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For the first time, a voltammetric method for the determination of quinine using silver solid 

amalgam electrodes has been developed. The highest currents and a clear quinine reduction peak were 

achieved by a mercury meniscus-modified silver solid amalgam electrode (m-AgSAE). Quinine is 

reduced on m-AgSAE as a single irreversible peak in both slightly acidic and alkaline media. An 

optimal pH of 8 was selected and maintained using the Britton-Robinson buffer. The quinine 

reduction peak was adsorptive, promoting analyte accumulation on the electrode surface. Under 

optimal conditions, a calibration curve for the voltammetric determination of quinine was obtained, 

with a linear range from 2.0 10⁻⁶ to 2.0 10⁻⁵ M and a limit of detection of 1.7 10⁻⁶ M. The developed 

method was tested on tonic beverages. The results were statistically processed and confirmed by high-

performance liquid chromatography with a diode-array detector as a reference method. The relative 

error of determination did not exceed 5 %. The proposed method is fast, portable, and suitable for 

routine analysis. 
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1. Introduction  
Quinine (QN) is the main alkaloid from the bark of the cinchona tree, which belongs 

to quinoline derivatives [1]. Quinine is the most important among quinoline alkaloids. QN 

is an active substance with antipyretic, antimalarial, anti-inflammatory, analgesic, and 

muscle relaxant effects [2]. It inhibits thermoregulatory centres, which leads to a decrease 

in body temperature during febrile diseases. In addition, it reduces the excitability of the 

heart muscle, prolonging the refractory period and reducing the ability to contract. Quinine 

can stimulate uterine muscle contractions, and also can cause spleen contractions [3]. 

The main characteristic of QN is its ability to treat malaria [1]. Quinine is known as 

the first and, for several centuries, the only remedy for malaria [4]. Moreover, QN is a 

promising drug for the treatment of SARS-Cov-2 infection [6, 7].  

___________________________ 
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Nowadays, it is used as a bitter flavour in the production of soft drinks [8, 9]. 

However, excessive use of QN can cause headaches, dizziness, increased body temperature, 

insomnia, as well as tinnitus, impaired hearing, and visual impairment (blurry vision and 

impaired colour perception) [10]. This requires reliable, simple, and rapid methods of QN 

determination. 

Currently, many different analytical methods, such as liquid chromatography [11], 

gas chromatography [12], capillary electrophoresis [13], isotachophoresis [14], 

fluorimetry [15], chemiluminescence [16], atomic [17], mass spectrometry [18] are known 

for the determination of QN in various matrices. Some electrochemical methods, which 

include potentiometry [18], polarography [19], and voltammetry, are also mentioned [2, 

20–23]. 

Our work aims to develop a new voltammetric method for the determination of QN 

on silver solid amalgam electrodes. Solid amalgam electrodes are an alternative to 

traditional mercury electrodes. Silver amalgam-based electrodes (AgSAE) maintain most of 

the advantageous qualities of mercury electrodes, such as wide potential range, high 

hydrogen release potential and low background current. Furthermore, the surface of AgSAE 

can be quickly and easily regenerated (electrochemically or mechanically by polishing). 

Also, the simplicity of AgSAE construction and usage is quite beneficial. Besides, a work 

on the construction of screen-printed silver amalgam electrodes was published. It should be 

stressed that AgSAE is non-toxic and meets the requirements of “Green Analytical 

chemistry” [24, 25].  

 

2. Experimental  

2.1. Apparatus  

In this work, we used digital voltammetric devices MTech POL-22 and MTech 

UVA-410 with a three-electrode cell (working dropping mercury electrode (DME) or silver 

amalgam-based electrodes with modified surfaces, namely polished one (p-AgSAE), 

covered by mercury meniscus (m-AgSAE), or by mercury film (f-AgSAE), a saturated 

calomel reference electrode, and a platinum wire auxiliary electrode).  

Characteristics of DME: m = 5,9·10
–4

 g/s, τ = 10 s in 0,2 М NH4Cl in an open 

circuit. The surface of AgSAE was prepared and pre-treated for work, regenerated, and 

maintained accordingly to [24, 26–29].  

Preparation of the surface of p-AgSAE. Before starting the work, the p-AgSAE was 

polished for 1 min with finely dispersed aluminium oxide. Before each measurement, the 

surface of the p-AgSAE was electrochemically regenerated directly in the working solution, 

which consisted of the analyte and background electrolyte (Ereg = –1 500 mV, treg = 30 s). 

