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Influence of CNTs on Photodegradation of Salbutamol in Water Environment

WANG Qi, HAN Jia-rui, WEI Bo-fan, ZHOU Lei, ZHANG Ya, YANG Xi "~
(State Key Laboratory of Pollution Control and Resource Reuse, School of the Environment , Nanjing University , Nanjing 210023 , China)

Abstract: The influence of CNTs on the photolysis of organic pollutant was investigated by studying the photodegradation kinetics of
SAL under 1 000 W Xenon lamp, in the presence of three kinds of CNTs( SCNT, MWNT-COOH, MWNT-OH). In addition, the
interaction between CNTs and Fe’* was also investigated. The results showed that the photodegradation of salbutamol followed pseudo-
first-order kinetics, which could be inhibited by all three kinds of CNTs through light screening effect. Formation of singlet oxygen was
detected during the photolysis, using the molecular probe furfuryl alcohol. All three kinds of CNTs could absorb electrons through
competition, 1. e. , inhibit SAL photodegradation by light screening effect; meanwhile, the CNTs could generate singlet oxygen through
photoexcitation to promote the photodegradation reaction. Both mechanisms coexisted, and in most cases, the inhibition effect was
dominant. In addition, CNTs could inactivate the photoactive substance Fe’* in the water body by electrostatic adsorption, and affect
the photochemical behavior of organic pollutants in natural water body.

Key words : carbon nanotube; photodegradation; iron ion; salbutamol; singlet oxygen
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B, Bt CNTs 5 Fe’* 1M S2 4R 9% T e
YIRS Fedt Z BB AH T AE ] R Xt Fe® ik
SC R 0p-A ]

1 MRS

1.1 5]

T el ( Salbutamol , 41 B =98% ) ; 43 4%
F , SNEE, W ) Tedia AW (A% % H R, W A
% [EH ROE /A 7]; SCNT(4i)¥ =97% ), MWNT-OH
(4iJ¥ =97% ) Hl MWNT-COOH ( 4l J¥ =97% ) 4 H
TINGORBE R BR A F], HAE 20 ~40 nm, KJE 5 pm,
FLRTHIAN 30 ~50 m®-g ™" WRIR I ( FFA, 4l =
99% ), [ Sigma-Aldrich 2% &]; Milli-Q ## 4 7K
(Milli-pore , 18 MQ-cm) ; HA 30 20 Hral,
H R B 2R A R .

1.2 U

Ak v s (XPA-TT Y it 1000W 5T, 7
SUETLALET ) 5 0 80BAH E3E { ( Agilent 1200, 47
LA g 3L ) 5 K% pH 1T ( Sartorius PB-10 , {8
) ; TOC 31X ( Shimadzu 2200, H 7)) ; 4] I,
36 EEAY ( Shimadzu UV-2450, HAS) 3 KGR T
WS 436G EE T ( Thermo M6, 32 [H).
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290 nm LLUFERANG) | B35V B th M RY F ok K
AT, VAW T 50 mL 4 S5 10 A PRk (AR
2.8 em, N2 2.6 cm, K 18.2 em) ,iE I HIF55
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FRURC IR N, FEBFEURE 1 mL, A 0.22 wm fLA27K
ARET RS (L, P L) SR PR 9 KA S
B AR % 3BT
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SAL P B Fh v 380 €533 4 B, o3 AT 4R
Agilent TC-C18 4,3 4 (250 mm x 4.6 mm, i. d.
5 wm) HEE 30°C, Uit sh A O BB H R (IR AR L
0.5% ) =15/85, i 1 mL-min ", K& 3% K K

224 nm,#FHHE 20 pL.

Fe* WV BE F KO TR WO 66 BE T4 .
AT 54 : Thermo 250y AR ERLT , 2 mL 5 v W H
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PR N 5 x 10~ min~". fEROGEMET , HETH%
YRRV T e BE W B 525, 6 h N, SAL 7E 3 F
BRARAE /3 O T VR B AR AU AS B AL 2. 4% | SE6 45
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Fig. 1 Direct photolysis of salbutamol
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i FH 28 A0 AT DL A3 SO0 BE THA H 7 WA 280 ~ 330 nm
IO  RAA(2) , AT DI — R P K
T 3 PR T SAL BRI S, . RE,
RIS (3) #EATIHEE, AT LASRAS 3 Bl 48 Kk & 7
280 ~330 nm i [l N IY-F- X005 R .
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(4) AT A ORI MR BE 1 3 b Bk 4 K A X
SAL YEAFSEMA I B F1# B8 (e, ) (R 1)

