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It is known that the hexafluorides  of molybdenum,  tungsten, and uranium a r e  ex t r eme ly  sensi t ive  to 
m o i s t u r e  and a r e  read i ly  reduced by var ious  organic  compounds.  In this work we studied the reac t ions  of 
the hexafluorides  of these  meta l s .  Acet ic  acid and its halo der iva t ives ,  in pa r t i cu la r ,  t r i f luoroace t ic  acid,  
a r e  of specia l  in te res t  in this r e spec t ,  s ince  they p o s s e s s  sufficient  s tabi l i ty  to oxidizing agents .  

E X P E R I M E N T A L  

Anhydrous acids we re  used in the work: CH3COOH with mp 16.5 ~ bp l17.5-118.5,CF3COOH , r e d i s -  
ti l led twice over  1:)205 with bp 70.3-71.2 ~ (740 ram). MoF6 and WFs were  produced by fluorination of the c o r -  
responding meta l s  with e l emen ta ry  f luorine in a quar tz  r e a c t o r .  L iF ,  NaF,  KF, RbF,  and CsF were  high 
quali ty.  

All the work  was conducted in a d ry  box (dried with 13205) in an a tmosphe re  of nitrogen; the vesse l s  
used for  the reac t ions  and the supply l ines were  made of Teflon, polyethylene,  and quar tz .  

React ions  of Hexaf luor ides  in Anhydrous Acet ic  Acid. The dissolution of molybdenum and tungsten 
hexaf luor ides  in CH3COOH was accompanied  by a t e m p e r a t u r e  r i s e  of the solution to 40-60 ~ The solution 
obtained was co lo r l e s s ,  and did not fume in a i r .  The interact ion of the components under considerat ion 

TABLE 1. In terac t ion  of MF 6 with CH3COOH 

Hexafluoride 
Sample 
weight, g 

Amount of CH3COF, g Amount of HF,g 
I 

found [calculated found calctflalmd 

6,28 i,86 [ i,85 0,60 0,63 
I 

MoF~ 

WF~ 5,46 2,27 2,26 0,7i 0,73 

UF~ Acetylfluoride detected 

TABLE 2. Resul t s  of Chemical  Analysis  of the Isola ted Salts 
I Content of metal of 

Content of K,% Content of F,% group VI, % 
Compound 

found~ calculated found calculated 

KMoOzFa t7,6 
K~WO2F~ t9,9 
KeUO~Fa t7,3 

17,41 
2t,08 
18,35 

found calculated 

51,6 42,85 
48,3 49,73 
53,2 56,2 

24,9 
21,6 
i8,6 

20,98 
20,54 
i7,9 
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TABLE 3. Chemical Analysis  of the Solid Phases  Formed in Reac -  
tion (4) 

Proposed formula M 

CFaCO2Li- 2UF5 
CFaCO2Na. 2UF5 
CFaCO2K. 2UF5 7~05 
CFaCO2Rb. 2UF5 t0,0 
CFaCO2Cs. 2UF5 115,4 

Found,% 
u 

from 
a+ total UF s 

29,8 60,6 23,0 
28,6 59,0 23,0 
28,2 58,i 22,8 
25,8 56,0 22A 
24,7 52,5 20,8 

total 

3i ,4 

3~,4 
28,6 
26,0 

0,9 
2,9 
4,8 
9,9 

t4,6 

Calculated,% 

u from F 
UF s total 

60,5 24,2 3i,4 
59,5 23,6 30,8 
58,3 23,i 30,2 
55,f 21,9 28,7 
52,2 20,6 27,0 

[ur~]zcv3~azK [ur~]nr 
F~ ~ . 

