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Abstract—Thin layers of undoped and doped 
ZnO were prepared by a sol-gel method using the 
dip-coating technique. The doped layers 
contained 10 mol. % of Li or 10 mol. % of Na. The 
films were yielded with thicknesses ranging from 
140 nm to 160 nm. The layers were analyzed by 
SEM, EDX, XRD, Raman spectroscopy, and by 
electrochemical tests (amperometry, linear 
voltammetry, and open circuit potential). All 
prepared samples were smooth and transparent. 
A series of electrochemical measurement was 
performed with both doped and undoped layers 
with aminoacids solutions of electrolyte. The 
glycine, glutamic acid, histidine, and methionine 
were chosen. Glycine possesses alkane chain, 
glutamic acid the second carboxylic group, 
histidine the alkalic amino group, and methionine 
the sulphur containing group. It was shown, that 
the change in polarity of ZnO induced by doping 
with 10 mol. %. Na and 10 mol. %. Li played an 
important role in surface interaction of ZnO and 
aminoacid dissolved in the electrolyte and 
permitted the qualitative and semi-quantitative 
distinguishing of the four structurally different 
aminoacids. 

Keywords— doped semiconductors; ZnO; 
aminoacids, open circuit amperometry;  

I.  INTRODUCTION 

ZnO belongs to the group of semiconductors based 
on metal oxides, which are useful for UV and visible 
light-emitting electrochemical devices due to its wide 
band-gap (≈3.3 eV at ambient temperature) and other 
optical and electronic properties [1-4]. These 
properties depend on the type and amount of 
impurities, dopants, concentration of defects, 
crystallinity, surface morphology, etc. [5-7]. A special 
interest was given to the field of inter-facial behavior 
and sensorics [7], where the thin films of zinc oxides 
play an important role in many detection systems [8, 
9]. A variety of techniques have been utilized in the 
past to produce zinc oxide thin films. Sputter 
deposition techniques [10-13], chemical vapor 
deposition [14, 15], liquid phase deposition [16-18], 
electrochemical deposition [19-21], and spray pyrolysis 
[22] are among the most prominent methods. Recently 
it was shown, that the modification of ZnO surfaces by 

bio-reactive amino groups (e.g. aminopropyl 
triethoxysilane) led to specific interaction of ZnO layers 
with peptides [23-25]. Zinc oxides layers’ affinities to 
polar molecules can be also enhanced by dopation 
with polar dopants (e. g. Li, Na) [24-27]. The affinity of 
the ZnO surface to the aminoacids -COOH, -NH2 
groups could also be enhanced by another structural 
modification. On the other hand, the right choice of the 
aminoacids could also improve their detection by 
modified ZnO surfaces [25]. In this communication we 
report on electrochemical properties of doped and 
undoped ZnO films produced by sol-gel method using 
dip-coating technique and their application as viable 
sensors for four types of structurally different 
aminoacids in the electrolyte, namely alkane chain 
containing glycine, highly polar glutamic acid, alkalic 
histidine and sulphur containing methionine. The 
intentional change in polarity caused by doping with Li 
or Na could lead to specific interaction of ZnO surface 
with the electrolyte containing polar aminoacids. 

II. EXPERIMANTAL 

Thin layers of ZnO were prepared by sol-gel 
method and dip-coating technique. The ZnO films via 
sol-gel were prepared by mixing propan-2-ol (Sigma 
Aldrich, Germany), zinc acetate dihydrate (Sigma 
Aldrich, Germany) and diethanolamine (DEA) (Sigma 
Aldrich, Germany). The molar ratio between Zn

2+
 and 

DEA was kept 1:1, the concentration of Zn
2+

 was set at 
0.45 mol L

-1
 in propan-2-ol. In the case of doped 

layers, LiOH (Sigma Aldrich, Germany), KNO3 (Sigma 
Aldrich, Germany) were added to the solution in the 
form of powder and dissolved for 30 min. The layers 
were prepared with 10 molar % of Li, Na vs. Zn

2+
 

(0.045 mol L
-1

). As substrates ITO (Indium Tin Oxide) 
glass slides (20 × 12.5 × 1.1 mm, 15-20 Ω cm, Delta 
Technologies, USA) were chosen. The substrate was 
held using a movable substrate holder (vertically) in a 
position above the solution of sol-gel. The next step 
was a linear movement with the speed of 1.5 mm s

-1
 

into the sol container. The substrate was kept in the 
solution for 30 s. Thereafter the movable substrate 
holder moved upwards with a linear speed of 1 mm s

-1
. 

