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Table 1 Properties of some energetic compounds
P 0 D p

compound /g-cm™ | % /km-s"" /GPa
932! 1.90 5.33 8.66 34.31
DAMNP'® 1.32 -82.1 6.43 14.36
DANP!3! 1.43 -79.9 7.03 18.91
DATNH!! 1.70 -30.0 8.38 30.06
NG 1.59 3.50 7.70 25.30
HMX'® 1.91 -22.0 9.10 39.00
RDX'® 1.89 -21.6 8.75 34.00

Note: p, density. £2, oxygen balance based on CO,. D, detonation velocity.

p, detonation pressure.
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Scheme 2 Synthetic routes of several energetic azidonitro aromatic ester plasticizers 10—-15
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Table 2 Properties of several azidonitro aromatic ester plasti-
[35]

cizers

0 AH, T, T
compound -y, /Kemol™ /C /o
1 331 -857 2516 2496 solid
12 273 -98.1 344.3 250.8  -42.2
13 448 -769 3633 2494 solid
14 306 -993  766.5 209.8  -34.4
15 18.9  -1841 | 283 -76.0

Note: N, nitrogen content. AH,, enthalpy of formation. T, thermal decom-

position temperature. T, glass transition temperature.
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Scheme 3 Synthetic routes of several energetic azidonitro ether and paraffin plasticizers 16—22

T3 AL EC B H )
Table 3

different components'™!

Specific impulses of propellant formulations with

compoents / %

No. NC Al HMX NDPA 16 17 NG Lis
1 10.0 18.0 42.0 / 30.0  / / 278.1
2 10.0 16.0 44.0 / / 30.0 / 275.8
3 10.0 18.0 42.0 / / / / /

4 10.0 16.0 43.0 1.0 / / 30.0 273.2
5 / / / / 100.0 / / 278.1

Note: %, mass proportion. I, specific impulse.
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Scheme 4 Synthetic routes of several energetic azidonitro ether and paraffin plasticizers 23—-25
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LA — 8 R TR 2 A A B i S B, T2 2 A IR A
Ko REMBL 8 xF A L T L dEf 54, — 283 A
T2 T 2 15 90 5] 1 6 Uy FH i 41 3

BRI R Witucki 252 F 1979 4F A 1 Y 35 98 7
26(Scheme 5). 1545 T8 Mk EE & 31N RE R 4L, 26 1Y
W A 53 9 89 1.4965 g-cm ™, —48.4%., BT
1985 4F Wilson 427 3, 3= (F A H ) ALK T
Bt (BAMO) i JF &L, & L T 27~30 DU F & 14 3 98 51
(Scheme 5). 1996 4F, F #5245 2 F 2 22 16 (1) AM1
AT I 9T 28 4y TR AR E M A B 1 ~—O
—NO, Fl 2 4—N, Bl 55 1 4~—O0—NO, B K 1)
MR E ;2 M —O0—NO, Ml 1 H—N U & 5
14— N, BUB 2 (9 44 AL f A e o 1999 48, T ik 45
W3 28 19 480 5% 8 4B B J < R JEE 4R R 0 )
H-46.3%,1.51 g-cm™,632.6 kJ-mol™',15.4 cm(2 kg
PE4HE) (4% (JE 77 3.62 MPa,#2f1 60°); T,”4 199.6 °C.
% RE R BE K AR PR  (H L B, . B A
7R 28 RE S i OB HE #E R 2 5 NC 5 NG DL K RDX
B AR A3 e, AT SR A O U A a0 7 v o U A A
RDX 22 [a] JBE 15 B0 52 i) ] 1), 48 w35 4 1F 50 7 i kR R
S Xt
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Scheme 5 Synthesis routes of several energetic azidonitrate plasticizers

B 201048 4 42 RV N TR AN R AR T 28 1
TR B 82 IR 43 i A 23.4% (2 kg V& BE, 35 cm & ) |
100% ( H 71 3.98 MPa, #41 90°) ; it <=4 1.07 mL-
g (IR EE 90 °C, mFIa] 48 h) , ik — 2 B 52 12 448 Y8 50 ¥
P AR SR A O e ) 7 ] 32 30 BR A

