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ABSTRACT: The present work describes a method for the determination of Th (IV) ions spectrophotometrically 
using 2-(5-bromo-2-pyridylazo)-5-diethylaminophenol (Br-PADAP) as a sensitive chromogenic reagent. The 

method is based on the formation of a red-orange colored complex between Th (IV) species and the Br-PADAP 

dye in the acidic medium. In addition, factors affecting the sensitivity of the formed Th-Br-PADAP complex 

include pH, reaction time, and reaction temperature. In addition, the reagent and Th (IV) concentrations were 

studied and optimized. Based on the obtained results, the Th-Br-PADAP complex is formed at pH 3 after 20 min 

at room temperature, and the maximal absorbance is obtained at 590 nm. The effect of some water-miscible 

alcohols and acetone on the colorimetric determination of Th (IV) is studied and described to show their effects 
on Th-Br-PADAP complex color intensity. The results showed that the absorbance of the Th-Br-PADAP 

complex is enhanced by alcohol or acetone addition, and the maximum absorbance percent (33%) is obtained 

using 60% solvent content. The proposed method is applied to the determination of Th (IV) concentrations from 

0.05 to 10 μgml-1, but the detection limit is decreased to 0.01 μgml-1 by miscible alcohols or acetone addition. 

The influence of associated species on the optical density of Th-Br-PADAP was investigated and determined 

within its allowable limits. Finally, the proposed method was tested for the analysis of thorium ions in different 

international standards and some Egyptian rock samples. 
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I. INTRODUCTION 
Thorium is spread naturally and connected mainly with lanthanides and it widely distributed in nature 

with an average concentration of 11 μg g
-1 

in the upper earth’s crust to be more than three times the amount of 

uranium. In general, thorium occurs in relatively small number in Th-enriched minerals: thorite [(Th, U).SiO4] 

thorianite [ThO2], monazite [(Ce, La, Y, Th).PO4], Thorbastnasite [ThCa(CO3)2F2·3H2O], and thorogummite 
[(Th, U)(SiO4)1-x(OH)4x] ores. However, the main world resources of thorium are coupled with monazite [1]. 

Thorium compounds are used in many industries, especially its oxide (ThO2) that has an extremely high melting 

point, such as welding electrodes, laboratory crucibles, ceramic, catalytic, and lens applications. Furthermore, 

thorium alloys with manganese and tungsten are used in electric filaments, airframe construction, and inert gas 

welding beside in aircraft engines [2]. In addition of the previous applications; some Indian programs are 

applied for using thorium in nuclear reactors with plutonium. This kind of a closed fuel cycle reactors was 

designed to breed fuel and to minimize generation of nuclear waste. These applications produce many wastes 

containing thorium species that have acute toxicological effects on humans because thorium and its compounds 

are carcinogens that penetrate the human body and are absorbed readily by the lungs. Thus, WHO advises 

thorium must not exceed 0.246 mg L-1 in the drinking waters [3]. These guidelines need regular thorium 

monitoring and hence quick, cost-effective, simple, and sensitive thorium measurement techniques. Several 
methods for thorium estimates, such as; titrimetry [4], potentiometry [5], gravimetry [6], fluorimetry [7], liquid 

chromatography [8], X-ray fluorescence [9], chromatography [10], and inductively coupled plasma mass 

spectrometry have been [11]. Many of these methods are sensitive but are highly expensive due to their high 

cost [8]. Thorium estimations spectrophotometrically using complexing reagents are simple, inexpensive, and 

rapid methods that have been used. Among of these reagents are; sodium 4,8-diamino-1,5-dihydroxy-

anthraquinone-2,6-disulphonate [12], sodium 5-(4-diethyl-amino-2-hydroxyl phenyl azo), 4-triazole-3-
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carboxylate [13]. In addition to these reagents; Arsenazo I, Arsenazo III [14], 2-hydroxy-1-napthaldehyde iso-

nicotinoylhydrazone [15], 8-quinolinol [16] rifampicin [17],  bromocresol and xylenol orange [18], orange, 

methylthymol blue [19], 5,8dihydroxy-1,4-naphthoquinone [20], 1-amino-4-hydroxyanthraquinone [21], 4-(2-

triazolylazo) resatophenone [22], 1-(2-thiazolylazo)-2-naphthol are also used [23]. The main limitations of these 

agents for Th (IV) estimation are their low selectivity and the presence of significant interference from various 

ions then; many efforts are applied to create a direct, selective, and sensitive thorium IV) estimation method 

[14]. This study aims to establish a simple, rapid and sensitive determination process of Th (IV) species mainly 

in aqueous solutions using 5-Br-PADAP as an analytical reagent. 

