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Scheme 1  Molecular structure of BNCP
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Fig.1 Full optimized structure of BNCP with TPSS/6-31G "~
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Table 1 Comparison of the computed metal-ligand bond lengths

(A) and experimental data for BNCP using four different DFT

functionals
bond TPSS B3LYP PBE  SVWNS5 experiment!'®)
Co—N(2) 1.954 1.964 1.955 1.905 1.948
Co—N(3) 1.975 1.987 1.975 1.918 1.962
Co—N(4) 1.969 1.981 1.975 1.914 1.951
Co—N(5) 1.975 1.981 1.970 1.914 1.956
Co—N(6) 1.892 1.929 1.894 1.841 1.926
Co—N(11) 1.904 1.927 1.888 1.832 1.936
MD -0.002 0.015 -0.004 -0.060

Note: MD means square deviation.
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Table 2 Some bond length of BNCP molecule and crystal

[18]

bond molecule/TPSS  crystal/PW91  experiment
Co—N(2) 1.954 1.950 1.948
Co—N(3) 1.975 1.953 1.962
Co—N(4) 1.969 1.970 1.951
Co—N(5) 1.975 1.967 1.956
Co—N(6) 1.892 1.914 1.926
Co—N(11) 1.904 1.933 1.936
N(6)—N(7) 1.356 1.328 1.325
N(7)—N(8) 1.327 1.303 1.332
N(6)—N(10) 1.331 1.312 1.322
N(10)—C(16)  1.343 1.308 1.309
N(8)—C(16) 1.346 1.326 1.319
N(9)—C(16) 1.462 1.411 1.448
N(9)—O(18) 1.240 1.239 1.218
N(9)—O0(19) 1.238 1.237 1.225
N(15)—N(11)  1.334 1.317 1.33
N(11)—N(12)  1.351 1.321 1.328
N(12)—N(13)  1.326 1.306 1.334
C(17)—N(15)  1.341 1.308 1.312
C(17)—N(13)  1.346 1.324 1.318
C(17)—N(14)  1.461 1.415 1.447
N(14)—O0(21) 1.240 1.237 1.213
N(14)—O0(20) 1.237 1.232 1.222
Cl(34)—0O(35) 1.524 1.505 1.423
Cl(34)—0(36) 1.527 1.499 1.421
Cl(34)—0(37) 1.477 1.513 1.396
CI(34)—O0O(38) 1.544 1.492 1.279

B2 BNCP g4 )5 i JLA Ay 2
Fig.2 Optimized crystal structure of BNCP crystal
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Table 3 Natural charges on each metal atom'’ , nitro-tetrazole ring, coordinated O atoms and perchlorate, electron configuration of

the metal atom,and WBIs and ecco of M-N

formal electron natural atom charge electron configuration M-N
compound - - -

configurations Co NTZ ring 4s 4p 3d WBI €5cc
BNCP 3d" 44 1.379 -1.185 -0.83 0.33 0.01 7.27 0.406 1.977

Note: 1) values are averaged except the natural charge of the metal value.
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Fig.3 The density of state( DOS) and partial density of state
(PDOS) of title compound
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Theoretical Studies on Structure and Properties of Bis-(5-nitro-tetrazolato) Tetraammine Cobalt (1) Perchlorate
Molecule and Crystal

SHANG Jing', ZHANG Jian-Guo', SHU Yuan-jie’, YIN Ming’, ZHANG Tong-lai' , ZHOU Zun-ning', YANG Li'
(1. State Key Laboratory of Explosion Science and Technology, Beijing Institute of Technology, Beijing 100081, China; 2. Institute of Chemical Materials,
China Academy of Engineering Physics, Mianyang 621900, China)

Abstract: The density functional theory( DFT) was used to study molecule and crystal of bis-(5-nitro-tetrazolato) tetraammine cobalt
(I) perchlorate (BNCP). DFT calculations of BNCP were performed using four different spin-restricted functionals (SVWN5,PBE,
TPSS and B3LYP) with the 6-31G " " as the basis set. The results show that the TPSS (Tao,Perdew, Staroverov and Scuseria) func-
tional best reproduce the experimental geometries. At the same time, the crystalline of BNCP was studied by PW91 of DMOL’.
Then,the electronic structure of molecule and density of state, lattice energy, thermodynamic parameters of BNCP crystal were
explored. The results show that the metal-ligand interaction in the title complex is covalent. And the frontier band consisted in the
main of perchlorate ion,so it is the most active part of the compound. Meanwhile, the relationship between the temperature and
thermodynamic parameters was obtained.
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bis-(5-nitro-tetrazolato) tetraammine cobalt (1) perchlorate (BNCP)
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BRI RFRRFREEHKAHFOILAZFRFT T A B REANEM(REZEL B F)F 2 REBH T
d kst T 2011 47 A R,

ZHPRAAUN BT ARAMGRBEEBSHHER, FRALEEATE O —NRESERERBFE ZHELRE
WA EABRFRHNE RN, EEHRETHENLHRARGIERE MNEFTH SREE R AL, AT RS EA
E LW ARRAET L F R RN,

5% 1 MM, ZHB—F@HET3F: 2 TAEF . FTEHADG LEMNENf ARIGRRERS R, -5 8
R I REFHFATARARENAETERE T R2F A B TRABBD LS ETHOMIERFARA L ORE,;
AN T ARSI BOM R  H T REN TR X HERBRERERAREE:; AXTEZERE HELFIRAERE
Hwk R EFFTHOALR,

AFERT ALTELSTAERS B E BAFFELE A TANEANE SRS F MNPk RME a
SRR R TFIBRBOK R IEE BRER AR EMN A XHEE RBEEAEREARRER R, APEABTHEEEY
WA AL S EPETF S T REM RS T @ S LA 5T RN B EFRR KR EFARNZTAR
A RALAAL MWk B IR B 5,

TR THEATRANE KD AEFARN MEFRIERZLE IRFFIHAFTLGAMLAERRARM A
PR THAARE LGHFRERAREF
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