The formation of a thin sol layer was observed during 
this movement. This technique produces layers 
deposited on both sides of the substrate, therefore one 
side was wiped off by cellulose and layers were air-
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dried. Air-drying was performed at 110 °C for 30 
minutes with subsequent calcination at 500 °C for 5 h.  

For a detailed physical behavior of the prepared 
layers a series of characterization methods was used. 
The crystallographic structure was determined from 
Raman spectroscopy (Nicolet Almega XR) and from X-
ray diffraction analyses (Pananalytical - MRC with Cu 
anode). The angle of incident X-rays was set to 0.5°. 
The crystalline size was obtained using a method 
developed from X-ray diffraction data by Pawley as 
used in TOPAS software [23]. SEM images were 
obtained at Tescan Indusem with Quantax 200 and 
XFlash detector 5010, Bruker. Thicknesses were 
determined by cross-section photos taken by SEM 
(angle 85-87°). XPS spectra were obtained by Kratos 
Amicus/ESCA 3400 with working pressure lower than 
5.0 10

-7
 Pa, using polychromatic Mg X-Ray source (Mg 

Kα, 1253.4 eV). Spectra were taken over Zn 2p, O 1s, 
C 1s, Na 1s, Li 1s. Samples were sputtered with Ar

+
 

ions at 500 V with current of 10 mA for 30 s. The 
overlapping spectral features were resolved into 
individual components using the damped non-linear 
least squares method and the lines of Gaussian-
Lorentzian shape. Prior to fitting the Shirley 
background was subtracted [28].  

All measurements were performed using an optical-
bench set-up [16]. The system consists of a medium-
pressure mercury lamp (Arc Lamp, LOT-Oriel, 500 W), 
which emits polychromatic light followed by optical 
filters, shutter and an electrochemical cell connected to 
the potentiostat. A 0.1mol L

-1
 solution of Na2SO4 acts 

as electrolyte. The potential inserted to the cell was 
operated by a computer-controlled potentiostat 
Voltalab 10 PGZ-100. Data were acquired and 
analyzed in Volta Master 4 (v. 7.08). Standard 
electrochemical methods were used, namely: open 
circuit potential (OCP), cyclic voltammetry (CV), linear 
voltammetry (LV), and amperometry (AMP). The time 
dependence of potential of electrode/electrolyte 
interface was measured using OCP for undoped and 
doped layers in a classical three electrode system [16]. 
The computer-controlled shutter was closed at the 
beginning of the irradiation experiment and opened 
after 30 s. The light then passed through the shutter 
and irradiated the sample. The interval between two 
points was set to 0.1 or 0.2 s to see the rapid change 
of potential after irradiation. The shutter was opened 
for next 60 s.  

 
Fig. 1: Chemical structures of tested aminoacids 

The measurement continued in dark for 60 s. The 
structures of aminoacids are shown in Fig. 1. Glycine, 
glutamic acid, histidine and methionine in a form of 
powder with p.a. purity (Sigma Aldrich, Germany) were 
separately added as studied species to the standard 
0.1 mol L

-1
 Na2SO4 (see Tab.1) electrolyte during 

measurement of ZnO (photo)-electrochemical 
properties of the processes occurring on 
ZnO/electrolyte - aminoacid interface. The 
concentration of individual aminoacids` storage 
solutions was set to 1.10

-3
 mol L

-1
 of electrolyte. 

