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Fig. 1. (color online) The stable geometrical structures
of compounds Np(NO3)% (n = 1-6, ¢ = —2—+3).

063101-2


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

32 % R  Acta Phys. Sin. Vol. 66, No. 6 (2017) 063101
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Table 1. The geometrical parameters of coordination compound Np(NO3)% (n = 1-6, ¢ = —2—+3) (bond
distance A/ bond angle (°)).

n=1 n=2 n=3 n=4 n=>5 n==6
2.488 2.213 2.298 2.414 2.463 2.518
2.487 2.213 2.308 2.358 2.533 2.512
2.212 2.310 2.413 2.473 2.517
2.213 2.300 2.359 2.518 2.512
2.297 2.359 2.463 2.513
2.308 2.412 2.497 2.516
T(proeq)
2.358 2.493 2.511
2.414 2.518 2.510
2.497 2.511
2.453 2.510
2.511
2.512
2.51 (23]
2.872 2.735 2.787 2.843 2.920 2.956
2.735 2.784 2.843 2.903 2.988
~(Np_N) 2.785 2.843 2.902 2.975
2.843 2.920 2.988
2.894 2.955
2.975
1.289 1.161 1.179 1.196 1.212 1.226
1.161 1.179 1.196 1.212 1.227
1.179 1.196 1.213 1.226
r(N—O)
1.196 1.212 1.227
1.211 1.228
1.226
51.544 58.123 56.005 54.075 52.277 50.317
58.123 56.053 54.078 52.243 50.225
56.113 54.073 51.953 50.443
0(Oeq—Np—0cq)
54.078 52.277 50.437
51.956 50.412
50.225
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() PR AH ELAE FH B0, X Bt R UR G Np* ™ S 4 ) T~ &5
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Table 2. Charge transfer of Np atoms in Np(NO3)3 (n = 1-6, ¢ = —2—+3) coordination compound with

#2 Np(NO3)i (n=1—6, ¢ = —2—+3) FLEW P Np J5 75 i BRAR & I 1) re r e 7%

atoms in nitric acid.

1

-—s— Np(NOj)n

| —e— Np(NOj)s +BSSE

1 L 1

1

2 3

Number of ion nitrates (n)

4

K2 (MTPEE) Np(NO3)E (n=1—6, ¢ = —2—43)
B & M454 e AR AL U

Fig. 2. (color online) Binding energy of coordination

compound Np(NO3)} (n = 1-6, ¢ = —2—+3).

Np(NO3)% Np Ocq N O(N—O)
Np(NO3)3+ 2.429 [—0.007, —0.007] 0.062 0.496
) [—0.095, —0.094] 0.040 0.169
Np(NO3)3* 1.960
[—0.095, —0.094] 0.040 0.169
[—0.181, —0.185] 0.089 0.038
Np(NO3)F 1.727 [—0.180, —0.184] 0.083 0.038
[—0.180, —0.183] 0.085 0.037
[—0.157, —0.201] —0.020 —0.069
[—0.156, —0.202] —0.021 —0.069
Np(NO3)4 1.789
[—0.156, —0.202] —0.021 —0.068
[—0.157, —0.202] —0.022 —0.068
[—0.138, —0.166] —0.077 —0.147
[—0.106, —0.176] —0.077 —0.143
Np(NO3)5 1.760 [-0.165, —0.139] —0.138 —0.143
[—0.175, —0.103] —0.139 —0.137
[—0.185, —0.183] —0.075 —0.143
[—0.058, —0.058] —0.311 —0.203
[—0.052, —0.054] —0.312 —0.207
) [—0.044, —0.053] —0.312 —0.203
Np(NO3)2~ 1.701
[—0.055, —0.046] —0.312 —0.204
[—0.042, —0.050] —0.312 —0.203
[—0.043, —0.048] —0.311 —0.204
T T T T Ay 1 12
T : 3.4 Np(NOs)4HIZI5N (IR) S
@ oo '
L@ 'y

