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Table 1 Calculated and experimental values of selected bond
Iength(/sx) of DATz, DHT and DIAT molecule in gaseous and

crystalline states

calculated

compound bond length cas gas phase experimental

crystal

molecule
N(1)—N(2) 1.327 1.319
N(2)—C(2) 1.349  1.361
DATz C(2)—N(3) 1.332  1.342
C(2)—N(4) 1.347  1.365
N(4)—N(5) 1.314 1.312
N(1)—N(2) 1.326 1.316 1.326
N(2)—C(2) 1.348 1.357 1.348
DHT C(2)—N(3) 1.351 1.358 1.351
C(2)—N(5) 1.352 1.358 1.352
N(3)—N(4) 1.415 1.409 1.415
N(1)—N(2) 1.311 1.312 1.310
N(2)—C(2) 1.321 1.345 1.328
DIAT C(2)—N(3) 1.375 1.384 1.376
C(2)—N(6) 1.328 1.349 1.321
N(3)—N(4) 1.240 1.243 1.240
N(4)—N(5) 1.109 1.137 1.109
N(10) N(1) N2

N7) N N()

DHT DIAT

A e A
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Table 2 Calculated and experimental values of selected bond

angle of DATz, DHT and DIAT crystals (°)

compound  bond angle calculated  experimental
N(1)—N(2)—C(2) 118.0
N(1)—C(1)—N(6) 118.3

DATz N(2)—C(2)—N(4) 123.6
C(2)—N(4)—N(5) 118.4
N(3)—C(2)—N(2) 118.3
N(1)—N(2)—C(2) 117.8 117.8
N(1)—C(1)—N(7) 116.4 117.3

DUT N(2)—C(2)—N(5) 124.7 124.7
C(2)—N(5)—N(6) 117.3 117.3
N(3)—C(2)—N(2) 118.8 118.8
N(4)—N(3)—C(2) 121.9 121.9
N(1)—N(2)—C(2) 117.1 116.6
N(1)—C(1)—N(8) 119.8 113.9
C(1)—N(1)—N(2) 116.5 117.2

DIAT N(2)—C(2)—N(6) 126.2 126.2
C(2)—N(3)—N(4) 114.1 114.2
N(3)—C(2)—N(2) 113.8 119.9
N(5)—N(4)—N(3) 171.8 171.8

%3 DATz DHT 1 DIAT @& /3 — 10 i3T50 5 L 50 E
Table 3
dihedral angle of DATz, DHT, and DIAT crystals (°)

Calculated and experimental values of selected

compound dihedral angle calculated experimental

DAT, N(T)—N(2)—C(2)—N(3) -180.0  —180.0
N(2)—C(2)—N(3)—H(2) 0.0 0.0
N(1)—N(2)—C(2)—N(3) -178.2  -178.2
N(1)—N(2)—C(2)—N(5) -0.1 0.1

DHT N(2)—C(2)—N(3)—N(4) -10.8 -10.9
N(4)—N(3)—C(2)—N(5) 170.8 170.8
N(3)—C(2)—N(5)—N(6) 178.3 178.3
N(1)—N(2)—C(2)—N(3) 179.6 179.6
N(1)—N(2)—C(2)—N(6) 0.02 0
N(2)—C(2)—N(3)—N(4) -176.0 -3.6

DIAT N(2)—C(2)—N(6)—N(7) -0.02 0
C(2)—N(3)—N(4)—N(5) 176.4  —177
C(2)—N(6)—N(7)—C(1) 0.02 0
N(4)—N(3)—C(2)—N(6) 3.6 -3.6
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Table 4 The Wiberg Bond order of DATz, DHT and DIAT at
B3LYP/6-31G level

compound bond \tj\(/)lr?gr(g)rder bond \ti\(/)lr?grcg)rder
N(1)—N(2) 1.4506 N(4)—N(5) 1.4506
N(1)—C(1) 1.3146 N(4)—C(2) 1.3146
DATz
N(2)—C(2) 1.3148 N(5)—C(1) 1.3147
C(3)—N(2) 1.1907 C(1)—N(6) 1.1907
N(1)—N(2) 1.4502 N(5)—N(6) 1.4502
N(1)—C(1) 1.3165 N(5)—C(2) 1.3165
DHT C(1)—N(6) 1.3075 C(2)—N(2) 1.3075
C(1)—N(7) 1.1669 C(2)—N(3) 1.1669
N(7)—N(8) 1.0387 N(3)—N(4) 1.0387
N(6)—N(7) 1.4661 N(1)—N(2) 1.4660
N(7)—C(1) 1.3329 C(2)—N(2) 1.3330
DIAT N(6)—C(2) 1.3246 N(1)—C(1) 1.3246
C(2)—N(3) 1.1213 C(1)—N(8) 1.1213
N(3)—N(4) 1.4107 N(8)—N(9) 1.4107
N(4)—N(5) 2.3877 N(9)—N(10) 2.3877
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Table 5  Relationships between temperature and thermody-
namic properties of DATz ,.DHT and DIAT