Individual aminoacids mixture was then added to the 
electrochemical cell using the automatic pipette by 0.5 
ml or 1 ml steps. The formed solution in the 
electrochemical cell was stirred for 15 s to allow 
homogenization of the modified electrolyte. After every 
addition only two electrochemical measurements were 
performed with the aminoacid solution (OCP and CV). 
The OCP started at -200 mV vs. the standard  

TABLE 1: BASIC PHYSICO-CHEMICAL PROPERTIES OF STUDIED 

AMINOACIDS 

 

Ag/AgCl(s) electrode. The following CV was performed 
from -0.2 to 1.2 V with return to - 200 mV with the 
linear change of potential of 50 mV s

-1
 for 3 times. 

When 9 ml of the aminoacids solution were stepwise 
added to the main electrolyte both measurements 
(OCP and CV) were performed. 

III. RESULTS AND DISCUSSION 

A. Characterization of layers 

All layers of ZnO were crystalline and revealed no 
specific preferential growth direction as can be seen in 
Fig. 2. The unindexed peaks were obtained from ITO 
glass substrate. In Fig. 2 the small changes of 
diffraction angles can be attributed to the implantation 
of dopant atoms to the ZnO structure. This can be 
ascribed to the preparation route, in which the dopants 
are directly added to the maternal solution of Zn

2+
 

causing only very small changes to the solution. This 
leads to the formation of similarly structured crystallites 
of undoped and doped ZnO. The size of crystallites 
was calculated by Pawley based method in the 
TOPAS software [28] and the results are summarized 
in Tab. 2 

 

Aminoacid pI pKa –
carboxyl 

group 

pKa – 
amino 
group 

Glycine 6.01 2.34 9.6 

Glutamic acid 3.15 2.1 9.47 

Histidine 7.6 2.13 9.28 

Methionine 5.74 1.8 9.33 
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TAB. 2: CRYSTALLITE SIZE OF ZNO 

Sample Crystallite size [nm] 

ZnO 59 ± 3 

ZnO 10 mol. % Na 61 ± 3 

ZnO 10 mol. % La 62 ± 3 

 

Obtained results corroborate that the doping had 
almost no effect on the calculated crystallite size which 
was approximately 60 nm for all ZnO samples. Despite 
the carbon containing species used in the preparation 
of layers, only minor traces of carbon were observed in 
the whole range of Raman spectrum. All characteristic 
peaks were found for ZnO (Fig. 3) showing the 
formation of wurtzite type of ZnO for all three types of 
layers. Only small changes between the undoped and 
doped layers by means of Raman spectroscopy were 
observed. As can be seen in Fig. 4a, only Zn

2+
 (2p 1/2 

at 1022.5 eV, 2p 3/2 at 1046.1 eV) oxidation states 
were obtained for all layers, despite the high doping 
level of the dopants. In Fig. 4b the broadening of O 1s 
can be attributed to a mixture of Zn – O [29, 30], Li – O 
[29, 30], as well as adsorbed species (water and –OH 
groups) [29]. The appearance of these peaks verifies 
the changed polarity of the ZnO surfaces caused by 
doping.  

Fig. 3: Comparison of Raman spectra obtained for undoped 
and doped layers  
 

Fig 4a: XPS spectra of O 1s 

This Fig. 4 also proves the occurrence of Zn-O-Li 
[29], resp. Zn-O-Na [30] bonds. It was found, that the 
C 1s signal from the measured samples comes from 
the adsorbed species on the surfaces. The amount of 
carbon after sputtering with Ar (1 kV, 10 mA, and 1 
min) dramatically decreased. The final amount of 
carbon was below 1 mol. %. The stoichiometry at the 
clean surface can be summarized as Zn(0.95-
1.0)O(0.95-1.1), Zn(0.95-1.02)Li(0.08-0.11)O(1.04-
1.06) and Zn(0.96-1.03)Na(0.08-0.13)O(1.04-1.05). 
The chemical composition of Li doped layer after two 
amperometry measurements showed the partial 
exchange of Li for Na and almost full disappearance of 
Li forming Zn(0.95-1.02)O(1.04-1.05)Na(0.01-0.02). 

