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a b s t r a c t   

Ternary I–III–VI quantum dots (QDs) have proved to be promising alternatives to the traditional binary Cd- 
QDs due to their inherently lower toxicities, greener synthetic methods, and tunable optoelectronic 
properties. Their application in the development of biosensors, electroluminescent devices, and a range of 
other electrochemical applications has resulted in the I–III–VI QDs receiving widespread attention in var
ious fields. In this paper, water-soluble glutathione capped AgInS core QDs and AIS/ZnS core/shell QDs were 
synthesized using an eco-friendly hydrothermal method. Electrochemical properties of the AgInS core QDs 
and AgInS/ZnS core/shell QDs were evaluated using cyclic voltammetry (CV) and differential pulse vol
tammetry (DPV). DPV of AgInS core QDs exhibited distinguished oxidation peaks centred at − 0.05 and 
− 0.88 V vs Ag/AgCl of Ag and In ions, respectively, while the AgInS/ZnS QDs showed three symmetrically 
oxidation peaks at potentials − 0.87, − 0.66 and − 0.42 V of Zn, In and Ag ions, respectively. The total number 
of electrons, electron transport diffusion coefficient, De (in cm2 s1), and surface concentration of soluble 
species were evaluated and calculated using the Randles-Sevcik equation. The number of electrons was 
found to be 1.08 and 0.75 for AgInS QDs and AgInS/ZnS QDs, respectively using the Ag peak and the De value 
of AgInS QDs was greater than AgInS/ZnS QDs. This indicates that the electron diffusion was the slowest in 
the AgInS/ZnS QDs. The as-synthesized AgInS core QDs and AgInS/ZnS core-shell QDs exhibited chemical 
and electrochemical composition-dependent properties. This suggests the material is suitable for the de
velopment of biosensors. 

© 2021 Elsevier B.V. All rights reserved.    

1. Introduction 

Ternary I–III–VI quantum dots (QDs) have been shown to possess 
superior optoelectronic properties, with tunable photoluminescence 
(PL) properties that are directly linked to their size, shape and 
composition [1,2]. The absence of toxic metals such as Cd, Pb or Hg 
has resulted in I–III–VI QDs receiving extensive attention amongst 
researchers. The high extinction coefficient, ability to serve as an 
efficient electron-conducting tunnel and tunable size of QDs has 
enabled their use in a variety of fields [3]. Intrinsically, the broad PL 
of ternary QDs has proved advantageous for the development of 
sensor systems, while the self-trapped exciton model of ternary QDs 
has been utilized in the construction of photovoltaics [4], [5]. 
Amongst several chalcopyrite QDs, the I–III-VI QDs (e.g., CuInS2 and 
AgInS2 QDs) are the most widely researched owing to their direct 
bandgap, large stokes shift, and long fluorescence lifetime [6]. 

The structure of QDs is composed of two distinct allied layers, 
namely the core and core/shell. The core of QDs is inherently the 
most reactive yet unstable layer that houses the optical properties of 
the QDs. Consequently, the core plays a central role in the fabrication 
and design of QDs. Overcoating of the core with a layer of another 
semiconductor material to form core/shell type QDs is one of the 
most widely used strategies to improve optical properties, control 
stability and enhance photoluminescence quantum yield (PLQY) of 
QDs [6], [7], [8]. Several materials (i.e., ZnS or CdS) have been em
ployed as shelling materials. However, ZnS remains the most widely 
used passivating agent for its properties such as (i) high bandgap, (ii) 
low lattice mismatch and (iii) its low toxicity compared to other 
passivation materials [9], [6], [10]. Despite the rich amount of lit
erature on the optical differences of the core and the core/shell 
structures of ternary QDs, there has been limited electrochemical 
investigations reported on the ternary I–III-VI QDs [11], [12], [13]. 
Moreover, as far as the authors know, there has been no report on 
the electrochemical differences in the properties of GSH capped 
AgInS core QDs and AgInS/ZnS core/shell QDs using cyclic voltam
metry (CV) and differential pulse voltammetry (DPV). 

