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Table1 The values ofkg, and cakulated quantun descripors of the chlormated contan nates
ks Eimo BDE EA EA o
(F m2h 1) (hartree) (‘hartree) ( hartree) (hartree)
(pam) (1L 2%1. 5) x 10” 1 - 0. 08541 0. 093573 0. 045677 0. 003599
(Tav) (9. 2%7. 3) x 10~ 4 - 0. 05966 0. 106226 0. 026463 - 0. 029702
(HCA) (3. 1%3. 3) x10” 2 - 0. 06627 0. 091894 0. 059287 — 0. 004658
L1 12 (1112TeCA ) 1. 4% 1072 - 0. 06221 0. 096454 0.05176 - 0. 022335
1, L2 2 (112TeCA ) 1. 3x 1072 - 0. 04692 0. 105349 0.046465 - 0. 031354
1,1+ (111TCA) 1.1x 102 - 0. 05493 0. 103403 0.02677 - 0. 032481
(PCE) (2.1%2.7) x1073 - 0. 04874 0. 128299 0. 026675 - 0. 034824
(TCE) (3. 9%3. 6) x 104 - 0.04118 0. 12997 0.021032 — 0. 049988
-1 2- ( c12DCE) (4 +1. 7) x 10~ 3 - 0. 028100 0. 14299 - 0.007042 — 0. 069968
1,2 (U2DCE)  (1.2%0.4) x10°* - 0.034420 0. 14049 0.007481 ~0.031186
1, + (1IDCE) (6. +s. 5) x 10~ 3 - 0. 034800 0. 13259 0.00393 - 0. 074536
(VC) (5. +1. 5) x 10” 5 - 0. 021740 0. 143861 - 0.022225 - 0. 088887
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n R R F SE p
Ei o lehey = — 60. 627E ;o - 5. 79 12 0. 827 0. 809 47. 684 0. 527 0 000042
EA lghey, = 44.448 EA ;- 3. 898 12 0. 837 0. 821 51. 500 0. 511 0. 00003
EA kg, = 38 538 FA - 1. 340 2 0. 775 0. 753 34. 489 0. 600 0 000157
BDE lghgy = — 55.621BDE+ 3. 7121 12 0. 871 0. 88 67. 279 0. 454 0 000009
n ’ Rin 4 R?
2 [5—8]
, Mra Euwwmo R 0.827 ) E wvo
2
[3]
2
[9]
2 2 2
R R EA C—ClI BDE, EA
13
‘"l ¢—Cl BDE c—Cl ,
1L 13—17
(DFT) tL B EA  BDE
QSPR
” EA ? ) ) 9 lg]f% EA
D D EA ad ]gkﬁA EAverl D ’ EA vert
2 2
EA 4 )
EAad EA»erl EAad =E( ) _E( )s EA»erle( ) —
2
E ) , FAu  Euwmo , R 0. 837
9 EAM 9
, FA., QSPR
3
2
BDE, R 0.871, s
(1 BDE QSPR ,



402 28

C—Cl BDE c—Cl , >
QspR "M , BDE
5 C—Cl BDE R Cc—Cl
[2a 21]
B
2 ’ S %/
\\\ 2 %%% _N"\.\
1 w— Y
997909 - m omw
-1.2 -08 -04 0.0 0.4 0.8 1.2 -0.8 -04 0.0 0.4 0.8 1.2
Z EA,.. _ ,| BLE
4 ’,I . /// \\‘
7 /Il / \\\ Il/ %é \\\
/|
: A 4% 0 Z%ﬁ/ﬁééé -
-2.0 -1.5 -1.0 _(;;—;% 0.0 0.5 1.0 -1.2 -0.8 —0.41]—3%% 0.0 0.4 0.8
1 EA, EA_, BDE E lefes,
Fig 1 The hisogram pbts of resduals of the lnearm odels based on EA ;, EA . BDE and £,
4
B3LYP/6-31G (d) EA.. EA,., BDE Euno s
QSPR , FA.. BDE ks
Ewno » > EA .
, BDE QSPR B

[1] OHannesmS E Gillhan RW, LoneTem Perfomance of an in sim “ IonW all" for Renediation of VOCs Ground Water 198 36
164—170

[ 2] Wadlky SL S Gilhan RW, Guil, Reamediaton of DNAPL Source Zones w ith G ranular Tron Laboratory and Field T ests Ground
Water, 2005, 43 9—18

[3] MathesonL J Tratnyek P G R eductive Dehabgenation of Chlorinated M ethanes by Iron M etal Environ. Sci Technol, 1994, 28:
2045—2053

[ 4] Johnson T I, SchererM M, Tratnyek PG, Ketics ofH alogenated O rganic Canpound Degradation by IronM etal Envion. Sci T echnol ,
1996 30: 2634—2640

[ 5] SchererM M, Bako B A, Galhgher D A, Comelation Analyss of Rate Constans for Dechbrination by Zer-V aknt Ion Emiron. Sci
Tedinol, 198 32 3026—3033

