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Fig.1 Schematic diagram of carbon and nickel inlaid target

#*1 Ni-DLC EA4EERAMRIE

Table 1 Deposition process of Ni-DLC composite film

lon  Sputtering Duty Frequency/ Gas flow/ Target Time/
source/A bias/V ratio/ps Hz mL -min? bias/V  min

1.5 700 100 100 80 150 120

1.2 HREMEMERERIE

XRD (XRD, PhilipsX, PertPro, CuKa) ¥
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Fig.2 Schematic diagram of non-enzymatic glucose sensor
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B8 o 7 O £ A PE 1S, &1 4 9 Ni18-DLC & & T
Ni JCE 40 (mapping) LL & SEM # %, MEH
AT DA H Ni g6 2R 78 3 3R T 35 5] oR B AT T 1 )2
JE 4174 483 nm.

3 ANF Ni & & ¥ Ni-DLC £ & MK AFM F 1 357
Fig.3 AFM surface topographies of Ni-DLC composite films with different Ni contents: (a) pure DLC, (b) Ni6-DLC, (c) Ni12-DLC,

(d) Ni18-DLC, and (e) Ni24-DLC

4 Nil8-DLC 5 & WM Ni Jt 3 i 40 47 fl SEM L 1fi %
Fig.4 Mapping of Ni element (a) and SEM section image (b) of Ni18-DLC film
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Fig.5 XRD patterns of Ni-DLC composite films with different

Ni contents
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FIBERE Ni & 2= AR G A E DL 19/1g B3R 4L

Fig.6 Raman spectra Gaussian fitting diagram of Ni-DLC

composite films with different Ni contents (a); G position

and lg/l4 change with the increase of Ni content (b)
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Fig.7 XPS spectra of Ni-DLC composite films with different Ni

contents (the illustration is a Ni 2p core spectrum)
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Fig.8 XPS C 1s spectra of Ni-DLC composite films with

different Ni contents

*2 AENHEEMNEH DLC BEEFHNIZE
Table 2 Nickel content in DLC film corresponding to the

number of nickel columns

Number of nickel columns
embedded in the target/PCS

Ni content/at%

6 10.4
12 13.5
18 15.3
24 20.2

2.2 Ni-DLC EEBREHEEARPHBEBUFETA
9 4 5 AN Ni &1 Ni-DLC B & HIRAE
1 mmol/L %i%j %% & 0.5 mol/L ] NaOH V& & v ik 1 1)
100 mV/s 3 T BRI R 22 th 42, A ] DUE 4l
DLC ¥ 15 F, A% 6 1 2 0 v 0 b e L BB 2 10 AL
I R, B T 4l DLC R H B 6 B AT B 1Y) Ak RE
590 M%ECT 46 DLC MR A%, Ni & &=8UKH Ni-DLC

A, B Ni6-DLC 5 & H b J I H ol 55 1 A4k ik
J U, (HUgAE FLUR A PR AR . B Ni & & i — P 1Y
I, Ni-DLC &£ F R B H 5 20 1 48010 08 Ji e I vy
I E IR, R Ni-DLC & A F AR B8 1R & Hh s B
Xt A R A AL k. B TP
Ni+20H™ — Ni(OH),+2e (1)
Ni(OH), + OH™ — NiOOH + H,0 +e" (2)
NiOOH + glucose — Ni(OH), + glucolatone (3)
LR R IE AL 2 (AE)) AR EALIE IR B K A
(I 5 FERE, AE, ZEMH /N R IR 3 AR iZ AL IE )5
Jif“ﬁ’]fﬁ%(ﬁfitﬂm Ni24-DLC H & Hi% T Ni
HEME, Ni &Eh 7€ DLC MR ™ & 7 %
PRS2 7 ) A 20 T A AR A B S IO 37 e 7 ik 2> 5 ol A4
A3 1 FEAR, B 3e RIS il LA H - Nil8-DLC
B E WA E R/DEAE JFIEN %2 (AE), FEFETE
T&J8 Ni 7540 1E AR I AT DL 24 OB P A7 4
THE M A EPERY, K 3d JEBLT Nils-DLC E&
PR 2 THT N1 23 A A 25 H At B A B 38 2,
5 T K R AR R BE 2 16 S AT A5, R IZ Ni & &R
[f] Ni-DLC & & i A i 1k 35 M e 4F - I K X
Ni18-DLC 7 5 L A% ) FELAL 2 PR BEAE 3 — B 90
10a 4y Ni18-DLC & & Hitl#£ 1 mmol/L % %] B
J 0.5 mol/L ] NaOH & #HWR P AR fE R T
(10~200 mV/s) HIfEIRAR 22 il 2, Bifi 2 31 i 1 2 1) 1Y
TN, S8 I TG ) Wi PRI 4t A E R 4R T, 1K 10D
N Ni18-DLC 5 & Al 1 06 DL K 30 J5 e 1Y) 0 {E Fl ¥
S HERNE R ik, LG Rk
e D 3 Ji U 1) W (L P 9L 235 P 5 0 T R 1T T AR 2

