454

FEFE, A, SRR, A, SRR

NEHS: 1006-9941(2015)05-0454-05

a-HMX B K 5 2% B R K EF I R B iRt B

woFE ERE, FRE AR, RKER'

(1. PETEYEFRTRAIHEFER, W %M 621999; 2. PETEYEFRZRAHZ A FHAFQ, I 41 621999;

3.PE TRMESM TR TH R A, ax 100088)

M OE: 5L A HMX OGS R AR, R R 2% W BOE IS BORTT IR T a-HMX B IRBR 22 0 15 52 86 5 0 AT T 52 o 183 1 a-HMX
A 6 2% W WO T 5 I MR 0 o L RN R BEE 22 R bR BB L D SR L TR T - HMX B 20 TR SR B AR R XS L T 4% BR
BRI S SR E . SRR TR TR o-HMX 20 TR SRR 5 Ak 24 52 96 06 15 A B0 9 — B0k, A 24 Wit 335 wh i
FRAEWE I TE 15 0 TR BN VIAHE o a-HMX f4 1A 0. 82 THz I8 A 2 i — X i 3 X BB B0 T8 1, 1. 51 THz WO A 2 ol o5 —
X R BR B B)JE B, T 1. 93 THz M ISCI 3 (4 8 JR U5 T il 2 1y 42 28 L8 A & C—H SERY AL 8h AT 0 o

KW WIHES (HMX) 5 Z it KRB0 WOl ; % Mg

FESES: T)55 XEkbRERD: A

DOI: 10.11943/j.1issn.1006-9941.2015.05.010

1 5]

il

HMX J2 25 G ERE I R i SR BB 1 2, 0 U0
C,H N, Oy, i o By FI & PUFP & A, J& T 78 () W] ot
Z RS RERR o HMX 4% 5 50 2 A i i R R BG4
KV B AR SN W R A A A B B PR 22 AR
R AR L B-HMX B RE , B AR
JEE R B AR A R L, Bz N TR 2 O ik
WO RIS R 2 W, AR IR R TR ) %
YERTF  HMX & @ B 22 8] 25 & AR A0 B3GR 3 1 25 4
Kt — 5 BAE AL, H Ak 2 Wy B i s B R 0 I
I, I HMX 1 53 4l A8 K AT SR A8 Ak | it 78 5 46 55 o
FEX T HMX 1 S Bl F BAA S 2 048 S 1EH .

g3 F S5 A FRAE Ik FE DR GO = b £,
X LA LA G B 1 A5 B R AT RS i A
i T NIRSEFEE NS TN WELR EFR T
& R 1) K b 2% i 188 0% 1% 2 R ( Terahertz Time-do-
main Spectroscopy, THz-TDS) 1, 1 43 ¥ 45 ¥ 2 1iF 4%

Wi BHE: 2014-03-19; fEEIHHH: 2014-06-18

E&TH: BEXAARFRGHFESSRTD (11204279) ,FE TEY
PRF 5 I8 A bk 22 4 25 R o BB (T2014-005-0103)

EE® v #5(1983-) 5, Lo A, FE N F TR 5N F
%%, e-mail;combatdu@ gmail. com

BEBKRREAN: KA (1972-) 58 B9 0L, 2 NS TCHEERAE 570 0F

P

%% . e-mail;weibinzhang1 @ 163. com

Chinese Journal of Energetic Materials, Vol.23, No.5, 2015 (454-458)

BB R4 B B AT T IR 55 A AR
PRI 11 2% 3l R A e e ks (9 IROOIR 2 4547
JIT X 7 F R SR 3 B i AR 2% AR 2T Rt A
H THz-TDS $ORBEA 2 R AL IX L8 73 1~ 45 44 14 728 4l v
O, AT 5 ZLAM G H AR B AN, 7R R AR R 2 T 454
IR BN AEAT R 5, LU 2O S5 AR GOtk T B,
XN 7> T4 TERE R A B2 8

FI AT, A5 T K 2 1 PN 9 [ N O 22 A B
BB BBl S F B T B-HMX ) Ak 2% 0t 335 46 10 BF
FL, 4R T B-HMX 8 Kb 22 315 22, W1 T B-HMX i
KR 25 AR W e (7 B AR 1. 79 THz BT, JF %) 3 2%
I WS U T R Y B DR AT T 0 4R A AR BIE S A
HMX UL i 2 1 R 22 BF 5 Skt b, 9F — B OF IR T
a-HMX (1% R 25 W W ' 3% A6 5 i 335 T AR AT T
a-HMX 1 6 2% W WOE 38, OF il ad BOe 3 5B it 1
a-HMX 1 73 4R Bl B 8 L Ke Rk 2% D't 35 1 WA 1) T i
BLEL, g HMX iy B0 27 46 350 46 BF 99 44 1t o 2 1) 5 3
FEESEARIHE,

