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Electrocatalysis Performance of Reduced Graphene Oxide Wrapped
Ball-Type Metallophthalocyanine for Oxygen Reduction Reaction

TAN A-Min' HE Yang' LIU Bu-Lei' YANG Zheng-Chao® TIAN Min' ZHANG Gai™"'
('School of Materials and Chemical Engineering, Xi'an Technological University, Xi'an 710021, China)
(*China Petroleum Dushanzi Petrochemical Company, Karamay, Xinjiang 833699, China)

Abstract: There are some key problems for oxygen reduction reaction (ORR), such as the slow kinetic process and
high cost of Pt/C catalysts. To overcome this problem, the ball -type metallophthalocyanines containing aldehyde
substituents M,Pc,(TA), (M=Zn, Co, Fe) were synthesized. The metallophthalocyanine was then supported on the
reduced graphene oxide (rGO) surface to obtain a composite catalyst M,Pc,(TA),/rGO using the “7 -7 assembly”
technology, and the morphology and microstructure were characterized. The results showed that the metallophthalo-
cyanine was loaded on the surface of rGO through the “7r-7 stacking” effect, and the agglomeration phenomenon of
the metallophthalocyanines was prevented. Cyclic voltammetry and linear sweep voltammetry were used to evaluate
the catalytic activity of composites for ORR. The results suggested that rtGO promotes the transfer of electrons in
ORR and effectively enhances the electrocatalytic activity, based on the synergistic effect between GO and ball -
type metallophthalocyanine. The catalytic mechanism reveals that the ORR is a four-electron electrocatalytic

process. The catalytic activity is related to the d electron of the central metal. The electrocatalytic activity test was

displayed in the order of Fe,Pc,(TA),/rGO>Zn,Pc,(TA),/rGO>Co,Pc,(TA),/rGO.
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1.1 EFERFIRILEE

PR L FE 3, 4- R R R (BT bz T30 A PR
N A-BEFEAR 2R U (BT TR A BRA ) W,
N-— B 3 H B (DMIF, 1 5 Ak 2 3550 s 03 AT BR A
A]). Zn(OAc),-2H,0( I 5 K5 40 1k T 41 R 2 7).
Co(OAc), 2H,0(_I A5 4 Ak T4 FR A F]) . Fe(OAc),-
2H,0(_ M AE Al Ak T4 PR R ROR C IRl IR 40 (D
MEZEABAL TABRAA)1,8- &4 —3F[5.4.0]+
—fife-7-% (DBU, BTz T3 7)) IR H iR - —(3,
4- T FEIRIL)EE (A H) ZE GO MR 3 A 2R MR
HABRATH),

AR AL FE X S AT AL (XRD , 72 5 41 & 52 D2
PHASER # , Cu Ke 58 54, A=0.154 2 nm, & HLFE
40 kV,EHLIR M 100 mA, A EE N 4 (°) -min™,
0 [l 26=5°~80°) . £L 4GS (TENSOR 1T, 12 =
Bruker Optics, Ml {24 3 800~400 em™) ., 55 #h Af
UL 43 66 BE T (UV-2550, H A B HEA &, w758
DMF, il 2 Y& [l > 200~800 nm) . 1 4 Hi 5% (SEM,
Quanta 400F, JEF 3% L F A A, R 5 kV) B ST H
BE(TEM, JEM 2010 8, H ASH 24 w], Jins i & 100
kV) X S 2Ot i 7 RE 1S AL (XPS, ESCLAB 250, H A
B FA A, Al Ko, L 1 486.6 eV) AL T AE
3l (CHI660D , | Ji& A {3 e A7 BR 2\ ) 5 Jie 2 151 Sk
e (AF-SMRCE, Pine Instrument Company) . 3% fifc F
(CHI104, I i lRAEALERAT IR A )

1.2 M,Pc,(TA)/rGO L FIHI& B
1.2.1  ERIE 4R M,Pe,(TA), A A

TSR R - (3, 4- AU R I Tk 11 1) 5
HF 14.48 mmol 4-f FE LR — H 5 F1 7.24 mmol 3, 4-
TREEFEW RSN A 30 mL JC/K DMF 1, T 70 °C N,
SR B2 he BEJE L INA 7.24 mmol T 4 A9
K,CO5, AkEE N 120 ho 37N 45 0, 8 RN R A
JIAE] 100 mL 7KK PGB FE | B0 W S T vE I
TR AR, 77 2.600 0 g, 77 38 74% , 1
FRT 150 Co JTR 5T 4% C,.H (N, O, 1155 B B3t
8 (%): C 70.77, H 2.58, N 14.35, S8 {H (%): C
70.43,H 2.47,N 14.26., IR(KBr,cm™):2 231(C=N),
1 595(C=C), 2 937(Ar- CH), 'H NMR(600 MHz,
DMSO): 8 9.58(s, 1H, aldehyde - H), 8.09~7.98(d, J=
7.64 Hz,2H, Ar-H), 7.95~7.88(d, J=7.52 Hz,2H, Ar-
H),7.61~7.57(s,1H, Ar-H),7.53~7.39(m, 4H , Ar-H).,