2 

V6 
24h 

Fig�9 1. K ine t i cs  of  the r e -  
actions of UF 6 with CF 3 
�9 COOH (1) with an ad-  
dition of KF (2). 

occurs  according to the schemes 

MoF~ -t- CH3COOH -~ ~oOF~ -? CH3COF + HF (1) 

WF 6 + 2CH3COOH -+ WO~F~ + 2CH3COF + 2HF~ 
UF 6 + 2CH3COOH -+ UO2F2 + 2CHaCOF + 2HF J (2) 

The s toichiometry of the react ions was established by success ive  dis-  
tillation of HF and acetyl fluoride from the react ion mixture.  HF was trapped 
at room tempera ture  on tablets of NaF in a Teflon tube and determined ac -  
cording to the weight gain of the tablets,  while CH3COF was condensed in a 
platinum condenser,  cooled with Dry Ice (-70 ~) and collected in a weighed 
Teflon rece iver .  In addition, we conducted the t i tration of acetyl fluoride with 
alkali after  dissolution in water [1]. The resul ts  are  cited in Table 1. The 
acetyl fluoride obtained in all cases was identified according to its boiling 
point (bp 21~ MoOF 4 and WO3F 2 a re  appreciably soluble in CH3COOH; UO2F 2 
shows negligible solubility. 

Salts of oxofluorometallates were isolated from solutions of the hexafluorides in CH3COOH (which 
were  actually solutions of the oxyfluorides) when solutions of Na, K, Rb, and Cs fluorides in CH3COOH 
were added. In all cases except for NaF, precipi ta tes  were formed. The precipi tates obtained were  cen- 
trifuged and washed with CHsCOOH. From Table 2 it follows that in the case of MoF6, the react ion with 
CH3COOH in the p resence  of KF does not stop at the step corresponding to the formation of a salt  derivative 
of MoOF4; hydrolysis  goes far ther ,  since the complex compound KMoO2F4, a derivative of MoO2F2, is 
formed. For  tungsten and uranium, salts based on oxofluorides of the same type a re  obtained. These salts 
were  mentioned ear l ier  in the l i te ra ture  [2-5]. 

Reactions of Uranium Hexafluoride in Anhydrous Trif luoroacet ic  Acid. Uranium hexafluoride is r ead -  
ily soluble in CF3COOH [6]. When the solution is allowed to stand, green crys ta ls  with the composition 
HUF 6 are  isolated as a resul t  of the reaction 

2UF6 -~ 2CH3COOH ~ 2HUF8 + CF3COF + COF~ + COg (3) 

The isolated phase was subjected to chemical and the rmograv imet r i c  ana lyses , a s  well as stepwise pyro -  
hydrolysis  at t empera tures  corresponding to the hydrolytic effects on the the rmograms .  Volatile react ion 
products were identified according to the boiling points and chemical analyses.  The resul ts  obtained con- 
f i rmed the proposed scheme. Such a compound in the hydrated form HUF G �9 2.5H2Owas isolated from a solution 
of 48% HF a t - 1 0  ~ [7]; a t - 8 0  ~ the compound HUF6�9 1.25H20 crystal l ized from a solution of 80-90% HF. 

In the opinion of the authors of [7], hydrated water does not displace fluorine from the inner sphere 
of these coordination compounds, widely represented by the corresponding salts of the alkali elements.  
Unsuccessful  attempts to obtain an anhydrous compound corresponding to HUF 6 from liquid HF gave a basis 
for assuming that compounds of this type a re  capable of existing only in the hydrated form.  This hypo- 
thesis was advanced by analogy with the hypothesis of the existence of HNbF G �9 1.3H20 and HTaF 6 �9 1.5H20 [8, 
9], the anhydrous forms of which also have not been isolated. 

Such hypoth&ses a re  based on the idea of the existence of a hydrated proton in a coordination compound 
of the type of HMVF6�9 which includes the UF~" ion, which possesses  octahedral  symmetry �9  The s tab-  
ility of the anhydrous compound HUF6, isolated in this work, is low: even at 40 ~ an HF molecule is el imin- 
ated [6]. 
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Fig. 2. Thermogram (a) and the rmograv ig ram (b) of the salt  CF3CO2Na" 2UFs, taken in 
a s t ream of mois t  air :  1) simple recording;  2) differential recording.  Sample weight 
145 rag. 

Fig. 3. Thermogram (a) and the rmograv ig ram (b) of the salt CF3CO2Cs �9 2UFs; taken in 
a s t ream of mois t  air :  1) simple recording; 2) differential recording.  Sample weight 
300 rag. 

