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Fig.1 Optimized geometries of monomer and dimers of methyl azide and intermolecular distances (nm)
%1 CH,N, f1(CH,N,), # HF/6-311G " " fifL @K
Table 1 The optimized bond lengths(nm) of CH,N, and ( CH;N, ), at HF/6-311G " * level
b2 i I I | v vV M VI
N1—N2 0.1096 0.1096 0.1097 0.1095 0.1097 0.1093 0.1094
N2—N3 0.1224 0.1224 0.1220 0.1225 0.1220 0.1228 0.1226
N3—C4 0. 1466 0.1469 0. 1468 0. 1468 0. 1469 0. 1465 0. 1465
C4—HS5 0.1079 0.1078 0.1079 0.1078 0.1079 0.1079 0.1079
C4—H6 0.1087 0.1087 0.1086 0.1087 0.1085 0. 1087 0. 1087
C4—H7 0.1087 0.1087 0.1086 0.1087 0. 1085 0.1087 0.1087
N8—NO9 0.1096 0.1097 0.1095 0.1095 0.1096 0.1094
N9—NI10 0.1224 0.1220 0.1225 0.1225 0.1223 0.1226
N10—C11 0. 1469 0. 1468 0.1468 0. 1468 0. 1468 0. 1465
Cl1—HI12 0.1078 0.1079 0.1079 0.1078 0.1078 0.1079
Cl11—H13 0.1087 0.1086 0.1085 0.1087 0.1087 0.1087
Cl11—H14 0.1087 0.1086 0.1085 0.1087 0.1087 0.1087

f 2 1 el 0L, I T A VI 1R R L S 80ULF
A X 5N E X Rt A C . S0 AR, I
) N3—C4 1 N10—C11 §# K #38 fin 0. 3 pm, 1M 1Y
N2—N3H1 N9—N10 ¥ 45 %5 0.4 pm, X} F+ V ,N2—N3
4545 0.4 pm, i N3—C4 #4911 0.3 pm, VI () N2—N3 1
0.4 pm, T A HLE B LR A A
T RN—N, B BRI, 73 fff e KE XS T N, e DA
RAR N2—N3 Fl 4 40 TR R AR AV &4k, i VI
DA 75 SR, ) W AS [) 1 3R 4 J7 X0 A8 7 P 7 2 )
NSRS o 55 B AH B, 7S Bl SR A ) B A AR A
BHEL. 00°Z I, U I 3R 5 oK & R CHL N, B K 43 1Y

Hh; BRVII A ©(2-3-4-5) Fl @ (2-3-4-7) 43 51|
/N 6.53°F17.19° 80, H 4y R KR i A AR AL Y AE
2.00° P4, 156 BH 43 (8] 7 FH X 4% S A4 411 B 5 P9 e % 52 il
WAR/N . 5B AAH A BYIV AV LA 2 B0 AR AR /N
3.2 HEEHBE.NREFHNZI

#2 I AE HF/6-311G " " 2R by T — RIK 1)
g F IR EAE R Re, 45 HF 31845 R AE(HF) (&
MP2 #IE45 5 AE(MP2) (4 BSSE & 1E A2 5 fE (ZPE)
KIEMSES R AE(MP2) . il AE(MP2) ¢ jppeo AT R
TR L T 4 6 4 IE fiE AE™™ 43 515 AE (MP2) 1)
45.33% ,62.62% ,46.39% ,48.44% 46.66% F146.45% T
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DL FAH OB N B0, X 2 TR AR m B FHRAK
SR P 2 PR RN IO L 3 2 BT S 1 R, DR H A DG AR
IEEAEH HE N B, S F R &R BSSE % 1E Ak
4331 5.71,3.70,6.94,5.10,4. 81 F14.86 (kJ - mol '),
FW 1T BSSE K IEWMAR L2, M HLZ T, ZPE & IE

WA RS, 2 40 OC \BSSE Fl ZPE £ 1E J5 & A
e IR AR W de KM L AE I RE R - 9.49 k) - mol ™',
X FAY AL X 5 HOW RS (D) B RS 2 1
INICER O R B BN RUE B S C—H----N - S
Je—8m .

