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Fig.2 Optimized structures of CHZ isomers
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Table 1 The selected calculated and experimental
(in parentheses) bond lengths, bond angles and

dihedral angles for CHZ isomers

bond I I |
bond length/ A

0(1)—C(2) 1.227 1.226(1.242)"  1.227
N(3)—C(2) 1.384 1.393(1.343)  1.385
N(3)—N(4) 1.413 1.407(1.412)  1.413
N(5)—C(2) 1.384 1.370(1.348)  1.385
N(5)—N(6) 1.413 1.410(1.411)  1.413

bond angle/ (°)

C(2)—N(3)—N(4) 119.1  119.7(121.6) 120.8
C(2)—N(5)—N(6) 119.1  119.9(121.6) 120.8
0(1)—C(2)—N(3) 1226 121.1(121.2) 121.5
0(1)—C(2)—N(5) 122.6  123.8(122.3) 121.5
N(3)—C(2)—N(5) 114.8  115.1(116.5) 117.0

dihedral angle/(°)

N(4)—N(3)—C(2)—0(1) 1.9 —168.4( -176.9)  147.5

N(4)—N(3)—C(2)—N(5) ~170.2  12.8(2.9) -32.5
N(6)—N(5)—C(2)—0(1) ~11.9 -12.4( -7.5) 147.5
N(6)—N(5)—C(2)—N(3) 170.2  166.4(172.6) -3.5

Note: 1) The experimental values (in parentheses) are from Reference[1].
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Table 2 The IR frequencies and intensities for CHZ isomers

&2 CHZ 343k 5941 5M R 3 55 2 F0 58 B

1 I 1]
¥ intensity intensity intensity
T8 km - mol™! "™ km - mol™! "™ skm - mol ™!
1 81 12.4 126 10.0 143 13.2
2 133 0.7 163 18.6 171 14.9
3 189 7.0 205 10.7 216 3.3
4 199 33.5 230 30.0 230 96.8
5 241 16.2 303 17.7 343 5.2
6 327 78.3 362 49.3 365 1.6
7 417 6.0 529 213.4 523 18.1
8 488 17.6 563 7.6 554 11.3
9 544 301.1 620 43.5 600 100.9
10 770 2.7 686 16.4 688 18.3
11 771 4.0 768 9.1 783 69.2
12 957 18.6 913 185.3 855 8.8
13 958 149.1 932 10.6 906 270.4
14 1081 11.3 1037 53.3 977 24.9
15 1159 5.0 1163 11.3 1148 38.9
16 1270 5.9 1246 25.1 1212 20.5
17 1294 169.0 1306 11.4 1322 2.1
18 1358 15.4 1326 39.2 1330 10.7
19 1367 1.1 1364 3.9 1457 83.4
20 1477 16.3 1454 12.0 1470 130.7
21 1523 297.9 1529 277.4 1473 22.1
22 1719 6.2 1696 34.6 1685 2.1
23 1723 73.6 1718 28.3 1695 67.5
24 1787 190.0 1802 283.9 1803 324.0
25 3453 6.5 3451 4.6 3472 6.3
26 3453 0.9 3463 5.3 3472 6.1
27 3527 0.4 3521 0.3 3555 20.3
28 3528 1.6 3557 11.2 3557 .0
29 3606 17.2 3568 1.6 3572 .0
30 3616 23.1 3640 43.2 3573 .0
*®3 CHZ ®#{x5 NBO B 5%
Table 3 NBO charges of CHZ isomers a.
atom 1 I I
o(l1) -0.671 -0.672 -0.660
C(2) 0.780 0.792 0.815
N(3) -0.524 -0.530 -0.527
N(4) -0.709 -0.735 -0.712
N(5) -0.524 -0.524 -0.527
N(6) -0.709 -0.709 -0.712
H(7) 0.408 0.406 0.402
H(8) 0.386 0.381 0.386
H(9) 0.384 0.393 0.374
H(10) 0.408 0.433 0.402
H(11) 0.384 0.382 0.386
H(12) 0.386 0.384 0.374
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Table 4 Total energies, frontier orbital energies

and their differences of CHZ isomers eV
energy I [[ ]]I
E -9140. 640 -9140. 690 -9140.286
Eyymo 0.045 0.054 0.054
Eomo -0.245 -0.242 -0.222
AE 0.290 0.296 0.276

3.2 CHZ Rk
3.2.1 EEHBHHEESS

CHZ S 44 f 11 #0519 Mulliken T 2 45 Ji& 51 T
£5, BB b C—O0 By E SR AT HAE
SRR B A B SRT, SO TP C—N
DA B K 2280 N—N FI N—H S 10 T 2 A7 JE 1 1L & 1
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$5o S ST MR A A DU R A AR X
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Table 5 Overlap population of
CHZ isomer ( I ) and its crystal

overlap population

bond
molecule( Il ) crystal
C—0 0.633 0.542
C—N 0.246 -0.256 0.297 -0.322
N—N 0.189 -0.250 0.243 -0.266
N—H 0.331 -0.353 0.341 -0.382
0(1)-H(8) 0.036
0(1)-H(12) 0.039
N(4)--H(10) 0.044
N(6) - H(T) 0.028

FL i 4 AR AL S CHZ g3 1 8 28 i B i 4%
FANEL 3 P, b S 4 R 2R e R E O
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Study on the Isomers and Crystal of Carbohydrazide by Density Functional Theory

HUANG Hui-sheng, ZHANG Jian-guo, ZHANG Tong-lai, WANG Li-qiong
( State Key Laboratory of Explosion Science and Technology, Beijing Institute of Technology, Beijing 100081, China)

Abstract: The gaseous isomers and crystalline state of carbohydrazide ( CHZ) were studied at the DFT-B3LYP/6-31G" " level.

Three stable isomers were located. The structure II ,which is in agreement with the structure in the crystal,is the most stable. The

vibrational frequencies were analyzed and they agree well with the experimental results. The terminal nitrogen atom of the hydrazine

group and oxygen atom of the carbonyl group are preferable coordination sites for CHZ molecule and this was demonstrated by the ex-

perimental results. The intermolecular interaction is strong in the crystal. Furthermore, all of the atoms have contributions to the

frontier bands. Some bands are very oscillatory , which show that the corresponding molecular orbitals are strongly perturbed by the

crystalline environment.

Key words: physical chemistry; carbohydrazide (CHZ) ; electronic structure; band structure; density of state; density functional

theory (DFT)



