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RS/ I

{45 : DF-101S B4 b fE R K B 5, 1l ) IR AL 2%
BHE AT PR 2 w5 57 i 20438 (FTIR) , 22 [ Thermo
Scientific Nicolet iS20; X-4 £k #; K A1 4 , H 4% Rigaku
Smartlab 3kw ; X-5} 2k 8 5 fi7 5, 72 [E Bruker D8 VEN-
TURE; 25758 594 B #4% , 5% [ PerkinElmer STA 6000,
1.2 KIWIHE
1.2.1 C,H,N,(ClO,) H9& &

C,H,,N,(CIO,), Y& i s AR an 1 1a s, Hoi] £ it
AR f41.73 g 1,4,7,10-PUE R+ —HE(10 mmol)
WT 30 mLEB F/RKPIEREWR . RIE, T2+
B 5.74 g it i 4y B 70% 1 S R (40 mmol) N
A FREW R EE R T R 20 ming B 5, ¥ R
LV ATk, RV CE AR N B AR T R R R, A
— J& " A3 CH,N, (ClO,) , ) B d , H 5 & L
1,4,7,10- AR+ ZLeit [ i5 97 % IR(KBr,p/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)8:43.65.
1.2.2 C,H,N,(NO,),-2H, O I & K

CH,uN,(NO,), - 2H,0 14 B A2 18 1b iR
HF &S BT F1.73 g1,4,7,10-WAIHF T "k
(10 mmol) & F 30 mL L& FRPIENBE R . K5,
TE 5 B FE R K 3.88 g i 4 BN 65% MY i R
(40 mmoDl) Im A Eak W, FE =T Y 20 mins
Wi I, B SOV AT Ao i DR A /NGRS h G2 1 4
%A — R CyH,, N, (NO,), - 2H,0 By 2R, HAS R LY

(a)
[ j +4HCIo, —> [
@

NH2 ®H2N

C|O4

(b)

B1 (a)C,H,,N,(ClO,), fil(b)C,H,,N,(NO,), 2H,0 &
PEAzR

Fig. 1 Synthesis path of (a) C,H,N, (CIO,) , and (b)
C,H,.N,(NO,),2H,0
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1,4,7,10-WWEA+ =Bt r ik 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),1092(w),
1045 (m), 959 (w) , 817 (m), 760 (w), 722 (w),
608 (w) . 'H NMR (400 MHz, D,O, 25 °C ) §:
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,

2 HR5WiE

2.1 HIRIE

C,H,,N,(ClO,), fl C,H,,N,(NO,), - 2H,0 [ & &
i SR ERRES TR, Kb, CHLN,
(ClO,),JBIEA fh &, Pcc2 25 [ B, A4 & I v/l 7 2 1
1,4,7,10-WU R A+ ke F1/\ 5 i SRl 1o 55 7 4
YE I E i, & L 2 % a=15.8899 A, b=16.0809 A,
c=15.1626 A,a=B=y=90°, C,H,,N,(NO,), 2H,0J&
BRLAL, P2 n S B BRI HR -2 F1,4,7,
10-PU & FR 1 8 DU 43 i 152 A1 G 43 - 45 K 4Lk
i i 2 ¥ a=7.4086 A, b=9.0708 A, c=13.9070 A,
a=y=90°,8=95.0520°,

CyH,,NL(NO,), - 2H,0 [y 53 T 454 i iR HEFUr =X
SN 2a~b Fros o B & 2a T 7E CoHL,NL(NO,), -
2H,04F 1, 1,4,7,10-D0 R 3R+ e 5 7 Xk 7Y,
B 1,4,7,10-D0 & R T e 5 DU 437 il 2 8 4 B
TFHELE A, 0 A W4y T B 25 & K ol SRR IR T
g AN R IR B CyHLLNL(NO,), - 2H,0 43 T3¢
FEHEF T8 BTG R 4E A (4 — 4 T T8 45 K, 97 o B T4
N SR Y AR BAE D HE BB B CHLL N, (NOS), - 2H,0
RN (P T ﬁT%BHﬁC H,,N,(NO,),*2H,0
[ 43 1) A0 B AE HT D), it Crystal Explorer 21.5
AT AR Tgéfﬂ%cl’il%u Hirshfeld % Ifii 5 #r
E (FE 2c~d) , AXE R B C,H,N,(NO,),-2H,0 4> T
6] ] 43 F N 38 A7 7F 22 Fh S5 VE T 0, 3 28 ] H 1R
{1 45 43 H i 43 A 51 R 3 5 A R T AR R
Mg m % et . CHLN,(CIO,), 4 T 45 | f ik
W g =X 4 38 g | | Hirshfeld 3& 1 4 31
K 2e~h i 7~ o W&l 2e Al H1, C,H,LN, (CIO,) , 7 T
F 1, 4,7, 10- A&+ ke 2 A U0 A Ay T
1,4,7,10- WA+ Z e 5 145+ 5 S i o & 1

