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Abstract

In the pharmaceutical industry, solvents account for approximately 80-90% of total material
consumption. Selecting the optimum solvent and its binary or ternary mixtures in laboratory
experiments requires considerable time and cost. Therefore, the use of semi-predictive
thermodynamic models can overcome these limitations. In this study, the UNIQUAC-SAC
activity-coefficient model, which is a segment-based thermodynamic model, was employed to
model the solubility of 123 solid pharmaceutical and non-pharmaceutical compounds. First, using
reported experimental solubility data, the contribution of conceptual segments for each compound
was determined through optimization. These segments were then used to identify the solvent that
provides the highest solubility. The obtained results show that the UNIQUAC-SAC model is a
practical thermodynamic model that can be effectively used in the conceptual design stage of
pharmaceutical processes for selecting the optimum solvent.
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Fig 1. Flowchart of how to calculate solubility and model parameters.
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Table 1. Values of conceptual segments of the UNIQUAC-SAC model for molecules considered to be class 1111.

NO. Component Tm (K) Hm (kd/mol) X Y- Y* Z OF Ref.
1  Testosterone 428.15 26.179 1.233 0.269 0.181 0.956 0.772 [2]
2 Estrone 533.35  34.480 0.590 0.023 0.882 0.571 0.764 [2]
3 Aminopyrine 360.76  37.413 0.258 0.294 0.145 0.002 0.017 [2]
4 Niflumic acid 476.15  38.000 0.292 0.578 0.255 0.246 2.181 [2]
5 1-Acetyl-2-naphthol 336.90 21.340 0.553 0.013 1.062 0.027 0.061 [2]
6 Monuron 443.65 29.460 0.247 0.064 0.558 0.694 0.552 [2]
7 Ethyl-4-hydroxybenzoate  390.15 17.761 0.721 0.15 0.315 0.349 0.062 [2]
8  4-Aminobenzoic acid 461.65 24.028 0.721 0.877 0.474 0.886 1.164 [2]
9 Phenylacetic acid 349.85 14.480 0.565 0.255 0.318 0.498 0.038 [2]
10  4-Hydroxyphenylacetate 42515  22.210 0.714 1.675 0.914 0.409 0.391 [2]
11 Acetylsalicylic acid 408.15 25.600 0.741 0.118 0.131 1.183 0.471 [2]
12 Flurbiprofen 383.65 20.260 0.137 0.244 0.708 0.340 0.740 [2]
13 Ketoprofen 367.15  25.200 0.785 0.134 0.677 0.036 0.216 [2]
14 Equilenin 533.35  34.480 0.950 0.193 0.845 0.626 0.569 [2]
15  furan-2-carboxylic acid 403.55 20.500 0.495 0.888 0.391 0.275 0.109 [19]
16 Fluconazole® 413.15 35.689 0.089 0.096 0.566 0.35 0.381  [20]
17  Dexibuprofen” 324.17  24.434 0.730 0.064 0.215 0.235 0.247 [21]
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Table 2. Values of conceptual segments of the UNIQUAC-SAC model for molecules considered to be class 1011.

