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# E ZI07IE(PAHs) 7E IR BT (WG BE MR Bl ) 24 32 R85 A T WO A1 43 B 52 . Sk 48 7R A 0T IR 40 43 o)
PAHs SGRE AR08 ZERIL] , DA AR 55 1Y) P SR S 58k 1 D i A0 — Y 6 AR ( DMSO ) A RS4RI A B A i,
B SEIEIR AN BN 3 B PAHs(FE BERIZEIF [ a] 28) YoM 52 A ; 3F2R FH 38 B2 i s HLE (DFT) 3158,
AT TR Ok e i F RS IO PAHSs DGR S IR 455 R W R S R TR R 413 T 3E
FIEREHE, TR T 335 [ a] TEAEAE i R 2500 DMSO 43 F 4l 7 IERDGM, A2 HE T EEMZEIE [a | BEAIE
fi#. 1L IEHE DMSO B 3B 4 R A BE 5 , PAHs 75 DMSO H 4 A 3R 5 H s fp 0 3630 . DET 322, 34
KRNI DMSO £ EA/E N F %5 PAHs KA SCH LA F RS I, 50 PAHs SEAgAY TR JRIAL.
KEIR  ZHIFRE UM, WOGHEAN T, DFT 715

X TFAEAE TAEY) RN/ H3EERE , LK OKAR R 2 1 2 3005 12 (PAHs ) |, D6 Ak 2% i 2 LA 3R
B i — AN E IR AR R, BTN T 4L 55 PAHs JEAF s 124 AR
SHPAHs TEAKAH KA QIR AN (F2) BF 218 A G A8 (o, ) A JLA B G 2550 400 2
I A 53 T DR HE PAHSs YA, WSRO BRER 2 4 7 R R A7 e B R s A A
JRZH 43 M READ ] PAHSs SEAg , A BORLH b 0 O RN ) AT A s 5 4310 . SRS A SR R i V5
YW R A — AT EALH S T HOEIROIT 5 2000 6B MR Btk gm0 FRATTHEI , AS R 2R
BEA BLH A 6 B 25 5 USRI R4 435 PAHSs 431 Z [BGE i/ e B 78 s (ORI )
255, 230 PAHs 7EAN[RIPREE A B (3100 B 20 1 20 R AR IR R il A L B3R R B
B A FEDEWICREE BB U PAHs SGRE 52 W0 (0 N FEALE]. 8% , X FHLEE (448 7, 45 Bl 15000 A1
PP PAHs TEAR[RIFREL AT (K1) BB # 478,

YT T A5y B 22 248, ] R FA AL 700 (A s DR R A O e 56 ) SR BSR4 ot
WA, T BRI Y e R A B (00 WG k2247 BRI R 3 FH BB S i 0 2
B35 YAk 2 RO R | B R AR ( DMSO) T TR ) R G py Se b b o)l F5k
HBRRTE A R FHE AP A > 290 nm, BEFPEALT , HEE . DMSO FIPN FHE A AR 6 ISCRE 71, it
AHIFFE 35 I DMSO TP B R ASAEL LA AN [R D E I R PR A B3 40, BF 98 T ROt X 3 Fft e bk
PAHs (3 JRYFE 4 FRAYEERN 5 BRI a ] B8) LR B2 ma L. SR T %5 BEVZ pR BRIE (DFT) 11 SR D
MR T5 PAHs 53T O CERE B/ T 5688 SO0, LAABSOW £ B3 48 78 A J3 T % 20 43 X PAHs 64k
AL I BT

1 ARSIk

1.1 MBS
4E(98% ) 43K [ TCI( Tokyo, Japan) , £ (98% ) FIZRI[ a] ¥ (96.5% ) W I ACROS( New Jersey,
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USA). ZHIEEWH ( DMSO) | Pl H s i 2 i 34 o (8% 46, 1 T TEDIA 23 &l 43 58 5 6 1543 (SP-
300i) T 2E [E Acton Research A H]. UV-Vis 736G TH(UV2300) Hi H 4% Hitachi 23 7 AR 7. Sfb2z i g
B E N XPA-1 BUJERE SO 2= AN, T TR 5t VLA
1.2 G

