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ABSTRACT 

The complexes, (R3NH) 2UO2C14 and (R3R1N)2U02C14, prepared by 
drying in vacua the organic solutions from the extraction of aqueous 
UO2C12 solution with trioctylamine (TOA, R3N) and trioctylmethyl- 
ammonium chloride (TOMAC. RfR’NCl) in benzene have been examined by 
thermogravimetry and diffe;ential thermal analysis under an atmd- 
spere of N2, and their thermally decomposed products such asvolatile 
matters and residues by gas chromatography, X-ray diffraction study 
and infrared snectrosconv. As a result. it is found that the com- 
plexes with TOA and TOMkC thermally decompose to UO2 at 320-360 and 
280-325 “C via UO2C12 formed by cracking of the complexes at 205-320 
and 200-280 ‘C, respectively. 

INTRODUCTION 

The solvent extraction of metals with long-chain aliphatic 

amines has been investigated by a number of researchers, but the 

properties of the complexes isolated from their organic solutions 

have recieved little attention. In order to obtain further informa- 

tion concerning their composition, studies on the thermal decomposi- 

tion of such complexes have been made of the chloro complexes of 

Cu(II) (l), ZrfIV) (Z), V(IV) (3) and U(V1) (4) in air and of Hn(II), 

Co(II), Cu(II) a;ld Zn(I1) under an atmosphere of N2 (5). Therefore 

the present paper extends the work to examine the thermal bchaviour 

of chloro complexes of U(V1) with trioctylamine (TOA, R3N) and tri- 

oct~lmetl~ylammonium chloride (TOMAC, ‘R3R’NCl) under an atmosphere of 

N2 in comparison with air (4). 

::XPIIRIFIENTAI, 

Chemicals TOA and TO>lAC (both > 99 %, Koei Chemical Co., Ltd., 

Osaka) of higir purity were used without further purification and 

diluted with benzene. ~1qucous solution of U(VI) was prepared by 

dissolving UO2C12. ?I120 in 0.06 M iIC1. All chemicals used were of 

analytical reagent grade. 

I’rcparation and .Analysis of Complexes On the basis of the distribu- - 
tion results, the organic solutions saturated with U(VI) were pre- 

pared as follows: 0.05 M TO.4 and TOMAC in benzene were’shaken for 10 
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min with aqueous solutions of 0.1 !I 1102C12 in 3 or 7 ?I IICl, rcspec- 

tively, at 20 ‘C; the organic phases separated from aqueous phases 

by centrifuge were heated in vacua at SO-60 OC to remove benzene. 

The benzene-freed complexes with T0.A and TO?IAC have the stoichio- 

metric compositions, (R3?IH)21102C14 and (R3R’N)$JO2C14, rcspcctivcly. 

Analysis The complexes were examined by thermogravimetry (TG) and 

differential thermal analysis (DTA), and their thermally decomposed 

products such as volatile matters and rcsiducs vcrc chcckcd hy !:‘Is 

chromatography, X-ray diffraction study and infrared- spectroscopy. 

The TG and DTA were examined under an atmosphere of S2 at a hc.lting 

rate of 5 “C min-1 and a flow rate of N2 of SO ml mine1. The TG and 

DTA were carried out on an automatic recording thermobnlancc and WI’;\ 

apparatus, made by the Agne Research Centrc, using alumcl-chrome1 

thermocouples, forty milligram_s of the samlc and a-alumina as rcfcr- 

ence material for the measurement of differential thermal elcctro- 

motive force. The residues were, derived from the complex hy heating 

to the required temperatures at a rate of 5 ‘C min-1 under the same 

atmosphere. Infrared spectra were recorded on .Japan Spectroscopic 

co., Ltd. Model IRA-1 (4000-650 cm-l) and IR-1: (700-200 cm-l) grnt- 

ing spectrometers. X-ray powder diffraction diagrams were ohtnincd 

on Geigerflex recording S-ray diffractometer with filtered copper 

radiation. The volatile matters generated during the DTA wcrc col- 

lected with 2 ml syringe at the gas outlet of the 1)TA apparatus and 

analyzed with a Shimazu .Slodel CC-6AMPTJ: gas chromatograph under the 

following analytical conditions: carrier E:as Ilc at 40 I.11 rni11. l; 

