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FABRAF), S-3400 RIFHE HL T W 34 ( H AR Hi-
tachi Limited /A ] ), Gemini VI 2390 %! [, 2% a1 i 52
I (USA 2 5eAX#R 22 7)), UV-1800 %Y %5 #h-w] L 43
SR (S EALES (TR M) A PR/ F] ), Nexus470
RIZTAM G (L E e & J1 /2 F]) , LABSYS & ikt [
AT (1 E BB R AR A F] ), Thermo ES-
CALAB 250XI Z W g i 7 BE 1A ( S& [ IS 24
A]), GC-7900 B AH 3% ( Bl R EA RBHE A
F]), GSH-0.25 L = 5 48 (i il 85 4k Tl
P BRA ]
1.2 EUFINER
1.2.1 A HY-(4-fHFEASE) huk (TNPP) 7 7
250 mL B9 = P ImA 25 mL %K 5 7 mL
FLIR , AR FE 2 s, FRZZIB N 12 mL AT 4 ¢
Xof i R VR .71 g MRS Y A R R AW,
2 h JEE IR MR EIE 60 C, A 15 mL HEE,
itk 30 min, #E 8 h JSFIMUE, I EEVE A 2 U8
Jota, JEDF 60 C T H 2 T 15 8] 5% %5 @ TNPP
Am AR

1.2.2 A AU (4-RSFEAE ) AH NP ( Co TNPP) B
£ 250 mL () = FURIA 150 mL (89 DMF, fin#k
PEHEZ MRS A TNPP 300 mg, 77 Ho% it ) 1528
&4 A 600 mg B CoCl, - 6H,0, fin# [l i 4 $F
1.5 hG, REIEER, o3, HEE FREEIER
T, UEDF60 CF HAS T 12 hy RIS g
F 50 mL CICH,CH,Cl, LAEbJE I A1, 0304, &
1% CH,OH ) CICH,CH, C1 ik 7 #E 471 4E Z Hr,
WSS iRy, ZR TS RS LU AR A,
1.2.3 fiff F 2 %9 Hummers %5 5 30 0% & AH 3 5
LTI GO #E 1500 mL = EEHIA 100
mL YRR, VKAKIBTEFE 5 min ZJRZEMA 4 ¢ 1
Bk 2 o fFREN, KU 30 min FRZEMEMA 14 g &
ERERED , PRV 45 min 2 J5 6 = FUR A VKK VB 1 ES
F 35 CHHIEKE, Hifk 45 min, ZEIIA 180 mL
258 FoK G RV 2 h JE FRIIA 400 mlL 25 857K,
FEHEIN 5% 1S AL R BB, HEDZ,
LR, FTEWRLL 5% 8 HCl Pk 2kl
KRR T 60 °C EL2s T4 24 h 152260 [F {4
Pz, B g BRI T R R, & TR
HINE 2 min JEEUH, REFS B A ICIR AL 205,
1.2.4 & AL AT B Co TNPP/GO ( DU-( 4-filg it 2
Fyghnbek) 0 FE= R INA 0.01 g 1Y Co
TNPP }%2 5 mL ) DMF, #8755 EiE#, AT S ¢
GO BY/K A EH, 50 COKIERA 5 h 5 HMaE  PE¥ .
60 CHET, 15 Co TNPP/GO. FIE4MA] W43 66
P00 B A A UK Y R 2R BN 2 mg/ 1 g(Co
TNPP/GO).
1.3 ABKEHT-(4-HEEE) HINKELZE
#4200 mL &R FI—E #[#) Co TNPP/GO A
500 mL {5 R R 28, I 0 AR 4
J&, FEEnmE AR A RN R B TR R T,
T TR R R 0.04 mP/h, OB TF
W), RERR 0.5 h RN ECH 2 mL 2245 R
b, 4 h SR . DI ER N AR, A
HH € TR0 2 B i Y R ORI L DL-1-R 2
B R SO e, LAH R TR B ik D R
WORFRAERR KO MITEH /& 8. )
MZER G, X R A Yt ug, FH ORI,
AR5, REar [l [ 24, HF T —
fEAL N . Co TNPP/GO ik 25 AR AL S A1 IR
K ER 1.
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Scheme 1 The reaction formula of ethylbenzene catalytlc oxidation
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Fig.1 UV-vis spectra for TNPP, CoTNPP and Co TCPP/GO in CH,Cl,(a), and
UV-DRS for GO, Co TNPP and Co TCPP/GO(b)
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J& Co TNPP H i (R Bk S SRR A 4 PR gl | i