0.004 — Pure DLC
o — Ni6-DLC
£ 0.003} =B, Ni12-DLC
< ; —Ni18-DLC
%» 0.002 + —Ni24-DLC
‘2 0.001}
<5
S 0000} e
o
S -0.001}
O

-0.002 -

-0.003

0.2 0.3 0.4 0.5 0.6
Potential/V vs. SCE

B9 AIF Ni &2 Ni-DLC B4 HAR7E 1 mmol/L 7 % bl &
0.5 mol/L ff) NaOH i & ¥ ' f1 100 mV/s $3& T HI7E
AR 22 i 2%

Fig.9 Cyclic voltammetry curves of Ni-DLC composite

electrodes with different Ni contents at 100 mV/s
scanning rate in 1 mmol/L glucose and 0.5 mol/L NaOH

mixed solution
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Kl 10 Nil18-DLC & & HiKTE 1 mmol/L #i%j i &2 0.5 mol/L

NaOH R & H A FE#ER T (10~200 mV/s)

A8 B AR 22 1 22 RS A 0 DA RS i e ) U A L U
T4 2 0T 7 MR A 0L T 2

Fig.10  Cyclic voltammetry curves of Nil8-DLC composite

electrode at different scanning rates (10~200 mV/s) in 1

mmol/L glucose and 0.5 mol/L NaOH mixed solution (a);

fitting curves of the peak current density of oxidation peak

and reduction peak and the square root of scanning rate (b)

fWEﬂ?E"Jfﬁﬁa‘%%, B2 (4) iﬁ (5) ﬁj\”Uﬁj’fL@cﬂP‘

mﬁﬁﬁéi%réﬁ%zo Ehlkﬂuﬁtlj Ni18-DLC EQEM&
fity B AW e 7 3 R 2 s o 290,
|pa(mAj _1.2740.446V7 [(mVIs)*?] (4)
cm
|pc[mAj 1.24-0.289v° [(MV/s)¥2)] (5)
cm

N TRE Ni-DLC E & B TH PR E (c)
A It R, K 11a 4 Nil8-DLC & & g7
ANFRE (1~5 mmol/L) ) 25 4 5 v P i A5 FR AR 22
M2k, MR AT DLE Bl A 2 0 A OAR FE ) 3
AL R B 2 B0, Btk e BAS %0 Ni-DLC
ST FASO T 2 B B I AR A LR B, B 11b
AL I FLIR 2 SR A A ORI A i 4, B
HRR] L, FE A BEVR BE N 1~5 mmol/L Y, T LI S
WK R LR R, Wk (6) Fin, REEAN
796 pA {mmol/L) * e¢m?.

0.006
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y=7.96 X 10x+0.00163

Kl 11 Ni18-DLC & & HUMRAE A RV LA & B & 0.5 mol/L #Y
NaOH RA W LL 50 mV/s 13358 % T MGk %2
B 23 A1 S W6 B AT 5 T 5 T 60 AR B2 40 et
Fig.11  Cyclic voltammetry curves of Nil8-DLC composite
electrode scanned at 50 mV/s in different concentrations
of glucose and 0.5 mol/L NaOH mixed solution (a);
fitting curve of oxidation peak current density and

glucose concentration (b)

I, (;“r:) 1.63+0.796¢ (mmol/L) (6)

R PR AR 3 2 2

LOD=36,/m (7)
Ho, o, NIELRIARAEMRZ (1.33%107Acm™®), m A
REE, 5175 LOD=0.5 pmol/L (SIN=3). % 3 A
Ni-DLC 5 & A &5 At 35 iy 15 JB6 25 F Al A PE BB T L
ATEAFE H Ni-DLC 5 & ra Al A 5 (R Al BR DL JZ &
1) R A

] 12 5% Ni18-DLC 5 & H Al 32 252 ¥ It 2 94 &
AT BE VS VT LA S 2%, A B N TE AR
AT PERE TR B m RSO, SRR, EES:
N & B (10 ~100 pmol/L) ¥R, LR

R LT, WA 5 s. 13 24 Ni18-DLC
B A EOESLR N 150 pmol/L & #E (Glu), 12

umol/L R (U.A), 12 pumol/L FRMER (AA) K
PV A L ], YR P PR R DA R oA I R )9 FEE AN R A
BN =12 — o FEZ A R 0 i SR R DA K AR
MERR AR E RN+ 2 —, HRERENW, KRR
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P FAy v AN R, AT DAHERR TSR 5T (K52, HE A
AR DU 0 P R R . 45 B TR, Ni-DLC K&
FLAR A A L A VERE IR, B DL AR AR M T
Vil 9 ] R A SRR D A ) A £ L IR

