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APDTC Ammonium pyrrolidinedithiocarmate 

APPT  2-Acetylpyridine-4-phenyl-3-thiosemicarbazone 

BGE   Background electrolyte 

BGS  Back ground solution 

CEC  Capillary electrochromatography  
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CH3CN Acetronitrile 
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DEVELOPMENT OF NEW ANALYTICAL PROCEDURES 

FOR SIMULTANEOUS DETERMINATION OF 

VARIOUSMETAL IONS USING CAPILLARY 

ELECTROPHORESIS 

 

Summary 
 

Selective and sensitive simultaneous determination of metal ions at trace level in 

biological fluids, nuclear fuel, forensic analysis and environmentally important samples 

with short analysis time continue to be of analytical interest. Capillary electrophoresis, 

since last decades emerged as most popular and high powered analytical technique that is 

evident from wide spread use of CE methods in every field. Capillary electrophoresis 

methods have been established as a standard tool in the practice of biomedical, 

environmental, clinical, forensic, and industrial laboratories 

 During present work six different capillary electrophoretic (CE) methods have 

been developed for the analysis of metal ions of environmental and biological importance.  

A fast and reliable analytical procedure has been developed for the separation and 

determination of dioxouranium(VI), thorium(IV), gold(III) and mercury(II) by micellar 

electrokinetic chromatography (MEKC) using bis(acetylacetone) ethylenediamine 

(H2AA2en) as a complexing reagent. After optimization of derivatization conditions (pH, 

temperature, time, volume of reagent) by spectrophotometer, metal complexes of 

H2AA2en wereinjected on CE system. Electrophoretic separation has been optimized with 

respect to the back ground solution (BGS), pH of BGS, voltage, injection time, volume 

and type of organic modifier.  

Under the optimized conditions (64 mM borate buffer containing 12.25 mM SDS with 

13% acetonitrile, pH 8.0, +25 kV, 311 nm as detection wavelength), the coexisted ions 

were separated within 5.0 min. Linear dynamic range of 1-5, 8-42, 10-50 and 2-40 were 

achieved with detection limits of 0.66, 3.33, 1.6 and 3.3 �g mL-1 respectively for 

gold(III), mercury(II), thorium(IV) and uranium(VI). Applicability of method has been 

evaluated by determining uranium(VI) and thorium(IV) from ore samples. 
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A sensitive and reliable micellar electrokinetic chromatographic (MEKC) method 

has been developed for the simultaneous separation and determination of dioxouranium 

(VI), platinum(II), gallium(III) and nickel(II) using bis(acetylacetone) ethylenediamine 

(H2AA2en) as a complexing reagent. The derivatization conditions were optimized 

spectrophotometrically and electrophoretic analytical procedure was developed. The 

background electrolyte system, applied voltage and separation wavelength were 

systematically optimized. 

Coexisted ions were separated within 5.0 min at +20 kV applied voltageunder the 

optimized background solution of borate (100mM): SDS (50 mM): MeACN in ratio of 

65:25:10 v/v/v. pH of the solution was kept constant at pH 7.7. Detection was carried out 

at 320nm. Linear dynamic range of 10-40, 0.16-1.2, 2-40 and 1-4 were achieved with 

detection limits of 0.33, 0.0053, 0.06 and 0.03 �g mL-1 respectively for nickel(II), 

gallium(III), dioxouranium(VI) and platinum(II). Applicability of method has been 

evaluated by determining platinum(II) from chemotherapeutic drugs, gallium(III) from 

integrated circuits (IC) and nickel(II) from standard reference materials.  

A simple, affordable and sensitive, micellar electrokinetic chromatographic 

(MEKC) analytical procedure has been developed for simultaneous   separation and 

determination of cobalt(II), chromium(VI),  molybdenum(VI), nickel(II) and palladium 

(II) as sodium diethyldithiocarbamate (Na-DEDTC) chelates.  Pre-column derivatizationof 

dithiocarbamate complexes of Co(II), Mo(VI), Pd(II), Ni(II), and Cr(VI) were used for 

simultaneous separation in MEKC system. Electrophoretic separation conditions were 

optimized and separation was achieved by using borate buffer system of pH 9.1 

(containing 25 mM CTAB and organic modifier butanol (1% in methanol v/v) in the ratio 

of 70:30:5 v/v/v). The separation was achieved on uncoated fused silica capillary with 

total length of 52 cm (effective length 40 cm) i.d 75 �m, and voltage applied was -10 kV 

at reverse polarity. The UV-Vis detection was carried out at 225 nm.  

All DEDTC complexes were separated from each other as well as of excess of 

reagent within 10 min with resolution > 1.5. The calibration curves were linear in the 

range of 0.5-5.0 µg mL-1
,0.25-2.0 µg mL-1, 4-10 µg mL-1, 0.1-1.0 µg mL-1 and 2-10 µg 

mL-1 and detection limits of 16.7 ng mL-1, 8.3 ng mL-1, 13.3 ng mL-1, 5.0 ng mL-1 and 

67.0 ng mL-1 respectively for cobalt(II), chromium(VI), nickel (II), molybdenum(VI) and 
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palladium(II). The method was applied successfully in real matrix for determination of 

molybdenum(VI) from food samples (potato) and nut (almond) samples and indicated 

concentration of 0.2932 µg g-1 and 0.70252 µg g-1, respectively, nickel(II) from 

hydrogenated oil was in the range of 3.658-4.185 µg g-1 and cobalt (II) from vitamin B-12 

complex in pharmaceutical preparation (cobalmine injection and Neurobion tablets) was 

found to be 3.8 µg tablet-1and 44 µg injection-1 respectively. The developed method was 

also verified by standard atomic absorption technique. 

Thiosemicarbazones and semicarbazones are class of compound obtained by 

simple condensation reaction between thiosemicarbazide and semicarbazide with suitable 

aldehydes or ketones. The reagent 2-acetylpyridine-4-phenyl-3-thiosemicarbazone 

(APPT) was prepared easily by condensing 2-acetylpyridine with 4-phenyl-3-

thiosemicarbazide in acidic environment.  

                It is inexpensive reagent and a small amount was consumed during whole study. 

It reacts with 12 to 15 metal ions producing highly coloured complexes, these coloured 

complexes are then used in the selective and sensitive determination of metal ions. 

 During this project, the following metal chelates were prepared and examined by 

spectrophotometric and CZE separation and determination in three different CZE 

methods. A quick and easy capillary zone electrophoretic method for simultaneous 

speciation and separation/determination of Cr(III), Cr(VI), along with Au(III) and As(V) 

has been developed by using  APPT as complexing reagent. The derivatization condition 

as pH, metal ligand ratio, and concentration of reagent required for complete 

complexation were optimized.  

           The   maximum complexation was obtained at pH 5, for Cr(III), and As(V), 6 for 

Cr(VI) and 1-3 for Au(III), and metal ligand ratio of 1:3 was observed for As (V), Cr(III) 

and Cr(VI) and 1:2 for Au(III). All metal chelates were found to stable under optimized 

condition for more than 24 hours. The CZE method was developed for their simultaneous 

separation in background electrolyte system, consist of oxalic acid-sodium oxalate buffer 

of pH 4 (10 mM) and at the optimized voltage of +15 kV. Metal complexes were injected 

hydrostatically on uncoated fused silica capillary of effective length of 40 cm, 75 µm of 

i.d and UV-Vis detection was observed at 241 nm with photo diode array detector. 
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Metal-APPT complexes showed good migration velocity and were separated from each 

other as well as of excess of reagent within 6 min with resolution > 1.5. Under the 

optimized conditions the reproducibility of migration of metal chelates in the term of peak 

height  and  migration time was inspected for Au(III), As(V), Cr(III) and Cr(VI) chelates 

(n=6). Relative standard deviation (RSD) was achieved with 0.7-3.2% and 1.3-3.8%.  

Linear curves  were obtained in the concentration range of  1.6-11.4 µg mL-1   for 

gold(II), 10-80 µg mL-1 forarsenic (V), 3-12 µg mL-1 for chromium(III) and 0.1-10 µg 

mL-1 for chromium(VI) with coefficient of determination (R2) 0.9975, 0.9941, 0.9987 and 

0.9994 for Au(III), As(V), Cr(III) and Cr(VI) respectively. The limits of detection 

measured as three times of background noise (S/N) (3:1) was lowest for Cr(VI), 0.01 µg 

mL-1 and highest for 0.167 µg mL-1 for As(V).The method was applied successfully for 

the determination of both chromium species with fair precision.  Method was also used for 

determination of As(V) and Au(III) in coal mine water sample and Au(III) in certified 

reference material, result obtained indicated, the  reliability and stability of developed 

method for real matrix.  

Spectrophometric studies indicated the sensitivity and stability of APPT as 

complexing reagent. APPT reacts with uranium(VI), tellurium(IV), thorium(IV), 

cadmium(II), arsenic(III) and cobalt(II), in slightly acidic pH range of 2-5 and metal 

ligand ratio observed for Cd(II) , UO2(VI), Te (IV), Th(IV), and As (III) was 1:1, 1:3, 1:3 

,1:1 and 1:2 respectively. All metal complexes showed maximum absorbance in narrow 

range of 365 to 395; therefore for simultaneous separation and determination CZE was 

examined.Capillary zone electrophoretic (CZE) separation and determination of UO2(VI), 

Te(IV), As(III), Cd(II), Cu(II) and Co(II) using 2-acetylpyridene-4-phenyl-3-

thiosemicarbazone (APPT) as chelating reagent has been achieved.  

           The separation between UO2(VI), Cd(II), Co(II), Te(IV), As(III), reagent and 

Cu(II) was obtained at optimized separation electrolyte consist of citric acid and sodium 

oxalate in the concentration ratio of 10:35 mMat pH 4.2. The analytes were injected for 6 

s on fused silica capillary of total length of 50.2 cm (effective length from injection to 

detection was 40 cm) at applied voltage of +15 kV and UV detection was achieved at 317 

nm. The reasonable separation was obtained within 60 min, with resolution factor greater 

than 1.5. 
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The calibration curves achieved for As(III), UO2(VI), Cd(II), Co(II), Cu(II) and 

Te(IV) were linear within 1-5 µg mL-1, 2.5-10 µg mL-1, 10-25 µg mL-1, 1-13 µg mL-1, 10-

50 µg mL-1 and 5-20 µg mL-1, with coefficient of determination (R2), 0.9987, 0.9988, 

0.9999, 0.9992,0.9991 and 0.9995 respectively. The limit of detection calculated as three 

time of background noise were (S:N) (3:1) were 0.05 µg mL-1, 0.067 µg mL-1, 0.167 µg 

mL-1, 0.045µg mL-1,0.033 µg mL-1and 0.1 µg mL-1, for dioxouranium(VI), tellurium(IV), 

cadmium(II), cobalt(II), copper(II) and arsenic(III) respectively. The method was also 

used for sensitive determination of Cd(II) in tobacco samples and Co(II), Cu(II), and 

U(VI) from mineral ore samples. The results obtained were verified by standard atomic 

absorption techniques and compatible results were achieved. 

 

Metal speciation has rapidly gained importance in recent years due to its impact on 

environmental chemistry, toxicology and biomedical sciences. Most of the focus was on 

the metal species which effects on environmental and biological system adversely. 

 A simple method has been developed for the speciation of various species to 

manganese, which occurs abundantly in environment as well in human body, its 

deficiency effects on human growth, may cause severe biological disorders.  

 

            The reactions of manganese toward APPT was investigated 

spectrophotometrically, that indicated, spontaneous reactions between APPT and Mn(II), 

Mn(IV), and Mn(VII). The coloured APPT complexes showed good sensitivity for Mn 

(II) and Mn(VII)  chelates with molar absorptivity values of 2.2-2.43 ×104 L.mol-1cm-1, 

4.33 ×103 L mol-1cm-1 respectively. Under optimized condition separation in three Mn 

species and reagent was obtained in background electrolyte (BGE) of pH 4.2 (20:70 mM) 

of citric acid-sodium oxalate. The complexes were injected for 6 s, hydrostatically on 

fused silica capillary of 52 cm (effective length 40cm) 75 µm i.d and 375 µm o.d. The 

optimized separation voltage was +20 kV and UV detection was achieved at 250 nm using 

photo diode array detector. The calibration curves plotted at standard operating conditions 

were linear for Mn(II), Mn(IV) and Mn(VII) within 0.5-10 µg mL-1,6-14 µg mL-1and 10-

50 µg mL-1,  with R2 , 0.9993, 0.9992 and 0.9975 respectively.  
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The detection limits (LOD) measured as three times of background noise (S:N) 

(3:1) were 0.001µgL-1, 0.5 µg mL-1 and 0.02 µg mL-1 for Mn(II), Mn(IV) and Mn(VII) 

respectively. 

           The method was applied successfully for determination of Mn(II) in blood serum 

samples and Mn(VII) and Mn(IV) in synthetic mixtures prepared from known standards. 

The results indicated the compatibility of method with standard techniques. The method 

was verified through comparisons of results obtained by CZE with Atomic absorption 

spectrometry. 
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Chapter One 

General Introduction 

1. Introduction 

1.1 Analytical Chemistry 

           Analytical chemistry traditionally defined as the sub discipline of chemistry is 

responsible for the characterizing the composition of matter; qualitatively and 

quantitatively. However in the light of recent research, the analytical chemist broadens the 

scope of this definition, to cover, new aspect and innovative methods which analytical 

chemists are laboriously producing around the world. Therefore, it may be appropriately 

defined analytical chemistry as “the science of inventing and applying the concepts, 

principles, and strategies for measuring the characteristics of chemical systems and 

species” [1].  Analytical chemistry involves different type of techniques and methods, 

used for obtaining information; regarding composition, identity, purity and constituents of 

sample. The increased interest in the quality of the environment and concern over the 

effects of trace amount of chemicals on environment and consequently on life have led 

analytical chemist to develop practical methods, which allow detection and determination 

of components in parts per billion (ppb) and parts per million (ppm) level. 

Analytical chemistry owned it name from word analysis, first introduced by 

famous scientist of seventeenth century and gases laws fame; Robert Boyle [2], primarily 

this deals with two types of analysis; quantitative and qualitative one. Though analytical 

chemist ultimately works in these two broad types of methods of analysis but a lot 

literature has also been published that focused on the characterization and fundamental 

analysis. Therefore latest books of analytical chemistry [1] divide analytical problems into 

four categories.  

1.1.1 Qualitative Analysis: The simplest definition of this analysis is for the determination 

of nature of the chemical species in a sample. If the sample is inorganic than the 

qualitative analysis seek to establish the presence of given elements or inorganic 

compound in sample.  In the case of organic study, qualitative analysis is to identify the 

given functional group or organic compound in a sample. 
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1.1.2 Quantitative analysis: An analysis that involves measurement of results such as 

quantities of substances produced, not just the nature of the reactions that produce them 

[4].  

1.1.3 Characterization Analysis: A study in which analytical chemist’s have to evaluates 

samples chemical or physical properties, principally in the development of new methods 

for characterizing physical and chemical properties[1]. 

1.1.4 Fundamental Analysis: This type of analysis is relatively new and also different 

from above mentioned types of analysis; all three types given above are dealing with 

problems associated with the sample. While fundamental analysis focused on the 

improvements of experimental methods used in the areas of analytical chemistry. Actually 

it is an analysis whose purpose is to improve an analytical method’s capabilities, 

improving theories on which the method is based, even finding out its limitations.  

Literature indicates the bulk of papers published recently are based on fundamental 

analysis. 

 

1.2 History 

             The history of chemistry is considered to as old as the history of civilization, as 

compared to this analytical chemistry is much younger. History of analytical chemistry 

began in the late eighteenth century. It underwent fundamental change with the work of 

French Chemist Antoine-Laurent Lavoisier especially his development of gravimetric 

techniques [5].  It was further developed in the nineteenth century by Carl Fresenius and 

Karl Friedrich Mohr. Carl Fresenius worked as a pharmacist's apprentice in Frankfurt, 

Germany, and he developed an extensive qualitative analysis scheme which gradually 

systematize to analytical procedure  when it was later published, served as the first 

textbook of analytical chemistry [6]. He was the pioneer of first journal of analytical 

chemistry that he published in 1862. 

 The major development in analytical chemistry however took place after 

nineteenth century, with introduction of instrumental analysis. In particular many of basic 

instrumental techniques such as spectroscopic and spectrometric techniques were 

discovered as well as refined during 20th century [7]. The separation science followed 

similar time line of development and also became increasingly transformed into high 
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performance instruments [8]. In last three decades of twentieth century many of these 

techniques to be used together to achieve the complete characterization of sample. 

