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Abstract 

In the present study, the cysteamine electrochemical features were explored by La2O3/Co3O4 nanocomposite-modified 

screen printed electrode (La2O3/Co3O4/SPE) using voltammetry, chronoamperometry, and differential pulse voltammetry 

(DPV) techniques. The synthesized La2O3/Co3O4 nanocomposite qualities were considered by SEM, FT-IR, and XRD 

analyses. Exploiting the modified SPE electrode with La2O3/Co3O4 nanocomposite, the cysteamine electrooxidation 

kinetics was significantly enhanced by reducing the anodic over-potential. The constructed La2O3/Co3O4/SPE revealed 

voltammetric reactions of high sensitivity for cysteamine, resulting in a highly appropriate means of trace levels 

cysteamine measurement. The electrooxidation peak currents for cysteamine were found to change linearly in relation to 

its concentrations (1.0–700.0 μM) in detection limit of 0.3 μM. La2O3/Co3O4/SPE was utilized for the cysteamine 

quantification in real specimens. 
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1. INTRODUCTION 

Cysteamine (2-mercaptoethylamine, Scheme 1) as 

an aminothiol drug is exploited for the cystinosis 

cure [1-4]. The absence of cystine carrier in the 
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 چکیده
4O3/Co3O2La تینانوکامپوزشده با اصلاح یبا استفاده از الکترود صفحه چاپ نیستئامیس ییایمیالکتروش یهایژگیدر مطالعه حاضر، و

/SPE)4O3/Co3O2(La تینانوکامپوز تیفیقرار گرفت. ک یمورد بررس یپالس تفاضل یو ولتامتر یکرونوآمپرومتر ،یولتامتر یروشها لهیبوس 

4O3/Co3O2La لهیشده بوس زسنت SEM ،IR-FT  وXRD تینانوکامپوزشده با اصلاح یالکترود صفحه چاپ قرار گرفت. شاهکار یمورد بررس 

4O3/Co3O2La کند.یم دایبهبود پ یابطور قابل ملاحظه یاورولتاژ آند لیکاهش پتانس لهیبوس نیستئامیس ییایمیالکتروش ونیداسیاکس کینتیاست که س نیا 
 نییتع یحسگر فوق العاده مناسب برا کی جهینشان داد که در نت نیستئامینسبت به س ییبالا تیحساس SPE4O3/Co3O2La/الکترود  یترولتام یها یبررس
 کرومولاریم 0/500تا  0/1 یبا غلظت آن در گستره غلظت نیستئامیس ییایمیالکتروش شیاکسا کیپ انینشان داد که جر جیباشد. نتایم نیستئامیس زیناچ ریمقاد

مورد استفاده قرار  یواقع یهادر نمونه نیستئامیمقدار س نییتع یبرا SPE4O3/Co3O2La/الکترود  انیدر پا. ارتباط دارد  کرومولاریم 9/0 صیبا حد تشخ
 گرفت.

 هاي کلیديواژه

 . 4O3/Co3O2Laنانوکامپوزیت  ؛ولتامتری ؛اکسایش الکتروشیمیایی ؛الکترود صفحه چاپی ؛سیستئامین
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lysosomal membrane causes the accumulation of 

cystine in the lysosomes, consequently 

crystallizing in essential organs, namely the 

spleen, intestines, liver, kidney, and cornea [3-6]. 

As cysteamine therapy has become accessible for 

patients with nephropathic cystinosis 

(MIM219800) in the early 1980s, life quality for 

these patients has seriously improved [7, 8]. Due 

to position of cysteamine in the clinical requests 

and its contribution in the treatment of cystinosis, 

this drug quantification is extremely vital within 

biological specimen. 
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Scheme 1. Chemical structures of cysteamine. 

 

Numerous approaches have been considered to 

quantify cysteamine in pharmaceutical samples 

containing electrophoresis, gas chromatography 

with flame photometric detection, ion exchange 

chromatography, and electrochemical techniques 

[9-14]. Because of complications in 

chromatographic performances, namely the 

selection of a mobile phase or a proper column 

using liquid chromatographic techniques, costly 

instruments, lengthy response time, difficult 

process, and low detection ability, 

electrochemical approaches for analyte 

measurement was executed in this investigation 

[15]. 

