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1.1 FZENF[FF

TU-1901 BIROEHELSN- ] W Jee T, 18
Elementar 2] Vario EL Il JCZE 3 H{, EE Ther-
mo Nicolet 2 &) Nicolet 6700 FT-IR 21 #p Y& %1% (
KBr & F) , PHS-3C ¥5 2R it

T PR Y D 3 A ale, T R K hy e 4 25 B 1K
2% UiV WO RIS PR 4 (0. 1 mol/L, pH 5 ~6) FlI
PR 84 (0. 1 mol/L, pH 6 ~8.2) , ¥k 13
JEH KNO; #9524 0. 1. H,0, A9 KMnO, #9
BRsE , BEADEERIN 3 WK T8, HARX bR
HEZR/NT 2 %.
1.2 AW AZ 5 )8 I Wk EY & B

SO;Na
M(TPPS)

B3 1 Fe(TPPS) Cl, Co(TPPS) Hy%s4g
Scheme 1 Structure of Fe(TPPS) Cl and Co( TPPS)

M=FeCl, Co

1.2.1 H,TPP (& 5L ZH3CHR[27] IiEA
H, TPP. 3% 15. 1% . Anal. calcd for [ C,H, N, ]:
C85.94, H4.95, N9.10; found C 85.75, H5.01,
N 8. 89.

1.2.2 H,TPPS f& 1  S%3CHk[19, 28 ]tk
A R H, TPPS. £ = FIES A 4. 0 g H,TPP(6. 51
mmol ) F1 60 mL (i, N#AZE 60 °C, LM 6. 8
ml SR (103.2 mmol ), £ 2 h [FREER
2 IMA 300 mL 2B 7K, WU WY E

BTOKRINEpES, K5 AEM R aveik, LU
G FEZHT, Vel &/ PiE (AR 2: 5), ik
TR EAT, KR, ER 100 mL LB K
VR, PRI S e M R R R A, o
UE, JHEIEW pH 2 6.0 JG i AB AP EN, H

23 B P RIRE] SO,7 7 A1 CL™ Ry ok 41T
ER, TGRSR EMAAR H,TPPS 2.3 g, 730y
7.4 %. 1R (KBr). 3 409, 1 627, 1 180, 1 124,
1 006, 998, 872, 740 ¢cm~'. Anal. caled for [ C,,Hy,
N,0,,S,Na, - 2H,0]. C49.86, H2.83, N5.29, S
12.08; found C 49.98, H2.87, N 5.31, S 12. 14.
1.2.3 Fe(TPPS) Cl -5 % Fe(TPPS) Cl &% 3¢
BR[17 10735 A . Fe (TPPS) Cl Jy g ik, 7
61% .1R(KBr): 1629, 1324,1179, 1125, 1037,
856, 742 cm™'. Anal. caled for [ C, H,, N,O,
S,Na,FeCl - 2H,0]. C 45.99, H 2.44, N 4.88, S
11.15; found C 45.93, H2.36, N4.86, S11.19.
1.2.4 Co(TPPS) B9& 1% Co(TPPS) Z: 2% W ik
[17, 18] J5iL G M. Co(TPPS) S S @A, R
53% .1R(KBr); 1 628, 1 464, 1 181, 1 035, 855,
735 em ™' Anal. caled for [ C,,H,,N,0,,S,Na,Co]: C
48.93, H2.24, N5.18, S 11.88; found C 48.37,
H2.18, N5.08, S 12.19.
1.3 Zhhz=lE

25 mL ZE PN —E AT | E
WA H,0, I, JFH—E pH AYZE MR BUE &
EZEE, TR TEIRA A ER 2 25 °C; 203
mL FEH0-A] WL 5306 00 BE T v i SO vl A 2 b
FHTE S a8 W — 7 1 HQ W WUIR A5, TETE IR 5%
R, T 288 nm AbBRER S ad R HQ A IOE B
Ak FEHIVRREAE 25 £0. 2 °C, M(TPPS) 1 H,0, ¥
BRIk 4 %1077 ~ 1.2 %10 * mol/L #11.6 x10~°
mol/L, HQ (¥R 1.3 x 10 ™" mol/L. 2 i #%fE—
FAL B, VU R R ke, 09I 2 TTIE S W E
H,0, %k HQ MO EEFEIS (Al 9284k, dlid A = ec
33 HQ #e FZ Bt ] i A2 1k, K4 A~ In(e/
[e]) = kt = In(ey/[e])PEIE, ilEhHE R R
B ko, U Ay HQ BIMROEIE, t AIFTE], ¢ o KB
Py HQ HIHREE , ¢y 2SN HQ MIHILR TR L.