With this procedure's help, the p-AgSAE's surface was cleaned from substances that can 

adsorb on the electrode’s surface and passivate it. 

Preparation of the surface of m-AgSAE and f-AgSAE. To obtain a mercury meniscus 

(m-AgSAE), a drop of mercury was attached to the surface of the polished AgSAE (the 

drop was obtained from a DME capillary). To obtain a mercury film  

(f-AgSAE), a polished AgSAE was immersed in metallic mercury for 30 seconds. The 

excess mercury was gently shaken off, and the electrode was rinsed with distilled water. 

The m-AgSAE and f-AgSAE were activated electrochemically by immersion in a 

0.2 M KCl solution, and application of –2.2 V potential for 5 min. 
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Before each measurement, the surface of the AgSAE was electrochemically 

regenerated directly in the working solution at a potential Ereg, which was 50–100 mV more 

positive than the hydrogen release potential in the particular electrolyte, with a regeneration 

time treg of 30 s. The pH value was controlled potentiometrically using a pH meter  
pH-150M with a combined glass electrode. 

Chromatographic measurements. The liquid chromatograph Waters equipped with 

Alliance 2 690 separation module combined with a PAD 996 diode array detector was used 

for the chromatographic analysis of soft drinks. The column utilized was Luna Omega 

Polar C18 (250 mm × 4.6 mm, 5 μm). Operating conditions were as follows: injection 

volume was 10 μL; mobile phase consisted of 60 % of component A (acetonitrile) and 

40 % of component B (buffer (pH = 2.0), which contained 0.02 M KH2PO4 and 0.027 M 

tetrabutylammonium bromide; separation mode was isocratic; total flow rate was 

1 mL/min; total run time was 10 min; column temperature was 25 °C, and the sample 

temperature was kept ambient. QN was detected at 250 nm. Chromatograms were recorded 

and data were processed using Empower 2 software [5]. 

Voltammetric measurements. In this work, we used cyclic voltammetry (CV) and 

linear sweep voltammetry (LSV) to study QN’s electrochemical behaviour and to assess the 

analytical performance and the method’s applicability on AgSAE. Differential pulse 

voltammetry (DPV) was used to study the simultaneous voltammetric determination of  

QN and QN N-oxide. The current Ip value was measured considering the baseline according 

to [30].  

Origin 2018 (OriginLab, USA) statistically analysed the calibration curves, and the 

relevant results (slope and intercept) were evaluated with a 95 % confidence interval. The 

values of LOD and LOQ were calculated according to the IUPAC using the following 

approach: LOD = 3.3Sa/b and LOQ = 10Sa/b, where Sa is the standard error of the intercept 

value and b is the slope of the calibration curve.  

2.2. Reagents 

QN stock solution was prepared by dissolving the QN hydrochloride substance (the 

purity 99,9 %, CAS No. 6119-47-7, Sigma-Aldrich). Stock standard solution with QN 

concentration 1.0·10
–3

 M was prepared as follows: the exact amount of QN substance 

(0.0198 g) was dissolved in double-distilled water in a 50 mL volumetric flask, the volume 

was brought to the mark, then the solution was mixed thoroughly. The stock solution of QN 

was stored at the temperature of 4 ºC for not longer than a week.  

Oxone (“extra pure” commercial triple potassium salt of Caro’s acid) was purchased 

from Acros Organics and used in the present work as an oxidising agent. The active 

ingredient of Oxone is potassium peroxymonosulfate KHSO5, which is present as a 

component of a triple salt potassium hydrogen peroxymonosulfate sulphate with the 

formula 2KHSO5·KHSO4·K2SO4, (CAS 70693-62-8). The solution of 1.0·10
–2

 M Oxone 

(KPMS) was prepared by diluting the exact amount of this substance in double-distilled 

water in a 100 mL volumetric flask, bringing the volume to the mark and mixing 

thoroughly [31, 32]. 

The Britton-Robinson (BRB) buffer was prepared using Na2B4O7·10H2O, 

CH3COOH, and H3PO4 of analytical grade. The pH of BRB (2.0–12.0) was reached by 

adding 2.5 M sodium hydroxide (controlled by a pH meter) [33–35]. 