Analytical chemistry flourished since 1970’s to the present time by being more inclusive 

to biological questions which are addressed in bioanalytical chemistry, whereas it had 

previously been more focused on inorganic or small organic molecules. The last era of 

20th century also witness the expansion of analytical chemistry from somewhat   academic 

chemical questions to forensic, environmental industrial and medical questions [9]. The 

advanced technology has made all types of analysis easy, with required specification and 

selectivity. A large number of techniques have been developed mostly for quantitative 

analysis since 1970’s; many of these techniques indicated a good variation in selectivity, 

sensitivity, accuracy and precision. A large number of instrumental methods are available 

based on the measurement of an electrical property or absorption of electrochemical 

radiation.  

The spectrophotometry, spectrofluoremetry, gas liquid chromatography are already 

very well established techniques used for qualitative and quantitative studies. In last 

decade of 20th century a new technique; capillary electrophoresis also started   to compete 

with well developed separation techniques such as high performance liquid 

chromatography (HPLC) and ion chromatography (IC) [10,11]. During last decade with 

rapid developments of new electromigration techniques and an increasing variety of 

detection techniques have made capillary electrophoresis a highly suitable technique for 

separation and determination of metal complexes. 

 

1.3 An Overview of Electrophoresis  

1.3.1 History and development  

           Electrophoresis; means separation of charged species under the influence of an 

electric field. Fundamentally it is a separation technique which exploits the mobility of 

different solute in conductive medium under applied electric field. The solutes mobilities 

vary from each other due to their different size, charge, shape and type of electrolyte 

solution used in a system. Capillary electromigration technique has been employed since 

the start last century, but it did not attract much attention until Tiselius [12] developed the 

analytical aspect and invented the moving boundary method in 1930 [13].  
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Tiselius in his PhD research studied the development of free moving boundary 

electrophoresis, which enabled the separation of complex protein mixtures based on 

differences in electrophoretic mobilties [14]. Tiselius earned the Noble Prize on chemistry 

in 1948 for his work on electrophoresis. Thereafter, several electrophoretic techniques 

have been developed for the separation of proteins, polynucleotides, and other 

biopolymers. However one major problem faced by researchers during experiments was 

poor resolution observed by peak broadening caused by joule heating effect which 

deteriorates separation by mixing the separated zones. To prevent this adverse effect, one 

can use several types of supporting materials, such as gels, films, and papers  as 

summarized by Gordon et al [15]. Although the supporting material solved some problem 

but they led other type of boarding such as Eddy’s diffusion and other unsuitable 

interaction between analyte and stabilizers. To overcome this problem Tiselius and 

Hjertén developed polyacrylamide gel electrophoresis in 3 mm i.d, rotating capillaries for 

the separation of ribosomes and viruses [16]. The rotation of the capillary at up to 40 rpm 

was found to be effective enough and prevented solution inside the capillary from 

convection, but due to difficult in operation; it did not found acceptance among 

researchers. Almost two decades from 1960 to 1980 various groups [1-19] worked 

collectively to develop this technique; it was a period of transformation of slab or gel 

electrophoresis to instrumental capillary electrophoresis. Jergenson and Lukacs’s [19] 

group attracted much attention among separation analytical chemists by performing a 

separation with 4,000,000 plates for dansyl-derivatized amino acids in less than 25 min 

[19]. The authors used a Pyrex TM capillary with a 75 μm i.d., a 550 μm o.d, and a length 

of 80 to 100 cm, and they applied a voltage of +3 0 kV. The first review published on 

capillary electrophoresis [20] stated many possible advantages of performing zone 

electrophoresis in open tubes of small diameter, some of them were summarized as; 

 1. A stabilizing medium, which can cause eddy migration and adsorptive interactions 

with the solutes (both potential causes of zone broadening), is not necessary [20]. 

2. The medium is stabilized against convective flow, by the wall effect [20]. 

3. Efficient heat transfer within the electrophoresis medium is achieved, leading to 

minimal temperature gradients [20]. 
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4. Detrimental effects of remaining temperature gradients are minimized by solute 

diffusion back and forth across the tube diameter [20]. 

Jorgensen and Lukaces’s free zone electrophoresis performed in capillary that is 

generally known as capillary zone electrophoresis. In late eighties with the advent of 

commercially available instruments, CE transformed from a research technique to full 

scale technology used for routine analysis in industries in few years. The boom in decade 

of ninety could be envisages from the growth of publications, in early nineties there were 

only 25 registered publication of CE that reached to 3000 by year 2000 [21]. The 

improvement in instrumentation in CE not only established it an alternative techniques to 

traditional well recognized HPLC but it also broadens its separation mechanisms. 

Capillary electromigration techniques now days are gaining popularity and credibility in  

the bioanalytical fields, these techniques are  found to be highly effective for the 

separation of small organic and inorganic ions, pharmaceuticals, explosives, dyes, 

polymers, proteins and peptides, DNA and RNA, cells, particles, etc [ 22-27].  

 

1.3.2 Theory of Capillary Electrophoresis 

            Electrophoresis is a separation method based on the differential rate of migration 

of charged species in a buffer solution across which  has been applied a dc electric field 

[28]. The phenomenon of electrophoresis when takes place in narrow bore capillary than it 

is know as capillary electrophoresis.  In capillary electrophoresis narrow bore (20-200 µm 

i.d) capillaries are used to perform high efficiency separations of both large and small 

molecules. These separations are facilitated by the use of high voltages, which may 

generate electroosmotic and electrophoretic flow of buffer solutions and ionic species, 

respectively, within the capillary. In electrophoresis sample is injected into a buffered 

solution retained within a capillary tube.  When electric field is applied to a capillary tube, 

the sample’s component migrates as a result of two type of mobility: electrophoretic 

mobility and electroosmotic mobility. 

 

1.3.3 Electrophoretic mobility 

          Electrophoretic mobility is the solute’s response to applied electric field, as the 

result of it cations move toward negatively charged cathode, anions move toward 
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positively charged anode and neutral species which do not respond to electric field remain 

stationary. The velocity with which solute moves in the response to the applied field is 

called its electrophoretic velocity νep; it is defined as  

νep = µep E  

Where ν is ion migration velocity (m s-1), µ is electrophoretic mobility (m2 V-1 s-l) and E 

is electric field strength (Vm-1). The electric field strength is a function of the applied 

voltage divided by the total capillary length. Electrophoretic mobility give an idea about 

the speed of a solute or ion in given medium (such as a buffer solution), which can be 

explain by following equation. 

µep = q / 6πηr 

Where q is the charge on the ion, η is the solution viscosity and r is the ion radius. The 

charge on a species is fixed if the solute dissociates completely, but in the weak acid base 

system, charges may affected by buffer system. However ion radius (r) can only be 

affected by the other ion present in system and complexing agents. It is clear that 

differences in electrophoretic mobility will be caused by differences in the charge-to-size 

ratio of analyte ions. Size of an ion is inversely proportional to its charge that means 

higher the charge smaller the size, hence greater the electrophoretic mobility. Since q is 

positive for cations and negative for anions these species migrate in opposite directions. 

Neutral species, for which q is zero the electrophoretic velocity became also zero.  

Electrophoretic mobility is crucial to understand the process of electrophoresis, 

because it is the characteristic property of any given ion or solute (in given medium) and 

always remain constant. It is the only factor that defines migration velocities. As each 

solute have its own distinct electrophoretic mobilties in given medium, therefore 

separation of a mixture of various species can be achieved by electrophoresis.  

 

1.3.4 Electroosmotic flow (EOF) 

         Electroosmotic flow; occurs when the buffer solution moves through the capillary in 

response to the applied electric field. The existence of electroosmotic fellow plays a vital 

role in the separation under all conditions, it originate from the influence of an electric 

field on the charge in the diffuse part of the double layer at the inner surface of capillary 
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flow velocity. While zeta potential depends on two factors; first it is directly proportional 

to charge in capillary walls, means greater the density of silanate ions corresponding to 

larger zeta potential. That indicate EOF mobility depends upon pH at higher pH values 

EOF mobility increases and vice versa. Second zeta potential also depends on ionic 

strength of buffer solution, when ionic strength increases double layers became 

compressed, consequently it decreases zeta potential, and reduced EOF mobility [31]. 

 

1.3.6 Total Mobility 

 A solute’s net mobility or total velocity, is the sum of its electrophoretic velocity and 

electroosmotic flow velocity; thus, 

νtot = νep + νeof 

µtot = µep + µeof 

Under normal conditions following relationship hold 

(νtot)cations> νeof 

(νtot) anions< νeof 

(νtot)neutral = νeof 

Thus, cations elute first in an order corresponding to their electrophoretic mobilties, with 

small, highly charged cations eluting before larger cations of lower charge. Neutral 

species elute as a single band, with an elution rate corresponding to the electroosmotic 

flow velocity. Finally, anions are the last components to elute, with smaller, highly 

charged anions having the longest elution time.  

1.3.7 Migration Time 

 The time required for the analyte to move through the effective length of the 

capillary, Leff, that is the distance the solute travels between its point of injection and the 

detector. It is represented by tm, a solutes total velocity is given by following equation. 

 νtot = Leff / tm 

While  

νtot = µtot E or                   νtot = (µep + µeof) E 
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After rearranging the tm can be calculated by following equation 

tm = Leff / (µep + µeof) E  ………………eq (1) 

Finally, the magnitude of the electric flied is 

E = V/ L       …………………………eq (2) 

Where V is the applied potential, and L is is the length of the capillary tube .Substituting 

eq (1) in eq (2) 

tm = Leff L / (µep + µeof) V     …………..eq (3) 

Equation no. 3 indicates that migration can be decreases by increases voltage and electroosmotic 

fellow and increases by increasing the length of capillary.  

1.3.8 Efficiency  

The efficiency of capillary electrophoresis is characterized by the number of 

theoretical plates, N just as it is in GC or HPLC .In capillary electrophoresis the number 

of theoretical plates is determined by  

N = (µep + µeof) V / 2D ………………… eq (4 ). 

Where D is the diffusion coefficient of the solute in cm2 s-1, because resolution increases 

as the count increases, it is desirable to use high applied potentials in order to achieve 

high-resolution separations. Again, increasing electroosmotic flow mobility improves 

efficiency but at the expense of resolution. Along with it two more observation needs an 

explanation; first as equation no. 4 indicates the solutes with larger electrophoretic 

mobility have greater efficiencies; thus, smaller, more highly charged solutes are not only 

the first solutes to elute, but do so with greater efficiency. Second in capillary 

electrophoresis the efficiency independent of the length of column however typical 

theoretical plate counts in CE is much higher than HPLC it is mostly in the range 100000 

to 200000 as compared to HPLC are usual range is 5000 to 20,000. 

1.3.9 Selectivity 

  The selectivity of a solute in capillary electrophoresis can be calculated from the 

mobilties of solutes, by using following equation.  

α = µep,1/ µep, 2 
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Where µep1 and µep2 are the mobilties of solute 1 and 2 respectively chosen such that it must be 

equal or greater than 1(α≥1). Selectivity can be improved by adjusting pH of the buffer 

solutions. 

1.3.10 Resolution   

The resolution, Rs, between two solutes is given by the expression 

  R = 0.177 
Deofavg

Vepep

)

)2,1,(






 

Where µavg is the average electrophoretic mobility of two solutes, the above equation 

indicates an increase in voltage and decrease in electroosmotic flow velocity improves 

resolution. Principally it is very important to understand the dual effect of EOF mobility 

on the separation of solutes, because on one hand increases in EOF mobility have a 

positive effect on efficiency and as well as it also improves analysis time while on other 

hand it decreases resolution. Therefore a good resolution is achieved when EOF is equal 

and opposite of electrophoretic migration, which is a difficult process [32]. It means the 

adjustment of EOF mobility is very important in CE, and a lot of research papers [33-35] 

have been published to evaluate its effect on various separation techniques of capillary 

electrophoresis. 

 

1.3.11 Effect of voltage and temperature 

         Electrophoretic and EOF mobilties are directly proportional to field strength means 

an increases in voltage will automatically shorten time of analysis. According to theory 

the short separation time will gives highest efficiencies, because band boarding depends 

on diffusion, with increasing the voltage it is possible to control it. However voltage can 

be optimized experimentally by performing runs at increasing voltage until decline in 

resolution is noted. 

Viscosity plays an important role in CE separation it effects electrophoretic as well 

as EOF mobilties and have an inverse relation with both of them. Viscosity also depends 

on temperature, an increase in temperature decreases viscosity, consequently effects on 

migration of analyte and solute, therefore a precise temperature control is very important 

factor in CE. Mostly separations are performed at 25C (i.e., near room temperature). It 
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1.3.12.2 Injection of Sample 

          The most common sample introduction methods are electrokinetic injection and 

hydrodynamic (pressure) injection. 

1.3.12.3 Hydrodynamic Injection: This uses pressure to force the small portion of 

sample into capillary tubing. To inject the sample hydrodynamically a difference in the 

pressure is applied across the capillary by either pressurizing the sample vial or by 

applying the vacuum to the destination reservoir. The volume of sample injected, in liters, 

is given by the following equation. 

Vinj=  
L

tPd




128

4
× 103 

ΔP is the pressure difference across the capillary in Pascals, d is the capillary’s inner 

diameter in meters, t is the  time in seconds for which pressure is  applied , η is the 

buffer’s viscosity in kilogram per seconds (kg m-1, s-1), and L is the length of the capillary 

tubing in meters. 

1.3.12.4 Electrokinetic Injections: Electrokinetic injections are made by placing both the 

capillary and the anode into sample vial and briefly applying an electric field. The moles 

of the solute injected into capillary, ninj, are determined using, 

ninj= πCtr (µep + µeof) E 
samp

buf




 

Where C is the solute’s concentration in sample, t is the amount of time that the electric 

field is applied, r is the capillary’s radius, µep is solutes electrophoretic mobility, µeof is the 

EOF mobility, E is the applied electric field and κbuf and κsample are the conductivities of 

buffer and sample solutions respectively. 

1.3.12.5 Applied Electric Field 

Migration in electrophoresis occurs in response to the applied electric field. The ability to 

apply a large electric field is important because higher voltage leads shorter analysis time, 

more efficient separation and better resolution. As the narrow bore capillaries could 

dissipate heat efficiently the high voltage up to 30 kV is possible to apply in CE. 

1.3.12.6 Detectors 

CE detection is performed by removing polyacroamide coating by heating the capillary 

wall or by scratching followed by detection.  Although the instrumentation in CE is 
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relatively simple than HPLC but due to very small volumes involves in injection and 

detection it suffers a significant experimental difficulties. The volume of a normal 

capillary is 4 to 5 µL the detection volume must be of a few nanoliters or less. Along with 

small volume of detection other factor effects on CE detections is small path length 

because detection window in CE has been created by removing a small section of 

polyamide coating by heating or scraping that section of capillary than serve as detector 

cell. The path length of such measurement is not more than 50 to 100 µm which restrict 

the detection limit in concentration terms but in the mass detection limits are equal to or 

better than HPLC.  

Therefore improvement in existing system of detection as well as development of 

new detector design received more literature coverage than any other single topic during 

review. Most common detector used in CE is those based on absorption of UV/Vis 

radiation such as fluorescence, conductivity, amperometry and mass spectrometry. 

UV/Vis detectors are among most popular, but better detection limits are obtained by 

using fluorescence especially when a laser source has been used for excitation. Because 

laser provides an extensive source of   radiation that can be focused to a narrow spot, 

detection limits are as low as 10-6 M. The list of most common detectors used in capillary 

electrophoresis along with their detection principle is given in table 1.1 [32]. 
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Table1.1 Detection modes developed for capillary electrophoresis 

 
         Detection Principle 

 

Representative  Detection Limitsa 

(mole detected) 

 
Spectrometry b 

Absorption  

 

 

10-15-10-13 

 
Fluorescence 

Precolumn Derivatization 

On-column 

Postcolumn 

Indirect fluorescence 

 

 

10-17─10-20 

8×10-16 

2×10-17 

5×10-17 

 
Thermalb 

 

4×10-17 

 
 Ramanb 

 

2×10-15 

 
Mass spectrometry 

 

1×10-17 

 
Electrochemical 

Conductivity 

Potentiometry 

Amperometry 

 

 

1×10-16 

Not reported 

7×10-19 

 
Radiometry 

 

1×10-19 
 

a) Detection limits quoted have been determined with a wide variety of injection volumes that range from 18 pL to 10 

nL 

b) Mass detection limits converted from concentration detection limits using 1-nL injection volume. 
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The future of CE depends on its ability to detect the trace amounts of a wide variety of 

solutes, therefore continuous efforts have been made to develop the new detection 

schemes in CE. The progress taken palace in advancements of traditional detection 

methods is summarized in table 1.2 [36]. 