Some of the benefits of the electrochemical 

techniques are as follows: (i) an instantaneous or 

integrated rate can be achieved; (ii) the 

measurements can be made very fast; (iii) the 

outcomes are obtainable as an electrical signal 

that can be simply transmitted, amplified, 

digitized, or displayed; and (iv) the 

determinations can be carried out, in most cases, 

with very little surface disturbance [16-19]. 

Because of the extra excellence of 

electrochemical approaches, electrochemical 

sensors are highly recommended for numerous 

electroactive and non-electroactive composites 

recently [20-22]. According to prior reports, the 

direct electrochemical oxidation of analyte on 

unmodified electrodes entails a high over-

potential as well as a low electrical signal [23]. 

Consequently, researchers have exploited 

modified electrodes to analyze trace levels of 

analyte in pharmaceutical and clinical samples 

[24]. Nano-based materials, such as metal oxide-

based nanoparticles, have been recommended to 

modify the electrodes for developing the 

sensitivity of sensors [25-26]. Furthermore, they 

have an extensive range of technological uses e.g. 

catalysis, microelectronics, and chemical/ 

biological sensors [27-29]. Nanoparticles, 

exploited in nanomaterial-modified electrodes, 

have several unique benefits, including high mass 

transport rate, low solution resistance effect, poor 

detection limits and enhanced signal-to-noise 

ratio in comparison with typical electrodes [30]. 

In this event, La2O3/Co3O4 nanocomposite was 

used for cysteamine sensor transducer surface that 

accelerates the electron transfer, develops the 

operative electroactive surface area and improves 

the detection limit of cysteamine. 

The screen-printing (thick film) method, used to 

fabricate sensors and biosensors, has been greatly 

developed. Screen-printed electrodes (SPEs) are 

essentially facile to organize, quick and adaptable, 

which seem to be the most cost-efficient 

innovation [31]. Their low-cost property makes 

conceivable application as replaceable electrodes. 

The SPE with a counter electrode, a serigraphied 

pseudo-reference Ag/AgCl electrode, and a 

working electrode within the same device may be 

arranged via various modifiers that contain metal 

oxides, metals, nanoparticles, nanocarbons, 

phthalocyanines, conducting polymers, or 

prussian blue, as well as several others [32-34]. 

In this case, cysteamine quantification was done 

by the voltammetric technique utilizing 

La2O3/Co3O4/SPE. In succession, for the purpose 

of demonstrating the catalytic competency of the 

La2O3/Co3O4/SPE sensor in the electrooxidation 

of cysteamine within real samples, the procedure 

was applied to voltammetrically determine 

cysteamine within urine samples. 
 

2. EXPERIMENTAL 

2.1. Reagents and apparatus 

Cysteamine was prepared from Merck 

(Darmstadt, Germany). The solution was 

preserved in the dark condition at 4 oC inside a 

refrigerator. Additional dilute solutions were set 

via serial dilutions by water. All other chemicals 

exploited in this case had analytical grade and 

bought from Merck. Double-distilled water was 

applied entirely. Phosphate buffer solutions (PBS) 

(sodium dihydrogen phosphate and disodium 

monohydrogen phosphate plus sodium hydroxide, 

0.1 M) were prepared with different pH values. 

Scanning Electron Microscopy (SEM, KYKY, 

EM 3200) was used to explore the surface 

morphology of the composites. The SPE 

(DropSens, DRP-110, Spain) included three basic 

sections of graphite working, a silver pseudo-

reference and a graphite counter electrodes. 

Voltammetric measurements were performed on a 

potentiostat/galvanostat (PGSTAT. 302N, 

Autolab, Eco-Chemie, The Netherlands) using 
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GPES version 4.9 software. A pH meter 

(Metrohm 710) containing a glass electrode was 

used to measure pH values. 

 

2.2. Preparation of La2O3/Co3O4 nanocomposite  

The chemicals with analytical grade, including 

cobalt acetate (Co(CH3COO)2.2H2O), thiourea 

((NH2)2CS) and ammonia (25% NH3), were used 

to prepare the nano-powders, and deionized water 

was utilized to dissolve all the precursors. The 

ammonia was considered as a complexing agent 

within the preparation of the nano-powders. 

