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Hydroquinone-modified M esopor ous Carbon Nanospheres with Excellent
Capacitive Performance
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Abstract: Pure carbon materials store energy mainly by the electric double-layer mechanism, resulting in their low
specific capacitance. However, pseudocapacitive materials can store energy through faradaic reactions, leading to
drastically improved specific capacitance. Herein, mesoporous carbon nanospheres with 3D ordered pore symmetry
were synthesized by soft template method. Then, the hydroquinone (HQ) was used to modify mesoporous carbon na-
nospheres by hydrothermal method. As demonstrated by cyclic voltammetry and galvanostatic charge-discharge tests,
HQ modified carbon nanospheres show both electric double layer capacitance and pseudocapacitance. Carbon nano-
spheres with 10wt% HQ loading possess the highest specific capacitance of 285 F/gat the current density of 0.5
A/g and 212 F/g at 10 A/g, exhibiting excellent rate performance. This should be ascribed to the HQ molecules ad-
sorbed on carbonaceous mesopore surface by n—n interactions, which not only provide extra pseudocapacitance, but
also improve the rate performance of carbons in aqueous electrolyte.
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Fig. 2 TEM image of MCNS
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Fig.4 Cyclic voltammograms of samples at a can rate of 5 mV/s



ERR

W3R, HQ5/MCNS 2 HQI10/MCNS U #4351l
100 A1 66 mV, & B ALIE J5 s M T L ARAE,
TAEEBRANA FUBR BR8] B A A 8 B e/ o 4k
St HQ i H 20%HT, Ak [ 06 (1 50 5 15
AR5, ] e AR RN A BRI B0 A FL L B %
JrE. XU HQ #EA SHEZMITF, HEN 10%
i BE SR AR FL 2%, HQ Al MCNS 2 [f] BE K& %
S AP RIE

222 [ERFTHEFFESH

AL 70 F5CH v 2 I A A R P 2 e P
%o MW S TTELE H, MAFLERTEER MCNS 17875 H
i 2 2 1 bR A ISR I = A%, 1 B LA B R
HLZ AR PE . B2, SRR oot B A FL AR R AR
0.4~0.5 V Z [a15 — X Bl R e iR #-F 5, Ui B
FLEAT OUHL 2 2 A B IR P A A 45 6 1 B RE L
il IXANEE R SR ZMRAT— 3. BRI
bt 7 mT DU s il 28, R AR Q)R AR

C=I1At/mAV )
oAb | AR A, AR RN B], m T A R )
JRfE, AV 2SRRI R . S5, AR
MCNS. HQ5/MCNS. HQI10/MCNS. HQI15/MCNS
FITHQ20/MCNS 7E 1 A/g IR ZJE T, LA AN
243, 233. 262. 208 X 188 F/g. HQ 7> FHIR 4y
4 0.52 nm, BR/NTEREERFAFLILE, HQ 77 F
RERS HE N A FLBR RER SHE 23 1 A-FLALBR, {2 HQ 1)
3K 2 AN T 3k G b 3 FE S A B RL . ERLE, Y HQ
BN Swt%hf, HQ 73 T34 %E MCNS H R~
IBRAL, 3 RONCFL J2 FE 2R TR A 43 K« IR, #3001
HQ i i JBE F 25 38 A Re G A2 XU HL 2 FEL 2R R 4 2K,
BRI HQS/MCNSS 1 Lt FL 25 {f L 46 MCNS g A T [ o
M HQ R EM NS 10wt%I, HQ Tk it JiF H 28 1 2
AL ZE S BN N AR, B
HQ10/MCNS [ b R (E 4 MCNS A B 42 = .
{HIE, ka4t HQ AR 15wit% X 20wt%if, A
UM ALBE 5 2E, — M N AL hhin g, N 3E
K, HHAE N . 25 LATER, 4 HQ #iE
N 10wt%iT, A FLBRBER Y b HL 25 A B 4l MCNS &
EiEm, U HQ M AEMEEN 10wt%.