PL300 W S FERAT ETE >R FH 365 nm F A B8 A (OGIFE 1 338 Fl 260—420 nm) 345 DMSO
AT YEM M. 43550 F B . DMSO FIPBREC 4 PAHSs BO6E% 5098, BT UK AS b 8 BHRAT. B0 75 0 B
% 0.4 mg- L7 FTOUMEE. LR E T 30 mL 43U b AL IR, R il — H 2 R Rl i
R AT ELRDE BT RVAE TV 56 IR TR BRI 1 mL SEARR AR (s N T
WO, A GRS A 3 .

PAHs e 5 58 Ah-0] DI SO G35 35 UV-Vis 436G EE TN . 95 700 A9 A b D8 4 e 3 3 5 7] 2
AL em (IABELEIL, IS NS L, Bl A ST6 I A% 57 A6 Abs = 1 B3 K.
PAHs FY¥R R FH 25818 HPLC-1100 FC'& 5 0A I 8% (FLD) #4743 8. (435454 Supelcosil LC-PAH 2
FHAE (250 mm x 4.6 mm L. D. JKif25.0 wm) , FERAG IR 30 °C , #F4EH 10 WL, WshHHh 100% J i, i
1 mLemin =" JERECR BT 250 nm, KU KA 366 nm; BEAIEOR B O 270 nm, R g R
380 nm; AT [ a | EERIPL BN 260 nm , AU K A 406 nm.
1.3 DFT {158 ik

R Tl feiEd AE R/ T a0 PAHs - FAIEAER"™ . ID+A > DY + AT RN
B, AR SR VY Gibbs BEAE (AG) W] LA 33 2 b L F-HE R (D) A9 AL HLA R T 32 44 (A) (938 Ji
B34 AG = E(DT /D) —E(A/A ") ,E(D* /D) FREFUMAR A LB E(A/A ) TR
HL 132 A0 10 S E 7 . F T EE AR Y i 1 H B RE (VIE,) ) Fl L T 32 R 0 3 1 1 T35 FI3 (VEA ) AT 43 5]
HL P A 11 8 H 57 R B A2 R 1 8 R 3 ok R I VIE, = E(DT /D) + HHL, VEA, =
E(A/A ") + %8 FilL,AG = VIE, - VEA W7 IS o P AR sl 2 v T 52 PR AL T 30% A5 At 1180 R
MIAG B B2 TR S f 72 AR 1) T BRI RE (B 5K EY ). IR S HMA R B B 6E VIE,
< FEEBTHHAR) VIE,, M A S Z KB TR M VEA, > BB ZIKR VEA,, BrLIA . VIE, =
VIE, - E; ,VEA; =VEA, +E; ,AG =VIE - VEA, =VIE, - VEA, - E ,AG =VIE, - VEA; =VIE, -
VEA, - E; . LR =48 001, ER5r 15 PAHs [BCERE R/ HLFHE RS 0 s 2R R R AR A 1
BRI 4 A%

PAH™" g PAH™ Solventy, PAHg,
T/% [ E R
Solvents, B RS
TR T
Solventg, PAHT, + Solvent;,
TR TR
PAHg, Solvent~ 5 Solvent™) PAH™ 5 PAH™™ Solvent ™ &g Solvent™

1 EF14F (Solvent) 5 PAHs [A]5EEfE B/ H F 1R 50 1A%

Fig.1 Photoinduced energy/electron transfer pathways between solvent molecules and PAHs

(1) BEZLEMEER T (Solvent,, ) il i B8 5 5% i FE 5 PAHs (PAH ) A= i & =464
PAHs(PAH.,) ¥ 3 : Solvent,, + PAHg,— PAH., + Solventy, , Horf S fRFIEA | T ARFH ik =4 %,
T R 3§ R PAHs 1) T, 83k BT RE(E,, ) , HIBIRE AL R RE 5 & L.