1595 F1 3 110 em™ S ANIRIRHP 1 R FEHR B 06, 7E
823 cm™' Ab H U U] ¢ B Y 3k b TR IR X A, AE
3 321em™ AL A N—H i 45 4 2 06 1931 2% 7E 485,
1 00871 1 079 em™" &b 1) 4 J BURRAHY 21 A 1Y HH L3R
BT AR B IR 2R S X T GO, 7E 3 434 il
1 610 em™" &b WU 73 5% R F ¥ 356 (-OH ) Y 4 i
Bl Kt AU (C = C) MM IR 3. 2T 1 725
em” AEAIERILIE (C = 0) . 1405 em ™ AbER B4
I (-C-0-) Fl 1 236 em™" &b B4 48 35 P 1) Bk 4800 (-C-
0-) B Bk 5s , X XWCOREMIN L & A EfE
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Fig.2 FTIR spectra of Co TNPP, Co TNPP/GO and GO



166 a4 F  fiE

532 %

OYFRRLK 4y T B AR A TR AN X Co
TNPP/GO, JEANLT 1 595 em™' INWRA A BRI 3 0
K 1610 em™ GO HIRRAR XU (C = C) i 45 Iz i
#WERE 1 630 em™, X SEH Co TNPP 5 GO Z[H]

(c)

N
=

2
S
S
T T T
dV/dlog(D)/cm’/g
S e = NN
S U S S W

A‘.m—-—-—w--‘\-

10 100
Pore/nm

cm?(STP)/g
o
>

—

=3

<
T

wn
=
T

=)

0.6 0.8 1.0
P/P,

() ar-ar B AR EAE BT SR A0, X s 42 3% 1
Co TNPP T2 [H % F| GO K .

2.1.3 BET il SEM Ak M3 H1 g a #1 b AT LA
W I L AR RO 3 5 s ) R A A S5 0 2o B it 45

L SN e N
- ~

250 ree 1.6
= [
512 ]
ra
200 508 ;I’.
3 04 ./
- <] e
15003 ™~ ./I
& L 1 o
2 1 10 100 Lo®
ﬂE 100 F Pore/nm o®®
)
a®
50 . Az--"'
...:.,."Jlﬂ'

Pl 3 GO(a) il Co TNPP/GO(b) {44 L 455 151 il
GO(c) Fl Co TNPP/GO(d) FE-196 °C 1 2B 55 i 2k e FLAZR 70 A B
Fig.3 SEM images of GO(a) and Co TNPP/GO(b) , Nitrogen sorption and
desorption isotherms at -196 °C and pore size distribution for Co TNPP/GO(¢) and GO(d)

Ha T 2 R WA ) — S B R 11 )2 S Ak
A, XL SR MHKE AR S il i - A
HEMERAET GO KM, miFEEATE GO KLk
RIR, FLARFIALAA S E W RO, B3 i e

1 d AT IR R FP AL B 0.4~ 1.0 Bt fE 4k, X
U 3 R RE RL R A FLAT RL, AR E
TS 1) GO fi#k Co TNPP LLJG, Hb3 Tl
A BTN, 30T RE S T R AR S bl AR
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Table 1 Structural characteristics of GO and Co TNPP/GO