Reaction of Uranium Hexafluoride and Fluoride of the Alkali Elements in Anhydrous Tri f luoroacet ic  
Acid. The fluorides of the alkali elements dissolve in CF3COOH , l iberating the corresponding t r i f luoro-  
acetates  and hydrogen fluoride according to the react ion [10, 11] 

MF ~- CF~COOH -~ CF3C00M ~- HF 

M = Li, Na, K, Rb, Cs. 

In this case, the following dissolve in 100 g of anhydrous acid at 20~ LiF - 0.09 g; NaF - 2.61 g; KF - 2.98 
g; R b F -  7.46 g; C s F -  9.85 g. 

The react ions of uranium hexafluoride and fluorides of the alkali elements in CF3COOH were conducted 
by mixing the solutions, taking a f reshly prepared  solution of uranium hexafluoride. When the solutions 
were  poured together,  the reaction mixture  immediately acquired a yellow color,  which later  turned green.  
The react ion proceeded with an evolution of gas and precipitation of lightly colored blue deposits.  

The addition of a solution of the fluoride of the alkali element in CF3COOH to a solution of the hexa-  
fluoride was conducted until the uranium was completely precipitated.  As a result ,  phases with the com-  
position: CF3COOM. 2UFs, M = Li, Na, K, Rb, and Cs were obtained according to the scheme 

2UF6 -~ MF -}- 3CFsCOOH --~ CF3CO2M'2UF5 -]- CF~COF + COF~ ~ CO2 -t- 3HF (4) 

The kinetics of the p rocess  is depicted graphical ly  in Fig. 1. The salts obtained were identified by methods 
of chemical analysis (Table 3), stepwise pyrohydrolys is ,  t he rmograv imet r i c  analysis in a mois t  a tmos -  
sphere on a derivatograph,  and IR absorption spectra .  The the rmograms  (Figs. 2 and 3) of the compounds 
obtained were taken in air .  Considering this, we can assume a superposition of hydrolysis  under the action 
of a tmospher ic  mois ture  onto all the thermal  effects described.  To establish the tempera tures  of the 
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T A B L E  4. Wave  N u m b e r s  (cm -t)  of the  M a x i m a  of the  Bands Found 
in the  IR A b s o r ) t i o n  S p e c t r a  

Assignment 

~"as COO 

v8 C O 0  

%'as GF 

CF~COOK 

~U=O* 

VU-- 0 

VG--C 

vs f i v  

6CCO~ 
~8 CF~ 

6a* GF, 

VUF 

? 
? 

PCGFa 

6CC0~ 
Nonplanar 

accordin~ our 
to [12] ] data 

1675 

1445 

1200 
1140 

C2afiOOLl 
.2UFs 

CFaGOONa 
.2UF~ 

CF3COOK GFsCOORb 
�9 2UF~ .2UFa 

1670 

1443 

1220 
1155 

1800 

? 

1230 
1180 

J 

? 

8O5 

? 

? 

? 

5t8 

J 

? 

1735 
(16t5) ? 

? 

1235 
1180 

~I155 

826 

798 
786 

740 ? 715 
? 

? 

555 
533 

460 ? 
437 
? 

1790 
1695 

1230 
i195 
1130 

~965 
922 
903 

750 

815 

792 

715 
? 

? 

~530 

487 
462 
? 

t790 
t670 
? 

1208 
Nl175 

1093 

968 
945 
920 
900 

~740 

810 ? 
? 

? 

? 

? 

~55o 

455 
? 

4o6 ? 

*Bands of impurities of hydrolysis pzoducts. 

h y d r o l y t i c  e f f ec t s ,  the  t h e r m o g r a m s  w e r e  taken  in a s t r e a m  of m o i s t  a i r .  The  e f fec t s  ob ta ined  in th is  e a s e  
w e r e  i n t e r p r e t e d  by  the  m e t h o d  of  s t e p w i s e  p y r o h y d r o l y s i s :  the  s a m p l e  was  m a i n t a i n e d  a t  the  t e m p e r a t u r e  
of  the  ef fec t  in a s t r e a m  of  v a p o r  for  40-60  ra in  unti l  c o m p l e t e  l i b e r a t i o n  of  HF.  

