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ELECTROCHEMICAL PROPERTIES OF THALLIUM  
IN SOLUTIONS CONTAINING NITRATE IONS 

 

Abstract. The electrochemical behavior of the thallium electrode in solutions of sodium nitrate and nitric acid 
has been studied by the method of removing potentiodynamic polarization curves and by electrolysis. Preliminary 
studies have shown that thallium electrode does not dissolve in sodium nitrate solution, but it dissolves well in nitric 
acid. The laws of electrochemical dissolution of a thallium electrode for polarization with an alternating current at a 
frequency of 50 Hz in solutions of nitric acid was first studied. The influence of a number of electrochemical 
parameters on the current yield of the product of electrolysis - thallium nitrate (I) is considered. It is shown that the 
formation of thallium ions (I) with high current efficiency (95-97%). Electrolysis results show that the concentration 
and temperature of the electrolyte have a significant effect on the current efficiency of Tl (I) ions. It is shown that as 
the potential of the electrode is increased, the metal is passivated by the formation of thallium hydroxide, an 
insoluble protective layer, on the electrode surface. As a result of the studies, an effective method for the synthesis of 
Tl (I) salts has been developed. Carried out an elemental analyzes of the crystals and microphotographic thallium 
nitrate Tl (I). Due to the fact that thallium salts have low solubility in aqueous solutions, it has been shown that 
metallic thallium dissolves only in acid solutions under the action of alternating current. 

Key words: thallium, micro photography, electrolysis, electrochemistry, electrode, crystal, alternating current, 
nitric acid, thallium (I) nitrate. 

 

Though thallium and its compounds are poisonous, they are widely used in technics, medicine and 
other fields. 75% of thallium is used in electronics, electronics and infrared radiation, 7% in agriculture, 
3% in medicine, and 15% in other industries.  

The chemical and electrochemical properties of thallium have not yet been studied and are signifi-
cantly different from those characteristic to metals of Group III (Al, In, Ga). Since thallium is dispersed in 
the environment, its chemical and electrochemical properties are poorly studied. The detection and 
separation of thallium from the composition of natural minerals and synthesizing its compounds cause 
difficulties due to its low concentration. The tendency of metal surface to passivity due to oxide shells 
formation during the electrochemical deposition determines the specificity of electrochemical properties 
of thallium. As shown by the results of studies dedicated to investigate electrical oxidation and electrical 
deoxidation processes of thallium, several authors [1-4] show that the kinetics and mechanisms of these 
processes depend on a number of factors and have significant features. 

The authors of work [5-7] have found that passivation of thallium electrode in the anode polarization 
of HСL or NaCl solutions are carried out in two stages. According to them, thallium ions are formed in the 
first phase of passivation and in the second phase they become thallium salts. However, the passivation 
process in the solution of HClO4 and Na2SO4 is carried out in a single phase. In general, the literature 
review on electrochemical properties of thallium in aqueous solutions indicates that they had been 
conducted in the field of stationary current and requires replenishment of theoretical data. Moreover, all 
the known inorganic salts of thallium are obtained by the chemical exchange reaction. 
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The first study of thallium anode properties began with the release of thallium batteries [6]. 
Therefore, this work focuses on the oxidation reduction system Tl+/Tl2O3. According to the results of the 
study, the potential of T1/Tl+ is that the anode current decreases in the alkaline environment than acids. In 
[6], it is established that the thallium oxidative ion is in the stationary electrodes with the threshold of 
tension at the threshold of the polarization hole "b" - 60 mV. It has been pointed out that there is a point of 
concentration polarization.  

In [8], information is given on the electrochemical properties of thallium in the solution of hydro-
chloric acid and its solubility forming a monovalent compound. 

The purpose of this research is to develop effective methods for the synthesis of Tl (I) salts by 
studying the dependence on various parameters of electrochemical oxidation of thallium electrodes in the 
presence of alternating current in nitric acid and its salts in solutions of sodium nitrate. 

Thallium shows I and III valence in chemical compounds. Its standard electrode potential in aqueous 
solution has the following value at 25 0C: 

Tl – е  Tl+  Е0= - 0,336 V (1) 

Tl – 3е  Tl3+  Е0= + 0,710 V (2) 

Tl+ – 2е  Tl3+  Е0= + 1,25 V (3) 

Further, studies on the electrochemical dissolution laws of the thallium electrode were continued by 
shooting cathodic, anode and cyclic potentiodynamic curves in neutral nitrate acid solution and 
electrolyzing in the neutral nitrate ion solution.  

