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ABSTRACT 

The methods o f  isolhermal kinetics. X-ray speclro__,~'aphy, mass spo:tromctry 
and IR spcclroscopy wcrc used to study the thermal decomposition o f  uranyl acetate, 
UO: (CHjCOO) . ,  and uranium(IV) aectate. U(CH~COO).~. The data obtained were 
supported by thc results o f  the chemical analysis o f  products formed in decomposition 
process~ and in model readions_ The compounds studied are assumed to be de- 
composed by a single mechanism including the follov, ing clcmcntary stages: ( I )  
brcakin~ the carbon-oxy._,~cn bond o f  the carbox3i group. (2) forming a new carbon- 
oxygen bond ~i th the appearance o f  an intermediate compound (co-ordinated to 
uranium atoms) with the structure o f  acelic anhydride_. (3) breaking the uranium- 
ox~...cn bond ~ i th  a subsequcnt rotation o f  the acctyl group, (4) transferring a 
h~-dro__~cn atom from a methyl radical o f  one acetate group [o the oxygen o f  another 
and ¢~-ol,in~ a molecule o f  acetic acid which is the primary product o f  metal acetate 
decomposition. Arguments  are presented in fa,,'our o f  the suggested mechanism. 

[:)¢spite a great number  o f  papers on the thermal decomposit ion o f  metal salts 
o f  organic acids, there is no commonly  rcco_enizcd picture o f  its mechanism cvcn 
for such rclati~-cly simple s3~tcms as metal formatcs and acetates. This  is especially 
truc for uranium compounds  which arc insufficiently studied in ~oeneral_ 

In thc present work,  an  a t tempt  is made, by usin~ a ,~ariety o f  methods such as 
elementary chemical and X-ray phase analysis.  IR spectroscopy, modelling separate 
reael ion~ men_surement o f  the vapour  pressure o f  volati~c decomposit ion products  
and  time-of-flight mass spectrometry, as well as some methods o f  isothermal and  non- 
isothermal kinetics, to inquire into the process o f  the thermal decomposit ion o f  he.xa- 
and tetravalcnt uranium salts o f  acetic acid, viz_ UO. (CH3COO)z ,  U O , ( C H 3 C O O ) z  - 
CH3COOH, UO,(CH3COO)_- " 2H20, U(CH3COO).~- 

Compar ison  o f  rcgularitics in the decomposit ion o f  uranium tctraacetate and  
uranyl acetate is o f  interest in the sense that  in each case the solid products contain 



3OO 

o n e  a n d  l lm s a m e  oxidc ,  viz. U O ,  ~- -~ I t  cou ld  Ix: cx_p,~ed,  therefore ,  tha t  this 
c o m p a r i s o n  w o u l d  lead  to  a n  unders tand inD o f l h ~  proo :ss  o f  f o rma t ion  o f d c c o m p o ~ -  
l i on  product.+, t o  ~'c[ a m o r e  c o m p ~ i ~ , ' c  idc~ o f  zh~ t tmrmal  d o t r u c t i o n  o f  mcla l  
acelalcs and  to  d r a w  moz~ conx+ncin~ conclu.~ons abou t  Ih© separate ¢l<:mcntary 

stages. 

A c c o r d i n g  to  the  )(*ray sp~lro~,~raphic a n d  I R  : ;p¢clroscopic da t a  o b t a i n e d  by  
the: a u l h o l ~  o n  d e c o m p o s i n g  the  abo,-~ fou r  c o m p o u n d s ,  n o  in lc rmed ia t¢  s table  :mild 
subs tances  ar~+ fortm:d 3" . t  As  to  l l ~  final p roduc t ,  it is f ound  Io  con ta in  0.45 g at .  
Cy+ at_ U in  rite ,-+~_~ o f  urany!  ace ta te  a n d  o n e  o r d e r  _k~,~ ( -,. 0_04 g a t  C~+g at .  U )  in 
the  c a ~  o f  u r a n i u m  Icl raac¢lal¢ .  

