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Development of a Hydrogen Peroxide Sensor Based on Palladium and Copper
Electroplated Laser Induced Graphene Electrode
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Abstract - In this paper, we describe the fabrication and characterization of a hydrogen peroxide (HyO2) sensor based on
palladium and copper (PdCu) electroplated laser induced graphene (LIG) electrodes. CO; laser was used to form LIG electrodes
on a PI film. This fabrication method allows simple control of the LIG electrode size and shape. The PdCu was
electrochemically deposited on the LIG electrodes to improve the electrocatalytic reaction with HyO. The electrochemical
performance of this sensor was evaluated in terms of selectivity, sensitivity, and linearity. The physical characterization of this
sensor was conducted using scanning electron microscopy (SEM) and energy-dispersive X-ray spectroscopy (EDS), which
confirmed that PdCu was formed on the laser induced graphene electrode. In order to increase the sensor sensitivity, the
Pd:Cu ratio of the electroplated PdCu was varied to five different values and the condition of highest amperometric current at
an identical of HyOs concentration was chosen among them. The resulting amperometric current was highest when the ratio of
Pd:Cu was 7:3 and this Pd;Cu ratio was employed in the sensor fabrication. The fabricated PdCu/LIG electrode based H;O.
sensor exhibited a sensitivity of 1394 pA/mM-cm? a broad linear range between 0 mM and 16 mM of HyO, concentrations at
applied potential of -0.15 V, and high reproducibility (RSD =2.6%). The selectivity of the fabricated sensors was also
evaluated by applying ascorbic acid, glucose, and lactose separately onto the sensor in order to see if the sensor ourput is
affected by one of them and the sensor output was not affected. In conclusion, the proposed PdCu/LIG electrode based HyOs

sensor seems to be suitable HqO2 sensor in various applications.
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At 2FoA HQH COo, HolFE E2]oJH| = (polyimide, PI)

HE0 RAIY, #lol"d fT I#i¥ A=(Laser Induced J¥ 1 LIG A= A 38 EAE @ AEE PdCw/LIG &=
Graphene)S Mot A77F A|EQICH15]. &S 0|& 0]&35} 718k AlAL (a) CO, HIOIRIE AlE3to] AIEHE LIG A=
of ZRIA E0] H2E L] Qb e AHy e HeY (b A2 ZdZE Hzsld 7IE A= Qo
FHFS 2= 2% BES LG A= o) 5350 2RIA Ag/AgClE X8 HE (o) EZ|oJrtol AEE LIG
AXE FEe A4t Akt QUrH16]. HF71Er M71SHEE MA] AR

He Budy w2 AREE /K tEd e A=) Fig. 1 Schematic view of LIG electrode fabrication process
H20, EHf Brsg Yo7\ o] ®sdo] Houk Pdet Cu U and the photograph of the fabricated PdCu/LIG
= gxt gae gdst ol 459 H.0, AA FEO] 7hs electrode based sensor (a) Patterning step of LIG
g Aoz AZrjo] B Axloiles ZZlomte IdE ol COo, electrode by using CO, laser, (b) Protecting the
ZOIFE ZAlSIO] LIG =g Al&etal, A= mH o] Pdet electrode path and applying Ag/AgCl on the reference
CuE A71Z=ast0] H0, AAE AERITE Tt d7|sisty & electrode (c) The fabricated LIG electrode-based
Aol SR FHI MRHE 0]850] HO, sko] mE electrochemical sensor
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Current (uA)
|—l—4/

H,0, &8 A9t A=9 gt REg e te BEe 8 Fau iy
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TXSH0] LIG A= 71d ™Y|sket A AiEte sttt 1" Ast M=o Ry TEEA Ji=
Loe Eejoms 7o Azt LIG A= 71gho] [7)skst Al Fig. 2 Graph of the mean and standard deviation of the
MO ARE KOl measured amperometric currents from the fabricated
H:0, sensors whose LIG electrodes were electro-

#  1LIG @S9 AMas flet Co, elolA grlol =4 plated at five Cu*and Pd* ratios.

Table 1 CO, laser parameters for making LIG electrodes
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EDS Quantitative Results

Element Weight % Atom %
Line
Cu K 19.50 28.84
PdL 80.50 71.16
Total 100.00 100.00
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I8 3 LIG 9 AZZE2H PdCu®l SEM AR (a) 10k HIE (b)
10k HigolAl WA EHF2 REg gUish 50k Hig
(¢) PACw/LIG Z=9] EDS #4] &}

Fig. 3 SEM image of the electrodeposited PdCu on LIG,
(a) 10 k magnification (b) 50 k magnification (¢) EDS
results of the PACu/LIG

2.3 AEE PACWLIG 718 H,0, AAQ] R71316 £

T8 49} Zo] 0,9 skofl e A7|sts BAS Qs Al
Z¥El PACW/LIG Z7Idt A=9] &Y A (PACw/LIG), dt A=
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LIG), 7IERF(Ag/Aglhes 242 EHGAEL  (potentiostat,
Ivium Technologies, nSTAT)0 ¢1&5t0] 0.1 MS] PBS &0
a9 H0,2 Fstal AA9 &A7Isket uigs Sdslrt &
712 et FH (Cyclic Voltammetry) . WFH &
olgstlen, 24719l EAHof thet 4F nehEe= & 20] §

2 cRRQERYI Any 220 AgE 44 v
Table 2 Parameters wused for cyclic voltammetry and

amperometry measurements

=AY A
(=1 2] Qb e SEARL
10 mV/s 0.6V~ 0.8V -0.15 V 1150 s

0.1 M PBS

I3 4 Ivium Al nSTAT potentiostate 0Ol&3st0] AMEE
H0, AAQ s Fd8& fIgt A" AR

Fig. 4 Photograph of measurement set-up for characterizing
the fabricated H;0, electrochemical sensor using
Ivium nSTAT potentiostat.
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Table 3 The peak reduction currents measured from the 0.1,
0.2, 0.5, and 1.0 mM H,0, solutions at the applied bias
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¥ 4 oldo] HEE FAF G 2 oA AESH PdCu/
LIG 71¥F H,0, AIX9] A& Hla

Table 4 Comparison of performance of the fabricated PdCu/
LIG based HyO; sensor with that of the previously
published sensors

of —015V
QI7F Mt (V) H;0, &% (mM) 2 13 A7 (uA)
0.1 - 281
0.2 - 293
-0.15
0.5 - 310
1.0 - 325
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200 L|——0-2mM
—0.5mM
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S of 2
< p
£ / 270
5 <
o e .
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J" 5 0.1, 02, 05, 1.0 mM B9 Hp0.0141 A& PdCu/
LIG 7Idt MAE o]88t =g ATH =8 =
& S Fe JHiZe 1,0, sk 13 SedR
T IEi=Q.

Fig. 5 Cyclic voltammetry result graph of the fabricated
PACu/LIG based sensor in 0.1, 0.2, 0.5, and 1.0 mM
H20s solutions. The lower right graph shows the peak
reduction currents at the above H,0, concentrations
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Sensor (AAM:-cn) (mM) Re.
Cu/Psi/CPE NA 05-38 [17]
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Fig. 6 (a) I-t curves of PdCu deposited LIG electrodes
obtained by consecutively adding 2mM H,O, into
0.IM PBS solution at -0.15V applied potential (b)
Correlation between peak reduction current and
hydrogen peroxide concentration
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Fig. 7 Amperometric responses of PdCu/LIG HyO, sensor
to the consecutive addition of 1mM H,0, and
interferences (0.5 mM of AA, Glucose, Lactose) into
0.1 M PBS solution at -0.15 V applied potential
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