column, Porapak Q of SO/l00 mesh; column tempcraturc, 140 “(:; dc- 

tector, FID. Each component detected was idcnt ified by gas c-hromato- 

graph-mass spectrometry (GC-FIS). HC.1 in the vol;ltilc matter was 

trapped in 0.05 >I .\gSOg solution in an interval of If) ‘(1 at n ten- 

perature hctwecn 200 and 350 “C hy passing it through the solution 

for 3 min. For chemical analysis, the resulting matcrinls were clis- 

solved in benzene, and the chloride concentration and water content 

in portions of the solution were detcrmincd hy Volhnrd and K;irl- 

I:ischer titrations. In addition the benzene solutions wcrc washed 

with 1 IV HCl and the lJ(1’I) in the acidic layers was dctcmincd 1)) 

I:I)TA with X0 as indicator (6). 

RI~SULTS ASI1 I)ISCUSSION 

In the complex with TOA, the ‘I‘G curve exhibits the vcight-loss 

of 73.4 “, at 200-300 ‘(1 and 3.6 : at 300-470 “c:,, and the l)l’:\ curve 
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gives the cndothcrmic rcrtctions at Z-0, 3115 and .3X(1 ‘(1. ‘i’hc conlplc~ 

with ‘I‘OFl.\C rcvcnls the \<right-losses of ‘:J.i ‘k at 200-35(~ ‘(‘ in the 

‘I’(; curve .antl the cndothcrms nt 250, 265, 280 and iO5 OC, in the 1)l.I 

curve. .Additionnlly, it is ohscrvcd that the cnttothcrmic rcnctions 

in the IU:\ curvr occur at hc point ncnr the chnnsc of shape in the 

‘I‘(; curves. 

The volat ilc matters gcncratcd 1)) the thcrmnl Jccomtlosition of 

the urnnyl complcscs liith ‘I’():1 and TO?l:IC contain nliphntic compounds; 

such ns (:$I.]) C’IIJ, (:$I(,, .C$l(,, CjllR, l-C:Jli~, ?-Cjtlg :1nJ (:lliCl, iden- 

t i f icd by CC-MS, and Il(:‘l , tra:q-d in :\fiNOi solution. In addition, 

the chnngc in the molar ,rnt ios, ICI I/ [III, ~35 cxxminctl for the rcsi - 

dues obtained by heating the complcxrs k i ttl Ti,.\ nnd ‘!I?l\C. I’rom 

thcsc it is seen that the amount of components dctccFcd 3hovc 250 ‘(1 

incrcnscs with incrcnsing the tcmpcraturc, in nccorclancc k i th the 

wright-loss in the I‘(; curve, nnd the mnsimnl amounts of’ their vol:l 

tile matters correspond to the cndothrrms in the IX:\ cur\‘c. On the 

one ti;lnd, it is found that II(:l cvolvcd from the complc~ kit11 ‘IO.\ is 

dctcctcd nhovc 200 ‘(1 [hcforc the dctcction of the organic compo- 

nents) and its maximal nmount is obtnincd nt ahout 150 O(I) 2s i$cn 

tificd in the thermal dccompo5ition of divnlcnt mctnl comptc~cs t.5). 