x2 STFHEEEIEREE

Table 2 Intermolecular interaction energy kJ - mol ™!
— Bk AE(HF) AE(MP2) AE(HF) AE(MP2) AE(MP2) . e
I -9.48 -17.34 -6.57 -11.63 -9.49
I -4.96 -13.27 -3.00 -9.57 -8.33
v -9.28 -17.31 -5.18 -10.37 -8.10
\ -7.58 -14.70 -4.96 -9.60 -7.94
Al -5.83 -10.93 -3.20 -6.12 -4.57
VI -5.21 -9.73 -2.37 -4.87 -3.31
Xt fe R g A R 1, L N3—C4 Sy 5 e 5% il ok 12r
11 HF/6-311G "7 /K F- i 1A 28 5 e B AR A 3158, 45 5 A
B2 s o il 2 m] L, d R A /0N e E 48 00 il 24 L8
$96.00 kJ - mol 'l 1.00 kJ + mol ™, 9253 P Jie 4% i £ z
e N & m4r
BRI S N0 AR LA FI A F 3% (2 . g 3
RN @ (2-34-5) 38 — 180° 1l — 60° 2 [ ) 3% (L . | | | |
~4.78 kJ - mol "', %Al 2 0 U7 I T IE A0S N10 HO A 200 480 90 0 90 180

HAE R g1 BCRE B R OR AR AL AL 4T MP2/6-
311G™ " B S REH 5, 3 AE(MP2) F1 AE(MP2) . 43
Wk =7.49 kJ - mol ' Hl —=2.42 kJ - mol ', — %
] BSSE £ IE 202210 . TR A AE(MP2) o 1 K IE
BETFRE N T AAE(MP2) 1 20.81% , R B
K T B xof T %) AH B AR FH RE 52 W 38K 6

®(23-45)/ (°)
B2 dy N3—C4 e K R S R BB 1L

Fig.2 AE against internal rotation along N3—C4

3.3 BEasom. BB nERE
3 Mg A RER IS R T b

%3 CH,N, f1(CH,N,), #§ HF/6-311G " " HABEFBH

Table 3 The calculated natural atomic charges of CH;N; and ( CH;N;,), at the HF/6-311G " " level (e)

JE 5 I I I v N VI VI

N1 -0.066 -0.066 -0.089 -0.059 -0.089 -0.042 -0.055
N2 0.328 0.330 0.335 0.330 0.335 0.331 0.336
N3 -0.471 -0.483 -0.462 -0.488 -0.464 -0.493 -0.486
C4 -0.272 -0.277 -0.273 -0.275 -0.276 -0.270 -0.270
H5 0.177 0.196 0.176 0.187 0.173 0.174 0.175
H6 0.152 0.150 0.152 0.153 0.151 0.151 0.150
H7 0.152 0.150 0.161 0.152 0.170 0.151 0.150
N8 -0.066 -0.089 -0.066 -0.059 -0.072 -0.055
N9 0.330 0.335 0.333 0.328 0.330 0.336
N10 -0.483 -0.462 -0.482 -0.486 -0.475 -0.486
Cl11 -0.277 -0.273 -0.274 -0.273 -0.277 -0.270
HI12 0.196 0.176 0.171 0.184 0.196 0.175
H13 0.150 0.161 0.170 0.153 0.148 0.150
H14 0.150 0.152 0.148 0.153 0.148 0. 150
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gia A3 ME L AW R A AL B R 2
P PR R AR 0 5. AR AE b, A9 N3 F1 N10
() HL 7 24982 0. 012 e, 5 Z AR ) HI12 F1 HS F ARG
i 0.019 e, 1 F N3—HI12 Fl NI0—HS5 [a] #E JL P
FHAE 25K X5 FR , SO 50K R JC i far 3 . G a7
TR Z WAL B VR T s S/ T, 8 N2 D N9 A H
TG 0.002 e, 1 C4 F1 C11 [ HL faf 982> 0. 005 e, H
R MR, IV, VA VI 71 2t TG i v Ao 5
o XV B AT AR AL B K 2 N1, HAE O 0. 024 e,
HYRZE N2 L fap 341 0. 003 e, N3 Fl N10 H, fiif 43+ J31]
/50.022 e F10.004 e, i HI2 1 0.019 e, B T
N2—N10 F1 N3—H12 [i] B AH 22 5K, W 11K & Z 1]
W& A7 LT 55 7%, HAH D 0.002 e,

KM LI IV, VLV VLAY 8 A% R 2 5 R
0.002 8.0.0024.1.5110.1.8304 .2.837 4 F10.006 4
(Debye) , S S8 %5 ARk 3 s g 10 L T 60 VIL A 85 40 o6 422
4 0 Debye,