(2) PAH, ¥R HLF 45 Solventy, I : PAH,, + Solventy,— PAH "* + Solvent = i HL T 55 I W 1)
H HBEAG, = VIE,, (PAHs) — VEA (Solvent) ; PAH; M Solventy, 3815 Ht, 9 )2 ¥ : PAH,, + Solventg, —
PAH "~ +Solvent * %W A H H1AEAG, = VIE,, (Solvent) — VEA,, (PAHs).

(3) PAH, %R T4 Solvent;, [N : PAH;, + Solvent;; — PAH % + Solvent "~ , % W 1Y H H fE
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AG, =VIE, (PAHs) — VEA,, (Solvent) ; PAH,, )\ Solvent,, 215 HL T &L W : PAH,, + Solvent,;,— PAH ~ +
Solvent * 1% W ) H HBEAG, = VIE,, (Solvent) — VEA,, ( PAHs).

(4) Solvent;; I\ PAH #RA5H T[SV : Solvent,, + PAHy,— PAH " + Solvent % b 1 F H iEA
G5 = VIE,, (PAHs) — VEA,, (Solvent ) ; Solvent,, 7 # HL %5 PAH 9 )i ; Solvent;, + PAH,— PAH ™~ +
Solvent " | iZ W 1Y F HHEAG, = VIE,, (Solvent) — VEA (PAHs).

X T E A B RE R TR FSA T S R B RE (VIEy) ) N FRUE S5k £ — 11
AE 0 25 AR S5 A N 1Y e i SRS I HEL TR N3 (VEA ) ) 43R S5 A I 1) B 2t 0 26 AR — 1>
HL 5 MY BB 5 R — 2SR EL AL B BE (VIE,, ) T VIE Il AL T BRI REIRAS Ok S I 1 B 5 AN
F(VEA,, ) it VEA I - HIE HEGTREAS. VIE #/N SRt d TR BE Jilas , VEA 80K, 3fA5H I AE 1k
KMAM BT TR 5 PAHs 73 FIEBUC AR (S, ) EIVRER/ M FHERE I UV iRAR.

Fii A DFT 844333 Gaussian 09 #4402 5230, 78 B3LYP/6 - 311G + + (d,p) /K, ¥4y FiEfT
iRt JLARAR BN RS E G510 , 38 2 A5 850 B iff e B L, 3R T E, O VIE R VEA A5 DL BRIt
S, 5E 3k VA RN S (SCRF) B MM 3% 2 A AR A (TEFPCM ) 2 SR 25 HR A 571 1) 52 i

2 R 51HE

2.1  PAHs 7EAN[R]V 5 v A I 6P o

FRE PR FT DMSO 11 58 4011 WL KGR & ik an el 2 firs. HURE TR AT DMSO A1k
B3 204 nm 328 nm I 262 nm. K T HE B ES A RIERIE LA E BT, MO IR % 5 3%
(E2) ATUAE AL g S ARG AT, B BEEEA AR WA PR AE 300 W s SR T &n I
365 nm JEE A5 Y RE MR F 40 A Gt ; DMSO 1] Iz i 300 W5 FE SR AT R R &4 A6 (A <
310 nm) , Al 365 nm 385G J5 DMSO AREM IS/ NER 73 A S0 (280 nm < A <310 nm).

1.2 =10

1.0

—10.8

08 365 nm JEXH | 06 %
206 W;Q
< =

o4 =

04 0w { B

HERST 0a =

0.2

0 A 0
200 250 300 350 400 450 500
P /mm

B2 300 W HEoRKT B & SHGHE 80 R i ifad A S 70 (F B SR AN DMSO ) (58 b7 LIRS0 1%
Fig.2 Emission spectrum of the 300 W high pressure mercury lamp, the transmittance ratio of the filters,

and UV-Vis absorption spectra of the solvents ( methanol, acetone and DMSO)

PAHs 7€ B N B AT DMSO Hr () 5840 -n] WL IO an 1l 3 s, HY B B 48 Lk 9 4 o0 204 nm, PR G
X PAHs JEI 52 M4 /0N, 55 F A EL , PAHs 7E IR AT DMSO Hh (0 W g e B Gt i 557 , L 284 — Sl li
AT . AN, FEFE PR R I X B B TN ER AT DMSO 5 PAHs MM IBOGTE B &K,
PRI — B A SR SR i I e T KR A3 A, BELES T PAHSs HDEIR I
2.2 PAHs 76 EE DB AT W LR (1 3h 112

