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Syezewski %' R i 20% % KB IR /98 % it R i 1k 1
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ISR (25 £1) CHZS T, 15 5K
45 H % 5. '"H NMR (acetone-d, , 500 MHz) §:
13.30(s,2H); " C NMR (acetone-d,, 500 MHz) §:
146.4; IR (KBr, cm™"). 1757,1602,1447,1312,1120.
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Fig.1 Effect of the amount of HNO, on yield of DNU
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Fig.2 Effect of the amount of 20% oleum on yield of DNU
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B, X LA 05 i TR 2 b o s 7 1 5 7, A 6 B 25 1 ok
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() DNU iZ 25 3 5 & AW A

F1 N RBRET MR %

Table 1 Yield of DNU at various temperatures
first stage
temperature/°C -1 - - -
second stage
temperature/°C 0 > 0 >
yields of DNU/% 76.0 83.2 72.6 74.4

Note: Reaction condition: urea 6.0 g, HNO, /urea =3.0/1, oleum/

HNO, =0.6.
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Table 2  Effect of different oleum concentrations on nitrifica-

tion of urea

No. materials  various oleum yield of yield of
DNU/% MNU/ %

1" urea H,SO, 12.0 73.0

22 urea H,S0,/20% oleum =1/1  55.0 20.1

32 yrea H,SO,/20% oleum=1/2  78.3 -

4% urea H,50,/20% oleum =1/3 79.5 -

52) urea 20% oleum 76.7 -

62 MNU 20% oleum 78.9 -

Note: 1) reaction condition: urea 6.0 g,H,SO, 10 mL,100% HNO, ;
2) reaction condition; urea 6.0 g,oleum 10 mL,100% HNO;;
3) “ =" indicates no isolated MNU.
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M3 FiZ 3 WJLLEH: DNU S FAAECT )M
(I PiF R EMEL, (1) BIES S R4, & T
Fdd2 s [ 0 F o A7 A IR e il 254, C (1) —
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Fig.3 Optimized geometry of DNU at B3LYP/6-31 +G(d,p) level
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Table 3 Geometric parameters of DNU after optimization at B3LYP/6-31 + G(d,p) level
geometry bond legnth /A bond angle/(°) bond angle/(°)
C(1)—0(2) 1.2146 O(2)—C(1)—N(3) 120.4537 O(2)—C(1)—N(3)—H(4) -7.2523
C(1)—N(3) 1.3967 0(2)—C(1)—N(8) 120.454 0(2)—C(1)—N(3)—N(5) 139.7868
C(1)—N(8) 1.3967 N(3)—C(1)—N(8) 119.0924 N(8)—C(1)—N(3)—H(4) 172.7484
N(3)—H(4) 1.015 C(1)—N(3)—H(4) 115.1081 N(8)—C(1)—N(3)—N(5) -40.2125
N(3)—N(5)  1.4168 C(1)—N(3)—N(5) 126.8225 0(2)—C(1)—N(8)—N(9) 139.7802
N(5)—O(6)  1.2218 H(4)—N(3)—N(5) 110.7241 0(2)—C(1)—N(8)—H(12) ~7.2518
N(5)—O(7)  1.2163 N(3)—N(5)—O0(6) 113.5559 N(3)—C(1)—N(8)—N(9) ~40.2205
(1) N(8)—N(9)  1.4168 N(3)—N(5)—0(7) 118.2136 N(3)—C(1)—N(8)—H(12) 172.7476
N(8)—H(12) 1.015 0(6)—N(5)—0(7) 128.2292 C(1)—N(3)—N(5)—0(6) ~167.7602
N(9)—O(10) 1.2163 C(1)—N(8)—N(9) 126.821 C(1)—N(3)—N(5)—0(7) 11.8665
N(9)—O(11) 1.2218 C(1)—N(8)—H(12) 115.107 H(4)—N(3)—N(5)—0(6) ~19.5457
N(9)—N(8)—H(12) 110.7234 H(4)—N(3)—N(5)—0(7) 160.0811
N(8)—N(9)—0(10) 118.2139 C(1)—N(8)—N(9)—0(10) 11.8714
N(8)—N(9)—O(11) 113.5559 C(1)—N(8)—N(9)—O(11)  —167.7561
O(10)—N(9)—O(11) 128.2289 H(12)—N(8)—N(9)—O(10)  160.079
H(12)—N(8)—N(9)—O(11) —19.5485
C(1)—0(2) 1.2056 0(2)—C(1)—N(3) 117.3343 0(2)—C(1)—N(3)—H(4) 0.0061
C(1)—N(3) 1.4276 0(2)—C(1)—N(8) 128.5999 0(2)—C(1)—N(3)—N(5) ~179.9518
C(1)—N(8) 1.3803 N(3)—C(1)—N(8) 114.0657 N(8)—C(1)—N(3)—H(4) 179.9753
N(3)—H(4)  1.0148 C(1)—N(3)—H(4) 115.4373 N(8)—C(1)—N(3)—N(5) 0.0173
N(3)—N(5)  1.3888 C(1)—N(3)—N(5) 131.869 0(2)—C(1)—N(8)—N(9) ~0.0108
N(5)—O0(6) 1.2205 H(4)—N(3)—N(5) 112.6937 O(2)—C(1)—N(8)—H(12) 179.9768
N(5)—O0(7) 1.2323 N(3)—N(5)—0(6) 115.0724 N(3)—C(1)—N(8)—N(9) -179.9757
N(8)—N(9)  1.9196 N(3)—N(5)—0(7) 118.2682 N(3)—C(1)—N(8)—H(12) 0.0119
() N(8)—H(12) 1.4138 0(6)—N(5)—0(7) 126.6594 C(1)—N(3)—N(5)—0(6) 179.9683
N(9)—O(10) 1.0188 C(1)—N(8)—N(9) 125.0547 C(1)—N(3)—N(5)—0(7) ~0.0232
N(9)—O(11) 1.2123 C(1)—N(8)—H(12) 121.1314 H(4)—N(3)—N(5)—0(6) 0.0094
N(9)—N(8)—H(12) 113.8139 H(4)—N(3)—N(5)—0(7) ~179.982
N(8)—N(9)—0(10) 118.8234 C(1)—N(8)—N(9)—0(10) 0.004
N(8)—N(9)—O(11) 112.7154 C(1)—N(8)—N(9)—O(11) 179.9848
0(10)—N(9)—O(11) 128.4612 H(12)—N(8)—N(9)—0O(10) —179.9844
H(12)—N(8)—N(9)—O(11) ~0.0036
5 & i