M\ 22 T B R e 1 K R R oA R A B R —N,
F—O—NO, ¥4 ¥ FIR4F w55 BB . o T BE AR IE R
75 R K VAN AR, SCRE S NG IR TR AT H S A 4 1 51
Ji2E PR RE A2 M, 2003 4E SR AR AR NG 45 4
PEAT T ok L %31 T 31~33 3 F i 9 %) (Scheme 5) .
Ja BT ORI R AR A 1 T 31, 53 Ah 1 b 48 99 55 4k
THERW B . 31 H V-1l R -47.0%, BE[F 5 h-15 °C,
R F NG 13 °C, RH—N, RFBIL—O0—NO,, il %
R B AR A et () 58 11 5 . 31 7F 188 CHF Ui 40, 48 o Al
JEE 82 ) B 43 551 4 31.5 em (1.2 kg 5 #E ) , 90% (JE 7
2.5 MPa, 1 66°) . 5 NGAHIH, & &b 18 9 7 g
E Pk B AORR BE A — S I . 2015 4R 5 R
LB T A 3R BE LAY B HI R 34(Scheme 5).
LT A AN B Y0 R —43.6%,1.46 g-cm ™ T HI T,
G300 R =41, 172 °C 5 4 o F1EE 380 43 518 56 cm
(2 kg V& #E) 12 N, LB B . 5 45 44 23 1] £ BHL 4 K
1) 52 ik U 34 9 5] 28 19 J8% B A L, 34 R R Bl [ AR
Yang OB T T 4 ¥8 5 35(Scheme 5) , % E 12
RS (DFT) A3 -3) J1 2% (MD) BIF 53 & 31, H 407
B (=36.3%) , % K (1.50 g-cm™) , BE B & (R ks
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217.4 kJ-mol™) , Fa & Mgt F NG, 5 3 48 K 53 51
3 7.70 km-s™",23.45 GPa, 5 NG M4 . 5 GAP,
NCHIZEE R bF . J#tEgeIr 4 L% 4, 5 NG H
b, ¥ E 13 ), 35 ¥ GAP NCIR AR R HA
SRS A B o R CE{FD ) 0 B i 1) B A 23R (C D) , 1 MR A%
R T NG, H9 K IR AR R 2k ae i b
F 0 35 J& — PP 7E NC Hl GAP L4 7 577 b B A W 72
{EL 1 35 93541

20164 Schulze 745 T &% A —N,.—O—NO,
FI—NO, 3 Fft i & 5 1 14 9 7] 36 (Scheme 5) , H%

T4 JURHIIIR R EE T 2 SR
Table 4 Elastic mechanical parameters of various plasticiz-
ing systems!®®]

p Mass E K G C
system /g-cm™ ratio  /GPa /GPa /GPa 4 Ka / GPa
35 1.50 / / / / / / /

NC 1.60 / 6.98 5.33 2.72 0.28 1.96 1.41
GAP 1.30 / 4.49 3.75 1.73 0.30 2.17 0.67
35/NC  1.57 1:3 6.31 5.12 2.44 0.29 2.10 1.49
35/NC  1.55 1:1 510 5.62 1.89 0.35 297 2.20
35/NC  1.52 3:1 5.04 6.19 1.85 036 3.35 2.32
35/GAP 1.34 1:3 4.18 4.15 1.57 0.33 2.64 1.32
35/GAP 1.38 1:1 4.10 591 1.88 0.36 3.14 2.99
35/GAP 1.42 3:1 4.00 5.39 1.45 0.38 3.71 3.00
NG/NC 1.60 1:3 6.49 4.48 254 0.28 1.90 1.49
NG/GAP 1.36 1:3 4.20 3.69 1.60 0.31 230 0.78
Note: E, rigidity. C, ductility. K/G, tenacity. y, malleability.
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& S A AR ORS00 1,55 geem ™, +12%,
17.5 kJ=mol™; T, Ml T, 733 29 0~5,197 °C. HIEE
NCH: B & FIB r tEfe 5 2, 3- g 5L-2, 3- (i | W
F)-1,4-T TRl (NNBN) | Z= 1 Y i P il 2 1
(PETN) NG B BEAb M REXT L UL 3 5. 36 f8 o7 sk 1k
W T & A 4 H—0—NO, A NNBN Hl PETN , {H /& %
SRR AR AT R — o i o ORI
B, S 1.5 1, 36/NC I 5 Y $E o UK
PEAR T B2 — 20 43, LR 8 T 040 i O T NNBN/
NCBC J7 o 3 Flii% 93 5% 36 \NNBN NG # %1 (1) NC 3
M 25 TS L v O HE R, R E R — R