0 FR S T JE SRR IR [ a ] BETE W E AR AT DMSO W8 ok & AR R . BB 454, PAHs 7£
3 PRI R AR KRR RIS — BN B 15 (7 > 0.99, P <0.001) , HURE (k) A6
WI(t,,) B0 F2 1w SR ] SRR 0 SCIR, Eogy /N TR AT B kg, ABAE DEAT [ 2] BEAOOLSR
(kg VAR ZAE T Eoygy 19 2—3 £i5) . DMSO Xt PAHs S Y2 4K T DMSO 96484k . 78 DMSO fiE
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WS 3 ASI R (300 WS FEFRAT ) , BEE IR T [ a] EEFE DMSO H B G fif 1 W e b i 6 i, JEFE
DMSO FGHE N8 . 247 F 365 nm 386 F JEH DMSO #3436 )5 ,3 F PAHs 78 DMSO 7 (1 G st
ISP HAE F B ()G R

0.6 —
051 030
i : DMSO ! L
s 04f A 0.24" PR
- 03 0.18
3 - 2 B
04 < < o0n2f .
LN\ ke
L o_oaM[a]ﬁ
17
8
< 03| ) NSO T NN T B |
250 300 350 400 450 500 325 350 375 400 425 450 475 500
4 /nm K /mm
iy
| . i
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K mm

B3 PAHs 7EHEE PIEHAT DMSO i 58807 WLISOE S
Fig.3 UV-Vis absorption spectra of the three PAHs in methanol, acetone and DMSO

1 PAHs 75 B A FT DMSO H i A s 4 450 (k) FE 2 (1)
Table 1  Photodegradation rate constants (k) and half-lives (#,,,) of the three PAHs in methanol, acetone and DMSO

300 W i R AT 300 W i ERT +365 nm JEGH

PATES sl E( x10%)/min ! t1/,/min sl k( x10%)/min ! 11,5/ min
B 8.92 + 0.13 77.7 s 1.14 = 0.22 608. 1

E[E R 0.36 = 0.02 1925.4 IR 0.16 = 0.11 4332.2
DMSO 2.38 = 0.07 291.2 DMSO 1.34 = 0.03 517.3

FH 6.98 + 0.03 99.3 FH 4.24 +0.19 163.5

i TR 1.52 + 0.04 456.0 [Z5i] 2.73 + 0.51 253.9
DMSO 23.89 + 1.1 29.0 DMSO 4.63 + 0.09 149.7

B 17.22 + 0.22 40.3 s 7.36 £ 0.27 94.2

HIf[altE IR 58.87 + 1.89 11.8 PR 17.84 + 0.24 38.9
DMSO 83.96 = 1.15 8.3 DMSO 6.45 + 0.09 107.5

HR4E PAHs WO (B 3) FTAT, XS PAHs A9GIIBOLT-JEs2m , IR G AT LAGA A PAHs 78 H figrf
A T2 2 H A B O GERAT B ASS R ; N ERRT DMSO 7R [RI 2 B2 [ BHAS 3 # PAHs (16, B
X PAHs FGAREA G RANIVE . (B30 27 S g0 45 SRR WY DY B T 30 ] SRR EE A G, X 89 a ]
EEMDGCRE AR I A2 VR F. 25400, DMSO il FE G A , A4 3F v AR T [ a ] 26 A O , 150 T D 1) 0
DMSO Xf PAHs FJGAR 200 BR T 065 AE M FEAE T g mbL . 38 U8t 7 i85 R i — 356
RIS R AR A PAHS SG# I 52 0 & A= 284k, 4, DMSO X 3 i PAHs HGAR JL-F- 5 i
EF (kpyso = K ) » RTINS AT BESZ 520 PAHSs JGARI9 5 — N EZ KR, in B3t
HIJ& , PNERFT DMSO X PAHs JEAf 20 1) 22 5%, Ul B 7 3O& A M B g X PAHSs JEAf 0520
2.3 VRIS PER BT PAHs YO Y RZ AL

