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Investigation on Quantitative Structure-Activity Relationships Between
Hydroxylamine and Its Derivatives and Reduction of Pu(]V)
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Abstract: The importance of plutonium is only second to uranium in nuclear industry and its
recovery had been researched extensively. The reduction of Pu(]lV) by hydroxylamine and its
derivatives is one of the main research directions. In this paper, the 3D structures of hydrox-
ylamine and its derivatives were optimized and their energies were calculated by density func-
tional theory(DFT) with B3LYP functional and 6-311+G(3d, 3p) basis set. The physico-
chemical parameters such as hydrophobic parameter, which could describe the structures
were generated by HyperChem. The relationship between the half-reaction times and their
physicochemical parameters was analyzed. Finally, the quantitative structure-activity rela-
tionships(QSAR) equation with a good correlation was obtained. The results show that the
reaction relationship between the structure of hydroxylamine and its derivatives and Pu([V)
can be represented by QSAR equations. The total energy of molecular is a major factor
affecting the reduction rate, and it is negatively correlated with the reaction rate.
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Table 1 Structure of hydroxylamine and
its derivatives and reaction rate constants

of Pu(lV) reduction
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EHEH 155 171. 360 0. 000 —5. 350
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Table 2 Quantum parameters of hydroxylamine and its derivatives
Enomo/  Evumo/ AE/ Eyn/(kcal »
i JE ) E/a. u. 1/ Debye \% lg P R M/a. u. A
a. u. a. u. a. u. mol ™)
HAN —131.772 —0.274 0.012 0. 286 0. 624 325.787 —0.180 7.560 33.030 144. 940 —24. 640

DMHAN —210.416  —0. 240 0. 002 0. 242 0. 899 635.935 —0.050 16.170 61.080  144.350 —8.000

DEHAN  —289.067 —0.236 0. 005 0. 241 0. 905 946. 093 0.630 25.670 89.140  144.400 —3.600

EHEH —364.312 —0.244 —0.002 0. 242 1.553 1008.916 —0.150 27.210 105.140 245.930 —9.140

HU —300.537 —0.269 —0.017 0.251 3.6 607.087 —1.090 13.620 76.050  268.020  32.510

191
ol

EH —209.212 —0.270 —0.012 0.258 0. 859 573.902 0. 080 15. 250 59.070  169.810 —11.110
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Table 3 Pearson correlation matrix

Eunomo/  Evrumo/ AE/ Eyn/(kcal »
In % E/a. u. 1/ Debye \% lg P R M/a. u. A

a. u. a. u. a. u. mol 1)
In % 1. 000 0.928**  —0.370 0.622 0. 765 —0.692 —0.694 0. 390 —0.616 —0.853* —0.825* —0.679
E 0.928** 1. 000 —0.506 0.417 0. 769 —0.520 —0.876* 0.117 —0.820* —0.976** —0.711 —0.522
Enomo —0.370  —0.506 1. 000 0.312 —0.795 —0.239 0. 799 0.556 0. 809 0. 650 —0.176  —0.069
ErLuvo 0.622 0.417 0.312 1. 000 0. 329 —0.735 —0.069 0. 589 —0.003 —0.284 —0.700 —0.752
AE 0.765 0.769 —0.795 0.329 1. 000 —0.232 —0.839* —0.176 —0.806 —0.827* —0.273 —0.413

" —0.692 —0.520 —0.239 —0.735 —0.232 1. 000 0.075 —0.837* —0.040 0. 337 0. 864" 0.941 "
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In % E/a. u. Eovo/ - Erowo/ aE/ 1/ Debye \% lg P R M/a. u Eu/Cheal -
a. u. a. u. a. u. mol 1)
\4 —0.694 —0.876* 0.799 —0.069 —0.839* 0.075 1. 000 0.364 0.993** 0.959** 0.291 0.163
lg P 0. 390 0.117 0.556 0.589 —0.176 —0.837" 0. 364 1. 000 0.462 0. 097 —0.744 —0.661
R —0.616 —0.820" 0. 809 —0.003 —0.806 —0.040 0.993** 0. 462 1.000 0.924** 0.201 0.053
M —0.853* —0.976** 0.650 —0.284 —0.827" 0. 337 0.959*" 0.097  0.924" 1. 000 0. 546 0. 380
A —0.825* —0.711 —0.176 —0.700 —0.273 0.864" 0.291 —0. 744 0. 201 0. 546 1. 000 0. 704
Enu —0.679 —0.522 —0.069 —0.752 —0.413 0.941*" 0.163 —0. 661 0.053 0. 380 0. 704 1. 000
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Table 4 Variables entered/removed
B WAER  BRER ik w6 TRIHTR
1 S F BB & A a5 Table 6 Anova
WD) PR G N R (i) 7 A A ¥y F WERE
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B EF AT aE R . D Eid R 4.585 1] W 3.320 1 0.830
A4y EVBE B 5 R N TR R R EL A B I S Bt 23.862 5
PE BT SCRERY A 7 2R 800 F- 5 H 2 0. 928, i VD) B R RD <4y F R AR IE Es
ZHCH0. 861, B T B E R B 0. 826, Bl & 2) PRtk S
7 EBIAREGE
Table 7 Coefficients
B AEVEE i TR ATV EY:i
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