Table 1.2   Advance detection and sensitivity enhancement techniques for metal analysis 

by CE 

Methods Typical sensitivity (M) Enhancement a 

Laser based fluorescence 

Direct 

Indirect  

 

10-6-10-7 

10-5-10-6 

 

10 

-- 

Chemiluminescence 10-6-10-12  10-10-6 

Atomic emission 

spectroscopy 

 

10-6-10-8 

 

10-100 

Electrochemical 

 Conductivity 

 Potentiometry 

Amperometry 

 

10-6-10-7 

10-5-10-6 

10-7-10-8 

 

5-10 

--- 

10-100 

Mass spectrometry  

ICP 

Electrospry 

 

10-6-10-10 

10-5-10-6 

 

10-10-5 

Sample stocking  

Field amplification  

Transient ITP 

 

---- 

----- 

 

50-1000 

100-500 

Solid phase extraction 

Supported liquid 

membranes 

------- 

------- 

100-100 

50-500 

Chemical derivatization 

For direct absorbance 

detections 

 

10-6-10-7 

 

 

10 

a) Relative to standard CE methodology based on UV absorbance detections 
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1.4 Modes of Capillary Electrophoresis 

         Capillary electrophoresis separation is performed in several ways called modes of 

separation. These modes include a) capillary zone electrophoresis (CZE), b) capillary gel 

electrophoresis (CGE), c) capillary isoelectric focusing (CIFF), d) capillary 

isotachophoresis (CITP), e) micellar electrokinetic chromatography (MEKC or 

MECC),and f) capillary electrochromatography (CEC). 

1.4.1   Capillary Zone Electrophoresis (CZE) 

         Capillary zone electrophoresis is the favorite CE technique. The separation 

principle in CZE is the variation in electrophoretic mobilties of solute due characteristic 

migration velocities of ions in a given buffer system filled in capillary. Though buffer 

system remains same during the separation, but voltage applied causes ionic species to 

migrate according their charge to mass ratios in separate zones or clusters, which may be 

totally or partially separated from each other.  

1.4.2   Capillary Gel Electrophoresis (CGE) 

          In CGE the capillary tubing is filled with polymeric gel, therefore in CGE 

fundamental separation principle is the size of solute only.  CGE is extremely useful in 

due to its gel-filled capillary, it that is used widely in 'molecular sieving.  

1.4.3 Capillary isoelectric focusing (CIEF) 

            In CIEF, substances are separated on the basis of their isoelectric points (pH 

values). It is used to separate amphiprotic species such as amino acid and proteins that a 

weak carboxylic acid group and a weak base amine group. In CIEF the capillary is filled 

with solution that form pH gradient and protein samples, the anodic end of the column is 

placed into an acidic solution (anolyte) and the cathodic end in a basic solution (catholyte) 

[37]. When electric field is applied, charged proteins species migrated under the influence 

of field in the medium; till they reached to the region of pH where they became neutral 

electrically hence migration became zero. Consequently, zones are focused until a steady 

state condition is reached. At the end of focusing zones may be mobilized from capillary 

by pressurized flow [37]. 
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 1.4.4 Capillary Isotachophoresis (CITP) 

             As the named indicates in capillary isotachophoresis techniques all analyte bands 

ultimately migrate at the same velocity. Mostly during separation both anions and cations 

can not be separated simultaneously. In CITP the analyte is to be injected between two 

buffers of different strength. The leading buffer is one which contains ions of higher 

mobility than of sample ions and other one is known as terminating electrolyte; a buffer 

contain ions of lower strength than sample. The separation can be achieved by connecting 

ions of leading buffer to anode and terminating one to cathode. Under influence of applied 

field the sample ions migrates in zone electrophoresis with its characteristic velocity. This 

variation in the mobility of sample ions results into separation of them in the form of 

bands, in a sequence that is the species with highest mobility placed themselves near the 

band of leading buffer and slow speed ions located in the region near to terminal buffer. 

When bands formed they migrated at same velocity. The leading and terminating buffer 

packs analyte components between them and give a steady-state migrating pattern consist 

of sample zones [31]. 

 

1.4.5 Micellar Electrokinetic Chromatography (MEKC) 

             Among the variety of CE techniques micellar electrokinetic chromatography 

(MEKC) seems to have the greatest versatility in separation of solutes [38, 39]. The idea 

of separation of neutral species by CE using micellar medium was first introduced by 

Nakagawa[40] , but it was successfully demonstrated   by Terabe at el  [41,42], through a 

modification of the method that permitted the separation of low molecular weight 

aromatic phenols. This technique involved introduction of surfactant, such as sodium 

dodecyl sulfate (SDS), at a concentration level at which micelles form. Micelles form in 

aqueous solutions when a long chain hydrocarbon tail is increased above critical micellar 

concentration known as CMC. Micelles is a spherical shaped  aggregate of ions mostly in 

a range of 40-100 , whose hydrocarbon chain are interior of aggregate and whose  charged 

ends are exposed to water on the outside Fig 1.4. 
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Adolf von Baeyer [47] in the end of nineteenth century synthesized famous acid base 

indicator phenolphthalein, which also served as complexing reagent. However the first 

systematic study of organic reagents with metal ions was carried out by Werner [48]; he 

explained theory of coordination chemistry and interaction between central metal, and 

ligands that helped to understand the chemistry of organic metal complexes. On the basis 

of Werner’s work; F.Feigal [49] and coworkers set some guiding principle for the 

synthesis of new organic reagent, which may have found an effective use. Organic 

reagents have a wide variety of applications in analytical chemistry; they are well used in 

classical methods of analysis, like titrations, used as indicators as well as precipitant in 

titration, they are very efficient masking agents and also broadly used in solvent 

extraction.  Organic reagents also find indispensable use   in modern instrumental methods 

such spectrophotometry, spectrofluoremetry, high performance liquid chromatography 

(HPLC), gas chromatography (GC), and capillary electrophoresis (CE). Literature 

historically traced the importance of organic reagents for qualitative and quantitative 

analysis, both in classical as well as modern instrumental methods.  

 

1.6.1 Thiosemicarbazones and Semicarbazones 

             Thiosemicarbazones and semicarbazones are the class of compounds obtained by 

condensing thiosemicarbazide and semicarbazides with suitable aldehyde and ketones. 

Thiosemicarbazones and semicarbazones act as chelating reagent by biding through 

oxygen or sulphur atoms and hydrazone nitrogen atom. Research on the coordination 

chemistry, analytical applications and biological activities of these complexes has 

increased steadily for many years: a search of the Cambridge Structural Database (CSD) 

found more than a thousand relevant papers published in the last decade of twentieth 

century on there compounds [50]. The literature shows that the antituberculous activity of 

certain thiosemicarbazones of aldehyde and ketone was reported by Domagk et al [51]. 

Thiosemicarbazones and their complexes have received considerable attention because of 

their pharmacological activities [52]. The metal complexes show more activities as 

compared to the free thiosemicarbazones and semicarbazones. The activity of 

thiosemicarbazones (TSC) is considered to be due to their ability of chelation with metal 
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determination of cobalt (II) in real samples, such as biological, soil and pharmaceutical 

samples.  

Aşçı et al [71] developed   HPLC method for the separation and determination of 

Co (II), Cu (II), Ni (II), and Fe (II) as complexes of Di-2-pyridyl ketone 

thiosemicarbazone (DPKT). All metal complexes were eluted form 10 µm Bondapak C18 

(300 ×3.9 mm) RP column, with a mobile phase of acetonitrile and 0.01 M pH: 6.0 acetate 

buffer by gradient program. The linear calibration range for Cu (II), Ni(II), Fe (II) was 2-

100 ng and for Co (II) was 4-200 ng with detection limits in ng for all metal complexes. 

The method was applied for the determination of Co (II), Cu (II), Ni (II), and Fe (II) ions 

in drinking and tap water samples. 

Malik et al [72] developed a method for simultaneous separation and 

determination of Co(II), Ni(II), Cu(II), and Pd(II) using 2-thiophenaldehyde-3-

thiosemicarbazone (TPTS) as a complexing reagent, by solid phase microextraction–high 

performance liquid chromatography–UV detection. The complexes were eluted 

successfully with acetrinitrile: water (65:35 v/v) from desorption chamber of solid phase 

microextraction–high performance liquid chromatography (SPME–HPLC) interface by 

using C-18 column. The detection limits for Co (II), Ni (II), Cu (II) and Pd (II) were 9, 6, 

1 and 7 ng L-1 respectively. The method was successfully applied to several synthetic 

mixtures and it was tested for the determination of Co (II), Ni (II), Cu (II) and Pd (II) in 

alloys and water samples spiked with these metal ions. 

Reddy et al [73] used a new benzildithiosemicarbazone (BDTSC) as an 

spectrophotometric reagent for Cd (II), BDTSC reacts with cadmium(II)  and forms a 

yellow-coloured complex, that was extracted into isoamyl alcohol with 1:1 composition 

and  showed maximum  absorbance at wavelength 360 nm. The molar absorptivity and 

Sandell’s sensitivity were found to be 0.196×104 dm3 mol−1 cm−1 and 0.008 µg cm−2 of Cd 

(II), respectively. The metal concentration was linear in the range of 1.0–10.0 µg cm−3. 

Finally method was effectively applied for the determination of Cd (II) in several standard 

reference materials as well as environmental samples, medicinal leaves and leafy 

vegetables. 

Reddy et al [74] investigated analytical applications of a newly synthesized 

reagent 2,6-diacetylpyridine bis-4-phenyl-3-thiosemicarbazone (2,6-DAPBPTSC) which 
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was found to be  a sensitive and selective  reagent for  spectrophotometric determination 

Cu(II). The yellow coloured copper complex of 2,6-DAPBPTSC absorbed maximally at 

370 nm. The molar absorptivity and Sandell’s sensitivity was reported, 0.847 ×104 L. mol- 

cm-1 and 0.0075 g cm-3, respectively. The method obeyed Beer’s law in the concentration 

range 0.63–6.30 µg mL-1 and   the detection limit value was 0.0056 µg L-1. The method 

was successfully applied for the determination of Cu(II) in food samples and results 

obtained were counter checked with standard atomic absorption spectrometric method. 

Khuhawar and Arain [75] developed a high performance liquid chromatographic 

(HPLC) method for simultaneous separation and determination vanadium (V) palladium 

(II), tin(II) and iron (III) by using 2-acetylpyridine-4-phenyl-3-thiosemicarbazone (APPT) 

as complexing reagent. The extracted complexes were eluted and separated completely 

using Kromasil100 C-18, 10 µm (25 cm × 4.6 mm i.d.) column with methanol: water: 

acetonitrile (60:30:10, v/v/v) and complexes were detected at 260 nm. Linear calibration 

curve was obtained with 1–12.5 µg mL-1 vanadium(V) with detection limit of 8 ng per 

injection (20 µL). The method was used for analyzing of vanadium in petroleum oils and 

mineral ore samples and results were verified by atomic absorption spectrophotometry 

(AAS). 

Shetty et al [76] used 4-(N,N-diethyl amino)benzaldehyde 

thiosemicarbazone(DEABT) for spectrophotometric determination of palladium(II). The   

Beer's law was obeyed in the concentration range of 3.6 µg mL-1. The maximum 

absorbance was at 408 nm, with molar absorptivity of 3.33 × 104 dm3 mol-1 cm-1 and 

Sandell's sensitivity of the complex was 0.0032 µg cm-2. Method was used for the 

determination of Pd(II) in alloys, catalysts, complexes. 

  Karthikeyan et al [77] used new reagent 4-[N,N-(Diethyl)amino] benzaldehyde 

thiosemicarbazone (DEABT)  for the spectrophotometric determination of platinum(IV). 

The DEABT formed 1:2 yellow coloured complex with Pt(IV), that  showed maximum 

absorbance at 405 nm. Beer’s law was applicable up to 7.80 μg cm − 3, and optimum 

concentration range for the determination of platinum (IV) was found to be 0.48–

7.02 μg cm − 3. The molar absorptivity and Sandell’s sensitivity of the method was found 

to be 1.755 Ã— 104 dm3 mol − 1 cm − 1and 0.0012 μg cm − 2, respectively. Method was 
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employed for the determination of platinum in environmental, pharmaceutical, alloys, 

catalysts samples, and complexes.  

Malik et al [78] developed a method for the sorption, separation and simultaneous 

determination of Co(II), Ni(II), Cu(II) and Pd(II) using 2-thiophenaldehyde-3-

thiosemicarbazone (TPTS) as a reagent by solid phase microextraction–high performance 

liquid chromatography(HPLC). The complexes in aqueous solutions were adsorbed on 

polydimethylsiloxane (PDMS) fiber and was followed by desorption in the desorption 

chamber of solid phase microextraction–high performance liquid chromatography 

(SPME–HPLC) interface. The metal complexes were eluted with acetonitrile: water 

(65:35 v/v) on a C-18 column and the eluted components were monitored at a wavelength 

of 390 nm. The detection limits for Co(II), Ni(II), Cu(II) and Pd(II) were 9, 6, 1 and 

7 ng L−1 respectively based on 3σ of blank response. The   method was tested for the 

determination of Co(II), Ni(II), Cu(II) and Pd(II) in alloys and water samples  with 

spiking. 

V. Reddy et al [79] used 2, 6-Diacetylpyridine bis-4-phenyl-3-thiosemicarbazone 

(2, 6-DAPBPTSC) extractive spectrophotometric determination of molybdenum(VI). The 

absorbance was measured at a maximum wavelength, 500 nm. The concentration of metal 

complex of Mo(VI)–2,6-DAPBPTSC was in range 0.90–9.00 μg mL-1  and the molar 

absorptivity and Sandell’s sensitivity was  1.212—104 L mol−1cm−1, 0.0079 μg cm−2, 

respectively. The method was successfully applied for the determination of Mo(VI) in 

food and water samples.  

Karthikeyan et al [80] developed a spectrophotometric method for selective 

determination palladium (II) complexes of reagent p-[N, N-bis (2-chloroethyl) amino] 

benzaldehyde thiosemicarbazone (CEABT). Beer’s law was obeyed for palladium (II) 

CEABT complex in the concentration range up to 2.64 μg cm−3, with maximum 

absorbance at 395 nm. The molar absorptivity of complex was calculated in the range of   

4.05 Ã-104 dm3 mol−1 cm-1. The method was applied for the determination of Pd(II) in 

alloys, catalysts, complexes, water samples, and synthetic alloy mixtures with a fair 

degree of accuracy.  

Thriveni et al [81] used newly synthesized N-ethyl-3-carbazolecarboxaldehyde-3-

thiosemicarbazone (ECCT) as analytical reagent for extractive spectrophotometric 
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determination of copper (II). The greenish-yellow colored complex of Cu(II) ECCT 

shown  maximum absorbance  at 380 nm. The system obeyed Beer's law in the range of 

0.4–3.6 μg cm − 3 with 2.243 Ã -104 mol−1cm−1, 2.83 Ã-10-3μg cm−2 molar absorptivity and 

Sandell's sensitivity respectively. The developed method has was effectively employed for 

the determination of copper(II) in environmental and pharmaceutical samples.  

 Zhao [82] developed a HPLC method for separation and determination of cobalt 

(II), copper(II) and iron (II) or cobalt (II), nickel (II), iron (II), copper (II) and mercury (II) 

as metal chelates of 2-thiophenaldehyde-4-phenyl-3-thiosemicarbazone (TAPT). High 

performance liquid chromatographic (HPLC) separations were achieved on a C-18, 5 μm 

column (250 × 4 mm i.d.). The metal complexes were eluted isocratically with methanol: 

acetonitrile: water containing sodium acetate and tetrabutylammonium bromide (TBA), 

and detected at 254 nm.  Detection limits measured at least three times the background 

noise for simultaneous detection were 0.02–2.5 μg mL-1. The method was applied to the 

determination of copper, cobalt and iron in natural waters.  

 Narayana et al [83] have developed a method for the determination of trace 

amounts of chromium(VI) by using 3,4-dihydroxybenzaldehydeisonicotinoylhydrazone 

(3,4-DHBINH) as an analytical reagent.  The Cr (VI) 3,4-DHBINH complex  absorbed 

maximally at 400 nm and Beer’s law was obeyed in the range 0.5–7.7 ppm of Cr(VI).  

The molar absorptivity, Sandell’s sensitivity and detection limit were found to be 

1.35 × 104 L mol−1 cm−1, 0.0075 μg cm−2 and 0.0045 μg mL−1, respectively. Finally 

developed method was used successfully for the analysis of Cr(VI) in food samples (leafy 

vegetables), and the results obtained were also compared simultaneously with those 

obtained using an Atomic Absorption Spectrophotometer. 