K HI DFT A5 309 55500 401 F1 PAHs [RDGERE S/ HL TR SOV AH G E,, (VIE Fl VEA {71
T2 . M TELRAERDEE T, HEEEARA G, IR R S T e, X TN
fii F1 DMSO, #4H E,, (Solvent) > E. (PAHs) , UiBI# A =R PIER A DMSO ¥fEiE 1 it = % # ik
PAHs 4 i PAHs 3 & =282 (PAH, ) , Bl Solvent,, + PAH,— PAH., + Solvent,,. FIF £ B9 PAH,, 7 BE4E
225 Solventy, 5%, Solvent,, & HLFHFE RN, V[ Gibbs 8748 (AG) F1F3% 3 H1. PAH,, 55 Solvent, [B]HL
FEF O, B PAH,, + Solvent,,— PAH ¥ + Solvent *~ fil PAH,, + Solvent,— PAH "~ + Solvent * * ,AG, Fll
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AGEY >0, Ut ) N AN RE H & & 4. PAH,, 5 Solvent,, [8] (1) H T~ 54 #% [ 1, Bl PAH,, + Solvent;, —
PAH " + Solvent ~ Fll PAH,, + Solvent;;— PAH ~ + Solvent * ,AG, FIAG, {H4 <0, 5 W S W ¥ g A K& &
A PAHL 2 5 ROV RS R 5 3l 7722 5250 h I AT DMSO %F PAHs SGfi# 42 it/ i 45 A — 3%, Ui
B S YN R AT DMSO 5 PAHSs [RDEERE S FE 82 I PAH, A2 5200 PAHs Gy F2 KR,

&2 HHGT (AER DMSO FHT B ) Fl PAHs BT ELBRITRE (K, ) (T ELHL B AE (VIE) FI3E ELHLTORAIFE(VEA) (eV)
Table 2 Vertical transition energies ( E;, ), vertical ionization energies ( VIE) and vertical electron affinities ( VIE) for the
PAHs and the solvent molecules (acetone, DMSO and methanol) (eV)

Ey st by VIEg, VEAg VIE,, VEA,,
P P 3.92 7.33 1.56 3.40 5.48
DMSO DMSO 4,99 6.51 0.83 1.52 5.82
P e FH st — 7.89 1.12 — —
PR 2.78 6.00 1.93 3.22 4.71
8 DMSO 2.78 5.96 1.99 3.18 4.77
FH 2.78 5.97 1.97 3.19 4.75
P 2.16 5.62 2.32 3.46 4.48
[t DMSO 2.16 5.58 2.37 3.42 4.53
PP st 2.16 5.59 2.35 3.43 4.51
PR 1.83 5.38 2.55 3.55 4.38
HH[a] i DMSO 1.83 5.36 2.60 3.53 4.43
P s 1.83 5.37 2.58 3.54 4.41

Solvent,, 5 PAHs 43 [B] & A Y680 F 55 % & i, B Solvent,, + PAH,,— PAH " + Solvent ~ I
Solvent;; + PAH,— PAH "~ + Solvent * , LW FAG, FIAG HF T2 3 h. 455K JEARRE H K55 R
TLHRASHTIEIF DMSO 43+ (AGs > 0). BEAHE A &MUk SR 3T HF (AG, > 0) 0
fit A & o) 5 25 DMSO 0 FHERSHLT (AG, < 0). 2RI [ a | EERE B & M) 34 % 25 B P R Al DMSO 43+
RS T (AG, < 0). X AW & 25 B9 N R AN DMSO 3 i B T-54 82 AL A [R] PAHSs 42 5 PAHs FHES T
RE 1R AR Y, % 45 3 5 30 1 2% 5256 oh PR F DMSO Xt PAHSs G A9 A2 k40 ) 45 5 — 3. 546, A
Solvent,, B HLF45 PAHs N IIAGMH , 7T DL IR SN/ F A RE A B F B LRI [a] it
(AGs > 0) &4 DMSO 73 FRE A BB T A IE(AG, < 0). X5 5LI P INEfE K[ a] BEOLRE,
DMSO il HE 54t AR , R IR A BT EH AT DMSO HL T4 8245 PAHs i 500 X+ PAHs St 3l 1
22K IRAR /. Solventy, 5 PAHs 18] B T4 85 I by i3T50 45 S Ui B PAHSs 32 2058 i A i PAHs PHES F H
FH JE R ARG RIUL, O A IR AT DMSO 43 55 HL 2 IR Y FEAE RE A2 F PAHs FHES F [ B 269 2E
i, T fE i PAHs YA