Potentiostat "Autolab" was used for shooting potentiodynamic polarization curves. The experiments 
were carried out in three electrode cells with separated electrode spaces. As a working electrode, the 
surface part of thallium wire in 2 mm diameter was used. The second additional electrode was platinum 
wire. All potential values were compared to silver chlorine electrode immersed in the saturated solution of 
potassium chloride for "an exclusive clean" analysis (+0,203 V). 

When the thallium electrode was immersed in the solution of 100 g/l of sodium nitrate, the potential 
value "minus" was found to be 0.7 V. The metallic oxidation current is detected on the maximum pola-
rogram when the potential value of thallium is shifted to the anode direction (figure 1). The dissolution 
rate of thallium does not continue to grow when the potential value "minus" is 0.45 V, from which the 
metal surface is covered by a thallium nitrate film and remains in the passivation state.  
 

 
 

Figure 1 – Anode potentiodynamic polarization curve of the thallium electrode in the sodium nitrate solution:  
[NaNO3] = 100g/l; v = 50 mВ/s; t = 250С 
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Figure 2 shows the cathode polarization curves of the thallium electrode in a solution of sodium 
nitrate. When the potential of the thallium electrode is shifted to the cathode direction and the minus 
approximates the potential of 0.6-0.50 V, the oxidation current is detected in the polarogram.  

 

 
 

Figure 2 – Cathode potentiodynamic polarization curve of the thallium electrode in the sodium nitrate solution: 
[NaNO3] = 100 g/l; v= 50 mV/s; t = 25 0С 

 

Figure 3 shows the anode-cathode cycle polarization curve of the thallium electrode in the solution of 
sodium nitrate. When moving the electrode potential towards the positive potential zone, the anode oxi-
dation maximum of the thallium is detected at minus 0.5-0.45 V. It can be argued that the observed 
maximum occurs due to the oxidation of the thallium (I) nitrate on reaction (1).When the potential of 
thallium is shifted to the negative values, the maximum oxidation of thallium (I) nitrate formed on its 
surface is detected and the reduction reaction of the water molecules ions in the potential of "minus" 1,7 V 
is realized.  

 

 
 

Figure 3 – Cathode-anode potentiodynamic polarization curve of the thallium electrode in the sodium nitrate solution: 
[NaNO3] = 100 g/l; v = 50 mV/s; t = 25 0С 
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The effect of the concentration of electrolyte on the current efficiency of thallium (I) ions, which are 
formed by polarizing thallium (I) electrodes in nitric acid with the help of alternating current is shown in 
figure 5. 

 

 
 

Figure 5 – The electrolyte concentration effect on current formation efficiency of thallium (I) ions:  
i = 6000 A/m2, τ = 0,5 h; t = 20 0С 

 
The initial concentration of nitric acid has a significant effect on the formation of thallium (І) nitrate 

during the polarization by alternating current. The concentration of the nitric acid solution is obtained 
within 1.0-4.0 N. Minimal current efficiency of TI+ ions is ~ 76% in 1.0 N. HNO3 solution. The maximum 
current efficiency is ~ 99% in 4.0 N. HNO3 solutions. The increase of the current efficiency in high con-
centrations of the nitric acid can be explained by the electrochemical and chemical dissolution processes 
of the metal. When the concentration of the solution is increased, the recrystallization process takes place 
as a result of the over-saturation process. The HNO3 solution prevents the formation of an oxide layer on 
the surface of the electrode in the anode half-period of alternating current, which ultimately increases the 
current efficiency of the thallium nitrate formation. 

The electrolyte temperature effect on thallium electrodes dissolution processes was investigated 
between 20-80°С by providing thallium electrodes with the current density of 6000 A/m2 when polarizing 
them with alternating current (figure 6). As the electrolyte temperature increases, the current efficiency 
increases dramatically from 37% to 100%. The loss of electrolyte temperature has a beneficial effect on 
the electrode processes that occur on the surface of thallium electrodes. This is due to the solubility of T1 
(I) nitrate at high temperature. 

 

 
 

Figure 6 – Influence of temperature on thallium (I) ion current flow rate: 
CHNO3 = 1n; τ = 0.5 h; i = 6000 A/m2 

 

The results of the spectral elemental analysis carried on the thallium nitrate composition that has been 
obtained by the electrochemical way are shown in table. 
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The result of the analysis on the elemental composition of sediment (TlNO3) obtained after electrolysis 
 

Spectrum N O Tl Total 

1 8,42 16,45 75,13 100,00 

2 8,03 16,03 75,94 100,00 

3 8,27 16,30 75,43 100,00 

Average 8,24 16,26 75,5 100,00 
 

It is worth noting, the electrochemical property of the thallium in the aqueous solution has not been 
comprehensively studied yet [10, 11]. Currently, electrochemical study of the properties of rare heavy 
metals is of great importance [12-21]. The acquisition of new data on the electrochemical properties of the 
thallium polarized by industrial alternating current highlights the theoretical and practical value of the 
work. The obtained results contribute to the electrosynthesis field that allows obtaining analytically clean 
metal compounds.  