e R
Ziy

ZE b LRI & Lk—C—NO, B & % 8 M
A &N —O—NO,, H % & A& 75— S
RAH LR PR K, 43 i #E 1.50 g-em ™, —=50% LA
o FEBIRE 3643 H3A % 1.55 g-em ™, 12%, fE B 5,
e AR AU WA K], H—O—NO, &
R 8 R0 R R AR i A ok AR XU A K, g R R PR
Ko W] -1 BE B FHURSRE (19 F G OC &R, W7 ZEHF 9T I
WHRZRILME R G HE PR 2 Fh e R 2 0 B =,
DA A A8 53 A5 o B, WA HE A AT A 1S 5

(HEC T, v, B3 4k 2t 50 T S PR BEfE

FR5 NC IS Ay 18 B2 MO e R e ME B TH A 45 2R 7

Table 5 Sensitivity data and calculated properties of the NC—based propellant fromulations'”!

system IS/ cm FS/kg ES/) T,/ °C AH/)-g™ D/km-s™ p/GPa 1./s
367 6.80 >36.7 0.025 197 2460 7.9 25.0 258.3
36/NC7 38.6 1.7 0.063 197 2341 7.5 23.2 246.0
NNBN!® 11.0 7.60 0.063 183 2237 9.1 40.0 255.0
NNBN/NC'] 115 17.4 0.250 188 2282 8.1 28.5 249.1
NG/NCleo) 2 13.3 9.60 1.000 / / 7.7 24.7 245.9
PETN!7! 12.0 9.60 0.063 206 1309 / / /

Note: a, NG/NC is 4/1 of mass ratio. IS, impact sensitivity. FS, fraction sensitivity. ES, electric spark sensitivity. AH, energy release.

3 &—N—NO,REEENERIZER

—N—NO, B A 4 ik 74.5 kJ-mol™, A &
46.7% .47 F & 60 g-mol™ fE R “H T & A5l
AGFF oA S RE . S — NS AR R —
Gy TEORUE S 2 W T BRHIL R PR AR 0 SR Al A
W03 oy 1 AT i R R IR AR L B AT X 2 PP AR A
P14 398 950 R AE A L 2 TR SIS 1 0 500 A S G i R Ak S S
e 20 53 B9 AH 250, AT R AR R be 7 W 04 - 3 4 F
e e A B RCRR AR AT S, R HE BE R AR B ORI
ROl A I 2R Ak A I — R I S < S F A kit
FHNO, WL B WL 5] A—N—NO," " L ] & A
PRI NaN, B B8 25 3k dn g 21 . —O—S0O,CF,*' |
—O—NO, 45| A—N,. i EJL+H4, K25 20 JLFH
I 18 Y TR Bl A R R SRS o I 2 G U R 4 R 4
g H e A 1 200 AT 43 Sy S R B K 25 L B T G i
FE S A MR 3 A
3.1 BRMEEE

Ha ¥R 37 (Scheme 6) )& 1 1 & FH M KRS 4544
Hi Flanagan %57 1978 44t i . Klapotke 55 HF 5%
R 37AE150 CIFUR Gk o HAE UK M 5 P g Sk
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JIE R UL 26 6, T 2 M RE B, R o B 4B AR BB
2006 4 Klapotke 570 X 43 F 45 46 th — N BUR 94T T
P A OB T 45K B TR B & A i G 98 ) 38
(Scheme 6) . H A& Hfb 280 UL 3 6, 45 T F kR 34 7
524092 K, 6088 J-g™'  AHHLAK 43 U b R
(140~150 °C (4 ) ), W& 78 09 # K 1 BR ) = 52 Br
N H

