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Cluster ; Theoretical Study on the Paramagnetic Properties of Cluster CrPS,

LIU Li'e, FANG Zhigang, HOU Qianqian, LU Mengna, ZHENG Xinxi, WANG Qian
(School of Chemical Engineering, University of Science and Technology LiaoNing , Anshan 114051, China)

Abstract : In order to explore the paramagnetic properties of CrPS, at a temperature of 298. 15 K, and to contribute theoretical
basis for subsequent research and applications. The article is based on density functional theory, using B3LYP functional and def2-tzvp
basis set, using Gaussian09 quantum chemistry software, through the analysis of the single electron number, spin population, density
of states and electron spin density difference diagram of the 16 configurations of the cluster CrPS,. The conclusions are as follows:
When the temperature is 298. 15 K, the magnetic moment of the cluster CrPS, is positive, which is paramagnetic. The magnetism of the
quadruplet state is better than that of the doublet state; for the s, d, and f orbitals, the single electrons are mostly a electrons with
upward spin, and the relationship between the contribution rate to the magnetism is as follows: d orbital > s orbital > f orbital, and most
p orbitals are B electrons with downward spin, which has a weakening effect on the magnetism of the cluster; from the atomic point of
view, the main source of magnetism is Cr, P .S can weaken the magnetism of cluster CrPS,, and different S have different weakening
effects in the same configuration; the spin directions of electrons in both s orbital and p orbital have changed.
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Fig.1 The optimized configuration and energy

diagram of cluster CrPS,
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Tab.1 The number of single electrons in the various

configurations and orbitals of the clusters of CrPS,

a7 s p d f

1@ 0.116 -1.018 3. 894 0. 007
28 0. 182 -0.855  3.668 0. 005
1@ 0. 044 -1.704  2.652 0. 007
2 0.033 -0.791 1. 754 0. 004
3@ 0. 058 0. 553 2.383 0. 005
4@ 0.073 -0.615  3.536 0. 006
5% 0. 128 -0.739  3.605 0. 006
3@ 0. 032 -0.813  1.776 0. 005
4@ -0.016 -1.466  2.478 0. 003
6 0. 089 -0.554  3.460 0. 006
5@ 0. 007 -2.072 3.056 0. 008
7% 0.093 -0.793 3. 696 0. 005
6% 0. 024 -1.437 2. 409 0. 005
g 0.178 -1.110 3.929 0. 003
7% 0.123 -2.383  3.258 0. 002
g 0.116 -2.208 3.086 0. 006

3 20 0F 4% A8 Y A BT R B G T A
I, SRS A R AU A B i T
1, 1T P 2 45 BT B RO AdE iR T 3, Ut
AAS, DU A A RUAE LT A HAT A
PR,
2.3 BREmBE#EHsSH

F Jié A s 5 B B 1 2 B D L
R R AT O, A A AT TR RO I BT
EP R HBER B o BT, RZ, UL A
HUHLF O ATBER TR B L, 3 2 AHIRE CrPS, A~
[) Ji -5 ST 1 1 AT R A
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Tab.2 The spin populations of the s, p, d, and f orbitals of the different configurations of the cluster CrPS,