R4 DNUCIH) AR EET M #2415
Table 4 Thermodynamic properties of DNU( II ) at different

temperatures
Em Cim Sm
/K /k) + mol 7' /Jomol ™" - K™ /) emol™! - K™
273 193.914 119.644 390.337
300 197.258 127.975 402.793
400 211.475 155.425 445.893
500 228.149 177.127 484.863
600 246.733 193.814 520.213
700 266.784 206.638 552.379
800 287.968 216. 641 581.760
900 310.043 224.583 608.729
1000 332.832 231.008 633.609
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Synthesis, Characterization and Theoretical Research of Thermodynamics on Dinitrourea

YANG Jian-ming, YU Qin-wei, XUE Yun-na, LI Ya-ni, GE Zhong-xue, Ll Jian
(Xt'an Modern Chemistry Research Institute, Xi'an 710065, China)

Abstract: Dinitrourea is an important precursor in the synthesis of the cyclic nitroamine energetic compounds. Dinitrourea was
synthesized through nitrification of urea by 100% HNO,/20% oleum via mononitrourea as an intermediate. Under the optimal
condition; 100% HNO,/20% oleum( V/V) =0.6/1 ,temperature of the first stage at —15 °C and temperature of the second stage at
5 °C,reaction time 50 min,the yield of dinitrourea is 83.2%. The structure of dinitrourea was also estimated by a B3LYP method
based on 6-31 +G (d,p) basis set and the stable geometric configuration was obtained. The thermodynamic properties at different
temperatures were obtained from vibrational analysis, and the relationship between temperature and thermodynamic properties was
deducted. Results show that dinitrourea has two stable conformations with energy difference of 12.621 k) « mol ~'. The calculated
vibrational frequencies and intensities of DNU are in good agreement with the experimental values, and the values of Effm,C:"m and
$? are increased with increasing of the temperature.
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CLC number: TJ55; 062 Document code: A DOI: 10.3969/j.issn.1006-9941.2011.02.009

Chinese Journal of Energetic Materials, Vol. 19, No.2, 2011 (160 —164) A fe A www. energetic-materials. org. cn

N
o