T — AWz AR R #5539, i Simmons
LEI7VAE 1984 4EH i (Scheme 6) , 40 26 F8 4k 2 % L
6, HIUKAMF-20C, 5 19.5 mPa-s(25 °C),
FL 5 WUHE k) 25 5 20 4 i A 48 4 3 AR s
T BB A B ik & G 245 T T v, AT IR AR 3R 200~400 K,
5 RDXJE A, K25 S 42 T+ 100 J-g7', ik %
1400 J-g™'o e HUS 3]k 25 Bc Jy v, ml R AR R SOF
¥ 05 F 5, A LK B SR 5 B AR AR IR BE R BR R
B A A S X A A Y b il R R L SR R R T A Ak B
U 2 A 3 R RIS R G B R 36T AL B R E
P R kAR . e AR R MR, 39 ] T ARKR K
A TR R A A . T R U R B, R R
1 16585.2 k)-kg™', M 3549 ). g7, LA EE (AL
£ 6)/NT NG, 515 T4 F HH#EREAH X —O—NO, %
At
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\
( w HNO3 l}lOg S0Cl, ITIOZ NaN3 NO,
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Scheme 6 Synthesis routes of several energetic azidonitramine plasticizers with one —N—NO, group

F6 HF——N—NO, T AU i 1 I8 R F AL 2 B

Table 6 Physicochemical properties of azidonitramine plasticizers with one —N—NO, group

compound /% T,/ °C T,/°C  AH,/K-mol™ p/g-cm™ D/km:s" p/GPa IS/) FS/N
37t -37.20 -66.6 150 651.0 1.45 7.65 22.59 <1.00 20.0~40.0
387! -36.60 / 270 297.1 1.49 8.03 23.80 <1.00 120

3971 -79.90 -38.0 246 540.2 1.33 7.03 18.91 20.3° 26.0°
401 -82.70 -84.5 180 / 1.34 / / >320° 0.00"
4100 -105.6 -87.5 178 / 1.32 / / >320° 0.00°
42000 -141.0 -82.2 167 / 1.21 / / >320° 0.00"
Note: a, unitin cm (5 kg hammer). b, unitin 20% (3.92 MPa, 90°).

I —N, fl—N—NO, , H # & B K F NG; TNT
Mg TE 0.46~0.63 Z Ji] , oAy 2 4 A 7= L FH 42 4t 4K
2%, WA, HEME 7B &L, 39 1M &
S 24 LRI & S 2 AT AR A e A 9B A T R R e 7
JE 3, % NC 09 ¥8 40 RE g 3847, il & Gt 25 B 5500 1
FHME . 2013 4F Yang S LI BF 5F 39 Y 4B 3R 1E
fig, A Lo 195.97 s, 5 RDX Y 212.98 s 3T .
WAF Yang 45174 B A W MD 5 A UL EE HIOKL T 50
J12% (dissipative particle dynamic) & 8L #ff 55 GAP 5
39 M AU . 5 GAP #H Lb, 39 5 ¥ /) GAP — It iR
AR B RR M A ERE . 39 & —Fh i aE iRk
RS T PR | T, A 0 B UG P 3 0B R R o
w ok B P Re JRURE U I 1 R Ak A £ s BE RS AR s T
SOOI B NG, T2 R DA L O R A M R ik
Gh b la] A 1, 5-T 6 R TR E-3-AH -3 A I b
(DINA) J& F 2 18 ¥ 25, 4 o B O 31 em (2 kg 7%
) T R AR IEFH A T 39 TR
) % R R A TS R T oK o R e aX — [A) B, Xue
SRR DL T (2-50 3 ) e R 1R R O DR 1Y g
# T 7. (Scheme 6) . #r L2 ¥ & 2 oo I fig 1k 16 K6
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T Bt K2 DINA 5 B 9 i, 42 4Pk e 42 v, o B AL
A7 B R R R SE A . R 39 HA 0 i B
PEfE L {H K 4> 7 & (200 g-mol™) 4 3k i 3% & 1
(0.15%,24 h/50 °C)"7* B fill F 52 P Ry

2017 4 Gao % Fl— N, BUR e JE i 4 & B A e
(R-NENAs) 4> F 1 il —O—NO,, #l % T 40~42 =Fh
B Al M3 9 5] (Scheme 6) , B 538 H HIF RZ Y.
HH 2% 6 AT, 3 s 98 7] 2 B b, AR LRI B 8 AN
UK, BRK TSR T 0PI, HU B H A
A E-80% LA, B B AK T 37 F138.