B. Photo-electrochemistry of undoped and 
doped ZnO 

 Values of generated photocurrents for both types of 
undoped layers as well for doped layer were measured 
at constant potential (0.6 V against the standard 
Ag/AgCl electrode) by amperometry. The obtained 
curves indicated the photocurrent-time behavior of the 
layers. The lowest photocurrent densities were 
observed for undoped ZnO layers. The Na doped 
layers showed a little bit higher response to the 
incident light than undoped layers. The highest current  

densities  

 
Fig 4b: XPS spectra of Zn 2p 

 

 

 

 
 

 

 

Fig. 2: XRD diffractograms of ZnO layers deposited on ITO 
glass 
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Fig. 5: Amperometry of doped layers of ZnO 

 

were obtained for Li doped layers, where the current 
densities were a function of Li incorporated to the 
structure. This means that the Li was emitted to the 
electrolyte and enhanced the conductivity or increased 
the generation of electrons and holes in the ZnO 
matrix. It can be easily seen for the highest content of 
Li (Fig. 5), where after the half of the irradiation period 
the current density sank rapidly. As a confirmation of 
this idea a second run of amperometry was performed 
under same operation conditions. The resulted 
dependence can be seen in Fig. 6, where the current 
densities of Li doped layers decreased exponentially. 
On the other hand, for thin layers of Na doped ZnO no 
significant changes were found. This is caused by the 
semiconductor-electrolyte interface, where a huge 
concentration of Na from electrolyte acts against the 
dissolution of Na doped layers. The stability if dopants 
in the layers depends on the dissolution kinetics to the 
electrolyte. In the case of Na dopant, there is a 0.1 mol 
L

-1
 solution of Na2SO4 acting against the dissociation 

of Na from the layer. In the case of Li, the change of 
the chemical potential on both sides of the interface 
cause the dissolution of Li to the electrolyte. The 
dissolution of Li to the electrolyte was confirmed by 
XPS. 

Fig. 6: Comparison of 1
th

 and 2
nd

 runs of amperometry for 
doped layers 

 

C. Electrochemical detection of aminoacids on 
undoped ZnO layers 

 

A series of OCP measurements was done for 
undoped and doped layers of ZnO with the aminoacids 
solution of electrolyte. The aminoacids for the 
experiment were chosen based on their polarities and 
the isoelectric point value (pI) owing to that the 
aminoacids reveal distinct polarities and acidity 
(basicity) as a function of their structure [31]. Tab. 1 
shows the electrochemical properties of used 
aminoacids. Glycine represents the alkane group 
containing specie, the glutamic acid possesses the 
highest acidity and histidine was chosen due to its 
alkalic behavior. The glycine molecule (isoelectric point 
value pI = 6.06) is the “smallest” one among other 
tested aminoacids, thus the reaction could reveal the 
interaction of glycine with the differently polar surfaces 
of undoped/doped ZnO [30]. The Fig. 7a represents 
the concentration and OCP dependence on time. As 
can be clearly seen even small changes between the 
standard 0.1 mol L

-1
 Na2SO4 solution and the 2.44 10

-5
 

mol L
-1

 solution resulted in a very distinct OCP time 
evolution. This is caused by the strong reaction of 
glycine on the surface of ZnO resulting in change of 
adsorption of other species (electrolyte). This OCP and 
concentration on time dependence proves the polar 
behavior of the ZnO, which surface strongly interacts 
with polar molecules in the electrolyte [24-26]. 

