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Abstract 

UV/Vis absorption and Raman spectroelectrochemistry have been used to study silver 

nanoparticles (AgNPs) electrodeposition, allowing a better understanding about the metal 

nanoparticles (NPs) formation process and its influence on the surface-enhanced Raman 

scattering (SERS) effect. These techniques have provided in-situ information related to the 

synthesis of AgNPs by cyclic voltammetry. Using a marker, such as cyanide anion (CN-), Raman 

spectroscopy has allowed us to study all changes that take place on a platinum electrode surface 
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during the AgNPs electrodeposition process. Raman spectra show different SERS behavior 

depending on the NPs generated. UV/Vis absorption spectroelectrochemistry yields information 

on the changes in AgNPs plasmon band during their electrodeposition while Raman signal is 

highly correlated with the kind of NPs generated. The methodology used in this work 

demonstrates that SERS effect depends strongly on nanoparticle size and shape. 
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1. Introduction 

Metal NPs have exceptional properties making them a special system in many fields.1 

Particularly, AgNPs exhibit electrochemical,2 catalytic,3 antimicrobial4 and optical5 properties 

that make them especially interesting in electronic, catalysis and sensors fields.6–10 These 

properties, as in other kind of metal NPs, are related with their sizes and shapes. Therefore, it is 

very important to develop synthetic routes to control the shape and size of NPs. AgNPs can be 

synthesized using chemical,11 sol–gel,12 thermal,13 photogeneration,14 template15 or 

electrochemical16 methods. Among these methods, we have used an electrochemical route that 

allows us to study the electrodeposition process correlating the Raman signal of a marker (CN-) 

with the plasmon band evolution of the NPs generated on the electrode surface.  

Usually, metal NPs are characterized by ex-situ high resolution microscopies, but in-situ 

characterization is more interesting because it provides direct information about the kind of NPs 

generated on the electrode at each moment. UV/Vis spectroelectrochemistry is one of the few 

techniques that allows performing in-situ analysis on the NPs that are being electrodeposited on 

the electrode. In the case of AgNPs, the shape and position of the plasmon band are indicative of 

the kind of NPs electrogenerated.17 

On the other hand, SERS effect has been widely studied over decades and it depends on two 

main contributions: electromagnetic and chemical mechanism (also denoted as charge 

transference mechanism), being the electromagnetic contribution significantly larger in 

magnitude than chemical mechanism.18–20 Besides, some studies have analyzed several SERS 

factors such as nanoparticle’s properties (size, shape,  ...)21–25 or the relation between laser 

excitation line and NPs plasmon band.26–30 In this work we have studied some of these factors 

using combined information provided by UV/Vis and Raman spectroelectrochemistry. We have 
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observed that during AgNPs synthesis, SERS effect is related to NPs electromagnetic properties 

and therefore, it is associated with their plasmon band. 

Metal (Pt, Pd, Ag, Au, …) NPs are systems largely employed in SERS.31–33 In particular, Ag 

deposition is one of the oldest plating processes studied. There are many complexing agents that 

can be used to follow changes on the surface morphology during metal deposition. Between 

them, CN- is one of the most useful agents due to the high interaction with the AgNPs,34–36 and 

SERS effect allows us to observe the characteristic bands of the different Ag(CN)n
(n-1)- 

complexes. 

In this work, we have performed a time-resolved in-situ study of the SERS effect of AgNPs 

generated in a voltammetry experiment and we have correlated this information to data obtained 

using time-resolved UV/Vis spectroelectrochemistry to study the synthesis of these NPs under 

the same experimental conditions. Both methods allow us to understand the processes that occur 

on the electrode surface, finding that both set of data are highly correlated. 

2. Material and methods 

2.1.  Reagents 

Silver nitrate, AgNO3 (Aldrich), potassium cyanide, KCN (Panreac) and potassium nitrate, 

KNO3 (Merck) as supporting electrolyte, were used as received. All chemicals were analytical 

grade. Aqueous solutions were prepared using high-quality water (resistivity of 18.2 MΩ·cm) 

MilliQ gradient A10 system, Millipore). 

