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Fig.1 Schematic diagram of the solubility measuring equipment
1—laser emitter, 2—crystallizer, 3—air condenser, 4—acid
burette, 5—magnetic rotor, 6—magnetic stirrer, 7 —signal
receiver, 8—display instrument, 9—super constant tempera-

ture water bath
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Table 1 Experimental and calculated values of solubility of FOX-7 in DMSO-EAC mixed solvents

Apelblat equation van’t Hoff equation CNIBS/R-K model
T/K XeXpXH)O
XX 100 RD X X100 RD X, %100 RD

Viomso)* Vieao =311

298.15 15.0036 15.0128 —0.0006 14.9291 0.0050 15.0036 0.0000
308.15 15.7863 15.7875 —0.0001 15.8213 -0.0022 15.7863 0.0000
318.15 16.6664 16.6464 0.0012 16.7057 -0.0024 16.6664 0.0000
328.15 17.6119 17.5912 0.0012 17.5811 0.0017 17.6119 0.0000
333.15 18.0915 18.0966 -0.0003 18.0152 0.0042 18.0915 0.0000
Viomso)* Vieao =2+ 1

298.15 14.1923 14.1931 —0.0001 14.0378 0.0109 14.1923 0.0000
308.15 14.7794 14.7669 0.0008 14.8301 -0.0034 14.7794 0.0000
318.15 15.4977 15.5035 —0.0004 15.6132 -0.0075 15.4978 0.0000
328.15 16.4141 16.4052 0.0005 16.3862 0.0017 16.4141 0.0000
333.15 16.9198 16.9198 0.0000 16.7687 0.0089 16.9199 0.0000
Viomso) Vieao =11

298.15 10.3242 10.3274 —0.0003 10.2420 0.0080 10.3241 0.0000
308.15 10.9786 10.9828 -0.0004 11.0157 -0.0034 10.9785 0.0000
318.15 11.7311 11.7330 -0.0002 11.7938 -0.0053 11.7310 0.0000
328.15 12.6009 12.5831 0.0014 12.5743 0.0021 12.6009 0.0000
333.15 13.0322 13.0475 -0.0012 12.9651 0.0051 13.0321 0.0000
Viomso) Vieao)=1:2

298.15 6.5293 6.5311 —0.0003 6.4718 0.0088 6.5294 0.0000
308.15 7.0827 7.0740 0.0012 7.0954 -0.0018 7.0828 0.0000
318.15 7.6814 7.6920 -0.0014 7.7344 -0.0069 7.6816 0.0000
328.15 8.3803 8.3915 -0.0013 8.3866 —0.0008 8.3804 0.0000
333.15 8.7807 8.7740 0.0008 8.7172 0.0072 8.7808 0.0000
Viomso)* Vieao) =173

298.15 4.4567 4.4563 0.0001 4.3827 0.0166 4.4567 0.0000
308.15 4.8226 4.8179 0.0010 4.8437 -0.0044 4.8226 0.0000
318.15 5.2613 5.2673 -0.0011 5.3197 -0.0111 5.2612 0.0000
328.15 5.8156 5.8143 0.0002 5.8091 0.0011 5.8156 0.0000
333.15 6.1247 6.1283 -0.0006 6.0585 0.0108 6.1247 0.0000

Note: x,,, is the experimental solubility data, x, is the correlated solubility data, RD is the relative deviation.

F2 Apelblat J5 i SCHE py B 240 20T Vo3 7 Vot
1 ® Voo Veo™2:1 < Vowso Vigrs™1:3 i
Table 2 Model parameters, RMSE and R*, correlated by the 181 X iyt I
 w— o
Apleblat equation B S I - -
gl = = °
Viomsor* Vienor A B, o RMSE/% R? é 1] s . A
LS 4 - A . -
3:1 -38.62 1265.36  5.70 0.02 0.9997 S10]
= )l v
2:1 -76.60 3060.73 11.30 0.01 0.9999 8 . . v v v
— v v <
1:1 -55.73 193335 824 0.01 0.9997 6] . - P - -
4+—— . . : : : :
1:2 -59.03 1919.19 8.75 0.01 0.9999 295 300 305 310 'I:'i;& 320 325 330 335
1:3 -106.34 4051.60 15.73 0.01 0.9999 & 2 Z:[E”EE‘FAprlatﬁﬁ;%ﬁ}f\ FOX—7%%T§E’JH}H§E
Note: A, B and C are the Apelblat equation model parameters, RMSE is the Fig_2 Solubility curves of FOX-7 at different temperature,

root-mean-square deviation, R? is the correlation coefficient. correlated by the Apelblat equation
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Table 3 Model parameters, RMSE and R*, correlated by the

van’t Hoff equation

Viomso)* Vieao) A, B, RMSE/% R?