O f  t he  volat i le  p r o d u c t s  o f  dcx-omposit ion in v a c u u m ,  low t e m p e r a t u r e  t r aps  
coo led  by  l iquid n i t r o ~ n  were  used t o  ta lk-e l  a n d  l hcn  to  separa te  a n d  idcnli~" (by 
• -apour  prcssurc  a n d  I R spec t ra )  the  fol lowin~ subs tances :  acc l ic  ac id ,  ac¢lit: a n h y d r i d c ,  
ke tene ,  ace tone ,  c a r b o n  dioxidc ,  c a r b o n  m o n o x i d e  a n d  ~x~lcr +'" "~ 

T o  the  authors"  knowlc~lg~, thc rc  i.s on ly  o n e  p a ~ r  ax-ailab!¢ ~ in +++hich ke tene  
i~ m e n t i o n e d  a~ a p r o d u c t  o f  m d a l  (po tas s ium)  ace ta te  d~composi t ion_ T h e  radica l  
m e c h a n i s m  o f  t he  t h ~ m a l  d c c o m p o ~ t i o n  o f  meta l  a c c t a t ~  s u ~ t c d  by !k l l  a n d  
Rccd+ c a n n o t  ~xplain  th~ fo rma t ion  o f  acet ic  ac id  as  the  ma in  d e c o m p o s i t i o n  p r o d u c t  
o f  a c c t a t ~  o1~ mctal~ +uch ~ c o p l ~ ,  sih~cr a n d  o t h e t ~  inc ludin~  u r a n i u m  ac~tatc.  

Poppl ' s  c+xplanation s, wh ich  a t t r ibu tes  the  f o r m a t i o n  o f  ao : [ ic  ac id  to  hydro l -  

can  hart~ly be  ~ l i s f a c t o r y .  A t  the  s a m e  l ime.  the  occu r r ence  o f  a c e t o n e  a. ,non~ 
the  t he rm a l  d e c o m p o s i t i o n  p r o d u c t s  o f  ace ta tes  o f  u r a n i u m  (a+ ~c l l  as  o t h e r  meta ls )  
m a y  Ix: c o n d i t i o a c d  by  b o t h  the  ca ta ly t ic  t r ans fo rma t ion  o f  acet ic  ac id  a n d  the  
pt~x:css~+ k a d i n 8  t o  the  e l imina t ion  o f  a c e t o n e  a~ ~.n init ial  p roduc t .  

point~ ~ t ~  t o  be  ~,+~rili~l a n d  this  ~ d o n e  by  m c a n s o f m o d c !  rcact ion~ °. 
S t u d y  wa~ m a d e  o f  t he  t r a n s f o r m a t i o n  o f  v a p o u r s  o f  ace t ic  a ~ d ,  acet ic  a n h y d r i d e  
a n d  a c e t o n e  o n  u r a n i u m  dioxide  a n d  t r ioxide  a t  300°C ~ 2 +C. T h e  e-xpeHmcnts ~ 
have ShO~qrl t ha t  

( I )  a c e t o n e  d o ~  no t  u n d e r g o  a n y  t r a n s f o r m a t i o n  u n d e r  t h c ~  cond i t ions :  
(2)  acet ic  ac id  yh:ld~ acc4one~ c a r b o n  d iox ide  a n d  wa te r  in a c c o r d a n c e  wi th  the  

we l l - kn o w n  e q u a t i o n  o f  kc ton iza t ion  

" With this ~ use was mgdc of  lhc ~ and the hl~allatiotrl ~:11~.+,,.,tlcall~ ~]pi~ol  in l:i~+ l- 
"l'he m~mnit ( ~ o o e .  am~,lic acid or a~clic a ~ )  wa~ plac~ imp ~¢:s~!+ I I~ ~ m s m  disaalation 

ma a ~ p t i a m  &~z:z:mor. "lrh¢ ~-zix¢ ur'.zm~m amides ~ r ¢  prcl~rcd just before flz¢ ~ ~  
I~  ~m,+.iil~ ~t ~ ~ Gl~ri~r (It:lOtiOn lUbC ~) oz" dmdlul~lr ~ I~lCT. 3. ~ i lh  lhc pCl~Iclr of urinal 
o ~ b t ¢  to o b t ~  IJO*_ or tlzzt o f  uramum ~ di]lz)-d~tc to Oblain UO~ Aflcr ~ s d  l v+~ 
~ommmEIol with r ~ m ~  tm~bc 2 of 3. the ~li~e~lc ~ ~ ~ m z z ~ l .  zion thc ]hczt~r ~ ~ l z ~ ] l  
on and the so l l~  ~ r c  ~ to form t]h.= c ~ m ~  ~kllcs_ Tap++ Kt  and K++ ~ r ¢  ~ Io 
dos~ out Itl~ inlal~ o f  Ilm,salpou~ of  in i l~ l  o~Smqmic ~+br,~mc~ into m m  tube 2 (or 3) :z~ ~+dl 
the ~ IX~lucl.~ o f  IbC n=~clion into t l~  '~"~:mmmr! s~+'slm ~ l m i m ~  a numb~ d Io~- Ioxq~P, llUlC 
tral~ for s~'Fa~llm~ I1~ comlpo~m~ of  I1~ mi~llXl~. A iI~di~cd lUlX: 3 ~ us~  inslmd oi" tubc 2. in 

