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Abstract The mechanisms dealing with the therma decormpostion of 5 nitro-1- hydrogen-tetrazole are sudied
by dendty function theory. The geometries of the reactants, trandtion dates, intermediates and products are
optimized at the B3L YP/ 6-31G(d) leve. The corregponding vibrational frequencies are caculated to take
acoount of the zero-point vibrational energy (ZPE) and to identify the trandtion gructures. The snge point
caculations are obtained at the CCD(T)/631G(d, p) levd. Three posdble reaction channes are shown,
including direct ring rupture channel's and proton trander channel. The one of N (1) —N (2) bond-breaking
ring rupture channel agrees with the result reported before. The one deding with proton trander shows a new
feature of the titled compound’ s therma deconposition. The other one of N (4) —C(5) bond-breaking ring
rupture has the highes activation barrier of dl the three channels and therefore it occurs less dften than the
former two.
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Figure 1 The gructure of 5 nitro-1- hydrogen-tetrazole nolecule
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Figure 2  The dructures and the geometricd parameters of the

intermediates and the trangtion saes
Optimized at the B3L YP/ 6-31G(d) level (bond lengthsin 100 x nm)
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, Gaussan 98 B3LYP & (10] .DFT ,
31G(d) . 1. M1 5 -1- -
3 5 20.71 KJ- ol “ [ CCD (1) / 6-31G(d ,p)
1. 24.77 KJ-mol "1, N—N
,B3LYP 6-31G(d) 0. 113 nm.
1 B3 YP 631G N (2) N —N
(d CcCcD(T)/631G6(d p) (a-u.) 0.111 nm. M(1) N(@ —N@® N
Table 1l Energesd reactant , intermediates, trandtion dates and 2 0.002 nm,
products & B3LYP631G(d) and CCD (T)/631G(d,p) N (2) —N(3) ] M1 N
levd (a.u.) 148.95 kJ-nol * 1, N(1) —N(2)
e BALYP(ZPE)/ CCD(T) (zPB)/ 40.79 KJ- ol " L.
6-31G(d) 631G(d, p) N—N[ M1 N(3) —N(4) ]
R 0.04935 . 46268157 - 461.53267 0.125 nm, N (1) —N(2)
M1 0.04712 - 462.67367 - 461.52325 0.011 nm, N(3) —N(4)
M2 0. 04563 - 462.57985 - 461. 42557 N(1) —N(2)
T& N2 ’
M3 0.04791 - 462.64674 - 461. 49380 L
(212.67 KI- nol * %)
PL 0.03970 - 462.69794 - 461. 55976
M1 TSL
=7} 0. 04053 - 462.58487 - 461. 45549
87.45KJ-mol " * ML T 148. 95
P3 0.04118 - 462. 66624 - 461.52833 i1
kKJ-mol ™,
P4 0.04279 - 462.67873 - 461.53982 5 1
TS 0. 04597 - 462.64037 - 461. 49075 )
1 0. 04062 - 462.61694 - 461. 46646 _
St] 0. 04495 - 462.57122 - 461.41618 2.1.2 2— N(4) —(5)
T 0.04131 - 462.54064 - 461.39244 , : 2
S 0.04418 - 462. 63638 - 461. 48368 N (4) —C(5) ,
TS 0.04292 - 462. 61629 - 461. 46933 ; - ;
TS7 0.04345 - 462.61909 - 461.47086 N(4) —€(5)
, N(4) —€(5)
2 289. 74 KJ- mol !
( ) [CCD (t)/631G (d, p) 305. 85
’ ' K-nol ~ 17, .
M2 267. 06
-1
2 B3LYP 631G(d) (em™ ) - mol = . Me T3
Table 2 Imagnary frequencies of trandtion dates a B3L YP & (22.68 KJ-mol ") . M2 TS
L TR TS TS TS TS TS '
P2 1 P1
Frequendes 3781 593 210i 444i 15561 4271 443 m
2.1 2.1.3 3—
2.1.1 17— N(1) N(2 :
3 , 1 N1 N2 O 0(8)
B3LYP 631G 108. 16 K- nol ** ,
[CCD(t)/631G(d ,p) 110. 06 kJ- rml'l]. 0.33 0.39, o(7) H(9)
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Figure 3 Channd 1: Direct ring rupture through N(1) —N(2) bond broken (kJ- mol %)
Note: Energy barriers are cculaed at the B3L YP/ 6-31G(d) and CCD(t)/6-31G(d, p) (underlined) levels, corrected by the zero-point energies
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Figure 4 Channd 2: Direct ring rupture through C(5) —N(4) bond broken
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Figure 5 Channd 3: Proton trander - a and Proton trander - b (energy barriersin bold)
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, 0@ H(9) 5x10 °s !, 4x10 *s 1,
0.011, _ 5 -1 -
o H(9 0.218 nm, ,
[16] 0(7) , 100 . 3
H(9) , : ,
N (1) H(9) . 300
H(9) . K (21
N(1) 0O(7) , B3LYP 631G ,
(d) 118.66 KJ- mol [ CCD(T)/ _ , R
6-31G(d ,p) 128.62 KJ- nol "] , M3 o M3
1 N(1) N2 10. 50 . : ,
K- mol "t 27.20 _ , 3
KI-mol ** : : R :
M3 . M3 ,
, 5 3-a 3
3-b .
, 4 k- nol L. TS Table 3 The characterigtic frequency , the dasicd and quantum
TS . 3-b TS tunneling rate of the proton trander process
: N(1) —N(2) H viem* A GK-nol ' Kgasio/ ST Ko/ ST
! : TS/ 3- TS 1556i — — —
a T ' 3-b M3 — TS 629 28.20 1.1x16¢ 2.0x10°
5. b, Ny 7;).96 k]-rml:?l 2 R—T$H 670 120.54 4.0x10°* 5.6x10° !
72.59 KJ-nol **, 3
118.66 kJ- nol ~* .
3 1 3
N(1) —N(2) 10.50 kJ- ol * 1,
5 -1 -
3
2.1.4 , , 1
3-a 3-b N(1) —N(2)
, N(1) O() : ,
[17 191 300 K , : :
. 1
[20.2] 2 N(4) —(5)
A =v{l+ep[at(Vo- W]/ N .} !
3 )
v NV oz , Vo 1

(298K} R M3 . 3 .,
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with direct ring - rupture and one channd leading by proton trander.
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