7Zn,Pc,(TA), 148 - % 0.77 mmol ¥R FEHEH
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g - — (3, 4- — FUAE R ) BE | 1.4 mmol Zn(OAc),:
2H,0.0.2 mL. DBU 7 mL 1E BRI 1 S5 1
RS 180 CARME TR 18 he BRHIE
T EHR AW A R EE T B0 IR TONE ,
B LB SRR IR BRI EOR 15 B B AR )
KRRV !V =8 2) 50 B I BAR 9,
ek 76 R 195 0.210 0 g IRGE A A, 77 R 42% 15 55,
KTF 300 Co TCE T CuoHouNOZn 1153 1) #HE
{5 (%): C 64.99, H 2.84, N 13.18, Sl (%): C
64.87,H 2.73,N 13.03, IR(KBr,cm™):2 959(35 7 ji%
C—H),2 945(& Wil C—H), 2 838(C—H), 1 590(C=
C), 1 616 (C—O0), 749(Ek 7% 7)., 'H NMR(600 MHz,
DMSO): 6 10.08~9.99(s, 4H, aldehyde - H), 8.26~8.23
(m, 1H, Ar-H), 8.15(d, J=7.1 Hz, 1H), 8.10(dd, J=15.1
Hz, J=7.4 Hz,6H),7.99(dd, J=8.4 Hz, J=1.9 Hz,4H),
7.94(dd, J=6.4 Hz, J=2.2 Hz, TH), 7.88(t, J=3.2 Hz,
4H), 7.59(1, J=7.6 Hz, 4H), 7.55(dt, J=7.7 Hz, J=3.9
Hz,4H),7.50(dt,J=8.2 Hz, J=4.1 Hz,5H).

Fe,Pe,(TA), i) il £ : % il £ 13 F 55 Zn,Pc,(TA),
FHARL, SR Y 42 8 5 0 Fe(OAc), - 2H,0, F=4) o s 4gt

H
OH ON CN

0 + - 50
OH CN

J rﬂ'-ﬂ' assembly

M,Pc,(TA),@rGO

TR, 7715 0.260 0 g, 7% 52% , 4% 15K F 300 °C.
JC E o0 M1 4% CuHL,N,OFe i1 8 A9 B8 {4 (%): C
65.73,H 2.88,N 13.33, L5 (%):C 65.66,H 2.79,
N 1321, IR(KBr,cm™):3 025(3% % i C—H), 2 870
(B& W % C—H), 2 892(C—H), 1 605(C=C), 1 597(C—
0),750(Bk &35,

Co,Pc,(TA), B il 7 « iZ il £ 12 2 5 Zn,Pc,(TA),
FARL, K 4 JR ER 4 Co(OAc), - 2H,0. F=H1 iR
TR AR, 75 0.190 0 g, 7% 38% , 45 5K 300 °C.
JG & 5 M 4% C,HuN,OCo 3 54 i B8 i (% ): C
65.49,H 2.87,N 13.28, L5 {H (%): C 65.36,H 2.79,
N 13.17, IR(KBr,cm™):3 040(3% % i C—H), 2 930
(BE i % C—H), 2 842(C—H), 1 598(C=C), 1 603(C—
0), 743(BKE 35
1.2.2  M,Pc,(TA)/rGO S5 AR i 45

¥ 37.5 mg GO 1 110 mg M,Pe,(TA), #7573 8T
2.5 mL DMF o 45 B AR A I W% 7 2 50 mL X
M A 20 mL DMF, 8% A &S, 100 CK 34
FZR 24 ho PRI T DMF  ZE48 7K I 2 B e 4 5
A B G M,Pe,(TA), /GO

CN

I X
(0] CN
()\©:CN
CN

M,Pc,(TA),

BT M,Pe,(TA)/GO fiEAL T il £ 7 72
Fig.1  Preparation diagram of M,Pc,(TA),/rGO catalyst

1.3 BEAFEENR

82 AFEREE ORR Ak 76 P 38 1 15 48 i = F il
TR R A AL 2E T AR, B, Do s A i il o T
VR AR, VR R H SR LR R 2 L A, 2 A ot
B, 0.1 mol - L' KOH ¥ 3 0 HL i . KRS, fiff
FHIR I )45 Sk AR F A, B 0.3 pum 1) - SR AL AR