 Reddy et al [84] proposed Pyridoxal-4-phenyl-3- thiosemicarbazone  (PPT) at a 

selective reagent for the spectrophotometric determination of Ni(II). The reddish brown 

coloured complex of Ni(II) PPT, was extracted into n-butanol and spectrophometric 

studied were carried out at 430 nm. The linear calibration range was given as 0.5–

5.0 μg/mL of nickel (II) and the detection limit of the method was 0.069 μg mL-1.  

The molar absorptivity and Sandell's sensitivity of the extracted species were reported as 

1.92×104 L mol−1 cm−1 and 0.003057 μg cm−2 respectively. The developed method was 

satisfactorily used for the determination of nickel (II), when present alone or in the 
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presence of diverse ions, which are usually associated with nickel(II) in medicinal leaves, 

soil and industrial effluent samples. 

 Reddy et al [85] evaluated the possibility of a new reagent N-ethyl-3-

carbazolecarboxaldehyde-3-thiosemicarbazone (ECCT) for selective spectrophotometric 

reagent for Zn(II). The method obeyed Beer’s law in the range of 0.4–6.0 mg L-1 with 

maximum absorbance was recorded at 420 nm. The molar absorptivity and Sandell’s 

sensitivity was given as  1.55 × 104 L mol−1 cm−1 and 4.212 × 10−3 μg cm−2, respectively. 

The developed method was successfully used for the determination of zinc (II) in food 

samples and was validated through testing of different certified materials.  

           Reddy et al [86] studied the selectivity of N-ethyl-3-carbazolecarboxaldehyde-3-

thiosemicarbazone (ECCT) for spectrophotometric determination of Ni(II) that formed 

yellow coloured water insoluble complex which was extracted to n-butanol. The complex 

showed maximum absorbance at 400 nm and complex were linear in the concentration 

range of Ni(II) ECCT, 1.2–5.6 μg mL-1. The complex showed a good sensitivity with 

molar absorptivity of 1.114×104 L mol−1 cm−1 and Sandell's 5.29×10−3 μg cm-2.  In order 

to authenticate the method different standard alloy samples (CM 247 LC, IN 718, BCS 

233, 266, 253 and 251) were tested for the determination of nickel.  

 Reddy et al [87] studied the analytical properties 1-phenyl-1,2-propanedione-2-

oxime thiosemi-carbazone (PPDOT)  that reacted with Co(III), Fe(II), Fe(III), Cu(II), 

Ni(II), and Zn(II). It was found to be sensitive and selective reagent for  simultaneous 

spectrophotometric determination of  copper(II) and nickel(II). The copper complex gave 

maximum absorbance at 465 nm while the nickel complex at 395 nm. The linear 

calibration range for Cu (II) and Ni(II) complexes were found to be  0.38-7. 63 μg mL-1, 

0.42-3.76 μg mL-1 respectively. Molar absorptivity for both Cu (II) and Ni(II) complexes 

were  reported as 5.56×103,  1.01×104 L. mol-1 cm-1 respectively. Finally the methods was 

used effectively for the simultaneous determination of Cu(II) and Ni(II) in synthetic 

mixture and also in edible oils and seeds. 

 Khuhawar et al [88] developed a sensitive spectrophotometric method for 

determination of Ga (II) as the complex of bipyridyglyoxal bis(4-phenyl-3-

thiosemicarbazone) BGPT. 
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The reagent BGPT reacted with Ga (III), In (III), Hg (II), Pt (II), Ru (IV), and  

V(V) and formed stable coloured in aqueous N,N-dimethylformamide. All complexes 

showed maximum absorbance in 390-448 nm and molar absorptivity was in the range of 

1.8×103-4.6×104 L. mol-1 cm-1. The highest value of molar absorptivity that is 4.6×104 L. 

mol-1cm-1 was given by Ga (III) BGPT complexes whose detection limit was reported up 

to 0.022 μg mL-1.  Ga (III) BGPT complexes obeyed Beer’s law in the calibration rage of 

0.2-1 μg mL-1. The method was used for determination of Ga(III) in  semiconductors and 

medicinal drug. 

 Khuhawar et al [89] proposed a high performance liquid chromatographic (HPLC) 

method for simultaneous separation and determination of  Pt(II) Ru(IV),and  Se(IV) by 

using 2-acetypyridine-4-phenyl-3-thiosemicarbazone (APPT)  as complexing reagent. A 

platinum (II) complex after precolumn derivatization was extracted in chloroform and was 

characterized by spectrophotometrically. The molar absorptivity indicated the sensitivity 

with 2.2×104 L. mol-1 cm- 1. Pt(II) APPT along with other complexes was eluted from 

Phenomenex C-18 (150 mm × 4.6 mm i.d) column with mobile phase a mixture of 

methanol:water:acetonirile:tetrabutyleammonium bromide (1 mM) (44:30:25:1 v/v/v/v) 

and UV detection was at 360 nm. The calibration range and detection limit for Pt(II) 

APPT complex was reported as 0.5-12.5 μg mL-1 and,10 ng mL-1 respectively. The 

method was applied successfully for determination of cis-platin in the urine samples of 

cancer patients. 

 Reddy et al [90] investigated the reagent Pridoxal-4-phenyl-3-thosemicarbazone 

for spectrophotometric determination of Pd(II). Pd(II) Pridoxal-4-phenyl-3-

thosemicarbazone’s a red coloured complex that was extracted into benzene and 

spectrophotometric studies were carried out at 460nm. Pd(II) complex observed linear 

behaviour in concentration range of 0.4-6.4μg mL-1, with molar absorptivity 2.2×104 dm3. 

mol-1 cm-1 and Sandell’s sensitivity 4.8×10-3 μg cm-2. The detection limit reported for this 

method was 0.05 μg cm-2.The validity of method was checked through determining the 

amount of Pd (II) present in the synthetic mixture and hydrogenated catalyst and results 

were verified by standard atomic absorption.  

Khuhawar and Lanjwani [91] developed a HPLC method for separation and 

determination of cobalt(II), copper(II) and iron(II) or cobalt(II), nickel(II), iron(II), 
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copper(II) and mercury(II) as complexes of 2-thiophenaldehyde-4-phenyl-3-

thiosemicarbazone (TAPT).  Complexes were eluted isocratically from a Microsorb C-18, 

5 μm column (150×4.6 mm i.d.) with a mixture of methanol: acetonitrile: water containing 

sodium acetate and tetrabutylammonium bromide (TBA) (78:10:10:1:1 v/v/v/v/v). The 

UV detection was at 254 nm. The linear calibration range for each metal chelates was     

0–50 μg mL-1 and the detection limits calculated were within 0.5–2.5 μg mL-1 range. The 

method was used for the determination of copper, cobalt and iron in pharmaceutical 

preparation.  

Reddy et al [92] used 2-acetylpyridine-4-methyl-3-thiosemicarbazone (APMT) 

and 2-acetylfuran thiosemicarbazone (AFT) as analytical reagents for mercury (II). The 

reagents APMT and AFT were synthesized and characterized using IR and NMR spectral 

data. The methods were successfully applied to a number of water (potable and polluted), 

biological and soil samples containing mercury (II). The results indicated that the methods 

in the analysis of samples were comparable with those obtained by dithizone method.  

Kapadi, et al [93] developed spectrophotometric method for determination of 

Zn(II) at microgram level by using 4-chloroisonitroso- acetophenone thiosemicarbazone 

(CIAT) as an analytical reagent. Zinc(II) forms water insoluble  coloured complex with 

CIAT. Yellow coloured Zn(II) complex  showed maximum absorbance at 397 nm. Beer's 

law was obeyed in the range 0.8 to 12 μg mL-1 of Zn. The molar absorptivity calculated 

was 3.96 Ã to 103 L mol-1 cm-1 and Sandell's sensitivity was found to be 0.0016 μg cm−2. 

The method was effectively use for the determination of Zn (II) in alloys, pharmaceuticals 

and synthetic mixtures. The method was in good agreement with the known method.  

Reddy and Babu [94] studied the analytical properties of reagent of 3-

hydroxybenzaldehyde thiosemicarbazones (HBT) and investigated its reaction towards Cu 

(II) and Pd (II). HBT formed yellowish green coloured complexes with Cu (II), Pd (II), 

molar absorptivity values of copper and palladium complexes were 8.75 Ã-103, and 1.25 

Ã-104 L mol-1 cm-1 respectively indicated the complexes formed were fairly sensitive. The 

complexes were water soluble therefore was used for the determination of Cu (II), and Pd 

(II) in aqueous medium.  

Khuhawar and Lanjwani [95] developed a high performance liquid 

chromatographic method for simultaneous separation and determination of copper(II), 
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iron(II) nickel(II) and mercury (II) by using 2-pyrroladehyde-4-phenyl-3-

thiosemicarbazone(PAPT) as complexing reagent. The analytical behaviour of complexes 

were characterized by spectrophotometry, all metal chelates were extracted into 

chloroform. The molar absorptivity of complexes were in the range of 8.85 to 63.4 Ã-103 

L.mole-1 cm-1 that indicated the sensitivity. HPLC separation was achieved on Microsorb 

C-18, 5 μm (150×4.6 mm i.d) column and the complexes were eluted with methanol: 

acetonitrile:water: sodium acetate (1 mM) and tetrabutyl ammonium bromide (1 mM) 

(60:28:10:1:1 v/v/v/v/v). UV detection was attained at 254 nm. The method was used for 

the determination of copper(II), iron(II), nickel(II) and mercury(II); in Fuleli canal 

(Sindh.Pakistan) water and surface water fishes. The method was verified by flame atomic 

absorption spectrometry results indicated good correlation between both methods.  

Arain and Khuhawar [96] reported a high performance liquid chromatographic 

method for simultaneous quantitative analysis of Hg(II) and Cd(II) and separation of 

Hg(II), Cd(II), VO(II), and Ag(I) by using dimethylglyoxal bis-(4-phenyl-3-

thiosemicarbazone) (DMBS) as chromogenic reagent. The separation was achieved on a 

C-18 (25 cm × 4.6 mm i.d., 10-μm particle,) column, when eluted isocratically with a 

mobile phase comprised of methanol: water: acetonitrile: 1 mM tetrabutylammonium 

bromide (TBAB) 48:32:18:2 (v/v), while UV detection was obtained at 258 nm. 

Calibration curves  were linear  in the range of  0.5–12.5  μg mL-1 with detection limits  of 

50 pg for Hg(II), and 125 pg  for Cd(II) per 20-μL injection. The method was effectively 

applied for quantitative analysis of Cd(II) and Hg (II)  in freshwater fish, tea leaves, and 

tobacco samples.  

 Khadar, et al [97] developed a simple spectrophotometric method for 

determination of Th (III) after derivatization with a newly synthesized reagent 

diacetylmonoxime-(p-anisyl)-thiosemicarbazone. The molar absorptivity and Sandell's 

sensitivity of  thallium(III) chelates  were reported as  5.6-104 L mol-1 cm-1 and 3.6 ng cm -

2, respectively. The Th(III) diacetylmonoxime-(p-anisyl)-thiosemicarbazone chelates 

calibration range was  0.25-2.60  μg mL-1, spectrophotometric detection was carried at  

460 nm. The proposed method was used successfully for quantification of trace level of 

thallium in minerals, alloys, urine, soil and water samples.  
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Reddy et al [98] proposed extractive spectrophotometric method for quantitative 

analysis of Zn(II) using pyridoxal-4-phenyl-3-thiosemicabazone(PPT) as analytical 

reagent. The yellow coloured Zn(II)  complex was extracted in n-butanol and that gave 

maximum absorbance at 430 nm. The metal complex of Zn(II) obeyed Beer's law up to 

6.0 μg/mL. The molar absorptivity and Sandell's sensitivity of the extracted species were 

reported as 1.6 × 104 L mol-1 cm-1 and 4.085 × 10 -3 μg cm-2. The detection limit of the 

method was 0.04 μg mL-1. The developed method was tested for determination of Zn(II) 

in different certified reference materials (NIST 1573, NBS 1572 and NIST SRM 8435).  

Kumar et al [99] proposed selective second-order-derivative spectrophotometric 

method by using 2-hydroxy-3-methoxy benzaldehyde thiosemicarbazone (HMBATSC) as 

complexing reagent for the simultaneous determination of palladium (II) and ruthenium 

(III).  Pd(II)  gave  maximum absorbance  at 380 nm, Ru(III) complex  at 375 nm, which 

indicated the simultaneous determination was possible at these wavelength. Therefore 

simultaneous determination was achieved  by using second order-derivative spectra of 

Pd(II) and Ru(III) complexes both showed  peak amplitudes at 445 nm and 385 nm, 

respectively.  The Beer’s law was obeyed in the range 0.21– 12.78 µg mL-1 and 0.25–

13.42 µg mL-1 for Pd (II) and Ru(III), respectively.  

Baloch at el [100] developed a spectrophotometric method by using 

picolinaldehyde-4-phenyl-3-thiosemicarbazone (PAPT). Partial least-squares regression 

was used for quantitative analysis of iron (II), cobalt(II) and vanadium(V) in the presence 

of anionic sodium dodecylsulfate  micelles. All three metal complexes had shown 

overlapping spectra in the 390-510 nm regions with max 415 nm. The data for the 

simultaneous determination of these metal ions were analyzed using a simple partial least-

squares (SIMPLS) algorithm. Formation constants (log K f) were found to be 4.65, 3.29, 

and 4.85 for PAPT complexes of Fe, V, and Co, respectively, and the detection limits for 

Fe (II), V(V), and Co(II) were 0.013, 0.002, and 0.010 μg L-1 respectively. The method 

was validated by calculating root mean square error of cross-validation, root mean square 

error of calibration, and root mean square error of prediction. Finally the developed 

method was applied to determine these three metal ions in real crude oil samples. 

 Hoshi et al [101] developed reversed phase high-performance liquid 

chromatography (RHPLC) method for simultaneous  determination of platinum(II) and 
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palladium(II)  using dimethylglyoxal bis(4-phenyl-3-thisomicarbazone) (DMBS) as 

analytical reagent. Amberlite XAD-7 resin coated with DMBS) was prepared and applied 

to the preconcentration of platinum(II) and palladium(II) from aqueous solution. Pd(II) 

and Pt(II) DMBS complexes   were collected quantitatively on resin coated with the 

reagent (DMBS-XAD-7) from acidic solution in the presence of iodide ion by a bach 

method. Both metal ions were eluted from DMBS-XAD-7 as their DMBS complexes in 

N,N-dimethylformamide. This collection and elution method was applied to the 

simultaneous determination of platinum(II) and palladium(II) by RHPLC by using 

spectrophotometric detection. The metal chelates were eluted from   an ODS column with 

acetone-water as the mobile phase. The method was effectively used for the determination 

of the metals in commercially available samples. 

 Fritz and Main [102] synthesized a new derivatizing reagent 2-acetylpyridine-4-

ethyl-3-thiosemicarbazone.as complexing reagent for chromatographic determination and 

separation of metal ions.  The ions Co(II), Ni(II), Zn(II), Cd(II), Fe(III), Ga(III) and In(III) 

were separated on polymeric LC column with UV detection at  380 nm with flow rate of 1 

mL min-1. The mobile phase contained 60% CH3CN 40% H2O with 25 mM NaClO4, 0.5 

mM Hapet and 12 mM formate buffer (pH 4). The molar absorptivity of complexes were 

about 104 L.mol-1 cm-1 at 380 nm and were decreased slightly at 405 nm.  

Khuhawar and Jaipal [103] used 6-methyl-2-pyridine carboxyaldehyde-4-phenyl-

3-thiosemicarbazone (MPAPT) for spectrophotometric determination of cobalt and iron in 

pharmaceutical preparations. The colour reaction of Co(II), Co(II),Cu(II),Ni(II), Cd(II) 

Fe(II), Bi(III), Pb(II), Hg(II), Pd(II), Pt(IV), Mn(II), Au(III), Ag(I) and Zn(II) have been 

studied spectrophotometrically. The molar absorptivity were in the range of 0.364-4.4×104 

L.mol-1 cm-1. The colour reactions were rapid at optimized pH within 1-11 in methanol-

water and were extractable in chloroform. Cobalt and iron were determined from 

pharmaceutical preparation with relative standard deviation (RSD) 0.5-2.1%.  

Raveendra Reddy et al [104] used 2-hydroxy-3-methoxy benzaldehyde 

thiosemicarbazone (HMBATSC) to develop a simultaneous fourth derivative 

spectrophotometric method for analysis of cobalt(II) and nickel(II).  Metal ions presented 

in the mixture were simultaneously determined without solving the simultaneous 

equations by measuring the fourth derivative amplitudes at 468.5 nm and 474.5 nm, 
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respectively. The derivative amplitudes obeyed Beer's law at 468.5 nm and 474.5 nm for 

cobalt and nickel in the range 0.059-3.299 μg mL-1 and 0.058–3.285 μg mL-1 respectively. 