Electrochemical properties of thallium electrode and its salt were comprehensively investigated in the 
nitric acid and the sodium nitrate solutions by the method of electrolysis and by shooting potentiodynamic 
polarization curves.  

The results of experiments conducted to investigate the nature of electrode processes in electro-
chemical oxidation of thallium and the analytical properties of the formed compounds will allow to detect 
thallium compounds in the field of metal waste and raw materials, as well as to create new ways of ob-
taining its required compounds. 
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ТАЛЛИЙДІҢ НИТРАТ ИОНДАРЫ БАР ЕРІТІНДІЛЕРДЕГІ ЭЛЕКТРОХИМИЯЛЫҚ ҚАСИЕТІ 
 
Аннотация. Талий электродының натрий нитраты жəне азот қышқылы ерітінділеріндегі электрохи-

миялық қасиеті потенциодинамикалық поляризациялық қисықтар түсіру арқылы жəне электролиз жүргізу 
арқылы зерттелді. Алдын ала жүргізілген зерттеулер таллий электродының натрий нитраты ерітіндісінде ері-
мейтіндігін, ал азот қышқылы ерітіндісінде жақсы еритіндігін көрсетті. Алғаш рет таллий электродының азот 
қышқылы ерітіндісіндегі электрохимиялық еру заңдылықтары жиілігі 50 Гц өндірістік айнымалы ток 
қатысында зерттелді. Электролиз өнімі - таллий (І) нитратының түзілуінің ток бойынша шығымына бірқатар 
электрохимиялық параметрлердің əсері қарастырылды. Азот қышқылы ерітіндісінде таллий (І) иондарының 
жоғары ток бойынша шығыммен (95-97%) түзілетіндігі көрсетілді. Электролиз нəтижелері Тl (I) иондарының 
түзілуінің ток бойынша шығымына - электролит концентрациясы мен температурасының елеулі əсері бар 
екендігін көрсетті. Электрод потенциалының өсуі, электрод бетінде ерімейтін қорғаныштық қабат - таллий 
қосылысының түзілуіне байланысты металды пассивті күйге түсіретіндігі көрсетілді. Жүргізілген зерттеу-
лердің нəтижесінде Тl (І) тұздарын синтездеудің тиімді əдісі жасалды. Түзілген таллий (І) нитраты кристал-
дарының құрамына элементтік анализ жəне микрофотографиялық сараптамалар жасалды. Таллий (І) тұзда-
рының судағы ерігіштігі төмен болғандықтан, таллий тек қышқылды ерітінділерде айнымалы ток əсерімен 
еритіндігі көрсетілді.  

Түйін сөздер: таллий, микрофотография, электролиз, электрохимия, электрод, кристалл, айнымалы ток, 
азот қышқылы, таллий (І) нитраты. 
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ЭЛЕКТРОХИМИЧЕСКОЕ ПОВЕДЕНИЕ ТАЛЛИЯ В РАСТВОРАХ,  
СОДЕРЖАЩИХ НИТРАТ-ИОНЫ 

 
Аннотация. Методом снятия потенциодинамических поляризационных кривых и методом электролиза 

изучено электрохимическое поведение таллиевого электрода в растворах нитрата натрия и азотной кислоты. 
Предварительные исследования показали, что таллиевый электрд не растворяется в растворе нитрата натрия, 
но хорошо растворяется в азотной килоте. Впервые исследованы закономерности электрохимического рас-
творения таллиевого электрода при поляризации переменным током с частотой 50 Гц в азотнокислых рас-
творах. Рассмотрено влияние ряда электрохимических параметров на выход по току продукта электролиза - 
нитрата таллия (І). Показано, что происходит образование ионов таллия (І) с высокими выходами по току 
(95-97%). Результаты электролиза показывают, что концентрация и температура электролита оказывают 
значительное влияние на выход по току образования ионов Tl (I). Показано, что при увеличении потенциала 
электрода металл пассивируется вследствие образования на поверхности электрода нерастворимого защит-
ного слоя - соединения таллия. В результате проведенных исследований разработан эффективный способ 
синтеза солей Тl (І). Проведены элементный и микрофотографический анализы кристаллов нитрата таллия  
Тl (І). В связи с тем, что соли таллия имеют низкую растворимость в водных растворах, было показано, что 
металлический таллий растворяется только в растворах кислот под действием переменного тока.  

Ключевые слова: таллий, микрофотография, электролиз, электрохимия, кристалл, переменный ток, 
азотная кислота, нитрат (І) таллия. 
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