2 ZWHESHERGEEF

2.1 Kk 2% B G R

SCHRTE VY R B K 298 I, THZ-TDS R 48 fd DOt
S REAE N A 2% 58 S U, B R R ZnTe fi g, )
PO 5 7 A B O K el AL B O 800 nm, A 5
8.9 nm, REOLHEME 1 Frox. Rwkb = ok o

St

www. energetic-materials. org. cn



a-HMX 1) A7 2% 04 W2 i At B 5

455

FOxt S AR R, A 2% ' S o DR B D O 1
Hoh sE A A H R PR R O 23.5 °C L A

XHZ AR T 1% o

e
LV

sample

/THz generator THz detect /

z delay line 1

—J_I ] ° ; ® ] ®

extenal | [T ——{) o | e=t= — PC
fs-source /ﬂo 676 || detector

1 THz-TDS &4 6K
Fig. 1 Schematic diagram of optical path for THz-TDS system

ST ST ) R AR ER A ) AR 2% K e I
(S5 (55, REF) MIE SRR G 2 5 59 I BGRE (R
55 ARG X PR & AT P A B it A2 46, 75 ) A
7 AR AR 5, ) P BT A T AR R A b 2 1 o
JEE £ R %o A WA R 8, R A 5 0h
Az_ln(lsample/]reference) (1)
b, A TR R AR X W R B, L e 7 FE AR S 1Y
KR 2L TG TRIE . U ggerence S B 75 {55 B KB 2%
PG IR, a. u. o W] — A i B3 Ut 4 2R 64
KM A7 Bl b 35 03 b, LA AR S 96 1R 22
2.2 HRE&E

ARSI FEXS G2 by S 0 2 ) £ 1) 1 B i a-HMIX iy
R EAR/NT 0.1 mm SR il &R, BT
ROIGIAR(PE)LE 0.1 ~2.5 THz Ju [ N BA FFAEI L,
DAL A R o) K 24 8 i R S I 1 T B 23 A 26 4% PE LA
PR/ it e el R 1) R W SR e 5 [ EF, Shy T R A
(R X R AR SO AR AT T 84 RO RS
BHERMIEY B, &M e Gk & 7Y
20% ,F M R AL R BB, e i L2 @3 mm, K ) 24
970 kKN, EESRSFZ) % @13 mmx1 mm, HEH7#0.2 g,

YGAE PE X RO 2% i35 1 1, 4T T PE 5 T4
25 YRR 2% AR T LR S8, &1 2 O PE AR 5 T
H 23 SR I I IO A S 08 L, e BT 2 W, R
2 I PE AL RS, LT 3 7 A Wl ,
b 4 D R WA W £ B

3 LBWHERSHWN

R
6 K gl R B 5 DU HL I AR, o-HMX Y

i

I

3.1 LI
Zd

o

CHINESE JOURNAL OF ENERGETIC MATERIALS

0.257 50 ——air
0.20 ot s
0.15 8 o

0.10 0

0.05 R R ST PR PR Al

frequency / THz

amplitude / a.u.

8 9 10 M 12 13 1 15
time delay / ps

B2 PEAEML S TR 2 U R 22 IR 5
Fig.2 THz pulse of PE sample and dry air

KRR S R 3 iR it A (1) 35, /i
A3 a-HMX 1 I ot 3% (WL IR 4) . WE 4 ] &
i, - HMXTH) R 2% W SO 35 A7 = 4k B 508 A% AR AiE I A
g | HAF R A B F 0.82,1.51,1.93 THz, X5 X
BRL8-12 423 B-HMX 7£ 1.79 THz i & iz iy i
WA FF R AR o 3 156 B R 8 HMX (1 43 7 5K R 8K
i)k C,H N Oy {H 3% 15 2 22 [8] 11 Kk 2% 06 2% Fe AT
SRAT 1 22 501

. —REF
0.15- - — a-HMX
Q80
0.10 90
= -100
< 0.051 10l
38 02 04 06 08 10 12 14 16 18 20 22 24
%_ 0.004 frequency / THz
©
-0.054
-0.101
6 8 0 12 14 16 18
time delay / ps

B3 a-HMX R 2 I A5 >
Fig.3 THz pulse of a-HMX

1.51 THz

—— oa-HMX

1.93 THz

absorption / a.u.