The developed simultaneous method was applied for the determination of micro amounts 

of cobalt in biological samples, nickel in plant samples, and in some alloy steels and soil 

samples. 

 

1.6.2 Schiff Bases 

1.6.2.1 Introduction to Schiff bases 

Schiff bases are characterized by their capacity to co-ordinate a metal ion, through 

forming chelate rings [105]. Aldehydes in general reacts with primary aliphatic or 

aromatic amines, to form condensation products (N-substituted amines) known as 

azomethines or Schiff bases. Reaction may be brought about by heating a mixture of 

aldehydes and amines in equimolecular properties mostly in diluents such as alcohol or 

acetic acid. 

R׀-NH + R״-CHO  R-N=CH.R +H2O 

Where R’ may be alkyl or cycloalkyl, or hetrocyclic ring (pyridine or a furan) and R” may 

be alkyl benzene, nephthalene or hetrocyclic ring. 

Teradentate Schiff bases are useful complexing reagents for spectrophotometric, 

spectropfluorometric, gas, liquid chromatographic and eletrophoretic determination. 

1.6.2.2 Review of literature on determination of metal ions by using Schiff bases as 

analytical reagents  

 Pleniceanu et al [106] developed a spectrophotometric method for determination 

of Ni(II) using N-[2-thyenilmethyliden]- aminopropane (Schiff base derived from 2-

thiophencarbaldehyde with aminopropane) as a complexing reagent. The molar 

absorptivity indicated a good sensitivity with a values of 1.075Â·10 4 LÂ·mol-1Â·cm-1. 

The complex obeyed Lambert-Beer in the concentration range of 0.11742-4.93164 Î¼g . 
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The method was used for the determination of Ni(II) in various synthetic and real samples. 

The method was found to be sensitive, selective, simple, for determination of Ni(II). 

 Mohanta and K.Sahoo [107] synthesized  series of dioxouranium(VI) and thorium 

(IV) complexes of  tetradentate Schiff base ligand (N2O2 donor set)  by the condensation 

of o-phenylenediamine with salicylaldehyde (H2-Salophen). The UO2(II) and Th(IV)  

complexes formed were of the type [UO2(H2L)2]X2, where X = Cl-, l- 

[UO2H2L(NO3)2]Â·H2OÂ·C2H5OH,[UO2(HL)2]Â·2CH3CO,CH3,[UO2(HL)CH3COOÂ·H2

O].  [UO2(H2L)SO4], UO2H2L(SCN)2, [Th(H2L)2(NO3)2](NO 3)2 and Th(H2L)2(SCN)4. 

The complexes of UO2+
2 contained 6-coordinated group with anions inside the 

coordination sphere and 12-coordinated Th(IV). Analytical, UV-visible, IR, molar 

conductance, molecular weight determination and TGA data presented supported the 

proposed structures of the complexes.  

 Chimpalee et al [108] determined copper spectrophotometrically after 

derivatization of Cu(II) as a complex of bis(acetylacetone)ethylenediimine (H2AA)2en. 

The Cu(II) (H2AA)2en  formed violet colour water insoluble complexes, that was extracted 

into chloroform was studied at 343, 370 and 545 nm. The calibration curves were linear 

up to 20 μg mL-1 copper at 343 nm, 80 μg mL-1 copper at 370 nm and 200 μg mL-1 copper 

at 545 nm. The method was used for the determination of copper in copper-based alloys 

and pig feeds. 

 Tantaru et al [109] synthesized a new Schiff base by condensing ethyl-o-

hydroxybenzene with ethylene diamine, and 1-ethyl-salicylidene bis ethylenediamine, that 

yielded a Salen-type Schiff bis base. The synthesized Schiff base were found to be 

selective for the determination of Mn(II) ions. The brown complex of Mn(II) Schiff  

bases,  showed a  maximum absorbance at 460 nm, and molar absorptivity was 9.8×104. 

The Mn(II) Schiff bases complexes respected Beer’s law  in the range of 10–70 μg mL−1. 

The method was applied effectively applied for determination the of Mn(II) in  

pharmaceutical products containing Mn(II) cation. 

Spinu and Kriza [110]  synthesized and characterized some new Schiff base 

complexes of  ML2Cl2  type where M is Co(III), Cu(II),  Ni(II)  and L Schiff base formed 
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by condensing 2-thiophenecarboxaldehyde and propylamine or ethylamine to form, N-[2-

thienylmethylidene]-1-propanamine (TNAP) or , N-[2- thienylmethylidene]ethanamine 

(TNAE). The elemental analysis, magnetic and spectroscopic measurements suggested 

that all complexes had 1:2 metal ligand ratio and ESR spectra proved a distorted 

octahedral structure for  Cu(II) and Ni(TNAE)2Cl2 complexes, a tetrahedral geometry for 

Ni(TNAP)2Cl2 and a D4h symmetry for the Co(II) complexes. Conductance 

measurements suggested the non-electrolytic nature of the complexes and the 1:2 

electrolytic nature of the Ni(TNAP)2Cl2. 

Khuhawar and Lanjwani [111] proposed a High-performance liquid 

chromatographic (HPLC) method for the determination of dioxouranium (VI) along with 

iron(III), copper(II), cobalt(II), nickel(II) and palladium(II) using solvent extraction and 

bis(salicylaldehyde) tetramethylethylenediimine (H2SA2Ten) as analytical   reagent. The 

reagent H2SA2Ten formed complexes at pH 6 and metal complexes were extracted into 

chloroform. The complexes were eluted from Hypersil ODS (3 pro) column with mobile 

phase contained   methanol-acetonitrile-water (40:30:30, v/v/v), and UV detection was 

achieved at 260 nm.  The calibration graph was  linear  for uranium  in the range of  0-100 

µg mL-1. The detection limit measured at least three times the background noise was 2.5 

µg mL-1 for uranium. The method was applied for the determination of uranium together 

with copper, iron and nickel in mineral samples after acid dissolution. 

Khuhawar and Soomro [112] studied bis(acetylpivalylmethane)ethylenediimine as 

a complexing reagent for the HPLC separation of copper(II), nickel(II), palladium(II) and 

oxovanadium(IV) complexes. The metal chelates were eluted from Hypersil ODS, 5 μm 

and (150 × 3.9 mm) (250 × 4 mm) columns that was also packed with Nova Pak C18  

guard column. The separation was achieved with mobile phase consists of a binary 

mixture of methanol and water or acetonitrile and water. Detection was obtained with a 

UV detector. The method was successfully used for the determination of copper and 

nickel in a coin, nickel—aluminum alloy and water samples. 

 Thorburn Burns et al [113] determined copper (II) complexe of 

bis(acetylacetone)ethylenediiminate {H2AA2)en} by flow injection spectrophotometry. 

The UV detection was obtained at 370 nm after extraction of Cu(II) complexes into 
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chloroform. The carrier stream comprised of deionized water and the reagent streams were 

acetate buffer (pH 5.0) and 0.2% (w/v) bis(acetylacetone)ethylenediimine solutions. The 

sampling rate was 20 h−1. The Cu(II) (H2AA)2en calibration curve  was linear up to 100 

μg mL-1, based on injection volumes of 250 μL. The method was effectively used for the 

determination of copper in copper-based alloys and pig feeds. 

Cimerman et al. [114] studied the fluorescence characteristics of Schiff bases 

derived from aminopyridines and salicylaldehyde. The results indicated the potentiality of 

newly synthesized compounds as spectrofluorimetric reagents. It was demonstrated 

through determination of Cu2+ by spectrofluorimetricaly which was based on quenching 

effect of Cu2+ on the fluorescence reagent N,N’-bis(salicylidene)-2,3-pyridinediamine in 

dioxin /water 1/1 (volume fraction of dioxan, Φ = 50%). Under optimized conditions (pH 

= 8.9, λex = 340 nm, λem = 385 nm, cligand = 1.0×10–5 M), the linearity range of the 

calibration curve was 30–350 µg L–1 Cu2+.  

Fakhari et al [115] synthesized a new analytical reagent, N,N′-bis(3-

methylsalicylidene)-ortho-phenylene diamine (MSOPD), and used for the 

spectrophotometric determination of Ni(II). The Ni(II) MSOPD formed 1:1 type complex, 

at optimized pH (8). The molar absorptivity of complex calculated was up to 

9.5 × 104 L mol−1 cm−1 at 430 nm. The Ni (II) chelate respected Beer's law in 

concentration   range of 0–1.0 × 10−5 M of Ni(II). The detection limit was recorded to be  

1.36 × 10−8 M. The system was applied to the determination of trace amounts of nickel in 

some natural food samples. 

Khuhawar and Soomro. [116] proposed a gas and HPLC method for the analysis 

of copper(II), nickel(II), palladium(II) and oxovanadium(IV) as complexes  of N,N′-

ethylenebis (1,1,1-trifluoro-6-methyl-2-oxoheptan-4-imine)(H2TFIVA2en) and N,N′-1,2-

propylenebis(1,1,1-trifluoro-6-methyl-2-oxoheptan-4-imine) (H2TFIVA 2pn). The metal 

complexes of Pd(II), oxovanadium(IV) were  easily  eluted from gas chromatographic 

columns, but separation of  copper and nickel complexes was not achieved. Therefore a 

RP-HPLC was used for complete separation of all metal chelates. The separation was 

obtained on Nova Pak C18 (150 × 3.9 mm) and Microsorb C18, (150 × 4.6 mm) column. 

Metal chelates were eluted with a mixture of methanol-acetonitrile-water and detection 

was achieved by using a UV detector. The calibration graphs were linear over the range of 
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10–1200 ng mL-1 and detection limits obtained for each metal chelates was   0.4–4.0 ng 

mL-1.   

Chimpalee et al [117] proposed a flow injection spectrophotometric method for 

determination of Ni(II) as complex of bis(acetylacetone)ethylenediiminate. The Ni(II) 

bis(acetylacetone) ethylenediiminate complex was extracted into chloroform and was 

passed through carrier stream. The carrier was   of deionized water and the reagent 

streams contained phosphate buffer (pH 7.0) and 1.5% (w/v) reagent solutions.              

The spectrophotometric detection was achieved at 370 nm. The reaction stream before 

extraction into chloroform was heated to 60°C and was cooled to room temperature. The 

sampling rate was 18 h−1. The calibration curve for nickel was   linear up to 25 μg mL-1 

nickel, based on injection volumes of 250 μL. The system was used for the determination 

of nickel in nickel–copper alloys and in synthetic electroplating solutions. 

Arish and Nair et al [118] synthesized and characterized new Co(II), Ni(II), Cu(II), 

and Zn(II) complexes of a Schiff base derived from cuminaldehyde and L-histidine. The 

Schiff bases complexes were characterized by elemental analysis, IR, EPR spectra 1H-

NMR, 13C-NMR, mass spectra, CV, TG/DTA, powder XRD, and SEM. These studies 

indicated that Schiff base was tridentate, whose all metal complexes where electrolyte in 

nature. Most of complexes were crystalline, while Ni(II) was amorphous. The biological 

study showed that complexes possessed   more activity than the ligand. The nuclease 

activity was also analyzed on CT DNA using gel electrophoresis, and had result showed 

metal complexes were more active than ligands.  

Shama and  Omara [119] synthesized and characterized chelates of  Cr3+, Fe3+, 

Co2+, Ni2+, Cu2+, and Cd2+ of  Schiff bases derived from diamines and 2-

hydroxyacetylacetophenone. Schiff bases metal chelates showed stoichiometric ratios 1:1 

and 2:1 (M:L). The Schiff base ligands and its metal complexes were characterized by 

elemental analysis, IR, 1H NMR spectroscopy and ESR spectra.  

Reddy et al [120] developed a first order derivative spectrophotometric method for 

the determination of vanadium(V), and iron(III) individually and simultaneously in the 

mixture using 2-hydroxy-1-naphthaldehyde benzoylhydrazone (OHNABH) Schiff base 

ligands. The reagent OHNABH reacted with V (V) and Fe(III) at  pH 5 and formed  

yellow coloured complexes. The maximum absorbance was indicated by complexes at 
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465 and 540 nm respectively. The complexes obeyed Beer’s law in calibration range  

0.12-2.5 µg mL-1 for V(V) and 014-4.20 µg mL-1 for  Fe(III). The method was used for the 

analysis of various natural samples, food and biological materials.  

Chinnusamy et al [121] synthesized, characterized and investigated the catalytic 

properties of  Ru(II) Schiff base complexes. Schiff bases obtained by condensing 

salicyloyl hydrazide with acetone, ethyl methyl ketone and salicylaldehyde formed 

[Ru(CO)(EPh3)(B)(L)] (E = P or As; B = PPh3, AsPh3, py or pip; L = Schiff base) type 

complexes. The complexes formed by condesing equimolar amount of metal ion and 

ligand was characterized by  IR ,  and NMR, spectra.  Ru(II) Schiff bases complexes 

shown a good catalytic activity for  the oxidation of benzyl alcohol and cyclohexanol.   

T.Yotsuyanagi et al [122] developed reversed-phase high-performance liquid 

chromatographic  (HPLC) method for determination of  cobalt (II), copper (II), nickel(II) 

and vanadium(V) as complexes of Schiff-base. Six new Schiff bases were synthesized 

from N,Nâ€²-o-phenylenebis(salicylaldimine) (PBS) derivatives and these reacted with 

wide variety of metal complexes. These reagent were found to be more selective for 

Co(II), Cu(II), Ni(II) and V(V) ions, therefore HPLC system was developed for the 

separation of these metal chelates. Along with it a sensitive and selective 

spectrophotometric method was also established for the trace level determination of 

Cu(II), Ni(II) and V(V). The method was found be sensitive for V (V) at the ppb level 

without any preliminary concentration and separation. The detection limit of the V(V)  ion 

was 6 Â· 10-9 mol L-1 (0.3 ppb) at a signal-to-noise ratio of 2. 

 Khuhawar et al [123] proposed a high performance liquid chromatographic 

method for the determination of uranium as complexes of bis(salicyladehyde)-dl-

stilbenediimine (dl-H2SA2S) and bis(salicyladehyde)-meso-stilbenediimine(meso-

H2SA2S). Dioxouranium(IV) complex along with Cu(II), Ni(II) and Fe(III) were eluted 

from Hypersil ODS (150×4.6 mm i.d) column, with a ternary mixture of 

methanol:acetonitrile:water (40:30:30 v/v/v) and UV detection was obtained at 360 nm. 

The calibration range  were 40-200 ng mL-1 for all metal ions and detection limit for each 

metal ion was found to be 10 ng injection-1. The system was used for analysis of uranium 

in mineral ore samples that contained uranium in range of 30-700 µg g-1. 
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Lanjwani et al [124] developed a HPLC system for the determination of cisplatin, 

by precolumn derivatization of platinum(II) with N,N_-bis(salicylidene)-1,2-

propanediamine (H2SA2pn).  The Pt (IV) H2SA2pn complex was extracted and injected on 

Varian Micro-Pak SP C-18, 5 µm (150mm×4.0mmi.d.) column. Metal chelate was eluted 

isocraticaly with methanol:acetonitrile:water (40/30/30, v/v/v) at a flow rate of 1.0 ml 

min-1 and was determined by a UV detector set at 254 nm. Calibration curves was linear 

for  Pt(II) in a range of  0–100 µg 3ml-1 with a coefficient of determination( r2), of 0.998. 

The detection limit measured as three times background noise was 4.0 ng injection-1 (5 

µL). The method was used effectively for determination of amounts of platinum in blood 

serum and urine of cancer patients after administration of cis-platin.  

Jasim and Al-Karawi [125] synthesized and characterized a new Schiff base 

phthaldihyde-bis(4-methyl-3-thiosemicarbazone) (PHMTSC) derived from phthaldihyde 

and  4-methyl-3-thiosemicarbazide. PHMTSC reacted with Ni(II), Cu(II) and Cd(II)  

yields  [M(PHMTSC-2H+)], type complexes. The metal chelates were characterized by 

physicochemical and spectroscopic methods. The study indicated a squre planner  

geometry for  Ni(II) and Cu(II) complexes, and tetrahedral geometry for the Cd(II) 

complex. The Kinetics study of reactions was carried out by stopped-flow 

spectrophotometry. Reaction between metal ion and reagent was found to obey   a first-

order, depends on concentration of reagent only. 

 Cimerman et al [126] investigated analytical properties of six different  

heteroaromatic Schiff bases, 2-(3-pyridylmethyliminomethyl)phenol (1), 2-(2-

pyridyliminomethyl)phenol (2), 2-(2-amino-3-pyridyliminomethyl)phenol (3), N,N′-

bis(salicylidene)-2,3-pyridinediimine ( 4), N,N′-bis(salicylidene)-2,6-pyridinediimine (5) 

and 2-(2-amino-4-methox-ymethyl-6-methyl-3-pyridylmethyliminomethyl)phenol (6). 

