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S5 R R R REREAT T 23 i, R Explo 5.0 K+ Bt
WITEE T 2 Pl B 25 1 5 22 PR RE , D A0 B 2R 28
TR 2GR IR AR B T AT SR 2

1 SCIGHERS

1.1 KF5EE

WA :1,4,7,10- AT =8 (99%, 14 5
WA AR A A BRA R AR 682 (65% , 18 25 42 Al 1k
A BRA FD AR (70% , 6 25 4 b 223850 A
MR .

{045 : DF-101S U AE R K I 8, B ) IR AN AR
B AT BR 2 | 5 S 20408 (FTIR) , 22 [ Thermo
Scientific Nicolet iS20; X- £& #; K fi1 4 , H 4% Rigaku
Smartlab 3kw ; X-5F £k B8 5 fi7 57, 72 & Bruker D8 VEN-
TURE; 2278 £ 2 #Y , 5% E PerkinElmer STA 6000,
1.2 LEIHE
1.2.1 C,H,N,(ClO,) Hi& R

C,H,,N,(CIO,), & L AR an i 1 (a) i s, Hodhil
HLBEWTE K173 g1,4,7,10-00 A&+ b
(10 mmo) ¥ T 30mL £ & F/K hIE W . AR5,
e U B P T OB 5.74 g B BN 70% 1Y A R
(40 mmol) it A Lk % W, £ Z I T A 20 ming
Wi K B I YRR AT ) U VB R B AR /N T 92 1 4
%, ) — v 1 C,H,, N, (CIO,) , 1 B, H A R L
1,4,7 10-WEA + ZHEit ik 97%. IR(KBr,v/cm™):
3128(s),3001(m),2865(m),2024(w),1561(s),
1481(s),1437(s),1303(w),1105(s),1041(m),
981(s),874(s),748(m),630(s), '"H NMR(400 MHz,
D,0, 25 °C) 8:3.04(s, 4H),3.23(s,16H),3.39(s,
4H);"”C NMR(100 MHz,D,0,25 °C)5:43.65,
1.2.2 C,H,N,(NO,), 2H,0 I &

C,H,,N,(NO,), - 2H,0 Yy & 1l % 42 4n & 1 (b) Bir
N, HH RIS ok 1.73 g 1,4,7,10-DUA R+
JE (10 mmol) & T 30 mL LB F/AKFIEIBER ., 2K
J& , fE R P FE R K 3.88 g i 4 BN 65% 1 fiF TR
(40 mmol) il A L% W H , 76 I T A 20 ming
BT, B S TR R AT o 8, R VR T TR /N B AR Hh 218
K2 — R AT 15 C,HLLNL(NO,), - 2H,0 By LG Hig %
Ph1,4,7,10-0 A&+ B3t T8 95% . IR(KBr, v/
cm™) : 3447 (s) , 3026 (m) , 2795 (w) , 2729 (w) ,
2666(w),2561(w),2431(w),1754(w),1634(m),
1605(m), 1485 (w),1459(w),1384(s),1320(s),
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Fig. 1 The synthesis path of (a) C,H,,N, (ClO,), and (b)
C,H,,N,(NO,), 2H,0

1092 (w) , 1045 (m), 959 (w), 817 (m), 760 (w),
722(w),608(w), '"H NMR(400 MHz,D,0O, 25 °C)
8:3.06(s, 4H),3.23(s,16H),3.41(s, 4H);"”C NMR
(100 MHz, D,O, 25 °C ) §8:43.74, Anal. calcd for
C,H,,N, (NO,) ,: C 20.85, H 6.08, N 24.33; found
C 20.78,H 6.12,N 24.42.
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2.1 EWRIE
C,H,,N,(ClO,), fl C,H,,N,(NO,), - 2H,0 [ & &
5K S B S E R B TR 1. b CHLN,
(ClO,),JRIEAZ f & , Pcc2 23 A1 BE , &4 W D i 6 4% 7
1,4,7,10-V0 A& I+ e 1\ o F o A R 2 25
YE B R, & i 2% a=15.8899 A, b=16.0809 A, c=
15.1626 A,a=B=y=90°, C,H,,N,(NO,), 2H,0 J& i
REE AL, P2 /S B, BAMBHE— 5T 1,4,7,
10-PU S IR+ 8 . DU 531 1l 198 5 43 1 45 T K 0
i e 2 ¥ a=7.4086 A, b=9.0708 A, c=13.9070 A,
a=y=90°,8=95.0520°,
C,H,,N,(NO,), - 2H,0 [ 5 F 454 i AR HEFUy X
A3 nE 2a~b iR . & 2anf 0, 78 CHL,N,(NO,), -
2H,O0 4 F 1, 1,4,7,10-DU & 3F -+ Zbe 22 R il Y,
BT 1,4,7,10-D0 R+ e 5 004> 7 il B2 1 1 B
TFHELE A 5 A W5y T 1 25 & K ok SRR I BT
p i AN, AR EE CHLLN,(NO,), - 2H,0 4% 752
FEHED T B0 R A 1 i — 4 T T 25 4, O3 ) S
B A A0 BAE T HEBUE B CHL, N, (NO,), - 2H,0
B SR EE R . A, o T EFSE CHLLNL(NO,) , - 2H,0
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F1 C,H,N,(CIO,), M CH,N,(NO,),  2H,0 M1y 5l 1A 45 4 K di 5 K516 S 4L

