%5 46 B4 3 W ¥k w5 g 4 o o Vol. 46 No. 3
2024 4 6 H Journal of Nuclear and Radiochemistry Jun. 2024

UV EZ A5 ER I BE AL 4K =

REF L BORH £ N BLARE HER, HERY
LA E R T e LR B e e At A DR g BT, bt 102413; 2. 348 K% RRE S H AR IR B R BFSE e, JL 5 100084

FE: LBEN IR (X4 R, AHA) J& oA A R T 7K 5 5 b 31 PUREX Ui 742 il 208 16 798 B7 19 15 452 77
A% AR pH B A A2 75 1k FIRL 2 G 15 5 7 I 5E T AHA 1Y B B b A2 B 5 U(VD) 7E 1.0 mol/L NaClO, /i i
TR BC AL A o TR R AE i T T AHA SR BLA —JLRR, FCLBTT AL Bk 107240135 22 iy HyperQuad #1481 45 31
FLG ), D5 pH 3 [l N R W42 5 AHA 19 i . {2 AHA 5 UV JB JURC & i) il B 25 28 — AN B, 72
PEFIGEE pH W Bl N 5 UV #E— 25 T8 i F AT SR E R 2 LA & 9 . TiC& % b AHA BRTT LU B — 4> Bt 1
BT, WA LU RIS B I AP 7E . a8 1B R EE A YRR E WL, IF R BZ R R TE A LA
LA DX 55 UCVI) B9 TS 32 B RE % 55 7K Ak A FH 58 40 A K A o B 800 3 i e S R 2 R R W, BE BC & 4P
P 1A 5 2 B 4% 0, TE 5 4 b UV B RRAE 7 200 18 e i IR D B Re 3l o ARAE IC 5 W R 8 o B0 54 2 00 18 i E
WA S YA RS0 AR, G BOR AN [RTE AR, TE HAR R B AHA 5 U(VD Be & 9, RS MR 75 25
T Xt UV o 2 F5005 D' 335 A9 582 o) e LA 2 B, (L E JHC iR 38 7 A I 38 5

KB QAN RR; UVD; Fo iz s B W80 7 SOt

FE 43S TL211; TL24; 0641.4 MR ERG: A XEHS: 0253-9950(2024) 03-0213-08

doi: 10.7538/hhx.2024.46.03.0213

Coordination Chemistry of U(V]) With Acetohydroxamic Acid

YAO Ding-xin!, CHEN Shao-kang', YANG Qi', LIU Qian!, YANG Ya-ting!,
YANG Su-liang!, TIAN Guo-xin'?

1. Department of Radiochemistry, China Institute of Atomic Energy, Beijing 102413, China;
2. Institute of Nuclear and New Energy Technology, Tsinghua University, Beijing 100084, China

Abstract: The deprotonation of acetohydroxamic acid(AHA) and its coordination chemistry with uranyl
ion(UO3") in 1.0 mol/L NaClO, has been investigated with potentiometric titration and Raman
spectroscopy at 25 °C. For the first time, the deprotonations of AHA in aqueous solutions are quantitatively
investigated with potentiometric titration method. It is found that in aqueous solution AHA acts as a
monobasic acid and the protonation constants calculated to be pKa;=9.24+0.11(etrors are given by the
HyperQuad software fitting calculations). The determined pKa, is in good agreement with the previously
reported one-step protonation. In a wide pH range from acidic to basic aqueous solutions, the two step-wise
protonation of AHA has been found, at the same time, the complexation of U(VI) with AHA has been re-
visited. For AHA at different degrees of deprotonation, various complexes of U(VI) with AHA at ratios of
U(VI) and AHA from 1 : 1to 1 : 3 are recognized by potentiometric titration method. Amongst, the 1 : 1
set of complexes consists of UO,A" and UO,(OH)A, the 1 : 2 includes UO,A, and UO,(OH)A;, and the

% B #3:2023-06-06; 1&1iT B #3: 2024-05-13


https://doi.org/10.7538/hhx.2024.46.03.0213

214 Btk Sty ek

1 : 3 is composed of three complexes UO,A;, UO,(OH)A%™ and UO,(OH),A3". There are maybe more
complex species formed during the titrations, especially in very basic solutions, but those cannot be well
quantitatively characterized due to their very low solubilities. The stability constants of the mentioned
seven species have been determined by HyperQuad software, with the values of UO,A" and UO,A, in good
consistence with those reported previously. All other five new-detected complexes are detected in solutions
of relatively higher pH values. In the potentiometric titrations at relatively low AHA concentration, both
protons of AHA can be deprotonated to form higher proportioned UO,(OH)A in comparison with UO,A,,
which is an equal species to UO,A" in term of releasing/consuming H* during the titration process. At
greatly excessive concentrations of AHA, three complexes, UO,A*, UO,A,, and UO,A; are successively
formed with only one proton deprotonated A~ as the pH being increased; further, two species, UO,(OH) A3
and UO,(OH), A3, are formed with partial of the ligands in the form of completely deprotonated (OH)A?".
The Raman spectroscopic titrations show that the Raman shift of O—U=—=0 moves to lower wavenumbers
with the increase in the number of ligands, with 849 cm™, 828 cm™ and 807 cm™!
three sets of U(VI) to AHA ratiosof 1 : 1,1 : 2, and 1

