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A TRE AR & S — D R R R R AR K R
SR 20 B 40K 4 ML (SPL) s 381, 5 AR
SRR U, PR AR U 4 77 s AR
AR PR AT SRR I HE A 902200 scem. T
YEREN 1.6 kPa, BH2Z2 5 N 7 mm, ERK I
2200 W, A= K B[] S 20 min. 85— 4, 7F
SPL ¥ 5 i) B i L 58 o R T AR R A0k 4 NI
[T A BRI E A 2 (NDs-VGs-SPL). SPL JHifii
AR GRS, BRI A 1800 W, KHI A S
T, R A SR I T 100 scem.
P R R 2R KB E A 15, 2, 2.5 Fl 3 min
FARIA R A KRS E A B2, BEf - ilbr
it 4 NDs-VGs-SPL-1.5, NDs-VGs-SPL-2, NDs-
VGs-SPL-2.5 1 NDs-VGs-SPL-3.

K4 H SR A AL (OCA30) FRAE
FF b R TH AR . SR H CHIT60D Hifb2: TAF G
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HEARIY G gL AR T VGs B (EKEEY
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o
1.3 im

1 ORI AR 524 WA FESEM A AETAT IR, AR RS R KIZ A (a), (e), (1) 1.5 min; (b), (f), (j) 2 min;

(¢), (g), (k) 2.5 min; (d), (h), (1) 3 min

Fig. 1. FESEM images for frontal and cross-sectional morphologies of composite films under different growth times, the inset im-

ages show the static water contact angle diagram from the corresponding samples under different growth times: (a), (e), (i) 1.5 min;

(b), (), (j) 2 min; (c), (g), (k) 2.5 min; (d), (h), (1) 3 min.
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Fig. 2. Visible Raman spectra of the samples at the range of (a) 800-2000 cm ! and (b) 2200-3100 cm . (c) The evolution of sever-

al typical parameters from the Raman fitting results.

# 1 Raman GIEUEZRILE
Table 1.  Summary of the data from the fitted Raman spectra.

FE 1332/arb. units ~ D'/arb. units  G/arb. units FWHMg/cm?  D'/arb. units ~ 2D/arb. units  Itpa/Isum  Jon/I
1.5 min 0.22 0.58 0.43 90.56 — 0.17 0.44 0.40
2.0 min — 0.84 0.73 44.85 0.26 0.57 0.35 0.65
2.5 min — 0.85 0.48 34.12 0.22 0.31 0.30 0.63
3.0 min — 0.92 0.66 33.40 0.21 0.76 0.28 1.14

TE: A “— £5-5- 3R/ Raman G HH A I B 04437
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oy G(002)
nm-
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- G(002)

B3 ORE)AE & i (DR i A A, w8 3% ROk 07 7 HE 356 8 DX S8 il R 11, B B X 38 ) FET & (a), (e) 1.5 min; (b), (f) 2 min;
(¢), (g) 2.5 min; (d), (h) 3 min. (el)—(h1), (e2)—(h2) K&l (e)—(h) H 5t (I HE B 2 DX 5 19 550 I BT LA B JHAH IO 118 et oy X358 )

FFT &

Fig. 3. The low- and high-magnificent TEM images with inset corresponding FFTs from samples under different growth times:
(a), (e) 1.5 min; (b), (f) 2 min; (c), (g) 2.5 min; (d), (h) 3 min. (el)—(hl), (e2)-(h2) are enlarged images and corresponding FFTs of

the selected areas in the corresponding white boxes in Figure (e)—(h).

BT Y 25 SR — 2L

& 3(b) Ha] LR 2 2 min A 5 A4 R 2% 18
PAN/NR R, EE R 50 nm, WIf SAED /R4
WIF7 B 22 S AT SR RILE BB (002) BRI ATSTER, 60
ST R A NIA A BE AU B 3(f) iIX
1 WoR VGs KFELL 0 T 90K kLA %, )=
TR dOR [E 3(£1) F FFET SR 5 i 12 0.206
F110.243 nm, J&FT4RIA (111) 1AL T B
NI ghA el gl VGs TIHRELEE 36 T NDs
il i-carbon kL. X 6 GoRL DY JE B 0 2 A B4

B, B TR S R AR SR A, 251 Raman
S 7 AR 2R G FWHM (5 2081560 i Ji
Z—. [HISEEME, VGs BIMRES (I 3(f) i XI5,
2 Je Xt L LR IR 3(£2)), R T KRR ASHE A
28R/ 1 NDs &k (UWUXFR () FFT), Ui 1%
FEG TP K AR A 55 1S Raman YGIg A
BRI 1) 2 I 5 FWHM g {2818/, I, NDs-
VGs-SPL-2 ¥ i 1) VGs 45 F M ER DL A 2806 4
&, THE S T /02 A B EN NDs.

