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ABSTRACT

This wok uses Gaussian 98 soft program and selects the density functional theory (DFT)
B3LYP/6-31G(d,p), the ab initio MP2/6-31G(d,p) and HF/6-31G(d) methods to model the
Diguanidinium 5,5 —azotetrazolate (GZT) energetic ionic species for obtaining its corresponding
decomposition mechanisms. GZT was initially cracked into two guanidinium cation (G) and a
5,5 —azotetrazolate anion (ZT”). Following, three routes as elimination of hydronium ion (H"),
elimination of hydrogen radical (H-) and elimination of amine radical (-NH;) were suggested for the
G" cation decomposition and three routes of single ring opening, double ring opening and non- ring’s
N-N bond cleavage for further decomposition of the ZT*" anion were also proposed herein. There were
obtained 14 optimized decomposition species for the splitting of cation and anion respectively. Such
result indentifies the reliability of above-mentioned decomposition mechanisms. The transition state
species were also obtained using a 2-structure (or 3-structure) Synchronous Transit-Guided
Quasi-Newton (STQN) between the cartesians of related decomposition particles in this research. The
corresponding activation energies in all decomposition stages were relied on to infer the reasonable
and more feasible pathways of GZT decomposition.
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Energy* B3LYP/6-31G(d,p) MP2/6-31G(d,p)

species Escr H G Escr H G

1 § -205.7803 -205.6855 2057186 -205.1761 1205.0796 12051127
2 2057232 -205.6282  -205.6615 -205.1235 12050266 -205.0595
3 é 2057317 -205.6405 1205.6781 2051302 -205.0370  -205.0754
3A 1148.7861 1487490 1487768  -148.3583 1483209  -148.3487
4 12057457 -205.6531 2056932 -205.1516  -205.0568  -205.0967
4A (1487870 -148.7484  -148.7765 -148.3698 (1483308 -148.3589
5 § 2055852 -205.5020  -205.5404  -204.9791 12048944 -204.9343
5A 1205.0831 12050028  -205.0361 2044804  -204.3985 1204.4317
6 % 2056280  -205.5374 2055750  -205.0031 2049108 -204.9481
6A [148.6782  -148.6429  -148.6721 1482246 -148.1908  -148.2198
7 2056162 -2055264 2055666 2049932  -204.9003 1204.9411
7A [148.6575 [148.6213 (1486510 -1482042  -148.1655 [148.1947
8 é -205.6075 2055188 -2055574  -204.9915 12049007 -204.9393
8A -149.7001 149.6376  -149.6677  -1492570  -149.1932  -149.2241
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Energy* B3LYP/6-31G(d,p) HF/6-31G(d)
species Escr H G Escr H G
9 -623.5879 -623.5210 -623.5662 -620.0531 -619.9785 -620.0233
9A -623.4471 -623.3855 -623.4353 -619.9327 -619.8663 -619.9151
9B -623.5160 -623.4503 -623.5127 -620.0103 -619.9459 -619.9963
10 -623.5042 -623.4423 -623.4997 -619.9909 -619.9261 -619.9480
10A -623.4247 -623.3658 -623.4262 -619.9179 -619.8637 -619.9142
10B -311.7736 -311.7437 -311.7770 -310.0377 -310.0047 -310.0376
10C -513.8918 -513.8428 -513.8905 -510.9368 -510.8860 -510.9337
10D -513.9704 -513.9184 -513.9631 -511.0428 -510.9891 -511.0333
11 -311.8066 -311.7782 -311.8231 -310.0970 -310.0674 -310.1139
12 -513.9229 -513.8745 -513.9268 -510.9642 -510.9161 -510.9627
12A -404.3809 -404.3429 -404.3866 -402.0406 -402.0010 -402.0438
13 -404.3358 -404.2985 -404.3426 -402.0092 -401.9700 -402.0108
13A -202.2780 -202.2598 -202.2909 -201.1515 -201.1320 -201.1627
14 -202.3544 -202.3364 -202.3727 -201.2322 -201.2130 -201.2524
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Energy* B3LYP/6-31G(d,p) MP2/6-31G(d,p)
species Eyor I G Eyor I G
TS1, -205.6942 -205.6044 -205.6362 -205.0910 -204.9996 -205.0316
TS5 -205.4804 -205.3991 -205.4332 -204.8869 -204.8036 -204.8386
TS5 -205.6002 -205.5123 -205.5484 -204.9851 -204.8947 -204.9302
TS» -205.7005 -205.6095 -205.6472 -205.0970 -205.0048 -205.0415
TSy -205.6938 -205.6038 -205.6422 -205.0944 -205.0028 -205.0414
TS34 -205.5967 -205.5114 -205.5477 -205.0061 -204.9178 -204.9538
TSs6 -205.5167 -205.4389 -205.4792 -204.9175 -204.8388 -204.8855
TS5, -205.5647 -205.4813 -205.5157 -204.9787 -204.8758 -204.9216
TS¢7 -205.5613 -205.4802 -205.5245 -204.9443 -204.8628 -204.9634
TSes -205.5951 -205.5082 -205.5474 -204.9833 -204.8903 -204.9343
TS -205.5977 -205.5112 -205.5490 -204.9706 -204.8848 -204.9238
TSo9a -623.4386 -623.3780 -623.4269 -619.9290 -619.8641 -619.9111
TSoo -623.3428 -623.2880 -623.3318 -619.8646 -619.7986 -619.8434
TSe10 -623.4878 -623.4262 -623.4741 -619.9357 -619.8710 -619.9197
TSo10a -623.3955 -623.3393 -623.3936 -619.8313 -619.7713 -619.8200
TSoat0 -623.4367 -623.3765 -623.4280 -619.9162 -619.8517 -619.9012
TS10104 -623.3932 -623.3361 -623.3927 -619.8688 -619.8084 -619.8619
TSioc12 -513.8815 -513.8343 -513.8825 -510.9143 -510.8676 -510.9120
TSi0p12 -513.9081 -513.8609 -513.9096 -510.9629 -510.9167 -510.9637
TS1B11 -311.7451 -311.7182 -311.7522 -309.9955 -309.9674 -310.0012
TS12a13 -404.3158 -404.2800 -404.3232 -401.9569 -401.9228 -401.9634
TSi3a14 -202.2713 -202.2541 -202.2804 -201.1271 -201.1090 -201.1333
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-64-