The study proved all Schiff bases were analytically capable for spectrophometric, 

spectrofluorometric and solvent extraction analysis. In spite of  structural similarities all  

six Schiff bases  behaved differently in solution. The system focused on the 

spectrophotometric determination of Cu(II) after extraction was very sensitive and 

selective with regard to Cd(II) and Pb(II). N,N′-bis(salicylidene)-2,3-pyridinediamine 

copper complex exhibited highest sensitivity with molar absorptivity value of 2.1 × 104 L 
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mol−1  cm−1  at 430 nm. The Study concluded that all six Schiff base possessed all 

properties required for a spectrophotometric and spectrofluoremetric reagent.  

Mirela et al [127] prepared a Schiff base ligand 2-hydroxynaphthaldehyde 

dimethyl hydrazone and made it reacted with cobalt(II) and copper (II). The complexes 

were characterized with IR and EPR spectroscopy. 

Abu-Elwafa et al [128] synthesized Ni(II), Cu(II) and Zn(II) complexes of Schiff 

base derived from amines  containing heterocyclic ring and salicylaldehyde or 2-hydroxy-

1- naphthaldehyde. The Schiff base ligand and there complexes were characterized by 

elemental analysis, IR, EPR spectra, electronic spectra and magnetic measurements.   

Yu et al [129] synthesized a new ligand N.N’-bis(2-hydroxy-1-naphthaldehyde)-3-

oxa-1,5-diaminopetane and its Ni(II), Co(II), Cu(II) and Zn(II) complexes. The structure 

of complexes and its ligand were characterized by elemental analysis, Ms(FAB), IR 

spectra and TG-DTA. The fluorescence of ligand and complexes in deferent solvents were 

also studied. Kizilcikli and Mesut [130] synthesized 2-hydroxy-1-naphthaldehyde S-

(alkyl)-N4-phynythiosemicabazone complexes of Fe(III), Co(III), Cu(II) and Ni(II)  ions. 

The metal to ligand complexes ratio examined was 1:1 and 1:2. The complexes 

characterized by analytical data, IR spectra, 1H NMR spectroscopy, magmatic 

susceptibility, molar conductance and TGA analysis.  

Sallam et al [131] determined  spectral and thermal properties of some uranyl 

complexes of Schiff base derived from glycylglycine, obtained by condensing 

glycylglycine with salicylaldehyde and 2,4-dihydroxybenzladehyde. Schiff base and its 

uranyl complexes were characterized by 1H NMR, IR spectra, UV, DTA, TG and DSC 

techniques.  

Mohanan and Devi [131] synthesized copper(II), coblt(III), manganese (II) , 

nickel(II) and zinc (II) complexes of 1-[N-(2’-hydroxy-1’-naphthylmethylene)amino]-3-

carboxyethyl-4,5,6,7-tetrahydrobenzothiophene Schiff base. Complexes were 

characterized by elemental analysis, magmatic susceptibility measurements, molar 

conductance and various spectral studies.  

Tang and Fang [132] synthesized a new fluorescent reagent 2-hydroxy-1-

naphthaldehyde salicyloylhydrazone and proposed a sensitive spectrofluoremetric method 

for Mn(II) by catalytic oxidation of reagent with hydrogen peroxide. Determination was 
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carried out in water–ethanol (5.5 +4.5 v/v) at pH 10.9. The maximum fluorescent intensity 

was measured at ex=300 and em= 408 nm. The linear calibration range was 0.0-50 ng 

mL-1 with detection limit of 0.97 ng mL-1. Method was applied for the determination of 

Mn(II) in human hair , wheat powder and tape water. 

Li. Kam.Wah et al [133]  synthesized two new Schiff bases  derived from 2,3-

diaminopyridine (DAPY) with pyrrole-2-carboxaldehyde (Pyrr) and 2-hydroxy- 1 –

naphthaldehyde (NaphH), and its  Cu(II), Fe(III), Ni(II), Ru(I1) and Zn(I1) complexes. 

The ligand and their complexes were characterized by a combination of elemental 

analyses, magnetic susceptibility measurements, IR spectra and NMR spectra. Newly 

synthesized bases as well as their complexes exhibited antibacterial activity. The Fe(II1) 

and Ru(I1) complexes demonstrated catalytic activity for oxidation of alcohols in the 

presence of N-methylmorpholine- N-oxide as co-oxidant. 

Shama et al [134] synthesized and characterized metal chelates of Schiff bases 

derived from diamines and 2-hydroxyacetylacetophenone with chromium(III), iron(III), 

cobalt (III), nickel(II), Cu(II), and cadmium(II). The study proposed metal ligand   

stoichiometric ratios of 1:1 and 2:1 respectively. Spectral study revealed different type 

coordination site of ligands for each metal ions and  ESR spectra of complexes indicated a 

square-planar geometry of metal chelates studied so far.  

Aswar et al [135] synthesized a new Schiff base through condensing  2-hydroxy-5-

methylacetophenone and glycine and its metal complexes of  Mn(II), Fe(II), Co(II), Ni(II), 

Cu(II), Zn(II), Cd(II), and UO2(VI). The metal chelates were characterized by electrical 

conductance, IR spectra, ESR and electronic spectra, magnetic susceptibility 

measurements, and TG analytical techniques. The new synthesized Schiff base complexes 

exhibited antibacterial activities that were determined by screening the compounds against 

various Gram (+) and Gram (-) bacterial strains. 

  Mandlik and Aswar [136] synthesized and characterized metal complexes of 

Schiff base 2,5-dihydroxyacetophenone isonicotinoyl hydrazone (H2L) derived from 2,5-

dihydroxyacetophenone  and  isonicotinoyl hydrazide.  2,5-dihydroxyacetophenone 

isonicotinoyl  was found to be sensitive and selective for  Mn(II), Fe(III), VO(IV), Zr(IV) 

and UO2(VI). The Schiff base and its metal chelates were characterized by elemental 

analysis, molar conductivity, magnetic susceptibility measurements, IR, 1H NMR, 
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electronic and thermogravimetric analysis in air. All the copmlexes were also monitored 

for their antimicrobial activity by agar cup-plate method against various organisms and 

the results have been compared. 

 Krishnankutty1 et al [137] synthesized two new Schiff base 

bis(dicinnamoylmethane)o-aminophenol (H2dcp) and bis(dicinnamoylmethane)o-

aminothiophenol (H2dct)  by condensing ortho-substituted aromatic amines with 

dicinnamoylmethane. The Schiff bases and their   metal complexes were characterized by 

infrared, 1H NMR and mass spectral data. The detail study of Ni(II), Cu(II), and Zn(II) ions 

and their nature of bonding  with ligands were deducted  on the basis of analytical and spectral 

data.  

Youssef et al [138] reported and characterized  metal complexes of Co(II), Cu(II), 

Ni(II), and Fe(III) of the ligands 2N,2-bis((7-hydroxy-5-methoxy-2-methyl-4-oxo-4H-

chromen-6-yl)methylene)hydrazinecarbo-thioamide H3L
1 and(E)-2-((7-hydroxy-5-

methoxy-2-methyl-4-oxo-4H-chromen-6-yl)methylene)-N-

phenylhydrazinecarbothioamide H2L
2. The complexes were characterized by Mass and 

NMR spectral analysis. The geometry of complexes was studied on the bases of 

Electronic and magnetic moments that were verified by IR and UV-VIS, conductivity and 

magnetic moments measurements.  

Omar et al [139] synthesized metal chelates of two new Schiff base derived from 

2-furancarboxaldehyde  and o-phenylenediamine (L1), and 2-thiophenecarboxaldehyde 

and 2-aminothiophenol (HL2). The metal chelates were characterized on the basis of 

elemental analyses, IR spectra, 1H NMR, solid reflectance, magnetic moment, molar 

conductance, and thermal studies (TGA) which  predicted formula, geometry, ans 

electrolytic properties. The antibacterial activity of new metal complexes of Schiff bases 

were investigated against bacterial species, Escherichia coli, Pseudomonas aeruginosa, 

and Staphylococcus Pyogones, as well as fungi (Candida). The activity data indicated 

good potentiality of metal chelates.  

Sahu et al [140] synthesized transition metal complexes of Schiff base drived by 

condensation of sclicyldehyde and celecoxib/sulphomethoxazole. The Schiff bases were 

made to react with zinc (II),  copper (II), cobalt (II) and nickel (II). The analytical studies 

of metal complexes were reported on the basis of   elemental analysis and spectroscopic 
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data. The study proposed  metal complexes stoichiometric ratio of 1:2, (ML2) and all 

metal chelates were found to be  six-coordinate dehydrates. The metal chelates were 

inspected for their analgesic, anti-inflammatory, antimicrobial and in vitro protein 

denaturation activities.  

The quantum of literature published every year on Schiff bases indicated their 

biological and structural importance.  Several Schiff base ligands have been reported as 

sensitive and selective spectrophotometric reagents for metal ions. During present study 

potentialities of bis(acetylacetone) ethylenediamine has been explored as sensitive and 

selective reagent for micellar electrokinetic chromatographic (MECK) studies of U(IV), 

Th(IV), Ga (III), Ni(II), Co(III), and Fe(III).  

 

1.6.3 Dithiocarbamates 

                  The carbamates are represented by a general structure R-NH(CO)O2, and the 

dithiocarbamates are characterized by R-NH(CS)S2, with R representing an alkyl group. 

Dithiocarbamates (DTCs) are a group of organosulfur compounds that have extensively 

been used as pesticides, also an economical class of fungicides since the last century. The 

yearly consumption (of DTCs) is between 25,000 and 35,000 metric tones [141]. Most of 

DTCs  are classified by the World Health Organization (WHO) as being hazardous [142]. 

In industry, DTCs are used as accelerators for rubber vulcanization, as rubber 

antioxidants, as slimicides in pulp and paper as well as in sugar production, in waste water 

treatment, and as antifoulant for water cooling systems [143-144].  

Although carbamates and dithiocarbamates find an extensive use in agriculture, still   

overexposure to these chemical has been known to effect adversely on vital organs [145]. 

In analytical chemistry, DTCs are known to form stable complexes with metal ions and 

hence preconcentration and determination of metal species can be performed for variety of 

samples [146]. In addition, DTCs play roles in the determination of amines [147], amino 

acids [148] and alcohols [149,150]. 
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Table 1.3. Common and chemical names (parentheses) of assorted carbamates and 
dithiocarbamates and their uses. 1, 2, 3 , 4 

 
 

Name 
 

Formula 
 

 
Uses 

Thiram 
(tetramethyl thiuram 

disulfide) 

 
C6H12N2S4 

Fungicide, a general-use 
pesticide, bacteriostatic 

soap additive, bird repellan 
Sodium metam 

(methyldithiocarbamate 
sodium) 

 
C2H4NS2Na 

Microbiocide, algaecide, 
anthelmintic 

 
Potassium dimethyl 

dithiocarbamate 
 

C3H6NS2K 
Heavy metal precipitator, 

rubber accelerator, biocide, 
fungicide 

Ferbam (ferric 
dimethyldithiocarbamate) 

 
C9H18N3S6Fe 

 

Fungicide, used in wood 
treatment 

 
Ethylenethiourea 

 
C3H6N2S 

Degradation product of 
ethylenebisdithiocarbamate, 

also used in the 
vulcanization of rubber 

Disulfiram (tetraethyl 
thiuram disulfide) 

 
C10H20N2S4 

 

Fungicide, acaricide, 
treatment of alcoholism 

Carbaryl (1-naphthyl 
methylcarbamate) 

 
C12H11NO2 

Insecticide, acaricide, plant 
growth inhibitor 

1.Edwards, I. R., D. H. Ferry, and W. A. Temple. Fungicide and related compounds. In: Handbook of 
pesticide toxicology, vol 3. W. J. Hayes Jr., and E. R. Laws, eds. Academic Press, New York. pp. 1436–1469 
(1991).  
2..Elskens, M. T., and M. J. Penninckx. Thiram and dimethyldithiocarbamic acid interconversion in 
saccharomyces cerevisiae: possible metabolic pathway under the control of glutathione redox cycle. Appl. 
Environ. Microbiol .Vol. 63: (1997)2857–2862. 
3. [IPCS] International Programme on Chemical Safety, Inventory of IPCS and other WHO pesticide 
evaluations and summary of toxicological evaluations performed by the Joint Meeting on Pesticide Residues 
(JMPR).Available at: http://www.who.int/entity/ipcs/publications/en/inventory2. pdf. 2001. 
4. [IPCS] International Programme on Chemical Safety, IPCS INCHEM Pesticide documents. Available at: 
http://www.inchem.org/ pages/pds.html.( 2004). 
 

1.6.3.1 Metal Complexes of Dithiocarbamates Salts 

                   Sodium/ Ammonium diethyldithiocarbamate Na/NH4(DEDTC) salts are  a 

common ligand in inorganic chemistry. A large number of primary and secondary amines 

react with carbon disulfide and sodium hydroxide to form dithiocarbamates.   
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complexes was injected into a fused-silica capillary (70 cm × 75 μm i.d × 150 μm o.d)  

with chemiluminescence detection. The separation was obtained in background electrolyte 

consists of phosphate (100 mM) buffer while acetonitrile was added as organic modifier 

and a voltage was appled of  +15 kV.  All complexes were effectively separated and 

detected with a detection limit of 50 nM. 

Daud and Alakili [155] developed a HPLC method for the simultaneous separation 

and determination of Pb(II),  Ba(II), Mn(II), Cr(III), Ni(II), Cu(II), Hg(II), Zn(II), Fe(III) 

and Co(II) as complexes of pyrrolidinedithiocarbamate (PDC). Metal complexes were 

extracted on bonded silica C18 sorbent with choloroform and acetronitrile. The extracted 

complexes were separated on Phenyl bonded silica column when eluted with a mixture of 

acetonitrile: water (66: 34 v/v) and 1.5 x 10
-5

M reagent (APDC) with UV detector at 254 

nm. The detection limit for Co(II), Ni(II), Hg(II), Pb(II), Fe(III), Mn(II) Co(II) and Cr(III) 

complexes were  in a range of ,0.01-0.08 μg mL-1.  The method was validated through 

study of NIST 1633a Coal Ash Standard Reference Materials (US Department of 

Commerce 1990). 

Andrés et al [156] reported a sensitive and selective high performance liquid 

chromatographic method for the determination copper (II) and nickel(II) complexes of 

sodium diethyldithiocarbamete. The metals reported an increase in sensitivity of metal 

complexes in the presence cationic surfactant hexadecyltrimethylammonium bromide and 

1-propanol. The method was used for the analysis of nickel and copper in real samples.  

Chen et al [157] developed a high performance liquid chromatography coupled 

with inductively coupled plasma mass spectrometry (PHLC-ICP-MS) detection system for 

the speciation of mercury after cloud point extraction. The mercury complexes of sodium 

diethyldithiocarbamate (DEDTC) were preconcentrated by a non-ionic surfactant Triton 

X-114. Metal complexes along with DEDTC were eluted from Discovery C18 column with a 

mobile phase of 90% (v/v) methanol–10% (v/v) water containing DEDTC 1.0 × 10−4 mol L−1. 

Linear dynamic range for CH3Hg and Hg (III) was 0.05–10 and 0.05–10 μg L−1 with detection 

limit of 4 and 10 ng L−1, respectively. The developed method was effectively used for the 

determination of trace amount of mercury species in environmental and biological 

samples.   
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Chen et al [159] reported a HPLC coupled with inductively coupled plasma mass 

spectrometry (ICP-MS) detection method for determination of ultra trace amount of 

various forms of mercury after cloud point extraction (CPE). Different species of methyl-, 

ethyl-, phenyl- mercury and inorganic mercury were transformed into hydrophobic 

chelates by reaction with sodium diethyldithiocarbamate, and were extracted into Triton 

X-114. Experimental conditions were optimized for separation of various species of 

mercury including cloud point extraction CPE preconcentration, HPLC separation, and 

ICP-MS determination. The detection limits of 13, 8 and 6 ng L−1 (as Hg) were achieved 

for MeHg+, PhHg+ and Hg2+, respectively. The method was used for the analysis of 

different mercury species in environmental water samples and biological samples of 

human hair and ocean fish.  

Kompany-Zareh et al [160] reported spectrophotometric method for the 

simultaneous determination of copper (II) and nickel(II) as complexes of  

diethyldithiocarbamate (DEDTC) . The metal complexes were soluble in an ionic micellar 

sodium dodecyl sulphate (SDS) which eliminated a solvent extraction step. The effect of 

chemical variables influenced on the reaction was calculated. A partial least-squares 

procedure was used to access data obtained from the calibration solutions. The developed 

method was used to the analysis of copper (II) and nickel (II) in metal alloys.  