The stock solution of quinine N-oxide was prepared as follows: 12.5 mL of the stock 

standard QN solution with CQN= 1.0∙10
–3

 M, 6.5 mL of KPMS, and 5 mL of BRB with pH 9.5 

were added and mixed thoroughly. 
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After 15 min, by adding acid, the pH of the solution was changed to pH 6 (controlled 

with a pH meter), the reaction was stopped, the solution was brought to the 25 mL mark with 

double-distilled water in a 25 mL flask, and a QN N-oxide solution with CN-oxide QN = 5∙10
–4 

M 

was obtained. 

2.3. Sample and Preparation 

Samples of two tonic drinks containing QN were purchased from local stores. 

Before analysis, the samples of the beverages were degassed in an ultrasonic bath for 

15 min. 

Preparation of beverage for voltammetric analysis using working AgSAE. An 

aliquot of 2.00 mL of the beverage was transferred to a 25.0 mL volumetric flask, and 5 mL 

of BRB with pH 6.0 was added and filled up to the mark with double-distilled water and 

stirred. Then the prepared solution was transferred to an electrochemical cell for 

voltammetric analysis, dissolved oxygen was removed with purified argon for 10 min, and 

voltammograms were obtained in the potential range from –0.7 to –1.4 V.  

Sample preparation of tonic drinks for chromatographic analysis. An aliquot of 

5.00 mL of the beverage was poured into a 10.0 mL volumetric flask, brought to the mark 

with methanol, and mixed thoroughly. This solution was filtered through a 0.45 μm PTFE 

membrane filter and transferred to a vial for chromatography.  

 

3. Results and Discussion 

3.1. Influence of AgSAE surface modification on the current and potential of QN 

reduction  

Fig. 1 a shows voltammograms of QN solutions on AgSAEs with different 

modifications (m-AgSAE, f-AgSAE, and p-AgSAE). QN is reduced on AgSAE, forming a 

single peak at a potential E = –0.98 V at pH 6.0. We did not observe any changes in the 

anode potential’s region of the voltammograms, this indicates that the process is 

irreversible. The highest reduction current was achieved using m-AgSAE, since f-AgSAE 

and p-AgSAE show significantly lower reduction currents. Therefore, in this work, we used 

m-AgSAE to study quinine’s electrochemical behaviour and to assess the analytical 

performance and the method’s applicability.  

On the surface of DME, QN is reduced, forming a single peak at the potential  

E = –1.03 V (Fig. 1, b). No changes were observed in the anode region of the 

voltammograms with the change of conditions, indicating the irreversibility of the process.  

  
a b 

Fig. 1. Cyclic voltammograms obtained on modified AgSAEs (m-AgSAE, f-AgSAE  

and p-AgSAE) (а) and on DME (b) in QN solution in BRB with pH 6.0. C = 4.0∙10–5 M,  

for m-AgSAE: V = 1.0 V/s; Eacc = –0.6 V; tacc = 30 s; for DME: V = 0.5 V/s 
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3.2. Effect of pH on the reduction of QN on DME and m-AgSAE 

The pH of the medium affects the current and the potential of QN reduction  

(Fig. 2). QN is reduced on m-AgSAE in the pH range from 6.0 to 11.0 and on DME – from 

4.0 to 11.0. At pH < 6, QN is reduced at hydrogen release potentials, and the peak of QN 

reduction practically coincides with the peak of oxygen reduction. These factors make 

registering the QN signal in an acidic medium impossible. Therefore, pH 8.0 was chosen as 

the optimal pH value for further studies using m-AgSAE, and pH 6.0 using DME. 

The potentials of QN reduction peaks shift to the more negative region with the 

increasing pH (Fig. 2, b, d). This suggests that there is a proton transfer stage in the 

electrochemical process. It was established that the dependence of –E, V from pH is linear. 

Table 1 shows the equation of dependence –E, V from pH for the reduction of QN on DME 

and m-AgSAE.  

 

 

  
                         a                                  b 

  
                        c d 

Fig. 2. Cyclic voltammograms of QN solutions on m-AgSAE (a) and on DME (c), the dependence  

of the current and potential of reduction on m-AgSAE (b) and on DME (d) of QN vs. pH  

of the medium. C = 4.0∙10–5 M, for m-AgSAE: V = 1.0 V/s;  

Eacc = –0.6 V; tacc = 30 s; for DME: V = 0.5 V/s 
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Table 1 

Dependence equation –Е, V vs. рН for QN on DME and m-AgSAE  

Electrode рН Dependence equation –Е, V vs. рН 
Correlation 

coefficient, R 

DME 4.0–11.0 –E= (0.666 ± 0.008) + (0.0552 ± 0.0010) pH 0.9986 

m-AgSAE 6.0–11.0 –E= (0.61 ± 0.03) + (0.074 ± 0.004) pH 0.9947 

 

3.3. Influence of the polarization voltage sweep rate on the current and potential 

of reduction of QN 

To clarify the nature of the QN reduction current on m-AgSAE and DME, 

voltammograms were obtained under different conditions and scan rates (Table 2). As the 

scan rates increase, the peak height increases, and the potentials shift cathodically. 

