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QSAR models for predicting the aqueous reaction rate constants
of aromatic compounds with hydrated electrons
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Abstract: Hydrated electron (e, )-based reduction processes are promising for degrading organic
pollutants in water ‘engineering systems. The second order rate constant (ke;q) of e, with organic
compounds is an important parameter for evaluating the removal efficiency of organic pollutants in
advanced reduction proless. However, experimental determination of k. seems fairly unrealistic
because of the large number of organic chemicals. Thus, it is necessary to develop an effective
method to predict ke;q. In this study, the experimental ke;q values of 94 aromatic compounds were
collected. The quantitative structure-activity relationship ( QSAR) models for predicting kC;q were

constructed by stepwise multiple linear regression ( MLR) and support vector machines ( SVM )
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methods, respectively. Both two models had satisfactory goodness-of-fit (R:dj'"> 0.800) , robustness
(Qiyo= 0.782) and good predictability ( Q> > 0.790). Mechanistic analysis reveald that the energy
of the lowest unoccupied molecular orbital ( E,;,,) and the spectral mean absolute deviation from
augmented edge adjacency mat weighted by dipole moment ( SpMAD_AEA (dm)) were the most
important descriptors. Additionally, ke;q was found to be related to the bond order and polarizability
of the compounds. The meta-analysis showed that aromatic compounds with electron-withdrawing
functional groups tended to have higher reactivity with e, than those containing electron-donating
groups.

Keywords: aromatic compounds, hydrated electron (e, ), reaction rate constants, quantitative

structure-activity relationship (QSAR).
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Table 1 CAS, names, charge, experimental and predicted logk, - 'and standardized residual of aromatic chemicals
ag

iRk PRk
5 AS HEMET " gk lghe,, lghe,, Standardized Standardized
Number Name Charge (Exp.) (MLR) (SVM) Residual Residual
(MLR) (SVM)
YL Training set

1 62-53-3 Aniline 0 7.52 7.61 7.35 -0.25 0.51
2 65-85-0  Benzoic Acid 0 9.85 9.98 10.10 -0.33 -0.75
3 69-72-7 2-Hydroxybenzoic Acid -2 9.51 9.03 9.14 1.27 1.09
4 71-43-2  Benzene 0 6.95 7.00 6.65 -0.12 0.92
5 83-42-1 2-Chloro-6-Nitrotoluene 0 10.53 10.57 10.27 -0.11 0.80
6 88-67-5  2-lTodobenzoic Acid -1 9.66 9.77 9.84 -0.29 -0.53
7 88-75-5 2-Nitrophenolate -1 10.30 10.06 9.99 0.63 0.93
8 89-56-5 5-Methyl-Salicylic Acid -1 9.67 8.92 9.37 2.01 0.92
9 89-98-5 2-Chlorobenzaldehyde 0 10.34 10.31 10.35 0.08 -0.03
10 95-50-1 1,2-Dichlorobenzene 0 9.67 9.39 9.53 0.75 0.44
11 98-07-7 Benzotrichloride 0 9.92 9.61 9.96 0.81 -0.12
12 98-08-8 Benzotrifluoride 0 9.26 9.38 9.56 -0.34 -0.92
13 98-11-3 Benzenesulfonic Acid -1 9.60 10.07 9.91 -1.25 -0.93
14 99-04-7 3-Methylbenzoic Acid -1 9.41 9.19 9.30 0.61 0.33
15 99-06-9 3-Hydroxybenzoic Acid -2 9.04 9.11 9.17 -0.17 -0.40
16 99-94-5 4-Methylbenzoic Acid -1 9.48 9.06 9.17 1.10 0.93
17 99-96-7 4-Hydroxybenzoic Acid -2 8.60 8.90 8.91 -0.79 -0.93
18 100-01-6  4-Nitroaniline 0 9.26 9.92 10.17 -1.76 =275
19 100-02-7  4-Nitrophenol -1 10.40 9.711 9.91 1.83 1.48
20 100-21-0  Terephthalic acid -2 9.86 9.71 9.79 0.41 0.22
21 100-39-0  Benzyl bromide 0 9.18 9.98 10.05 -2.13 -2.64