 

II. MATERIALS AND METHODS 
2.1. Chemicals and Reagents 

In this study, all the used chemicals were analytical-grade reagents, and double-distilled water was 

used throughout. The standard thorium (IV) solution (1000 g L-1) is prepared by dissolving 2.46 g of 

Th(NO3)4.5H2O (Merck) in 1000 ml of acidified (HNO3) water, and the diluted working standard solutions are 

made right before use.The solution of 1.431×10-3 M Bromo-2-pyridylazo-5-diethylaminophenol (5-Br-PADAP) 

dye (Aldrich) is prepared by dissolving 0.05 g in 30 ml of pure ethanol (99%) (Misr Petroleum Co.), and then 

topped up to 100 ml with double distilled water and stored in an amber bottle for at least 2 months. Stock 

interfering ion solutions are prepared by dissolving appropriate amounts of their analytical grade salts in 

distilled water. 

 

2.2. Apparatus 

A UV-Visible-100 double-beam spectrophotometer (Labomed, INC, USA) using quartz cells with a 10 

mm optical path length was used for scanning the colored complexes, while a digital pH meter (Digimed DM-

21, Japan) was used for measuring the solution pH values (within a resolution of 0.01 and an accuracy of ± 

0.01). In some experiments, a water bath shaker (LabortechnikmbH, 1083, Germany) was used while the solid 

samples were weighed using a digital analytical balance (Sartorius TE 214S, Germany).  

 

2.3. Thorium Determination 

In the first step, before any experiments, the Thoron I reagent is used for determination of thorium (IV) 

in the prepared standard solutions. This method is based on the reaction of Th (IV) ions with Thoron I in an HCl 

medium in the presence of ascorbic and tartaric acids. The resulting red Thoron-Th (IV) complex is then 
calorimetrically measured at 540 nm against a blank solution [24]. On the other hand; during the study of the 

affecting factors, the thorium content is spectrophotometrically determined using the Br-PADAP dye. 

 

III. RESULTS AND DISCUSSION 
In this work, during the study of the complex formation of Th (IV) with Br-PADAP dye in the acidic medium; 

many parameters were studied and optimized. 

 

3.1. Absorption Spectra 

The optimum wavelength value was determined by scanning the absorption spectra of 5-Br-PADAP 
dye and Th(IV)-Br-PADAP complex in an acidic medium. The obtained results in Figure (1) show that both the 

dye and Th-Br-PADAP complex are maximally absorbed at 590 nm. The absorbances of 5-Br-PADAP dye 

alone and with a 2 μg ml-1 are 0.04 and 0.25, respectively, as shown in Figure (1A, B). The molar absorptivity is 

3.13 × 104 L mol-1cm-1, which increases to 3.95 × 104 L mol-1cm-1 when a 60% methanol solvent is added. 
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Figure (1): Visible absorption spectra of the formed complex of 2 μg ml-1 Th (IV) at pH3 after 20 min using 

5.72×10-5 M 5-Br-PADAP (A) Th (IV)-Br-PADAP (B) 5-Br-PADAP 

 

3.2. Effect of pH 

The effect of the solution pH on the Th-Br-PADAP complex formation was studied. The studied 

solutions containing 1µg ml-1Th (IV) were adjusted at variable pH values ranging from 1 to 9 using dilute HCl 

and NaOH solutions. To the prepared solutions, 1 ml of 5-Br-PADAP (0.05%) reagent is added and steadied for 

30 min. The obtained results in Figure (2) show that the absorbance of the formed complex is highly dependent 

upon the solution's pH. The absorbance value in highly acidic mediums is very low (0.03), and increasing the 

solution pH to 3 increased in absorbance intensity of 0.1347.As the solution pH increased to 9, the absorbance 
intensity decreased again to 0.005, and pH 3 was chosen as the optimum value. The low absorbance at pH 2 

could be attributed to the high acidic medium (excess hydrogen ions) causing strong competition between H+ 

and Th(IV) ions on the dye-binding sites, resulting in a decrease in Th(IV) chelation with the Br-PADAP 

reagent.Increasing the pH of the solution to 3 resulted in precipitation and hydrolysis of Th(IV) species such as 

Th(OH)2
2+ and Th(OH)3

+ [25, 26]. 