https://doi.org/10.1016/j.jallcom.2021.163386 
0925-8388/© 2021 Elsevier B.V. All rights reserved.   
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In this study, glutathione capped AgInS core QDs and AgInS/ZnS 
core/shell QDs were synthesised using a simple one-pot green 
synthesis method. Temporal evolution of Ag: In ratio (1:1, 1:2, 1:4, 
1:6, 1:8 and 1:16), reaction time (0, 15, 30, 45 and 60 min) and ZnS 
coating layers were investigated. Optimum conditions were ob
tained after 45 min synthesis time, Ag: In (1:4) molar ratio and one 
ZnS layer. The study of the electrochemistry of ternary QDs plays an 
important role in attaining information on the structural composi
tion of QDs. Comparative study on the electrochemical properties of 
AgInS core QDs and AgInS/ZnS core/shell QDs was evaluated using 
cyclic voltammetry (CV) and differential pulse voltammetry (DPV). 
The results of this study showed that the as-synthesized AgInS QDs 
and AgInS/ZnS QDs exhibited chemical composition-dependent 
properties enabling the use of the materials in both electronics and 
biosensor applications. 

2. Experimental 

2.1. Materials 

Silver nitrate (AgNO3), Indium (III) chloride (InCl3) tris-sodium 
citrate (Na3C6H5O7. 2 H2O), L-Glutathione reduced (GSH), Sodium 
hydroxide (NaOH) pellets, Hydrochloric acid (HCl, 32%) and sodium 
sulphide (Na2S), zinc acetate dihydrate (Zn(O2CCH3)2(H2O)2), 
thiourea (CH4N2S) and ethanol (CH3CH2OH) were purchased from 
Sigma Aldrich, South Africa and used as received. Deionized water 
was used for the synthesis and analysis. 

2.2. Synthesis of AgInS QDs and AgInS/ZnS QDs 

Glutathione capped AgInS core QDs were synthesized according 
to the previously reported protocol with modifications [14]. In a 
typical synthesis, AgNO3 (0.0107 g, 0.063 mmol), InCl3 (0.055 g, 
0.25 mmol), Na3C6H5O7 (0.294 g, 1.00 mmol), GSH (0.045 g, 
0.145 mmol) were added to 100 mL of deionized water under 
magnetic stirring in a 250-mL three-neck flask. The pH was adjusted 
to 7.5 by the addition of small amounts of NaOH (1.0 M). Na2S 
(0.0975 g/10 mL, 1.25 mmol) was then added under vigorous mag
netic stirring and the resulting solution was refluxed at 95 °C for 
45 min to form AgInS core QDs. After this period, Zn(O2CCH3)2(H2O)2 

(0.044 g/10 mL, 0.200 mmol) and CH4N2S (0.015 g/10 mL, 
0.200 mmol) were added to the reaction mixture, which was then 
refluxed for 1 h 20 min at 95 °C to form AgInS/ZnS core/shell QDs. 
The experimental conditions for the synthesis of QDs were opti
mized by assessing the effect of reaction time, Ag: In molar ratio and 
the number of ZnS coatings required for the preparation of lumi
nescent and water-soluble AgInS/ZnS core/shell QDs. For the pre
cipitation of the obtained QDs, ethanol (200 mL) was added, and the 
dispersion was centrifuged. The precipitate was collected and re- 
dispersed in water, and the procedure was repeated two times. The 
obtained QDs samples were stored in amber glass vials at room 
temperature. Scheme. 1. 

2.3. Characterization 

The AgInS QDs and AgInS/ZnS QDs were characterized using; 
ultraviolet-visible spectrophotometry (UV–Vis) (Perkin Elmer 
UV–Vis Lambda 25 spectrometer, (UK); 1 nm slit width), photo
luminescence (PL) (RF-6000, Shimadzu, Japan), fourier transform 
infrared spectroscopy (FT-IR) (Spectrum two UATR spectrometer, 
Perkin Elmer, UK), transmission electron microscopy (TEM). 
Electrochemical analysis was performed using Autolab PGSTAT 101 
(Metrohm, South Africa). The photoluminescence quantum yield 
(PLQY) of AgInS core QDs and AgInS/ZnS core-shell QDs was calcu
lated using rhodamine 6 G (QY = 0.95, ethanol solution) as a re
ference standard and the equation below: 

= × ×
×

×QY QY
I A
I A

(%) 100R
R

R

where QYR is the quantum yield of the reference. I and IR are the 
integrated intensities of the sample and standard, respectively. A and 
AR are the absorbance of the sample and reference standard, re
spectively. 