2.2.  Instrumentation 
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All electrochemical measurements were carried out at room temperature using a 

potentiostat/galvanostat AUTOLAB PGSTAT 20 electrochemical system. UV/VIS 

measurements were performed using a QE65000 Spectrometer (Ocean Optics) made up of a 

1044×64 element diode array synchronized with the potentiostat. The light beam, supplied by a 

deuterium-halogen light source (Avalight-DH-S, Avantes) was both conducted to and collected 

from the spectroelectrochemical cell by a reflection probe (RP-200-7-UV/Vis, Ocean Optics). 

The reflection probe was a bifurcated bundle consisting of six 200-µm illumination fibers around 

one central read fiber. It was placed in a home-made cell, facing the surface of the Pt electrode at 

a distance of approximately 1.5 mm. In this way, a near-normal configuration was used. The 

incident beam was perpendicular to the electrode surface and the reflected light (which samples a 

spot of approximately 1mm2) was collected by the central read fiber of the reflection probe and 

conducted to the spectrometer. 

Raman spectra were obtained using a Confocal Raman Voyage (BWTEK). A 20× objective 

was used, with an excitation line at 532 nm and a power of 5 mW. Raman spectra were collected 

by a CCD array, with a spectral resolution of 3.8 cm−1. The spectrometer was connected to a 

computer that recorded continuously at set time intervals and for set integration time. 

Synchronization between potentiostat and Confocal Raman microscope was performed with a 

trigger, being necessary to perform several hardware and software changes in the Raman 

equipment to obtain a time-resolved Raman signal during the electrochemical experiments. 

A standard three-electrode cell was used in all experiments, consisting of a commercial Pt 

working electrode (CHI), a Pt wire as auxiliary electrode and a homemade Ag/AgCl/KCl (3 M) 

reference electrode. 
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Before Ag electrodeposition, the platinum electrode was polished to a mirror finish using 

alumina slurries with different powder size down to 0.5 μm. Next, the electrode was thoroughly 

rinsed with ultrapure water and sonicated in ultrapure water in an ultrasonic bath for 30 min to 

remove any absorbed substances on the electrode surface. 

3. Results and Discussion 

AgNPs electrodeposition and their redissolution are studied by cyclic voltammetry, scanning 

the potential from 0.00 V to -1.00 V and back to 0.00 V at a scan rate of 0.05 V s-1 in a 4.8x10-3 

M AgNO3 solution that contains 0.4 M KNO3 as supporting electrolyte and 2.8x10-2 M KCN as 

complexing agent (pH = 9.9). Fig. 1 displays the cyclic voltammogram obtained for the AgNPs 

electrodeposition. During the cathodic scan, around -0.60 V, a very small reduction peak is 

observed that could be related to the silver underpotential deposition (inset Fig. 1). However, the 

highest reduction wave takes place at -0.80 V, when Ag+ in solution is reduced. In the anodic 

scan, the voltammogram shows a broad current peak around -0.50 V that seems to have the 

contribution of different peaks, indicating that oxidation of AgNPs takes place in different steps. 

Evolution of the Raman spectra was recorded during the cyclic voltammetry (Fig. 2). A strong 

vibrational band at 2110 cm-1 is observed (Fig. 2.a), being characteristic of the cyanide due to the 

C≡N frequency vibration, (C≡N).34–36 This band is potential dependent and its evolution has to 

be related to the different Ag-CN complexes formed and to the NPs generated on the electrode 

surface. Chemistry of silver cyanide shows the following equilibria:35 

Ag+ + CN- ⇆ AgCN  Raman= 2164-2167 cm-1 Eq. 1

Ag+ + 2CN- ⇆ Ag(CN)2
-  Raman= 2135-2145 cm-1  Eq. 2 

Ag(CN)2
- + CN- ⇆ Ag(CN)3

2- Raman= 2105-2110 cm-1  Eq. 3 
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Ag(CN)3
2- + CN- ⇆ Ag(CN)4