T, b AR R MO A1, F AR A (b2
BONE G L) SAL AR H B0 AR K (min ™) Lk,
FRFESLIG AT, FERR AR A AE IR T, SAL 1) R
ff R R (min ™" )k, 103 SAL EHEDOGME MR
WA (min ™). FEE 1 B0 T PR A i R RN AR AR
WEE Y CNTs FREE Y FIBRBEMGLN 5 , CNTs X SAL
e AR R, (HEFE 1 mg- L WM

kchs = kubs - ko X S,

Table 1 Kinetics parameters of the influence of 3 types of CNTs on the photolysis of salbutamol

(4)

CNTs IEEH | X A e 4R FH AN B

FR1 3 FWHBRAKET SAL XEMBFIMMZH HESH

EUpNER S WefE/mg-L~! Sa ke X107/ min 7! kexps x 10 74 /min ™!
TR 0. 00 1. 000 4.76 0. 000
0.10 0. 987 5.22 0.522
SCNT 1.00 0.815 4.03 0.151
10. 00 0.210 2.29 1.287
0.10 0.985 5.48 0.791
MWNT-COOH 1.00 0. 864 4.13 0.017
10. 00 0.312 2.48 0.994
0.10 0. 981 5.92 1.250
MWNT-OH 1.00 0. 849 3.86 -0.181
10. 00 0.272 2.63 1.334

2.1.2 CNTs Je874:'0,

FIBRXT SAL BGHRMAE IS , B 99K 48 X SAL
JERE kAR HEAE FH , #E00 mT BB TR 9K G IR
PAAETEPEE E AL (ROS) . AW 2B BT 4=
Ak BABERR 20 K 45 (SWCNT-COOH ) 7K ¥4 W 75 /6 I8 4%
PER AT AP A i PR T 8. A S Bk il P A
R B 2 A AR o T &R, BIF 9T MWNT-COOH
MWNT-OH 5 SCNT ;=4:'0, (68 1 , -3 3o B < 52
BIGE'0, X5 SAL A 50

AR (5) ~ (8) TR H 0, i Fa & 1k
(cri,e) » AR MER 2.

dP
_a:kl XCL]()zJSSXCp Zkexpxcp (5)
kexp = kl X C[lozjss (6)
lniz—kexpxz (7)

cp()

k

by 1, = —2 (8)
FFA, 10, Cloy

KA, kA FFA 5'0, ROV R WKL ¢, S FFA
MOV BE k., R SE I I A5 FFA (1 BN 3 55 %5, BRI
—In(c,/c,o) 5 RG] 5C & LR R R, FFA 5
0, 1 J2 N 3 3 H HUH 1.2 x 10° Le (mol+s) 7',
LRI ,3 i CNTs #7740, IRE T, '0, AR S

WEEFE 10 “mol - L™ B S, I+ HIEE N 10 mg- L™
BRI KA HL R B R 1 mg- L™ FORR G0 KA =420,
[ HE ST 5.
F2 3 MBRMAKBEABFE0,NBEEIRE
Table 2 Steady state concentrations of '0, generated

by three CNTs under irradiation

L p CNTs #¢iE 0, Fa s s x 10 14

IESEES ae . -

/mg-L /mol - L
Tk K 0. 00 0.36
SWCNT 1. 00 0.83

10. 00 1.71
MWNT-COOH 1.00 0.83

10. 00 2.15
VIWNT-OH 1. 00 1.11

10. 00 1.53

h T HGUE'0, X SAL BRI, AR 98 R B T
BRI, A SCHRGE 280 E R IR A LTS Y
R EEBRAER KT 250 kJ-mol ' T 0, & £
'0, HFEFEE 94 kJ-mol ', L FE GRS T, ALY
iR = EA S A Z N RE R LR R 23
'0, 1A BREURNT LAV DV R T A A SR
1, T 'O, 7= A B i I T A /R 30
min , R E TR B G TR IRSC I RS SAL
(IR %R 3.9 x 10 ™ min ™", FeE X BEZH 46
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fift R 6.0 x 10 ~* min " BB FEAK | S8R IEIH 'O, X
SAL M tff HA SR HEE R, CNTs v LU o 3 B
PO, SR SAL JGfiE.
2.2 CNTs 7E Fe’ " -SAL IR R HPXF SAL YGff ()50