22 100-46-9 Benzenemethanamine 0 7.90 8.28 8.19 -0.99 -0.86
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23 100-52-7  Benzaldehyde 0 10.65 10.16 10.35 1.32 0.93
24 104-85-8  4-Methylbenzonitrile 0 10.11 9.56 9.81 1.47 0.92
25 106-39-8  1-Bromo-4-chlorobenzene 0 9.62 9.59 9.72 0.09 -0.28
26 106-41-2  4-Bromophenol 0 9.80 9.40 9.47 1.07 1.00
27 106-41-2  4-Bromophenolate -1 9.46 9.21 9.16 0.67 0.92
28 106-43-4  4-Chlorotoluene3-Chlorophenol 0 8.65 8.73 8.75 -0.20 -0.30
29 106-44-5  4-Methylphenol 0 7.62 8.25 8.13 -1.67 -1.52
30 106-46-7  1,4-Dichlorobenzene 0 9.70 9.17 9.39 1.39 0.92
31 106-47-8  4-Chloroaniline 0 8.72 8.65 8.69 0.18 0.07
32 106-48-9  4-Chlorophenol 0 9.18 8.99 9.02 0.49 0.48
33 106-48-9  4-Chlorophenolate -1 8.81 8.66 8.50 0.39 0.92
34 106-50-3  1,4-Benzenediamine 0 7.98 8.07 7.93 -0.24 0.15
35 108-36-1 1,3-Dibromobenzene 0 10.00 10.28 10.14 -0.73 -0.41
36 108-37-2 1-Bromo-3-chlorobenzene 0 9.71 10.03 10.01 -0.84 -0.92
37 108-43-0  3-Chlorophenol 0 9.28 9.40 9.49 -0.31 -0.65
38 108-43-0  3-Chlorophenolate -1 8.70 9.03 9.16 -0.87 -1.39
39 108-86-1  Bromobenzene 0 9.58 9.14 9.27 1.17 0.93
40 108-88-3  Toluene 0 7.04 7.62 7.35 -1.54 -0.93
41 108-90-7  Chlorobenzene 0 8.70 8.70, 8.70 0.00 -0.01
42 118-90-1  o-Toluic Acid -1 9.48 9.06 9.17 1.12 0.92
43 118-91-2  2-Chlorobenzoic Acid -1 9.15 9.55 9.59 -1.07 -1.35
44 120-83-2  2,4-Dichlorophenol 0 8.70 9.56 9.66 -2.29 -2.89
45 121-14-2  2,4-Dinitrotoluene 0 10.38 10.16 10.14 0.59 0.74
46 121-57-3  P-aminophenylsulfonic acid 0 9.77 9.91 9.93 -0.36 -0.49
47 121-57-3  P-aminophenosulfonate -1 8.66 9.05 9.29 -1.02 -1.90
48 121-73-3  1-Chloro-3-Nitrobenzeneé 0 10.49 10.86 10.62 -0.97 -0.39
49 363-72-4  Pentafluorobenzene 0 10.20 10.32 10.16 -0.31 0.15
50 371-41-5  4-Fluorophenol -1 8.08 8.36 8.25 -0.74 -0.53
51 372-20-3  3-Fluorophenol -1 8.30 8.61 8.61 -0.81 -0.92
52 392-56-3  Hexafluorobenzene 0 9.93 9.89 10.15 0.09 -0.66
53 455-38-9. [ 3-Fluorobenzoic Acid -1 9.83 9.58 9.69 0.66 0.42
54 456-22-4 " 4-Fluorobenzoic Acid -1 9.58 9.41 9.48 0.46 0.30
55 462-06-6  Fluorobenzene 0 7.78 8.31 8.08 -1.41 -0.93
56 535-80-8  3-Chlorobenzoic Acid -1 9.74 9.77 9.77 -0.07 -0.08
57 540-36-3  1,4-Difluorobenzene 0 9.30 8.98 9.13 0.85 0.51
58 541-73-1 1,3-Dichlorobenzene 0 10.00 9.79 9.84 0.57 0.50
59 551-62-2  1,2,3,4-Tetrafluorobenzene 0 10.41 10.39 10.11 0.07 0.93
60 554-84-7  3-Nitrophenol -1 10.40 10.35 10.51 0.13 -0.33
61 586-76-5  4-Bromobenzoic acid -1 9.89 9.37 9.54 1.37 1.05
62 591-50-4  lodobenzene 0 10.08 9.30 9.62 2.05 1.38