In an additional trial, the type of acid effect on Th(IV)-Br-PADAP complex formation was studied 

using different acids, including nitric, sulfuric, and hydrochloric acid for pH adjustments (pH 3). The results in 

Figure (3) show that; nitric acid is the most dependable acid that can be used in pH adjustment as well as rock 

sample preparation. However; the absorbance of the formed complex is remarkably reduced by using sulfuric or 

hydrochloric acids. Then HNO3 acid and NaOH solutions are used for pH adjustment. 

 

 
Figure (2): Effect of pH on the color development of the Th(IV)-Br-PADAP complex 
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Figure (3): Effect of the acid type on the absorbance of Th-Br-PADAP complex at 590 nm 

 

3.3. Effect of 5-Br-PADAP Dye Concentration 

The effect of varying concentrations of 5-Br-PADAP dye on the color intensity of the Th-Br-PADAP 

complex is studied using different thorium amounts ranging from 0.1 to 5 ml of a 1.431×10-3 M Br-PADAP dye 

solution (0.05% w/v). The formed complexes between Br-PADAP solutions and 2 µg ml-1 were measured at 

λmax 590 nm. The results in Figure (4) show that; the maximum absorbance takes place at 1.5 ml of (8.586×10-5 

M) 5-Br-PADAP solution. The molar ratio of Th (IV)-Br-PADAP complex is established using the molar ratio 
and Job's methods and is found at 2:1 or in some times at 3:2 of Br-PADAP: Th (IV), (Scheme 1). 

 

 
Figure(4): Effect of the dye concentration on the absorbance of the Th-Br-PADAP at 590 nm 

Scheme (1): The suggested mechanism of the Th-Br-PADAP complex formation 
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3.4. Effect of Time 

In general, during the colorimetric studies; the complex formation may be slow and, in some cases the 

color development requires several minutes or may hours. Then the colorimetric measurement time was studied 

and optimized. To study the effect of time on the formation and stability of the formed Th-Br-PADAP intensity 

complexes between 2 µg ml-1Th (IV) and 1 ml 5-Br-PADAP (0.05%) at pH values of 3, after certain time 

intervals from 5 to 300 min, measured colorimetrically at 590 nm. The results plotted in Figure (5) indicate that 

the complex of Th (IV) with 5-Br-PADAP is instantaneously formed and the color intensity reaches its 

maximum value after 20 min and remains nearly constant for at least 180 min. The complex formed is stable for 

a long time, which verifies the stability of the proposed method for the determination of Th (IV) ions. An 

additional experiment was carried out to study the effect of temperature, from room temperature to 80 °C, on the 
Th (IV)-Br-PADAP complex time formation. The results showed that; indirect heating (in a water bath to avoid 

the complex destruction) at 50 °C increased the maximum colored complex Th(IV)-Br-PADAP intensity after 

only 5 minutes instead of 20 minutes under normal conditions (room temperature). A prolonged heating time 

than 20 minutes resulted in the form complex breaking up. 

 

 
Figure (5): Effect of time on the formation and stability of the Th (IV)-Br-PADAP complex 

 

3.5. Effect of Solvents  

The effect of miscible solvents on the absorption spectra of the formed Th-Br-PADAP complexes is 

studied using variable amounts of ethanol, methanol, and acetone solvents ranging from 0 to 70%. In addition to 

aiding in the enhancement of colored complexes intensity, miscible solvents are also used to avoid metal species 

precipitation. The absorbances of the formed complexes are then scanned against a blank solution at 590 nm. 