The  f i r s t  e f fec t  for  the  compound (~200 ~ c o r r e s p o n d s  to h y d r o d i s p r o p o r t i o n a t i o n  of u r a n i u m  p e n t a -  
f l u o r i d e ,  which  a g r e e s  wi th  the  l i t e r a t u r e  da ta .  Then a s t e p w i s e  h y d r o l y s i s  of  UO2F 2 is  o b s e r v e d  on the 
t h e r m o g r a m ,  wi th  the  l i b e r a t i o n  of two m o l e c u l e s  of HF (each a t  i ts  own t e m p e r a t u r e ) ,  then  h y d r o l y s i s  of 
UF 4 wi th  subsequen t  l i b e r a t i o n  of four  m o l e s  of  HF,  and f ina l ly ,  the  l a s t  e f fec t  on the  t h e r m o g r a m  c o r r e -  
sponds  to the  d e s t r u c t i o n  of  the  CF3CO 2 g roup .  The da t a  of t h e r m a l  a n a l y s i s  w e r e  c o n f i r m e d  by  the r e s u l t s  
of  s t e p w i s e  p y r o h y d r o l y s i s  of the c o r r e s p o n d i n g  compounds .  Th is  enab led  us to p r o p o s e  the  fo l lowing  
s c h e m e  of  h y d r o l y s i s :  

2[CFaCO:M. 2UFd ~mo �9 2CF3CO2M + 2UO2F~ + 2UF4 4- 8HF 
190--210 ~ 

2 H 2 0  
~so_3soo" 2CFaCO~M + 2UOa + 2UF~ -}- t2HF 

4tt~O 
" 2CF3CO~M:-~ 2UOa -t- 2UO~ -k 20HF 

420__700 ~ 
3 t t 2 0  

" {4U02 4- M20} 4- 4C0~ -k 26HF 
789--960 ~ 

2[CFaCO~M- 2UFs] +13 mo {4UO 2 -k M20} -b 4CO~ -k 26HF 

(5) 

Then t h e r m a l  s t a b i l i t y  of the  d e c o m p o s i t i o n  p r o d u c t s  of t h e s e  compounds  wi th  r e s p e c t  to the  l a s t  e f fec t  d e -  
c r e a s e s  in the  s e r i e s  

CF3CO2Na. 2UFs ~ CFsCO~K. 2UFs>CFsCO~Rb. 2UF5 ~ CFsCO~Cs. 2UF5 

The IR a b s o r p t i o n  s p e c t r a  (400-4000 cm -1) of a l l  the  i s o l a t e d  p h a s e s  w e r e  s tud ied .  The s p e c t r a  w e r e  
r e c o r d e d  on a UR-10  s p e c t r o p h 0 t o m e t e r  , us ing  the m e t h o d  of  t r i t u r a t i o n  with  l iqu id  p e t r o l a t u m .  T o  avo id  
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Fig. 4. IR absorption spectra (in liquid petrolatum): a t CF3CO2K; 
b) CF3CO2K" 2UF 5. Absorption bands of liquid petrolatum are 
marked by as te r i sks .  

hydrolysis ,  the samples were  prepared for the recording of the spect ra  in a dry box. Figure 4 presents  as 
an example the spectrum of the potassium salt CF3CO2K" 2UF 5 (b). The spectrum of CF3CO2K (a t is given 
there for comparison.  Table 4 presents  the vibrational frequencies found and their assignment.  A com-  
par ison of the spect ra  of the compounds CF3CO2M" 2UF 5 (M = Li, Na, K, or Rbt and CF3CO2K shows that 
the basic absorption bands corresponding to the t r i f luoroacetate  group a re  present  in the spectra  of the 
compound CF3CO2 M. 2UF 5 (see Table 4), although they a re  not sufficiently c lear ly  expressed in all cases.  
Consequently, it may be concluded that the compounds studied actually contain t r i f luoroacetate  groups.  
In the region of the frequencies p r imar i ly  of the an t i symmetr ica l  s tretching vibrations of the COO groups in 
the spectra ,  two bands were detected: high-frequency band (around 1730-1790 cm -1) and a low-frequency 
band (around 1700 cm-lt .  In the spectrum of CF3CO2K the band Vasco  O lies around 1670 cm -~. 

