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Fz1 CL-20F1 1, 4-DNIFEA [R5 A % % i 5 (298.15 K)

1. 4-DNI B W B2 22 S48/ L1, 4-DNI1 25 % CL-20 1) Table 1 Solubilities of CL-20 and 1, 4-DNI in different sol-
. p . . ts (298.15 K) [-L
2. THAE B 22 SR K 1L ADNI R R o
. solvent CL-20 1,4-DNI
CL-20 920 Z4% . A4 CL-20 F1 1, 4-DNI7E &l 57 o
. o acetone 1.6763 3.4137
IR ) _ Eip =1 vk [ ~
(¢ fift B2, L B CL-20 A AN [f] 35 550 AN [l e 21, 4-DNI ethyl acetate 0.961 1.8814
VW TP S L 22 145 8] T CL-20.1, 4-DNI KA [F] methanol 0.0411 0.9565
WA R = oA, WK T,
acetone methanol
00071 0o 0000
0.25 075
00, 0.50
CL-20+s0iut 1.4-0N+solution
075, 0.25 0.75 0.25
1.00,/g 2 T f V N\ 0.00 X 1.00, 0.00
wt® 025 050 075 10 o Wl 035 050 075 10, o 025 050 075 10044 o
a. acetone b. ethyl acetate c. methanol

B 1 298.15 KK CL-20.1,4-DNI KA % 7K £ i = JCH
Fig.1
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Ternary phase diagrams of CL-20, 1,4-DNI and different solvent systems at 298.15 K
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Fz2 CL-207F 1,4-DNIF P A9 B 5 A [E 5 1, 4-DNI
TR B AR L PR A 5 R (298,15 K)
Table 2

1, 4-DNI solutions and concentrations of 1, 4-DNI solutions

Nonlinear fitting results of CL-20 solubilities in

£ 3 AR T CL-20/1, 4-DNI 3 5 B B 1Y $4 77 2% 250
(298.15 K)

Table 3 Thermodynamic parameters of CL-20/1, 4-DNI co-
crystal in different solvents(298.15 K)

in different solvents (298.15 K) solvent K,/ mol-L? K, /L-mol"  AG®/k-mol™
solvent fitting equation I acetone 0.02218 6.8652 -13.76
acetone y=0.02218/(x-0.15227)+0.15227 0.9985 ethyl acetate 0.0131 6.3008 -12.25
ethyl acetate y=0.0131/(x-0.08254)+0.08254 0.9981 methanol 0.0009304 5.0193 -9.28
methanol y=0.0009304/(x-0.00467)+0.00467 0.9975
M F 3 HF H,298.15 KR = % % b CL-20/
145 1, 4-DNIJE R KK, (22 500 6. 3ok K LA K
1 I SN - P> 2, 10 2, 16> 1 B2 6l 328 B L
:é ;2: e ethyl acetate B 3 A U A B TE R OC 9 280, B CL-20/1, 4-DNI
§ 06.] 4 methanol e ot A = 0 v B U A AL T AR R B0 . 28
S 04] WK, W T VAR T CL-20 R 1, 4-DNIAH B4 i
0.2] . . . Koo B K B R, BERI A0 R b CL-20 5
0.0 Jamsss s 1, 4-DNI A B4R s, WL S S T i . 2R 2

00 02 04 06 08 10 12 14
[1,4-DNI] / mol L

B2 CL-20 757 [l 500 AN [R] 9 B2 1, 4-DNVE 1 HH A9 i A J3E S
0B LA (B X 1 (298.15 K)

Fig.2 Comparison of measured and fitted values of CL-20
solubilities in 1,4-DNI solutions with different solvents and
concentrations (298.15 K)

M 2t n] 5 M BLA i R e BE W A AR . 4
A2 ME 2 A B . (1) HPLC 32 XK 2 45 1 5 4
RS RERN AT EE 5 (2)%F nesot Ny aon=1:1 M CL-20/
1,4-DNISE & TR Bk =Rl n vh s i LU S, 64 4
] B S & A T 11 g A AR T (3) 7 =Rl ) b
CL-20 f4 %5 fiff B Y06 1, 4-DNI YR BE /9 F+ & et T R,
G # TR . XM T 1, 4-DNIF A S 203t
B TE I, DT R AEG CL-20 1 375 ff S5, 26 IR 36 4R B O LA
AL ER 1 [) 25 200
I TP A bR vE A R RE (A G) AT R PEAR 36

L AT R Sk BB T B 3 A 4R IR AR S R
CL-20 5 1,4-DNIJE L CL-20/1, 4-DNI 2k 7 i 5z )i 1]

RIRN -

CL-20,,, + 1,4-DNI_,,——> CL-20/1,4-DNI_,, (4)
g5 () AGUE F AT

AG® = —RTln Sci2051 408 (5)