It~lC~ in , . m  to m ' ~  +~ary +-olalik o0mpolm~Is. ~I'I¢Ir the r¢~:lion. 111¢ +~s¢linc all from 
~ ~ m Ix~,rc~ c ~ r  II~ solid Imrodm on lil~ar 3~ and II~ Imroducl m lhcn Ir~ff4poelcd 

i~ llx: ~,r. 
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2 CH~COOH -*  (CH~)_-CO + COz + HzO (1) 

(In the c a ~  o f  UO~. a consldcr-abl¢ amount  o f  UOz(CH~COO)e and some UOe ,,vcrc 
obse~x:d to form. In all othcr  cases, thc chemical naturc o f  oxides did not change!)_ 

(3) acetic ;mh)~dridc rcadiiv chan=oes into acetic acid. 
The  problem o f  ,,-bother acetic --,nhydridc is the primary product  o f  uranium 

acetate decomposit ion and kctcnc the sccond--,~, onc was solvcd b v thc --,nal~is o f  
mass spectra (obtainod with the hclp o f  a timc-of-fli~ht m a s s  spectrometer ~) o f  the 
primary ~ products o f  decomposit ion with ~;ontinuous hcatin~ in ,~acuum (3 :4  10- 6 
to r t )  ppcclucGn~, thc secondary proccssc~ Thc results o f  two typical experiments are 
presented bclo~,'. Abo,~e all, these arc spectra obtained at diffcrcnt momcnJs o f  t ime 

~mo j ~ " 

° . d l , , l  h i  ' ,  , - e~ 0 0 ] 
Z~4r ~ 

d .> ,4o  J -~ J I ~ ~ .  I~ ,,,: = , .d  h .  , I i I o 
_~.¢ e 

• Jl ,,, ° J j ,  
I~0 ;L~ ] 0  4 0  50  en/e 0 : , .  Id, . fd,! 

Fi~ 3. Mass spoctra of the volatile dccompo~ion l~r~lms of U(~-L-,COO)~. 
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Ft~  4. Tram: ~ of th~ inl¢~.ily Of l l~  p ~ k s  in [h~ ~ $1po~trum o f  Ih¢ ~-OlatE~ plroduct~ 
wIt~ l.~-~tCtt~OO~ - CI-L-.C(g)H ~ ~ in tl~ ;on ~ of a ma~ ~ls~romd~_ 

~O mOO 3QO ~ 0 0  Y,'C 

Fq~- ~. T'ml¢ dcpcmJcm:¢ of IbC intmsit? of tl~ peaks in the m~s - sp~r~n  of thc ~ t i l c  produc~ 
vdhgn IL~CHaCOOh i s ~  in tla: ion ~ m ~  o fa  ma~ spo:lrOn~cr. 

0=i~-  2 and  3). Thei r  a n a l ) ~ s  sho~3 the evolution o f  products  to proccg~ in the 
r~ luen~ acetic acid followed by kctcn~ and carbon dioxide and. finally, acetone. 

The sequenc~ ofgas product yield can be seen espccially clearly from tim kinctic 
c u r v ~  o f  t ime-dependent  peak hei~hts characteristic o f  each o f  the substances" 
named ( F i ~  4 and 5). 

Acetic anhydr ide  ~ no t  recorded a m o n g  the pr imary products.  Ne~r the!ess .  
it  can  be  ar~ued that ,  taking into  account  the results o f  expct i rm~ts  on  modell ing 
(~ggtrate ~ o n s )  ~poNed earlier, it is a c ~ c  anhydride that pr~c~1~ kct~w.- This 

* Cf. Table 1. 
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TABLE ! 