PLEEHE FZ L% - AE 96 1L
JOURNAL OF C.C.I.T,, VOL. 36, NO. 1, NOV, 2007

N—N N—N
7\ 7\
H N N H H N\(N
N-H o H ' q 7
H \\( H-N H H NG N + \N
NS N ¢ N, —> 2 C /
Hoo\ N ¢ H | N
N-H / N.
H )\ -N H™"H /'\\
H .
N N H N N
N N/
N—N N—N NH,*
4
GZT
HN——C=——NH
NHs 3
| TS,4(49.1;57.2) TS,4(339.0;313.0)
H,N——C=—NH TS,(64.1;62.5)
TS ,(*212.9;7210.0) 4 NH,* \
H2N\ H NH, NH,*
+ , ) +  TSs(165.7;146.0) +
C—N\ -H > H,N——C——NH >HN====C==—=NH —— 5 C==N +2NH;
/ H TS,5(751.9;724.6) TS;;(54.3;48.8)
TS,4(454.7;485.5) TSe;(150.2;126.4)
+
HzN_é_NHZ T568(76.7;53.8) .
TS,5(39.9;40.7) > HaN C—
NH,
8 7 NH,*

Bl 4. GZT 229 rE 35 2 & 25 /5 (“B3LYP/6-31G(d,p),"MP2/6-31(d,p)z* ¥ & & in kJ/mol) -

TS910(23.6;38.3)
Ring-opening
TSgea(*375.4; ©300.4)

N—N =N

g\ N\\ >w¢N

ng—openmg -N,

Z

2 TS 0012 (151.0;190.1)
\ N

7 N =\ TSpan (165.1:205.3)
N TS,,4(248.9:282.2) S N
N : \N¢\ NN, T =N
) , TS 0104 (278.8;309.2) = 2 NZ NN . -
Rin; ning, -N. o N X Z .
A A i
N N TSs104(477.1;544.0) " N
N\ TT— N TS)0e12 (22.348.3)
e N
N\
9 | = N¢\ _—N
N, N N=
10A B
N-N cleavage c N +CN43N
TSoo5(426.1;386.7) =
TS (15.0;60.4)
11A14 N
N Ny TSumn (67.0:97.9) K==N—C==N  +CN; N// 14
N= N
=N . _—
Do -
N%N N N 11
9B

B 5. % § LT 2 B f2E5 2 (“B3LYP/6-31G(d,p),"HF/6-31(d)2* & it £ in kJ/mol)

-65-



Placg &
GZT A 5 #5 4 B B j3is [ i §

.

<
-g;;

AeF MART g 2 3w GZTA 5
HizF BT > & FIF SR> N F40 0
10 B B ARTFIHERE L AHFY o AFE
MIBHREHERGT 2 > IR AT 2T BiE L
Wihk RS o A R IEIEGE >
beB 2 AR Sl 0 B R 14BN A 3
FRI4EM R R PR TEARAR
¥ b QST A fs B A2 R > » = 7 b P~
LIfEH 3+ Bl faF iR i 2 11808 4+ 4 2
FRe@ Rk - SFBd AP F By - BRES A
FroorE e m B fRELGT 0 G0 AR B A
R FEBEGZTLRS D 4% A 2 5 R
F(GHE®F LT ZTH2 8 BFiEFah
s Bt A fRiEART o (TR AYGHE BT s
S HH 3 ((1)—>(2)7% 1 i 49210 kI/mol)» £ 12
%% NH,' 1 4+ (2)—>(3)i# * it 450 kl/mol) »
B {8 A5 % TCN 22 NH; e 45 97 50 IR e F i
MO T B ZTI RS P R Bl (T R 12
B pEstig = & 3 Ny((9) = (10) % i+ 4t %9250
kJ/mol) » £ {7 3% 5 j2 X -CN& N, ¥ & 4 ((10)
—(12)—>(13)—>(14)) s & » 7 7F 5o PR eFic Hdi
MO L A ETH R R R TSRS &
g