Table 1 Crystal data and structure refinement details for C,H,,N,(ClO,),and C,H,,N,(NO,),*2H,0
parameters C,H, N, (ClO,), C,H,,N,(NO,),-2H,0
CCDC 2322215 2322214
empirical formula C,H,:Cl,N,O,, CyH,,N,O,,
formula weight 1148.22 460.38
temperature/K 100 100

crystal system orthorhombic monoclinic

Space group Pcc2 P2.,/n

a/A 15.8899(8) 7.4086(2)

b/A 16.0809(9) 9.0708(3)

c/A 15.1626(8) 13.9070(5)
a/(°) 90 90

B/ () 90 95.0520(10)

y /() 90 90

volume/A’ 3874.4(4) 930.95(5)

z 4 2

Peatc! g cm™ 1.968 1.642

w/mm™! 0.706 0.155

F(000) 2368.0 488.0

crystal size / mm’

radiation

20 range for data collection/(°)
index ranges

reflections collected
independent reflections
data/restraints/parameters
goodness-of-fit on F*

final R indexes [1>=2¢ (1) ]
final R indexes [ all data]

largest diff. peak/hole / e A~

0.12%0.06%0.04
MoKa (A=0.71073)

4.494 to 52.8

-19<h<19, -20< k<20, -18<I<16
27308

7498 [R, =0.0877, Rs‘gma=0,0738}
7498/1/577

1.067

R,=0.0651, wR,=0.1732

R,=0.0808, wR,=0.1860

0.80/-0.78

0.15X%0.08%0.05
MoKa (A=0.71073)
5.368 to 52.804

-9<h<9,-11<k<10, -17<1<17
10492

1895 [R,,=0.0542, R, =0.0373]
1895/0/136

1.031

R,=0.0341, wR,=0.0878

R,=0.0391, wR,=0.0922

0.32/-0.31
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Fig. 2 Molecular structure (a),

packing view (b), 2D finger-print plots (c),
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Hirshfeld surface (d) of C,H,,N,(NO,),

Molecular structure (e), packing view (f), 2D finger-print plots (g), Hirshfeld surface (h) of C,H,,N,(CIO,),
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53 ¥ FL AT 43 A1 B SR 4] A ) T R A OH R AR i
2. CHLNL(CIO,) 1 5r T 454 iR HE AU =X =
Yt 45 2L Hirshfeld 2 T 43 %) 40 &l 2e~h JIr 75 o W
& 2e Al i, CoH,,N,(CIO,) 4+ FHHAY 1,4,7,10-T0%
B e AR, B+ 1,4, 7, 10-WA R =
i 50Uy W R GE o B RS A . AR
CoH,,N,(CIO,) 43 F 3 55 HED , B 1 TG B A28 fift i) — 2 °F-
THD 45 48], O3 3k 2 B A B Y R LA o T HE AU
B CH,, N, (CIO,), By f R 2541 . itk , CH,N,(CIO,),
538 Je 5y ¥ N R A7 7E 2 R &SR T ), X 28 B
VA5 43 L far 40 A B 1415

[ 7 K C,H,,N,(NO,), - 2H,0 #1 C,H,,N,(CIO,),
B B X5 2R AT A0 38 X AR AL A W R R X 2k
T84T 7 R 4E, JE XRD B S 41 3 s . fHE 3 01
A, CyH,L,N,(NO,), - 2H,0 1 C,H,,N,(ClO,), Y ) K
XRD i B 5 H 5 CIF SO it Mercury 544 48
Y XRD 3 477 S 08 437 8 T AR 47 1 DG e, 3 35 B A9