Moreover, 0.46 mol of cobalt acetate was 

dissolved in 80 ml of deionized water, 0.18 mol 

of thiourea in 80 ml of deionized water and 19.76 

ml of ammonia in 80 ml of deionized water to 

prepare the Co3O4 nanostructures. The constant 

ratio of 1:1:1 was considered  for the solutions of 

cobalt acetate, thiourea and ammonia. After 

pouring the cobalt acetate solution in a beaker of 

the reaction bath, the thiourea solution was added 

and stirred for seconds, followed by adding 

ammonia gently while stirring for 5 min. Then, 

the reaction temperature was elevated by 80 °C, 

and resulting precipitation was left overnight and 

finally filtered and washed with ethanol. The 

drying process of the resulting powders was 

carried out for several days at the room 

conditions.  

The preparation of La2O3/Co3O4 nanocomposites 

was performed by placing La2O3 nanoparticles 

onto the surface of the Co3O4 hexagonal 

nanosheets. Thus, 0.2 mol of lanthanium nitrate in 

50 ml of deionized water was mixed with 0.1 g 

Co3O4 hexagonal nanosheets. The certain value of 

1.5 M NaOH was poured as dropwise in the 

solution to adjust the pH=10. The obtained 

precipitation was heated up to a reaction 

temperature of 80 °C and was stirred for one 

hour. After completion of the reaction, the 

product was cooled to the ambient temperature 

and centrifuged at 3000 rpm for 15 min, followed 

by washing with water several times and vacuum 

drying at 60 °C overnight. The resulting black 

precipitate was La2O3/Co3O4 nanocomposite. 

 

2.3. Real samples  

Instantly upon being collected, urine samples 

were preserved inside a refrigerator, followed by 

the centrifugation of 10 ml of the sample at 3000 

rpm for 15 min. The supernatant was diluted by 

PBS (pH=7.0) ten times. Without any further 

pretreatment, the solution was placed in a 

voltammetric cell for analysis. The standard 

addition method was applied for the cysteamine 

measurement within real samples.  

Five capsules of cysteamine (labeled 50.0 mg per 

each capsule) were homogenized completely, and 

then 100 mg was dissolved with ultrasonication in 

20 ml of water, filtered, transferred into a 100-ml 

volumetric flask, and diluted to the mark by 0.1 

M PBS ( pH=7.0). Finally, certain volume of the 

produced solutions was poured in electrochemical 

cell for the analysis of cysteamine. The sample 

was mixed with different amounts of cysteamine 

and analyzed with the aid of standard addition 

method to avoid any matrix effect. 

 

2.4. Preparation of modified electrode 

As revealed in the following, the bare SPE was 

coated with La2O3/Co3O4 nanocomposite. The 

preparation of stock solution of La2O3/Co3O4 

nanocomposite was performed in 1 ml of the 

aqueous solution by dispersing 1 mg of 

La2O3/Co3O4 nanocomposite with ultrasonication 

for an hour, whilst 2 µl of aliquots of the 

La2O3/Co3O4/H2O suspension was poured in the 

carbon working electrodes and left for the solvent 

to evaporate under 25°C temperature. 

 

3. RESULT AND DISCUSSION  

3.1. Morphology and structure of La2O3/Co3O4 

nanocomposite 

The FT-IR spectra of La2O3/Co3O4 

nanocomposite sample within frequencies 

between 400 cm-1 and 4000 cm-1 are shown in 

Fig. 1. According to the FT-IR spectrum of 

La2O3/Co3O4 nanocomposite, strong vibrational 

bands were appeared in the lower frequency 

regions of 449 and 520 cm-1, related to the 

vibration of metal–O. The absorption at ~3417 

cm-1 was related to the symmetric vibration of the 

-OH groups in the absorbed molecules of H2O 

[35].  

 

 
Fig. 1. FT-IR image of La2O3/Co3O4 nanocomposite. 

 

The X-ray diffraction (XRD) pattern of 

La2O3/Co3O4 nanocomposite shown in Fig. 2 

means the match of all main diffraction peaks 

with the standard peak of this sample. For 

La2O3/Co3O4 nanocomposite, the diffraction 

peaks at 31.7°, 36.1°, 44.5°, 59.9° and 64.9° 

(JCPDS 74-2120) can be indexed to (220), (311), 

(400), (511) and (400) planes of Co3O4, the 

diffraction peaks at 15.1°, 28.5°, 29.1°, 39.8°, 
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49.1° and 55.2° (JCPDS 41-4019) can be indexed 

to (100), (002), (101), (102), (211) and (201) 

plane of La2O3, respectively [36,37].  