2 #ERE5IR

2.1 R 54T

R T o4 JE kAL H,0, 4k HO 177
RO, R 1 4 8 ok e T S niy 2o 7R 1) D' i
Mgk, 25K anE 1 fros. &1 R B SN B i)
Hghn, HQ 7E 288 nm Kb A RFIE IS ) W O BE 128 7 R AIG
HZEHE; MTE N, =246 nm Lb7= A 7 — A0 1
W, I B H W O B B B () 35 o g oK, X 3R B
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Fig. 1 Time-varying spectroscopy curve of the HQ oxidation
catalyzed by the Fe( TPPS) Cl
[HQ] =1.3 x10* mol/L, [Fe(TPPS)Cl] = 4 x 10 ° mol/L,
[H,0,] =1.6 x10 > mol/L, T=25 °C, pH=6.8

HQ KA 1A AR SOV 7 TR o 1

UERIZ SN (R 74, FRATTAEAR [R) 04 7 3 25 X
RFRAREEACE HQ AR T OIS, 45 R RUINR
TR RAOE R I AR 246 nm b, EHT HQ [y 8L
ALY 2R . R, v A 288 nm (I
JEAS AL R BF 5% 4x @ nh wk i fb H,0, % fk HOQ 1Y
Bl )%

HRAERBAA- FL /R A, 38 te AN [l i) HQ ¢
288 nm AbRYWEIERE, FTRIUNTR A SRS [ st Za 4
1t H,0, A4k HQ AYREA%3 .

n,=(Ay —A,)/A,

K, Ay S OVAR R ALEMEALREA# AT 288 nm 4k
IWOCEEME ; A, N SR RTE ¢ (min) B 2 11 288
nm 2R OGEEE. AKX AR S, E =11
min [}, Fe (TPPS) Cl, CoTPPS {4k H,0, % fk HQ
1R R A 35331 A 68 % 1 100%

2.2 HQ L | MR

FEVOE W S0 25, AR ) HQ fifb 41k

HQ S5 1o ) 38— s R 7 B3 1.

& 1 M(TPPS) ft b Sfk HQ MR MERHHME &, (s™')
Table 1 Apparent rate constant k,, (s™") of the HQ oxidation catalyzed by the M( TPPS)

HQ (10™* mol. L™") Fe(TPPS) Cl Co(TPPS)
0.25 0.0249 0.0021
0.3 0.028 0.0029
0.38 0.0363 0.0038
0.5 0. 0401 0.0047
0.76 0.0548 0. 0061

[M(TPPS) ] = 4x107° mol/L, [H,0,] =1.6 x10 > mol/L, T=25 C, pH=6.8

TETCAEMGRAFAERT, 538 1 B9 E 25 F A W)
i, WA Hy0, S HQ AYME— R ILE
BHEHO 1.4 x 10771 i 1 AT, FEAR I S0
&, Fe(TPPS) Cl ffE{k H,0, Sfk HQ Y S5 i o 52
AL EAL BN R 2 x 10° ~4 x 10° £, XKW
Fe(TPPS) Cl HATH = IO HEAL TG 1% 5 17 Co (TPPS) 4
PSR S F 3 AR AR A A AR A S R ) 1. 4 x

K
M(TPPS)* +S === M(TPPS)*S

T kl'COX

10° ~ 4.3 x 10° f%, Co ( TPPS) {4k % A% F Fe
(TPPS) Cl.

H T 2R P-450 S8 LRI bk Ayl i)
455, Fe(TPPS) Cl il Co(TPPS) fitfk H,0,
AL HQ SR FR AT Ry S —Fh 2 ol e £ S g 4
R, HAefb AT (D) 3R,

k
—L = M(TPPS}+P (1)

|

N

H,0,

k
S+tH0, — %, p )
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(L), S AR Y HQ, P =¥y, M
(TPPS) >4 Fe(TPPS) Cl 5%, Co(TPPS), M (TPPS) *
e AL A I B 4 4 T RIS b AR
M(TPPS) 7E4 47 H,0, FERI M ARTUE M5 AR
NRBpRIG PRI M (TPPS) © , SR 5B 5K S Al
Z5a N S5 W) M(TPPS) © S Jf b ik 3 71
fir, K ONVEHEEG ARG a2 & ik — 20 R ™
Y P, [FF M(TPPS) ™ $id J5 N W 45 25 M(TPPS) ,
X0 R EP IR, AR BN k. TR
Hr, T EARE S M(TPPS) ° S [IE K, H,0,
A4k HQ W R R o N L T HE RS SO, AN
TTREAR T R TR AL RE , SO 4 L A i e g £
BT RZ 1.4 %x10° ~4 x10* 4.