& 3 Ni-DLC ES5RRERTHtIFMAEE (T RIFAERE

Xt b
Table 3  Performance comparison of Ni-DLC composite
electrode with other non-enzymatic glucose sensors
Workin Limit of Linear Sensitivity/
electrod% detection/ range/  pA{mmoL/L)'-  Ref.
pmoL L7 mmoL L7 cm™
Cu-NiO 0.5 0.5-5 171.80 [26]
Ni/BDD 0.05 0.002-1.05 120 [27]
NiO/Pt 0.2 0.002-5.66 668.2 [28]
Ni-DLC 0.5 1-5 796 This work
0.0035 -
£ 0.0030}
- Lo smaz0 i ™80 ot )
< 00025} "
g 0.0020 oL %nom.
0 0.0015}
=y
£ 0.0010F
>
© 0.0005 |
0.0000 -

0 500 1000 1500 2000
Time/s

12 Ni18-DLC & HAR NS T~ A [ ok B 7 26 0l 1 v I rl
M) )37
Fig.12 Timing current response of Nil8-DLC composite electrode

to different concentrations of glucose
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2 0.00025 L ;
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13 Ni18-DLC & HiMR X ZEL:H N 150 umol/L i % bl
(Glu), 12 pmol/L JRFZ (U.A), 12 umol/L FLIR I FE (A.A)
ORAN R TP
Fig.13 Current response of Nil8-DLC composite electrode to
150 pumol/L glucose (Glu), 12 umol/L uric acid (U.A),
and 12 pmol/L ascorbic acid (A.A)
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N, HEIRMR T ERBAERAE L, REME T
VS SR T S 7 s . AU DLC i rp sp? B0 &
W%, WERLROA PRSI HL S B 1 B, R %
B R ER Ni-C 8, Ni FELHA)FERAEE.

2) fik Ni & & 1) Ni-DLC & & Hi b% 2 BILH 55 1 4804k
W, BEE Ni S =032, Ni-DLC &4 il
WHERE R ERT. (A NI T REHSFHE NI &ERT
1E HL Bl 2 10 ™ B (AT 5, A 4R A 1 PR K . Ni18-DLC
HE B A BNENE R B ZE (AEy.

3) Ni-DLC 5 4 H AW il B 1) TG i A% % ot 7 2
AT AR PR A R AR R THT ) S N = L2 9 O AR
P, FERMIVEEE A 1~5 mmol/L i E LI R % i 5
BRI R A BRI LR, BN RBERN 796
PA {mmol/L)™ em?, Kl FFR LOD = 0.5 pmol/L, i
BIIE) 5 s, X F IR KPR MR AT IR UF bt TPt g
Ni-DLC & £ Futl il & Wi . AL PEREIL S, AT Lz
AR ) S TG Tl 4 26 0 A SRS 7 T 36 T ] P I FH T 5 o
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Preparation of Ni-Diamond-Like Composite Electrode and Its Application in
Non-enzymatic Glucose Sensor

Wang Huan'?, Qiu Zhaoguo', Lin Songsheng? Xu Wei?, Wei Chunbei ?, Guo Chaogian?, Su Yifan?
(1. South China University of Technology, Guangzhou 510640, China)
(2. Institute of New Materials, Guangdong Academy of Sciences, Guangzhou 510651, China)

Abstract: Nickel diamond-like (Ni-DLC) composite electrodes with different Ni contents were prepared on pure Ti substrate by high
power pulsed magnetron sputtering technology, which was used to construct non-enzymatic glucose sensor. The surface morphology,
microstructure and electrochemical performance of Ni-DLC composite electrode were characterized by X-ray diffractometer, atomic force
microscope, Raman spectrometer and electrochemical workstation. The results show that: (1) with the increase of Ni content, the particle
protrusion on the surface of Ni-DLC film increases gradually, and the diameter of agglomeration particles also increases, which
significantly increases the active sites on the surface of Ni-DLC film. The content of sp?bond in Ni-DLC film increases, the order degree
of the film increases, and the conductivity of the film is improved. No obvious Ni-C bond is formed in the film, and Ni mainly exists in
elemental form. (2) Glucose sensor made of Ni-DLC composite electrode was placed in glucose solution for testing. And the results show
that Ni-DLC composite electrode has a good catalytic effect on glucose, electrode reaction is mainly controlled by diffusion, and oxidation
peak current density and glucose concentration has a good linear relationship. Ni-DLC composite electrode for glucose detection
sensitivity is 796 pA {mmol/L)™ ¢m?, the lower limit of detection LOD=0.5 pmol/L, and the response time is 5 s. And the electrode has
good anti-interference performance for uric acid and ascorbic acid. The electrode has a broad application prospect in the construction of
non-enzymatic glucose sensor.