Bl 6 NTEAN A HELI % B T FARAT R L B 25 0
TREER . HHIRE M 0.5 HKF] 10 A/g, MCNS K]
E M 275 NP3 173 Flg, BARFEEN 63%.
A A, HQ5/MCNS. HQ10/MCNS. HQI15/MCNS.
HQ20/MCNS FIRFFZE DA 44% T5%~ T1%-
49%. HAF—KIZ, HQ #FHEN 10wt%Hi, HQ10/
MCNS HRANAE IS E N 0.5 Alg T, LR

AT, 5 A FLERTRER I B ot K H A 1 REBT O 51
1.0+ —— MCNS
—o— HQS5/MCNS
—=— HQ10/MCNS

—4— HQ15/MCNS

o
=N
T

=)
n
T

Potentical / V

S
)
T

(=)

200
Time /s

K5 FLIRE N 1 Alg N HTHI FLAL

Fig. 5 Galvanostatic charge-discharge curves of samples at a

current density of 1 A/g

100

0

1000 120
—0—MCNS —=— HQI10/MCNS
—9—HQ5/MCNS  —4—HQ15/MCNS

800 —*— HQ20/MCNS

600 -

400

Retention / %

200

Specific capacitance / (F-g™)

. . . . 0

0 2 4 6 8 10
Current density / (A-g™)

Pl 6 IR R IR B A il ) B LA AT R R 2

Fig. 6 Specific capacitances and retention ratios of samples at

different current densities

B 515 285 F/g, T HAEHRIREE N 10A/g T, L
HEWEIE 212 Flg, B A &a B RRER
(75%), ViHH HQI10/MCNS EA Fe e (s R et . X
3% B S DA n—nME 2 7 5 67 78 B 5 A FL AR T
A5 RT3 R RLAE K 2R H A 0 13 2 1 1
223 RPN

LAY 22 A8 U BT I R A 22 Y5 Rl 100 kHz~
0.01 Hz, i 7 & MCNS f HQ/MCNS KA it Pt
Bl. MWE 7 f@EH ] UG RS EARAE i X A A
— AR N B AR e W H R R R AR D L ER
fiER e M, I 7 W%, MCNS F1 HQX/MCNS
(2[5 R B AR A LAy, 3R B X e b R} 1 L 47 3
WRRAERED, X2 H T HQ AT AFEAr FLER I A AR PRI
R R BLTEL . TEARAIIX, FHPTIE R — % B
2k, BT I E X, AR BRI AR
M, A2 F, HQIO/MCNS B — & fikif
B B R, Ui AR AR . SR, HQ20/
MCNS i T HAFLALIE B SR 7> T 2, S5
BTSN, AR A



52 AL B OB

i #3335

——MCNS

—a— HQ5/MCNS
—=—HQ10/MCNS
—A—HQ15/MCNS
—k— HQ20/MNCS

1 72/02 3
30 40 50
Z/Q

K7 AR S  BEL 36 1 D e A D TR &
Fig. 7 Nyquist plots with the enlarged view of the high-frequ-
ency region in the inset for the samples

3 #ig

KK #IER HQ 73 F S s e FLAR Ik |,
Jt 1 HQX/MCNS HHb 2 At RE . AFFL R, &
HQ Btk )a, A FLaRiER i bk 543 3 7 B B4 &,
H HQ HEA M Z iy, HEEN 10wt%H, HQ
FMCNS 2 [8] B8 A 45 B FE VR R 2R o 7 FLIR 2 BE A
0.5 A/g T, HQ10/MCNS [ Lt HL. 75 =13 285 Fg, i H.
TEHMEE N 10A/g F, LA mIE 212 F/g, A
HIRE LB EREER(75%), 8 HQ Lin—nifiS
75 AR R AN AL, A RT3 S RHE K
FHUARI R AR R

S E Hk:

[11 YU ZN, TETARD L, ZHAI L, et al. Supercapacitor electrode ma-
terials: nanostructures from 0 to 3 dimensions. Energy & Environ-
mental Science, 2015, 8(3): 702-730.