that the effect of deprotonation on the Raman shifts of uranyl ion is negligible, but the effect on the Raman

corresponding to the

: 3, respectively. Moreover, the results demonstrate

intensity is significant. The almost same step-wise Raman shifts at about 21 ¢cm™ for the three sets of
2 and 1:

different degrees of deprotonation, which provides informative hints for the structures of the complexes.

complexes, 1 : 1, 1 3, indicates a similar coordination mode for all the AHA ligands with
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Table | Protonation constants of AHA and stability constants of complexes of uranyl and AHA
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Fig.5 Raman spectrometric titration of AHA-UQ;3* complexes
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Table 2 Speciation of U(VI) in solution with selected Raman spectra
N?=1:1 N?=1:2 N?=1:3
WA Uor T  UOA"  UOLOH)A e UOA, UO,OH)A; e UO,A;  UOOH)AT  UO,(OH),AY P
AR EHAH T [E g8 Ao [EPige [P
a 90.0% 9.9% <0.1% 9.9% <0.1% <0.1% <0.1% <0.1% <0.1% <0.1% <0.1%
b 14.5% 75.2% 5.6% 80.8% 4.1% <0.1% 4.1% <0.1% <0.1% <0.1% <0.1%
c <0.1% 1.0% 27.2% 28.2% 16.8% 51.4% 68.2% 2.6% 0.7% <0.1% 3.4%
d <0.1% <0.1% <0.1% <0.1% <0.1% 20.8% 20.8% 0.7% 76.2% 2.0% 78.9%
1) BIUih
2) Nh& )R SR a
WL, AR AW PR R B M R 1:2.1:3 =KEEW TP AHA P15 ¥ (A 5

Xt UV $7 2 7 5% 1 52 M o 4002 ol IR — )
HE WP FlEEETF L, 2T HAESE
w5 UV 25 A 8. 71, (BXF UV
XoF R AT 405 % B 114 5% 1) AF X AN
;rmmﬁuwnmﬁwmA%¢zMAuA
(149 23 o WA SR 5 UV AU B 47, A
MG N — A Fa e 1 T A 450 2, — ARy, 76
KEW P EXF L A X5 &8 % 7
BB G R NEE. 46 0 Ji:@EA%?J
6 AR, LT AT LA B A R P L

(@

(OHW)A) #R LA H T B A5 UV BL A . (H FLPR
5 U mBCAL gt =B, A8 U(VI) /Y 2538 1
ATV 6 MR TS SR, (A = A 8B
1 G AT REAT L BT 2, 2% 5 AHA 258925
LB 2. A% iz 5 B 85 1 5 U(VI) 8 7 LL—N—0 [d]
B TC A7 1) = T AR 5 (2 A5 5K ) 24250, s, ] 4 30l 7K
WP AHA 5 UV /Y B A 9 b e R B A 0T g
DA 2 455 2 E A, 3R il B A M 2 40 — > AHA i
1, 2 GLBC A WY 72 0 B 5 A B S oG
F. "REMZE R R T 6.

o,

0= N-O
0.0 .00 L0 Q 0y 0.9 0 HNO ™\ \”/ 9/
j\]\\ >l:% )N\\ >H ﬂ\]\\ >l:%< NH TK\ >l:%< mN/ \0//H\\O/ /< //”\ /Q //8
0 0 00 0 0 0 00 0 09%% 0 " 0
H‘N-< HN—< HN—{
1:12% 1:2% 1:3%
®) 1 HO\( HO\\( Hoj\/
Ho SN O;\N\?I) HO N\R/O HO \N\'(‘)/O 0\\” \\Q/o \\” 9
L ' ~U o\ « 0~ / / 0
LI A e YN/OTYN//OT ST
1:12% 1:23% 1:32%
(a) — A ITCH B, (b) —? B
Kl 6 AHA 5 UV BCG 45 ¥ HEm Chig it , w2 7oK +)
Fig. 6 Speculated structures of U(VI)-AHA complexes(H,O is omitted for clarity)
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