 

 
Fig. 2. XRD pattern of La2O3/Co3O4 nanocomposite. 

 

The SEM was used to evaluate the product 

morphology. Fig. 3 shows that Co3O4 nanosheets 

and La2O3 nanoparticles construct a La2O3/Co3O4 

nanocomposite. 

 

 
Fig. 3. SEM image of La2O3/Co3O4 nanocomposite. 

 

3.2. Electrochemical behaviour of fabricated 

sensor  

The pH of aqueous solution is effective on the 

cysteamine’s electrochemical behaviour. 

Therefore, the solution pH was optimized to 

approach high accurate efficacy for 

electrooxidation of cysteamine. Accordingly, the 

electrochemical activity of cysteamine was 

examined in 0.1 M PBS with different values of 

pH from 2.0 to 9.0 at the exterior of 

La2O3/Co3O4/SPE via voltammetry. Evidently, 

neither acidic nor basic medium was appropriate 

for the electro-oxidation of cysteamine at the 

exterior of La2O3/Co3O4/SPE and best results 

obtained at neutral conditions. Accordingly, the 

optimal pH value was selected to be 7.0 for the 

cysteamine electro-oxidation at the exterior of 

La2O3/Co3O4/SPE.  

The CV reactions for electro-oxidation of 100.0 

M of cysteamine at the La2O3/Co3O4/SPE (a) 

and unmodified SPE (b) are shown in Fig. 4. The 

peak potential on the surface of modified 

electrode was observed at 680 mV corresponding 

to the cysteamine oxidation, about 120 mV more 

negative than the bare SPE. Moreover, anodic 

peak current for the cysteamine oxidation at 

La2O3/Co3O4/SPE was much higher in 

comparison with the unmodified SPE, indicating 

to effectiveness of SPE modification with 

La2O3/Co3O4 nanocomposite in the cysteamine 

oxidation process. Moreover, the impact of 

potential scan rates concerning the cysteamine 

oxidation current was assessed, as seen in Fig. 5. 

Based on the outcome, increasing the potential 

scan rate cause an increment in the peak current. 

The linear relationship between anodic peak 

current (Ip) and the square root of the potential 

scan rate (ν1/2) during the oxidation of cysteamine 

demonstrated that the oxidation procedure is 

subject to diffusion control [38]. The 

electrocatalytic mechanism of cysteamine was 

shown in Scheme 2. 

 

 
Fig. 4. CVs of La2O3/Co3O4/SPE (a)and unmodified 

SPE (b) in 0.1 M PBS (pH 7.0) consisting of 100.0 µM 

cysteamine. In every case the scan rate was 50 mV s-1. 

 

 
Fig. 5.CVs of La2O3/Co3O4/SPE in 0.1 M PBS (pH 7.0) 

consisting of 700.0 μM cysteamine at different scan 

rates; 10, 20, 40, 60, 80, 100, 200, 400 and 600 mV s-1, 

respectively. Inset: Variation of anodic peak current vs. 

ν1/2. 

H2N

SH

( )2 H2N

S S

NH2 +  2H+   +  2e
 

Scheme 2. Electrocatalytic oxidation of cysteamine at 

the La2O3/Co3O4/SPE electrode. 

 

3.3. The working curve and detection limit 

The higher pulse techniques sensitivity for the CV 

occurs because of higher influential scan rates and 

the current design. The cysteamine in the solution 
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can be determined using the cysteamine electro-

oxidation peak currents at the exterior of 

La2O3/Co3O4/SPE. Due to further sensitivity and 

enhanced function of DPV in the analytical 

implementations, the DPV experiments were 

carried out using La2O3/Co3O4/SPE in 0.1 M PBS 

consisting of different cysteamine levels (Fig. 6).  

The results revealed a linear dependency on the 

surface of La2O3/Co3O4/SPE between the 

electrocatalytic peak currents of cysteamine 

oxidation and its concentrations (Fig. 6) from 1.0 

to 700.0 M, whose correlation coefficient was 

0.9984. Also, the detection limit (3σ) was 0.3 µM. 

These values can be compared those in other 

studies [39-43] for cysteamine electro-oxidation 

on the chemically modified electrode surface 

(Table 1).  
 

Table 1. Comparison of the efficiency of 

electrochemical methods used in detection of 

cysteamine. 
Electrode Modifier LOD 

(µM) 

LDR  

(µM) 

Ref. 