[ 6] SongH, Caravay E R, Reduction of Chlrnated E thanes by Nanosizd Zero-Vaknt Iron K netics Pathways and E flects of Reaction Con-
ditbns Environ Sci Tehnol, 2005 39 6237—6245

[ 7] Onanong S Can brtSD, Bumow PD, U sing Gas-PhaseM okalar Descripiors to PredictDedhlorination Rates of C hloroakanes by Zerova
knt Tron Environ. Sci Technol, 2007 41. 1200— 1203

[ 8] Feng) LinTT IonMediated Reduction Rates and Patw ays of H abgenated M eth anes with Nanoscale Pd/Fe Analysis of L near Free



QSPR 403

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

Enegy Rehtionship. Chenophere 2007 66: 1765— 1774

AmoldW A RobertsA L, Pathways and K inetics of Chbriated E thylkne and C hlorinated A cetylene Reactionw ih Fe (0) Particles Envi-
ron. Sci Technol 2000 34 1794— 1805

Bumow PD, AfhtooniK GallupG A, Dedbrination Rate Constants on Iron and the Correlitionw ih E kctron A tachmentEnergies Envi-
ron. Sci Technol , 2000 34 3368—3371

XuW, GaoA, DFT Swudy on the Electron A ffinities of the Chlormated Benzenes Joumal of M oleavlar Structure: Theocdhen, 2005 732
63— 70

ScottA P, Radan I, HamonicV bratonal Frequencies An Evaluation of HartreeFock M@ lerP lesset Quadratic Con figuration Interae-
tion, Densiy Functional Theory, and Sem iem prical Scale Factors J. Phys, Chen. 199 100 16502— 16513

R ienstraK iracofe JC, TschunperG § SchaeferlllH F, A tam ic andM olecu hrE lectron A ffinities Photoelection Experm ents and Theoret
ical Canputations Chen. Reu, 2002 102 231—282

Amhozhirap § MoriaM, Electron A ffinities and R edu ctive Dechlorination of Tox ic Polychbrinated Dben mfurans A Density Functional
Theory Study J. Phys Chen. A, 2004 108 3499—3508

Jusic BS CH and CHalogen Bond D ssociation En ergies for Fluorinated and C hlorin ated M ethane E valuated w ith H ybrid B3LY P dens ity
Functional TheoryM ethods and Their C anparson with Expermenial Data and the CBS-Q ab Initb Computatonal Apprac. Joumal of

Moleavlar Structure (Theochen ), 1998, £2Z 253—257

FengY, Linl, Wang FT etal, AssessnentofExpermental Bond Dissociation E nerg ies U sing C anposite ab InitoM ethods and Evaluation
of the Perfoman ces of Density FunctionalM ehods in the Calulation of Bond Dissociation Energies [ Chem. Inf Canput Sci, 2003 43
2005—2013

Zhao Y'Y, TaoFM, ZengE Y, Theoretical Sudy on the Chemical Properties of Polybran nated D iphenyl Ethers Chenophere, 2008 70
901—907

Perlinger JA, Venkatapathy R, LinearFree Energy Relatonships brPolyhabgenated A kane T rans om ation by E lec tron-T ran sferM ed i
tors inModel Aqueous Systems J. Phys Chem. A, 2000, 104 2752— 2763

L 7Z Betteron EA, Amod R G E lkctiolyticR eduction of Lov Mo lkailar W eight Chlorinated A liphatic Can pounds ~ Stru ctural and
Them odynan i E ffects on Process K metics Environ. Sci Tedinol , 2000 34. 804—811

Suegara ] LeeB D, EspnoM P, Phowdegradation of Pentachlorophenol and its D egradation Pathw ays Predicted Using Density Functional
Theory. Chenogphere, 2003 6L 341—346

Yanada S NaioY, TakadaM, Photodegradation of H exachbrobenzene and Theoretical Prediction of Its D egradation Patw ays Using
Quantum Chan icalCalculaton Chemosphere, 2008 70 731—736

THE QSPR INVESTIGATION OF THE DEGRADATION OF
CHLORINATED CONTAM INATION BY ZERO-VALENT IRON

QIN Liang' LUO Si GAO Shu-m ei’ LI Rong'
YANG X v-shu' WAN G X iao-dong' WANG Lian-sheng'

(1 StteKey Laboratory of Pollution Control and Resource R euse  School of Environm ent Nanjing U niversity, N an jing
210093, Ching 2 College of Bilogy and Chan ical Engineerng Jiaxing U niversity Jiaxng 314001 China)

ABSTRACT

The valies of EA.y, EA... and BDE for a set of chlorhated contam nants were calailated at B3LY P /6-

31G( d) level of Density Functonal Theory. On the bask of these descrptors the Quantitive Structure-

Property R elationsh ps(QSPR ) of he dechbrnaton of these canpounds by zew-valent iron were nvestga
ted. The results show that the QSPR models based on these descriptors are very powerful except EA ... And
EA . reflects the process of deoxidization verywellwhile BDE is quite valable for the predicton of patway of

the degradaton.

Keywords chlornated contan nants electron affnity bond dissociation energy QSPR.