[2] CHEN S, XING W, DUAN J J, et al. Nanostructured morphology
control for efficient supercapacitor electrodes. Journal of Materials
Chemistry A, 2013, 1(9): 2941-2954.

[3] GAO X L, XING W, ZHOU J, et al. Superior capacitive perform-
ance of active carbons derived from enteromorpha prolifera. Elec-
trochimica Acta, 2014, 133: 459-466.

[4] ZHOU J, LI Z, XING W, et al. A new approach to tuning carbon
ultramicropore size at sub-angstrom level for maximizing specific
capacitance and CO, uptake. Advanced Functional Materials,

[3]

(6]

[7]

[8]

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

2016, 26(44): 7955-7964.

KANG G Y, CHEN Y, L1J J, et al. Comparison on structure and
electrochemical performances of NiAl-LDH, CoAl-LDH and Ni-
CoAl-LDH. Journal of Inorganic Materials, 2016, 31(11): 1230-
1236.

WANG CF, LU S, CHEN H L, et al. One-pot synthesis and appli-
cation in asymmetric supercapacitors of Mn;O4@RGO nanocom-
posites. Journal of Inorganic Materials, 2016, 31(6): 581-587.
SUN L, TIAN C G, LI M T, et al. From coconut shell to porous
graphene-like nanosheets for high-power supercapacitors. Journal
of Materials Chemistry A, 2013, 1(21): 6462-6470.

LI X J, XING W, ZHOU J, et al. Excellent capacitive performance
of a three-dimensional hierarchical porous graphene/carbon com-
posite with a super high surface area. Chemistry-A European
Journal, 2014, 20(41): 13314-13320.

TANG H, WANG J, YIN H, et al. Growth of polypyrrole ultrathin
films on MoS, monolayers as high-performance supercapacitor
electrodes. Advanced Materials, 2015, 27(6): 1117-1123.

GAO P, METZ P, HEY T, et al. The critical role of point defects in
improving the specific capacitance of delta-MnO, nanosheets. Na-
ture Communications, 2017, 8: 14559.

MENG W, CHEN W, ZHAO L, et al. Porous Fe;O4/carbon com-
posite electrode material prepared from metal-organic framework
template and effect of temperature on its capacitance. Nano Energy,
2014, 8: 133-140.

YANG J, DUAN X, GUO W, et al. Electrochemical performances
investigation of NiS/RGO composite as electrode material for su-
percapacitors. Nano Energy, 2014, 5: 74-81.

WU J, ZHANG Q, ZHOU A, et al. Phase-separated polyani-
line/graphene composite electrodes for high-rate electrochemical
supercapacitors. Advanced Materials, 2016, 28(46): 10211-10216.
LI L, PENG S, CHEN H, et al. Polypyrrole-coated hierarchical
porous composites nanoarchitectures for advanced solid-state
flexible hybrid devices. Nano Energy, 2016, 19: 307-317.

COMTE A L, BROUSSE T, BELANGER D, et al. Simpler and
greener grafting method for improving the stability of an-
thraquinone-modified carbon electrode in alkaline media. Electro-
chimica Acta, 2014, 137: 447-453.

FRACKOWIAK E, MELLER M, MENZEL J, et al. Redox-active
electrolyte for supercapacitor application. Faraday Discussions,
2014, 172: 179-198.

LI M, DING J, XUE J M. Mesoporous carbon decorated graphene
as an efficient electrode material for supercapacitors. Journal of
Materials Chemistry A, 2013, 1(25): 7469-7476.

XU Y X, LIN Z Y, HUANG X Q, et al. Functionalized graphene
hydrogel-based high-performance supercapacitors. Advanced Ma-
terials, 2013, 25(40): 5779-5784.

ZHOU J, XING W, ZHUO S, et al. Capacitive performance of or-
dered mesoporous carbons with tunable porous texture in ionic lig-
uid electrolytes. Solid Sate Sciences, 2011, 13(11): 2000-2006.