Carbon Paste 

Electrode 

Magnesium oxide 

nanoparticles and 

N-(4-

hydroxyphenyl)-3-

5-dinitrobenzamide 

0.009  0.03-

600.0 

39 

Multi wall 

carbon nanotube 

paste electrode 

---- 0.09 0.25-

400 

40 

Carbon 

nanotube paste 

electrode 

p-Aminophenol 0.15 0.5-300 41 

Carbon Paste 

Electrode 

NiO/CNT and 

(9,10-dihydro-9,10-

ethanoanthracene-

11,12-dicarbox 

imido)-4-

ethybenzene-1, 2-

diol 

0.007 0.01-

250 

42 

Carbon 

nanotube paste 

electrode 

Vinyl ferrocene 0.05 0.09-

500 

43 

Screen Printed 

Electrode 

La2O3/Co3O4 

nanocomposite 

0.3  1-700 This 

wor

k 

 

 
Fig. 6. DPVs of La2O3/Co3O4/SPE in 0.1 M PBS (pH 
7.0) consisting of various concentrations of cysteamine 
1.0, 5.0, 10.0, 20.0, 40.0, 60.0, 80.0, 100.0, 300.0, 
500.0 and 700.0 μM. Inset:Plot of I vs. cysteamine 
concentrations.  

3.4. Analysis of real samples  

The systematic practicality of the suggested 

approach was evaluated through the 

quantification of cysteamine within systematic 

capsule and urine specimen using the standard 

addition approach. The outcomes for the 

cysteamine determination within systematic 

capsule urine samples are presented in Table 2. 

The test outcomes showed acceptable recoveries 

for cysteamine. The method reproducibility was 

investigated via the mean relative standard 

deviation (RSD). 

The systematic amount in capsule was 50.4 mg/ 

capsule. The results showed no significant 

difference in the findings from the 

La2O3/Co3O4/SPE and the nominal value on the 

capsule label (50.0 mg/ capsule). The t-test results 

found no significant difference at the 95% 

confidence level. 

 
Table 2. The application of La2O3/Co3O4/SPE for 

determination of cysteamine in capsule and urine 

samples (n=5). All concentrations are in µM. 

Sample Spiked, 

μM 

Found, 

μM 

Recovery, 

% 

RSD, 

% 

cysteamine 

capsule 

0.0 30.2 --- 2.4 

5.0 35.4 104.0 3.0 

10.0 39.9 97.0 2.7 

15.0 44.8 97.3 2.5 

20.0 50.6 102.0 2.8 

Urine 0.0 ---- - - 

5.0 4.9 98.0 2.3 

10.0 10.2 102.0 3.1 

15.0 15.2 101.3 2.9 

20.0 19.9 99.5 2.2 

 

3.5. The repeatability and stability of 

La2O3/Co3O4/SPE 

Long lasting durability of the La2O3/Co3O4/SPE 

was evaluated within three weeks. Following the 

modification of electrode without application 

within three weeks stored at atmosphere for three 

weeks, the tests were performed repeatedly. The 

cyclic voltammograms revealed no change at the 

peak potential of cysteamine oxidation, with the 

exception of a decrement below 2.4 % when 

comparing with the first response.  

The CVs were documented to evaluate antifouling 

characteristics of the adjusted electrode for 

cysteamine oxidation and related oxidation 

derivatives. The record of voltammograms was 

performed in the presence of cysteamine 

following the cycling of potential 12 times with a 

scanning rate of 50 mV s-1. According to the 



 

 

S.Z. Mohammadi et al. / Iranian Journal of Analytical Chemistry 6 (2019) 57-64 | 62 

findings, there was no change in peak potentials 

and a decrement below 2.3 % in currents, as well 

as the use of modified La2O3/Co3O4/SPE 

elevated sensitivity and declined fouling effect of 

the analyte and related oxidation derivatives. 
 

4. CONCLUSION 

In this case, SPE modified with La2O3/Co3O4 

nanocomposite was employed for the cysteamine 

determination. The electrochemical examinations 

presented influential electrocatalytic activity 

regarding the adjusted electrode in reducing the 

anodic overpotential for the cysteamine oxidation. 

A new voltammetric approach for the cysteamine 

detection is rapid, reproducible, sensitive, and can 

be exploited to analyze real samples. 
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