3- Raman= 2090-2100 cm-1  Eq. 4 

 

AgCN (Eq. 1) is a white precipitate that in presence of excess of cyanide is redissolved 

forming other complexes, being more stable Ag(CN)2
- and Ag(CN)3

2- (Eq. 2 and 3) than 

Ag(CN)4
3- (Eq. 4). Dynamic Raman spectroelectrochemistry, in which a Raman spectrum is 

acquired each 1.6 seconds, provides in-situ time-resolved information on the characteristic 

Raman bands observed in a fast scan rate electrochemical experiment. Fig. 2.a shows the time 

evolution of the (C≡N) band recorded during the electrodeposition experiment. This band has 

the contribution of different bands that belong to the cyanide complex, besides a shifting of the 

cyanide band (Fig. 2.b) is observed due to the presence of different complexes during the 

experiment.  

UV/Vis spectroelectrochemistry with high time resolution, in which one complete visible 

spectrum is acquired each 8 miliseconds, allows us to study the in-situ electrodeposition of 

AgNPs analyzing the evolution of their characteristic plasmon band. It is a powerful analytical 

tool to characterize AgNPs37 and can help us to understand the Raman signal behavior. Fig. 3 

shows the temporal evolution of the visible spectra recorded during the experiment where 

AgNPs are generated on the electrode surface. In this figure, it is possible to observe a band 

evolving with time (potential), which clearly changes its position during the potential scan. For a 

better understanding of the plasmon band evolution with potential, we have divided the 

voltammetry experiment in four segments (Fig. 4). From 0.00 V to -0.80 V (Fig. 4.a) it is 

possible to observe that a band centered on 440 nm begins to grow. A red-shift of the maximum 

of plasmon band is observed, which indicates that spherical NPs are growing, increasing their 

size. Normalization of spectra in Fig. 4.a respect to the maximum height yields spectra with 
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different width indicating that also the density of NPs on the electrode surface increases. As can 

be seen, plasmon band width and height increases with potential, meaning that size and density 

of NPs are increasing. From -0.80 V to -0.60 V (Fig. 4.b) a new band appears, initially around 

500 nm and then it moves fast to longer wavelengths, indicating a change in NPs shape. From 

the shape of the plasmon band, we can suppose that AgNPs changes from a spherical shape to 

other such as (nanoplates, nanoprisms,…).38,39 Fig. 4.b shows clearly two plasmon bands, one 

centered at 440 nm, related to the transversal dipole resonance and another that red-shifts with 

potential due to the longitudinal dipole resonance. From -0.60 V to -0.40 V (Fig. 4.c) we observe 

two bands like in the previous segment, but now, during the anodic scan the band centered at 

longer wavelengths is blue-shifted and it decreases to finally obtain only one band. Thus, during 

the oxidation, non-spherical NPs recover the spherical shape because at the end of this segment a 

unique band centered on 430 nm is observed. Finally, from -0.40 V to 0.00 V (Fig. 4.d) 

redissolution of the spherical AgNPs takes place and the band centered on 420 nm is blue-shifted 

because the size of AgNPs decreases and, at higher potentials, NPs disappear.  

Comparison between Fig. 4.a and Fig. 4.d is very representative about the information of the 

AgNPs plasmon band. In Fig. 4.a, plasmon band height decreases but plasmon band width does 

not change, indicating only a change of AgNPs size. However, as has been stated above, in Fig. 

4.a, the lower the potential is, the wider the AgNPs plasmon band is, indicating not only a 

change in size but also in density of NPs that later leads to a change in shape at potentials lower 

than -0.80 V. 