3.4 BRABMESW

£ HF/6-311G " " /K F X CHyN, fil(CH,N,), i
17 NBO 431 3% 4 45 A T &K (Donor) #lLi i 5
T2 K (Acceptor) #LiA j Z 8] B9 AH BAE IR E fLRE £
FUEfLhE £ MR 38R @ A A B/ A s, B o 4R
AL HL 25§ A8 1A K, Gaussian98 180 8 ¢ {51 H
E>0.21 kJ - mol ™ ¥ A B4 A, A I o 400 {41 it
B BRI . B8 4 FTAL ESS G Re i K py B 11
tr, N3 RIS (1) X CL1—HI2 /) o JEHLIE L
S N10 f9 9% HL - (1) %F C4—HS5 1) o S5 HLIE 2 [H]
Mk EALRERI N 1.59 kJ - mol ', NTT BT, — &K 1
B R FR Z (8] A B AR ] 2% & AR 7E N3 FI N10 A9 K
XL 43 5 C11—H12 il C4—H5 () [ S iE 2
B o Zlardrm, IV, VFI VI 14 & 8] B9 A BAE
FERAETEZS AEEN WA 5w N5y 906 1 F i 26 3
B C—H S50 E Z [a) 5 i VI 2 38 0o 28 20 3 i o N
PR B A N—C 1 S Bl R AEE o

&4 HF/6-311G " /KF EHE (CHN;), Mo B RRHPIE S
Table 4 Part of calculated results of (CH;N,), at the HF/6-311G " * level by NBO analysis

TR B T4 NBO (1) HLF4Z & NBO()) E/kJ - mol ™'

If LP (1) N3 BD"( 1) Cl1—HI2 1.59

LP (1) N10 BD* (1) C4—H5 1.59
I\ LP (1) N3 BD*( 1) Cl1—HI3 0.79

LP (2) N10 BD*( 1) C4—HS5 0.67
% LP (1) N10 BD* (1) C4—H7 1.21
Vi LP (1) N3 BD*( 1) Cl1—HI2 1.42
il LP (1) N3 BD* ( 1) N10—Cl1 0.25

LP (1) NI10 BD*( 1) N3—C4 0.25

3.5 IR IRFNHIE XAHETFFERRMHEEERTEEAES S T .

AR HR 20 43 A AT SR AT TR D335 05 238 55 R0 X6 5 &2
% Rk N=N Ml N=N ({45 IE sh o 8K,
PRI 41 20 B P B (R A 4 A8 A K . VR VIR N=N Al
N=N fifr &4z 3l 3 s B A~ i 100 LIV AV R
I, KW VAT VI R AR R A5 AH 25 30K, X
5 R B U An] ¥4 B R 5 48— B0

FEMAAH L, TR IV N=N 1% fif 45 § 3 43 %
AL BN AL I 6 em T RS em T, RPAY & AR A
INELFE s T N=N i 40 I 2l 00 2 A R 8, i il
N=N £+ [0 B AR 45 44 Z2 81 | 52 40 B AR TR e 4%
AL, MAVAE) N=N 4580350 5 58N 2
6 cm 9 em ' BIEAEMUNIE; N=N M4k
BRI T 13 em ™ 11 em ™ BRI R AE T 5 HS,

VIFIVI) N=N {f45dR 303 kAN, o 538
13 em R 19 em T i N=N W &L, 50
B 16 em ™ H S em ™' 3X AT fE S TR R 8] AR AR Y
Ne-N # i /EH TS|, 76 2 800 ~3 000 cm ™', JJI
AL C—H By 45 iz 20 F0 s A 48 4z 20 30 [, g VIEY
B C—H {4 4z 2l Al A 48 i 2 Wi 2 AN A8 b R 3
ZA 19 em T LU A EE RS A BT 0, OE W A
X—H-X (X =0,N,F)2:53 X—H {4 8= sl i %
PR R A, AT HE B0 AE CHON, R K rh
C—H-N i a i,
3.6 MAFMHR

B A/ e S R AR AR AS R R EE R R T A
(Cp) FruERE (S,) FARAERS (H) 9 F £ 5. AHEE
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B TR B R € R ARSI 5 [F] i S
TIRAHEAR R AR C, (HX AR AR 2 €,
K 16.0 ] - mol™" - K™ Hy SURTE i — B AR,
A 7 BRI, SO L/ (AS, < 0), fH I/ Bl
RS T TR R AIRR R, 0 AR AR R S
PR (AL /N (AR, <0) R 78 5 IR B i,

BAARAR Sy TR AR R TR BRG RR  2R BH A3 7 A A B4R
Fifi VL 1 T s i 08 S . FH AG, = AH, — TAS, SRR
R EE T AG B, FEEMWAH T, 1 11 AGH
20.96 kJ - mol ", A 3 - 5 5 % 5 0. 000 2, 138 B it
BETEAN G BED PRI A, A R
i, R 5 i — 2P AR N