Gill et al [161] proposed a high-performance liquid chromatography (HPLC) 

method for simultaneous determination nickel(II), iron(III), mercury(II), thallium(III), 

platinum(II), palladium(II), copper(II), and cobalt(II) as complexes of n-butyl-2-

naphthylmethyldithiocarbamate, with a fixed wavelength absorbance detector. The non 

polar stationary phase was examined for a good separation. The detection limits were of 

0.1 ng or approximately 10 nM.  

Tsukagoshi et al [162] reported a liquid chromatography method for determination 

of copper (II) and cobalt (II) as complexes of emetine dithiocarbamate. The metal 

complexes were eluted from ODS column with 100 mM phosphate buffer (pH 4.0)–

acetonitrile (70:30, v/v), with chemiluminescence detection. The metal complexes showed 

a large chemiluminescence intensity on the electrogenerated chemiluminescence of 

tris(2,2-bipyridine)ruthenium(II). The copper (II) and cobalt (II) complexes were 



 72

determined in the range 1–300 nM (the detection limit of 650 fg) and 30–5000 nM (the 

detection limit of 17 pg), respectively. 

Vera et al [163] evaluated the effect of hexadecyltrimethylammonium bromide 

(CTAB) on the reverse phase high performance liquid chromatographic (RP-HPLC) 

separation and determination of Co(II), Cu(II) and Ni(II) complexes of ammonium diethyl 

dithiocarbamate (DEDTC). The metal complexes were eluted isocratically with   mobile 

phase of consist of CTAB 0.03 M/ n-propano 1 45 % v/v, detection limits at pg levels 

were obtained for all solutes. The method was applied to the determination of the 

complexes in tap water samples at three different concentrations, with recoveries close to 

100 %. . 

Arain et al [164] reported a high performance liquid chromatographic method for 

simultaneous determination of Fe (III), Cr(III), Mn(II), Cu(II), Ni(II)and Co(II) after 

complexing with  pentamethylene dithiocarbamate (PMDTC). All metal complexes were 

extracted into chloroform and was injected on ODS (150 x 4.6 mm. i.d., 5 μm) column 

and was eluted with a mobile phase consist a mixture of methanol: 1% 0.1 M acetate 30: 

70, v/v), with a flow rate of 1.2 ml min-1. and detection was at 260 nm by UV detector.  

The developed method was applied for the determination of metal ions in water samples 

collected from Indus River and results were found to be comparable to standard atomic 

absorption method. 

Haddad et al [165] developed a micellar electrokinetic capillary chromatography 

(MEKC) method for the separation and determination of Cd (II) , Pb(II), Pt(II), Co(II), 

Ni(II), Bi(III), Cr(III), Cu(II) and Hg(II) bis(2 -hydroxyethyl) dithiocarbamate (HEDTC) 

complexes. The complexes were water soluble and were separated from excess of the 

reagent by using a 100 mM borate buffer (pH 9.2) containing 4% MeOH (v/v), 10 mm 

SDS and 0.1 mm HEDTC as background electrolyte,  on fused silica capillary (60 cm 3 × 

75 mm i.d., length to detector 52 cm).  Injection was performed hydrostatically by 

elevating the sample at 100 mm for 10 s and the applied  voltage was +20 kV, and 

detection was achieved at 254 nm. Detection limits were in the range 22 to 133 ppb. 

 Haddad et al [165] proposed a   micellar electrokinetic capillary chromatography 

(MEKC) method for the separation and determination of Cd(II), Pb(II), Pt(II), Co(II), 

Ni(II), Bi(III), Cr(III), Cu(II) and Hg(II) metals by using  bis(2 -hydroxyethyl) 
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dithiocarbamate (HEDTC) as an analytical reagent. All metal ions were separated by pre 

column derivatization by using a background electrolyte consist of 60 mM     M3-

(morpholino) propane sulfonic acid (MOPS), 30 mM tris(hydroxymethyl) aminomethane 

(Tris), 10 mM  SDS  and 100 mM of reagent HEDTC, at  pH 7.2.  All metal complexes 

showed a base line separation in seven minutes with an excellent separation indicated with 

367-1000 theoretical plates. The method was found to be more sensitive than on-line 

complexation methods in which DDTC was used as analytical reagent that was signified 

by concentration detection limits which was reported up to 0.04 to 1.3 mM and mass 

detection limits at sub femtomole levels. The UV detection was obtained at 254 nm.  

Arain et al [167] proposed a GC and HPLC method for simultaneous separation 

and determination of Co(II), Ni(II), Co(III), Fe(III), Mn(II) and Cr(III) as complexes of 

pentamethylene dithiocarbamate. The metal complexes were extractable in methyl 

isobutyl ketone or chloroform and capillary GC elution was achieved on   methylsilicone 

DB-1 column (25 m 0.32 mm i.d.) film thickness 0.25 µm with EC detector. The column 

temperature was 200 oC that was varied with an increment at a rate of 5 oC/ min up to 250 
oC and final temperature was maintained up to ten minutes.  Calibration curves were 

plotted in a range of 5 -25 g mL-1 for each metal ion and detection limits were in the 

range of 0.5–6.0 g mL-1 corresponding to 27–333 pg of metal ion reaching to the 

detector. The high performance liquid chromatographic separation was achieved on   

LiChrosorb ODS, 5 m column and complexes were eluted with a mobile phase 

composed of methanol: water: 1 mM sodium acetate (70:28:2, v/v/v) with a flow-rate of 

1.2 mL min-1. UV detection was achieved at 260 nm. The detection limits obtained were 

in the range 2–6 g mL-1. The methods were used for analysis of metal ions in canal water 

and coal samples.  

Timerbaev et al [168] suggested a method for an improvement in sensitivity of 

capillary electrophoretic determination of metal complexes of bis (carboxymethyl) 

dithiocarbamate. Metal complexes were preconcentrated prior to separation by solid phase 

extraction (SPE) on optimized conditions. The impact SPE on sensitivity of trace metal 

analysis was assessed and CE separation were carried out in a background electrolyte 

contain sodium tetraborate solutions (20 mM) of  pH 9.1. The method was used for the 
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separation of metal complexes of copper(II),  lead(II), cadmium(II),  nickel(II), and 

mercury(II).  

King and Fritz [169] proposed a high performance liquid chromatographic method 

(HPLC) for determination and separation of metal chelates of ammonium bis(2-

hydroxyethy) dithiocarbamate (HEDC). HETC was used for derivatization of Cu(II), 

Co(II),  Ni(II) and Hg(II) and found to form water soluble complexes at low 

concentration. Metal chelates were eluted from RP-HPLC from Supelcosil C-18 reversed-

phase column (7.5 cm × 4.6 cm i.d., 3 µm) column and eluted with mixture methanol and 

acetonitrile. Detection was at 405 nm. Cobalt, nickel and copper complexes were injected 

directly on C-18 column and gave smooth calibration curves in the range of 0.005-10 mg   

L-1  and mercury chelates were subjected to preconcentration on online column that 

improved its calibration range to 0.02-25 µg mL-1. The developed method was checked in  

real samples by spiking a sample of electroplating wastewater   with US-EPA standard, 

the results proved validity of method. 

Bond and Wallace [170] reported a method for in situ formation of 

dithiocarbamate complexes within a chromatographic system with lead(II), cadmium(II), 

mercury(II), cobalt(II), nickel(II), and copper(II). The simultaneous separation and 

determination was investigated by an automated, microprocessor-based system that was 

capable to couple with spectrophotometric and electrochemical detection. The excess of 

reagent was controlled through ion exchange based suppressor. Spectrophotometric 

detection limits were up to 1 ng10 µL-1 and electrochemical detection was found to be 

sensitive for copper and nickel only. 

Akbar Ali et al [171] developed a method based on reversed phase liquid 

chromatography-flow injection system for the separation and determination of Ni(II), 

Cu(II), and Hg(II) in water samples as  diethyldithiocarbamate (DEDTC) complexes.   

A new home-designed micro-preconcentration column was used that was filled with RP-

C18 material as solid sorbent. It was tuned to in a pressure-tight housing of stainless steel, 

coupled with an LC six port valve used to interface the flow-injection on-line 

derivatization and preconcentration system to the LC equipment. The complexes were 

eluted from LC column with methanol-water (80:20 v/v) and  smart UV detector was used 

that was programmed in time for absorption measurement at the maximum absorption 
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wavelength of the respective metal- diethyldithiocarbamate complexes. The detection 

limits  were 0.16, 0.41 and 1.1 µg L-1 for Ni (II), Cu(II) and Hg(II), respectively.  

The method was used for determination metal ions in   waste water samples collected 

from an electric power station and a machine tool factory. The results achieved by 

proposed method were compared with standard atomic absorption spectrometry. 

 

 Literature indicated that diethyldithiocarbamate (DEDTC) have been used 

successfully since a century as an analytical reagent. Therefore attempt have been made to 

develop new micellar electrokinetic chromatographic (MEKC) method for determination 

various metal ions by exploiting sodium diethyldithiocarbamate [Na(DEDTC)] as 

complexing reagent. 

 

1.7 Research Objectives 

 

1. To examine the possible reactions of rare earth elements toward tetradentate Schiff 

base; bis(acetylacetone) ethylenediimine (H2AA2en) for development of new 

analytical procedures for sensitive and selective determination of them. 

 

2. To develop simple analytical procedure with short analysis time for metal analysis 

using capillary electrophoresis with phenylthiosemicarbozones and 

dithiocarbamates DEDTC as complexing reagents. 

 

3. To apply the methods for analysis of metal ions from environmental and biological 

samples. 

1.8 Methodology 

 Capillary electrophoresis (CE) has been utilized for the separation of organic and 

inorganic analyte due to its high efficiency and diversity of available separation modes.  

It provides short analysis time and requires only small sample volume (10-50 nL) for 

analysis. A number of groups have indicated CE as promising technique for the analysis 

of metal species [172, 173].  
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Capillary zone electrophoresis (CZE) and micellar electrokinetic capillary 

chromatography (MEKC) would be examined. Conditions for the separation and 

determinations will be optimized; the analytical procedures would be appropriately 

validated and applied for the analysis of real samples.  
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Chapter Two 
 

Literature Review 
 
2.1 Introduction 

 
             Since last two decades, capillary electrophoresis (CE) has become a popular and 

reliable technique for sensitive and simultaneous separation and determination of 

inorganic cations. That is attributed to its ultra-high performance and low reagent 

consumption. CE first marked its presence in 1967, when the research article published on 

it [1] but due to two main drawbacks attract less attention of researchers.  

First was of poor sensitivity, as most metal ions are transparent in UV: Vis region their 

sensvitiy was poor and second was of selectivity. The main difficulty was to resolve the 

metal ions having similar properties and have identical mobility in free form [2].  

However with the course of time researcher’s tried to overcome these problems 

successively, by various modifications in background electrolyte and capillary coating.  

 

Varous capillary coatings were introduced and polymer coated capillaries were 

found to be very helpful to maintain uniform electroosmotic fellow, which is necessary for 

selectivity and reproducibilty [3-4]. Likewise the problem of poor sensitivity, especially of 

inorganic ions was also improved by applying indirect detection methods [5-6].  

Today if we look at the CE publications than it might not an exaggeration to 

declare that CE is one of the most rapidly growing techniques in the domain of inorganic 

and organic analysis. Nowadays, the CE method has a growing impact as a standard tool 

in the practice of environmental, biomedical and clinical, forensic, and industrial 

laboratories [7]. 

 

2.2. Literature Review of Metal Analysis by CZE 

The remarkable supremacy of CZE to separate inorganic ions has been established 

by a number of researchers. In 1991 Jones and Jandik [8] demonstrated separation of 30 

anions in only 3.1 minutes. After a year in 1992 two  research papers were published on 

separation of lanthanides, both research groups reported  a good separation of all thirteen  



 85

of the lanthanides in 5 minutes [9,10], which opened a flood gate of research on the 

separation of inorganic ions. 

 Shi and Fritz [11] in 1993 achieved a separation of 27 metal cations, including the 

13 lanthanides, by CE in only 6.0 min using lactate to partially complex the metal ions. 

The separation of all 27  metal ions in a single run was achieved in background electrolyte 

consist of ; 15 mM acid lactic, 8 mM methylbenzylamine, 5% methanol of  pH 4.25 at  

+30 kV of  applied voltage. 

 Shi and Fritz [12] published   paper on separation of same set of metal cations 

[11] by adding crown ether as second complexing reagent. Addition of crown ether in 

background electrolyte under same conditions [11] improved the resolution between NH4
+ 

and K+ along with other metal ions.  

Lin et al [13] developed CZE method for the concurrent determination of Cu(II), 

Co(II), Fe(III) and Ni(II) as complexes of ethylenediaminetetraacetic acid (EDTA) and 

vancomycin was used as complex selector. The concentration and type of BGE and effect 

of vincomycine concentration was investigated, and study showed that the concentration 

of run buffer (phosphate) and complex selector (vancomycin) influenced strongly on 

separation parameters. The separation was obtained in Z-shaped cell and UV detection set 

at single wavelength 242 nm. The separation voltage applied was 25 kV. Method was 

used for the determination of metal ions present in tape water and detection limits 

ontianed were in the the range of, 2-10 μg L-1. 

Stern et al [14] developed an electrophoretic method coupled with ICP-MS for the 

determination of rare earth metals as complexes of humic acids. The partitioning of rare 

earth metals were studied by CE-ICP-MS between humic acid  and a contending ligand 

(EDTA) under environmental conditions (pH 6-10, 0.1 mol L-1 NaNO3, 100 nmo L-1  

REE, 10 mg L-1 HS). Rare earth element complexes of Elliot soil humic acid, Pahokee 

peat humic acid, Summit Hill soil humic acid, and Suwannee River natural organic matter 

and compared to existing data for REE complexation by Leonardite coal humic acid and 

Suwannee River fulvic acid.  

 Li et al [15] reported a CE method for the determination of copper, iron, zinic, 

cobalt and nickel as complexes of 4-(2-pyridylazo) resorcinol (PAR). All metal ions were 

separated within 10 min under the optimized separation conditions in BGE of 10 mM 
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TAPS, 0.1 mM PAR, 5 mM TBA, 5 mM TMA, and pH value 8.75. Applied voltage was 

+30 kV and at hydrodynamic injection mode. The calibration plots were linear in a of 

range 50 µg L-1 to 5 mg L-1 and detection limits were found to be in the range of 6 to 30 

µg L-1. The method was successfully applied for quantitative analysis of metal ions in tea 

leaves. 

Cheng et al [16] studied the separation and determination of Th(IV), U(VI) with 

rare earth metals as complexes of 2-(2-arsenophenylazo)- 1,8-dihydroxyl-7-(4-chloro-2,6 

dibromophenylazo)-naphthalene-3,6-disulfonic acid (DBC-As) by capillary zone 

electrophoresis.  The pre column derivatization as well as separation conditions were 

optimized. Under optimized conditions the complexes were separated in 10 min  from 

capillary 70 cm ×75 µm, effective length at  the voltage of -30 kV and BGE was consist of 

20 ×10-3 mol L-1 , NaAC–HCl buffer  of pH 3.0. UV/Vis detection was obtained at 630 

nm. Detection limits obtained were of 4.81×10-8, 7.23×10-8, and 59.4×10-8 mol L-1 for 

thorium(IV) and uranium(VI) respectively. The method was used for analysis of all these 

metal ions in ore samples.  

Shakulashvili et al [17] describe the simaltanous determination of alkali, alkaline 

earth, and transition metal ions by capillary electrophoresis (CE) with indirect UV 

detection. Different background electrolyte (BGE) systems were analysed for optimum 

separation. Detection was set at 214 nm in a background ground system that contain 

reagents with natural absorbance in the UV range; imidazole, 4-methylbenzylamine and 4-

aminopyridine. Glycolic acid and a-hydroxyisobutyric acid were added as complexing 

reagents. The separation of 16 metal ions was achieved successfully within 14 min at +25 

kV of applied voltage.   The detection limits were between 92 ppb for calcium and 454 

ppb for copper. All peaks were completely resolved and well separated. The developed 

method was used for analysis an environmental water samples from the Georgian river 

Kasretula. 

 Haddad et al [18] studied the feasibility of the separation of lanthanide and 

uranium(VI) as complexes of  arsenazo III (AIII). The arsenazo III uramiun and 

lanthanide  complexes was found to exhibit strong absorbance that improved the 

sensitivity of absorbance and helped  in determination of these metals by capillary 

electrophoresis (CE). The study of complexation equilibra in background electrolyte 
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indicated a better separation was obtained in on- line complexation. The effect of 

background electrolyte’s composition on separation was also studied. The second ligand 

was added to obtain a better separation.  

