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ABSTRACT 

In this study, a voltammetric L-Histidine (His) sensor is being developed with glassy carbon electrode 

(GCE) modified with carbon nanotube (CNT) supported %3 Ru-Mo(80-20) bimetallic catalyst. The Ru-

Mo/CNT catalyst was prepared by sodium borohydride reduction method. It was identified by surface 

analytical methods like scanning electron microscopy (SEM) and X-ray diffraction (XRD).  

Characterization results reveal that this catalyst was successfully synthesized. The modified GCE's 

electrochemical activity was investigated using cyclic voltammetry (CV), differential pulse voltammetry 

(DPV), and electrochemical impedance spectroscopy (EIS). The Ru-Mo/CNT-modified GCE electrode has a 

sensitivity of 0.0002 mA/cm2, a limit of detection (LOD) of 0.02 µM for histidine, and a lower limit of 

detection (LOQ) of 0.06 µM, according to electrochemical data. The findings demonstrate that the Ru-

Mo/CNT-modified GCE electrode is a promising catalyst for the sensitive detection of L-histidine and has 

been manufactured for the first time in the literature. 
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ÖZET  

Bu çalışmada, karbon nanotüp (CNT) destekli Ru-Mo bimetalik katalizörle modifiye edilmiş camsı karbon 

elektrot (GCE) ile bir voltametrik L-Histidin (His) sensörü geliştirilmektedir. Ru-Mo/CNT, katalizörü, 

sodyum borohidrit indirgeme yöntemiyle hazırlandı. X-ışını kırınımı (XRD) ve taramalı elektron 

mikroskobu  (SEM) gibi yüzey analitik teknikleri ile karakterize edildi. Karakterizasyon sonuçları bu 

katalizörün başarıyla sentezlendiğini ortaya koymaktadır. Modifiye edilmiş GCE'nin elektrokimyasal 

davranışını incelemek için elektrokimyasal empedans spektroskopisi (EIS), diferansiyel darbe voltametrisi 

(DPV) ve döngüsel voltametri (CV) kullanılmıştır. Elektrokimyasal sonuçlar, Ru-Mo/CNT ile modifiye 

edilmiş GCE elektrotunun 0.0002 mA/cm2 duyarlılığına, histidin için tespit limiti (LOD) 0.02 µM ve alt 

tayin sınırına (LOQ) 0.06 µM'ye sahip olduğunu göstermektedir. Sonuç olarak, sonuçlar Ru-Mo/CNT ile 

modifiye edilmiş GCE elektrotunun literatürde ilk kez sentezlendiğini ve L-histidinin hassas tespiti için 

umut verici bir katalizör olduğunu göstermektedir. 

Anahtar Kelimeler: Amino asit, Karbon Nanotüp, Elektrokimyasal sensör, Histidin. 
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1. Introduction 

 
Amino acids constitute the basic components that run protein metabolism in the body and are 

responsible for maintaining acid-base and fluid balances in the body.  As amino acids are involved in 

important physiological processes, identifying minute quantities of amino acids is crucial for food 

analysis, disease detection, and biomedical research [1]. Among these, histidine (His), a vital amino 

acid, is necessary for the development of tissue and the transfer of metal elements [2]. 

L-Histidine (L-His,His) is an essential amino acid contains an imidazole side chain play significant 

roles in numerous biological systems. It has two different forms: L-Histidine and D-Histidine. The L-

Histidine isomer is found in nature. Abnormal amount of histidine in the body can cause lung and 

chronic kidney diseases, stress and psychological disorders [3]. Detection of L-His is important for the 

identification and treatment of L-His deficiency.  

Nowadays, new methods have been developed in the diagnosis and treatment of diseases. The most 

used methods to detect and characterize amino acids are based on spectroscopic [4], chromatographic 

[5] or electrochemical approaches [6]. Of these, electrochemical technologies have several noteworthy 

advantages, such as the capacity to regulate the rate of reaction, the capability to precisely measure the 

oxidation or reduction phase of an element, the cost-effectiveness of the employed devices, and their 

ecological sustainability [7]. 

Many electrochemical sensor studies have been conducted in the literature, such as amino acid [8], 

hydrogen peroxide [9], glucose [10], and cancer biomarkers [11-12]. These include the mechanisms by 

which certain catalysts, including organic compounds, metal nanoparticles, carbon nanotubes, 

nanocomposites, and nanopolymers, interact with electrodes to enhance the electrochemical response 

to amino acids, hence facilitating the detection of amino acids in the context of electrochemical sensor 

research.  Nanomaterials and their amino acids, linear ranges, limit of detection (LOD) and limit of 

quantification (LOQ) used in electrochemical sensor studies in the literature are shown in Table 1. 

Looking at the studies in the literature, Heidari et al., in a study they conducted in 2019, examined 

CuFe2O4/rGO-Au nanomaterial against L-cysteine and found LOD/LOQ values for the sensors range 

from 0.383µM and 1.14 µM [13]. In another study, the sensor effect of Ta2O5/RGO/GCE nano 

material against L-lysine was examined and LOD/LOQ values of 0.01/0.03 μM were found [14]. 