AXESVNET PAHs SR FAEME =48 LN, HIFH E2AET 8L R8Nt
R Sl RO AR & = RAS KA BT REVE T K. A 2R A A R R B A Y TR R
DMSO Hjfigif o) RE 5% # Bl ik PAHs 2E i PAHs UK U8 (PAHY, ) s PAHS 5 Solventy, [H] L T4 4 A fig
H k&4 PAHg, o, PAH, 5 Solvents, ¥, Solvent,, [B] ¥ HE & = A A& B9 L F 55 55 )2 N ; PAHs BE H & i)
Solventy, R+ Solventg, [7] PAHs AW T IRV Solvent, 5 RS HL T 45 PAHs A4S AR

UERT AT FEIAH PAHSs BR324 WA HLE O™ — & PAHs 58/ FOLEBE & B A i sp gk
BT RRDCRER ; —J2 PAHs JCEH TR 45 U i T 32K 42 1 PAHs FHE - B H 251 & 1OERE
i, R L TEAU T AR SR T HORE 1 (EA(0,) =3.68 V) 2 3k 8 =28 A 1N i A1 DMSO 43
AR T (VEA,, > 5.48 eV, 2) , %t T PAHs S 052 M 88 4 0 1 58 28 A US4 miy 30 wF
R IR, T 3RAS LT B BE R R IR PAHS YEAR A EE R itk A RO M . = SR LY
REJTBOR , BT PAHSs BHESF A FR I AR B, A F 751 & PAHSs (DGR, A28 & IEUZ S DMSO 43
Xt PAHs Yfifk i) 48 5 7E 3% 1 308 N R 43 7, — A B 2 R PR R i & — 43S DMSO 43 T 1) VEA
(5.82 eV) TR = ANER/F T VEA(5.48 eV) , Bl &k =275 DMSO 345 HL I HE 1 .
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3 W TH PAHs MDEEH THA IIAG, —AGfH (eV)
Table 3  Gibbs free energy values from AG, to AG, of the photoinduced electron transfer reactions

between the solvent molecules and the PAHs (eV)

PAHs b il AG, AG, AG, AG, AGs AG, Sy
PR 1.66 2.62 -2.26 -1.31 0.52 1.47 il
E[3 DMSO 2.35 1.74 -2.64 -3.25 0.14 -0.47 BNz
FH e 2.07 3.14 — — — — —
PR 1.90 2.85 -2.02 -1.08 0.14 1.08 i
i DMSO 2.59 1.98 -2.4 -3.01 -0.24 -0.85 5k
FH e 2.31 3.38 — — — — —
AT 1.99 2.95 -1.93 -0.98 -0.1 0.85 12
HIf[aliE DMSO 2.70 2.08 -2.29 -2.91 -0.46 -1.08 Rk
FH e 2.42 3.48 — — — — —

TE I SR R S PAHS 78 7 B R A AR LE AR

AT RO BOCHE PAHS BB/ BT HA BRI E 38 ol LURTR S0 A58 40 o Hh
EWIEHER 3% PAHs LU SBT3t i R0 , WK AR A7 78 (9 JB IR R =0k 490 PP A7 7 1 1R
SRMy It KA Bz AP AT AR IR TS0 25

3 258

PAHs 7EA R EA 5T (FF B IR AT DMSO ) Hr B 56 8l J1 24 AN TR A B B4 2 Y6 fiifk PAHs L
TFHRERE 125 2520 PAHs YGAR N 1 2% N AENL]. WMOBPEN AL /i kR =485 TR 1S i T g
Jdkm B A T AE L PAHs FHES - i &L, SE MDA A fEF PAHs DG, #8578 PAHs 7EAN[RIZERIFRIG A
e (T ) G S R N ALEE XTI PAHSs 275 YoMy i I8 6k 24T R B B 2 .