(a) —— simulated from single crystal data
——tested from C,H,.N,(NO,),-2H,0 powder

intensity / a.u.
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20/ ()

—— simulated from single crystal data
——— tested from C,H,,N,(CIO,), powder
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intensity / a.u.
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B3 (a)C,H,N,(NO,), 2H,0 Fil(b)C,H,,N,(CIO,), &l iz
F AU A XRD 1 4]
Fig.3 The tested and simulated powder XRD spectra of (a)
C,H,,N,(NO,),-2H,0 and (b) C,H,,N,(ClO,),
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R T FAECH,LNL(NO,), - 2H,0 Fll C,H,,N,(CIO,),
B FER E PR 7R TR E R 10 K- minT VA R =
30 mL-min ' B Z AT, R DSC-TG X il £ FF i 4
PEREHEAT Tk, a5 SR & 4 iR . BBl 4a ] 41,
C,H,,N,(ClO,), i) DSC #i £ £ 238.7°CRf ¥ H 81— 4
JIN (R T B X R 3R B R 1 TGl 4R I R Rk
o, Al e T CHLN, (ClOy) , & Az Rl ik 51 & 0 4%
1k fr % . It 4, C,HLN, (ClO,) , By DSC il £k 7
284.1°CHY I — A W3 Wb 1) s P g, HLGE R 3 BE T TG i
A B WA R E Xt T CHLLNL(CLO) 1Y
Py FEL, W4abE/R T CH,,N,(NO,), 2H,0 ¥
DSC-TG i & , & Mt & 8 C,H,,N, (NO,), - 2H,0 i
DSC £ 7E 115.6.154.6 Al 171.8°CH} H # =/~ B
B W R | o R R RE T R TGl 2R b 3 B AR
o H P T 115.6°C AL B W B g AT BE 2 BT
C,H,uN, (NO,) , - 2H,0 & 25 45 K BF 8. I b,
C,H,,N,(NO,), 2H,0 ) DSC #h £k 1£ 293.2 °CH Fl —
A B AR TR | ELE R B A TGl v b B0 8 1
PAEH X2 T CHL,NL(NO,), - 2H,0 Bt S5,
7,5 BRI B RE 25 R A (RDX) Al
B 64 (HMX) M e, CHLL N, (NO,) |, - 2H,0 Al
C,HN, (ClO,) , By #4 & & M 2 B B L T RDX
(210 °C)""*, 5 HMX (287 °C)" A Fa i PEAR Y .

Ak, A T 5T CH,,N,(NO,), - 2H,0 1 C,H,,N,
(ClO,) , 1 3R 53 fif 2 7 2F RUAEE 8 DU T T I 3 32 58
5.10,15.20 K- min™ i} C;H,,N, (NO,) , - 2H,0 Fil
CyH,,N,(ClO,) , ") DSC fil £& (& 4c~f) , I3l 1 Kiss-
inger YA T RS IS AL BE, HOH S O i R R

N

b, AR E,
In = In -

szl. E, RTP,

KL B FHR B R Kemin™'; E, W% 1L fig L k)
mol™; T A B0 fife e B0 UL B2, K RARR BAR AR
#0(8.314 Jomol™ - K™") ; ANFEHTIH 7o RJH In(B/T,)
X /T AL RS, th UG il Ze iy #4232 B n] SR A5 A1 B
) E,o

H & 4c~d 7] %1, 4 A TR 2T CH,,N,(ClO,),
My A4y i U (IR BE 43 i O 278.6.,284.1.,287.6.
293.4 °C, &M G w13 HIE L EE R 195.18 kJ-mol ™',
AN, N de~f T LU, FHRE 505128 510,15,
N Lk
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temperature / °C

logB

-10.54

-11.04 -

178 1.80 182
1000/T,

-10.0+

logp

-10.5

-11.04

1.74 1.76 178
1000/T,

1.72

(a)C,H,,N,(ClO,), fl(b)C,H,,N,(NO,), 2H,0 A DSC-TG 1 £k , (c~d) A ] JH iR # R F C,H,,N,(ClO,), #J DSC il £k D)

In(B/T)XF /T BRI ITEM 2L, (e~H) AR THR B AR T CyH N, (NO,) - 2H,0 19 DSC £ LA K In(B/T,) %5 1/ T, R ARG il £k
Fig.4 The DSC and TG curves of (a) C,H,,N,(CIO,), (b) C;H,,N,(NO,),-2H,0, (c) and (d) represent the DSC curves and de-
pendence of In(8/T.?) on 1/T, of C;H,,N,(CIO,),, (e) and (f) represent the DSC curves and dependence of In(8/T,?) on 1/T, of

C,H,,N,(NO,),*2H,0.