No oxidation signals were detected. This indicates that the reduction process is irreversible.  

All dependencies of the current logarithm from the scan rate’s logarithm show one 

linear plot, the equations in Table 2. The tangent of the slope for all studied conditions 

ranges from 0.8 to 1.1, which is close to 1 and indicates the adsorptive nature of the current.  
 

Table 2 

Dependence equation log I – log V for QN on DME and m-AgSAE 

Electrode рН 
Scan rate 

range, V/s 
Dependence equation log I – log V R 

DME 

5.0 (BRB) 

0.1–5.0 

log I = (0.261 ± 0.005) + (0.984 ± 0.014) log V 0.9979 

6.0 (BRB) log I = (–0.080 ± 0.006) + (0.892 ± 0.022) logV 0.9969 

8.0 (BRB) log I = (0.158 ± 0.010) + (0.979 ± 0.025) log V 0.9934 

m-AgSAE 
6.0 (BRB) 0.5–5.0 log I = (–0.492 ± 0.012) + (0.80 ± 0.03) log V 0.9924 

9.0 (PBS) 0.1–2.0 log I = (–0.425 ± 0.009) + (1.13 ± 0.04) log V 0.9968 

 

3.4. Mechanism of QN reduction on mercury-based electrodes 

The number of electrons that take part in an electrochemical reaction (n) according 

to the voltammograms, which were obtained under different conditions (different pH and 

concentrations of QN) according to equation [36]: 

n = –47,7/(Eр – Eр/2),    

  

 n – number of electrons that take part in an electrochemical reaction; Eр – peak 

potential, mV; Eр/2 – the potential of half of the peak, mV.  

The calculated values of n varied in the range from 1.8 to 2.2 on DME and  

m-AgSAE, indicates that two electrons are involved in the electrochemical reduction of QN 

on mercury-based electrodes. 

According to Table 1 using the tangent of the slope, the ratio of the number of 

protons to the number of electrons (xH
+
/n) involved in the electrochemical process was 

calculated [37]: 

dE/рН = (2,3RT∙xН
+
)/αnF, 

F – Faraday constant; R – universal gas constant; T – temperature. 

The values of protons calculated were respectively 2.13 for DME and 1.60  

for m-AgSAE. 
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The literature source reports a mechanism for the reduction of QN on a mercury 

electrode at pH 11.0, which involves the addition of two electrons and two protons [4]. 

First, an unsaturated bond near the nitrogen atom is reduced to a saturated bond, and then a 

dehydration reaction occurs to form a stable product (Scheme).  

 
Reduction mechanism of QN on mercury-based electrodes 

 

3.5. Analytical characteristics for the determination of QN on DME and  

m-AgSAE  

To obtain calibration curves on m-AgSAE and DME, voltammograms of QN 

reduction were obtained in the concentration range of 2–20 μM on m-AgSAE and 2–40 μM 

on DME (Fig. 3). In Figures 3, a, b, “0” shows the background line. The parameters of the 

calibration curves of the developed methods for determining QN are shown in Table 3. 
  

 
a 

 
b 

 
c 

 
d 

Fig. 3. Voltammograms (a, b) and calibration curves (c, d) for reduction peak of QN  

on m-AgSAE (a, c) and DME (b, d). For m-AgSAE: рН = 8.0; V = 1.0 V/s; tacc = 60 s;  

Eacc = –0.6 V; for DME: рН = 6.0; V = 0.5 V/s 
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Table 3 

Analytical characteristics of the voltammetric determination  

of QN on m-AgSAE and DME 

Analytical parameters 
Electrode 

m-AgSAE DME 

Scan rate V, V/s 1.0 0.5 

Peak potential Е, V –1.12 –0.98 

Linearity, M 2.0∙10
–6

–2.0∙10
–5

 2.0∙10
–6

–4.0∙10
–5

 

Parameter b±∆b, μA/M (2.454±0.012) ∙10
4

 (2.548±0.010) ∙10
4

 