L K] A 2.5 min B, PR R VGs K
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229 130 nm (& 3(c)), % NDs-VGs-SPL-2 ¥
i VGs K BERR B34, P46 SAED s 4 Wi
A Z AT T AR SRR, LRI RS B 24T
eI A RAERE AN E 3(g) HXik 1(1& 3(g1))
7R VGs kB ABEE N 2 24 855808, X 2
(1 3(g2)) .~ VGs BIARFR N Z 210 A 52440
X UL IR S A KA AR 2 2.5 min B, VGs3kl
f) NDs fifoRL 26 8 9k A < 00 88 J2 78 55 e 1 7
VGs JK#, S5 1(g) HRiE S TR FZ KK
LBk 2k —2. I, NDs-VGs-SPL-2.5 £f
i Y VGs S5 22 A 5, T2 2 A

] 3(d) Bk T AR KA B R A
T BE 2 200 nm, N6 SAED SR A4 WA (111),
(220) B[] Y 22 b A7 S R AR B 22 9 1 28 (002) B
mIfTHT A, K VGs F— KK, ASTRHIEZ,
R ZZHdeZ% NDs k. & 3(h) FIIXIR 1 BRT
VGs TARPIRNAS R 4548, 4300 h 22 )2 85 25 80RI
DR SR NDs BRI 54, o3 A0 72 40 80
RIZZ 0] X 2(14 3(h2)) PR VGs RE N £ 2
()£ 28 5 SR 4 WA I AoRL 4 4, 6B NDs &k
AR AR )Z22ZH. i, NDs-VGs-SPL-
3R VGs S5 TR AE7E I RR S5 48, 4300 K
Z IR B/ E A BN NDs, 1M VGs AR
i NDs iix A AEA A3 v, JE RS sl oK 4 NI
A1) BRI ST R SR 2.

IR R, AR SN AR TS A

140

—
B
o

I v AT e 3 R/

120 PSR #H/V  (mA-cm-2)
§‘ 100 F — NDs-VGs-SPL-1.5 3.45 12.83
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=
= 40
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a
2 20+t
-
g ot
-
-
5 —20

—40
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Potential vs. AgCl/V

B R ET, 8T 3D EA B TR, XHZR
SRR AR AT T HALSE T L 1T S Ak
T PERTH ZPERE I, 14 4(a) J& R 51 NDs-VGs-
SPL HIMAEEE/RMIE R 1 M KCLRZRH 100 mV /s
FH T CV 4k S i DA st (. (LN
7). MIE 4(a) AT, CV 2R 5 30 R () PR RS
k. Bl A A B ]G fn, AR % F 57 1 Bl NDs fy
R I IR S PP A SR A 2T R IR A R
5 RE A NDs dtchifids miFEk, A5 2
M K. #E5h NDs-VGs-SPL-1.5 ] T NDs #1 52 ,
A FE VAT A58 (3.45 V), [HRES BOA W il A
JEEER), NDs $lE S G, XE DL fil 21 FL AR
D] ik 4 I 7 LA 27 SON; HH P FE LR #5381
SR ER. SFESL NDs-VGs-SPL-2 H #4178
AERZHTRES T /02 A 8 EN NDs 1
FRORZE A BT, B A B rL 3T 1 R 3.45 VI &
3.59 V, T 5t HL I E FEAKE] 1.27 mA /em?
AU, 1B NDs #5402 A s s It T A
TR, 90Kk &NA AL SEZMBRR, S50
2z RN, SRR S, iR E 0. 53
BRRIE T D /G GoREERE AL 22 % 1 (3.1 V)17
F CNWs 5 4 NIl 7 40 K B T 2% 1 J5E 7o vl 57 7 11
(2.45—2.72 V)3 A LE, 1958 E 1R T

BT A S B 20K K H NDs Bk
HAE VGs JEEF, 5 NDs-VGs-SPL-2.5 Hi # %
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Fig. 4. Cyclic voltammetry curves for NDs-VGs-SPL electrodes in 1 M KCI solution (a) and in 1 mM K3Fe(CN)g+ 1 M KCI solu-
tion (b). The inset tables are their corresponding parameters under the scanning rate of 100 mV/s.
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Fig. 5. Cyclic voltammetry curves for NDs-VGs-SPL electrodes of (a) NDs-VGs-SPL-1.5, (b) NDs-VGs-SPL-2, (¢) NDs-VGs-SPL-
2.5, (d) NDs-VGs-SPL-3 in 1 M KOH solution under the scanning rate of 0.1-0.5 V/s.
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Fig. 6. (a) Cyclic voltammetry curves for NDs-VGs-SPL electrodes in 1 M KOH solution under the scanning rate of 100 mV/s;
(b) capacitance histograms corresponding to NDs-VGs-SPL electrodes.
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Abstract

Diamond/graphene composite three-dimensional electrode has attracted extensive attention because of its
low background current, wide potential window from diamond component, and high electrochemical activity
from graphite component. In this work, by using the hot wire chemical vapor deposition method, nano
diamonds are embedded in the vertical graphene sheet on the surface of single particle layer of nano diamond by
regulating the short-term growth time to form a composite three-dimensional electrode. The results show that
the electrode exhibits a wide potential window (3.59 V) and a very low background current (1.27 mA/cm?)
when nano-diamond crystals grow on the top of the vertical graphene sheet. The composite structure of nano-
diamond crystals coated with graphite on the top of the graphene sheet is the key to broadening the potential
window and reducing the background current. With the increase of growth time, the vertical graphene sheet
grows and nano-diamond grains are embedded into the lamellae, and a novel nano-diamond /graphene composite
vertical lamellae structure is constructed. The ordered graphite structure increases the electrochemical active
area to 677.19 nC/cm? and the specific capacitance to 627.34 pF/cm? The increase of graphite components
makes the potential window narrow, and the embedded nano-diamond crystals effectively reduce the
background current. This study provides a new method for preparing three-dimensional nanodiamond/graphene
composite electrodes by hot wire chemical vapor deposition, and provides a new idea for fully exploiting the
synergistic effect of diamond/graphene composite films.
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