Key words: high power pulsed magnetron sputtering; Ni-DLC composite electrode; non-enzymatic glucose sensor

Corresponding author: Qiu Zhaoguo, Ph. D., Associate Professor, South China University of Technology, Guangzhou 510640, P. R. China,

E-mail: zggiu@scut.edu.cn


https://www.sciencedirect.com/science/article/pii/S016943321733622X
https://www.sciencedirect.com/science/article/pii/S016943321733622X
https://www.sciencedirect.com/science/article/pii/S016943321733622X
https://www.sciencedirect.com/science/article/pii/S0040609019302652
https://www.sciencedirect.com/science/article/pii/S0040609019302652
https://www.sciencedirect.com/science/article/pii/S0040609019302652
https://iopscience-iop-org-s.webvpn.scut.edu.cn/article/10.1088/2053-1591/aa7430
https://iopscience-iop-org-s.webvpn.scut.edu.cn/article/10.1088/2053-1591/aa7430
https://iopscience-iop-org-s.webvpn.scut.edu.cn/article/10.1088/2053-1591/aa7430
https://onlinelibrary-wiley-com-443.webvpn.scut.edu.cn/doi/10.1002/adma.202002435
https://www.sciencedirect.com/science/article/pii/S0925963501007300
https://journals-aps-org-443.webvpn.scut.edu.cn/prb/abstract/10.1103/PhysRevB.67.155306
https://aip-scitation-org-s.webvpn.scut.edu.cn/doi/10.1063/1.357385
https://www.sciencedirect.com/science/article/pii/S0925963503004382
https://www.sciencedirect.com/science/article/pii/S0925963503004382
https://www.sciencedirect.com/science/article/pii/S0925963503004382
https://www.researchgate.net/publication/329494666_Strongly_Coupled_3D_Ternary_Fe2O3Ni2PNiPO32_Hybrid_for_Enhanced_Electrocatalytic_Oxygen_Evolution_at_Ultra-high_Current_Densities
https://www.researchgate.net/publication/329494666_Strongly_Coupled_3D_Ternary_Fe2O3Ni2PNiPO32_Hybrid_for_Enhanced_Electrocatalytic_Oxygen_Evolution_at_Ultra-high_Current_Densities
https://www.researchgate.net/publication/329494666_Strongly_Coupled_3D_Ternary_Fe2O3Ni2PNiPO32_Hybrid_for_Enhanced_Electrocatalytic_Oxygen_Evolution_at_Ultra-high_Current_Densities
https://www.sciencedirect.com/science/article/pii/S0925400515305773
https://www.sciencedirect.com/science/article/pii/S0925400515305773
https://www.sciencedirect.com/science/article/pii/S0925400515305773
https://www.researchgate.net/publication/321673368_A_Niobium_and_Nitrogen_Co-Doped_DLC_Film_Electrode_and_Its_Electrochemical_Properties
https://www.researchgate.net/publication/321673368_A_Niobium_and_Nitrogen_Co-Doped_DLC_Film_Electrode_and_Its_Electrochemical_Properties
https://www.researchgate.net/publication/257141921_Investigation_of_Copper_and_Silver_Nanoparticles_Deposited_on_a_Nitrogen-doped_Diamond-like_Carbon_N-DLC_Film_Electrode_for_Bio-sensing
https://www.researchgate.net/publication/257141921_Investigation_of_Copper_and_Silver_Nanoparticles_Deposited_on_a_Nitrogen-doped_Diamond-like_Carbon_N-DLC_Film_Electrode_for_Bio-sensing
https://www.researchgate.net/publication/310764569_Hierarchical_ZnO_nanorodsNiOH_2_nanoflakes_for_room-temperature_cheap_fabrication_of_non-enzymatic_glucose_sensors
https://pubs.rsc.org/en/content/articlelanding/2011/AN/c1an15784a
https://www.sciencedirect.com/science/article/pii/S0013468615308574
https://www.researchgate.net/publication/259135570_Electrodeposition_of_nickel_oxide_and_platinum_nanoparticles_on_electrochemically_reduced_graphene_oxide_film_as_a_nonenzymatic_glucose_sensor
https://www.researchgate.net/publication/259135570_Electrodeposition_of_nickel_oxide_and_platinum_nanoparticles_on_electrochemically_reduced_graphene_oxide_film_as_a_nonenzymatic_glucose_sensor

