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All-solid-state Nitrate-selective Electrodes Based on Graphene Aerogels

YAN Yuting MAO Hanping WANG Kun ZUO Zhigiang
(School of Agricultural Equipment Engineering, Jiangsu University, Zhenjiang 212013, China)

Abstract; It is of great advantage for advanced potentiometric detection systems to develop ion-selective
electrodes (ISEs) by using solid-state transducer materials. Conducting polymers are the most used solid-
state transducing materials. However, their reliability is strongly related to their chemical stability and the
formation of internal water films. The ISEs with the implementation of graphene as ion-to-electron
transducer were reported. And it was found that the electric current for the graphene modified electrode
was decreased with the decrease of thickness of the graphene transducing layer. Thus, a novel all-solid-
state nitrate-selective electrode with implementation of 3D multilayer graphene aerogels ( GAs) as solid-
contact layer was developed. And the as-prepared GAs was characterized by transmission electron
microscopy (TEM). The GAs films as transducer materials in potentiometric all-solid-state ISEs showed
better electrochemical performance in reducing graphene oxide ( RGO ) films due to its multilayer
structure, which was demonstrated by the cyclic voltammetry ( CV ). As a proof of concept, the
performance of the newly developed electrode was evaluated on the basis of nitrate ions. And the
hydrophobic nature of the GAs film was characterized via the potentiometric water layer test. The obtained
results showed that graphene can significantly facilitate the ion-to-electron transducer and prevent the
formation of water layer between the ion-selective membrane and the graphene layer. And the new nitrate-

““? mol/L. GAs offered great promise as a reliable

selective electrode displayed a low detection limit of 10
high-performance transducer material for solid-state ISE sensors. Furthermore, the developed electrode
exhibited fast response and excellent potential stability, which made it very promising for routine analysis
and application.
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Fig.3 Electrochemical properties of GCE/GAs electrode

2.3 AR EERERBKENK

WEFE M K E MR T TR R A
Wy B[] 422 B A IK AH R B TE AF TE K 2 1Y R
M., & 4 24 GCE/NO, -ISE. GCE/GO/NO; -ISE il
GCE/GAs/NO, -ISE B ¥ 1& % M o 73 0l i & T
0.1 mol/L NaNO, #& #. 0.1 mol/L NaCl ¥ #& U K&
0. 1 mol/L NaNO, & ¥ v, 45 2 1y v o7 m iy 2% £
&o WNE 4 haLIEL, X =F ZE Y8255,
GCE/NO; -ISE fl GCE/GO/NO; -ISE 7 T 4t i W
NaCl H I8 J8¢ i 57 T 7K 2 A7 76 W) e A2 3 S A 2
F,GCE/GAs/NO;, -ISE 7 W jit A NaNO, ¥ h %
I — A AN IE [ B LIRS YRR T
NaCl [, B A7 IR — 20/ B CL™ B0 E A3 [
FE VAR, B W2 NaNO, WS , WL A 520
RS Ul B XA S R AFAE S B AT RS T AL
i, X I A SRR BRI Y K PR RE 301 .
2.4 MHEBRIREFHEN

& Sa & 4 [# & GCE/GAs/NO; -ISE H ) 1F

04 0.6




55 1

JEEE A BT AR BRI Y 4 1] A5 R AR B 1 R H AR T Y 191

15 20
it ) /h
& 4 AN TR) 48 o E AR A K2 I 45 2R

Fig. 4 Water layer test result for GCE/NO; -ISE,

GCE/RGO/NO; -ISE and GCE/GAs/NO; -ISE

NO; W FESEFE R 107" ~ 10 ™" mol/L ) H 4% 1 137 iy
2k, M NO; WAL T 107 mol/L Hf, i B — s
A, NO, e R3] & & 10 77 mol/L i) H, Zh 34T
I H BB R AR Ak, AH LG T R 4 B R AR, BT A
A 118 P A 2 U AR PR ) AT T B, o A () U
() NaNO, ¥ i Il i GCE/GAs/NO; -ISE B F ] Jif
([ 5a) Mg R BEE b U A BR AR B 7 e 51 R
AR AT — B0 HARIE IR I AER N 48.2 mV/s;
R BR A 10 %2 mol/L, W& 5b fi/R, 5 4k3HE 1 5T
10 SR A T A5 B Tl B AR A o
JCE AR 3 VS W R R, T — 2 B AR T R

450 02-
400
c > KLk
£3504 03 L
R B
E 3001 E
250 0.4 ] /ﬁja‘f)!ﬂ kR
0 1000 2000 3000 4000 5000 3 6 4 o
A5 lgC