—
BAFA§ 5T 2 (NSC 95-2113-M-606
002)% PBE A B 7RG feRi Bt ¢ w
B g AFT T B Ef R A o

34

[1] Chen, C., Liu, M. H., Liu, C. W., “Theoretical

study of the inter-ionic and inter-molecular

-66-

hydrogen bonds constructed by GZT, ZT* ions
and their relative derivatives” J. Mol. Struct.
(Theochem) Vol.685, No.1-3, pp.163-174.
2004.

[2] Chen, C., Liu, M. H., Cheng, S. R., Wu, L. S.,
“Theoretical Study of the Inter-ionic
Hydrogen Bonding in the GZT Molecular
System” J. Chine. Chem. Soc., Vol.50, No.3B,
pp.765-775, 2003.

[3] Bucerius, K. M., Karlsruhe., Pfinztal., Engel,
W., “Stable, Nitrogen-Rich Compound”
Germany Patent DE4034645, 1990.

[4] Bucerius, K. M., Karlsruhe., Wasmann, W. F.,
Pfinztal., Menke, K., Bruchsal., United States
Patent 5198046, 1993.

[5] Bucerius, K.M., Wasmann., W. F., Menke, K.,
“Pyrotechnical Compositions for the the
Generation of Environmentally Safe, Nontoxic
Gases” Germany Patent DE4108225, 1991.

[6] Bucerius, K. M., Karlsruhe,, Eisenreich, N.,
“Gas generating Mixture Containing Copper
Diammine Dinitrate” United States Patent
56663524, 1997.

[7] M. Bucerius, K., Schmid, H., Eisnreich, D. N.,
Engel, W., “Non-toxic gas- generating mixture
with thermal-mechanical stability” E4442169,
1995

[8] Bucerius, K. M., Eisenreich, N., Schmid, H.,
Engel, W., “Gas generating mixture”
US5677510, 1997.

[9] Bucerius, K. M., Schmid, H., “Gas-generating
mixture” US5542998, 1996.

[10] Bucerius, K. M., and Schmid, H., “Gas

generating mixture” US5542999, 1996.
[11] Liu, M. H., Chen, C., and Hong, Y. S.,

“Theoretical Study of the Unimolecular



Decomposition Mechanisms of Energetic
TNAD and TNAZ Explosives” Int. J. Quant.
Chem. Vol.102, No.4, pp.398-408, 2005.

[12] Liu, M. H., and Zheng, G. F., “Computational
Study of Unimolecular decomposition
Mechanism of RDX Explosive” J. Theo.
Comput. Chem. Vol.6, No.2, pp.341-351,
2007.

[13] Segal, B. G, “Chemistry Experiment and
Theory” second edition p.492. 1989.

[14] Sutcliffe, B. T., “The development of the idea
of a chemical bond” Int. J. Quant. Chem. Vol.
58, No.6, p.645-655. 1996.

[15] ML.J. Frisch, et al. Gaussian 98, Revision A.7,
Gaussian, Inc., Pittsburgh PA. 1998.

[16] Lee, C., Yang, W., Parr, R. G., “Development
of the Colle-Salvetti Correlation-energy
Formula into a Functional of the Electron
Density” Phys. Rev. B37, p.785-789, 1988.

[17] Saebo, S., Almlof, J., “Avoiding the integral
storage bottleneck in LCAO calculations of
electron correlation” Chem. Phys. Lett. Vol.
154, pp.83-92. 1989.

[18] McWeeny, R., Dierksen, G., “Self-Consistent
Perturbation Theory. II. Extension to Open

Shells” J. Chem. Phys.Vol. 49, pp.4852-4856.

1968.

[19] Peng, C., and Schlegel, H. B., “Combining
Synchronous Transit and Quasi-Newton
Methods to Find Transition States” Israel. J.
Chem.Vol.33, p.449-454. 1993.

[20] Peng, C., Ayala, P. Y., Schlegel, H. B., Frisch,
M. J., “Using Redundant Internal
Coordinates to Optimize Equilibrium
Geometries and Transition States” J. Comput.
Chem. Vol.17, pp.49-56. 1998.

-67-

PR S8 $-8 A®96.11.
JOURNAL OF C.C.LT, VOL. 36, NO. 1, NOV, 2007



-68-