NO. Component Tm (K) Hm (kd/mol) X Y Y* Z OF Ref.
18  Picramide 466.65 28.100 0.729 0 0.598 0.126 0.749 [2]
19  Estriol 555.15 41.870 1.382 0 0.074 2.200 1.338 [2]
20  Morphine 528.15  28.883 0.021 0 2.181 2.181 2.025 [2]
21  Carbazole 519.35  29.429 1.215 0 0.339 0.789 0.582 [2]
22 Camphor 453.15  5.839 0.663 0 0.214 0.207 0.148 [2]
23 P-Toluic acid 452,75  22.719 0.744 0 0.058 0.669 0.508 [2]
24  Benzoic acid 395.55  18.070 0.616 0 0.202 0.604 0.351 [2]
25  4-nitroaniline 420.15  21.087 0.394 0 1.122 0.163 0.528 [2]
26  4-Chlorobenzoic acid 516.15  32.210 2.169 0 0.281 1.385 0.468 [2]
27  3-Nitrobenzoic acid 41415  19.280 1.264 0 0.197 1.282 0.271 [2]
28  Diflunisal 488.65 33.910 2.605 0 0.409 1.850 0.572 [2]
29  Gibberellin” 549.75  16.966 0.692 0 0.077 0.344 1.231 [22]
30  Etoricoxib 407.10  30.430 0.739 0 1.501 0.854 0.496 [23]
31 Isatin 47570  27.820 0.698 0 0.038 1.172 0.923 [24]
32 Biotin” 555.27 48.515 0.174 0 1.550 1.517 0.977 [25]
33 Enrofloxacin® 493.17  45.951 0.368 0 0.647 0.503 0.070 [26]
34 DNTF" 382.16  52.863 0.754 0 0.619 0.336 0.724 [27]
35  Febuxostat” 481.13  42.433 1.434 0 0.461 0.864 0.226 [28]

A



36  Pyridazin-3-amine 44190 24.000 0.011 0 0.141 0.978 0.912 [29]
37  3-(methylthio)-N-phenylaniline” 346.51 22.583 1.554 0 0.371 0.220 0.103 [30]
38  Ursolic acid” 559.67  37.555 0.445 0 0.149 0.433 0.426 [31]
39  N-I(4-Bromo-3,5-difluorine)- 74045 26779 1277 0 1124 0560 o581 L3
phenyl]maleimide

40  Hexaphenoxycyclotriphosphazene 387.11 51.070 1.372 0 0.945 0.144 1.177 [33]
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Table 3. Values of conceptual segments of the UNIQUAC-SAC model for molecules considered to be class 1101.

NO. Component Tm (K) Hm (kJ/mol) X Y Y* Z OF Ref.
41  Cholesterol 421.65 29.804 1.932 0.158 0 0.278 0.696 [2]
42  Hydrocortisone 507.15  45.280 1.417 0.291 0 2.787 2.635 [2]
43 methyltesterone 436.65 27.980 1.210 0.629 0 0.581 0.194 [2]
44 Lidocaine 341.65 15.296 0.789 0.108 0 0.608 0.089 [2]
45  Ibuprofen 349.15  21.900 1.042 0.029 0 0.543 0.727 [2]
46  Antipyrine 387.15  18.960 0.263 0.084 0 0.964 0.164 [2]
47  Ephedrine 307.15 20.365 0.371 0.033 0 0.048 0.075 [2]
48  Phenacetin 410.65 16.440 0.790 0.181 0 0.457 1.378 [2]
49  Diuron 431.15 33.890 2.146 0.147 0 1.427 1.687 [2]
50 Caffeine 512.15  21.600 0.427 0.244 0 1.188 0.865 [2]
51  Paracetamol 443.15  27.700 0.540 0.706 0 0.881 0.837 [2]
52  Methyl-P-aminiobenzoate 404.15  25.597 0.876 0.565 0 1.029 0.886 [2]
53  4-Hydroxybenzoic acid 487.65 30.860 0.844 1.590 0 0.649 1.908 [2]
54  3-Methyl-benzoic acid 381.85 15.690 0.712 0.059 0 0.339 0.198 [2]
55  Phosphoramidic acid 412.36  44.230 0.966 0.147 0 0.713 0.705 [34]
56 DMTO" 454,49  38.364 0.343 1.261 0 0.198 0.739 [35]
57  Vitamin D3" 356.14  30.812 3.225 0.717 0 0.55 0.609 [36]
58  Betulinic acid” 588.47 31.914 0.759 0.084 0 0.426 0.421 [37]
59  Phenylphosphinic acid 356.00 12.800 0.432 0.076 0 0.907 0.891 [33]
60 Hexachlorocyclotriphosphazene 385.86 19.610 1.479 0.037 0 0.235 0.873 [33]
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Table 4. Values of conceptual segments of the UNIQUAC-SAC model for molecules considered to be class 1110.