N XK 2024 % H 324 FH 114 (1138-1144)
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XUk, WA, St %

F1 CH,N,(CIO,) FICH, N,(NO,), - 2H,0 [ il i 25 14 B 5 85 18 S 8

Table 1  Crystal data and structure refinement details for C,H,,N,(ClO,),and C,H,,N,(NO,),-2H,0

parameters CgH,,N,(ClO,), CgH,,N,(NO,),-2H,0
CCDC 2322215 2322214
empirical formula C, H,;CI,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

m/ mm™! 0.706 0.155
F(000) 2368.0 488.0

crystal size / mm’

radiation

20 range for data collection/(°)
index ranges

reflections collected

0.12x0.06%0.04

MoKa (A=0.71073)

4.494 to 52.8

-19<h<19, -20< k<20, -18<1<16
27308

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

independent reflections 7498 [R,,=0.0877, R, ,=0.0738] 1895 [R,,=0.0542, R, =0.0373]
data/restraints/parameters 7498/1/577 1895/0/136
goodness-of-fit on F* 1.067 1.031

final R indexes [ >=20 (1)]
final R indexes [all data]

largest diff. peak/hole / e A~

R,=0.0651, wR,=0.1732
R,=0.0808, wR,=0.1860
0.80/-0.78

R,=0.0341, wR,=0.0878
R,=0.0391, wR,=0.0922
0.32/-0.31

e ek R i Mok

# AT ,#&&%" .:C‘«r'ln ,3'4&%‘

My‘"s.»«;w #rift':&ff*‘f'°'
Tad Tpf Tut &

4=

| HH (16.6%)

00 (11.4%)

0-H (27.5%)
i

t‘)‘:{ ‘fw B30T
2 C,H,N,(NO,),-2H,0 W ()i F &M, (b) MM HEFE, () 2D LB A, (d)Hirshfeld 2/ &l ; C,H,,N,(ClO,) 1) (e) fh ik 4
F I, OF) s I HEFRIET, (g) 2D #6880l , (h) Hirshfeld 2% ifif [&1
Fig. 2 Molecular structure (a), packing view (b), 2D finger-print plots (¢), Hirshfeld surface (d) of C,H,,N,(NO,),-2H,0,
Molecular structure (e), packing view (f), 2D finger-print plots (g), Hirshfeld surface (h) of C,H,,N,(CIO,),
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BER 4SS . A E CHLLN, (ClO,) , 4r T 5 % HEF1
T 1 T B A A i — 2 SF T 45 4, T a8 0 2 R
A TAE i HE BUE B CHLL N, (CIO,) , 1Y &
I aE My, A, CoHLLN, (ClO,) 43 1 18] K 43 1 9 &6
W A7 AE 22 Fh SRR D0, X A B AR AR A
HL fif 43 A TR 34 5

B 1R C,H,,NL(NO,), - 2H,0 fil C,H,,N,(CIlO,),
B B XS R A S A 38 X T R AR A G R XA
LT HEAT T RAE, H XRD W & 3 fros . K 3
[, CyH,L N, (NO,),  2H,0 F1 C,H,,N,(ClO,), 1 ¥
A XRD i & 5 H s 8 CIF SC R 38 53 Mercury B4
B0 ) XRD 335 AT 569 0 437 & AT LAAR 4 His DT E , 3
Ui IRy K XRD B 30 45 5 55 50 X5 2 A0 S 1) 45 2
HYIG

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

Ll

intensity / a.u.

ik

1 I(] ZID SIO 4l0 5l0 E';D 7'0 éﬂ 90
201(°)

(b) —— simulated from single crystal data
—— tested from C.H,,N,(CIO,), powder

L

[ Mo din

intensity / a.u.