RTBER b I VEZE K, 1% IR 87 I8 B AR Xt
ML A TG o FH 25 B0 oK op e A B 2 18T, ¥ AR
SRR A /D i X B KRN B (8 B b rh ARk
P VE 2 min, FHASR T4 M o KA #0030 pL
1 2 mg - mL~ A0 S5 7K 24 50 T U 7R B ik FRL A (AR
3mm) [ ZEAMT R
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CV MHAAE 0,55 N, A1 0.1 mol - L™ KOH %
HEAT, AR g 5 mV s, B T B 7E-0.7~0.4
V(vs SCE)Z [a] o LSV A O, 4R F1% 0.1 mol - L™
KOH ¥ 47, A% 34 1 600 remin™, 4 2
FHSmV s, AL EFE-0.8~0.2 V(vs SCE)Z [A]

2 GRSt

2.1 M,Pe,(TA)/rGO E 5RO

GO J Fe,Pc,(TA),/xGO Y SEM £ K TEM [ U £
2. HEIRTEL, GO R R G A, B AR =2 1]
FEAE T RENLA TR IS, T B T 87 1 2R 2

¥ anfE 2b fioR , B 538 Fe,Pe,(TA),J& , i GO 45
FRAESH O, B A M R LB 4k R 454 . GO /Y
TEM &1 2 B H. 36 1 S 48 451K (18] 2¢), BRIE 4 ik 75
TR 43 HOAE vGO 1 (] 2d). [RIAsE, ol LA H 4
J& Tk 3K =2, GO Y J2 MR 45 4 B A R
XRD FAEZ5 it — 2L R W (& ST, Supporting informa-
tion), M,Pc,(TA),/rGO & & #1 B 7E 8.5° 4k 1) GO FE1E
TSP 2% A 10.7°40 H BB AT 5506, BERH GO 75
18 b B v g A T 1G O , 2R 45 K A Bk 4
MR,

K2 (a) GOFI(b) Fe,Pe,(TA) /GO B G A EHI SEM [El; (¢) GO FI(d) Fe,Pe,(TA),/rGO 54 EHK TEM £
Fig.2 SEM images of (a) GO and (b) Fe,Pc,(TA),/rGO composite; TEM images of (¢) GO and (d) Fe,Pc,(TA),/rGO composite

2.2 EINATISEIE S

& 3 NERIE 42 JRBEHEE M,Pe,(TA), Zn,Pc,(TA),/rGO
DI GO UV-Visi& &l . 1Kl 3an] A1, M,Pe,(TA), )
TEE BT BAT (K ST, 290~350 nm) & Q 7 (600~
700 nm)REAE IS0 . LA, Q Ay REAE I S 0 1 B
S T IR PR AL PE 25 4 o i D g o LA
(HOMO) R AE B F AR A i 48 18 (LUMO) , 3 W k25

PR, MR 3b 38 1] LLIER £ GO 7 600~800 nm
Rb VA W I A W SO B 4R 4 JE TIRSS JS L Zn,Pey(TA),
F9 Q L ST 37 8 DA 660 nm £1 % % 683 nm, W&
BB Z B a7 -ar A5 BN T R 53] 1) 23 [l 7
RELALON , BRAR T TR 0 L H 22 %% B2 RN 23 [R] 4347,
R T m B RH 3N, 45 Zn,Pc,(TA), 1) HOMO 5
LUMO $L i Z [ BT AR 7%, Q HP MR T e A= 2185 .
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Fig.3 UV-Vis spectra of (a) M,Pc,(TA),, and (b) Zn,Pc,(TA),/rGO, Zn,Pc,(TA),, and GO
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(d) Fe,Pc,(TA), Fll Fe,Pc,(TA),/rGO [ N1s % 4]
Fig.4 (a) XPS survey spectra of M,Pc,(TA),/rGO and GO; (b) Fe2p spectrum of Fe,Pc,(TA),/rGO; (¢) Cls spectra of

Fe,Pc,(TA),/rGO and GO; (d) N1s spectra of Fe,Pc,(TA), and Fe,Pc,(TA),/xGO
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ULEH Fe,Pey(TA) BN 118 F vGO B, GO Clsils AR pEAiG M. OZ T 0 408 Fer e Ik 5
(& 4c)7F 284.78,286.78 eV AL 43 B EL T C—C/ AL 137 Th A Bl T H 5 R AL, 76 AL iR )5t
C=C il C—O M AEIE , & A B8 Fe,Pe,(TA)/GO B B Ll Fe B ff ORR HA AR A1 HL
1) Cls G, C—N 255 e BUAE 285.28 eV Ab 1T #o 204071l Se . 5d AT, Fe™/Fe™ (<0.11 V)Y
H C—O#M%5 G R COK0.30 eV, FRIALEKING] A JFHLA L Zn*/Zn™ (-0.13 V)F1 Co™/Co™(-0.16 V)
iR GOBGARJFE R v GOP, 2043 BT NIsils RIS B & o S5 SRR W, B 48 Bk M,Pc,
Kl ([ 4d) 2 B, Fe,Pey(TA), 1485 ,C—N 5 C=N  (TA), #0488 &+ M1 d HL 7 149 B & 52 1 M,Pe,
Siane/N, RMUEEMET GO 58 mELFE ZH (TA)AGO B & MR R R ARGt S Z N &

