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Hammett % 3 : lgk = - 0.4116 + 9.816, R = 0.643, Sig. < 0.001, n = 32
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Table 1 Rate constants of benzoic acids with hydroxyl radical and physicochemical properties

k{ x 10°)

Hay o MW S/mgel”' K, xr pK,
(M~ 1eg~")

XPRENT 5.9 0.00 122.10 2900 2.588 4.21
+EETRRET 3.6 0.06 140.10 2.688 4.14
2N ETREMT 5.9 0.20 156.57 2100 1.98 3.0m 2.94
EEPRBRNT 5.3 0.37 156.57 400 2.68 3.065 3.8
4 REXPRBEET 3.2 0.23 201.98 3.479 4.00
2REPMENT 4.5 0.21 248.98 3.755 2.86
IRXFRBET 2.9 0.35 248.98 3.749 3.86
LREXPRENT 2.5 0.18 248.98 3.749 4.00
4+ EEPRIBE T 5.0 0.4 156.57 77 2.65 3.065 3.9
2EEXERIBNT 8.6 -0.20 138.12 1800 2.21 2.729 3.00
LREXTRRET 9.0 -0.37 138.12 7900 1.58 2.723 4.58
2EEXTFMRN T 1.0 -0.17 137.13 3500 1.21 2.794 2.05
EEXTMERT 8.8 -0.16 137.13 5900 0.14 2.788 3.07
L BEXPTRRET 16.0 ~-0.66 137.13 3400 0.68 2.788 2.38
SHEXPRBRNTF 2.6 0.78 167.12 240 1.89 3.088 3.44
+-REXEMBET 8.0 -0.17 138.14 340 2.27 2.997
- MERTMENT 5.4 -0.37 152.14 5000 0.%0 3.117 4.09
PN EETRBE T 6.6 0.12 152.14 2.02 3.111 4.08
LN EETRRYT 7.2 -0.77 152.14 400 1.96 3.111 4.49
HE_FRENT 33 0.45 166.13 16 3.177 3.54
2-RE-S-PAREPRIEYT 18.0 -0.08 168.14 3.585
+REIPREETRBENT 14.0 -0.25 168.14 3.585 4.36
2,3 _HEAEXPREET 10.0 -0.25 182.10 3.646
24— REEETMENT 10.0 -0.15 182.10 3.974
2,6 _HUARETMIBN T 6.6 ~0.74 182.10 3.646 3.44
4 _PEAEXTRRNT 12.0 -0.15 182.10 3.974
3S- N EXTARENT 7.0 0.24 182.10 3.634
4 RE3 5 _HEAEXTRBET 16.0 -0.13 198.14 3.781
23 4= REXTRENT 10.0 -0.52 212.21 4.176
2,4 5-ZHHREPMBRNT 7.0 ~0.52 212.21 4.169
3AS-ZANEXPRANT 13.0 -0.03 212.21 4.169
24,6 RN EXFRMENT 12.0 -1.01 212.21 4.169
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Fig. 1 Change of rate constants of lgk = -0.4740 + 10.082
benozic acids over o R = 0.646, Sig. = 0.005, n = 17
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Table 2 Rate constants of phenols with hydroxyl radical and physicochemical properties
k( x 10°)

iteyw MW S/mg 1™t lgKe ‘X pK, ¢
(M~ '-s"1)
Xk 12.8 94.11 82000 1.46 2.134 9.95 0.00
1,28% "8 11.0 110.10 451000 0.88 2.275 9.45 -0.20
145 X% 5.2 110.10 70000 0.50 2.269 10.0 -0.37
-MXR 12.0 128.56 28500 2.15 2.617 2.94 0.20
kR % 3.4 7.2 128.56 26000 2.47 2.611 3.82 0.37
- BER 7.6 128.56 27100 2.39 2.611 3.9 0.24
2-HRER 11.0 108.13 31000 2.551 10.26 -0.17
4-PBRER 12.0 108. 13 24000 1.92 2.545 10.26 -0.17
-PAREER 20.0 124.14 16000 1.31 2.663 9.99 -0.37
-PEEXR 32.0 124.14 1.58 2.657 9.65 0.12
SHEEER 26.0 124.14 40000 1.34 2.657 10.20 -0.27
R F T 3.8 139.07 7.15 0.78
ABTEXER 19.0 150.20 700 3.31 3.795 -0.20
2,6 “HEEXR 26.0 154.08 3.192 -0.74
23-“HXEXR 20.0 154,08 3.192 -0.25
3L5HREXER 20.0 154.08 3.180 9.34 0.24
HEER 3.1 184.07 2.703 3.00 0.78
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lgh = 0.235° X" + 9.023, Fig. 2 Change of rate constanis
R =0.829, Sig. <0.001, r =31 of phenol over o
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Table 3 Rate constants of alkane and alcohols with hydroxyl radical and physiochmical properties