T2 A —N—NO, 1 I £ 38 9 5 1 A — 2L 47
i, 5 R HR 43 (Scheme 7) 42 B Helmy! ™' F
1984 4E i . 2009 4 Klapotke % & W T & 3 4
—N—NO, Y 44(Scheme 7). Hf#E i B <1 ), JBE 2
BEE AT 144~160 N, ML AR . 160 CIF G 70
W& 137 °CL 8T by A A9 2% 18 R VR 1S 98 57
1982 4F Henry % 585 A7 4 —N—NO, Iy 3 257
45(Scheme 7) , Hof 8 19 em (2.5 kg 54k ) | L
445, DRFFE RB B AR 3G 0 F 5 o )R 50 E 11
4>, 2005 4F Ritter %7 il 2 1 5 45 Ty [ Z ) 1) 1 48
%31 % %94 (949-967)
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7 46 (Scheme 7)o H i i B (2 DR T 43,5 T
45, J F 4 M 58 —N—NO, & X # 4k 1 fg 1 52
Wiy, kg S B SRR oy 1 B A AR B EE 4R R, 2014
4F Yang %770 —N—NO, %t H #1 5 4> 1% ¥ 5 Jin 21 8
AL WAE T 47~50 DU RO F 45 25 H B 98 R (Scheme
7)o ik /i s 58 50 BE i Pk BE AN € 1 9 DFT A5
25 R ER W], —N—NO, ] 15 9857 1 B8 & 1 5B A B 7Y
SEMA o B G AR S5 R T —N—NO, B H i 2 3 = |
FUECP A RS VT R R T A RE 1 RE S H0Z
wi R (I3 7)), e Kl -23.2%, 1120.4 k-
mol™,1.80 g:cm™,8.92 km-s™',35.24 GPa. B ks

AN HABRE S8 S HMX YT . AH, 5 —N—NO,
BOH Z B AR e X R B — 4 —N—
NO,, A B 5 ¥ 3 in 67.59 kJ-mol™. 4 —N—NO,
BCH B 4 AN L ek B i K (E 287.01 s, /R
B b T HMX BRSO a2 —
fiE — fitj f% 1% (EGDN, 1.48 g-cm™, 8.00 km-s™', 25.07
GPa)fING(1.54 g-cm™,8.03 km+s™',5.92 GPa)., /R4
—N—NO, % H % £ & M A T8 52 |, {H 3k 2 38 99 55
R R T S A O oKL A B A S O BE 0 4R
e HE 7R R T KT

g5 b A HUBUEE RS BV E PRSI —N—NO,

l}lOg NOQ NO, Noz Noz Noz
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W\I _HNO; RDX HCl (g) NaN;
ANNZ/N Ac0 1,4-dioxane acetone
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Scheme 7 Synthesis routes of several energetic azidonitramine plasticizers with more than one —N—NO, group

K7 FLZA—N—NO, T AN IR B S KL

Table 7 Physicochemical properties of azidonitramine plasticizers with more than one —N—NO, group

compound M/g-mol™ T /°C /% p/g-cm™ AH;/k)mol™  D/km-s'  p/GPa I/s
370 1721 -66.6 -37.2 1.45 651.00 7.65 22.59 268.83
4375 246.2 / -32.5 1.70 714.00 8.55 31.36 286.10
44109 320.2 -31.6 -30.0 1.71 778.60 8.59 31.76 284.92
450 394.2 / -28.4 1.74 864.80 8.73 33.11 287.01
4777 468.3 / -27.3 1.77 933.80 8.83 34.22 284.77
4877 542.3 / -26.6 1.78 996.60 8.90 35.00 284.10
4977 616.3 / -26.0 1.79 1047.8 8.92 35.24 283.15
5077 690.4 / -23.2 1.80 1120.4 8.97 35.74 283.10
HMX77] 296.2 / -21.6 1.90 73.300 9.08 37.66 265.10
Note: M, molecular weight.
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oN"Nno,
Scheme 8 Synthesis routes of several energetic azidonitramine plasticizers with nitro groups
F8 AL S U M A AL S
Table 8 Physicochemical properties of azidonitramine plasticizers with nitro groups
compound M/g-mol™ N/% /% p/gem™ AH /K-mol™ T /°C T,/°C D/km-s' p/GPa
51160 249.2 39.6 -35.3 / 220.2 liquid 216.5 / /
52te0! 408.2 41.8 -23.5 1.835 495.2 105.5 196.3 / /
53te0! 496.3 39.5 -32.2 1.722 483.6 137.4 203.5 / /
54!78) 260.0 42.8 -30.5 1.790 308.7 121.1 143.2 8.69 32.69
Note: T _, melting point.
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QOTs

Scheme 9 Synthesis routes of several energetic azidonitramine plasticizers with —C—O—C groups

