R F F R

ACTA CHIMICA SINICA DOI: 10.6023/A17030129

R EEAR £ B IRIIRK TR E AL B 2 e DRI
e B Nk ALE*

(EARBLTRZ: W50 7 TR S5 et DhRep Bl R i % A M E m kit s iy 200237)

BE  ERERpaD, =eE SR — Bk, 4R R AR T X R RS RIS, AR
e HLALA 0 HERE . AU T EHAR N 480 nm AOBAGAKIS B3 FEAR, B AR MR AU Al Fa FELAR ™ AR AR LA A AR AT
VEORER, B8 T AR HUARAR X T oK AR AE Ak AL 225 5 0 Bk e 0 BRI DLAAE . B 7E B, ANRRT R B
SER R G K UL R F AR 15 47 5P o) A LR R U B B FELIAL AR 5 00 80T BN S R R A PR 2 S A 1
IR, 2 AR R i/ N B GK R SS, Be f i N 50%7c A, B 1 T R R AR 4 ria Aot e 804 RV 2 7%
AE77. B FLEE SRR ML 9K iR et — 2D 4R ot B b 2 s R R R R

RBEE BRI AL UK MR, R

Study on the Resolution of Single Silver Nanoparticles Electrochemical
Behavior at Nanoelectrode

Yang, Zheyao Ma, Wei Ying, Yilun Long, Yitao*
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East China University of Science and Technology, Shanghai 200237)

Abstract Single entity electrochemistry (SEC) has been attracting increasing interests over the past few years because of its
extremely high sensitivity. This method offers the penetrating insights into the properties of individual entities that are
masked in traditional ensemble measurements. Electrocatalytic amplification, blocking and direct electrochemical reaction of
individual entities by detecting the current transients were employed as single entity collides at an electrode. However, it
remains a challenge to enhance the current resolution in the SEC field, especially for the complex electrochemical behaviors.
In this work, a strategy using a small-sized ultramicroelectrode and nanoelectrode was performed to reduce both background
current and collision frequency, which allowed to reach the typical electrochemical signals. A low-noise electrochemical
measurement system was used to acquire the data of single silver nanoparticles (AgNPs) collision at 480 nm Pt nanoelectrode
and 10 pm ultramicroelectrode. The electrochemical measurement was carried out in 20 mmoleL ' phosphate buffer (pH=
7.4) at an applied potential of +0.6 V vs. Ag/AgCl wire in the presence of 58 nm AgNPs. The sampling rate was of 100 kHz
by using an A/D convertor and the low-pass fitter was set at 5 kHz. Signal-noise ratio was improved by 50% when the diam-
eter of working electrode decreased from 10 pm to 480 nm, resulting in more detailed information available at nanoelectrode
during the collision processes of individual AgNPs. Both the employed nanoelectrode as working electrode and low-noise
electrochemical measurement platform can significantly enhance the current resolution of SEC. High current resolution sig-
nals with picoampere and sub-millisecond sensitivity were observed for electrochemical oxidation of single AgNPs on nano-
electrode. In addition, the experimentally observed collision frequencies at varying size of ultramicroelectrode and nanoelec-
trode were in reasonable agreement with the theoretically calculated ones by Fick's Diffusion Laws within a typical variation
associated with stochastic measurements. The electrochemical result indicate that individual AgNPs collisions are governed
mainly by diffusion process. The high accuracy of the proposed current signal makes it possible to understand the electro-
chemical behavior of individual AgNPs as a function of the dwell time. Our results have demonstrated that the nanoelectrode
would be a powerful platform for better delivering a complete picture of electrochemical behavior of individual entities, visu-
alization of the electrons transfer process at single entity level.
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Figure 1 Schematic depiction of AgNPs collision at 10 pm or 480 nm
Pt UME
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Figure 2 Cyclic voltammogram of 10 um and 480 nm (The current is 5
times enlarged in the plot) Pt UME in 5 mmol<L ' Fc solution, containing
0.2 moleL ' TBAPFq, reference electrode is Ag/Ag (10 mmoleL ' Ag-
NOs), at a scan rate of 50 mVes '. Insert figure (a) is the SEM image of
the nanoelectrode, (b) is the image of microelectrode
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Figure 3 TEM image of silver nanoparticles. Insert figure shows the
dynamic light scattering result
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Figure 4 A-a and B-a are the current response of 10 pm and 480 nm Pt UME in the absence/presence of AgNPs; insert figures are the enlargement of

baseline. A-b and B-b are the enlargement of the signals; insert figures are the enlargement of detail information. The experiment was performed in 20
mmol-L ' phosphate buffer (pH=7.4) at applied potential of +0.6 V vs. Ag/AgCl QRE
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