k(x10°)

ik (M~ 1) lek MW ' S/mglt! lgKa
% 1.8 9.26 30.07 1.000 60 1.81
) 3.6 9.56 44.09 1.414
RTH 4.6 9.66 57.12 1.732 49
ET$ 4.6 9.66 58.14 1.914 61 2.89
2-HEETH 5.2 9.72 72.15 2.270 48
&4 5.4 9.73 T72.15 2.414 1.3
fog = 6.6 9.82 86.17 2.914 13
¥4 9.1 9.96 114.23 3.914 0.66
E2 3,8 < 3.7 9.57 70.14 2.500
ek 6.1 9.7 84.16 3.000 55
b2y 3 7.7 9.89 98.16 3.500
M 0.97 8.9 32.04 0.447 -0.82
M 1.9 9.28 46.07 1.023 -0.32
1- A% 2.8 9.45 .09 1.523 0.34
2R 1.9 9.28 60.10 1.413 -0.16
2-PE- - AN 3.3 9.52 74.10 2179
3-BE-TH 3.8 9.58 88.15 2.379 30000 1.16
1-TH 4.2 9.62 74.12 2.023 77000 0.88
2T 3.1 9.49 74.12 1.951 125000 0.61
1R 3.9 9.59 88.20 2.53 27000 1.40
3-RM 2.1 9.32 88.15 2.489 1.37
1-C% 7.0 9.85 102.20 .03 5900 2.8
X% 7.7 9.89 130.23 4.03 300 3.15
Pt .. ¢ 1.8 9.26 62.10 1.132 -1.93
1,2-A_ M 2.5 9.40 76.10 1.560 -1.41
1,3-F°& 2.5 9.40 76.10 1.632
1,3-T-% 2.2 9.34 90.12 2.060
14T "M 3.2 9.51 90.12 2.132
2,3- T ™ 1.3 9.11 90.12 2.004
1,5-R M 3.6 9.56 104.15 2.632 -0.9%9

1,62 M 4.7 9.67 118.15 3.132
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lgk = 0.415'X" - 0.0072 x MW + 9.190 - A TERRE
R =0.81, n =31
lgk = - 0.0465 1gS + 0.0055 x MW + 9.129 B3 SRl O
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of alkane and alcohols voer ' X”
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Table 4 Rate constants of dicaboxylic acids with hydroxyl radical and physiochemical properties
RI# ("M( :”O’)) MY S/mel” K. pKa e c
Z_® 0.(!):4 126.07 95000 -0.81 1.25 [.105 2
n_m 0.020 104.06 735000 -0.91 2.85 1.563 3
TZ-® 0.31 118.09 68000 -0.59 4.21 1.963 4
o_® 2.0 146.14 15000 0.08 4.43 2.963 6
BB 35 160.17 50000 0.14 3.463 7
e 4.8 174.19 1400 0.54 3.963 8
F-_® 5.4 188.20 4.463 9
P Sl J 6.4 202.21 4.963 10

MERSEHEXESNFEHA, gk SREFHR 1gC, gK,,, 'X" R pKa AR EH
X, MigC SXESBNHEMX, Hit, HIERWEZRRETYE. LhKE, &E
FHROR-HNENYREWERFTE; M TFTERGEROR-FERSH, —F®H
FXRMUN. AFRXESHAFESENHLE, BERTETNEBEMT, BHS
PEAESERVERE. gk SBRETHIgC, gK,., ' X HEBAXDT .

'x": lgk = 0.870'X" + 6.093,

lgC: gk = 5.314 1gC + 4.4.857,
gK,.: lgk = 2.122 1gK,, + 8.959,

5 Hit

R = 0.903,
R = 0.976,
R = 0.885,

n:8

n=28

n=6
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QSAR FOR THE REACTION OF HYDROXYL RADICAL
WITH ORGANICS IN AQUEOUS SOLUTION

Zhang Pengyi Yu Gang Jiang Zhanpeng
( Department of Environmental Science & Engineering, Tsinghua University,
Envt Simulation and Pollution Control State Key Joint Lsborstory, Beijing , 100084)

ABSTRACT
Hydroxyl radical plays an critical role in the degradation of organics. Based on the reported
rate constants that hydroxyl radical reacts with organics, the quantitative relationship between the
rate constants of hydroxyl radical with benzoic acids, phenols, alkane and dicarboxylic acids and
their physoicochemical parameters is studied in this paper.
Keywords: organic compounds, hydroxyl radical, QSAR.