(a) 2 A GCE/GAs/NO3-ISE
EH AR 18 e ] 7 T £

(b) 2= [EZEGEC/GAs/NO-ISE
R B N O 15 8 o S5 A H Bl
Y26 R IE 2k

BS gk FErE LT T NOS AR
Fig.5 Detection of NO,; based on GEC/GAs/NO; -ISE

B IR rGE W A — e ) T
TR T A, A X AN YE L, T sk S A
=2 o P L AE S BRefE AR A 0 1 — A
fERRAR B R 8 R AN

POAL)

()

X K — s T 17 4 — AL
A IS A 35 B2 e, BB 140 it R 3K

(1)

R R L
n—— T IR T A
a, (1) —— 5B 85 T4 i

a,(J) — T e FH %
L) FUA 1 PR 4 5T A9 305 B 2 A A m] LT

B S R
K= e (2)
K B —— T4 8 T b i L B
E—— 37 8 b 1 FhL 3l
F—— 305
T—EE R— R

il X (2) T 4 1) 00 e A2 SR %ok 43 #r B T
FT 0 B bR v H A2 225 1A, AT DA AT 06 FE R A
(15, T4 s 33X R b 25 0 LA B 0T R o i

TE SE BRRE b R I A A AR A 2 e RS AR
STEAF R B2 8T8 2w H AR ) i
IO, B B pl A B I b 58 4 N BT P A R
PEE B AT RS R S, MR T 75 5
TR PR R, W2 BoR th TR . R H 4
BEVR W (SSM) T %) 4 [ 2% GCE/GAs/NO,-ISE
M B IR PR R E AT B BAR G Rk 1 s, Af
DAF H, BB X T 90 B A s B 1k R B 1 10 77 LU
To VLBIX SR F A FATHE NOS 0yl 22 , Al
HA R mEetE . R, i s AR i i il R 2K 5
H PR AR B F B E L W D 4t T — PP R 7 ik,

1 SESHBRESTFRTZERRNEEYE
Tab.1 Selectivity for GEC/GAs/NO; -ISE

T+ e PRI R B
sy Wf'%{/(mnl'].fl) K,,an;){ N ng’IQ”(I[{ J
cl- 0.1 7.76 x10 73 —2.11% 0.1
S03 - 0.1 2.51 %103 -2.60 + 0.1
€o3~ 0.1 3.89 x 10~ ~3.41 £ 0.1

2.5 2ESBFEAEMEBEBRHNBEERR

4 [H 7% GCE/GAs/NO;, -ISE Hi# 32 90 3 R 4% 1y
KRt . AR v, 2 7 400k B o i
U2 7™ B S e AR ) R R R AT 6 Fr i, HL R
Ji T 0. 01 mol/L NaNO, ¥ Wi, 75 21 d i i ]
AR I FL A7 6 49 1 R R AR R LT I A A8 Ak, 16 B

6 GCE/GAs/NO, -ISE HL#z[1) NO, & F
5 JE£ FL 32 1
Fig. 6 Potentiometric response to different NO;

activities over three weeks for GCE/GAs/NO; -ISE



192

Kok HLOB ¥ R

2017 4

TARE BT SRR R A R

A ] 25 8 e P L Y P E R o BRI
JIT ok 72 B, BRI A% 2 73 1 L 1R 52 e HR Al R A Y
Wi 1O PR BE o R S 4 [ 25 A IR AR i T e R LA
LB — A 10 7* ~ 107" mol /L, A% 3C i £ il By
10 %% mol/L, J& F 1E 7 MR W KR 46 br o i 004 F —
A X R IR A IE T e 9 R AT O AL, AR A B d A 1R
AE Y 2 ] 25 8 1 B R P AR o

PRI RO ) A 4 18] 25 0 7 B P A o SIE R 46
R, X A AT S8 1B 0 A A SRR B
e 2 THT JEE BRSO S A R A 2 R D, 6B = A A A
19 A s M CHRE I ST A M) T T4 P 1 e B R
BT - R . S B A R M
TR AR T RRAR B 7R B A RO
R SO 10 7 mol /L i G BR . A [ 4 1 5 T
BEA RN EI W] KR A A TR T B