2.3 HQ {EH R R zh /15

A (D) s B E LB R A 5 20, v LAk
AL Bl 327 05 s I LASS i

(1) A (2) AR AR R AR, (B
L) BB EFRTA(2), FIAT R Zmg(2)
RSREY S #EAE, TREE(1) it
r=k, [ M(TPPS) " ], =k, [ M(TPPS) *S] (3)

_ [ M(TPPS) "S] (4)
* [M(TPPS) " ][S]

ARG PR AT 45«
[M(TPPS) * ] =[ M(TPPS) *S], - [ M(TPPS) *S] (5)

25555 (4) FI(S) AT A
_[SI[M(TPPS) " ]

1

E+[S]

Sk SR — SRR, (ST (M
(TPPS) * 14+ BUZ 4 HQ . 4 IRk e, [ M
(TPPS) * ] J i o ] A 1 B . 25 25k (3) ~

[M(TPPS) *S] (6)

(6) A :
r:k'[S”lM(TPPS)*]’=kﬁh[M(TPPS)*]( (7)
F+[S]
\EHEA(7) 15
L.L, 1 (8)

ko kK [S]

2(8) i STAT LU HQ fm ek iz S], #5,
Ht 17k, % 1/0S], TR R PR 2, MBI
SESRTRIE AT HH ) £, (R K (R (F52) . IR 2 7T
DI, PRI R B, JUMC S8 R
ﬁj\j“]'ljﬂ\j 0.97 (Fe (TPPS) Cl) 11 0. 99 ( Co (TPPS) ) ,
X 2% BH 2 H A MLEE DA A et S i B 2
HO 43 TR .

500

50
1400

40r

k' (9)

30
7200

. | Fe(TPPS)CI

L O Co(TPPS) — .
20 1100

x5 4 s 6 7 8
[51,(10° L/mol)
€2 M(TPPS) fifb S8k HQ NIy 1/k,, 5
[S], "X RE
Fig. 2 The plots of 1/k,vs [S],”" for the HQ
oxidation catalyzed by the M( TPPS)
[HQ] =1.3x10"* mol/L, [H,0,] =1.6x10"° mol/L,
T=25°C, pH=6.8

&2 M(TPPS) L &4 HQ B9 k, #1 K, {&
Table 2 k, and K of the HQ oxidation catalyzed by M( TPPS)

Catalyst E(s™") 10 K, (mol/L)
Fe(TPPS) Cl 18
Co(TPPS) 1.7

2.4 pH X [z B7 % & B 5 M

P 3 oty 1 pH B0 T 7l 45 Jag IS 1 16 A
RUSZIE. AT LA, pH (B AN ) 46 )8 PR i1
JOL R0 853 183 B R WL AN TR]. X [R] — <3 s ek, pHL {F

XA G PR S o+ 2. AE pH =5.6 ~
8.2 JuHIN, k,, ~pH N HIE" 12k, 1 pH X KAR
i S AR AL S Y R 0 L B A 2R AL R 245

Hitt, Fe(TPPS)CL Al Co(TPPS ) HLN A AL 5 B {4
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25 %

RN B IE BRI RATE 6.8 /247

TER M ALEEEC (1) o, M(TPPS) " S—M(TPPS)
+P XA He s 1 2 AHrE O : M(TPPS) *S
—M(TPPS) "~ + H' (h[al{A%E &4 M(TPPS) * S
(R L BT ) FI M(TPPS) *S + OH™— M (TPPS) *
OH™ +S (kG G HM(TPPS) " S iy HQ

0.040 5.0x10°
)
0.035["
414.0x10°
0.030[ o
-
2 0.025F 2
- 13.0X107
~<0.020" =
0.015F o " 2.0%10°
0.010F _/ ~—  —=—Fe(TPPS)CI
o —o—Co(TPPS) —
i -3
0.005F 1.0X10
55 60 65 70 75 80 85

pH

K3k, 5 pH KA A

Fig. 3 Plots of k,, vs pH
[HQJ] =1.3 x10 " mol/L, [Fe(TPPS)Cl] = 4 x 10~ mol/L,

[Co(TPPS) ] = 4 x10~° mol/L,
[H,0,] =1.6 x10 * mol/L, T =25 °C
B OH™HAL). M(TPPS) ™ ™ ik — 28 e Wi E 1™ )
PR, W H AR EEECE OH ™ R B2 4 I ERAS A
T M(TPPS) ™ "I, SO #ts B AR XETIE .
2.5 EE/REEXT HQ BYZ2Ma
TEA#E L A Ak HQ 19 & h b, [ H,0, J/[ M