relationships between temperature and
thermodynamic properties

S% =58.600 +0.483T—1.407 x10 ~* T* ,R* =0.9997

C) n=9.374+0.417T7-2.028 x10 *T* ,R* =0.9992
Hf =208.853 +0.054T +1.035 x10 ~* T* ,R* =0.9992
G% =216.291 -0.090T-1.683 x10 ~* T* ,R* =0.9999
§? =55.501 +0.327T7-9.807 x10 ° T* ,R* =0.9996

C) . =8.120 +0.269T-1.270 x10 * T* ,R* =0.9992
H® =147.229 +0.036T +6.819 x10 ~° T* ,R* =0.9993
G =152.243 -0.078T-1.119 x10 ~* T* ,R* =0.9999
S? =60.278 +0.357T—-1.359 x10 ~* T ,R? =0.9984

C) , =8.120 +0.269T-1.270 x10 * T* ,R* =0.9992
H® =147.229 +0.036T +6.819 x10 > T* ,R* =0.9993
G’ =152.243 -0.078T-1.119 x10 ~* T* ,R* =0.9999

compound
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DHT

DIAT
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(2) Ak sy 7 ILfal ¥4 B 0] LLE ), DATZ 43 F
L FR 5 A, S U R Y p-m B8 SR B
L orF S A R s O34k s DHT 43+ FIDIAT
53 F 359 J8 T L R FRGE AL X R 0 Ry DU R B L
DIAT 73 F L PEOL T DHT i & i T—N, B H 1
SR T IARTE S H K L RS N s 1 21 3k
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[l el 2oy

(3) Rea 525 5% W1, DIAT . DHT 1 DATz [y
REAH 1R R AR B AR U K, IR B AR R o, = F R
JIi 42 . DIAT < DHT < DATz,

(4) X} DATz,DHT HI DIAT {4 % B 4> #7
(DOS) J Jry 1l 75%5 BE 43 #r (PDOS) 45 5 & NBO 45 |
W, DATz . DHT F1 DIAT fy 32 235 P A ¥ ok U g 34
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Theoretical Study of s-Tetrazine Bi-substituted by Amido, Hydrozino and Azido Groups

MAN Tian-tian' , SHANG Jing', FENG Jin-ling' , ZHANG Jian-guo', SHU Yuan-jie’, ZHANG Tong-ai' , ZHOU Zun-ning'
(1. State Key Laboratory of Explosion Science and Technology, Beijing Institute of Technology, Beijing 100081, China; 2. Institute of Chemical Materials,
Chinese Academy of Engineering Physics, Mianyang 621900, China)

Abstract: The gas phase molecular structures and crystal structures of 3, 6-diamino-1,2,4,5-tetrazine (DATz), 3, 6-dihydrazino-
1,2,4,5-tetrazine (DHT) and 3,6-diazido-1,2,4,5-tetrazine( DIAT) were full optimized at the GGA-PW91/DNP level with Ma-
terials Studio Program. The energy band, density of state (DOS) and part density of state (PDOS) were calculated. The change
rule of the thermodynamic functions with temperature were discussed. The results show that the stability of three tetrazine deriva-
tives obtained by the energy band increases in the order DHT < DATz < DIAT. The active site in main reaction of DATz,DHT and
DIAT obtained by analysis of DOS , PDOS and Wiberg bond is N atom on tetrazine ring. The crystal vibration analyses infer that

their thermodynamic functions( S, .C’ . .H’ and G’ )display a nearly linear correlation with temperature. With the temperature

p,m
6
p,m

Key words: physical chemistry; bi-substituted tetrazine; band energy analysis; density of state; thermodynamic calculation
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increasing, S’ .C’ —and H! gradually increase, whereas G, gradually decrease.
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