Non-spherical NPs have the contribution of the longitudinal and transversal dipole resonance. 

Therefore, different plasmon bands are obtained for NPs with different shapes. Fig. 4 shows that 
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changes observed in the plasmon band during the cyclic voltammetry experiment are due to the 

modification of AgNPs properties (size and shape).5,38,40 

Fig. 5.a shows the evolution of the (C≡N) Raman band at 2110 cm-1 with the applied 

potential. No signal was observed from 0.00 V to -0.65 V because electrodeposition of AgNPs 

has not yet started, and therefore, there is not SERS effect. At -0.65 V CN- band evolves due to 

the beginning of Ag+ reduction, forming a SERS substrate that changes with potential. The 

intensity of this band increases, reaching a maximum at -0.94 V, almost at the end of the 

cathodic scan. During the anodic scan, between -0.94 V and -0.60 V the intensity increases again 

but from -0.60 V downwards the intensity of the band decreases abruptly recovering the initial 

value of intensity, equal to zero, indicating that AgNPs are fully oxidized and have been 

redissolved.  

Comparison of Raman intensity at 2110 cm-1 (Fig.5.a) and UV/Vis absorbance at 420 nm (Fig. 

5.b) respect to potential shows that the two signals are correlated but their behaviors do not 

match exactly. Initially, neither Raman nor plasmon band appears in the respective spectra. The 

(C≡N) Raman band begins to grow at -0.65 V when Ag reduction starts, but UV/Vis band 

increases at more negative potential (around -0.75 V) than Raman band. Furthermore, the 

maximum in the spectra obtained with the two spectroscopy techniques are not observed at the 

same potential, (C≡N) Raman maximum is reached at -0.60 V in the backward scan, but if we 

follow the wavelength corresponding to the spherical NPs (420 nm), the maximum is observed at 

-0.40 V in this reverse scan. It is necessary to remember that the maximum of the plasmon band 

is changing during the experiment, so it is much more interesting studying the evolution of their 

maximum (Fig. 5.c) to observe that Raman and UV/Vis behaviors are completely correlated. 

Moreover, observation of the three signals (electrochemical, absorption and Raman) is necessary 
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to understand the behavior of the chemical system. A very small reduction wave is observed in 

the voltammogram around -0.60 V during the forward (cathodic) scan, (inset Fig. 1) that could 

be related to the silver underpotential deposition, producing the deposition of very small NPs 

without plasmon band that yields a SERS effect enough to observe a very weak (C≡N) Raman 

band (forward scan, Fig. 5.a). Plasmon band centered on 420 nm grows abruptly later, at -0.80 V, 

but rapidly evolves with potential showing a red-shifting. The maximum of the plasmon band is 

shifted up to 835 nm (Fig. 5.c). Therefore, we can assume that a change in the shape of the NPs 

is taking place during the electrochemical deposition.17,41,42 Spherical NPs, with the typical 

plasmon band around 420 nm, are electrogenerated only in the first stages of the deposition 

during the forward scan, evolving quickly to other shapes. We cannot confirm the exact shape of 

the AgNPs because it is not possible to obtain a sample for SEM, as we will show below, but 

from the spectra waveform we can suppose that plate-like or rod-like nanostructures are formed 

on the electrode surface.17,38,39 The peak position of Ag nanostructures plasmon bands depends 

strongly on the nanostructure shape and size.17,42 As it was established in bibliography, a single 

symmetrical plasmon band centered approximately at 420 nm corresponds to spherical NPs, 

while in-plane or longitudinal dipole plasmon band with a peak in the Vis-NIR region are related 

to plate-like or rod-like Ag nanostructures.38  

The plasmon band centered at 835 nm reaches it maximum value of absorbance at -0.60 V in 

the backward scan (Fig. 5.c) the same potential at which the maximum SERS effect it is 

observed (Fig. 5.a). This experimental evidence indicates that the highest SERS effect, maximum 

intensity of the (C≡N) Raman band at 2110 cm-1, is due to nanoplates or nanorods formed and 

not to spherical AgNPs. Therefore, UV/Vis spectroelectrochemistry is a very helpful technique 
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to explain correctly Raman intensity changes during the cyclic voltammetry and SERS effect of 

AgNPs.  