10P7 N O N 1 N VA = = I 1 N O e o oy

3 HRIE : .

GCE/GAs/NO; -ISE 1 4l 5 T 15 7L Ak A1 K it 4 il
it ol AT = AE S5 A0 1 A 880 T BE IR A1 A [ o
2 £ X
L sRk4Esl, BP0, 5K T, 5. REHL 7 e AU MO oK AE R EL TS Y i 2 [J]. AEYE 32 5Bk ,1995,1(2) :80 - 87.
2 BAKKER E, BUHLMANN P, PRETSCH E. Carrier-based ion-selective electrodes and bulk optodes: 1. general characteristics
[J]. Chemical Reviews, 1997, 97(8) . 3083 - 3132.
3 LINDNER E, GYURCSANYI R E. Quality control criteria for solid-contact, solvent polymeric membrane ion-selective electrodes
[J]. Journal of Solid State Electrochemistry, 2009, 13(1): 51 - 68.
4 BOBACKA J. Conducting polymer-based solid-state ion-selective electrodes [ J]. Electroanalysis, 2006, 18(1) . 7 - 18.
5 LINDFORS T. Light sensitivity and potential stability of electrically conducting polymers commonly used in solid contact ion-
selective electrodes [ J]. Journal of Solid State Electrochemistry, 2009, 13(1): 77 - 89.

6 FOUSKAKI M, CHANIOTAKIS N. Fullerene-based electrochemical buffer layer for ion-selective electrodes [ J]. Analyst, 2008,
133(8): 1072 - 1075.

7 FIERKE M A, LAl C Z, BUHLMANN P, et al. Effects of architecture and surface chemistry of three-dimensionally ordered
macroporous carbon solid contacts on performance of ion-selective electrodes [ J]. Analytical Chemistry, 2010, 82(2) : 680 — 688.

8 LAI CZ, FIERKE M A, STEIN A, et al. Ion-selective electrodes with three-dimensionally ordered macroporous carbon as the solid
contact [ J]. Analytical Chemistry, 2007, 79(12) . 4621 —4626.

9 DUEZGUEN A, MAROTO A, MAIRAL T, et al. Solid-contact potentiometric aptasensor based on aptamer functionalized carbon
nanotubes for the direct determination of proteins [ J]. Analyst, 2010, 135(5): 1037 — 1041.

10  HEMANDEZ R, RIU J, XAVIER RIUS F. Determination of calcium ion in sap using carbon nanotube-based ion-selective
electrodes [ J]. Analyst, 2010, 135(8): 1979 - 19385.

11 HEMANDEZ R, RIU J, BOBACKA J, et al. Reduced graphene oxide films as solid transducers in potentiometric all-solid-state
ion-selective electrodes [ J]. The Journal of Physical Chemistry C, 2012, 116(42) : 22570 - 22578.

12 PING J F, WANG Y X, WU J, et al. Development of an all-solid-state potassium ion-selective electrode using graphene as the
solid-contact transducer [ J]. Electrochemistry Communications, 2011, 13(12) . 1529 - 1532.

13 PINGJ F, WANG Y X, YING Y B, et al. Application of electrochemically reduced graphene oxide on screen-printed ion-
selective electrode [ J]. Analytical Chemistry, 2012, 84(7) : 3473 - 3479.

14 XUY X, LIN Z Y, HUANG X Q, et al. Functionalized graphene hydrogel-based high-performance supercapacitors [ J].
Adranced Materials, 2013, 25(40) : 5779 - 5784.

15 KOVTYUKHOVA N I, OLLIVIER P J, MARTIN B R, et al. Layer-by-layer assembly of ultrathin composite films from micron-
sized graphite oxide sheets and polycations [ J]. Chemistry Materials, 1999, 11(3) . 771 - 778.

16 FIBBIOLI M, MORF W E, BADERTSCHER M, et al. Potential drifts of solid-contacted ion-selective electrodes due to zero-
current ion fluxes through the sensor membrane [ J]. Electroanalysis, 2000, 12(16): 1286 — 1292.

17 TANG W Z, PING J F, FAN K, et al. All-solid-state nitrate-selective electrode and its application in drinking water [ J].
Electrochimica Acta, 2012, 81 186 —190.

18 BEATA P B. Effects of type of nanosized carbon black on the performance of an all-solid-state potentiometric electrode for nitrate
[J]. Microchimica Acta, 2014, 181(9 - 10) :1093 - 1099.

19 PU P, ZHANG M, LI Y H, et al. Preparation and evaluation of a stable solid state ion selective electrode of polypyrrole/
electrochemically reduced graphene/glassy carbon substrate for soil nitrate sensing [ J]. International Journal of Electrochemical
Science, 2016, 11, 4779 —4793.

20 LIFH, YEJJ, ZHOU M, et al. All-solid-state potassium-selective electrode using graphene as the solid contact [ J]. Analyst,

2012, 137: 618 - 623.