For this reason, not many electrochemical sensor studies have been done on histidine before. To obtain 

a sensitive electrochemical histidine sensor, the LOD of the histidine sensor needs to be improved. 

Additionally, new electrode materials need to be created to commercialize the histidine sensor. CNT-

supported Ru-Mo catalyst may be promising nanocatalyst as histidine sensor due to the unique 

properties of CNT. 

In this study, CNT-supported Ru-Mo catalysts were first synthesized by the (NaBH4) reduction 

method. To characterize the prepared bimetallic catalysts, they were analyzed by advanced surface 

analytical technique such as (SEM). Ru-Mo/CNT catalyst were used to modify GCE in order to 

conduct electrochemical tests. CV and EIS were used to assess the changed GCE's electrochemical 

behavior. In the last step, sensitivity and selectivity measurements were made on GCE electrodes 

modified with Ru-Mo/CNT, and LOD and LOQ values were calculated as a result. 
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Table 1. Electrochemical sensors of nanomaterials available in the literature for the determination of 

amino acids. 

 

Aminoacid Electrode Linear 

range 

LOD/LOQ Ref 

L-Cysteine CuFe2O4/rGO-Au 0.05–0.2 

μM 

0.383/1.14 μM [13] 

Trp Ta2O5/RGO/GCE 1.0–8.0 µM 

8.0–80 µM 

80–800 µM 

0.84/2.52 µM [14] 

L-Lys LOxNPs/GrONPs/PGE 0.01–1000 

μM 

0.01/0.03 μM [15] 

L-Serine Ni−NiO HNT/BDDE 0.2–6.54 

µM 

0.1/0.3 µM [16] 

L-Proline P-Cys/GQDs/GNPs/GCE 0.0005–

10000 μM 

0.0001/0.0003 μM [17] 

D-Aln Fe3O4 @Au@Ag@CuxO 

NPs 

0.0001–10 

μM 

0.000052/0.0015 μM [18] 

L-Histidine Ru-Mo/CNT  0.0002 

mA/cm2 

0.02/0.06 μM This 

study 

 

2. Material and Method 

 

2.1.The synthesis of Ru-Mo/CNT catalyst  

 

For the catalyst synthesis, the sodium borohydride (NaBH4) reduction method was used in accordance 

with the procedure in the literature [19]. Distilled water, Ru (80%) precursor (RuCl3.3H2O) and Mo 

(20%) precursor Mo2(CH3COO)4 were first added to a beaker and mixed homogeneously. It was mixed 

in an ultrasonic bath until it dispersed. CNT was added as a support material on metals dispersed 

homogeneously in distilled water. This prepared mixture was mixed in an ultrasonic bath and 

magnetic stirrer for approximately 2 hours. Finally, sodium borohydride (30 eq.) was added to this 

mixture as a reducing agent and stirred for another hour. It was filtered, washed and dried at 85°C for 

approximately 12 hours. 

 

2.2. Electrochemical studies 

 

Electrochemical studies were performed on Ru-Mo/CNT, modified GCE electrode by CV, EIS, and 

DPV by employing CHI 660 E potentiostat in a three-electrode system. Glassy carbon (GCE), Pt wire, 

and Ag/AgCl were used as the working, the counter, and reference electrode, respectively. By 

dispersing 5 mg nanocatalyst in 1 mL of Nafion, a nanocatalyst ink was obtained and 3 μl of 

nanocatalyst ink was transferred on GCE electrode and dried. As a result, Ru-Mo/ CNT modified GCE 

electrode were obtained. 
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3.Results  

 

3.1. Physical characterization 

SEM and XRD analyzes were performed to examine the surface structure and crystal structure of the 

3% Ru-Mo(80-20)/CNT catalyst. Figure 1 shows the formation of CNT structures and metal 

nanoparticles from SEM images. Except for a few points, metals are distributed homogeneously on the 

CNT surface. In XRD analysis, the peak occurring at approximately 2θ = 25.5º corresponds to the 

hexagonal structure of carbon [20]. Additionally, the diffraction peaks indicating the formation of 

face-centered cubic (fcc)  

 

Ru(0) crystals are observed at 2θ = 43.1º, 52.7º, 67.0º and 78.5º, respectively, as Ru (1 0 1), Ru (1 0 

2), Ru (1). 1 0) and Ru (1 0 3) planes were formed [21]. The reason why the presence of Mo cannot be 

observed in the XRD analysis may be due to the Ru ratio being approximately 4 times that of Mo and 

the high intensity of the C peak. However, in the literature study, as a result of the XRD analysis of the 

Ru/CNT catalyst, the Ru (1 0 1) plane occurred at approximately 44º [22]. For the 3% Ru-Mo(80-

20)/CNT catalyst, a negative shift of approximately 0.9º of the Ru (1 0 1) (43.1º) plane indicates that 

an interaction occurs between Ru and Mo. 