0 20 3 40 5 60 70 8 90
201 (%)
B3 (a)C,H,,N,(NO,), 2H,0 fil(b)C,H,,N,(CIO,), Ayl ix
SRR B R XRD 3% 14
Fig.3 The tested and simulated powder XRD spectra of (a)
C,H,,N,(NO,),*2H,0 and (b) C,H,,N,(ClO,),

2.2 HMERERIE

T FEAE C,HLNL(NO,), - 2H,0 FI C,H,,N,(CIO,),
B PR E L AE TR R 10 K- minT LA R =
30 mL-min™ W4 F T, R H DSC-TG X il 8 £ i 19 4
PEREIEAT T, H g & 4 frs . i 4a ml Al
C,H,,N,(ClO,), 1 DSC #h £ ¥ 238.7 “CIft i 8 — A4~

CHINESE JOURNAL OF ENERGETIC MATERIALS

JIN R W P LG R R BE T B TGl 4 T oK H B
&L, AT e T CHL, N, (ClO,) , & Az il ik 51 0 %
1k fr 8 . It 4h, C,HL N, (ClO,) , By DSC il £k 7
284.1°CHI I —~ U] 0y s P e, BN IR EE R TG
A B WA R E Xt i T CHLLNL(CLO) 1Y
oy e, W ab R T CH,LN,(NO,), - 2H,0 1)
DSC-TG i & , &~ ¥t & B C,H,,N, (NO,), - 2H,0 i
DSC ik 7£ 115.6 °C . 154.6 CHl1171.8 CH} i ¥l =
AT 0 A I B0 XoF U BE R Y TG it £k b i BT
B, Hob AT 115.6 °CAb il W # g aT fig 2
T C,H,,N,(NO,), - 2H,0 K 45 J K BT 8. e 4h,
C,H,,N,(NO,), 2H,0 i) DSC #i £k 1 293.2 CH ¥l —
A DI TR | ELGE IR BE T Y TGt 2 v s S0 2 11
PACHE X2 T CHL,NL,(NO,), - 2H,0 At S5,
31,5 BRIz B SRR 25 R &R 4 (RDX) Al
55 64 (HMX) M e, CHLL N, (NO,) |, - 2H,0 Fll
C,HuN, (ClO,) , 1y #& £3 & M 2 B & i T RDX
(210 °C)"™, 5 HMX(287 °C)" iy #hFa i v Y .
Ak, T 5T CH,,N,(NO,), - 2H,0 1 C,H,,N,
(ClO,) , 1 38 53 fif 21 7 24 RUHE 18 DU T T I 380 % 50
5.10.15,20 K+ min™ B C,H,,N,(NO,),*2H,0 FI
CyH,,N,(ClO,), 1 DSC £ (&l 4c~f) , I3 1 Kissinger
LR 0 N SN R e = = 7 e Ay ey (1
B AR E

T "“E RT,
K A THEE S, K-min™'; E, AR WG LEE, k)-mol™;
T AR 2 B0 A i 0 B3 B, K R 3R A1k W 8K
(8.314 J-mol™-K™") s ANFEHTH 7o R In(B/T)*F
/T VR AL A, i 305 il 42 0% A 5 B AT SR 45 A1 1
0 E,.

H &l 4c~4d AT, 4 A FHR BT CH,,N,(CIO,),
0 PR3 AR U A 3L 23 ) R 27 8.6 °C,284.1 °C,287.6 °C,
293.4 °C, 24 MG T HIELRE N 195.18 kJ-mol ™',
Ak, N de~af 0] LLE H, FHIE 3R 5 518 5,10,
15,20 K-min™" i} C,;H,,N,(NO,),2H,0O 4 34 5 fift 1%
{8 76 B 4> %) & 285.4,293.2,305.5,312.3 °C, % H
Kissinger 2 A& ] 15 G L RE N 131.76 kJ-mol ™',
23 BERUEESYLMELE

J T BF 5 A S W CHLN, (NO,) , - 2H,0 F
C,H,,N,(CIO,), I 4 % PERE , R H Gaussian 09 2 ¥
£ B BV BRFRIEAE B3LYP/6-311G* 4" R xf 4k
G W B bR BE R AR RS AT TR R AL A0

a
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temperature / °C
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1000/,
U}
-10.0-
«Q
=
-10.5-
-11.04 i i , o
1.72 1.74 1.76 1.78
1000/T,

(a)C,H,,N,(ClO,), fl(b)C,H,,N,(NO,), 2H,0 A DSC-TG B £k, (c~d) A [d] JH i # R~ C,H,,N,(CIO,), i DSC il £k D)}

In(B/T, X5 1/T (A XML, (e~O) ARFHRHE R T C,H,,N,(NO,), - 2H,0 19 DSC M1k LLK In(B/T,2) %5 1/T, ¥ 40 e 1 it £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

100 K X-5F 26 2 G A7 S0 T 45 d AR 2 152 (g ) B
R Z T B AR BE (pogs,) , IFAE IR |32 1 EXPLO
5.006.02 i) A 7B E T CHLN,(NO,), - 2H,0
I CH,,N,(CIO, ) 1y R 1 3 T A5 Sk ik T 5 8 L
BT K 2 R S M R HEAT T X L, R 5 45 R A
T2,

oo = Py
P + @, (298 - T,)