20 K=min "B C,H,,N,(NO,), * 2H,0 ) #4J3 if# 1 {5 I
J¥ 4351k 285.4,293.2 .305.5.,312.3 °C, K Kissing-
er L&A AT AR AL RE M 131.76 k) -mol ™',
23 BREMESWHIERE

J T BF S A S W CHLN, (NO,) , + 2H,0 F
C,H,,N,(ClO,) , iy 4 2% PE fig , R H Gaussian 09 2 ¥
£ LA BT RS TE B3LYP/6-311 G2 R x4k,
B W0 A I B OR AR RS AT TR SR AT AR
100 K X-HF 28 2 G A S0 T 45 b AR 25 12 (g ) B 5
FZ T B AR E (pyes,) , TFAE IR 38 ] EXPLO
5.0(6.02 i) B4 7B 8 T C,H,,N,(NO,), - 2H,0
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FICyH, N, (CIO,) , By KR g 5 S5 RS2 PR fiE L OF 5 I
biia

BT R 24 Y B SE PR BB R AT TOXF L, R B 45 2R A
T2,

_ Pr
Paosk =

1+ a,(298-T,)
AP,a,=15%x10°K",

H %% 2 ] A1, CH,,NL(NO,), - 2H,0 fil C,H,,N,(ClO,),
W) br e EE R AR BRS 43 5 R —931.77 k) - mol™ i
489.98 k] - mol™', i# i+ EXPLO 5.0 % {4 i} & ] 1%
CsH,,N,(NO,), * 2H,0 By kR 5351 8058 m = s™
24.0 GPa, fEF TNT 925 HERE(7178 m-s™.20.5 GPa),
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#£2 C,H,,N,(CIO,),HICH,N,(NO,), 2H,0 IR 2 1ERE 5 % 125 19 1k BEXT He
Table 2 Comparison of detonation performance of C,H,,N,(ClO,),and C;H,,N,(NO,),-2H,0 with conventional explosives

p]) Td 2) AH(EJ D4) PS) Isﬁ) F57)
compound . , 4

/g cm™ /°C /kJ+mol /m-s /GPa /) /N
C,H,.N,(NO,),-2H,0 1.595 293.2 -931.77 8058 24.0 36 >360
C,H,,N,(ClO,), 1.911 284.1 489.98 8680 36.2 33 >360
TNTL® 1.654 244.0 -67.00 7178 20.50 15 353
RDX'' 1.800 210.0 93.00 8795 349 7.4 120
HMX ! 1.900 287.0 105.00 9320 39.5 7 120

Note: 1) p is the crystal density at 298 K. 2) T, is the decomposition temperature from DSC (onset temperature at a heating rate of 10 K-min™). 3) AH, is the calcu-

lated molar enthalpy of formation in solid state. 4) D is the calculated detonation velocity. 5) P is the calculated detonation pressure. 6) IS is the impact sen-

sitivity. 7) FS is the friction sensitivity.

AT RDX(8795 m-s".34.9 GPa)HIHMX(9320 m-s™",
39.5 GPa) BB PERE . C,H, N, (ClO,) , Y 15 o Fl 1
JE43 51k 8680 m-s™.36.2 GPa, LT TNT R A,
{HE RDX A HMX By PEREZE . LAk, 5 TNT.RDX AN
HMX # It , C,H,,N,(NO,), - 2H,0 1 C,H,,N,(ClO,),
PO GF R RS Mk R K A R E R
C,H,,N,(NO,),*2H,0 1 C,H,,N,(ClO,) , 75 B Jii ¥k 2}
SR LA VA 0 N TR .