 

 

 

 
Figure 1. SEM images and XRD analysis of Ru-Mo/CNT catalyst. 

 

 

 

20 40 60 80

In
te

n
s
it
y
 (

a
.u

.)

2q (degree)

C
 (

0
 0

 2
)

R
u

 (
1

 0
 1

)

R
u

 (
1

 0
 2

)

R
u

 (
1

 1
 0

)

R
u

 (
1

 0
 3

)

0 2 4 6 8 10



Ö. Özok Arıcı and et al Van Yuzuncu Yıl University Journal of Engineering Faculty Volume 2, Number 2, Page 22-30, 2024 

26 
 

3.2. Electrochemical measurements 

 

The modified Ru-Mo/CNT catalyst system was used to modify a GCE for L-His measurement. The 

electrooxidation performances of histidine amino acid were examined at three different pH  levels on a 

modified GCE electrode in 0.1 M PBS (Phosphate Buffer Saline). It was observed that the best current 

for L-His amino acid was better at pH: 7.2 (Figure 2). 
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Figure 2. Cyclic voltammograms recorded at 100 mV/s on the Ru-Mo/CNT modified GCE electrode 

in 0.1 M PBS + 5 mM L-His solution at three distinct pHs (pH = 5.5, pH = 7.2, and pH = 10.5). 

 

The impact of L-His concentration on electrooxidation activity was examined using Ru-Mo/CNT 

modified GCE electrode. The current density of histidine electrooxidation was determined by testing 

five different concentrations, as shown in Figure 3. The results demonstrated that the optimal current 

was obtained at a concentration of 5 mM for the electrooxidation of L-His amino acid. 
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Figure 3. Cyclic Voltammograms obtained at various L-His  concentration (0-5-10-15-20 mM) in 0.1 

M PBS (pH=7.2) solution at 100 mV/s scan rate on Ru-Mo/CNT modified GCE electrode 

 

L-His employing CV to modify a GCE electrode with Ru-Mo/CNT. The data in Figure 4 demonstrate 

that there is a direct correlation between the scan rate and the increase in the L-His electrochemical 

oxidation current. According to these findings, diffusion-controlled formation is to blame. The 

researchers measured the electroactive surface area of the modified electrode using CV at different 
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scan rates ranging from (10-500 mV/s) in 0.1 M PBS in order to assess its efficacy (Figure 4a). The 

concentration of the solution, effective surface area, square root of the scan rate, phosphate diffusion 

coefficient, and electron count were all determined using the Randles-Sevcik equation. Assuming this, 

the data demonstrated the electrode's effective surface area (R2 = 0.97) (Fig. 4b). 
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Figure 4. a) Ru-Mo/CNT modified GCE electrode cyclic voltage clamps in 0.1 M PBS (pH=7.2) + 5 

mM L-His solution at varying scan rates (10-500, mV/s), b) linear regression of peak currents vs the 

square root of scan rates. 

 

A study was carried out to assess the sensitivity of an L-His detection approach employing DPV. The 

results presented in Figure 5 showed that when a GCE electrode was replaced with Ru-Mo/CNT, 0.1 

M PBS, and L-His concentrations ranging from 0 to 750 µM, the response increased as the L-His 

concentration increased, even at low concentrations. The maximum current density values obtained 

from the concentration curve were plotted and presented in Figure 5b. A linear response was observed 

in the range of 0.0002 mA/cm2 current sensitivity, 0.02 μM LOD, and 0.06 μM LOQ signal-50-400 

μM for the Ru-Mo/CNT-based L-His sensor. These findings demonstrate that the approach is sensitive 

to L-His and can pick it up at low concentrations. 
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Figure 5. a) DPV measurements on the modified Ru-Mo/CNT GCE electrode in the presence of (5 –

750 µM) L-His solution in 0.1 M PBS (pH=7.2), b) Linear regression of maximum current versus L-

His concentration.  
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The EIS method was used to determine the electrode capacitance and charge transfer resistance on the 

electrode. As seen in Figure 6, the current of electrooxidation of Ru-Mo/CNT-modified GCE and L-

His in the solution prepared in 0.1 M PBS and 5 mM L-His shows that it has the best charge transfer 

resistance at -0.4V. 
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Figure 6. Ru-Mo/CNT modified GCE electrode EIS and equivalent circuit model at various potentials 

at 0.1 M PBS (pH 7.2) + 5 mM L-His 

 

4. Conclusion 

 

At present, Ru-Mo/CNT catalyst has been prepared by NaBH4 reduction method. The characterization 

of this bimetallic Ru-Mo/CNT catalyst and its application as L-His sensor have been carried out. The 

characterization results revealed that Ru-Mo/CNT modified GCE electrode was prepared with desired 

Ru and Mo loading. The results obtained from XRD and SEM and NaBH4 reduction method are 

shown to be an effective method for the preparation of L-His sensor material. Ru-Mo/CNT modified 

GCE electrode showed good electrochemical responses towards L-His with high sensitivity, stability 

and selectivity. This work is novel and will contribute to the literature for constructing an L-His 

sensor. 
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