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Fig. 1 Plot of observed versus predicted solvent softness

from equation 4
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Table 1 Experimental and Prediction Values of Solvent Softness and Electrostatic Potential Parameters of Solvent Molecules

D./cm™{exp. ) Vo /Z eV I/eV Tin/ eV? D./cm ™ {pred. ) [

1 ammonia 69 - 3. 8069 0. 8255 0. 4652 — —
2 ethylamine 56 -3.6051 0. 3558 0.3265 49 7
3 1-hexylamine 55 -3.6188 0.2303 0. 2895 49 6
4 aniline 34 -1.3349 0.5H13 0. 2750 38 -4
5 diethylamine 48 -3.3254 0. 2258 0. 1938 46 2
6 dibutylamine 46 -3.3395 0. 1653 0. 1602 46 0
7 piperidine 49 -3.4319 0.2443 0.2788 43 0
8 triethylamine 24 -2.9821 0. 1740 0. 1010 — —
9 pyrrole 20 -1.4017 0. 5460 0. 3440 — —
10 pyridine 38 -3.0623 0. 4670 0. 2500 44 -6
11 2-methylpyridine 39 -3.0784 0.4159 0.2282 44 -5
12 4-methylpyridine 39 -3.1643 0. 4555 0. 2525 44 -5
13 cyclohexyl isocyanate 45 - 1.7404 0.3196 0.2158 40 5
14 acetonitnle 12 -2.5052 0. 8690 0. 3020 10 2
15 propionitrile 14 -2.5544 0.7150 0. 3220 13 1
16 butyronitrile 13 -2.5766 0.5935 0. 3032 14 0
17 benzonitrile 12 -2.5022 0. 5840 0. 4470 17 -5
18 isobutyronitrile 14 -2.5880 0. 5657 0. 3059 14 0
19 benzyl cyanide 18 -2.5782 0.6166 0. 3661 15 3
20 chloroacetonitrile 9 -2.1013 0. 6530 0. 4691 15 -6
21 water 17 -2.7350 1. 1350 0. 6270 16 1
22 methanol 18 -2.6285 0. 5894 0. 4998 18 0
23 ethanol 19 -2.6078 0.4114 0. 4120 18 0
24 1-propanol 17 -2.6108 0.3720 0. 4257 19 -2
25 2-propanol 18 -2.6231 0.3916 0. 4234 19 0
26 1-butanol 19 -2.6204 0.3238 0.4232 20 0
27 2-methyl-2-propanol 15 -2.6207 0. 3366 0. 4167 19 -4
28 1-hexanol 16 -2.6237 0.2525 0. 3210 18 -2
29 1-octanol 16 -2.6257 0.2267 0. 2790 17 -1
30 1, 2-ethanediol 20 -2.4161 0.5704 0.5029 18 2
31 diethyl ether 12 -2.4740 0.2360 0. 1810 15 -3
32 dibutyl ether 11 -2.4446 0.1793 0. 1364 14 -3
33 anisole 9 -1.9903 0.4186 0. 1187 10 0
34 furan 10 -1.5804 0.4363 0.1172 8 2
35 tetrahydrofuran 17 -2.5990 0.2920 0. 3070 17 0
36 1, 4-dioxane 18 -2.3239 0.4211 0. 2541 14 4
37 4-methyl isobuiyl ketone 14 -2.4826 0.3877 0. 3905 18 -4
38 acelone 15 - 2.5460 0. 5080 0. 4190 7 -2
39 formaldehyde 18 -2.1013 0.7571 0.3115 10 8
40 acelic acid 14 -2.3644 0. 6058 0. 4037 5 -1
41 acetylacetone 11 -3.3166 0.7809 0.5547 20 -9
42 methyl acetale 12 -2.4520 0. 4840 0.3360 15 -3
43 ethyl acetale 14 -2.4874 0. 4050 0. 3380 16 -2
44 propylene carbonate 12 -2.6040 G. 8090 0.4310 14 -2
45 isopropyl acelate 15 -2.4943 0. 3847 0. 3250 16 -1
46 v-butyrolactione 14 -2.7508 G.7306 0.3819 15 0
47 trimethyl phosphate 23 -2.8728 0.5670 0. 4009 17 6
48 tri- n-butyl phosphate 23 -2.8848 0.2992 0. 3513 19 4
49 formamide 21 -2.8238 0.9396 0. 8107 22 -1
50 N-methylormamide 22 -2.9041 0.7432 0. 6087 20 2
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51 N, N-dimethylformamide 24 -2.9430 0. 5810 0.6390 23 1
52 N. N-diethylformamide 23 ~3.078! 0.4018 0. 6059 24 -1
53 N. N-dimethvlacetamide 24 -3.0833 0. 5570 0.6!10 23 !
54 N, N-diethylacetamide 24 -3.0912 0. 4496 0.7042 26 -2
55 N, N, N’, N'-tetramethylurea 24 -3.1577 0.5183 0.5841 23 1
56 N-methylpyrrolidine-2-one 27 -3.0210 0.5180 0. 5880 23 4
57 hexamethyl phosphorie triamide 34 -3.5172 0. 4480 0. 6600 27 7
58 mitromethane 9 -2.0550 0.9570 0.2510 7 2
59 1 -uitropropane 9 - 2. 1485 0.6739 0.2598 10 -1
60 nitrobenzene 9 -2.1170 0. 5830 0. 3980 14 -5
61 dimethy! sulfoxide 28 -3.3250 0. 7100 0. 7990 26 2
62 tetramethylene sulfoxide 29 -3.4197 0. 6333 0. 7420 26 3
63 tetramethylene sulfone 15 -2.5707 0.8176 0.4121 14 |
64 benzene 9 - 0. 8960 0.3590 0.0920 6 3
65 1. 1-dichloromethane 7 - 0.6690 0.5190 0.2230 6 0
66 chloroform 5 - 0. 3800 0. 3520 0.2290 7 -2
67 1, 2-dichloroethane 7 -0.6190 0. 4680 0.1100 4 3
68 carbon disulfide 7 -0.0993 0. 1562 0.0254 4 3

Ti—f'%, ﬁ{aﬁ%u 1. 59(1).2.08( Van) . 1.41( ) [7] Pearson R.G. J. Am. Chem. Soc., 1963, 85.3533.
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Theoretical Analysis and Prediction of Solvent Softness Scale

ZHAO Wen-Na SHANG Zhi-Cai  ZOU Jian-Wei* GUO Ming YU Qing-Sen
( Department of Chemistry, Zhejiang University, Hangzhou 310027)

Ab initio optimizations at HF/6-31G " level and subsequent electrostatic potential calculations have been

performed for a group of 68 solvent molecules. Linear correlation of solvent softness to the theoretical descriptors has

been established by using multiple regression. The relationship can be well expressed as follows: D. =28. 3844 [ -
3.3965 Vi = 10. 9162 [T +22. 7684 o +4. 5040( N =65, R =0.960, Rev =0.953, SD =3. 5557, ¥ =175.66).

and shows good predictive power.

Keywords: solvent softness quantitative structure-property relationship

ab initio calculation molecular electrostatic potential
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