FELETREUI ar-ar VR P, M,Pc,(TA),/rGO fifk. ORR 47 14 I >4 Fe,Pe,(TA),/
24 BAZEER rGO>Zn,Pc,(TA),/rtGO>Co,Pc,(TA),/rGO
€l 5a 4 Fe,Pc,(TA),/rGO Fl Fe,Pc,(TA), 1E O, 1 Fl 1E O, 7 F1#4 0.1 mol-L™" KOH ¥ & 11 0.1 mol-

1 0.1 mol-L" KOH H1 iy CV #h £k , K T 1, 55 L' KOH+3 mol-L™" CH,OH & &, 20 i3k 1
Fe,Pc,(TA), M L , Fe,Pe,(TA),rGO FFGA JFRIE A EE  Fe,Pey(TA),/xGO Fll PYC 1) CV HHZE , WA Hf F sk
1E X6 0 U6 L I 9 FE R, B Fe,Pey(TA) /GO Z A48 BE, R 100 mV s, 55401 6 i . ME 6a 1]
BLEAT LS 19 ORR fiEfbMEfE GO REA IR ™ DA, PUCHELFIFE-0.07 V I L T H B A0,
Fe,Pe,(TA), BUHEAL 11 . H1 & Sh AT AL, Fe,Pe,(TA),/ O, 38 JEL I ity R UL %5 5 LG AR I A B B HEG , 26 B Pu/C
rGO fEAL T Fe''/Fe B 4008 I HL A7 (-0.11 V)L i Ak 70 A9 it Y 14 BB 25 ; Fe,Pe,y(TA)/rGO & & M K}
PY/C A A6 57 1Y 48038 B i 7 (-0.15 V) BEOE R BT FE I ACHT B S A BB Y PR AR Ak T EL4RU A i
Fe,Pc,(TA)/rfGO £ 0.1 mol - L' KOH R I M &y MWK & AR W A8 4k, e i Ao Hh 3AR /N i 1) 17

2.5 35
(a) — Fe,Pc,(TA) xGO 3_0.-_ (b) — O,-saturated

——FePe,(TA), 25}

— - = N,-saturated
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E5  (a) Fe,Pc,(TA),/rGO Fe,Pe,(TA), H CV i1 Zk; (b) PUC . (c) Zn,Pcy(TA),/tGO (d) Co,Pc,(TA),/rGO 1t O, I N, 1 il
#0.1 mol - L™ KOHVF i1 CV £k
Fig.5 CV curves of (a) Fe,Pc,(TA),/GO and Fe,Pc,(TA), in O,-saturated 0.1 mol+L™" KOH solution; (b) Pt/C,
(¢) Zn,Pc,(TA),/GO, and (d) Co,Pc,(TA),/GO in O,-saturated and N,-saturated 0.1 mol-L."" KOH solution
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B(E 6b), ks R E Fe,Pe,(TA)GO E A HEAL
FEA 5 09 F EEPERE |, Fe,Pey(TA)/iGO A B
& PYCAHEALFI T DMFC Hr .

1E O, 11 1 8 0.1 mol-L™" KOH ¥ W  Xf
Fe,Pc,(TA),/rGO ,Fe,Pc,(TA), M i H P/C #E45 T LSV
Mk, i — 2D W58 52 G MR ORR AL TS P, 45 1
WE7FR. B 7a7e . Te 5390 AR G 3R 1) LSV
Mk, I 7g M HRHE 1600 remin™ #4553 F () LSV
2o IO, HLIE B ()35 i RO B R
BRI (J) o Y 4h, Fe,Pey(TA),/rGO Y IR B 7
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5 o™ 1Y 5 22 B (0 2 e I8 35 1) £ T ), e B
CTHEA RMEE R, ERFEEA T EE W
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It R RS L RO AR

ORR J i 32 72 v ) H - 5 A 40 n (B AT 5 K-
TR  #AE Koutecky-Levich 2 A, J 530 /)
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Fig.6  CV curves of (a) Pt/C and (b) Fe,Pc,(TA),/rGO in O,-saturated 0.1 mol-L™" KOH solution and 0.1 mol- L' KOH

solution with 3 mol-L.”" CH,0H
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