The obtained results show that; the absorbance intensity, especially at low thorium concentrations, is increased 

by the miscible solvents' addition, and as the percent of the used solvent increases, the intensity of the formed 
complexes increase according to the solvent type and its percent. In general, the maximum color enhancement is 

obtained by adding 60% solvent, and, at this ratio, the color intensities remain constant. Nearly all the used 

solvents examined exhibit the same pattern, but methanol gives the best results, followed by ethanol and 

acetone. Data in Figure (6) shown that; the color intensity of the formed complexes varies depending on the 

polarity of the used solvent and increases as the polarity of the solvent increases. In this study, ethanol or 

acetone was used instead of methanol due to its poisonous effects. This phenomenon might be due to the 

interaction between polar solvents and polar chromophore groups in Br-PADAP dye. Another interpretation is 

the low solvation of the complex in water compared to miscible organic solvents [27]. 
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Figure (6): Effect of miscible solvents on absorbance of the Th-Br-PADAP complex at 590 nm  

 

3.6. Beer's Law Validity 

In general, the detection limit is defined as the minimum concentration of the examined element that 

can be detected with good sensitivity by the proposed analytical procedure. The calibration graph is built under 

ideal conditions, and as the detection limit value decreases, so does the method's sensitivity increase. The 

calibration graph is constructed in this work by detecting various standard Th (IV) concentrations ranging from 
0.005 to 20 μg ml-1. The obtained results show that the calibration graph is linear and passes through the origin 

with a wide range of Th (IV) concentrations and Beer's law is obeyed from 0.05 to 8 µg ml-1 of Th (IV). The 

relative standard deviation (RSD) is < 0.35% and the reproducibility of the method is determined by running 2 

μg ml-1Th (IV) five replicates. Using organic solvents as; ethanol, acetone, or methanol reduces the detection 

limit of the proposed method to 0.01g ml-1, while the maximum Th(IV) concentration remains at 8 μg ml-1; 

Figure (7). 

 

 
Figure (7): Calibration curve of Th(IV)-Br-PADAP complex in an aqueous medium at 590 nm 

 

3.7. Effect of Associated Ions 

The effect of the foreign ions interference which is mostly present in the analyzed solutions on the 

determination of 5 μg ml-1 Th (IV) using Br-PADAP dye under the optimized conditions has been checked and 

optimized. The results summarized in Table (1) show that; silicate, nitrate, phosphate in addition carbonate 

anions under 4000 μg ml-1 and acetate up to 1000 μg ml-1have a low positive interfering effect ranging from 5.5 

to 12.8% while the sulfate and chloride anions have a negative effect of 18.2 and 16.6respectively. On the other 

hand;  750 μg ml-1concentrations of Mg2+, K+, Na+, and Ca2+species have low positive effects with RSD ranging 

from 4.2 to 8.2% while 200 Mn2+μg ml-1has a negative effect with an RSD of 8.4%. On the other hand, 20 μg 

ml-1 of  Ni2+, Cu2+, Ba2+ Pb2+, and Zn2+, 200 μg ml-1 Al3+ in addition 5 μg ml-1of U6+, 10 μg ml-1 of La3+, and 10 
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μg ml-1 of Ce3+ (rare earth) are also tolerated with RSD from 2.1 to 12.6% while rare earth as; Y3+, La3+, and 

Ce3+do not affect Th(IV) because they form complexes with 5-Br-PADAP dye only at alkaline medium (pH > 

10). The most serious positive interference effect results from 5 μg ml-1 of Cr6+, 5 μg ml-1V+5, Zr+3 and V+5, 25 

μg ml-1 Ti4+, 7 μg ml-1 Fe3+ and 15 μg ml-1 Mo4+ species with  RSD values ranging from 24.4 to 32.4% while 10 

μg ml-1 Co2+ ions caused a negative effect with RSD 18.2%. Most of the checked ions are likely to be removed 

by using an encounter dissolution procedure during sample preparation, separation method, or using masking 

agents. 