S i t _ C I l i A  O i :  C l I I l l q ) U ~ ' g I S  ~ ' ~ J [ | l )  I.'~ l i t [ .  t ' l t~ l { ) [ . .~(~ OF THE ! " } i I ~ I - ~ , I A I .  i ) [ i ~ ) l l ~ N  O [  
U O d C H ~ O O h .  - C'H~OOH: 

~ a ~ r  M Mwl¢ J~ 

CO 28 
CO: 44 44 

44 44 
44 44 

CH:~ C ~ O  42 14 
CH~iOEC'Ela 58 43 

5s 43 
58 43 
~.  43 
58 43 

~ 7 O O H  60 43 
eO 43 
60  43  
60  42t 
60  60  

( ( ~ I ~ 0 ) ~ )  102 43 

-- .= _ 

M~e J= At~e 

I00 12 5 12 
I00 16 9 2S 
I00 ~ 7 16 
I00 28 7 16 
I00 42 94 41 
tO0 58 33 15 
tO0 5,5 ~ 27 
100 58 27 27 
100 58 37 4 2  
I00 .~E 34 42  
!00  45 90 15 
tO0 4~ 94 6O 
100 45  r /  ~O 
100 45 94 t ~  
100 43 99 .15 
100 28 8 42 

2 29 I 14 I 30 I 
8 12 7 29 ! 13 i 
6 22 ! 45  ! 46  
6 12 2 "22 2 45 I 

27 13 13 12 12 28 I! 
31 27 8 42 7 !4 6 

g 4 2  7 26  6 _'29 4 
8 42 7 26 6 29 4 
7 27 $ 28 $ 39 4 
7 27 6 ~ 4 26 4 

56 60 52 14 22 ~ 17 
5~ 29 16 42 IS 2g 6 
57 15 42 42 14 14 13 
6.1 15 34 42 20 29 19 
9:t 44  34 2S 29 4 2  28 

6 44 3 29 3 45  3 

.Af~fe Js .M~Re J i  

conclus i 'on  is s u p p o r t e d  by  t h e  fact  t h a t  ace t ic  a n h y d r i d e  is read i ly  t r a n s f o r m e d  
cvolvin~ ketene. PoppFs interpretat ion ~. a_~:ordin~, to  which ketene can be formed 
dur ing the thermal decomposit ion o f  acetone_, is inappl icable here because the 
products do not  contain methane which must bc formed f rom acetone together ~ i t h  
ketene_ 

( C H j ) : C O  --~ C H z C O  ÷ C H .  (2) 

T I ~  s u m  to ta l  o f  e x p e r i m e n t a l  d a t a  alloss~ t h e  t h e r m a l  d e c o m p o s i t i o n  o f  
u r a n i u m  ace t a t e s  t o  be  r ep r e sen t ed  by  t h e  f o ! ! o ~ i n g  s c h e m e .  

( I )  T h e  first s t a ~  is t h a t  o f  b r e a k i n g  t h e  c a r b o n - o x y g e n  b o n d s  a n d  f o r m i n g  
n e w  c a r b o n - o x y ~ n  b o n d s  s o  t ha t  a n  i n t e r m e d i a t e  c o m p o u n d  is f o r m e d  in a n  a d s o r b e d  
s ta te  ,,~ith t h e  s t ruc tu~  o f  ace t ic  a n h y d r i d ~  

1 

O -0 

( F o r  s impl ic i ty  o n l y  o n e  o f  t h e  ace t a t e  g r o u p s  is t a k e n  f r o m  e a c h  o f  t h e  t w o  
a d j a c e n t  u r a n i u m  a t o m s ) .  

(2)  N e x t  c o m c ~  the  b r e a k i n g  o f  t h e  u r a n i u m - o x y g e n  b o n d ,  t he  r o t a t i o n  o f  t h e  
ace ty l  g r o u p  a n d  t h e  t r ans f e r  o f a  I w d r o g e n  a t o m  f r o m  a n e i g h b o u r i n g  m e t h y l  g r o u p  
w h i c h  results in  t h e  e v o l u t i o n  o f  ace t ic  ac id .  
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(3) The furlher changes in t l~  acetate _eroup r~iduc is dclermincd by thc 
possibility ~ f  forming a slablc molccul~ that of  kcten~ throu_eh the reaction 
o 0 

| ~ o -  s o o 

and by tha~ ofslabi|izing t~e rndic~! with the subsequent dehydrntion o f  the methylene 
group which yicld~ carbo~ and carbon dioxide- 

o 

0 
t S )  II 

| 
o 

In the ~ of uranium(iV) acclatc, only the first cour~  (6) is possiblc  while for 
urany! a c ~ t %  IlK: liXat~tllc| reactions (6) and (7) and (5) ~rc po~ib!c which accounts 
for the diffa~n~'~ in tbc docompo~ion products- 

