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Abstract: The electrochemical behavior of U(VI) extracted from an aqueous solution of uranyl nitrate by
octyl(phenyl)-N,N-diisobutylcarbamoylmethylphosphine oxide (CMPO) in an ionic liquid was investigated.
The hydrophobic ionic liquid 1-butyl-3-methylimidazolium bis(trifluoromethylsulfonyl)imide (C.mimNTf,) was
used in this study. Using an equimolar series method, we found that CMPO and U(VI) formed a 3:1 molar
complex during the extraction process. Cyclic voltammetry was used to investigate the electrochemical
behavior of the U(VI)-CMPO complex in C.mimNTf.. The U(VI)-CMPO complex was found to be
quasi-reversibly reduced to a U(V)-CMPO complex. The formal redox potential (E°, vs Fc/Fc*) for the U(VI)/
U(V) couple was determined to be (-0.885+0.008) V. Controlled-potential electrolysis of the extract gave a
deposit on the surface of a platinum plate. X-ray photoelectron spectroscopy showed that the deposit
contained only U(VI), U(IV), and oxygen, and the CMPO extractant and the ionic liquid were not trapped in
the deposit.
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1708

Acta Phys. -Chim. Sin. 2013

Vol.29

fifi € U(VI)-CMPO 65 W 4L s bl ph U647 B vT 50,
FH & CMPO [ ComimNT £, 25 HUR R Al 15 /K v HH 1)
U(VD I}, CMPO 5 U(VI) B il T BE R by 3:1 [ A
5.

i T CMPO 5 UO3" ) 4% & fit 7 91, 17 NO; -
NTH 5 UOs 4% & e 180589, =/ CMPO ¥ 5 UOs
R BE A, BEAT Eh 6, 5 R A £, U0
CMPO It &P (1 45 7 2 B A 1B 3 . eI NTH
YK BT 5 [UO(CMPO), P 47
3.2 EIMAZIIR

7£298 K, LL50 mV - s~ (R4l R (v) A 5 A
20 mmol - L' CMPO [{] C.mimNTH, (¥ 1§ FR AR 22 th £5,
WiE 4 . BT RUE H, S A G CMPO
(1) CamimNTH, 7F —2.334 — 1.386 V 75 [ 4 %A 44k
RN R

7F 298 K ik 7 4 6.5 mmol - L™ U(VI) A1 20
mmol-L™" CMPO [1] CamimNTH [R5 IR AR 22 il £k, 44

N o] N
=1

3 HEBETS CMPOR ARG HRERE
Fig.3 Scheme of structure for uranyl-CMPO complex

1 0 1 2 3

Fi AR ALVE H R 10-110 mV -s™, PR 45 51 4
Bl 5 R 1 TR, IR 22 th 4 I T — A5 1)
I JF 0 (P AP 55 B 54 (Pa Rl Poy). HHIE 4 0]
A1, K& CMPO () CamimNTE, 75 1% Hi A7 47 i ¥ [
WA AL IR N R AR, DRI = AN SR A I 5 0
X F UVDEL AP UV ISR IR J5UR Y.

I 5 U PRI AR b U6 P, 2 [R] (U Ha 43 ZE (L AE B
5 A T ) 3G 0T AR K, A A 10 mV - sTU IR
0.115 VA4 110 mV - s™ I [£1.0.138 'V, 1] H.Id JiR 1 P,
FHAE AL U6 Py, P06 FEL L EEABL /N T 1. 115 298 KN, R 3
HUH RS IOV IRAE N — 2 H, B 0.059 V, ik J5t
U TR 46,10 VAR PR 0 P Y ALY A 1, GX R B I S s Jit
g P AR AU Py X IV (1) SN AN S — AN Rl e . Ut
Bk, %Ak B E° K(-0.885+0.008) V, S H & L
5, HAE SR B i 1E LEF ' (W 6 FTw). 1X 2R 1H
I J5UUE PR AR A U Py R IV 1) S Y. 2 B2 9 A i 1)
XI5 5 Kim %5 4 1E [¥] UOx(acac).DMF (acac 4
LI ) AE DMF H i I 45 S 28 L. UOx(acac),
DMF 7t DMF H [ fE PR R 22 2 i B0 77— A o
(RIS Ji7 W (Pac) AT A 55 ) AR UEE (Pt 1 Pao). ABATTIA

10

vi(mv-s™")

110 B
90
70

5+ 50
30
10

-5

1| 0 . -I1 -2
EN(vs FclFc’)

B5 & UVDEAYH C.omimNTLAIEIRAR thik
Fig.5 Cyclic voltammogram curves of the U(VI)
complex in C;mimNTf,

298 K, E=0.876 V, potential range: —1.524 —0.876 V,

P.: strong reduction peak; P, and P..: weak oxidation peaks
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Table 1 Cyclic voltammetric results of U(VI) complex in
C,mimNTf,

EINV (vs FciFc")
El4 220 mmol-L™ CMPO Ay C.omimNTf, Y
TBIMAZ 2%
Fig.4 Cyclic voltammogram curves of 20 mmol-L™
CMPO in C;mimNTf,
298 K, 50 mV-s™', initial potential (E}): —0.234 'V,
potential range: —2.334 — 1.386 V

VMV-s) E/V' EJV BV Eao/V' inJuA° AEN® ES/V
10 —0934 —0.819 —0.055 —0.861 1.67 0.115 —0.877
30 -0.941 —0.820 0.137 -0.867 291 0.121 —-0.881
50  —0.948 —0.821 0.154 —0.871 3.63 0.127 —0.885
70 —0.950 —0.823 0.177 -0.873 426 0.127 —0.887
90  —0.958 —0.824 0.182 —0.875 472 0.134 —0.891
110 -0.962 —0.824 0208 —0.877 5.09 0.138 —-0.893

“The potentials of peaks P, P.;, and P.,; "The potentials at i=i,/2;
“The cathodic peak currents; ‘AE =|E—~E,|; ‘E®=(EAE.)/2
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Fig.7 (a) XPS survey spectra and (b) U 4f region of
XPS spectra of the deposit
The inset in (b) shows the three satellites of U 4f, peak.
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H UVD IS, CMPO 5 UV TE % T BE R L 3:1
I Z4AH). U(VD-CMPO L & %) /£ CamimNT§, H1 &
b W AT A SR AR B U(V)-CMPO LA 4. U(VI/U(Y)
F 0 1R 2 0 484G 38 SR FEL 954 (= 0.885+0.008) V (vs
Fc/Fc*). U(VD)-CMPO AL & #7E ComimNTE H (14
HLRECH 2.5%10 ecm®-s7".

o REORHEAT P s A AR, R IRAEAN T B
DUVERT . XPS WA 45 H 2 B, i) h A &
U(VI). UIV)HI4, 1] CMPO I C.mimNTH B i %
AT H, X 3 IR FLORR ) 7 92 SE B S A T
AT 1, AH 2 H U R R A rL TR R AN 1.7%, FLIA
BN T 5%, 3X A B DN R HE TR A I T R
AESE B BE R S5 8, T 1244 2% o 0 B g 1 L ARG,
AN LA S N TR A, TR L — D AR Ak FEL T
TR A il ) TR
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