3:1 -0.11 -533.26 0.06 0.9969
2:1 -0.27 -504.48 0.10 0.9875
1:1 -0.03 -669.09 0.06 0.9959
1:2 0.10 -845.27 0.04 0.9972
1:3 -0.05 -918.89 0.05 0.9926
Note: A and B are the van’t Hoff equation model parameters, RMSE is the

root-mean-square deviation, R? is the correlation coefficient.
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Fig.3 Solubility curves of FOX-7 at different temperature,

correlated by the van't Hoff equation

F 4 CNIBS/R-KJ5 P Kk i #5780 2 4
Table 4 Model parameters, RMSE and R*, correlated by the
CNIBS/R-K equation

BEALAL A 19 RMSE (% ) 14 J5c KAB 4399 24 0.02.0.10 Al
0.00. 4% E M, Apelblat.van’t Hoff fil CNIBS/R-K
TR AT AR g Hb G 156 V7 fidk 2 4 (R*>0.98) , Jf 1l LA
AU A4 2R i Al T B A O A O L AT O DA
45 fnd R AR AR B AR A

3.2 MAZESH
FOX-7 £ DMSO-EAC IR S F g S22 2 50
HIWFS, WJLIF M A, HE I IEM, £ FOX-7 1

Vs it W G B FOX-7 43 F R 37 431 =22 8] 4 AH B
VEF EL s 0 4y F 2 [0 B9 A B AR S5 5 A, G LR R
EAE, H B E TR A %50 1 DMSO & & (93 fin ifif %
i, R FOX-7 W E i J2 Ak A R iR 5 A, % &, IR 2%

T/K B, B, B, B, B, RMSE/% R?

298.15 =7.72 30.06 =71.52 83.21 =36.76 0.00 0.9999
308.15 =7.56 29.03 -67.03 75.52 =32.42 0.00 0.9999
318.15 -7.16 26.36 —58.68 64.12 -26.84 0.00 0.9999
328.15 -6.83 24.74 -54.45 58.99 -24.54 0.00 0.9999
333.15 -6.96 26.33 -59.31 65.02 -27.21 0.00 0.9999
Note: B, B,, B,, B, and B, are the CNIBS/R-K equation model parameters,

RMSE is the root-mean-square deviation, R? is the correlation coefficient.

14
12—_
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100x / mol-mol”
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Fig.4 Solubility curves of FOX-7 at different concentration,
correlated by the CNIBS/R-K equation
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Table 5 Thermodynamic parameters of FOX-7 in
DMSO-EAC mixed solvents
. AyiH AyiS A6 o o
V(DMSO)' V(EAC) /]-mol~ 1 /)-K~ Temol™! /)-mol~ 1 /"fH /Ofs
3:1 4433.79 -0.91 4722.48 93.89 6.11
2:1 4194.50 -2.24 4903.11 85.55 14.45
1:1 5563.15 -0.25 5641.88 98.60 1.40
1:2 7028.00 0.83 6765.55 96.40 3.60
1:3 7640.11  =0.42 7771.33  98.31 1.69
Note: A, H is the solution enthalpy of FOX-7, A, S is the solution entropy
of FOX-7, A,,,G is the Gibbs free energy for the solution process of
FOX-7, %¢,, is the relative contributions by enthalpy toward the solu-
tion process, %&; is the relative contributions by entropy toward the
solution process.
3.3 BlRFzEKNMBRERTHEF

