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Alkanethiol Self-assembly Behavior on Gold Nanoparticles Based on
Single-nanoparticle Collision Electrochemistry

BAI Yiyan, WANG Chenyang, GAO Yang, LI Jiamin, YANG Haiying
(Department of Applied Chemistry, Yuncheng University, Yuncheng 044300, China)

Abstract The self-assembly kinetics of alkanethiol on the surface of gold nanoparticles (Au NPs) was investigated
by detecting dispersed individual particles in the solution based on single-nanoparticle collision electrochemistry,
as well as the effects of reaction temperature, alkanethiol concentration, and molecular structure on their assembly
behavior during the assembly process. The results showed that the formation of self-assembled monolayers of
alkanethiol reduced the active area of Au NPs, leading to a decreased current intensity for catalyzing hydrogen
evolution. Based on this, comparing the current transients of different self-assembly conditions, it was found that the

increase of adsorption amount was correlated positively with the concentration of alkanethiol and the reaction
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temperature within limits. Controlling the reaction time to 10 min, when the concentration of 6-mercapto-1-hexanol

(6-MCH) was 73 mmol/L and the reaction temperature is 45 ‘C, 6-MCH adsorbed the most amount on Au NPs.
Furthermore, by comparing the self-assembly kinetics curves of 6-MCH, 3-mercapto-1-propanol (3-MCP) , and
3-mercaptopropionic acid(3-MPA ), it was found that the self-assembly process consisted of diffusion controlled rapid
adsorption and slow recombination. Due to the strong electrostatic repulsion between the functional head group
(carboxylate) of 3-MPA and the citric acid ligand of Au NPs, the adsorption capacity of 3-MPA was significantly
lower than that of the other two molecules. The maximum adsorption capacity of 3-MCP and 6-MCH was basically the
same, but due to the longer alkyl chain of 6-MCH, its adsorption free energy change was about 4.0 kJ/mol higher
than that of 3-MCP, and it eventually reached the maximum adsorption value later.

Keywords Self-assembly; Single-particle detection; Alkanethiol; Au NPs
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Fig. 1 TEM image for the synthesized Au NPs(A), and corresponding histograms showing statistical size
distributions determined from TEM image[the statistic(n): 300] (B), comparisons of hydrated
particle size(C) and UV-Vis absorption spectra(D) for Au NPs before(a) and after(b) 73 mmol/L

6-MCH added into Au NPs at 23 °C for 10 min
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Fig. 2 SEM image of disk CFME(insert: the high-magnification SEM image of CFME) (A), cyclic
voltammetry scans of 5. 0 mmol/L K,Fe(CN)/0. 1 mol/LL KCI with a scan rate of 50 mV/s for
CFME(B) and CFME in 0. 8 mmol/L. HCIO, before(a) and after(b) 73 mmol/L 6-MCH added
into Au NPs at 23 °C for 10 min(C)
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Fig. 3 i-t Plots in 0. 8 mmol/LL HCIO, in the absence of Au NPs(a) and before(b) and after(c) 73 mmol/L
6-MCH added into Au NPs at 23 °C for 10 min(A), close-up views of the current transients
within solid boxes of (A) (B, C), current intensity measured before(a) and after(b) 73 mmol/L
6-MCH added into Au NPs at 23 °C for 10 min(****P<0. 0001)(D)
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Fig.4 i-t Plots of Au NPs assembled with different concentrations of 6-MCH at 23 °C for 10 min(A)
and the distributions of the current intensity for Au NPs assembled with different concentra-
tions of 6-MCH at 23 °C for 10 min, n=300(B)

Comen: @ 0nmol/L; b. 7.3 nmol/L; ¢. 0.73 pwmol/L; d. 73 mmol/L; e. 0.73 mol/L.

SR, DLS &5 R A BN, 3 ¢0y00=0. 73 800
panol/LL A , A5 YK AR B KT =73 : t
mmol/L A (F4]5) , k& h F DLS it Z 4> € onf
WORE 0 PR ORGSR, ol TR 5 50k .
IKARIAR 0 6 YT ILIE L, BA 4 K o K & door
WREERRAR, D BOCIURLE £ (15K Aok ek £ ol
R, B T AEBIURLK P A e =
H AP T Rk oL—

a b c d
232 HAEBEEENDw HEIEE

XERLIE SAM BIIE BGE REK, 1835, IRIT T

Fig. 5 Comparisons of hydrated particle size for

Au NPs assembled with different concentrations
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Fig. 6 i-t Plots(A) and current intensity(B) for Au NPs assembled with 0. 73 pmol/L 6-MCH for 10
min at different temperatures
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Fig.7 i-t Plots(A) and current(B) of Au NPs assembled with different alkanethiols(0. 73 pwmol/L) at

35 °C for 10 min, the curves of the current over time for three types of alkanethiols assembled
Au NPs(C)
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Fig. 8 Curves of -In(1-I") changing with "> for 6-MCH(A) and 3-MCP(B)
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