 
Fig. 7a: OCP measurement for on undoped ZnO layer with 
glycine 
 

 
 
Fig. 7b: OCP measurement for on undoped ZnO layer with 
glutamic acid 
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Fig. 7c: OCP measurement for on undoped ZnO layer with 
histidine 
 

It generally leads to the change of the number of 
charged species on the semiconductor – electrolyte 
surface. At the beginning the addition of glycine 
resulted in a drop of the potential. As can be seen, 
there is a point of change, after which the addition of 
glycine lead to the increase of the OCP. This change 
occurred at approximately 9 10

-5
 mol L

-1
 and it is 

attributed to the concentration changes of the 
interacting species (electrolyte) on the surface of ZnO. 
This point stands for a local equilibrium between all 
interacting species. The concentration and OCP 
dependence on time for glutamic acid (pI = 3.15) is 
shown in Fig. 7b. Similarly, as for glycine even small 
changes between the standard 0.1 mol L

-1
 Na2SO4 

solution and the 2.44 10
-5

 mol L
-1

 solution of glutamic 
acid leads to different OCP time evolution. For the 
glutamic acid an increase of the potential was 
observed with increasing concentration. Next 
additions of glutamic acid changed the charge on the 
surface and the OCP was of around 100 mV higher 
than for glycine, as can also be seen in Fig. 6b. In the 
case of glutamic acid, its acidic properties lead to an 
increase of potential up to 160 mV. The Fig. 7c 
represents the concentration and OCP dependence 
on time for histidine, a representative of alkaline 
structures (pI = 7.6). A totally different behavior can be 
seen in the concentration dependence of histidine on 
the OCP value evolution compared to glycine and 
glutamic acid. There was an instantaneous decrease 
of OCP after addition of first 0.5 ml solution of 
histidine (cHis= 2.44 10

-5
 mol L

-1
). However, after next 

additions of histidine solution almost no changes of 
the OCP was observed. From that results it is evident 
that the alkaline behaving histidine charged the layer 
oppositely. The direct comparison of OCP behavior of 
three individual aminoacids at one concentration (4.76 
10

-5
 mol L

-1
) with undoped layer of ZnO is shown in 

Fig. 8. The aminoacids behaved very distinctly even at 
low concentrations. Increases of potentials were 
observed for acidic aminoacids and a decrease in 
potential for histidine. This evidently shows the 
dependence of the polarity of aminoacids (pI) and the 
basicity (alkalinity) on the OCP measurement.  

Fig. 8: Comparison of OCP measurements for three 
individual amino acids on undoped ZnO layer with one 
concentration (4.76 10

-5
 mol L

-1
) 

For Li and Na doped layers an increased selectivity 
against the aminoacids was sought. It should also be 
noted that the steadiness of the OCP signal (Fig. 9) 
was low for all measurements with 10 mol. % Li doped 
layers. The Fig. 9a represents the concentration and 
OCP on time dependence for glycine and 10 mol. % Li 
doped layers of ZnO. The Fig. 9b represents the 
concentration and OCP on time dependence for 
glycine measured with 10 mol. % Na doped layers of 
ZnO, where, at higher starting potential (0 mV), it was 
seen its role on the stability of the OCP signal over 
time. This shift changed only the initial charge 
deposited at the ZnO - electrolyte interface, but not the 
general trend. As can also be seen in Fig. 9b, the 
modification of the starting potential change had 
almost no effect on the OCP dependence trend on 
concentration. The increasing concentration of glycine 
leads to decrease of the OCP in the whole range of 
potentials for thin layers of ZnO with 10 mol. % Li in 
comparison with the undoped layers (Fig. 6a) and 10 
mol. %. Na (Fig. 9b). These results showed the 
important role of polarity change caused by doping, on 
the OCP response to the glycine. From Figs. 9a and 
9b it can be concluded, that the role of doping by 10 
mol. % Li and 10 mol. % Na lead to opposite response 
of glycine to the layer. This trend indicates another 
binding mechanism of aminoacid on the ZnO layer. 
This stands for the electrical charging-up of the ZnO-
amino acid solution interface at constant the pH value 
of the electrolyte (pH 6). To validate results obtained 
for simple oxygen containing aminoacids also for more 
complex aminoacids with sulphur the OCP 
measurements for all type of layers were also 
performed with methionine at two concentrations. As 
can be clearly seen in Fig. 10 the course of the 
potential curve in time for the methionine strongly 
depends on the polarity of prepared layers similarly to 
the other aminoacids. The dopation of 10 mol. % Na 
resulted in a minor, but an evident change of OCP 
behavior. This difference of the OCP behavior is even 
more clearly seen for 10 mol. % Li doped layers. A 
very small change of methionine concentration had a 
substantial effect on the interfacial kinetics between 
the layers and the solution. For undoped layers the 
change  
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Fig. 9a: OCP measurement with glycine on ZnO layer doped 
with 10 mol. % Li 