& % x #t

[1] LeeR F, Gardner W S, Anderson J W, et al. Fate of polycyclic aromatic hydrocarbons in controlled ecosystem enclosures [ J].
Environmental Science Technology, 1978, 12(7) . 832-838

[ 2] Kochany J, Maguire R J. Abiotic transformations of polynuclear aromatic hydrocarbons and polynuclear aromatic nitrogen heterocycles in
aquatic environments [ J]. Science of the Total Environment, 1994, 144 . 17-31

[ 3] Behymer T D, Hites R A. Photolysis of polycyclic aromatic hydrocarbons adsorbed on simulated atmospheric particulates [ J].
Environmental Science Technology, 1985, 19(10) ; 1004-1006

[4] NiuJF, Chen J] W, Martens D, et al. Photolysis of polycyclic aromatic hydrocarbons adsorbed on spruce [ Picea abies (L. ) Karst. ]
needles under sunlight irradiation [ J]. Environmental Pollution, 2003, 123(1) ; 39-45

[5] LiCM, MuJZ, Zhang Y. Study on effects of cyclodextrins on the photolysis of dissolved anthracene by fluorometry [ J]. Luminescence :
The Journal of Biological and Chemical Luminescence, 2005, 20(4/5) . 261-265

[ 6] Fasnacht M P, Blough N V. Aqueous photodegradation of polycyclic aromatic hydrocarbons [ J]. Environmental Science Technology,
2003, 36(20) ; 4364-4369

[ 7] Jang M, Mcdow S R. Benz[ a]anthracene photodegradation in the presence of known organic constituents of atmospheric aerosols [ J].
Environmental Science Technology, 1995, 29 2654-2660

[ 8] Zhao X H, Hu X K, Hwang H M. Effects of riboflavin on the phototransformation of benzo[ a]pyrene [ J]. Chemosphere, 2006, 63(7) :
1116-1123

[9] WangD G, ChenJ W, Xu Z, et al. Disappearance of polycyclic aromatic hydrocarbons sorbed on surfaces of pine [ Pinua thunbergii ]
needles under irradiation of sunlight; Volatilization and photolysis [ J]. Atmospheric Environment, 2005, 39(25) ; 4583-4591

[10] Fasnacht M P, Blough N V. Mechanisms of the aqueous photodegradation of polycyclic aromatic hydrocarbons [ J]. Environmental Science
Technology, 2003, 37(24) . 5767-5772

[11] Zhang M J, Yang X, Xian Q M, et al. Photosensitized degradation of bisphenol A involving reactive oxygen species in the presence of
humic substances [ J]. Chemosphere, 2006, 63(3) ; 378-386

[12] Venkatesh R, Harrison S K. Photolytic degradation of 2,4-D on Zea mays leaves [ J]. Weed Science, 1999, 47(3) : 262-269

[13] Feilberg A, Nielsen T. Photodegradation of nitro-PAHs in viscous organic media used as models of organic aerosols [ J]. Environmental



L

1252 7N ik

g

25

Science Technology, 2001, 35(1): 108-113

[14] Katagi T. Photodegradation of pesticides on plant and soil surface [ J]. Reviews of Environment Contamination and Toxicology, 2004, 182
1-195

[15] Feilberg A, Nielsen T. Effect of aerosol chemical composition on the photodegradation of nitro-polycyclic aromatic hydrocarbons [ J].
Environmental Science Technology, 2000, 34(5) . 789-797

[16] Mallakin A, McConkey B J, Miao G B, et al. Impacts of structural photomodification on the toxicity of environmental contaminants:
Anthracene photooxidation products [ J]. Ecotoxicology and Environmental Safety, 1999, 43(2) . 204-212

[17] Chu W, Tsui S M. Photo-sensitization of diazodisperse dye in aqueous acetone [ J]. Chemosphere, 1999, 39(10) ; 1667-1677