 

Table (1): Effect of other ions on determination of 5 μg ml-1 of Th (IV) using Br-PADAP dye 

Species Conc. (µg ml
-1

) RSD Species Conc. (µg ml
-1

) RSD 

Sulfate  4000 -18.2 Ti
4+

 20 
+24.4 

 

Phosphate  4000 +8.6 Ni
2+

 20 +9.4 

Carbonate 4000 +5.6 Cu
2+

 20 +12.6 

Silicate 4000 +12.8 Ba
2+

 20 +10.2 

Chloride 4000 - 16.6 Pb
2+

 20 +8.4 

Nitrate 4000 +10.2 Mo
4+

 15 +32.4 

Acetate 1000 +9.8 Co
2+

 10 -18.4 

K
+
 750 +8.2 La

3+
 10 +2.1 

Na
+
 750 +5.8 Ce

3+
 10 +4.1 

Ca
2+

 750 +4.2 Fe
3+

 7 +27.6 

Mg
2+

 750 +6.2 U
6+

 6 +11.2 

Mn
2+

 750 -8.4 Cr
6+

 5 +27.2 

Al
3+

 200 +10.6 V
5+

 4 +25.8 

Zn
2+

 25 +7.6 Zr
3+

 4 +26.5 

 

IV. APPLICATION 
Although the good results were obtained from the above-described experiments, we have to consider 

that these experiments were applied to synthetic solutions, so there is a need to test the quality of thorium 

measured with Br-PADAP dye using different natural geological samples. In this regard, two categories of 

geological samples will be employed. The first category includes two internationally certified samples named 

G2 (Granite) and JG2 (Granodiorite). These standard materials will provide us with the accuracy level of the 

used method. On the other hand, the second category will include two geological samples of the different 

matrices (granite and sandstone). The granitic one was sampled and collected from the Abu-Dob area precisely 

from the mineralized zone, while the sandstone one was sampled from the Um-greifat area from a barren zone; 
both areas are located within the central eastern desert, Egypt along the red sea coast between latitudes 25o 33’ 

and 25o 34’ N and longitudes 34o 31’ and 34o 35’ E Figure (8).  
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Figure (8): Geological map of Abu-Dob and Um-Greifat areas, Central Eastern Desert 

 

4.1. Chemical Composition of the Studied Samples 

For this part, the chemical composition of the studied natural samples is a matter of interest, 

particularly for their Th-content as well as the type and concentration of the other elemental. While the chemical 

composition of the international geological samples is available as published certified data, the other two 
collected samples are of unknown chemical composition, so they are exposed to complete quantitative analysis 

to determine their components. Both Abu-Dob granite and Um-Greifat sandstone samples were chemically 

analyzed for their major composition as indicated in Table (2) [28, 29], while their trace components were 

obtained using the XRF technique in Table (3). The Th-contents the samples were investigated by the 

radiometric technique as well as the wet chemistry using Arzenaso III dye method and the resultants were 

shown in Table (4) [30]. It is worth mentioning that for the precision calculation, each granite and sandstone 

sample was carefully divided into three portions by the quartering method, and each part was separately 

analyzed for the Th content. The obtained data pointed to comparable results from both the radiometric and 

chemical analysis, which means the thorium element was incorporated into each investigated sample in a one-

time span. Also, the data reflected two levels of Th concentrations, one relatively high level (161 μg ml-1) in the 

granitic sample and the other a low level (30 μg ml-1) in the sandstone one. This variation will allow us to assess 
the efficiency and accuracy of the Br-PADAP method for determining Th at different concentration levels. Also, 

the conducted thorium concentration, particularly in the granite sample, attracted us to investigate the source 

mineral (s) in the employed samples. 

 

Table (2): The major components composition (%) of Abu-Dob and Um-Greifat samples 

          Oxide 

Sample 
SiO2 TiO2 Al2O3 Fe2O3 MgO CaO Na2O K2O P2O5 LOI 

* Total 

Granite 72.35 0.02 14.03 2.78 0.96 1.24 4.12 3.78 0.03 0.92 100.23 

Sandstone 81.37 0.09 1.55 13.1 0.19 0.32 1.23 0.22 0.04 2.09 99.98 

 

*LOI: loss of ignition at 950 °C 
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Table (3): Some trace elements (μg g-1) content in Abu-Dob and Um-Greifat samples 