NO. Component Tm (K) Hm (kd/mol) X Y- Y* 4 OF Ref.
61  Testosterone propionate 393.15 22.144 1.149 0.181 1.311 0 0.488 [2]
62  Theobromine 630.15 41.102 0.133 0.500 0.181 0 0.666 [2]
63  Diphenoxylate” 692.26  36.967 0.386 1.827 1.834 0 0.306 [38]
64 DMPO" 940.51 23.818 0.466 1.152 0.188 0 0.535 [39]
65  1-fluoro-4-(methylsulfonyl)benzene® 353.13  25.120 0.519 0.108 1.616 0 0.074 [40]
66 PAPBE 463.00 60.206 2.199 0.804 0.230 0 0.705 [41]
67  Rutaecarpine” 533.17  42.883 0.63 0.233 0.983 0 0.478 [42]

Bis(2,4,6- [43]
68 Trimethylbenzoyl)phenylphosphine™ 406.14  41.087 0.708 0.211 0.671 0 0.232
gg s . 52220 425560 0977  0.039  0.539 0 0354 L4
phenylenedioxy)cyclotriphosphazene
70  Prednisolone acetate” 511.17  40.442 0.674 0.546 1.484 0 0.658 [2]
71 Oleanolic acid” 752,97  25.047 0.437 0.027 0.221 0 0.276 [31]
72 Candesartan Cilexetil” 442.14  37.895 1.577 0.010 0.744 0 0.396 [45]
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Table 5. VValues of conceptual segments of the UNIQUAC-SAC model for molecules considered to be class 1010.

NO. Component Tm (K) Hm (kJ/mol) X Y Y* Z OF Ref.
73 Cholesteryl benzoate 423.15 53.390 2.752 0 0.766 0 1.156 [2]
74  Testestron acetate 41315 6.664 1.023 0 1.949 0 0.799 [2]
75  Diphenyglioxal 367.95 22.690 0.486 0 1.232 0 0.783 [2]
76  Anthracene 488.15  29.370 1.146 0 0.767 0 1.018 [2]
77  Phenantherene 372.35 16.463 1.120 0 1.277 0 0.576 [2]
78  Thioxanthone 482.15  35.500 0.801 0 0.865 0 0.495 [2]
79  Diphenyl Sulfone 401.65 16.940 0.533 0 1.897 0 1.012 [2]
80  Ethanone 37415 22.520 1.613 0 1.760 0 1.077 2]
81  Acetaphthene 366.55  21.462 1.035 0 0.064 0 0.459 [2]
82  Biphenyl 342.15 18.580 0.944 0 1.429 0 0.336 [2]
83  Naphthalene 353.35  18.980 0.866 0 0.157 0 0.303 [2]
84  Anthraquinone 559.15  32.550 0.752 0 0.314 0 1.110 [2]
85  Trans-Stilbene 396.15  27.690 1.556 0 1.294 0 1.006 [2]
86  Tenoxicam” 640.06  31.317 0.077 0 1.360 0 0.496 [46]
87  2-Methylnaphthalene 307.73  11.966 0.496 0 1.940 0 0.417 [47]
88  3,4-dichloronitrobenzene 315.40 17.750 0.252 0 0.995 0 0.649 [48]
89  2,3-dichloronitrobenzene 33490 22.310 0.278 0 0.986 0 0.613 [2]
90  benzyl disulfide 342.00 44.700 1.022 0 1.309 0 0.989 [49]
91  4-Amino-4"-nitrodiphenyl Sulfide” 41799 32.691 0.512 0 1.234 0 0.413 [50]
92  4.4'-Dichlorodiphenyl Disulfide” 345.65 80.709 1.894 0 0.873 0 0.795 [51]
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93  L-Lactide 370.50 16.200 0.092 0 1.388 0 0.665 [52]
94  16-Dehydropregnenolone Acetate” 442.15  35.904 0.911 0 0.696 0 0.459 [53]
95  2-Chloro-4,6-dinitroresorcinol” 458.15 29.288 0.458 0 0.192 0 0.417 [54]
96  Florfenicol” 426.15 27.646 0.234 0 1.293 0 0.721 [55]
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Fig 2. Chemical structure of molecules that fall into the 1001 category.
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Table 6. VValues of conceptual segments of the UNIQUAC-SAC model for molecules considered to be class 1001.
NO. Component Tm (K) Hm (kd/mol) X Y Y* 4 OF Ref.
97  Salicylic acid 431.15 19.590 0.788 0 0 1.120 0.846 [2]
98  4-Amino-3,6-dichloropyridazine” 478.15  38.748 1.748 0 0 2.319 0.762 [56]
99  Daidzein " 594.69  41.309 1.002 0 0 1.250 1.893 [57]
100 genistein” 570.72  36.878 1.160 0 0 1.320 2.044 [58]
101 Indole-2-carboxylic acid” 480.13  21.959 0.914 0 0 1.465 0.878 [59]
102  3-methoxy-N-phenylaniline” 346.16  17.685 0.981 0 0 0.135 0.160 [60]
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Table 7. Values of conceptual segments of the UNIQUAC-SAC model for molecules considered to be class 1100.