2.4. Electrochemical measurements 

Electrochemical measurements were run using a typical con
ventional one-compartment three-electrode system connected to 
potentiostat Autolab PGSTAT 101 (Metrohm, SA) operating in soft
ware NOVA 2.1. The three electrodes used were glassy carbon (GC) as 
a working electrode, a platinum auxiliary electrode and Ag/AgCl 
reference electrode. The GCE was polished with alumina powder 
between the experiments to remove any residue deposits on the 
surface. Unless stated otherwise, all experiments were run using HCl 
(0.01 M) solution over a potential range − 1.5 to + 1.5 V. The synthetic 
metal quantum dots solution was dissolved in HCl (0.01 M) elec
trolyte solution. The HCl (0.01 M) solution was first analyzed to de
termine the background signal and the solution of AgInS QDs and 
AgInS/ZnS QDs were investigated. All electrochemical experiments 
were carried out in solutions purged with high purity nitrogen gas 
for 5 min 

3. Results and discussion 

AgInS core QDs was synthesised by mixing precursor cations 
(Ag2+ and In3+) and anion (S2-) species under strong magnetic stir
ring. Since Ag+ is a soft Lewis acid and In3+ a hard acid, the reactivity 
of these metal ions needed to be well balanced and controlled during 
the reaction and This was achieved by employing a non-stoichio
metric ratio of the metal ions (i.e. adding In3+ in four-fold excess), 
using two stabilizing agents (namely glutathione and sodium citrate 
as soft bases) and highly reactive Na2S as a sulphur source [15]. In 
this study, GSH was selected as thiol capping for its biocompatible 
properties. Moreover, GSH is a tripeptide that contains different 
functional groups (i.e. amine and carboxylate groups) which can 
allow for further structural modifications. For optimum reaction 
conditions, three synthetic parameters (e.g. reaction time, Ag: In 
molar ratio, and different ZnS coating) were evaluated. Following 
successful synthesis and characterization of the AgInS core QDs, zinc 
acetate and thiourea were added as ZnS shell precursors to form 
AgInS/ZnS core/shell QDs. 

Scheme 1. Schematic illustration of the synthesis of water-soluble GSH capped AgInS 
QDs and AgInS/ZnS QDs. 
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3.1. Effect of synthesis reaction time 

Fig. 1 shows the optical properties of AgInS core QDs measured 
using absorption (UV-Vis) and photoluminescence (PL) spectroscopy. 
The temporal evolution of the absorption spectra of AgInS QDs 
synthesized at 95 °C and analysed at different reaction times are 
shown in Fig. 1a. 

The absorption spectra depict broad excitonic peaks centred 
around 359 nm. The absorptions decreased with increasing reaction 
time, with 0 min representing QDs aliquot at taken immediately 
after the addition of Na2S as a sulfur source, signifying burst nu
cleation process. Moreover, the results Fig. 1b represents the corre
sponding PL of the synthesized AgInS QDs, as with the absorption 
spectra, broad PL emissions were obtained with emission wave
length centred around 559 nm. The PL intensity increased as a 
function of reaction time for 45 min after which a sharp decline in 
intensity was observed. The PL spectral wavelength remained rela
tively unaffected by synthesis time suggesting slow growth of QDs  
[16]. Based on the high PL intensity, 45 min was selected as the 
optimum reaction time for the synthesis of AgInS core QDs. 

3.2. Ag:In ratio 

The optical properties of ternary QDs are highly dependent on 
the amount of cation and can be tuned by varying the cation: anion 
ratio (viz Ag: In molar ratio in this study). Fig. 1c represents UV 
spectra of the as-synthesized QDs with nominal molar ratios varied 
from 1:1–1:16 (Ag: In). At ratio 1:1 and 1: 2, no distinct absorption 
peak was observed while molar. 

ratios 1:4, 1:6, 1:8 and 1:16 exhibited broad excitonic peaks with 
increasing In content. The emission properties of the AgInS core QDs 
were highly dependent on the Ag: In molar ratio. The intensity of the 
QDs gradually shifted to higher intensities with increasing amounts 
of In with 1:4 (Ag: In) molar ratio exhibiting maximum intensities. 
The PL spectral position was tuned in a broad range from 558 to 
582 nm, with ratio 1: 4 exhibiting the highest wavelength. 

Subsequently, molar ratio 1:4 (Ag: In) was selected as the optimum 
ratio in this study. 