 

is clearly evident in the first 60 s, after which the 
difference became small. The initial disturbance of the 
system allowed determining the response of the 
aminoacid on the interactions occurring on the ZnO 
layers. From Figs. 9 and 10 it can be concluded that 
the structure of aminoacids together with their 
polarities plays the most crucial role on their 
electrochemical properties. A very diverse behavior 
under OCP measurement was seen for acidic 
(glutamic acid) (Fig. 7a) and alkaline (histidine) 
aminoacids for undoped layers (Fig. 7c). The Fig. 10 
also shows that this system using doped layers of ZnO 
and individual aminoacid permits both quantitative and 
quantitative description of aminoacids behavior in the 
sense of OCP measurement. 

IV. CONSLUSIONS 

Three types of ZnO layers on ITO glass substrate 
were successfully prepared by sol-gel method. It was 
shown that the doping of ZnO layers by 10 mol. % Li 
and 10 mol. % Na had nearly no effect on the 
crystalline size and structural properties, however, the 
change of the electrochemical properties caused by 
doping was really significant. It was found that the 
photo-electrochemical properties of ZnO layers by 
means of amperometry were enhanced dramatically by 
doping.  

Fig. 9b: OCP measurement with glycine on doped with 10 
mol. % Na 

 

Nevertheless, the stability of 10 mol. % Li doped 
ZnO layers was low which was confirmed by second 
run amperometry. This was in contradiction to 10 mol. 
% Na doped and undoped ZnO layers. 

A series of OCP measurements, which were 
performed for undoped layers of ZnO with the 
electrolyte in which aminoacids were dissociated, 
shown a strong but very distinct interaction of all 
aminoacids to the ZnO surface. The strength of the 
interaction was directly reflecting the polarity and size 
of the aminoacids molecule. The glycine and glutamic 
acid revealed a similar interaction at higher 
concentrations. For glycine the small addition resulted 
in a significant drop of the OCP, meanwhile for 
glutamic acid the OCP increased with concentration. 
There is a point of change for glycine at approximately 
9 10

-5
 mol L

-1
, which stands for a local equilibrium 

between all interacting species after which their 
addition lead to the increase of the OCP. Histidine 
molecules interacted oppositely. There was an 
instantaneous decrease of OCP after small addition of 
histidine, which stop at 4.76 10

-5
 mol L

-1
 and next 

additions of histidine had no effect on the OCP.  

A similar series of measurements done for 10 mol. 
% Na and 10 mol. % Li doped layers confirmed that 
the change of ZnO polarity caused by doping played a 
very important role in the OCP detection of 
aminoacids. The OCP signal was low for all 
measurements with 10 mol. % Li doped layers, 
whereas, the OCP signal was significantly higher with 
10 mol. % doped Na layers of ZnO. A strong 
dependence on layer polarity was also confirmed for 
methionine; sulphur contained aminoacid. The layers 
doped with 10 mol. % Li were the most active while 10 
mol. % Na doped and undoped layers were not 
selective. It was proved that the systematic OCP 
approach to the electrolyte containing aminoacids 
allowed the qualitative distinction among four types of 
aminoacids and also the quantitative analysis, when 
only one aminoacid was presented in the electrolyte. 

 

Fig. 10: Comparison of undoped and doped ZnO layers 
response to methionine in OCP measurement 
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