FOX-7 7€ DMSO-EAC 1R & % 71 b 119 [ 9 2% 11 5k
TGRSR RN TR 6 ML 7, ATLIE . —ItiR
BV T DMSO & 1t B/ [ 2% 18 5K ) 8K, R
ek, AR A K ke . BEE IR AT &, B R
sk I/ 0TI B L o is sl 2, AR
A TR) A 02, BE 25 R 0 iR AV ¥ h DMSO & & 1Y
513 A N T S R ) | TR N T NS B 1 N
KBE 2B, f A KRS

3.4 mRIEHIRRIL
K 6 % B X FOX-7 78 A 6 L 1 19
DMSO-EAC 1R A 1 57 o B L 235 b I A5 10 AR T 3 gk 4 7

FAE NP 5 R o WIS AT AE Vo Viac=3: TR R
A B A S DT HUIR B B2 AN HL I E A AR5
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Table 6 The solid-liquid surface tension of FOX-7 in

*R7 FOX-71E DMSO-EACIRG
Table 7

P G o R SR TR I

The crystal surface entropy factor of FOX-7 in

DMSO-EAC mixed solvents mj-m™ DMSO-EAC mixed solvents

V, 1V, V. c V.
T/K DMSO EAC T/K DMSO EAC

3:1 2:1 1:1 1:2 1:3 3:1 2:1 1:1 1:2 1:3
298.15 11.23 11.83 14.56 18.22 21.08 298.15 2.81 2.96 3.65 4.57 5.28
308.15 11.20 11.90 14.58 18.24 21.22 308.15 2.71 2.88 3.53 4.42 5.14
318.15 11.11 11.89 14.53 18.21 21.26 318.15 2.61 2.79 3.41 4.28 4.99
328.15 10.97 11.77 14.39 18.09 21.16 328.15 2.50 2.68 3.28 4.12 4.82
333.15 10.90 11.68 14.32 17.99 21.07 333.15 2.44 2.62 3.21 4.03 4.73
iiﬁ(% T VDMSO EAC =1: 31ZIS/$\ FP?%’%UEHW%/’H(E%L *ﬁj‘iﬂ FOX- 7T VDMSO EAC =1: 3’14:/2%'4:‘8/].{&%%@

W58 — SRR, B BRI 4, i AR e B 2D Bl 5 TR
GV R EAC & 5 R 3G, i AR DA ST 5 BRI W AR R
S MERAR . i — 245G FOX-7 7£ DMSO-EAC TR &
VRS0 T A T 3R TR 9K ) R R R T R A AR

K EK, IR AR g . MR TEIZ R &R P iR
FE 0 N 2 e K, B2y 5.0, AT LI E hy 825 o7
R AR A ED SRR TR O A KR
i VAR TR U

;s
d' VDMSO: VEAC=1 :2

B 5 FOX-7# DMSO-EAC 1 &7 7 Hh i) fib M4 8 13 8 R (x40)

€. VDMSO: VEAC=1 i3

Fig.5 The crystal micrographs of FOX-7 in DMSO-EAC mixed solvents (X40)

()R HBOEsh &M & T 298.15-333.15K IR &
0 Bl N FOX-7 ZE AN R R B L 1) DMSO-EAC TR A % 7
WAV B . 45 R FOX-7 FE IR A T I h B I
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Crystallization Thermodynamics of FOX-7 in DMSO-EAC Solvent Mixtures

ZHAO Xin-hua, CHEN Li-zhen, WANG Jian-long, HAN Zi-hao
(School of Chemical Engineering and Technology , North University of China, Taiyuan 030051, China)

Abstract: To facilitate the crystallization of spherical FOX-7, a laser dynamic method was performed to determine the solubility
of FOX-7 in the solvent mixtures of DMSO-EAC with different volume ratio in the temperature range of 298.15~333.15 K. The
solubility equation was established and the crystallization thermodynamic parameters were estimated. The cooling crystallization
experiment was carried out in DMSO-EAC mixed solvent. The results show that the solubility of FOX-7 in mixed solvents increas-
es with increasing temperature and DMSO content. All models fit well with experimental data, of which the CNIBS/R-K model
has the best correlation. The crystals of FOX-7 obtained by cooling crystallization in Vp s, Viac=1:3 system are regular, ellipsoi-
dal and uniform in particle size.

Key words: 1, 1-diamino-2, 2-dinitroethylene (FOX-7) ; laser dynamic method; solubility; crystallization thermodynamics; cool-
ing crystallization
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