R HF—C—O—CHYZ R MG 1L B AL 2 8L

Table 9 Physicochemical properties of azidonitramine plasticizers with —C—O—C groups

compound M/g-mol™ 2/% p/g-cm™ AH /k)-mol™ T,/ T,/ C 1S7/ % T./K Fo
567 348 -82.7 1.366 351.1 257 -61 12 1640 /
65' %%/ 218 -83.4 1.313 443.1 243 =81 72 1940 0.24
66 %% 218 -83.4 1.319 451.4 244 =81 52 1880 0.68
67'%% 299 -81.3 1.312 691.8 254 =72 88 1720 0.22
68 %%/ 228 =112.2 1.262 453.5 243 =74 36 1770 0.80
NG82! 227 3.5 1.593 -370.3 198 =70 100 3233 1.00
Note: a, 10 kg drop weight at a height of 25 cm, 25 tests. T,, calculated flame temperature at a pressure of 4 MPa. F_, relative volatility coefficient.
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P W5 PR E £ A8 L 0 Rh S FVBCEE | T AR A5 S e B A
TR (3G SR A R X AR I KR B S AN R i
2000 K, fIXF NG, HAEXE & PEEUE (F,) 7T %1, B 56,
RIOPEWILT NG, 2 65 F167 29 H 20%,
PR R AR A ZOR . [R5 51k 65 5 66 9 A4 iUk |
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RYERT SAS & 4 FESA L, W55 4R
PO A 5. RVIG G % 1 i RE R FE A Fh 2 2
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50% 5 60% 1Y) 68 #4 ¥ PU IR & 1K R 1 T, lL % & NG
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Scheme 10 Synthesis routes of several energetic azidodifluoroamino plasticizers and their structures
FA0 G AR 0 0 A P R g
Table 10 Calculated physicochemical properties of azidodifluoroamino plasticizers®®”
compound M/g-mol™ Q/% p/g-cm™ AH./k):mol™  D/km-s  p/GPa Q/k-g” 1S/ %
71 256 / 1.67 490.7 7.88 26.29 6.06 49.28
72 276 -52.1 1.77 77.00 8.45 31.39 6.25 43.99
73 260 -61.5 1.77 245.5 8.30 30.28 6.05 52.47
74 266 / 1.79 90.60 8.45 31.55 6.23 39.48
75 289 -74.7 1.71 197.2 7.96 27.21 5.85 56.17

Note: Q, heat of detonation.
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Scheme 11 Synthesis routes of two energetic azidofurazan plasticizers and their structures
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Research Advances in the Synthesis and Properties of Azido Plasticizers with Multiple Energetic Groups

NING Er-long'*, YANG Lin-lin', MIAO Cheng-cai', ZHU Tian-bing', LIU Chang-bo', XUE Jin-giang'
(1. Liming Research & Design Institute of Chemical Industry Co., Ltd., Luoyang 471000, China; 2. School of Chemical Engineering , Zhengzhou University
Zhengzhou 450001, China)

Abstract: In comparison with the plasticizer only with azido, the one bearing multiple energetic groups not only generally has a
higher density and oxygen balance, but also possesses more energy content. It endows the propellant with an increasing specific
impulse and a better combustion performance, which has become a hot research topic in the field of the energetic material.
However, it is an essentially important factor that how to precisely control the quantities and distributions of microscopic energet-
ic groups in the plasticizer’s structure. To design and synthesize the plasticizer with high energy density, high thermal stability,
high oxygen balance, insensitivity as well as low glass transition temperature, above-mentioned factor should be payed consider-
able attentions. This study reviews the previously reported azido plasticizers, containing nitro, nitrate, nitramine, difluoroamino
and/or furazan group, from the design, synthesis and characterization of molecules to propellant applications since the late
1970s. Some drawbacks are sorted out in this paper. What's more, several valuable suggestions to synthesize azido plasticizers
with outstanding properties are presented here. It is essential worth noting that organic azido compounds with nitro and/or nitra-
mine group are the most promising plasticizers used in propellant in the future, and the properties and synthetic difficulties of
these materials are simultaneously taken into consideration. Finally, some guidance for researchers being engaged in the investi-
gation of energetic plasticizers are provided.

Key words: azido plasticizer;multiple energetic groups;accurate regulation;molecular design;nitro;nitramine
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