Increasing more the potential in the backward scan, from -0.60 V to -0.30 V, spherical NPs are 

generated again during the redissolution of the nanoplate or nanorod particles. Just when the scan 

rate of redissoluton of these nanostructures is higher, around -0.45 V, deduced by the sudden 

decrease of Raman intensity at 2110 cm-1 (Fig. 5.a) a maximum of absorbance is observed when 

plotting its value at 420 nm (Fig. 5.c). Newly, this behavior indicates that the AgNPs that show 

higher SERS effect are those with shapes different from nanospheres. 

Finally, at the end of the anodic scan, the potential is high enough to completely oxidize 

AgNPs, redissolving all NPs on the electrode surface observed by the recovering of the initial 

value of absorbance in the UV/Vis spectra, and losing the corresponding SERS effect 

appreciated by the null value of Raman intensity in Fig. 5.a. 

With the aim of characterizing the NPs deposited on the electrode surface with typical 

microscopic techniques, experiments were stopped at the end of the reduction scan (-1.00 V), 

where a red-shift of the plasmon band to 700 nm has occurred (Fig. 5.c) and where there is a 

clear SERS effect (Fig. 5.a). However, electrodes modified in this way did not show SERS 

effect.  

In order to understand the reason because no SERS effect was observed on these electrodes, 

we carried out a spectroelectrochemistry experiment recording not only the electrodeposition 

process, but also the spectra after opening the electrical circuit. Potential was scanned from 0.00 

V to -1.00 V at a scan rate of 0.05 V s-1 in a 4.8x10-3 M AgNO3 solution that contains 0.4 M of 

KNO3 as supporting electrolyte and 2.8x10-2 M of KCN as complexing agent. Spectra were 

recorded during the whole experiment: electrodeposition process and after finishing it for 50 
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seconds in addition, after leaving the electrode without applying potential. Fig. 6 shows the 

evolution of full UV/Vis spectra during this experiment. When plasmon band starts to grow, 

quickly a band centered on 700 nm is formed. But when the experiment is stopped the plasmon 

band has a spontaneously blue-shifting evolving to one centered on 420 nm.43 This behavior is 

related to the presence of cyanide, which redissolves the AgNPs, producing more stable 

AgNPs39,44,45 and depending on time, even it is possible to dissolve all NPs deposited on the 

electrode surface spherical and non-spherical. Therefore, when experiments are finished and we 

try to characterize the NPs using ex-situ techniques, nanostructures have changed spontaneously 

and the ex-situ techniques do not provide information corresponding to the NPs with the higher 

SERS effect. Excess of cyanide in presence of oxygen provokes the redissolution of AgNPs.  

Several hypotheses about the SERS effect have been proposed, some authors indicate that 

Raman signals were greatly enhanced when the laser excitation line matched the peak position of 

the plasmon band,46 other authors propose that small atomic silver clusters with high surface 

enhancement effect are probably formed during the nanoprism sculpturing process.47 

Concordance between Raman and UV/Vis spectroelectrochemistry results allows us to obtain in-

situ information about the NPs that are being electrosynthetized in each moment and proves that 

the shape of the NPs has a clear effect on the SERS effect in the detection of cyanide.  