Samples Surface area/(m” - g™) Pore diameter/nm Pore volume/ (em® - g™")
GO 105.7 10.6 0.41
Co TNPP/GO 115.7 6.4 0.35

GO T2t — 9l B s, i FLAR M FL & i
FEAG, 3% AT BEZH T Co TNPP 4TI % F] GO FLiF

MBTEC T Co TNPP 4h FRA2Z5H 2 nm!™ | 4
BAFIR AT 2 mg (1 Co TNPP 43 FIHIFAZ N
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4.2 m*, XFEMAZ/NT GO 1Y, ik, Co TNPP 4
e DB 2RE T GO FHil b, 5801775
st E ST, E—LE5 R, M e

PEAL TG 120
2.1.4 X BFEOLH FRETE 1T GO. Co TNPP &
Co TNPP/GO 11 XPS illis4h -5 2 fiizn. Co TNPP

% 2 GO, Co TNPP #1 Co TNPP/GO HXELENARRFHE AR
Table 2 Binding energy of core electrons for the key elements of Co TNPP/GO, Co TNPP and GO

Existential form of the

Existential form of the key elements

XPS spectra

key elements Co TNPP Co TNPP/GO GO
Co 2p Co—N 780.1 782.5 -
Co—Cl 795.5 799.7 -
Cl 2p Cl-Co 199.5 193.8 -
204.9 200.4 -
N 1s N=0 405.8 400.3
N-C = (N = () 398.7 400.1 -
N—Co 398.7 399.9 -
C s C=C(C—C) 288.8 284.8 284.8
C-0 - 286.2 286.2
C=0 - 289.7 288.9

1 Co 2p WSS G REST IR 780.1 Fl1 795.5 eV, M
Co TNPP/GO 1 Co 2p [ 45 & E Tt i 2 782.5 Al
799.7 eV, [H#JG Co 2p 454 RERYHR B ULl Hip 7
LR, IEHE PR GO E3k Co TNPP i,
Co TNPP/GO J&, Cl 2p 454G RSN 199.5 F1204.9
eV MK 2 193.8 F1200.4 eV, HL 4545 HEAYREMR I
Wi Cl2p W F B ESm, BEZE Cl-Co [A1HY
Be Ao FE T X B 1] F €1, XX Co BYIE L P& S T
HEERT; N s FUHF455HE(398.7 eV) M 4351
/52 400.1 F1399.9 eV, Ui HH [ 255 1Y 4 J& nh ek
N 1s L= B REREAR, SR UM i) U X 4l
BT B /R R R R, B 0 ECA RS e MR R, XA
FI T OB A AL 0] ry T WSORn 3 52 A . R SR M bk ER
(1) T R A PG B L 2 2 R R A G R
M, AR, FOtRMAEHE LAETTRE RILT 3
fELA L, FLRZE B R BT A B T E R RN
TOCHE 8 5 7] AR PR T T . A R B AT
RAEE G BT 45 5 seth W 2 AT, Xl g
GO iy HL X HAE R AYSE . GO Y C 1 L 1454
BEA 3 Fh 5l 284.8 eV(C =C(C—C)) , 286.2
eV(C—O0) } 288.9 eV (C = 0)5" | 4 J@ nhmk i1y
C IsHA—Fhh288.8 eV(C =C(C—C)), TEMZ

ZInai e bl 284.8 eV(C = C(C—C)) .