3.3. AgInS/ZnS core/shell QDs 

To enhance the photophysical properties of the synthesized QDs, 
the ZnS shell was deposited on the AgInS core QDs. ZnS was selected 
as a passivation agent as it has a relatively low lattice mismatch of 
~2.2% to ternary QDs and a wider bandgap (~3.7 eV). The effect of 
shell passivation was investigated by depositing three ZnS coatings 
over the AgInS core QDs. Fig. 2a shows the UV–vis absorption spectra 
with different ZnS coatings. The increase in the amount of ZnS added 
resulted in a blue shift in the onset of the AgInS/ZnS core QDs. As 
expected, deposition of ZnS over AgInS core QDs resulted in in
creased PL intensity compared to the AgInS core QDs which was 
accounted for the elimination of some defect states within the core 
and the subsequent overcoating of the core [20]. As the number of 
ZnScoatings increased, a continuous blue-shift from 582 nm (AgInS 
core) to 564, 541 and 525 nm for ZnS coating 1, 2 and 3, respectively 
was observed. The obtained blue-shift following ZnS passivation is a 
common phenomenon with ternary QDs and accounted as the dif
fusion of Zn2+ ions into the core via partial cationic (Ag+ or In3+) 
exchange with the Zn2+ in the core [21], [14]. Based on the high 
intensity and maximum wavelength, AIS/ZnS core-shell QDs with 
one ZnS coating was used throughout this study. The PLQY of the 
AgInS core QDs was calculated to be 31.6% which increased to 35.4% 
for the AgInS/ZnS core/shell QDs. This confirms improvement in the 
quality of the material following ZnS passivation. Moreover, the 
luminescence and/ or QY of the as-synthesized QDs is seemingly 
superior to QDs synthesized using other ligands such as 1-dodeca
nethiol (DDT), thioglycolic acid (TGA) and mercapto propionic acid 
(MPA) [17], [18], [19]. 

The size and morphology of the synthesized QDs were examined 
using transmission electron microscopy (TEM). As depicted in Fig. 4a 
and c, the AgInS core QD and AgInS/ZnS core/shell QDs were small 
and spherical. The size of AgInS core QDs is centred around 1.5 nm 
while the AgInS/ZnS core/shell QDs exhibited particle size ~ 2.5 nm 

Fig. 1. Absorption spectra (a and c) and PL spectra (b and d) of AgInS core QDs at different reaction times and Ag: In molar ratios respectively.  
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as shown in the size distribution curves (Fig. 4b, d). The hydro
dynamic diameter (HD) and zeta potential of AgInS QDs and AgInS/ 
ZnS QDs were measured using the dynamic light scattering (DLS) 
technique. As shown in S1 (Supplementary material), AgInS QDs 
exhibited narrow size distribution compared to AIS/ZnS core-shell 
QDs. As expected, the HD of the AgInS core QDs and AgInS/ZnS core- 
shell QDs was higher than sizes calculated using the TEM, this is in 
line with reported studies [22]. The zeta potential of the AgInS core 
QDs and AgInS/ZnS core/shell QDs was highly negative (−50 mV and 
−26 mV respectively) indicating the high degree of colloidal stability 
of the synthesized material. 

FTIR spectra were evaluated to confirm GSH capping on the 
surface of the as-synthesized AgInS QDs and AgInS/ZnS QDs as 
shown in Fig. 3. The FTIR spectrum of GSH exhibited sharp bands at 
3340 cm−1 and 3251 cm−1 which were attributed to vOH and -NH 
functional groups, respectively. AgInS core QDs exhibited a shift and 
peak broadening of the vOH and vC-H functional groups. The dis
appearance of the GSH thiol (vS-H) peak in the AgInS QDs spectrum 
indicates vS-H group was involved in the passivation of the AgInS 
core QDs surface with GSH. Following ZnS passivation, the AgInS/ZnS 
QDs exhibited similar spectra of the GSH capped core but with a 
slight reduction in intensity and peak shift in the vO-H and vC-H 
bands. Furthermore, the AgInS/ZnS QDs exhibited vC=O at 
1560 cm−1(asymmetrical) and 1358 cm−1 (symmetrical) confirming 
capping of as-synthesized AgInS/ZnS QDs with glutathione. 