- S1 S2 S3

o s p d f s p d f p d f
1@ -0.013 -0.525 0.007 0.002 -0.003 -0.062 0.007 0.001 -0.003 -0.062 0.008 0.001
2@ -0.002 -0.054 0.009 0.001 0.000 0.011 0.000 0.000 -0.002 -0.054 0.009 0.001
1 -0.004 -0.206 0.003 0.001 -0.011 -0.521 0.006 0.002 -0.004 -0.206 0.003 0.001
2@ -0.003 -0.129 0.005 0.001 -0.003 -0.128 0.005 0.001 -0.012 -0.529 0.009 0.002
3@ -0.006 -0.401 0.009 0.001 0.005 0.443 0.005 0.000 0.005 0.444 0.005 0.000
4@ -0.002 -0.051 0.005 0.001 -0.001 0.038 0.001 0.000 -0.003 -0.071 0.002 0.001
5@ -0.006 -0.272 0.011 0.002 -0.002 -0.008-0.003 0.000 -0.006 -0.273 0.011 0.002
3@ -0.003 -0.039 0.003 0.001 0.000 -0.021 0.000 0.000 -0.009 -0.397 0.008 0.002
4@ -0.005 -0.088 -0.002 0.000 -0.008 -0.447 0.002 0.000 -0.005 -0.088 -0.002 0.000
6" -0.001 0.049 -0.004 0.000 -0.002 -0.099 0.006 0.001 -0.005 -0.145 0.008 0.002
53 -0.007 -0.226 0.003 0.001 -0.012 -0.554 0.007 0.002 -0.009 -0.435 0.000 0.000
7@ -0.006 -0.225 0.006 0.002 -0.003 -0.174 0.009 0.002 -0.001 -0.027 -0.007  0.000
6@ -0.008 -0.282 0.009 0.002 -0.008 -0.382 0.003 0.001 -0.008 -0.471 0.009 0.002
g -0.004 -0.144 0.007 0.001 -0.004 -0.310-0.007 0.000 -0.003 -0.111 0.006 0.001
7® -0.025 -0.949 0.017 0.003 -0.005 -0.209 0.006 0.001 -0.012 -0.603 0.001 0.001
g 0.024 -0.888 0.016 0.003 -0.004 -0.291-0.011 0.000 -0.004 -0.151 0.000 0.001
- sS4 Cr P

s p d f s p d f p d f

14 -0.013 -0.525 0.007 0.002 0.148 0.076 3.860 0.000 0.000 0.081 0.005 0.000
2@ -0.021 -0.852 0.015 0.003 0.198 0.088 3.622 0.000 0.008 0.005 0.013 0.000
1@ -0.012 -0.544 0.007 0.002 0.089 0.059 2.637 0.000 -0.014 -0.286 -0.004 0.001
2® -0.003 -0.082 0.004 0.001 0.057 0.050 1.732 0.000 -0.002 0.027 -0.001 0.000
3@ -0.001 -0.012 0.006 0.001 0.063 0.052 2.415 0.000 -0.005 -0.024 -0.007 0.002
4@ -0.007 -0.172 0.002 0.001 0.099 0.039 3.521 0.000 -0.013 -0.396 0.005 0.003
5@ -0.002 -0.009 -0.003 0.000 0.153 0.068 3.585 0.000 -0.009 -0.245 0.004 0.002
3@ -0.009 -0.397 0.008 0.002 0.075 0.083 1.749 0.000 -0.023 -0.043 0.007 0.002
43 -0.015 -0.717 0.015 0.002 0.101 0.048 2.498 0.000 -0.084 -0.173 -0.032 0.000
6 -0.006 -0.124 0.005 0.001 0.113 0.048 3.443 0.000 -0.011 -0.283 0.003 0.002
5@ -0.012 -0.544 0.008 0.002 0.124 0.068 3.052 0.000 -0.077 -0.381 -0.015 0.003
7@ -0.003 -0.072 -0.001 0.000 0.117 0.030 3.685 0.000 -0.012 -0.325 0.004 0.002
6% -0.008 -0.282 0.009 0.002 0.119 0.093 2.394 0.000 -0.063 -0.114 -0.016 -0.001
g -0.009 -0.645 0.000 0.001 0.201 0.046 3.928 0.000 -0.004 0.054 -0.005 -0.001
7@ -0.012 -0.603 0.001 0.001 0.212 0.068 3.231 0.000 -0.034 -0.086 0.002 -0.003
g -0.009 -0.649 0.000 0.001 0.166 0.053 3.085 0.000 -0.010 -0.281 -0.004 0.001
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Fig.2 Atomic magnetic moments of various

configurations of cluster CrPS,
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Fig. 3 Density diagram of each configuration of cluster CrPS,
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