It is thus infcrrcd that the thermal Jeconpo~ition is initiated II! 

the rclcnsc of tlC1, followed by ttlc drcornpos i t ion of TO:\. This in- 

plies that in rhe t)TL\ curvc,thc cndothcrm at 270 O(: arc ns.sit:ncd to 

thr rcleclsc of fl(:l accompnnicd 11~ the, ~Icco~~tt~o~ i t ion of ‘I.(!.\. liccausic 

the TG curve rcvenls the tici!:bt-loss currrspondi.ng to the th?orcti - 

Cal value for the thcrmnl rract ion of thr cor~lpjcs \bith ‘IO.\. In ;1~1dt 

tion, it is con~itlcrcrl~ that thr cnJottlcrzas nt 3OS and .ii!r ‘(1 arisr 

from the c,racking of nlkyl !:roup and drchlo;inat ion, rcspcct”ivcly. 

The vnlntiIc matters for the complcs riith ‘l’O!l.\(: contain the ti:~mc 

organic comp~.zcIIts 35 those, r0r the contplcs \i i t h .t7iz\ , :,I tl~ou~ll tt1c 
rormcr complcs contains much Cl-I;(:1 more tttan thr I;it tcr ~comt~lcs. 

>tor~o~cr it is l”tr!iwl tl:,;!t f. tic rt i 5 t r i IllIt i0~1 or (2l?(‘l 15 diffcrcnt 

Crew tt:;lt o!’ Ii!~d~o~-.nrllc~n~,: ‘f’tlc iwz imal amount of (:lliCl is tlctcctcd 

at -750-73. ‘(1, and those_ of h!Jrocnrhons at Z-S-400 O(:. Thcsc compo- 

nents am ,g.saatlv gcncrnted in the hc_l:inin,!! or ttlc thcrmnl ilccom- 

pos it ion,, ip1Vinr . . t%fxt the decomposition or the complcs with ‘t’O!l.\C 

:tt first’ r~&&xwcs W$l. I:rom th i I; the cndothcrms at 2511 and 3b.5 ‘(’ 

3rc 3ssi.&t rw t%k relCcnsc 0r (:llicl, 2nd those at 281) and 105 ‘(1 to 

I_ :t t 1 i ,I !: amI dbclrdo~rinnt~ion, rcsprctivcly. 

I ,1 t txc in f r-wed spec?‘rym of the urnnyl complex \iittl 1‘0.1, tli<, 
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absorption assigned to the asymmetric stretching frequency of the 

lJo;+ g roup appears at 910 cm-l; the NH+ stretching vibration at 2350 

cm-l in TOAeHCl shifts to a broad band centered around 3000 cm-l. On 

heating at 250 'C, the NH+ band, the C-H stretching bands at 2920 

and 2860 cm-l, the CH3 degenerate (and CH2 scissoring) and symmetri- 

cal bonding modes at 1465 and 1380 cm-l decrease in intensity, and 

at 400 "C disappear. The uranyl complex with TOMAC gives an infrared 

spectrum similar to the complex with TOA, except the absence of the 

NH+ stretching band. In addition the changes in the infrared spectra 

of the thermally decomposed residues derived from the TOMAC complex 

are almost the same as those from the TOA complex. Furthermore the 

X-ray diffraction results for the residues produced by. heating the 

uranyl complexes with TOA andTOMAC indicated the'following patterns: 

UO2C12, UO2C12 + UO2 and U02 from the complex with TOA at 250, 300 

and 350 "C, respectively; UO2C12, UO2C12 + U02 and U02 from the com- 

plex with TOMAC at 200, 250 and 350 'C, respectively. It is thus 

presumed that UO2C12 and U02 are formed during the decomposition 

process of th&eir complexes under an atmosphere of N2. Accordingly it 

is concluded that the thermal decomposition of the uranyl complexes 

with TOA and TOMAC proceeds in the sequences: 

(R$W 2uO2Cl4 
250-32O“C 

-HCl andcracking 
l uo2c12 320-360°C + Uo2; 

dechlorination 

and (R3R1N)2U02C14 200-28O'C 
l uo2c12 

280-325'C u. 
-CH3Cl andcracking dechlorination 2. 

supporting the proposed structures, [II and [III, for the uranyl 

complexes with TOA and TOMAC 
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