3 &k

(DLA,4,7 ,10-0 A A+ ZLifE A P/ NERL,
HNO, Fl HCIO, AE Jy S Ak 1), 38 2o 87 5 19 198 el 52 vz o]
% T C,H,,N,(NO,), 2H,0 F1 C,H,,N,(ClO,), i fh
B A P I 2 A T BRLTT KE 2Y , O 0 LA 5 P g
HEAT T RAE

(2) 3 IF 48 15 T C,HLN, (NO,) , - 2H,0 Fi
C,H,,N,(ClO,) 1Y fb IR 45 M ¥ dis . C,HL,N,(CIO,), &
IEAC fb 7R, Pec2 75 AL BE , AR %% 5 1.968 g-cm™;
CyH,uN,(NO,) - 2H,0 B fa ik K &9, )8 B4} i
Y, P2 /nzS [AIRE, AR ZE E N 1.642 g-cm™, IEAM i8R
FH Hirshfeld ZR 11 43 H1 77 W08 58 T 5 Ff i 4% vh 43 B8] 119
YR B 3 i i e #3904, & B CHL,NL(NOY), - 2H,0
F1 CyH,,N,(CIO,), 73T [0 Je 73 N FAEAE 2 Fh S S
i

(3) X5 PR H A5 7 ) 1 $40 i i #% Je 30 07 2 FL A
AT T W9, C,H,LN,(NO,),  2H,0 #1 C,H,,N,(ClO,)
oV B0 fifk W (B R BBE 43 3l oA 293.2 °CFN 284.1 °C, #44%
fif AL BEZT BN 131.76 k)+mol ' A1195.18 kJ-mol ™.

(4)C,H,,N,(NO,), - 2H,0 1 C,H,,N,(CIO,), fiHn
TERE JR A= UG43 9 =931.77 k)-mol ™ 489.98 kJ-mol ™,
iz HIEXPLO 5.0 AT C,H,NL(NO,), - 2H,0 /Y
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HEH TR 39 8058 m+s'.24.0 GPa,C,H,,N,(ClO,),
B S 4R R 4> 9 8680 m s 36.2 GPa. UL 4L,
C,H,.N,(NO,),*2H,0 #l C,H,,N,(ClO,) , iy $ 7 Sl JiF
3 h 36 1,33 ), BRI KT 360 N, 7E BT HE 24
U I L VS T A 1 R

5% 3k
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Synthesis, Structure, and Properties of C,H,,N,(ClO,), and C,H,,N,(NO,),-2H,0

LIU Wei', GOU Xiao-dong', GUO Xiao-zhuang*, YANG Cai'
(1. School of Environmental and Safety Engineering, North University of China, Taiyuan 030051, China; 2. Gansu Yinguang Chemistry Corporation,

Norinco Group s Baiyin, 730900, China)

Abstract: Two new explosives, C,H,,N,(ClO,), and C,H,,N,(NO,),-2H,0, were prepared from 1,4,7,10-tetranitrocyclododec-
ane by salt formation with nitric acid and perchloric acid respectively, which are expected to be used as emergency reserve ma-
terials of weapons in emergency wartime. The structures, thermal properties, and detonation performances of the target products
were studied through single crystal X-ray diffraction, infrared spectroscopy, elemental analysis, differential thermal analysis,
thermogravimetric analysis, and EXPLO 5.0 program. The results indicate that C;H,,N,(ClO,), crystallizes in the orthogonal crys-
tal system, Pcc2 space group with a crystal density 1.968 g-cm™. The crystal of C,;H,,N,(NO,),*2H,O is a dihydrate with a crystal
density of 1.642 g-cm™, which belongs to the monoclinic crystal system P2, /n space group. The thermal decomposition peak tem-
peratures of C;H,,N,(NO,),-2H,0 and C,H,,N,(CIO,), are 293.2 °C and 284.1 °C, and activation energies are 131.76 kJ-mol™
and 195.18 kJ-mol™, respectively. Compounds C,H,,N,(NO,),*2H,0 and C,H,,N,(ClO,), exhibit excellent detonation proper-
ties, showing very promising performance values (C,H,,N, (NO,), - 2H,0, V=8058 m s ', P=24.0 GPa; C,H,N,(ClO,),,
V=8680 m-s™', P=36.2 GPa). Moreover, the impact sensitivities of C,H,,N,(NO,),-2H,0 and C,H,,N,(ClO,), are 36 ] and
33 J, respectively, and their friction sensitivities are higher than 360 N.

Key words: ammunition supply guarantee; wartime emergency;1,4,7,10-tetranitrocyclododecane;energetic ionic compounds
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Two new high-performing explosives were successfully prepared from 1,4,7,10-tetranitrocyclododecane by salt formation with
nitric acid and perchloric acid, respectively. With the advantages of low cost, simple process, safe and rapid synthesis, the

preparation method provides an idea for the supply of explosives in emergency situations during wartime.
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