As has been shown above, spectroelectrochemistry provides suitable in-situ information about 

changes in shape and/or size of AgNPs during the electrodeposition process. AgNPs 

electrodeposition process depends strongly on the cyanide concentration. In this way, we have 

selected experimental conditions to generate only spherical AgNPs. In this case, electrosynthesis 

was performed using a lower concentration of cyanide. For this purpose, AgNPs 

electrodeposition and their redissolution were studied scanning the potential from +0.70 V to 
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+0.15 V and back to +0.70 V at a scan rate of 0.01 V s-1 in a 4.8x10-3 M AgNO3 solution that 

contains 0.4 M KNO3 as supporting electrolyte and 2.8x10-5 M KCN. Fig. 7.a shows that the 

cyclic voltammogram obtained for AgNPs electrodeposition has a waveform similar to that 

registered during the electrodeposition with the higher KCN concentration, 2.8x10-2 M (Fig. 1). 

As a result of the change in the cyanide concentration, the potential needed to form AgNPs is 

much more positive. The stripping peak at +0.50 V is more intense and without shoulders when 

compared with that of Fig. 1. Anyway, this voltammogram does not provide definitive 

information about the kind of NPs generated on the electrode. However, UV/Vis absorption 

signal provides clear information about the electrodeposition of spherical AgNPs. Fig. 7.b shows 

the typical plasmon band centered on 430 nm of spherical AgNPs which absorbance depends on 

the applied potential. It is remarkable, that during the beginning of the reduction process no 

plasmon band is observed, indicating that many nuclei and small nanoparticles are generated on 

the electrode surface (see spectra at +0.30 V in the forward scan, Fig. 7.b). On the other hand, 

only one plasmon band is observed during the electrodeposition process, indicating that NPs 

shape does not change when the cyanide concentration is 2.8x10-5 M. This case is completely 

different to the results showed above for AgNPs formed at higher cyanide concentration (Fig. 4). 

As can be seen, there is a small red-shift of the maximum of the plasmon band from 430 nm to 

450 nm and also a clear increase of plasmon band height when the reduction overpotential is low 

enough. Normalization of spectra respect to the maximum absorbance yields spectra with 

approximately the same width, indicating that the density of the AgNPs does not increase 

significantly, once AgNPs with plasmon band are generated. Therefore, under these experimental 

conditions, we can assume that spherical AgNPs are growing in size during the electrodeposition 

process. 
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As in the previous case at higher cyanide concentration, comparison of Raman intensity band 

at 2150 cm-1 (Fig.7.c) and absorbance at the maximum of the plasmon band (Fig. 7.d) respect to 

the potential shows that the two signals are correlated but their behaviors do not match exactly. 

Initially, neither Raman signal nor plasmon band is appreciated. Raman and UV/Vis bands begin 

to evolve when Ag(I) reduction starts, at potentials lower than +0.40 V. The two bands grow up 

concomitantly, indicating that SERS effect increases with the NPs size. However, the two signals 

do not reach the maximum signal value at the same potential. The highest Raman intensity is 

reached 100 mV earlier than the highest absorption band. Therefore, there is a preferential size of 

AgNPs for the SERS effect. Afterwards, Raman and absorption bands decrease but at different 

potential. Voltammogram shows that AgNPs begin to be slightly oxidized at +0.32 V (Fig. 7.a), 

approximately the same potential at which Raman intensity at 2150 cm-1 starts to decrease. Then, 

SERS effect is very sensitive to the surface composition of NPs and the oxidation of their surface 

provokes the decrease of the Raman signal. In this case, when redissolution of AgNPs takes 

places, Raman intensity and absorbance around the maximum decreases, but the initial values are 

not recovered as occurs at higher cyanide concentrations (Figs. 5a and 5b). Thus, at this low 

cyanide concentration and in this potential window AgNPs are not completely dissolved, as can 

be seen in the last spectra in Fig. 7.b, which evidences that some AgNPs are still deposited on the 

electrode at a potential as higher as +0.70 V.  

