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ZHAEACRBUNREARORGZ —, RTFER, SHABACHRNIBRFER
BEAGEEANEY. REREFE, IRIMF KIS SEEAMBERE, it
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REREAFTRE. UARKNFEH#TMEN, FE—-EHREEAME, BN ZETE
WA . AXPENY SRR A bR 5 E YR A S Buxton FRBKLER .

FHYSEEAHERNN QSARIRARIEERV AN EESRHERNEREESHH
WA/ BASEZANERXE. REAFERARFTAMNR U ER S S ML
H/BEBHZERNMHXYE, #THERESHERBG, RERLERXREX. &XHF
R AR EALS SO MR AW O B 1gS, EFB/ KRR 5K, BN
MW pK, ), Hammett MRBEH o', —BIH A FHEEBHER XD ML TR MW,
R BCE ST TR Y SPSS k0.

1 XPREHANRY

ZINEFREYREREAHREORNEEE L, URALGN - SHELSH.
FIA SPSS Xt LR # S BHTHBAMEESHT, &Y Igk 5 Hammen F ¥ o, BE
REMENE gS A BERNMHEYE (£0.01 KEBEHX), M5HBSBEFEMHX
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BMB:. gk = 0.1661gS + 10,182, R = 0.666, Sig. = 0.009, = = 14
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Hammett % #: lgk = - 0.4115 + 9.816, R = 0.643, Sig. < 0.001, n = 32

R1 XFREYESZEAHENRNERRKALSH
Table 1 Rate constants of benzoic acids with hydroxyl radical and physicochemical properties

waw Koo WY S/mel” kK. x K,
(M~1-s™")

XPRmMT 5.9 0.00 122.10 2900 2.588 4.21
“EXTRBRET 3.6 0.06 140.10 2.688 4.14
2 WX M T 5.9 0.20 156.57 2100 1.98 3.071 2.94
EEPRENT 5.3 0.37 156.57 490 2.68 3.068 3.82
L REXPRBET 3.2 0.23 201.78 3.479 4.00
2RXPMEET 4.5 0.21 248.90% 5.755 2.86
IREFRERT 2.9 £3s 248.98 3.749 3.86
LRXPRBNT 2.5 0.18 248,92 3.749 4.00
LA RBRE T 50 a2 156.57 77 2.65 3.065 3.99
2EEEPRETF 8.6 -0.20 138.12 1800 2.21 2.729 3.00
+LREXPNRINF 9.0 -0.37 138.12 7900 1.58 2.723 4.58
P T LAY S 11.0 -0.17 137.13 3500 1.21 2.794 2.05
EEXTMENT 8.8 -0.16 137.13 5900 0.14 2.788 3.07
LBEXTRENT 16.0 -0.66 137.13 3400 0.68 2.788 2.38
LHEXPRRNTF 2.6 0.78 167.12 240 1.89 3.088 3.44
+PEXHERBET 8.0 -0.17 138.14 340 2.7 2.997
2HNEETMBNT 5.4 -0.37 152.14 5000 0.80 3.117 4.09
RAEXETENT 6.6 0.12 152.14 2.2 3.111 4.08
L PRAEXETMBRE T 7.2 -0.77 152.14 400 1.96 3.111 4.9
MHE_FMBENT 3.3 0.45 166.13 16 3.7 3.54
2RES-FUARLXTRENT 18.0 -0.08 168. 14 3.585
4 REIPREETRENT 14.0 -0.25 168.14 3.585 4.36
23 "HEEXPRBRET 10.0 -0.25 182.10 3.646
24— REEETRENT 10.0 -0.15 182.10 3.974
2,6 _HAREFTRERT 6.6 ~0.74 182.10 3.646 3.44
3A4AREAEXTPRENT 12.0 -0.15 182.10 3.974
3.5-—HEAREPMBNT 7.0 0.24 182.10 3.634
A RE3S- _HAEXTREET 16.0 -0.13 198.14 3.781
234=ZPHAEEPRBNTF 10.0 -0.52  212.21 4.176
2,4 5-ZRHEETRRANT 7.0 ~0.52 212.21 4.169
345-ZHEEXEMBNT 13.0 -0.03 212.21 4.169
24,6 =P NEXTFRENT 12.0 -1.01 212.21 4.169

B1IARAXTEEASYSEED B ERNHE KB Hammen ¥ 8 o HELBYE,
ERWBHOAMAX, IRARYEBEARAEDNRA MR SRE G b 20 RN &
¥, XERXFREABAY S RE RNy FRE R .

HEER o Migs ENZTAZRM, SREMXRE R B (0.883), HAKAH
FEREHRE, BEBAAKY kS WEBRBAFSBEHERR (Sig.>0.11). 3
e ZH a6 5 b 8RB BIITFRSR.
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Fig. 1 Change of rate constants of lgk = - 0.4745 + 10.082
benozic acids over i = 0.646, Sig. = 0.005, n =17

®: TRXMIVEIRECHBERNERRAECSN
Tanle 2 Rate constunts of phenols with hydroxyl radical and physicochemical properties

sy k(x10%) MW S/mg 1™ lgKe & pK, P
M5 9)
X% 12.8 94.11 82000 1.46 2.134 9.95 0.00
1,2-8% "% 11.0 110.10 451000 0.88 2.275 9.45 -0.20
1,45 — XK 5.2 110.10 70000 0.50 2.269 10.0 -0.37
2EXR 12.0 128.56 28500 2.15 2.617 2.94 0.20
EXR 7.2 128.56 26000 2.47 2.611 3.82 0.37
'R 3. ] 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
2-PHEXER 20.0 124.14 16000 1.31 2.663 9.9 -0.37
PR 32.0 124.14 1.58 2.657 9.65 0.12
SHEEXER 26.0 124.14 40000 1.34 2.657 16.20 -0.27
AMEXR 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
35 HKEXR 20.0 154.08 3.180 9.34 0.4
HEER 3.1 184.07 2.703 3.00 0.78