Parameter a±∆a, µA 0.145 ± 0.013 0.0200 ± 0.0019 

Correlation coefficient, R 0.99615 0.99554 

Limit of quantification (LOQ), М 5.2∙10
–6

 5.7∙10
–6

 

Limit of detection (LOD), М 1.7∙10
–6

 1.9∙10
–6

 

 

 

3.6. Simultaneous voltammetric determination of QN and its N-oxide using  

m-AgSAE 

We reported on the preparation of quinine N-oxide using KPMS [38]. Quinine  

N-oxide is reduced as a single peak at a potential of –1.09 V on DME and –1.0 V on  
m-AgSAE. Therefore, whether it is possible to determine QN and its N-oxide together 

arose. Comparison of the voltammograms of the reduction of QN and its N-oxide (Fig. 4) 

gave reason to hope that the DPV method will be able to determine these two components 

simultaneously from one sample, at least if they are present in the sample in equimolar 

amounts.  
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a b 

Fig. 4. Polarograms (a) and voltammograms (b) m-AgSAE in QN and QN N-oxide solutions. 

Conditions: CQN = 2.0∙10–5 M; CQN N-oxide = 2.0∙10–5 M; pH = 6.0; on DME, V = 0.5 V/s 
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The method of measuring by adding the standard solution to the electrochemical 

cell. During the exploration of the effect of QN on the voltammetric determination of QN  
N-oxide, an aliquot of 7.0 ml of the working solution of QN N-oxide was added to the 

electrochemical cell with a measuring pipette, dissolved oxygen was removed, and a 

voltammogram was obtained. Then, 0.14 ml of the original QN standard solution was 

added to the cell. The solution was mixed by purging argon for 3 min, and the oxygen, 

which was dissolved in an aliquot of the added solution, was removed. The procedure for 

introducing the QN additions was repeated three times, and the concentration of QN in the 

final volume of solution in the cell was calculated considering the dilution (Fig. 5).  

 

 
 

Fig. 5. DPV voltammograms of QN N-oxide with QN additions were obtained on m- AgSAE. 

Conditions: CQN N-oxide = 2.0∙10–5 M; pH 6.0; Cadd1 = 1.96∙10–5 M, Cadd2 = 3.88∙10–5 M;  

Cadd3 = 5.77∙10–5 M; Estart = –0.60 V; Eend = –1.50 V; dE = 5 mV; P = 50 mV; t1 = 0.05 s; t2 = 0.1 s 

 

 

The study of the effect of QN N-oxide on the voltammetric determination of QN 

was performed similarly. First, 7.0 mL of the working solution of QN was added to the 

electrochemical cell with a measuring pipette, dissolved oxygen was removed, and a 

voltammogram was obtained. Then, 0.60 mL of the original standard QN N-oxide of 

quinine was added to the cell. The solution was mixed and the oxygen dissolved in the 

additive aliquot was removed by purging with argon for 3 min. The procedure for 

introducing the QN N-oxide addition was repeated twice, 0.30 mL of the standard solution 

of QN N-oxide was added. The concentration of QN and its N-oxide in the final volume of 

solution in the cell was calculated considering the dilution (Fig. 6).  

The voltammograms clearly show that when QN is added to its N-oxide or vice 

versa, the QN’s reduction peaks increase each time, overlapping the indistinct peak of the 

reduction of N-oxide. Therefore, the simultaneous determination of QN and its metabolite, 

QN N-oxide, is impossible. 
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Fig. 6. DPV voltammograms of QN with additions of its N-oxide were obtained on AgSAE. 

Conditions: Solutions of QN: CQN = 2.0∙10–5 M; CQN = 1.0∙10–3 M, pH 6.0; nadd = 2; Vadd = 0.2 mL; 

Cadd1 = 4.8∙10–5 M; Cadd2 = 7.5∙10–5 M; CQN N-oxide = 5.0∙10–4 M; nadd = 3; Vadd1 = 0.6 mL;  

Vadd2, 3 = 0.3 mL; Cadd1 = 3.8∙10–5 M; Cadd2 = 5.6∙10–5 M; Cadd3 = 7.5∙10–5 M; Estart = –0.60 V;  

Eend = –1.50 V; dE = 5 mV; P = 50 mV; t1 = 0.05 s; t2 = 0.1 s 

 

 

3.7. Voltammetric determination of QN in tonic drinks using m-AgSAE  

We used the standard addition method to determine the concentration of QN in tonic 

drinks (Fig. 7). The analysis results are presented in Table 4. The results were statistically 

analysed. The determination results were compared with those obtained by high-

performance chromatography with a diode array detector (HPLC-DAD).  