 

4. Conclusions 

Spectroelectrochemistry is a very suitable combination of two analytical methods to obtain in-

situ information about NPs electrochemically formed on an electrode surface. Combination of 
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Raman and UV/Vis spectroelectrochemistry provides a more detailed picture not only about the 

electrodeposition process but also about the SERS effect produced by the nanostructures formed 

on the electrode surface. High concentrations of a complexing agent as cyanide provoke shape 

changes of AgNPs from spheres to other non-symmetrical shapes with a higher SERS effect. On 

the other hand, low concentrations of cyanide do not imply changes in the shape, but only in size, 

demonstrating the size dependence of the SERS effect. Therefore, the methodology used in this 

work using these two spectroelectrochemical techniques, have allowed us to support that SERS 

effect depends strongly on NPs size and shape. UV/Vis spectroelectrochemistry has allowed us 

to carry out an in-situ characterization of AgNPs with SERS effect, under some experimental 

conditions where AgNPs have a spontaneous evolution. A single plasmon band is not 

informative enough about the type of NPs generated on the electrode, but the controlled 

evolution of many plasmon bands indicates what is occurring to the NPs deposited on the 

electrode surface. Finally, spectroelectrochemical methodology has shown here that it can be a 

good candidate to control the NPs electrosynthesis in order to obtain the best SERS active 

substrates. 
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Figures 

Figure 1 

  

Figure 1. Cyclic voltammogram obtained in AgNO3 4.8x10-3 M, KCN 2.8x10-2 M, KNO3 0.4 M 

solution. The potential was scanned from 0.00 V to -1.00 V and back to 0.00 V at 0.050 V s−1 

(the four segments differentiated in colors are explained in Fig. 4). 
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Figure 2.a 

   

 

 

Figure 2.b 

 



 25

Figure 2. (a) 3D plot Raman signal/time/Raman Shift (b) Raman spectra plotted each 1.60 s;  fs: 

forward scan, bs: backward scan corresponding to the experiment shown in Fig. 1. 

Figure 3 

 

Figure 3. 3D plot UV/Vis Absorbance/time/wavelength obtained during the whole experiment in 

the experimental conditions detailed in Fig. 1. 
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Figure 4.a 

  

Figure 4.b 

   

Figure 4.c 
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Figure 4.d 

  

Figure 4. UV/Vis absorption spectra from (a) 0.00 V to -0.80V, (b) -0.80 V to -0.60V, (c) -0.60 

V to -0.40V, (d) -0.40 V to 0.00V. 
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Figure 5.a 

   

Figure 5.b 

 

Figure 5.c 
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Figure 5. Evolution of (a) Raman intensity band at 2110 cm-1, (b) absorbance at 420 nm and (c) 

maximum UV/Vis wavelength of the plasmon band with the potential. Blue line: cathodic sweep, 

green line: anodic sweep. Experimental conditions in Fig. 1. 
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Figure 6 

  

 

Figure 6. Contour plot of the UV/Vis plasmon band evolution with the time obtained during a 

silver electrodeposition experiment. Potential was scanned from 0.00 V to -1.00 V at a scan rate 

of 0.05 V s-1 in a 4.8x10-3 M AgNO3, 0.4 M of KNO3 and 2.8x10-2 M of KCN solution. Spectra 

were recorded during the electrodeposition process and for 50 seconds in addition with open 

potential circuit. Black line indicates when the potential scan is stopped and released at open 

circuit potential. 
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Figure 7.a 

 

Figure 7.b 

   

Figure 7.c 
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Figure 7.d 

 

Figure 7. (a) Cyclic voltammogram obtained in AgNO3 4.8x10-3 M, KCN 2.8x10-5 M, KNO3 0.4 

M solution. The potential was scanned from +0.70 V to +0.15 V and back to +0.70 V at 0.010 V 

s−1. (b) UV/Vis absorption spectra at different potentials; fs: forward scan, bs: backward scan. 

Evolution of (c) Raman intensity band at 2150 cm-1 and (d) absorbance at the maximum of the 

plasmon band. Blue line: cathodic sweep, green line: anodic sweep. 
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