KRR Fe’* B — 5 B AL 206 PR
TERRTEE T, Fe' (20 pmol-L™") 7E7E RS SAL iy
R il %2 (66. 2 x 10 ~* min ") B 5 T 8O0
A (4.3 x10 7 min ") 5 JIAE 219 - OH K] 57
PIEE (100 mmol-L~") J5, SAL B [ fife o 2% 0] 1 %
I, & 2 firs  UEBH = M8k B8 e MR S50 - 32 %2
SEIEAEEOTE - OH, N SAL AYRE A

JA MWNT-OH 1 MWNT-COOH J& , 5 %l 4H
ARG, SAL AR AR B 32 2] T3], an &l 3 pros. ok
YOREIE A B R, BA K m—r T,

0.2

(A) MWNT-COOH

-1.0 L= SAL .
—o—SAL + Fe'’
-1.2 L—4—SAL+Fe* + 0.1 mg:L”' MWCNT-COOH
—»—SAL + Fe'* + 1 mg:.L”' MWCNT-COOH
-14 L—#—SAL+Fe™ + 10 mg:L 'MWCNT-COOH
1 1 1 1 L 1

0 50 100 150 200 250 300
t/min

L
350 400

St —————y— —

I
-05 | \

—m— SAL

—o— FESAL+Fe?

—A— ffPESAL+Fe?

250 —u—HESAL+Fe N+ R BE I
—o— EiMESAL+Fe’ + iR 1

_3 .0 1 1 1 1 1 1 1
0 50 100 150 200 250 300 350 400

#/min
cpeas =20 wmol-L=" ¢y =20 pwmol +L7",

Cszpgme =100 mmol - L™, &Mk pH =3.5, ditk pH =6.5
B2 Fe'*3f SAL ;BRI

Fig. 2 Influence of Fe** on the photodegradation of salbutamol

(B) MWNT-OH

|ll£'1"£'u

-1.0 L —=— SAL i

—e— SAL +Fe?

-1.2 L —— SAL + Fe* + 0.1 mg-L™' MWCNT-COOH

—w— SAL +Fe? + 1 mg:.L' MWCNT-COOH

-1.4 L —e— SAL + Fe* + 10 mg-L™' MWCNT-COOH
1 1 1 1 1

1
0 50 100 150 200 250 300 350 400
#/min

Cpe3+ =20 wmol +L~" cgyr, =20 wmol-L~', pH=3.5
B3 MWNT-COOH 5 MWNT-OH 3 Fe-SAL {f % ff SAL FF&f# #3500
Fig. 3 Influence of MWNT-COOH and MWNT-OH on the photodegradation of salbutamol in the presence of Fe®*

Fem AT, Fe' T HFIEHL , By S RRGOKR S e &k
L NIR AL S R T e S R P =t
XoF 4 I B T (R I BRSO, FE PR AT R 0 oK
I FH T B B A AR T ) B 4 SR B - (Fe | Pb T
Cu®* | Cr' " 45) A AR Bk i = .

LA MWCNT-COOH 4], &l 4 J2 W 5 S 5 v
% Fe’* 7E CNTs 43 BB (1 W B2 A2 Ak, 76 100 min
N, Fe’* B M 20 wmol -L™"[% %] 10 wmol -L 7",
SR A B W BE A7, ok R e T AR, AT HE IR AR
CNTs 5 Fe’* 1R & J5 A i v W B, 49 TR 5 28] e 240
KAERMM Fe’ 2 A 2E 15 .

3 it

(1)SAL W) B3GR AT A WE— L N 8 12
SCNT ., MWNT-COOH . MWNT-OH RE i 1 Y6 5 i 2k
A SAL JGf# , H CNTs He B M, SAL P& i %

12 L m 0.1 mg:L-TMWNT-COOH
A | mg L' MWNT-COOH
A 10 mg-L-' MWNT-COOH

= g

10 - 'gl
. iz
2 8F |
= ] =
=
“.::fﬁ— 'é
; .%
A é

2+ %

L
=50 0 50 100

150 200 250 300 350 400
#/min
Cpes =20 pmol-L~" pH=3.5
E 4 MWNT-COOH 48k & Fe®* Rk E L

Fig. 4 Change of the Fe’* concentration in
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