286.2 eV(C—O0) F1289.7 eV(C = 0), XM [E %k
ZIEMHR T B EA A, X EE ik -
AHE A R R B 28 SR A S50 b, (A5 P opRAR &
GO 19 m BT AL RS A0 s B &5 . L 1
SEHERUEHA Co TNPP 38 3 7r-7r 2 AR BAF FH B 30 [
#HAE GO [,

2.1.5 AFFIE MK 4Co TNPP/GO HYIE /T
2k w2 R TR 150°C AR R R A K

--=--Co TNP/GO(TG) { 5
100 -\\‘ —— GO(TG)
~._\\.3% 1.8% -.'-“.-“(C}(())'(IE;CI:/GO(DSC) 14
98 N I
L9 b _
5 3
Q
h
% r A
92t ST
90 - 1 1 1 1
200 300 400 -

Temperature/"C

Pl 4 Co TNPP/GO Fil GO [T | it il £k
Fig.4 TG and DSC curve of Co TNPP/GO and GO
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Fig.5 Changes in conversion rate and yields (ketone + alcohol) with reaction temperature, pressure, time,

and amount of catalyst for the first run in oxygen oxidation of ethylbenzene over the supported catalyst

Reaction conditions; 200mL ethylbenzene, 0.040 m® h™" airflow, and 4 h reaction time

TSI 77 2R ARSI 7E 150 °C 22 T 5 Uik B T v 2 i
W R 7E 150 C AR K, 25 iR
Th e R, R R T e A il 2 R A Y
R P S (b)) SETEANI RO R, A A
NI AL ORI PERE , SRRSOV R IR 0.8
MPa, RO LEIE 1 25 F T 09 245 Al 3 K e i
AR B dre iy, PRI SN s g A P37 P B i 2%
REARR, ot R g ol B A0 s — /N o0 [ 38 7
GO L1142 JE MRS AL BRI 16 1 P 5 () 2
B AT P X AL A S L B R, S AT
HIAF] 0.25 g IO IEPEA BB, RS 4R 2k R
HEALT 1 i ZORER AR S A = A R I, X AT
— BRI G B S (d) BT ikt

=R AFAIE- 3 Lo N IR OR (X = R A A VAT
PRI, WG SN I HEAT, ARG Ak 2 T et i
RERSEIN, HRNZE 3.5, 4 h PR P AR K 2
AREEARIGRANS | UL LR N 173 3.5 h LU,
Rl 7= W4 22 1T W 5 e 3G 4 A2/, 25 1 30 i S iy
BRI, RN S I, 725 i B AL
() A PR, A NI (8] 2 7E 4 h. 25 L
&, Co TNPP/GO Ak A 1k & 4 1Y f5c 4 [ I 45 A
e RNREE 150 °C | )N J74 0.8 MPa ., {4k
R 0.25 ¢ AU REFE] R 4 h.

2.2.2 Co TNPP/GO 5 Co TNPP 1HHE H 4% PIES
3 N, fERAEEAMA RN 2T, Co TNPP/GO R
HEEMLAT AN TR 8 K, FRMIL bR
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Table 3 Comparison of the catalytic performance of Co TNPP/GO with that of

Co TNPP under the optimal reaction conditions

Catalysts Recycling Conversion Yield Selectivity/ % “TON
times /(mol%)  /(mol%) -on -ol -al -ac -es /(x10°%)

Co TNPP/GO 1 25.8 16.3 516 117 1.6 144 207 3.1
2 24.2 16.5 528 155 28 121 168 3.1

3 24.7 17.1 559 135 20 120 166 3.0

4 25.2 17.2 546 134 20 120 180 3.0

5 23.6 16.2 516 173 31 138 142 3.0

6 24.1 16.3 516 158 24 141 161 3.0

7 24.9 15.8 478 155 3.1 148 188 3.1

8 23.4 15.0 538 134 25 126 177 2.9

Average 24.5 16.3 525 145 24 132 174 3.0

GO 1 17.4 10.1 394 186 1.9 199 202 2.1

Co TNPP 1 19.2 13.8 598 119 29 121 133 2.4
no catalyst | 15.4 9.7 £25 197 18 162 188 1.9

catalyst

a. TON = catalyst turnover numbers; -on: acetophenone;

phenylethy | benzoate.