NO.

Component Tm (K) Hm (kd/mol) X Y Y* Z OF Ref.
103  Sitosterol 413.15  42.080 2.585 0.592 0 0 0.848 [2]
104  citric acid 426.15 38.100 0.379 0.976 0 0 1.439 [2]
105 Theophylline 546.15 29.541 0.314 0.013 0 0 1.218 [2]
106  methylphenylphosphinic acid 409.35 25.450 0.523 0.999 0 0 0.790 [33]
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Table 8. VValues of conceptual segments of the UNIQUAC-SAC model for molecules considered to be class 0010.

NO. Component Tm (K) Hm (kJ/mol) X Y Y* Z OF Ref.
109 Pyrene 424.35 17.360 0 0 1.148 0 1.262 [2]
110 Piroxicam 472.15  34.540 0 0 1.573 0 1.682 [2]
111  Sulfamethazine 47165 31.135 0 0 2.590 0 3.892 [2]
112  Epsilon-caprolactone 255.15  13.800 0 0 0.914 0 0.290 [2]
113  N-tert-Butylacrylamide 401.65 21.570 0 0 1.526 0 0.774 [59]
114 é‘r(gﬁi'gj“m'°r°phe”oxy)emy' 324.05 24.100 0 0 1.302 0 1716 60
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Table 9. Values of conceptual segments of the UNIQUAC-SAC model for molecules in categories 1000 (numbers 115,

116, and 117) and 0001 (numbers 118 and 119), 0011 (numbers 120 and 121).

NO. Component Tm (K) Hm (kJ/mol) X Y Y* Z OF Ref.
115 Haloperidol 42465 22.436 0.865 0 0 0 1.195 [2]
116 Hexachlorobenzene 504.95  23.800 1.340 0 0 0 1.268 [2]
117  Cinnarizine 393.98 37.130 1.017 0 0 0 0.697 [61]
118  Sorbitol 366.75  30.200 0 0 0 2.477 1.353 [62]
119  Xylitol 365.70  34.000 0 0 0 1.805 1.338 [63]
120 DPT" 495.00 100.800 0 0 2.208 0.342 1.318 [64]
121 Reseprine” 537.66  36.074 0 0 2.762 0.101 0.607 [65]
122 Sulfamethoxypyridazine 455.65 22.300 0 0.116 2.429 0.159 1.153 [2]
123 4,4'-Diaminodiphenylmethane 363.30 18.700 0 0.198 1.322 0 0.190 [66]
124  L-Valine” 571.15 67.349 0 2.295 0 2.673 1.098 [67]
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