KA, S oA 1, 4-DNIFYE R, mol- L7 HFE2M
UGG RGN (5), 115 3] 298.15 KT A [H]
7 CL-20/1, 4-DNI 3 FOE B K, Ky, B2 AGY, 25
R T K3,
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R T R K, FE AT IR Y EE A K T L T R R 2
M CWR /MR 2 R UTTE B CL-20/1, 4-DNIHE
mn AN G AT o AN =R T A i RO AGP I
FE, H 28 X 0T 2 - D3> 2 8 g > i, = W
TR S 40 F L, CL-20/1, 4-DNI 3t 5 19 T i 78 #4H
% Eh A RTINS

= JCAH B AR ) 2 S50 i oe 4 SR w0, 7E i
TE Y = A A A, YR 2 £ CL-20/1, 4-DN1EE & iy
AR o P FH P R AR SR ) i — 2D IR
XF CL-20/1, 4-DNI 3t 5B 04 7 27 59 52 Wi, Sk 1 7 d
FEZS AR SR H e 2%
3.2 BEX CL-20/1,4-DNI i &3t F1 2 5 22
3.2.1 REX CL-20/1,4-DNI 3 & = T HE B &0

FAL BT RFEHRE T CL-20 A1 1, 4-DNI£E 5 il
o R E A, B 3 O R R E T CL-20/
1,4-DNI/N BB = JCAHIE o 3 7] AL, A1 1E] A& X
B R /N A2 T B R e A Sk e R AN T R
VP R DX R A T S DX A S T a0 )

K4 AFERET CL-20F1 1, 4-DNITE TN FR 59 75 7 1
Table 4 Solubilities of CL-20 and 1,4-DNI in acetone at dif-

ferent temperatures mol-L™
T/K CL-20 1,4-DNI

288.15 1.5497 2.8171

293.15 1.6124 3.0967

298.15 1.6763 3.4137

308.15 1.8543 4.2247

318.15 2.1251 5.3084

A A AL www.energetic—materials.org.cn



=

CL-20/1 . 4-DNI 3 & J& 1L i) 48 3 %

823

%A T CL-20.1, 4-DNI K 3 5 78 79 iR vp i 1 i
it L B T v T A 0 o 2 H SN A AR B IR A AN
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050

0.75

1.00,

0.00

] e S <5 Tl VA 2 (3R N < e [ = 5 i A = I S e
CL-20/1,4-DNI 3t 54 I8 5% .
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1.00
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0.50
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14N cL20
a. 288.15K b.
acetone
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p
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100 - 3-0.00
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CL-20 1.4-DNI
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3 R[EMEEF CL-20.1,4-DNI XL 2 (9 = 5046 Kl
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Fig.3 Ternary phase diagrams of CL-20, 1,4-DNI and acetone systems at different temperatures

3.2.2 B EX CL-20/1,4-DNI & §
A

e 3 (3) XF A R B2 R CL-20 7 1, 4-DNI A Bl

ERANZESH

VWP I IR AR 5 1, 4-DNIE W v B AT B, 45

HLF 5 ME 4,

N5 I 4 7T LA A ) B R A AH G =R 80
PR T 0.99, U4 £ 5 52 56 Bs W) 2 AR 4 s CL-20 1Y
VA e R B R 0 IR B A T R TS KL BE 1, 4-DNIHR BE Y
B4 AR e e R BE S B TR . AR ET CL-20/
1,4-DNUERIE I AG, K, & K, AR K 6.,

%5 ARIFAERETF CL-207E 1, 4-DNI N BB P OB MES 1,
4-D NP B Vv B 1 -l 2R PR UL A 2 2R

Table 5 Nonlinear fitting of CL-20 solubilities in 1, 4-DNI
acetone solutions and concentrations of 1,4-DNI acetone so-

lutions at different temperatures

T/K fitting equation r

288.15 y=0.00241/(x-0.02642)+0.02642 0.9998
293.15 y=0.01474/(x-0.12031)+0.12031 0.9983
298.15 y=0.02218/(x-0.15227)+0.15227 0.9985
308.15 y=0.06157/(x-0.2913)+0.2913 0.9987
318.15 y=0.10502/(x-0.33526)+0.33526 0.9961
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! 035 0.50 075 1.00
14-DNI CL-20 1,4-DNI
293.15 K c. 298.15 K
acelone
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0.25 0.75
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1.00. 0.00
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cL20 14DNI
e. 318.15K
1.8
16 = 288.15K
14 ®  203.15K
<, 1.2 4 298.15K
E 1.0+ v 308.15K
= 084 + 31815K
g 06
- 041
= 2] s —
0.0 = -
00 02 04 06 08 10 12 14
[1,4-DNI] / mol-L"
4 ANENEEET 1, 4-DNIPS ER ¥ 8 CL-20 37 i 52 1) S A