            Element 

Sample 
Ni Ba Cr Pb Zn V Y Zr Ga 

Granite 12 185 22 38 134 11 482 1397 18 

Sandstone 18 197 31 99 2152 22 9 140 3 

 

Table (4): Radiometric and chemical Th-content (μg g-1) in Abu-Dob and Um-Greifat samples 

             Thorium  

Sample 
 Th (rad.) Av. RSD Th (chem.) Av. RSD 

Granite 

A 162  

166.7 

 

 

2.49 

 

158 
 

161 

 

1.64 

 

B 170 162 

C 168 163 

Sandstone 

A 30 

29.3 7.1 

29 
 

30 
8.82 B 27 33 

C 31 28 

 

 
Figure (9): The XRD chart of thorite minerals. 

 
Figure (10): XRD chart of uranothorite mineral 

 

4.2. Mineralogical Investigation 

For the mineralogical study of the studied samples, one kilogram of each rock type (granite and 

sandstone) was crushed, disintegrated and sieved to obtain the portion of the desired grain size. Then each 

portion was treated with bromoform solvent (Sp. gr. 2.86). Consequently, two parts were obtained; the heavy 

part (Sp. gr. ˃ 2.86) and the light part (Sp. gr. ˂ 2.86). After separation of the two parts using filter papers, 

repeated washing with acetone, and drying, the heavy part was microscopically investigated, and some minerals 

were handily picked. The separated minerals were examined by the XRD technique, which identified both 

thorite and uranothorite minerals in Um-Greifat sandstone and Abu-Dob granite, respectively (Figures 9, and 

10). 

 

4.3. Thorium determination using Br-PADAP Dye 
In addition to the Abu-Dob granite and Um-Greifat sandstone samples, two international reference 

sample named; G2 and JG2, were subjected to thorium determination using the Br-PADAP dye. For this 

purpose, 5 ml of conc. H2SO4 acid (97%) was added to 0.5 g of each ground sample (- 0.063 mm) in a glass 

beaker. The mixture was heated at 250 oC till complete dryness. The solidified cake was agitated with 5 ml of 

double-distilled water for 10 min. at 100 oC, then 10 ml of HNO3 acid (30%) was added with agitation for 

another 45 min. at the same temperature (100 
o
C). After cooling, the mixture was filtered and the filtrate was 

taken for Th-determination using the Br-PADAP dye. The results in Table (5) showed that the validity of the 

suggested method for Th-determination recorded acceptable analytical accuracy as obtained from the 

international standard samples (G2 & JG2). Also, the relative standard deviation (RSD), which was calculated 

from the analytical data of both Abu-Dob granite and Um-Greifat sandstone, appeared in the acceptable range, 
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reflecting the validity of the Br-PADAP dye method to measure Th-element in both low and relatively high 

concentrations with a narrow deviation value.  

 

Table (5): Th-determination in all investigated samples using the Br-PADAP dye 

 Sample type 
Th-content 

 (μg g
-1

) 
Th-content using  
Br-PADAP dye 

Accuracy 

International 

samples 

G2(Granite) 
25.2  (certified value) 

(certified value) 
30.7 21.8 

JG2 (Granodiorite) 
31.6 (certified value) 

(certified value) 
37.8 19.6 

Investigated 

geological 

samples 

Abu-Dob (Granite) 161; (measured value) 181.3 
RSD 

 
5.52 

Um-Greifat (Sandstone) 30.1; (measured value) 33.6 RSD 
 

15.25 

 

V. CONCLUSION 

In this study, a simple and accurate method for the determination of Th (IV) species in an acidic 

medium was proposed5-Br-PADAP dye. The method has many advantages, such as having a low detection limit 

(0.01 μg ml-1) and a low cost for thorium analysis. This method is mainly based on the chelation of Th (IV) ion 

with 5-Br-PADAP dye, showing the involvement of one reagent only in the acidic medium. The obtained red-

orange complex is stable for at least 120 min due to the good selectivity of the dye toward Th (IV) species under 

the studied and optimized conditions. The studied method was examined for Th (IV) determination in different 

standard rock samples. In addition, the method can be used for the routine analysis of Th (IV) in real aqueous 

and rock samples with high accuracy and good precision. 
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