Chinese Physical Society

Mﬂﬁﬂ Acta Physica Sinica

. Institute of Physics, CAS

RERARHNKF BT ERHBLF TR
IAESE EM RIE KA

Preparation and electrochemical performance of nitrogen-doped graphene nanoplatelets
Wang Gui-Qiang Hou Shuo Zhang Juan Zhang Wei
5| F15 |2 Citation: Acta Physica Sinica, 65, 178102 (2016) DOI: 10.7498/aps.65.178102

FELE 7 3L View online:  http://dx.doi.org/10.7498/aps.65.178102
23y 2% View table of contents: http://wulixb.iphy.ac.cn/CN/Y2016/V65/117

A RERR AR A S &
Articles you may be interested in

BEF 0 SR AN R T A T RV A 2K IR A
Tunable terahertz absorber based on complementary graphene meta-surface
PP 2#4%.2016, 65(1): 018101  http://dx.doi.org/10.7498/aps.65.018101

A SR I SRR S RS ISR A
Study on the absorbing properties of critically coupled resonator with graphene
YE = 4.2015, 64(23): 238103  http://dx.doi.org/10.7498/aps.64.238103

B A s A AR 3R O AR 3 TR B T A BORF PRI 7T

Transmission mode of a single layer graphene and its performance in the detection of the vibration spec-
trum of gas molecular

YE = 4.2015, 64(19): 198102  http://dx.doi.org/10.7498/aps.64.198102

S - 7N 07 EACHITHT PN 7 51 25 400 PR 41 i s 3 S 1l 9
Scanning tunneling microscopy study of in-plane graphene-hexagonal boron nitride heterostructures
PP 22 4%.2015, 64(7): 078101  http://dx.doi.org/10.7498/aps.64.078101

A SR AT AR AT B B B it 5 TR R F 532t
Recent progress in graphene and its derivatives as interfacial layers in organic solar cells
Yy 24,2015, 64(3): 038103  http://dx.doi.org/10.7498/aps.64.038103


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml
http://dx.doi.org/10.7498/aps.65.178102
http://dx.doi.org/10.7498/aps.65.178102
http://wulixb.iphy.ac.cn/CN/Y2016/V65/I17
http://wulixb.iphy.ac.cn/CN/abstract/abstract66143.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract66143.shtml
http://dx.doi.org/10.7498/aps.65.018101
http://wulixb.iphy.ac.cn/CN/abstract/abstract65917.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract65917.shtml
http://dx.doi.org/10.7498/aps.64.238103
http://wulixb.iphy.ac.cn/CN/abstract/abstract65555.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract65555.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract65555.shtml
http://dx.doi.org/10.7498/aps.64.198102
http://wulixb.iphy.ac.cn/CN/abstract/abstract63908.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract63908.shtml
http://dx.doi.org/10.7498/aps.64.078101
http://wulixb.iphy.ac.cn/CN/abstract/abstract63367.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract63367.shtml
http://dx.doi.org/10.7498/aps.64.038103

) I8 ¥ 48  Acta Phys. Sin.

Vol. 65, No. 17 (2016) 178102

%

&'

FaBED

A

REEHRAEFH/BARAIH & LEB TR

KD KA

1) (bR 2B e A b, M 121013)
2) (LR TR TP, Wi 255049)

(2016 4F 4 f 22 HkF]; 2016 4E 6 A 16 HIkFIEEH )

DA s O IRORE, FERUVUUAT, AU B A T RS A0 SR AR . B T BB A AR
THIAR 73 M7 2 B MU B 185 e o T DA At R RO A 8 P BERAE RS s oK P A 8 R i A v, 225
i C—CHBEIBIR. PRI, ER IL 2 A B RE 5 7 AL s P s IR e RIS P T DL S RUR B SEBL BT R 15
2. X EOEH 7 REE D IR I BGEVE R 5 B RN RO R B A SRIG AN S, TRt v B AT e T
FLAR 27 B 5 43 BT 2% B BT 8] 4% 1) R85 2 SRR 90K P X T 30 D I g E A v T LR AL VR P, P AR 22 5 1
FAEBCBINRR B 2 SR UK B BOF i A e e, Bom I R IR S BB R a2 BB a0
SIGAR T BA LA AL MERE T T Z R . Rk, 5B 2 AT SR 40K R AT DUSE T B g e R B B F

FUAR AR 20 L 7 4 FLAW.

