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Fig. 1 Molecule structure of UDMH and number of atoms
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Table 1 Calculated structure parameters of 1,1-dimethylhydrazine
6-31G 6-311G experimental
RHF MP2 B3LYP RHF MP2 B3LYP values[10]
N1—N2 1.4068 1.4523 1.4271 1.4106 1.4482 1.4316 1.436
N1—C3 1.4539 1.4826 1.4685 1.4551 1.479 1.4694 1.469
N1—C4 1.4525 1.4793 1.4665 1.4538 1.4762 1.4672 1.469
N2—HS5 0.9942 1.0165 1.0127 0.9934 1.0127 1.0102 1.023
bond length N2—H6 1.0008 1.0270 1.0236 1.0006 1.0239 1.0214 1.023
10~ am C3—H7 1.0816 1.0965 1.0942 1.0795 1.0923 1.0894 1.118
C3—H8 1.0816 1.0968 1.0945 1.0798 1.0934 1.0904 1.118
C3—H9 1.0937 1.1111 1.1097 1.0925 1.1085 1.1058 1.118
C4—HI10 1.078 1.0927 1.0905 1.0759 1.0888 1.0857 1.118
C4—HI11 1.0922 1.1091 1.1079 1.091 1.1063 1.104 1.118
C4—HI12 1.0825 1.0974 1.0951 1.0808 1.0939 1.0908 1.118
N2—N1—C3 114.38 112.81 113.68 113.84 112.57 113.48 108.2
N2—N1—C4 111N77 109N42 110N83 11IN21 109N36 110N49 108N2
C3—NI1—C4 115.18 113.00 113.89 114.48 112.80 113.67 111.2
N1—C3—H7 109. 49 108. 86 109.41 109.51 108. 69 109.37 110.2
N1—C3—HS8 109. 65 109.06 109. 65 109.75 109.07 109.74 110.2
bond angle N1—C3—H9 112.66 112.54 112.83 112.51 112.18 112.61 110.2
/(°) N1—C4—HI10 108.74 107.99 108.53 108. 85 107.93 108. 54 110.2
N1—C4—HI11 112.69 112.73 113.01 112.56 112.39 112.79 110.2
N1—C4—H12 109. 41 108.58 109.21 109.43 108.53 109.28 110.2
N1—N2—H5 112.65 109.72 111.65 111.79 109.73 111.11 111.2
N1—N2—H6 115.33 112.99 114.59 114.46 112.63 113.96 111.2
N5—N2—H6 114.28 112.01 113.11 113.19 112.21 112.66 116.6
C3—NI—N2—H6 88.84 85.41 86. 14 87.50 86.50 85.77 97.3
dihedral angle/(°)
C4—NI—N2—HS5 88.32 86.35 85.69 88.24 86.95 86.24 97.3
Note: The experimental values was obtained by gas electron diffraction (GED) method.
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Table 2 Bond length errors of calculated values
from 6-311G basis set 10 'nm
RHF MP2 B3LYP
r(N—N) —-0.0264 0.0112 -0.0054
r(C—N) -0.0146 0.0086 -0.0007
r(N—H) -0.026 -0.0059 -0.0072
r(C—H) —-0.0348 -0.0208 -0.0237
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Table 3 Structure parameters calculated by B3LYP method

experimental

STO-3G  3-21G 6-31G  6-311G 0
values' ™"
e e e W

r(N—N) /10 'nm  1.5204 1.4696 1.4271 1.4316 1.436
r(C—N) /10 "'nm  1.5257  1.4795 1.4675 1.4683 1.469
r(N—H) /10 'nm 1.0725 1.0317 1.0182 1.0158 1.023
r(C—H) /10 'nm  1.1057 1.0980 1.0987  1.0944 1.118
/. NNC/(°) 107.02  104.52  112.26  111.99 108.2

£ CNC/(°) 108.05  112.17 113.89  113.67 111.2

£ NCH/(°) 109.98  110.07 110.44  110.39 110.2

£/ NNH/(°) 103.63  108.88  113.12  112.58 111.2

£ HNH/(°) 101.26  109.40 113.11  112.66 116.6
D CNNH/(°) 76.01 82.27 85.92 86.00 97.3
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Table 3  Structure parameters calculated by polarized basis sets and diffuse functions

6-31G 631 +G 631+ +G  6-31G(d) 6-31G(d,p) 631 + +G(d,p) experimental values''®’
number of basis functions 52 68 76 76 100 124 -
r(N—N) /10 "'nm 1.4271 1.4287 1.4291 1.4304 1.4304 1.4281 1.436
r(C—N) /10 "'nm 1.4675 1.4704 1.4703 1.4564 1.4568 1.4592 1.469
+(N—H) /10 ~'nm 1.0182 1.0177 1.0180 1.0251 1.0235 1.0221 1.023
r(C—H) /10" 'nm 1.0987 1.0986 1.0985 1.0995 1.0986 1.0985 1.118
LNNC/(°) 112.26 112.23 112.17 110.48 110.50 110.78 108.2
£ CNC/(°) 113.89 113.68 113. 66 112.10 112.10 112.15 111.2
£ NCH/(°) 110. 44 110.22 110.21 110.56 110.62 110.42 110.2
£ NNH/(°) 113.12 113.70 113.59 108. 44 108.61 109.63 111.2
£ HNH/(°) 113. 11 114.01 113.87 106. 50 106. 63 108.13 116.6
D CNNH/(°) 85.92 86.79 86.52 78.51 78.57 80.33 97.3
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Calculation of the Molecular Structure of UDMH

LI Zheng-li, WANG Xuan-jun, ZHANG You-zhi
( Section 503, Second Artillery Engineering University, Xi'an 710025, China)

Abstract: Full geometrical optimizations of 1,1-dimethylhydrazine, (CH,),NNH,, have been carried out by quantum-mechanical

methods RHF, DFT/B3LYP and MP2 respectively. The optimal geometric structure parameters have been obtained. The effects of

basis set are investigated. The predicted structure parameters are compared to the experimental ones also. Except two predicted pa-

rameters, C—N-—N—H dihedral angle and C—H bond length, show smaller values, the others agree well with the experimental

ones. All of these calculations indicate a gauche conformation. The predicted N—N bond length is about 0. 143 nm and C—N bond

length is about 0. 147 nm. The bond angles of N—N—C and C—N—C are about 112° and 113. 8° respectively. The C—N—N—H

dihedral angle is about 86°, The calculations at 6-31G basis set can get enough precisions.

Key words: structural chemistry; 1,1-dimethylhydrazine (unsymmetrical dimethylhydrazine, UDMH) ; molecular structure; basis set



