ r ~ n i r - s c - n c -  

spectra for b13U02F5 complexes is conneoted with ths r i s e  i n  

the order of uranyl bonds, leading t o  an inarease i n  the exci- 

t a t ion  energy of the  anion, i.8. t o  the increase of the energy 

needed t o  t ransfer  the eleotron from the bonding molecular 

orbital  t o  the antibonding molecultu orb i ta l .  
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