#£5 TREIEBET CH,N, f1 (CH,N,), WHANFHER"
Table 5 The thermodynamic properties of CH;N; and ( CH,N; ), at different temperatures
sty T/K €/ -mol ™ - K7 Sy/J-mol™t «+ K™ Hy/kJ - mol™  AS,/J-mol™' - K™ AH,/k] - mol™' AG,/k] - mol '
I 273.15 60. 64 276. 80 12.73
298.15 63.57 282.23 14.28
500. 00 86.35 320. 64 29.47
800. 00 110.54 366.90 59.29
I 273.15 137.35 468.52 28.41 -85.08 -4.39 18.85
298.15 143.25 480. 80 31.92 -83.66 -3.98 20.96
500. 00 189.00 566.01 65.58 -75.27 -0.70 36.94
800. 00 237.46 666.22 130. 12 -67.58 4.20 58.26
m 273.15 137.71 494.02 29.17 -59.58 -0.01 16.26
298.15 143.56 506.33 32.69 -58.13 0.41 17.74
500. 00 189. 14 591.65 66.39 -49.63 3.73 28.55
800. 00 237.54 691.91 130.96 -41.89 8.66 42.17
v 273.15 137.34 459.92 28.20 -93.68 -4.27 21.32
298.15 143.26 472.20 31.71 -92.26 -3.86 23.65
500. 00 189.09 557.43 65.39 -83.85 -0.56 41.37
800. 00 237.53 657.68 129.95 -76.12 4.36 65.26
vV 273.15 137.60 482.29 28.80 -71.31 -2.58 16.90
298.15 143.47 494.59 32.32 -69.87 -2.16 18.67
500. 00 189.12 579.88 66.02 -61.40 1.16 31.86
800. 00 237.52 680. 13 130. 58 -53.67 6.08 49.02
VI 273.15 137.56 477.69 28. 66 -75.91 -1.08 19.65
298.15 143.46 489.99 32.17 -74.47 -0.67 21.53
500. 00 189.20 575.29 65. 88 -65.99 2.66 35.66
800. 00 237.62 675.59 130. 47 -58.21 7.61 54.18
I 273.15 137.53 466.07 28.49 -87.53 -0.62 23.29
298.15 143.43 478.36 32.00 -86.10 -0.21 25.46
500. 00 189.22 563.67 65.71 -77.61 3.12 41.93
800. 00 237.66 663.98 130.31 -69.82 8.08 63.94
W AS, = (S3), -2 (Sy),, AH. = (H, + E(HF) +ZPE) , -2 (H, + E(HF) +ZPE),, AG, =AH, -TAS,(i=1,di=1, I,
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Ab Initio Study on the Intermolecular Interaction of Methyl Azide Dimers

XIA Qi-ying, XIAO He-ming, JU Xue-hai, GONG Xue-dong
( Department of Chemistry, Nanjing University of Science and Technology, Nanjing 210094, China)

Abstract. Geometries and electronic structures of methyl azide and its dimers have been calculated firstly
by using ab initio method at the HF level with the 6-311G ™" basis set. The intermolecular interaction en-
ergy is calculated with MP2 electron correlation correction, basis set superposition error ( BSSE) correc-
tion and zero point energy ( ZPE) correction. The most stable dimer ( the binding energy of
9.49 kJ - mol ') possesses a six-membered ring with two C—H-+N hydrogen bonds and belongs to
D,, group. The effect of methyl internal rotation on the interaction energy is investigated. Natural bond
orbital (NBO) analysis is performed to reveal the origin of the interaction. The harmonic vibrational anal-
ysis is used to study the optimized structure of the monomer and six dimers, and IR spectrum shifts are
discussed. Based on the statistical thermodynamic method, the changes of thermodynamic properties from
the monomer to dimer with the temperature ranging from 273.15 K to 800. 00 K have been obtained.

Key words: physical chemistry; methyl azide dimer; intermolecular interaction; ab initio method; natu-

ral bond orbital (NBO) analysis; IR spectrum; thermodynamic property
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Design of Serialization Explosive-Loading Device

JIN Ke, XI Feng, YANG Mu-song, ZHOU Xian-ming
(Institute of Fluid Physics, CAEP, Mianyang 621900, China)

Abstract; The methods of designing the explosive-loading devices is briefly described. The experimental
results show that explosive-loading devices using new planar wave lens can produce high pressure of 40 ~
230 GPa in standard material sample. Simultaneously,the devices can provide waveform with better sym-
metric construction,less distortion,less inclination than old one did. We had a time distortion of 30 ns.
So the high quality impacting waveform meets the demand in measuring the EOS( Equation of State) pa-
rameters and mechanics characteristic of some material.

Key words: explosion mechanics; explosive-loading; standard material; pressure; waveform