3.4. Electrochemical characterization of AgInS core QDs and AgInS/ZnS 
core/shell QDs 

Fig. 5 shows comparative cyclic voltammograms (CV) and dif
ferential pulse voltammograms (DPV) at the glassy carbon electrode 

(GCE) in 0.01 M HCl solution of AgInS QDs and AgInS/ZnS QDs at a 
scan rate of 0.1 V /s. There was no observed response at the GCE in 
0.01 M HCl in both CV and DPV in the absence of the QDs. By com
paring the electrochemical behaviour of AgInS QDs and AgInS/ZnS 
QDs, a pair of weak redox peaks was observed in a CV of AgInS QDs 
at (Epa) = 0.14 V and Epc = −0.27 V with a formal potential of 
− 0.065 V vs Ag/AgCl. The oxidation peak at 0.14 V was attributed to 
Ag+ ions generated from AgInS QDs and the reduction peak at 
− 0.27 V was associated with the reduction of Ag+ to Ag0. This ob
servation has been reported previously with similar behaviour [23],  
[24], [25]. An interesting observation was made in the CV of the 
AgInS/ZnS QDs for the appearance of a small cathodic peak at (Epc) 
= −1.10 V vs Ag/AgCl and two sets of redox signals which appeared at 
(Epa) = 0.24 and 0.75 V and (Epc) = −0.21 and − 0.76 V corresponds to 
the following reactions: 

++Ag Ag e0 (1)  

+Ag e Ag0 (2)  

++In In 3e0 3 (3)  

++In 3e In3 0 (4)  

Indium redox peaks on a bare GCE has been reported at − 0.8 and 
− 0.57 V vs Ag/AgCl [26]. Further investigations were also conducted 
in the quest for a possible electrochemical characterization of AgInS 
QDs core and AgInS/ZnS QDs core-shell (Fig. 5b). For this, DPV was 
used as a fast, effective, and more sensitive electrochemical tech
nique compared to CV [27]. As illustrated in Fig. 5b, DPV of AgInS 
QDs core exhibited distinguished oxidation peaks centred at − 0.05 
and − 0.88 V vs Ag/AgCl of Ag and In ions, respectively, while the 
AgInS/ZnS QDs shows three symmetrically oxidation peaks at po
tentials − 0.87, − 0.66 and − 0.42 V of Zn, In and Ag ions, respectively. 
The CV data are in agreement with the DPV data. However, the 
current response of AgInS/ZnS QDs in the case of CV is greater than 
that of DPV. This may be because of the efficient elimination of ca
pacitance current. 

The total number of electrons, electron transport diffusion coef
ficient, De (in cm2 s1), and surface concentration of soluble species 
which react on the electrode surface with the formation of insoluble 
product, can be calculated according to Randles-Sevcik equation: 
(Eq. 1) [28]. 

= × × × × ×Ip n A D C V2.69 10 *OX OX
5 2/3 1/2 1/2 (5) 

where Ip is peak current, n is the total number of electrons trans
ferred, A is the area of the working, 0.0707 cm2, C is the con
centration. Based on these results, the number of electrons was 
found to be 1.08 and 0.75 for AgInS QDs and AgInS/ZnS QDs, re
spectively using the Ag peak. This shows that both AgInS QDs and Fig. 3. FTIR spectra of GSH, AgInS core QDs and AgInS/ZnS core/shell QDs.  

Fig. 2. Absorption spectra (a) and PL spectra (b) of AgInS/ZnS shell layers check the alphabets on the figures.  
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AgInS/ZnS QDs undergo a one-electron reaction at the GCE in 0.01 M 
HCl. The value of De was found to be in the order AgInS QDs >  AgInS/ 
ZnS QDs. This indicates that the electron diffusion was the slowest in 
the AgInS/ZnS QDs. The surface concentration of the AgInS QDs and 
AgInS/ZnS QDs on a GCE was also calculated, by applying Eq. 6 [29],  
[30] and using the slope for the plot of Ip vs square root scan rate. 

=Slope
n F A

RT
. . .

4

2 2

(6) 

where Ip is the peak current at a given scan rate Ѵ, n is the number 
of electrons transferred, F is the Faraday constant and A is the geo
metric area of the electrode. The electroactive surface concentration 
of AgInS QDs was greater than that of AgInS/ZnS QDs.      

GCE E0 (V) n De (cm2 s1) Γ (mol. cm−1)  

AgInS QDs -0.065 1.08 1.33 × 10−18 3.18 × 10−6 

AgInS/ZnS QDs 0.015 0.75 8.11 × 10−20 9.42 × 10−7  

Fig. 4. (a) TEM and (b) particle size distribution of AgInS core QDs. (c) TEM and (d) particle size distribution of AgInS/ZnS core/shell QDs.  