A substantial increase  in the frequency Vasco  O in comparison with the frequency of the ionized ca r -  
boxyl group is usually charac te r i s t i c  of complexes of metals  containing monodentate coordinated groups of ,o 
the type of R - C -  O -  M, whe re  M is an atom of the metal  complex-former .  It is usually as sumed that the l a rger  
V a s c o o  or  the difference A = Vasco O -  V s c o o  , the more  covalent the O - M  bond (since in salts of the al-  
kali meta ls  A and V a s c o o  are  minimal ,  while in es te rs  they a re  a maximum). In the spect ra  of the inves-  
tigated compounds we were  unable to unambiguously identify the bands Uscoo;  nonetheless,  the p resence  
of a h igh-frequency band around ~1730-1790 cm -1 permits  us to hypothesize the presence  of monodentate 
t r i f luoroacetate  groups bonded to uranium atoms in the investigated compounds. In this case the O - U  bond 
is apprently essential ly covalent. Moreover ,  there a re  intense bands around ~530 em -1, which undoubtedly 
belong to the s tretching vibrations of the U -  F bonds. 

All this gives a basis for proposing the following s t ructural  formula for the complex anion 

i 
F FF F I- 
\/ \/ / 

F - - U - - F - - U - - O - - C - - C F 3 I  

/ \  / \  II I 
F F F  F O J 

The s t ructure  cited presupposes  thepresence  of the bridge fluorine, which contradicts the analysis of the IR spec-  
t ra .  At the same time, the simultaneous presence  in the spect ra  of low-frequency components Vas CO0 around 
~1700 cm -1 indicates the poss ib i l i tyof the  existence of bidentate (or bridge) t r i f luoroacetate  groups as well. 

Despite all the precaut ions taken to avoid contact of the investigated compounds with mois ture ,  some 
of them still underwent hydrolysis ,  which is evidenced by the appearance of bands around ~750 and 930 
cm -t  (belonging to the s tretching vibrations of the U - O  bonds and hydrolysis  products) in the spect ra  of 
certain compounds. 
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We should note t ha t  in this work only the s teps of the react ion  of UF 6 with CF3COOH a re  presented .  
The genera l  p ic ture  of the p r o c e s s  is depicted by the scheme 

UF~ -+ UF 5 --+ HUF~ ~ CF3COOH.2UF 5 (in the absence of M + ions) 

UF6 --> MUF6 "-+ CF3CO2M'2UF5 (in the presence of M + ions). 

The s imi l a r i t y  of the react ion  of UF 6 with CF3COOH in the absence  and in the p r e sence  of an alkali  
me ta l  is evident f rom the scheme  cited, and the step of format ion of the complex d ipentaf luorouranot r i -  
f luoroace t ic  acid and its sa l t s  is shown. 

C O N C L U S I O N S  

1. Molybdenum, tungsten, and uranium hexafluorides  r eac t  with anhydrous acet ic  acid, with the 
format ion of oxyfluorides:  MoOF4, WO~F2, and UO2F 2. In the p r e s e n c e  of f luorides  of the alkal i  me ta l s ,  
complex compounds of the type of KMVIO2F 3 (M = Mo) and K2MVIO2F 4 (M = W and U) were  isolated f rom 
solution. 

2. Uranium hexafluoride r e a c t s  with anhydrous t r i f luoroace t ic  acid,  with the format ion  of HUF 6. In 
the p r e sence  of f luorides  of the alkal i  m e t a l s ,  complex compounds of the type of CF3CO2M I .  2UF 5 (M = Li, 
Na, K, Rb, Cs). 

3. The d e c r e a s e  in the s t rength of t r i f luoroace t ic  acid in compar i son  with acet ic  acid with r e sp ec t  
to uranium hexafluoride (CF3COOH undergoes des t ruct ion,  while CH3COOH is dehydrated) is explained by 
the p r e sence  of a l a rge  number  of f luorine a toms  at the carbon a tom next to the carboxyl .  
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