ST BIBAHRIBIOR, LT, b

PACS: 81.05.ue, 82.45.Yz, 82.47.Jk

1 5 7

o T B PE R I AR LR e b 3 FEL A
AL SRR AL, A SR AR N T
TG T R F . RERfif A7 15 5 e S B (i AL 5 A0
3 U4 SRR R PR A 2R PR A SR I
v RE B A R s L BRI, Sl A A0
P RFEEAT P B e AT S A% 1 E RE BN H AT BT
FER R =00 B AL AN S50 25 FLUE B X A b
BHBEAT 15 4% 2 — oA 20 42 L AL 2 R BE Y
Jrig 0=l BT R BN A RIS R, FOrER
Hhgoe R BRI 2 57 2 AR 2R B AT AR AL,
[7 IS 2 B AIORT HE T DL 0 280 P e sp® R 7
AILHURN, I REE A K BSGE A S0 A4 R0 L 3 1
Bt HUEAL PERE e R IR IEMERE 0T Ik, A
B SIE A BHE GERHE R B e F it B SO

* [E K HARIEREG (e S 21273137) BEENHEREL.
T #EVEH. E-mail: wggiang@bhu.edu.cn
© 2016 FEYIEF S Chinese Physical Society

ap

He

DOI: 10.7498 /aps.65.178102

i ARk FRL L S5 AT AT e T . RIS

H A, B35 20 S8 AG AR ) 5% 05 B2 1
AR D890 U A A B R AL
0] R RS B TR AL B BRI P 4R X e Ty vk
AEAE T B AR P SR I T SR PR 5 S
AR (RS, BEIANE & TR B A S AR
= K CU VT N (NS4 G R ST aRe
WFRLTTER T HESI T Z M R A BRI =
SC AR SCULR IR A 88 Py N JEORE, 38 7T Bk B LA
RN B S & W B R A RIRR A
Jit ] 2 B B35 2 0 SR IA 9 0K e B v O L3R T
B, BARRMERR T4 T SRS ML 2, T4 s
A5 A [ 5 AL VB0 BRI . 3K R R T 1) 6 1 2L
BT RIGDUK P BA B S BAL 22 P RE, T DA
V9 BB AR FH 8 2% R 78 4 AN e e A KB
HE FEL I R AR,

http://wulizb.iphy.ac.cn

178102-1


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.65.178102
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 65, No. 17 (2016) 178102

2 SZIER
2.1 FBIEAZRHEMKRFZ

¥ 15 g RARAT 8 A (200 H) 1500 gl (K
¥ 5 mm, B 0.1 mm) IMNEH RS, BA
B (JESIN0.3 MPa). SR K 2 a8 [ 52 21 S wt
BERL b, 8 B I S AL, A TE R S e A8 B kAT
1E SIS 18] 43 5908 30 min, WFEEIFE] N 7 h. /0
PN SRR T, BB ET ¥ KRS A8
WS A SRR AK (W 1 FTR), R A SR I ah
KA 5RARPL, A BB A B .

2.2 HRFRIUESHH

FH# B B8 (SEM, FEI Sirion 200) Al
i% 5 LT B (TEM, JEM-2011) 4341 B fh 50
FROE. FH X 52606 f TR (XPS, ESCAlab 2001-

Steel pins

Rotating

Pristine graphite

XL)) ke s B B AR, 2 61E H Ren-
ishaw inVia Reflex 3£ 3 A2 47 2 H 18 ACHE 5 iR T I
&, WOt KN 514 nm.

H 4k 27 23 #1 7E PARSTATA4000 AL 2% T4 il
T BEB A BHEYUK DU EFTO §
H 3 3 b ) % R A, K R e R AR
2 M, F AR 9 0.4 M 1-FF I -3-TR 5wk ek it
(1 M =1 mol/L), 0.3 M LiL, 0.05 M I }20.4 M
4-FUT FEMERE (1) 3- FH AR N IR V. T8 R v
HEL VA 119 F A 27 BHL B 3 B 9 FE AR T~ 3 J O 1
AT 1.