F2ABMEYWESEEOHERNERE c W3 HAY, RESRH—ENRMEX
.
3 RkeM

REABUET-THRRSERRAROAR, HBA-TEENATFSECk#RE
BAREME FER. FUSENEASHRAARRE. EXR/ KIEREA—-B#t2
THEEHEEL.
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FI3INNMREARESEEAHEN
SRR BB . U ESRMHEX
HOWRERY, gt SHRBERE. EFX8E/
KRR, —Prit > FERERR. 2T
BEEMHX AHSX WHXEEHR
0.829. FIRHX SEFXE/KABREAY. &
FREZEHBSEML. gk 5'X WEEBL
AR

lgk = 0.235'X" +9.023,
R =0.829, Sig. <0.001, r =3l
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of phenol over <
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Table 3 Rst= constants of aikine and aioohois with hydroxyl radical and physiochmical properties

N k( x 109) 1 -1

58 Mea ) Igk MW X S/mgd 1gK o
i 1.8 9.26 30.07 1.000 60 1.81
R 3.6 9.56 4.0 1.4)4
RTH 4.6 9.66 57.12 1.732 49
ETH 4.6 9.66 58.14 1.914 61 2.89
2-HBRTH 52 9.72 .15 2.2710 48
B 5.4 9.73 72.15 2.414 3.3
[a = 6.6 9.82 86.17 2.914 13
B2 9.1 9.96 114.23 3.914 0.66
FR5 3.7 9.57 70.14 2.500
ek 6.1 9.7 84.16 3.000 55
$23: 3 7.1 9.89 98.16 3.500
Hm 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
2- M 1.9 9.28 60.10 1.413 -0.16
2-PE- 1AM 3.3 9.52 74.10 2.179
3BT 3.8 9.58 88.15 2.379 30000 1.16
1-TH 4.2 9.62 74.12 2.03 77000 0.88
2TH 3.1 9.49 74.12 1.951 125000 0.61
1-R& 3.9 9.59 88.20 2.53 27000 1.40
3™ 2.1 9.32 88.15 2.489 1.37
1-cM 7.0 9.85 102.20 3.0 5900 2.8
1% 1.7 9.89 130.23 4.083 300 3.15
M 1.8 9.26 62.10 1.132 -1.93
1,2R—"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
1,4 T ™ 3.2 9.51 90.12 2.132
2,3-TH 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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gk 5 X Ml MW, MW il IgS, MW

M gK, AELERE, A%ERBEARDT .

Igk = 0.415'X" — 0.0072 x MW + 9.190
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R =0.81, n =31 o
AREAN
Igk = - 0.0465 1gS + 0.0055 x MW + 9.129 T:’ sﬁ’fﬂg ‘f" LN
R =095 n=13 ig. “hange of rate vonstants
of yikane aad alcobols voer ' X7
lgk = 0.0748 1gK,, + 0.0056 x MW + 9.014
R=0.896, n=1€
4 Iy THNHR
TansMANATF T BRBERABA/EHNBE, £ “C" REBREFHR. & F
BENFE, SANARKSABHEL, BMS5E2EA b EH RN E R /.
x4 MTI-_ARBESBEESHENRVERRHLALSE
Table 4 Rate constants of dicaboxylic acids with hydroxyl radical and physiochemical properties
k (x10°)
RE ¥ MW S/wg17! lgK,. pKa x c
(M~ 's"!)
zZ-® 0.0014 126.07 95000 -0.81 1.25 1.105 2
[t ¢ 0.020 104.06 735000 -0.91 2.85 1.563 3
TR 0.31 118.09 68000 -0.59 4.21 1.963 4
om 2.0 146.14 15000 0.08 4.43 2.963 6
B_R 3.5 160.17 50000 0.14 3.463 7
e ] 4.8 174.19 1400 0.54 3.963 8
T-® 5.4 188.20 4.463 9
b ot} 6.4 202.21 4.963 10

MNERSEOHXESWEHR, gk SREFH 1gC, gK,,, 'X" R pKka AR EH
X, MigC SRESBUHEMX, Hit, HIERWEZRRETH. LThE, BE
FHROR-HNENYRENERFTE; TS TEBRGEBOR-FERSE, &K
FXRMUN. AFRXESHAFESENHLYE, BERATETNEBEM, BHES

PSRRI, gk SRIETH 1gC, gK,., ' X HEBHAKXWT .
lgk = 0.870'X" + 6.093,
lgk = 5.314 1gC + 4.4.857,
lgk = 2.122 IgK,, + 8.959,

1xr.
lgC:
1gK..:
5 i

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

n:8

=8

=6

(1) XPRE, BEREREA b BN ERA Hammen B HHAHEX, AR
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(2) REEMH, ZTRMNEBEEARERNEERN B0 FERERBRAARYT
AR X .

(3) AHLRKEN (1gS) HERYE (gK.) MANYHBREAMERNERSR
BAEN.
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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,

L4

Envi Simulation and Pollution Control State Key Joint Lsboratory, 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.