KL, =1.5%10"K",
i 2 7 A1, C,H,,N,(NO,), - 2H,0 F1 C,H,,N,(CIO,),
B bR AE EE R AR BCRS 43 5 R —931.77 k) - mol™ i

Chinese _Journal of Energetic Materials, Vol.32, No.11, 2024 (1138—1144)

489.98 kJ - mol™, i@ i+ EXPLO 5.0 %k 14 i & ] 15
CyH,NL(NO,),  2H,0 BYLEH LR 5351 8058 m =™
24.0 GPa, T TNT B HEBE(7178 m+s™.20.5 GPa) ,
{H4X T RDX(8795 m+s™.34.9 GPa) HIHMX(9320 m*s ™',
39.5 GPa) ML T fiE . C,H,,N,(CIO,), Iy 18 Al 4R
JE53510 4 8680 m-s™'.36.2 GPa, T TNT Ry E Mk,
{HE RDXFHMX (R PEREZE . LAk, 5 TNT .RDX A
HMX #f tt , C;H,,N,(NO,), - 2H,0 #1 C,H,,N,(ClO,),
o T O S 7 = U= s A S £ 2 |
C,H,,N,(NO,),* 2H,0 Hil C,H,,N,(ClO,) , 1£ B4 J5i 1 24
UL AV A 0 I IR
At
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£2 C,H,N,(CIO,), M CH,N,(NO,),  2H,0 M55 2% P B 55 7 BLM: 25 1 P B Xt He
Table 2 Comparison of detonation performance of C,H,,N,(ClO,),and C;H,,N,(NO,),-2H,0 with conventional explosives

compound p/gem™ T,/ °C AH, /k)-mol™ D/m-s" p/ GPa IS/} FS/N
C,4H,,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
TNTH 1.654 244.0 -67.00 7178 20.50 15 353
RDX " 1.800 210.0 93.00 8795 34.9 7.4 120
HMX'? 1.900 287.0 105.00 9320 39.5 7 120

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

lar enthalpy of formation in solid state. D is the calculated detonation velocity. p is the calculated detonation pressure. IS is the impact sensitivity. FS is the

friction sensitivity.

(DLA,4,7 ,10-0E A+ ZLifE A L/ NEEL,
HNO, Fl HCIO, 1 A S Ak 751, 38 3k faf o 19 2 B 52 1 )
#% T C,H,,N,(NO,),*2H,0 Fl C,H,,N,(ClO,), Wi il 51
JHEZY , JF X 454 5 PEREEAT 1 3RAE .

(2) 3R % 45 T CHLN, (NO,) , - 2H,0 Fl
C,H,,N,(CIO,), 1Y f iR 45 5 dis . C,HLLN,(CIO,), &
IEAEdh &, Pec2 25 A RE, Ah IR % B0 1.968 g-cm™;
CeH,,N,(NO,) - 2H,0 W fa iR K &9, )& 54} i
KL, P2 /nzs[alRE, SRR EE N 1.642 g-cm™, LA, B8R
FH Hirshfeld 3R 1 73 B 77 WL R 58 1 9 ol by 4% v 43 0] 1
YEFH 1 T 5% e 34500 A, & 9 C,HL,NL(NO,), - 2H,0
F1 CyH,,N,(CIO,), 73 F 8] Je 73 N F A AE 2 Fh S A
M1,
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Synthesis 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, 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. The structures, thermal properties, and detonation perfor-
mances of the target products were studied through single crystal X-ray diffraction, infrared spectroscopy, elemental analysis, dif-
ferential thermal analysis, thermogravimetric analysis, and EXPLO 5.0 program. Results indicate that C,H,,N,(ClO,), crystallizes
in the orthogonal crystal system, Pcc2 space group with a crystal density 1.968 g+cm™. The crystal of C;H,,N,(NO,),*2H,0 is a di-

*, which belongs to the monoclinic crystal system P2,/n space group. The thermal de-

hydrate with a crystal density of 1.642 g-cm”
composition peak temperatures 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 properties, showing very promising performance values (C,H,,N, (NO,),*2H,0, D=8058 m s, p=24.0 GPa;
C,H,,N,(CIO,),, D=8680 m*s™', p=36.2 GPa). Moreover, the impact sensitivities of C;H,,N,(NO,),*2H,0 and C,H,,N,(CIO,),
are 36 J and 33 J, respectively, and their friction sensitivities are higher than 360 N.

Key words: 1,4,7,10-tetranitrocyclododecane;energetic ionic compounds
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