 
Table 4 

Results of QN determination in tonic drinks (n = 3) 

Sample 
Determined using 

 m-AgSAE, mg/L 

Standard 

deviation, % 

Determined using 

HPLC-DAD, mg/L 

Relative 

error, % 

Sample 1 34.39±0.06 0.25 33.4812±0.0015 2.71 

Sample 2 38.930±0.013 0.16 37.237±0.003 4.54 
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a 

 
b 

 
c 

 
d 

Fig. 7. Cyclic voltammograms QN on m-AgSAE, during the determination of QN in tonic beverage 

samples 1 (a) and 2 (c) and the corresponding graphs obtained by the standard additions method  

for determining the concentration of QN in tonic beverages – samples 1 (b) and 2 (d).  

The mark 0 corresponds to the solution without additions of the standard solution of QN,  

1–3 – the corresponding additions of 32.00; 77.00, and 142.00 μM QN. Conditions: pH 6.0, V = 1.0 V/s 

 

4. Conclusions 
For the first time, silver solid amalgam electrodes (AgSAE) were used for the 

voltammetric determination of QN, and for comparison, a mercury drop electrode was used. 

Quinine is reduced on mercury-based electrodes as a single peak. The highest reduction 

currents were obtained on AgSAE modified with mercury meniscus (m-AgSAE) and DME. 

The pH affects the appearance of m-AgSAE voltammograms in QN solutions. With an 

increase of pH, the potential of the QN reduction peak shifts cathodically, which indicates 

the participation of protons in the electrochemical reaction. At рН<6, QN is reduced on  
m-AgSAE at the potentials of hydrogen reduction. As optimal pH values for measuring the 

analytical signal of QN, pH = 8.0 was chosen for m-AgSAE and pH = 6.0 for DME. 

Based on the study of the effect of scan rate on the process of QN reduction, it was 

proven that the nature of the current is absorptive. This allows the use of adsorptive 

accumulation and helps to reduce the limit of detection of the analyte. The accumulation 

time taac = 60 s and the accumulation potential Eacc = –0.6 V were chosen after conducting 

experiments. 
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Under optimal conditions for the reduction of QN, calibration curves were obtained. 

The limit of determination reaches 10
–6

 mol/L, which is sufficient for analysing medicines, 

beverages enriched with QN, and extracts from plant materials.   

Simultaneous voltammetric determination of QN and its N-oxide in their mixture is 

impossible since adding QN to its N-oxide or vice versa causes their reduction peaks to 

overlap and quinine’s reduction peak to increase.  

The new voltammetric method for determining quinine was tested on real objects, which 

were tonic drinks. The proposed method is rapid, portable, suitable for routine analysis and well 

aligned with recent applications in medical, toxicological and forensic chemistry. The accuracy 

of the voltammetric analysis results has been confirmed by  
HPLC-DAD method. The relative error of determination did not exceed 5 %. However, 

voltammetric methods are more rapid and significantly more economical than HPLC methods. 
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Уперше розроблено вольтамперометричну методику визначення хініну з 

використанням електродів на основі твердої амальгами срібла (АЕ). Найбільшого струму та 

чіткого піку відновлення хініну можна досягнути з використанням АЕ, який модифіковано 

ртутним меніском (м-АЕ). Хінін відновлюється на м-АЕ з утворенням одного необоротного 

піку в слабо кислому та в лужному середовищах. Як оптимальне рН обрали рН 8, яке 

забезпечували універсальною буферною сумішшю. Пік відновлення хініну має адсорбційну 

природу струму, що сприяє накопиченню аналіту на поверхні електрода. За оптимальних умов 

отримали градуювальний графік для вольтамперометричного визначення хініну, для якого 

лінійна залежність струму від концентрації зберігається в межах від 2,0∙10–6 до 2,0∙10–5 М, а 

межа виявлення становить 1,7∙10–6 М. 

Розроблену методику апробували під час аналізу тонізуючих напоїв. Отримані 

результати статистично опрацювали та підтвердили референтною методикою (методом 

високоефективної рідинної хроматографії з діодоматричним детектором). Відносна похибка 

визначення не перевищувала 5 %. Запропонована методика є швидкою, портативною, 

придатною для рутинного аналізу.  
 

Ключові слова: вольтамперометрія, алкалоїд, хінін, N-оксид хініну, тверді амальгамні 

електроди. 
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