63 611-20-1  2-Cyanophenol -1 9.91 10.00 9.86 -0.23 0.16
64 618-51-9  3-lodobenzoic Acid -1 10.11 10.15 9.90 -0.09 0.63
65 619-58-9  4-lodobenzoic Acid -1 9.96 9.67 9.82 0.78 0.42
66 619-65-8  4-Cyanobenzoic Acid -1 10.00 10.37 10.25 -0.97 -0.75
67 695-96-5  2-Bromo-4-chlorophenol 0 9.92 9.89 9.84 0.08 0.23
68 771-60-8  2,3,4,5,6-Pentafluoroaniline 0 9.94 9.97 9.79 -0.06 0.46
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Number Name Charge (Exp.) (MLR) (SVM) Residual Residual
(MLR) (SVM)
69 771-61-9  Pentafluorophenol 0 10.38 10.32 10.08 0.16 0.89
70 773-82-0  Pentafluorobenzonitrile 0 10.43 10.86 10.27 -1.14 0.49
71 873-62-1  3-Cyanophenol -1 9.68 9.95 9.94 -0.72 -0.79
72 880-78-4  Pentafluoronitrobenzene 0 10.64 10.77 10.34 -0.34 0.93
73 1194-02-1  4-Fluorobenzonitrile 0 10.20 9.84 10.13 0.97 0.23
74 3964-56-5  4-Bromo-2-chlorophenol 0 9.95 9.54 9.65 1.09 0.92
75 3964-56-5  4-Bromo-2-chlorophenolate -1 9.65 10.01 9.84 -0.95 -0.57
IGIFSE (Validation set)
76 74-11-3 4-Chlorobenzoic acid -1 9.78 9.47 9.60 0.94 0.66
71 83-40-9 3-Methylsalicylic acid -1 9.73 9.24 9.33 1.49 1.52
78 88-73-3 2-Nitrochlorobenzene 0 10.38 10.83 10.55 =1.37 -0.63
79 95-75-0 3,4-Dichlorotoluene 0 9.23 9.51 9.51 -0.85 -1.08
80 98-10-2 Benzenesulfonamide 0 10.20 9.91 9.99 0.91 0.81
81 98-95-3 Nitrobenzene 0 10.58 10.62 10.70 -0.12 -0.46
82 100-44-7  Benzylchloride 0 9.18 9.39 9.48 -0.65 -1.16
83 100-47-0  Benzonitrile 0 10.28 10.07 10:21 0.63 0.26
84 100-51-6  Benzyl alcohol 0 8.30 8.49 8.44 -0.59 -0.51
85 100-53-8  Benzylmercaptan 0 9.94 9.86 9.71 0.24 0.86
86 100-65-2  N-Phenylhydroxylamine 0 9.26 9.61 9.43 -1.08 -0.67
87 104-15-4  p-Toluenesulfonic acid -1 9.22 9.14 9.39 0.24 -0.65
88 104-88-1  4-Chlorobenzaldehyde 0 10.34 10.47 10.67 -0.40 -1.26
89 367-11-3  1,2-Difluorobenzene 0 9.08 9.05 9.24 0.08 -0.62
90 445-29-4  2-Fluorobenzoic acid -1 9.49 9.61 9.65 -0.37 -0.62
91 587-04-2  3-Chlorobenzaldehyde 0 10.34 10.83 10.56 -1.49 -0.82
92 591-20-8  3-Bromophenol 0 9.78 9.82 9.85 -0.11 -0.28
93 694-80-4  2-Bromochlorobenzene 0 9.77 9.55 9.62 0.66 0.56
94 767-00-0  4-Cyanophenol -1 9.30 9.24 9.38 0.18 -0.30
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Fig.2 Plots of the predicted versus experimental lgk - values for QSAR models developed
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by the MLR (a) and SVM (b) methods
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Fig.3 Williams plots of the:QSAR models developed by the MLR (a) and SVM (b) methods
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