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Development of Sputtered Nanocarbon Film-based Electrodes with
Extended Analyte Zones
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Electrochemical measurement methods are a way to detect analytes by
measuring the current or potential on an electrode interface during a redox
reaction. The electrochemical method is expected to be an easy and inexpensive
way to test water quality. However, substances which can be detected by the
methods at conventional electrode materials have been limited due to the narrow
measurable potential range and insufficient sensitivity for trace substances. We
have successfully developed “sputtered nanocarbon film-based electrodes” that
enabled the detection of (bio) molecules such as nucleic-acid bases, antioxidants
such as vitamin E, and arsenic ion. These analytes are difficult to measure with
the conventional electrodes with high sensitivity and good reproducibility. Our
study has expanded the possibility of the use of electrochemical methods and is
expected to be applied to many practical measurement devices. These could find
application in various fields such as drinks, foods, environmental and
biochemical substances. The new electrode attracts attention as a possible
candidate for standardization of quantitation methods for the substances which
are difficult to detect at conventional electrodes.
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Sputtered nanocarbon film-based electrodes for electroanalysis.
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Figure 2 Potential windows of nanocarbon film, GC and BDD
electrodes, measured in 50 mM H2S04 solution at 0.1 V/s.

Readout Special issue October 2017

19



eature Article
I 2B A WL

BIENRDEHALICET =Ry 2F ) H— KR FEEEBDORHFE

1000

100

Current response (nA/cm?)

Ra=1.4nm 1

(c)

-
T i

Noise level

nanocarbon

10 100 1000
NADPH (nM)

10000

Figure 3 AFM images of (a)nanocarbon film and (b) GC surface. (c) Calibration curves of NADPH by direct oxidation at the nanocarbon film and GC

electrode.

Dz L2 X B, Figure 3all )/ /1 — K HEEEH O
AFMG % 7173 o RIEFIHM S (Ra) 10.1 nm & Hikd T
Thhbo Ziid, GCEMBOHE (Figure 3b) L 1 ML /&
, BEETA— Y —oFEEER AT W, coZ g, &
DK ) 4 REF 5D ECIRFICEE 2 HEEREET
BB EBIERSFIIFERESRCEERSL L, kil
D &) Bk A XEFRFFE IO TEETH 5 FEIC
AR % W BRI T H 5 A543 T (nicotinamide
adenine dinucleotide phosphate : NADPH) ®E L %
1T o 724 R % Figure 3clIRd o F/ 1 — KRV ERIZBLT
LHHBEAIZ10 nMTH b, GCEM (B RF250 nM) £
Db MRV LAV ETHRIBITE S Z L7502, &5
W FIR O WA ZE, R\ 2 A RO TR & B S
%5 Z & T, DNAFIZERIISEE LY Yy v 2 F VL%
BLRAFENCEEE=5) v/ TEL L EIPTHDOT
RL7(ERDH — KR BBTIE, BLEMOEHNY b
Y, ATV MY OBILIUG E BRI T E ), 512,
Ky =R, ZORMMZIT v FE R Er G EGRE
HrwnideE)r /vy, REPHELHERL-EFEA
T&E b, 20720, TE THIMPHEETH > 725k 4 7
ot (REEoMmIbmE, = Fh¥2 v, bR 4>
e E)EE BB A EITE 2, LT ICARBEDO R
B2 B L 72 BEALFRINCE T B8RRI W TR
SR

7R F/ h—FREREWICLD
BXLFRE

F I H— K UEHIZ, CRaHTACLARISE) T 7747
AF > TyFr 7BIZEY, REFEEZELZY 2 L%
T v FEAT L EDTRETHLE, H— Ry EHROT v

20 Readout Special issue October 2017

FALIZIER D S 4 OFTHETHREF ST 5, 7 v FEik
&R RV RTEHL S 2SN A & %, REITIX, R
2T vFENLF ) =R OBREE AR LIEE
DBt E CTH 5 ¥ I VEDOFHINCE T 5178122
WA B, Figure 412, 7 v FbF / h— K #EFEIC
LY, F)—TF A NVRa—bv - LroEMIEEINL Y
7 I VEOBEALFME X AT o 7R A2 R T PRI
BB, RAEoE s I VERIT TR, BkMEor s 2
YCHREMALLOMPRIELTWDL I EMLENTED,
%2 OUEOBZIZ, WHZSEEmL 52 081 5, 3t

iy
=}
=]

Vitamin E

¥

s3]
[=]
T

Mixed solution

o
[=]
T

Vitamin C

Current Density / y A -cm?®

1 1 1

1
-0.4 0.0 0.4 0.8 1.2

20 1

Potential / V vs SCE™'

Figure 4 Cyclic voltammograms of 1 mM vitamin E, 1 mM vitamin C
and the mixed (vitamin E and vitamin C)solution using the
fluorinated nanocarbon film electrode at 0.1 V/s.
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Figure 5 A gold nanoparticle (AuNP)-embedded carbon film electrode for detecting arsenic (As®)ions. TEM images of the AuNP-embedded carbon
film(Au=17 at.%)electrode; (a) plan and (b) cross-section view, (c) Schematic illustration of electrochemical As measurement. (d) Thypical
voltammograms of 1000 ppb As®* in 0.1 M NazHPO4 with the AuUNP-embedded carbon film(red solid line, Au=17 at.%)and the bulk Au
electrodes (black line). The red dotted line is voltammogram result(red solid line) corrected by Au concentration.
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Figure 6 Grid matrix of detectable analyte zones for carbon-based
electrode materials. Nanocarbon fim-based electrodes can
extend ability to detect analytes.
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