FHLLA 1E X L
Fig.4 Comparison of measured and fitted values of CL-20
solubilities in 1,4-DNI acetone solutions at different tempera-

tures

6 i, CL-20/1,4-DNI 3L 5 T8 5L K, Bif
JE B T v S G O, SR AL R A A O R G R . B
IR T K, 15 19 B AIC = 0k & CL-20/1, 4-DNI L & (1 3%
it 2 AT, M ot 4 235 50 O AR B R /) DU o 20
o3 (6] AR EAE IS R . K, Bl BE 28 A 35 5 K AR
B, BIV il BE B K, 8, [R] A U6 WL CL-20 A0
1,4-DNIZ[A] (9 AH B AR TR 58 0 b, AGP B 1E A [
T B R X Ry S, LR A 0T {1 Bl A R R 1 I 0 T 38
& Be A A 2020 4 %9

% 28 % (819-825)
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Fhid o VAT 2 2 5000 T 1 AR b 34 U I R IR
6 B AT A CL-20/1, 4-DNI 3L S i, X 5 & 3 =
JCH A e 45 A — 2. sbah, i E 38 a5 5, LA
VA 45 B 5 300 T TR A W 6 R Nyt 0y =111
i, 7E 288.15~318.15 Kt [l Y 34 a] 45 2 2 (1) 2 5

F6 IR T NEA R T CL-20/1,4-DNI 3L 5B B 4 )
224
Table 6 Thermodynamic parameters of CL-20/1, 4-DNI co-

crystal in acetone solvent at different temperatures

T/K K,/ mol®-L~ K,/ L-mol™ AG"/ kJ-mol™
288.15 0.00241 10.96 -17.97
293.15 0.01474 8.16 -14.20
298.15 0.02218 6.87 -13.76
308.15 0.06157 4.73 -12.42
318.15 0.10502 3.19 -12.37

DB 5E 3R T, 3t A B A GO fE Ao 3 300 2 %
S5 SR A A R B A R . RAE(5),
A R R R R AR A B35 2255, EH
FERL W A GBI, T 25 i 1 2 38 o X6 5 ik 14 5 )
)4 52 0 A GORY R/ o DRI, B % 5 3 A 3511, O 42 1
—E B4 AR e 0l A OB A AG < 0, 1 5B R
J15 EARIESE RO R AT BEE

4 ZHi
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Thermodynamic on the Formation of CL-20/1,4-DNI Cocrystal

DONG Hai-yan', LONG Yi-giang?, ZHOU Ting-ting', WU Bo', DUAN Xiao-hui"
(1. State Key Laboratory of Environment-feriendly Energy Materials , Southwest University of Science and Technology, Mianyang 621010, China; 2. Sichuan
Lingang Wuzhou Engineering Design Co., Ltd., Luzhou 646003, China)

Abstract: In order to provide the thermodynamic criterion for the cocrystal formation and give theoretical basis for the screening
and optimization of crystallization solvents and parameters, the thermodynamic of hexanitrohexaazaisowurtzitane (CL-20)/
1, 4-dinitroimidazole (1,4-DNI) cocrystal formation has been investigated. Taking acetone, ethyl acetate and methanol as sol-
vents, the solubility data of CL-20, 1, 4-DNI in pure solvents and CL-20 in 1, 4-DNI solutions with different concentrations
(0.04, 0.06, 0.08, 0.10, 0.12, 0.16, 0.20, 0.24 g-mL™") were achieved with the help of high performance liquid chromatogra-
phy. The ternary phase diagrams of CL-20/1,4-DNI solvents were built. The thermodynamic parameters of the solubility product
K,,, the complexation constant K;,, and the reaction free energy AG® were obtained through fitting the solubility data based on
the mathematical models of solution chemistry theory. The results show that if the solubilities of CL-20 and 1, 4-DNI are larger
and their discrepency is less in a solvent, the cocrystal region is larger and its shape is more symmetrical. The order of the cocrys-
tal regions in the three solvents from large to small is acetone > ethyl acetate > methanol, and the shape of the cocrystal region
in the acetone and ethyl acetate is more symmetrical. The calculated thermodynamic parameters indicate that the acetone is the
most beneficial to the formation of CL-20/1, 4-DNI cocrystal among the three solvents, followed by ethyl acetate. The ternary
phase diagram and thermodynamic parameters in acetone solvent at different temperatures show that lowering the crystallization
temperature is beneficial to the precipitation of the CL-20/1,4-DNI cocrystal.

Key words: Hexanitrohexaazaisowurtzitane (CL-20) ; 1, 4-dinitroimidazole (1, 4-DNI) ; cocrystal explosive;ternary phase dia-
gram;thermodynamic parameters
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