BTl % BB 2 A BIHYK A 5 R IUH
W% 95 « S E ) LR & J5, 7£300 kg/cm?
JE 73R ENER W A, 312 8 s ik r .
L1 M HoSOu ¥ N HLE 5T, UA Pt v Akt AR,
Ag/AgCLAZ MK, K = AR R IIER %
AVE L 78 8O AR IG BT FL B B 2 YK R
HPERE.

1 (TR BT ERER BB Ao S AR 0 s = 8

Fig. 1. (color online) Schematic illustration of the preparation of nitrogen-doped graphene nanoplatelets.
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Fig. 2. (color online) Schematic illumination of mechanochemical cracking of pristine graphite as a result of

pin-grinding in the presence of nitrogen.
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Fig. 3. (color online) (a) XPS scan survey spectra of the pristine graphite and nitrogen-doped graphene

nanoplatelets; (b) the high-resolution N 1s spectrum of nitrogen-doped graphene nanoplatelets.
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Fig. 4. SEM image of pristine graphite (a), SEM (b) and TEM (c) images of nitrogen-doped graphene

nanoplatelets.
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Abstract

The highly desirable properties of nitrogen-doped graphene nanomaterial, such as high surface area, good hy-
drophilicity, and enhanced electrocatalytic activity and charge-transfer property, make it an ideal candidate for elec-
trode materials used in the field of energy conversion and storage. Up to now, methods of synthesizing nitrogen-doped
graphene nanomaterials mainly include chemical vapor deposition, thermal annealing graphite oxide with NHs, and
graphene treated with nitrogen plasma. However, these methods of producing the nitrogen-doped graphene nanomate-
rials are either costly for practical applications or involving environmently hazardous reagents, and the full potentials of
nitrogen-doped graphene materials are hard to achieve without scalable production at low cost. Therefore, a simple and
cost-effective method of producing the nitrogen-doped graphene nanomaterial is desirable.

In this paper, nitrogen-doped graphene nanoplatelets are prepared by a simple and eco-friendly mechanochemical
pin-grinding process under N2 atmosphere through using natural graphite flake as the precursor at room temperature.
The as-prepared nitrogen-doped graphene sample is characterized by X-ray photoelectron spectroscopy, Raman spectra,
nitrogen adsorption, SEM, and TEM. The images of SEM and BET (Brunauer-Emmett-Teller) surface area measure-
ments demonstrate an effective and spontaneous delamination of the starting graphite into small graphene nanoplatelets
even in the solid state by pin-grinding process. The cleavage of graphitic C—C bonds by pin grinding creates numerous
active carbon species, which can directly react with nitrogen. X-ray photoelectron spectroscopy measurements indicate
that the active carbon species react with nitrogen to form the aromatic C-N in pyrazole and pyridazine rings at the
fresh broken edges of the graphitic frameworks. Both pyrrolic nitrogen and pyridinic nitrogen are at the edge of carbon
framework, which can provide chemically active sites to improve the electrochemical performance of carbon material.
Electrochemical impedance spectroscopy indicvates that nitrogen-doped graphene nanoplatelets possess excellent elec-
trocatalytic activity for the redox reaction between iodide and triiodide ions, used in dye-sensitized solar cells. The
charge-transfer resistance of nitrogen-doped graphene nanoplatelet electrode is 1.1 Q-cm?, which is comparable to that of
Pt electrode. The capacitance properties of the as-prepared nitrogen-doped graphene nanoplatelets are also investigated.
Cyclic voltammetry and galvanostatic charge-discharge curves show that nitrogen-doped graphene nanoplatelets have
good capacitive performance. At a current density of 0.3 A/cm?, the specific capacitance of nitrogen-doped graphene
nanoplatelets is 202.8 F/g. The good electrochemical performance of nitrogen-doped graphene nanolplatelet can be
attributed to its high surface area and doping nitrogen at the edge. The simple and eco-friendly preparation procedure,
low cost, and good electrochemical performance allow the as-prepared nitrogen-doped graphene nanoplatelets to be a

promising candidate for the electrode materials in dye-sensitized solar cells and supercapacitors.
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