U¢CHaCOO)~ -+ UO_. ~ volatile substanccs (9) 

UO,(CHjCOO)=. --- UO_,+. <--. C ~-. volatilc subslances  (I0) 

"l'hus ac~L~ acid and k.~cnc turn out to Ix: the prima,~, products of the thermal 
decomposition o f  uranium ~:~t~tc$- 

. . O ~ L  m m 
~ ]_4 1LS 1.6 

II.'r.mz 
*f ig  
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• \ - I 
/ I 

- 1 . 0 ~  
~.4 t 6  1-8 z o  ~/x-~o 3 

i~lg- Z ~ o f  Io~ (d~r~dr) on I fTfo r  the primary ~ p o ~ t i o n  products o f  U { ~ O O ) : -  

S u c h  ~ b ~ a n c ~  a s  a c e t o n e ,  ~ t c r ,  acoAic a n h y d r i d e  in t he  ~ p h a ~  a n d  
c a r b o n  d iox ide  a r e  formcxl a s  a resul t  o f  s e c o n d a r y  r eac l ions  o f  w h i c h  a s igni f icant  
p a r t  is p l a ~ x i  by  t he  ca ta ly t i c  t r a n s f o r m a t i o n  o f  C H 3 C O O H  o n  u r a n i u m  ox ides  
according to reaction ( I ) .  

From the mass spectrometric data, Ihc acti~'ation encrgies ,l~re found by means 
o f  the kinetic e~olution curves o f  various products of  acetic acid and kctenc. Thc 
corr~ponding graphs for non-dimensional reaction razes in the coordinates of  log 
(d&~dz) ,,~rsu$ the rcciproca] o f  the absolute temperature am presented in Fie.~. 6 and 
7. In cithcr ~ the acti~ration cncr~ic~ ~ r c  found to equal at --20 kcal/mole- 

T h e  m e l h o d  o f  i s o t h e r m a l  g r a ~ i m c t r y  in  ~-acuum ~ s  used  to  m e a s u r e  t h e  

ac t i va t i on  cne.rgy ~alues  o f  t he  p r o c ~  o f  d i s s o h ~ n g  UO_,(CH3COO)z  " 2 H z O  a n d  
UOz(CH3COO)_. "CH3COOH as well as the process ofdccomposing UO2(CH3COO)2 
and U(CH~COO)~. They arc all listed in Table 2 ~. The close acli~ation energy ~z!ues 
for the process~_ of  desoh~ation, docomposition o f  U(CH3COO)~t and c~'olution o f  
ace t ic  ac id  a n d  k e t e n e  a s  p r i m a r y  d e c o m p o s i t i o n  p r o d u c t s  sugges t  t h a t  all t he se  
pgocesses  a r c  l im i t ed  by  o n e  o f  t h e  ea r ly  sta.ec~ n a m e l y  t h a t  o f  b r e a k i n g  t h e  u r a n i u m -  
o x y g e n  b o n d .  T h e  rnac rok inc t i c  va lue  o f  E = 44 ~: 4 kca l{molc  o b t a i n c d  fo r  u r anv l  

TABI_[ ~_. 

Compouml Tmpr ra tu r r  D~'rompc~tion E 
rmo~ e I ~  ( k ca~/mole ) 
('C; 

U O d C H ~ O O b .  - 2H:O 
u o - J c t t ~ o o ~  - CI~-COOH 
UOz(CH~OO~ 
UOdCtL-COO~ 

U(CH~OO~. 

~;~-74 UO~CI~-4UOO): 26 ~ 3 
65-~t UO-JCH~OO~_ 24 ~ 2 

2J~-302 UO:,x 44 ~ 4 
3(~-410:450-520 UO~_., 20 ° 
1_60-274 U4D~.. 2~ ~ 2 
?~0-_ ---r2~O; 321~3~ UO~_ 2O ° 

* Ma~  ~ r o m ¢ l ~  data on et~olmimt_ of  CHA~OOH and CH:CO. 
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acetate ~ e m s  to be connected ~i th  later sta~es, among them, possibly, that o f  
breaking the C - C  bonds in forming C O ,  and elementary carbon according to the 
u:heme ~u~e~ted.  
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