Fig. 5. CVs a) and DPVs b) obtained at GCE, blank, AgInS core QD, and AgInS/ZnS Core-Shell QD in 0.01 M HCl at scan rate 0.1 V/s.  

N.A. Vitshima, B. Silwana, N. Tsolekile et al. Journal of Alloys and Compounds 900 (2022) 163386 

5 



Fig. 6. Cyclic voltammetry for the effect of variation of scan rates (20 mV/s to 200 mV/s) of AgInS QDs from − 1.0–1.0 V/s on a GCE in 0.01 M HCl, a) Graph of the dependence of the 
anodic and cathodic peak current with square root scan rate b) Graph of In anodic peak current vs In scan rate c). 

Fig. 7. Cyclic voltammetry for the effect of variation of scan rates (20 mV/s to 200 mV/s) of AgInS/ZnS from 1.0 V to 1.0 V/s on a GCE in 0.01 M HCl, a) graph of the dependence of 
the anodic and cathodic peak current with square root scan rate b) graph of In anodic peak current vs In scan rate c). 
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Furthermore, the variation of the scan rates (10 mV/s to the 
highest scan rate of 200 mV/s) was studied to evaluate the rate- 
limiting step on AgInS QDs core and AgInS/ZnS core-shell QDs and 
this is shown in Figs. 6 and 7. Two ways widely employed to study 
the reversibility of a reaction and to assess whether a reaction is 
adsorption or diffusion consist of the dependencies: Ip vs ѵ½ and In 
Ip vs In ѵ [28], [31]. 

The Randles-Sevcik equation suggests that the linear re
lationship occurs between the peak current (Ip) of a freely dif
fusing reversible electrochemical redox species and the square 
root of its scan rate. Deviation from this relationship could mean 
quasi-reversible or surface adsorption. In Fig. 6 the peak current 
(Ipa) increases linearly with the square root of the scan rate while 
the peak current (Ipc) increases linearly with the square root for 
the scan rate less than 0.1 V/s (Fig. 6b). At scan rate greater than 
0.1 V/s data deviates exhibiting values lower than those expected, 
a feature typically observed when an electrochemical reaction 
involves a nucleation step [32]. Following the Randles-Sevcik 
equation suggestion, the dependence of Ip vs square root scan rate 
plots deviates exhibiting values lower than those expected which 
is the characteristic of a quasi-reversible and adsorption control 
system. On the other hand, In Ip vs Inѵ gave a slope of 0.8739 close 
to 1, which is the indication of an adsorption-controlled system. A 
slope equal to 1 or close to one is expected for the adsorption 
process. 

Fig. 7 shows the influence of the scan rate of the AgInS/ZnS 
core-shell. The values of oxidation and reduction peak current 
plotted against square root scan rates were both linear but does 
not pass through the origin which is the characteristic of quasi- 
reversible and adsorption control system. In Ip vs Inѵ a slope of 
1.0386 was obtained, which is the indication of an adsorption- 
controlled system. 

The optical and electrochemical results obtained in this study 
confirm the potential of the synthesised material in the electro-bio- 
chemical application. This is consistent with reported studies 
whereby ternary QDs have been synthesized for electrochemical 
biosensors [33], solar cells [34] and bio-applications [35]. 

4. Conclusions 

This study was aimed to provide a better understanding of the 
optical and electrochemical variances of the AgInS core QDs and 
AgInS/ZnS core/shell QDs. Optimal conditions of the optical prop
erties of the AgInS core QDs were obtained after 45 min synthesis at 
Ag: In molar ratio of 1:4. The addition of multiple ZnS shell mono
layers for the formation of AgInS/ZnS core-shell QDs resulted in a 
blue shift in PL peak position. Both AgInS QDs and AgInS/ZnS QDs are 
adsorption controlled, with the Ag+ showing a one-electron system. 
Higher currents were observed for the core strongly suggesting 
higher conductivity and electrical properties. These are further 
confirmed by fact that the core had a large electroactive surface. 
Comparative study of the electrochemical properties of AgInS QDs 
and AgInS/ZnS QDs showed that the as-synthesized AgInS QDs and 
AgInS/ZnS QDs exhibited chemical and electrochemical composi
tion-dependent properties enabling the use of the materials in both 
electronics and bio-applications. 
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