(TPPS) JJEE /R LUAE— 7 19 LB ] PN 722 A X A 1 4
ALHQ I 52 Wi W1 5. Maloney 45! 75 B 5 B 3 4

5.0x10°
0.032F / .
4 4.0x10°
0.028 2 /D
~0.024 /u 2
- g 43.0x1077 ¢
S L]
< 0.020 =
0016 F ~—— —a—Fe(TPPS)CI \ 4 2.0x10°
~0— Co(TPPS) — .
0.012 [ B
1 1 1 1 1 1 1 1 1~0 >< lo
0 10 20 30 40 50 60 70 80 90

H:0:/M (TPPS) (n/n)

K4 [H,0,]/[ M(TPPS) ] 5 &, 5 H
Fig. 4 Plots of [ H,0,]/[ M(TPPS) | vs k,,
[Fe(TPPS)Cl] = 4x107° mol/L,
[Co(TPPS) ] = 4x10™° mol/L,
T=25°C, pH=6.8

Pt A HEAE A P A IR SE 13 — BRR A7 AE. [

4 R W T M AL RN B 5 UL — SR A Bk, Bl
[H,0,1/[ M(TPPS) J B /K FL AL O 34 %) 80 fi 4%
AEAEBL. [ H,0,1/[ M(TPPS) B8 /K HL7E K £ 40 i
ko SENRA. drak (1) AT, B H,0, e T4 e
SR ZR G PERC A9 M© (TPPS) [ . {H Y
[H,0,1/[ M(TPPS) ] FE/K L ik %I 40 Z2 451, 34
H,0, B B2 A8 R — 9l 388 Bk, FRAIG, FEULAE
Firp, i AL ST RER T SRR AE
2.6 HUL& B B F LI LT B30

F SEB T DIGIESE , KV 4 B I i L 43 R
BTt HQ A A MG VS AR, SR AR Rl
W 4R B TR ALY TR BE S A R .
Fe(TPPS) CHifk HQ fy 4 AL B 1 AR, IOk 3R
() Fe'* 2519 d Ui, 1,0, 5> THEIUR, Fe'*
—A~ d TR T, i 0 - O WL, TR
BRI S AL A TR P I R, 2 AR IR A 4
SR T Co (TPPS) [RIRE BAT ML S L ad 7, PR ik
HUA AL AL . 24 ] Cu (TPPS) fefi AL 71 i,
3 A U LT 5 6 1 790 I AR ). 5 T g S
MRk 4 BA AR AL S, TE AL A AL B
i, AT S A B TR A R L T
T4 B AL S A 5 ek, 2 T AL OB BR )%
fALIE P, T H,TPPS Ak K 5 Cu (TPPS) H
A AR 45

3% it

FRATE BT PRI 1 2 J& R Bk Fe (TPPS) Cl
FI Co(TPPS) , Fg HoAT: A #0148 A0 0y il FH 1 i
1 H,0, FALKS IR Wy N, s T R fEAL
TP, A AU X R 8 S R P4 e e A 4 30
1z e OVAA R IR BE | [ H,0, 1/ M(TPPS) |
JEE IR HE LA B P 45 Je8 5 1 X A A B I T8 3 A R
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Kinetics Studies on Oxidation of Hydroquinone Catalyzed
by Water-soluble Metalloporphrin with Hydrogen Peroxide

LU Yan"?, XIE Bin"**, HUANG Chun’, HE Xi-yang’, ZOU Li-ke"*, LIN Xiao’, WANG Yan-mei’
(1. Institute of Functional Materials, Sichuan University of Science & Engineering , Zigong, 643000, China;
2. University Key Laboratory of Green Chemistry of Sichuan Institutes of Higher Education, Zigong, 643000, China;
3. School of Material and Chemical Engineering, Sichuan University of Science & Engineering , Zigong 643000, China)

Abstract: The kinetics of oxidative reaction of hydroquinone (HQ) with hydrogen peroxide catalyzed by water-sol-
uble metalloporphyrins, Fe(TPPS)Cl and Co( TPPS) where TPPS = tetra( p-sulfonate ) porphyrin, were studied by
means of UV-vis spectrophotometer at 25 °C. The acidity of the system, hydrogen peroxide / catalyst molar ratio
and metal ions on the catalytic reaction were investigated. The oxidative mechanism of hydroquinone catalyzed by
metalloporphyrin was proposed, and a kinetic model was established. The results show that Fe ( TPPS) Cl and Co
(TPPS) exhibit peroxidase-catalyzed oxidation characteristics. Therefore, the use of metalloporphyrin as peroxidase
in the simulation process of hydroquinone oxidation is an effective catalyst.

Key words: tetra( p-sulfonate ) porphyrin; water-soluble metalloporphyrin; hydrogen peroxide; hydroquinone oxi-

dation; kinetics
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