0.82THz

o = N W b~ oo N
P T T T T TR

02 04 06 08 10 12 14 16 18 20 22
frequency / THz

B4 a-HMX ) Kb 2% W O
Fig.4 THz absorption spectrum of a-HMX

A fe AR 2015 % % 23 % H 54 (454-458)



456

FEFE, A, SRR, A, SRR

3.2 DFTitE54#

hy 1t ik A HE 24 b A R R 2% TR UL O T YRR AR
W TFJE T a-HMX (8 73 IR s A B B 135 AR L 3
B il Gaussian09 3% 14 DL & Materials Studio #x {4
Dmol’ BEHe 5 1, K15 T a-HMX By 4> THRsh K . it
S, By ALY T3 Gaussian09 B 58 1,
PR#I B B3LYP (Becke 3 exchange functional and
Lee-Yang-Parr correlation functional) , %24 1% & & B-
31G(d,p); Al —df i N B A AN [8] X k BE 1Y 43 4 R
THEE Dmol” Bk 58 i, H % 8 4y 51k JR B 1 12 o
i) (Local Density Approximate, LDA) ) PWC
( Perdew-Wang 1992 functional ) , VWN ( Vosko-
Wilk-Nusair 1980 functional) g% UL K& ™ Xk BE 3T 0
(General Gradient Approximate, GGA) 1 #J PWI1
( Perdew-Wang 1991 functional ) , BP ( Becke ex-
change functional and Perdew-Wang’s 1992 func-
tional) .PBE ( Perdew-Burke-Ernzerhof 1996 function-
al) .BLYP (Becke exchange functional and Lee-Yang-
Parr correlation functional) ,BOP ( Becke exchange
functional and Tsuneda-Hirao functional) .VWN-BP

(BP functional with the local correlation replaced by
VWN functional ) ,RPBE (the revised PBE function-
al) \HCTH (Handy functional) p& %% , JL 4 4 1% Bl
DNP ( double numerical with d and p nolarization) ,
X5 Gaussian09 1 B-31G (d,p) W& XN, T15
BT a-HMX 73 1258 2 50k B ST dn AR B30 22
( CCDC Cambridge Crystallographic Data Cen-
tre) " K5 520239, ik 28k . 25 W B FDD2
(Z=8),a=15.140 A,b=23.890A,c=5.913A ,a =
90°,8=90°,y=90°, a-HMX Hy4> T 45+ & 4n &l 5 fr
7N TEEEE R BRI 2 CRBFZZ 93 ) WLk 1.

B 5 a-HMX 2451 7R A
Fig.5 The molecular structure of a-HMXL

R oa-HMX R SRR > 1 HE

Table 1 Calculated values of a-HMX (low frequency)
B3LYP/6-31G(d,p) PWC VWN PW91 BP PBE BLYP BOP VWN-BP  RPBE HCTH
0.8595 0.8274 0.8241 0.5388 0.1341 0.5916 0.5694 0.2292 0.1245 0.2082 0.6453
1.5015 0.8799 0.8748 1.0275 0.4455 1.0128 1.1373 0.4878 0.4518 0.4992 1.227
1.6173 1.9728 1.968 1.8507 0.9438 1.8387 1.4007 0.8808 0.9486 0.9537 1.3986
1.6521 2.235 2.2362 1.9053 1.425 1.8822 1.5885 1.4031 1.4313 1.4028 1.9521
2.1759 2.5053 2.5056 2.0232 1.4553 2.0688 1.7784 1.6284 1.4553 1.4598 2.109
2.7795 2.6637 2.6628 2.0943 1.7418 2.1027 2.0961 1.6761 1.7475 1.5837 2.3391
2.9391 2.8608 2.8635 2.6187 2.0355 2.5167 2.3982 1.9665 2.04 1.9905 2.5299
3.1698 3.666 3.6672 2.8614 2.2641 2.9001 2.7909 2.3067 2.2686 2.2689 2.7693
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Absorption Characteristics and Theoretical Calculation of Terahertz Wave for a-HMX

DU Yu'*? | Ll Jing-ming'*, ZONG He-hou'’, YANG Zhan-feng', ZHANG Wei-bin'*
(1. Institute of Chemical Materials, CAEP, Mianyang, 621999, China; 2. Terahertz Research Center, CAEP, Mianyang, 621999, China; 3. Department of
Graduate Students, CAEP, Beijing, 100088, China)

Abstract. To improve the characterization of the polycrystalline HMX spectroscopy , the terahertz spectrum experiment and analysis
study of a-HMX were carried out using a terahertz time-domain spectroscopy. The terahertz absorption spectrum and characteristic
absorption peaks of a-HMX were obtained. Based on a variety of function model of density functional theory, the calculation work
of the molecular vibration frequency of a-HMX was performed. The consistency of calculated result under the various function
models with the experimental data was compared. Results show that the 0. 82 THz absorption frequency of a-HMX crystal is
formed by the symmetrical swing of a pair of nitro groups. The 1.51 THz absorption frequency is formed by the symmetrical swing
of another pair of nitro groups. The formation of 1.93 THz absorption frequency is derived from the swing and twisting of nitro
groups, and a twisting of the C—H group etc. behaviors

Key words: octahydro-1,3,5,7-tetranitro-1,3,5,7-tetrazocine ( HMX) ; polymorphs; terahertz wave; absorption spectrum; densi-
ty functional theory
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