IRGIE EEH T &Y% Moy a5 E
fE, AT DA T o pr. 8 FoRATH f e
ZEFINp(NO3), BL &I IR Y AT I iE. B3N
Bt 4 4 Np(NO3) 4 75 S AH AR 2% 1 F i E 8 it
HIR GG, 7601800 e IR BGEH A, Bl &
YIND(NO3)4 H 2> IR Wb, s 2LAMR ) 32 2
P 200 e~ BL& 1000—1700 cm ™~ BTG L
eV HF R K i R f K R U HH BLPE 1600 em L Y
i, PRBN 5 S K HI AL B oR H T NO; H N—O
EERSN. F4k, 269 cm = FIAH Np— O X FRA
Y5 PR3N, 750, 800, 1054 11276 cm~ KK 5 J A
N—O.q B IRF  FRIBHREN AN AE IR B LA B R KR
HAEIRZ).
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#3 Np(NO3)4 FLEEA B FBEH (cm— 1)

Table 3. Wave number of coordination compound in different solutions (cm™1).

compound v v va vs vs s
Np(NO3)4-2.5DMA [4 — 1278 1033 751 1515 807
Np(NO3)4-2H20 4] — 1287 1034 762 1524 804
Np(NO3)4-NoOL! — 1269 1020 743 1543 801
Np(NO3)4(gas) 281 1243 1024 737 1678 797
Np(NO3)4(aq) 269 1276 1054 750 1599 800
12000 ; ; ; ; A AE, PPt E. FEA S Np*t 5 2(NO3)
oo NPNO(e) o 2[RRI 4 Np(NOg)3 ™ 1 Np 15 NO;
— N, Ocq J5 7 10] 8RB de A, HR AR 45 & BE 11
E i . B, Np*T ) T 254 4(NO3 ) JE i As & M &
£ oonoy YIND(NOs)a. BJE % 5 45 H Np(NOs ), &4
T 4000 BEAT IR GG THEL, JF H A5 SEie B #EAT X b, 45251
i i HO LT
2000
0

0 200 400 600 800 1000 1200 1400 1600 1800

Frequency/cm~!

K3 (MFEA) it A 2K Np(NO3) 4 BEAWIH IR Ot
1% 1

Fig. 3. (color online) The calculated IR spectra for
Np(NO3)4 compound.

3 [F I H) T Laidler 25 M xf Np*t fl i &
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Structures and properties of Np(NO3)? (n = 1-6,
q = —2—+3) coordination compound”

Ma Lei Yin Yao-Peng Ding Xiao-Bin Dong Chen-Zhong!

(Key Laboratory of Atomic and Molecular Physics and Functional Materials of Gansu Province, College of Physics and

Electronic Engineering, Northwest Normal University, Lanzhou 730070, China)

( Received 13 October 2016; revised manuscript received 8 December 2016 )

Abstract

In the process of nuclear waste disposal, the valuable uranium and plutonium are recycled and separated by dis-
solving the spent fuel in nitric acid. However, transuranic Np greatly influences the process of separation and recovery.
Therefore, it is vital to study the structure and properties of nitrate, which is combined with neptunium ions and nitric
acid. Furthermore, there are few researches about nitrate formed by tetravalent neptunium ions. So in this article, by
using BSLYP hybrid method of density functional theory, the Gaussian 03 program is used to optimize the geometric
construction of the coordination compounds Np(NO3)¢ (n = 1-6, ¢ = —2—+3) formed by the tetravalent neptunium
ions (Np**) and nitrate ion (NO3). Under the relativistic effective core potential model, the structure parameters and
properties are reported. It is found that NO3 coordinates to Np?* as a bidentate ligand, and the Np—N and Np—O
bonds are the shortest in Np(NO3)3", while the binding energy of the Np(NO3)4 is the largest. The infrared spectra of
Np(NOs3)4 are calculated in the gas and liquid phase. Comparing with the available experimental data, the reliability of

the calculation results in this work is confirmed.

Keywords: Np(NOs3)?, density functional theory, binding energy, infrared spectral analysis
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