PR I S R M S AL BICRR AR 22 BN X 1
TEIEZAT ] 8 YA A kit B b, #RREORRR RAF Y
PEALPEREEEACAAS | i H YL Co TNPP fRMiEAL IS 1
PR R AR | B A R R A
HALBUY R 24.5% | 16.3% , 67.0% F13.0x10°. %
Uil Co TNPP/GO WIELIERENL T Co TNPP. X &
i Co TNPP [H# %] GO Z )5, AW IET Co
TNPP [ R AR E AT 0. BN EZA . GO [
5 AR TR IR TR PR Co BRI T4 A
e, P23 o S AR ECAE FH 0% 1 2 A FH 2 il i -
L, TR ERAL, IR, X ST
Co TNPP/GO HEALTE AL /0 T HIRE I 1G58, AT
A AR IR = R | ORI T
FEE 0 L 3w B e i 15.3% |, 21.6% 1 20%.
PRI [ A, A5G0 P bk r 7 280 o 46 8
MITECALVE PGSR, DTS AL nh bk iy Fs e v, 3L
HAr s i 8 . Hak, W#SE, IR
FARAIE I, Ao 0 7 28 A% 45 P bk ik 4L o3

-ol; 1-phenylethanol; -al: benzaldehyde; -ac: benzoic acid; -es: 1-

IEA A THILR, SRS . iR st
KU GJEINRE 2] GO S5, AU ERETRS 2
i Hoad n] 2 E SR, 3 1 e M i ) 512
PRI

3 &t

WL ar-r B A EAE X, #f Co TNPP []
BE|— N EABOR R LR GO L, AR
e

1) [ A SRR A A 6 P O Y TE FEL M v
W BRI 6 AL S8 T O PR RESY 5, S ECHAEAL 16 0
s 2) [ 28 Al bk e ) R0 e B R T Y
BCAAE ST M5, ARG BCALAE RS E RSSO
AP E ARG (RGN 3) Al RER i — 2
[ AR GO > T IR it — 2 porl g, Bl SR
[I1E28: 5/ N S Ll o S =1 € L U S 5 S
AR A AT P O, T2 5 T [ 2 Ak
FIBIHEALTE . S, X ar-ar B A B AT O il
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The Performance of Catalytic Oxidize Ethylbenzene over Cobalt
Tetra ( p-nitrophenyl) Porphyrin Supported on Graphene Oxide

YAN Chao', HUANG Guan'", GAO Yu-gui', ZHOU Zhi-fu', GUO Yong-an', WEI Hua-ling’
(1. College of Chemistry and Chemical Engineering, Guangxi University, Nanning 530004, China;
2. The people’s hospital of Guangxi Zhuang autonomous region, Nanning 530021, China)

Abstract; For mimicking the catalytic performance of cytochrome P450 enzyme, enhancing a reused catalytic effi-
ciency of metal porphyrin, the cobalt tetrakis( p-nitrophenyl ) porphyrin( Co TNPP) was supported on graphene ox-
ide (GO) via -7 stacking interaction, forming a biomimetic catalyst material (Co TNPP/GO). The supported cata-
lyst was characterized using Ultraviolet-visible ( UV-Vis) spectra, UV-vis-diffuse reflectance ( UV-DR) spectra,
Fourier-transform infrared ( FT-IR) spectra, Brunauer-Emmett-Teller surface areas ( Sg.,), X-ray photoelectron
spectroscopy ( XPS) , Scaning Electron Microscopy (SEM) and Thermogravimetric Analysis( TG) techniques, and
was used for catalytic oxidation of ethylbenzene with O,. 0.25 g of Co TNPP/GO could be reused 8 times for the
ethylbenzene oxidation, which gave, on average, 16.3% yields of ketone and alcohol, and 24.5% ethylbenzene
conversion, under the optimum oxidation conditions of 150 °C and 0.8 MPa.

Key words: cobalt tetra ( p-nitrophenyl) porphyrin; graphene oxide; catalytic oxidize; ethylbenzene