[18] Inbar S, Linschitz H, Cohen S. Nanosecond flash studies of reduction of benzophenone by aliphatic amines-Quantum yields and kinetic
isotope effects [ J]. Journal of Chemical Society, 1981, 103; 1048-1054

[19] Kavarnos G J, Turro N J. Photosensitization by reversible electron-transfer; Theories, experimental evidence, and examples [ J]. Chemical
Reviews, 1986, 86(2) : 401-449

[20] Wang Y, Chen J] W, Ge L K, et al. Experimental and theoretical studies on the photoinduced acute toxicity of a series of anthraquinone
derivatives towards the water flea ( Daphnia magna) [J]. Dyes Pigments, 2009, 83(3) ; 276-280

[21] Zhang SY, Chen J W, Qiao X L, et al. Quantum chemical investigation and experimental verification on the aquatic photochemistry of the

sunscreen 2-phenylbenzimidazole-5-sulfonic acid [ J]. Environmental Science Technology, 2010, 44(19) ; 7484-7490

22]  Frisch M J, Trucks G W, Schlegel H B, et al. Gaussian 09, Revision A.02 [ CP]. Gaussian, Inc. ; Wallingford, CT. , 2009

23] Tomasi J, Mennucci B, Cammi R. Quantum mechanical continuum solvation models [ J]. Chemical Reviews, 2005, 105(8) ; 2999-3093

2471 Montalti M, Credi A, Prodi L, et al. Handbook of photochemistry ( third edition) [ M]. CRC Press, 2006; 83-301

25] Miller J S, Olejnik D. Photolysis of polycyclic aromatic hydrocarbons in water [ J]. Water Research, 2001, 35(1) ; 233-243

— — — — —

26] Shao J P, Chen J W, Xie Q, et al. Electron-accepting potential of solvents determines photolysis rates of polycyclic aromatic hydrocarbons ;
Experimental and density functional theory study [ J]. Journal of Hazardous Materials, 2010, 179(1/3) ; 173-177

Employing experiment and density functional theory calculation to
unveil the effects of light-absorbing media on photodegradation of
polycyclic aromatic hydrocarbons

SHAO Jianping' CHEN Jingwen' XIE Qing' ZHANG Siyu'”
(1. Key Laboratory of Industrial Ecology and Environmental Engineering (MOE) , School of Environmental Science and Technology,
Dalian University of Technology, Dalian, 116024, China; 2. State Key Joint Laboratory of Environment Simulation and Pollution Control,
School of Environment, POPs Research Center, Tsinghua University, Beijing, 100084, China)

ABSTRACT
Photodegradation kinetics of polycyclic aromatic hydrocarbons ( PAHs) strongly depends on the effects of
light-absorbing constituents of the environmental media. In order to unveil the effects of the light-absorbing
constituents on the photodegradation of PAHs, three solvents ( methanol, acetone and dimethylsulfoxide) were
selected to model the light-absorbing constituents of environmental media, and were employed in a simulated
photodegradation experiment for three PAHs ( phenanthrene, pyrene and benzo[ a]pyrene). Among the three
solvents, methanol has very weak sunlight absorbance, while acetone and dimethylsulfoxide ( DMSO) have
strong sunlight absorbance. The photoinduced electron/energy transfer reactions between the solvents and
PAHs were analyzed with the aid of density functional theory (DFT) calculation. The results indicated that
acetone significantly inhibited the photodegradation rate of phenanthrene and pyrene, but enhanced the
photodegradation of benzo[ a | pyrene. DMSO significantly inhibited the photodegradation rate of phenanthrene,
but enhanced the photodegradation of pyrene and benzo[ a | pyrene. After filtering out the light-absorption of
DMSO, the photodegradation rate constants of the three PAHs in DMSO were similar to those in methanol. The
computational results indicated that the electron transfer from PAHs to the excited state acetone (or DMSO) is

the main reason which influenced the PAHs photodegradation.

Keywords : polycyclic aromatic hydrocarbons, photodegradation, light-absorbing media, DFT prediction.