A large number of carboxylic acids were compared in BGE and citrate gave best 

selectivity and peak shapes. A citrate BGE at pH 4.7 and containing 0.1 mM AIII was 

used for the separation of uranium(VI) and La(III). The sample was injected by 

hydrostatic mode (100 mm for 10 s) detection limits of 0.35 μM (49 ppb) La(III) and 25 

μM (60 ppb) UO2 were obtained. Optimal properties of metallochromic ligands for 

separation and detection of metals by CE were discussed.  

       Sano and Himeno [19]  developed  capillary electrophoretic method for the 

determination of  arsenic (V) and arsenic (III) by exploiting spectrophotometric method of 

arsenic speciation by forming  Keggin-type [AsMo12O40]
3- complex. Trace amount of 

arsenic (V) formed a α and β  [AsMo12O40]
3-  type complexes in  a 1×10-2 M (M = mol 

dm-3) Mo(VI) -5×10-2 M HClO4 -70%  (v/v) CH3CN system. The pre-column 

complexation was used to the CE determination of arsenic (V) with direct UV detection at 

220 nm.  The capillary was filled  with background electrolyte contained 5×10-2 M HCl 

and 70% (v/v) CH3CN and separation  achieved within 10 min, at -8.5 kV.  The 

calibration was linear for arsenic (V) in the range of 5×10-5 to 5×10-7 M, with a detection 

limit of 1×10-7.  Arsenic (III) was evaluated from arsenic (V) after oxidation with H2O2. 

The amount of arsenic (III) was calculated by subtracting the arsenic (V) concentration 

before oxidation from the total arsenic concentration.  

 Basheer and Lee [20] reported a capillary electrophoretic method for the 

speciation of copper (I) and copper (II) as complexes of bicinchoninic acid. The 

simultaneous separation and determination was obtained with pre column derivatization of 

copper (I) and copper (II) with 1.5 mM bicinchoninic acid disodium salt solution. The 

separation was carried out in fused-silica capillary of 60 cm effective length and 50 mm 

i.d, in optimized background electrolyte of acetate buffer of pH of 8.7 at applied voltage 

of -20 kV. The UV detection was achieved   at 240 nm.The detection limits for copper (I) 

and copper (II) were found to be 3.0 and 2.5 µg mL-1 respectively. The developed method 

gave simultaneous determination of copper (I) and copper (II) in less than 5 min. 



 88

Lin et al [21] reported a capillary electrophoretic method for the determination of 

lead(II), copper(II) and iron(III) as complexes of  ethylenediiminetetraacetic acid and 

vancomycin was added as auxiliary reagent. The in capillary derivatization was used and 

counter current mode was applied to achieve the separation selectivity. The background 

electrolyte was comprised of 50 mM phosphate buffer (pH 5.0) and 0.05 mM CTAB. The 

separation was achieved on fused silica capillary of total length of 45 cm with an i.d. of 50 

µm with  effective length was 33 cm at  applied voltage of  +22 kV. The UV detection 

was obtained at 242 nm.  The method was found to be very sensitive with detection limits 

of 1.57 ×10-7, 5.37×10-7 and 2.14×10-8 M, for Cu(II), Fe(III) and Pb(II) respectively, the 

high sensitivity was attributed to  the high potential ,U-shaped cell and field amplified 

sample stacking. The method was applied successfully for determination of all three metal 

ions in tape water and the recoveries were 99 – 105%.  

Fung and Lau [22] proposed a new method for the determination of trace metals 

by using popular reagent 1, 10 phenanthroline. The reagent 1,10 phenanthroline  reacted 

strongly with Zn(II), Cu(II), Fe(II), Co(II), Ni(II), Mn(II) and Cd(II) metals and formed 

metal chelates of different electrophoretic mobilities. Background electrolyte (BGE) was 

optimized as 30 mM hydroxylamine hydrochloride and 0.1% methanol at pH 3.6. Sample 

was injected hydrodynamically on fused-silica capillary of 65 cm × 0.05 mm i.d and 

separation voltage was + 20 kV. The detection was abtianed 265 nm. Baseline separation 

was achieved by using both on column and pre-column complexation with the amount of 

reagent triple of metal ion. The detection limits was in the range of 1–3 µg L-1. The 

method was compared with an   established standard method   by using the ICP-AES.   

Zhu et al [23] used 8-hydroxyquinoline-5-sulphonic acid for the determination of 

trace metal by capillary electrophoresis. The method focused on the   determination of 

aluminum along with other important metals other ions (Ca, Mg, Zn, and Cd). Metals 

were separated as free cations by capillary electrophoresis therefore reagent 8-

hydroxyquinoline-5-sulphonic acid (HQS) was added for post column derivatization to 

background electrolyte. The metal 8-hydroxyquinoline-5-sulphonic acid complexes were 

than detected by their fluorescence. Different buffer systems were studied as BGE and 

finally good separation of zinc and cadmium was obtained in format buffer of pH 3.5 and 

calcium and magnesium showed better senstivity in acetate buffer of pH 4.4. The 
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fluorescence intensities were enhanced by adding 20% (v/v) dimethylformamide to the 8-

hydroxyquinoline-5-sulphonic acid. Under optimized conditions detection limits in the 

low μg L-1 level were attained. The method was applied to speciation of aluminium ions in 

the presence of fluoride. 

 Xu et al [24] described a CE method for the determination of iron (II) and iron 

(III) as complexes of 1, 10 phenanthroline. The ammonium acetate-acetic acid (50 mM 

NH4Ac-HAc, pH 5.0) buffer was used as background electrolyte, and the detection 

wavelength was set at 270 nm. The detection limit for iron(II) was found to be  less  than 

5×10−9 M. The suggested method was found to more sensitive than reported 

spectrophotometric method.   

McClean et al [25] developed a CE method for the determination of metal ions 

present in hairs samples. Metal ions were made to react with 2-(5’-bromo-2’-pyridylazo)-

5-diethylamino phenol (5-Br-PADAP) and formed stable chelates. The run electrolyte was 

optimized contained; sodium acetate (0.05 mol dm-3), CTAB (0.002 moldm-3) and 1.0× l0-

4 mol dm-3 of reagent 5-Br-PADAP; pH was adjusted to 6.0 with orthophosphoric acid. 

Applied voltage was +20 kV. The metal complexes were injected up to  100 s  by large 

volume sample stacking (LVSS)-CE, to achieve  better detection limits; which were 

achivied as 4.2 × l0-8 mol dm-3 and 6.0 × l0-8 moldm-3 for cobalt and zinc respectively.  

The method was compared with standard HPLC and atomic absorption methods; and was 

proved to be comparable to these methods.  
 Almeda et al [26] studied the effect of addition of an extra chromogenic reagent 

on the detection of trace metal ions by CZE. The mixture of four  metals; Co(II), Ni(II), 

Zn(II) and Mn(II) were reacted with 5,10,15,20-tetrakis(4-sulphophenyl)-porphine 

dodecahydrate (TPPS4) which yield porphyrinato complexes of metals. The metal 

porphyrinato complexes were separated in CE in citrate buffer and detection was achieved 

at 410 nm.  It was observed that addition of porphyrins greatly improved the sensitivity 

that was proved by limits of detections which reached to 3 × 10−6 M (180 μg L−1) for 

Co(II), 2 × 10−10 M (0.012 μg L−1) for Ni(II), 4 × 10−6 M (260 μg L−1) for Zn(II) and 

4 × 10−9 M (0.219 μg L−1) for Mn(II).  

Chen et al [27] reported the speciation of chromium species by capillary zone 

electrophoresis. The method investigated the reactions of various reagents for Cr(III) 
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complexes, which included nitrilotriacetic acid, N-2-hydroxyethylenediaminetriacetic 

acid, ethylenediaminetetraacetic acid, diethylenetriaminepentaacetic acid, and 2,6-

pyridinedicarboxylic acid (PDCA). The 2, 6-pyridinedicarboxylic acid showed maximum 

absorbance hence it was selected for speciation of chromium. The separation condition 

where optimized for pre column derivatization. The background electrolyte consist of 30 

mM phosphate, 0.5 mM tetradecyltrimethylammonium bromide, 0.1 mM , 2, 6-PDCA and 

15% (v/v) acetonitrile at pH 6.4 was finalized.  Chromium (III) and chromium(VI) formed 

the anionic complexes  that were separated by  co-CZE mode and  UV detection was 

achieved at 185 nm. The separation voltage was −20 kV. The calibration was linear in the 

range of 5–200 μM  and detection limits obtained  were 2 μM  for Cr(III) and 3 μM for 

Cr(VI). The method was applied for quantitative analysis of Cr(III) and Cr(VI) in 

contaminated soil samples. 

Kitazumi et al [28] demonstrated a capillary electrophoretic (CE) method for 

determination of vanadium (V) and vanadium (IV) species. The reagent  Mo(VI)–P(V)  

were found to form sensitive complexes with  trace level of V(V) and V(IV)  which yield 

[P(VVMo11)O40]
4− and [P(VIVMo11)O40]

5− types complexes in 0.1 M monochloroacetate 

buffer (pH 2.2). The Vanadium-substituted Keggin anions showed good molar 

absorptivities in the UV region and all peaks were well resolved. The simultanous 

determination was achieved by pre-column complexation for both species of vanadium 

with direct UV detection at 220 nm. The detection limits of 5·10−7 M for V(V) and 2·10−7 

M for V(IV) were obtained.  

 Himeno et al [29] explored the reactions of Sc(III) and Y(III) with [P W11O39]
7− 

which yielded the ternary Keggin-type complexes of [P(ScIIIW11)O40]
6− and 

[P(YIIIW11)O40]
6−  type structures. The complexes were found to be very sensitive with 

high values of molar absorptivities. The complexation process was very quick and resulted 

ternary anionic complexes which migrated at different rates that was used for 

simultaneous CE separation and determination. The UV detection was obtained at 250 

nm. The pre- column complexation parameters were optimized and the complexes were 

found to be stable at applied voltage required for electrophoretic migration.   

The calibration was linear in the range 2× 10−7 to 1 × 10−5 M for Sc(III) and Y (II) 

respectively. The detection limits calculated were up to 1 × 10−7 M for both metals. The 
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reported method was used in determination of Sc(III) and Y(III)  in real samples of  river 

water. 

Evans III and Collins [30] used 4-(2-thiazolylazo) resorcinol (TAR)  reagent for 

the complexation of uranium(VI), cobalt(II), cadmium(II), nickel(II), titanium(IV) and 

copper(II) metals for  simultaneous separation  determination by capillary electrophoresis. 

The separation conditions were optimized and a good separation of six metal chelates was 

achieved on fused silica capillary of 72 cm effective length × 50 µm i.d,  in BGE consist 

of 15 mM Na2 B4 O7 –NaH2 PO4,  pH 8.3 buffer containing 0.1 mM of reagent (TAR) at 

applied voltage of  +25 kV. The UV-Vis detection was obtained at 530 nm. The 

developed method showed good sensitivity with detection limits up to high- ppb level for 

all five metals except uranium whose detection limit was 1.7 ppm and calibration range 

was between 0.1 and 75 ppm. 

Gao et al [31] reported a reliable capillary zone electrophoresis method for the 

rapid separation of K(I), Cu(II), Zn(II), Mn(II), Pb(II) and Cd(II). The separation was 

achieved on optimized parameters, that included a new background electrolyte system 

(BGE) comprised of 15 mmol L-1, malonic acid, imidazole as background absorbance 

reference, 18-crown-6 ether,  2 mmol L-1 for complexation and 10%  (v/v)  of methanol 

was added as organic modifier. The pH was adjusted to 4.40 with acetic acid. The 

separation voltage applied in fused silica capillary of effective length of 40 cm (70 µm i.d) 

was +20 kV. The indirect UV detection was obtained at 214 nm. The detection limits was 

calculated as three time of background noise (3:1) was  0.05 (K+) to 0.75 (Zn2+) µg L-1. 

The method was used for determination of metals from real samples of waste-water and 

snow water and results were validated with standard atomic absorption method. 

Liu et al [32] investigated the separation of three metal ions niobium(V), 

vanadium(V), and tantalum(V) as complexes of 4-(2-pyridylazo) resorcinol (PAR) in the 

presence of an auxiliary reagent. Various reagents were tried as secondary reagents and 

carboxylic acids were selected as additional ligands. The separation conditions such as 

BGE; type, concentration, injection time, and voltage were optimized. Separation was 

obtained within 10 min on fused silica capillary of effective length of  62.7 cm and 50 µm 

inner diameter. The online spectrophotometric detection was achieved at 540 nm. 

Calibration graphs were linear in the range of two orders of magnitude.  
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Oztekin and Erim [33] reported the capillary electrophoretic method for separation 

and determination of lanthanides as complexes of apyridine-2-carboxylic acid with direct 

UV-detection. A good separation was achieved with a secondary ligand picolinic acid 

which enhanced the resolution of positively charged complexes. However complete 

separation of 14 lanthanides was only obtained when hydroxyisobutyric acid and formic 

acid were used collectively. The successful on-column separation was reported within 9 

min in run electrolyte that included 10 mmol L-1 HIBA, 0.8 mmol L-1 picolinic acid, and 

25 mmol.L-1 formic acid ( pH 4.7).  The applied voltage was +28 kV and UV detection 

was executed by direct detection at 210 nm.  Detection limits were measured to three 

times of background noise was in range of 0.53–0.96 µg mL-1.  

Oztekin and Erim [34] developed a method based on complexation of 14 

lanthanides with cupferron (N-nitroso-Nphenylhydroxylamine) in the presence of 

competing ligands. The UV absorbing cupferron’s complexation was further improved 

with addition of hydroxyisobutyric acid (HIBA). The optimized background electrolyte 

used; contained 0.1 mmol L-1 cupferron, 15 mmol L-1 HIBA at pH 4.9 and analysis 

voltage was +28 kV. Lanthanide complexes were detected at 210 nm and detection limits 

measured were found to be in the range of  0.24-0.47 µg L-1. 

The separation of transition metal iron(II), cobalt(II), nickel(II), copper (II), and 

zinc(II) with 1, 10 phenanthroline (phen), 2,20-bipyridine was achieved by Yokoyama  et 

al [35] through capillary electrophoresis. The separation conditions were optimized which 

included type, concentration of run electrolyte, separation voltage. The mobility of all five 

metal decreased in order of Co(II)<Fe(II).Ni(II).Zn(II)<Cu(II)<phen under optimized 

parameters of pH 4.7 and separation voltage was +10 kV. UV detection was performed at 

220 nm. The limit of detection was recorded for Cu(II) phen complexes was  30 ng mL-1. 

The method was used for the quantitative analysis of copper in duralumin alloys.  

Fung et al [36] analysed the trace metals presented in environmental samples. The 

background electrolytes optimized for sepration, contained 30 mM hydroxylamine 

hydrochloride, 0.1 mM 1,10-phenanthroline, 1% (v/v) methanol and 30 mM 

hydroxylamine hydrochloride buffer of pH 3.7.  Acidic buffer improved the resolution and 

helped in determination of iron in its variable oxidation states. Five metal ions; Zn(II), 

Cu(II), Co(III), Fe(III) and Cd (II) were separated from fused silica capillary (65 cm × 75 
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µm) under optimized condition; at  the voltage of +15 kV and UV detection was obtained 

at 265 nm. Method indicated good sensitivity with detection limits in the range of 15-5500 

ppb. 

 Saito and Hoshino [37] performed a simultaneous separation of lanthanide (III) 

ions by using stable aromatic ligand 1-(4-aminobenzyl) ethylenediamine-N,N,N′,N′-

tetraacetate (ABEDTA) as primary complexing reagent and  carbonate ion ligand as 

secondary one. The ABEDTA formed stable complexes with lanthanide (III) ions that 

were used for pre column separation of complexes at optimized run electrolyte of pH 

12.53 contained NaOH- borate and 35 mM Na2CO3. The analysis voltage was +20 kV and 

UV detection was executed at 242 nm. The presence of auxiliary ligand improved the 

resolution of almost all eleven lanthanide (III) ions   but failed to achieve the separation of 

Sm, Eu, and Gd. An excellent detection limit was obtained for  Tb(III) ion  that was up to  

0.94 μM, or  9.4 fmol in a 1.0×10–8 dm-3 injection.  

Wang et al [38] compared a capillary electrophoresis separation of on column 

complexation of metal complexes of reagent 4-(2-thiazolylazo) resorcinol with pre 

column complexation analysis of same reagent. The investigations were carried out in 

Tris-HCL buffer system of pH 7.7 and separation voltage was +25 kV. The UV-Vis 

detection was achieved at 510 nm. The study indicated that on column complexation for 

determination of cobalt, zinc, nickel and iron was more sensitive than pre column 

derivatization under same conditions. Method was used for the study metals present in 

pharmaceutical and tap water samples.  

Sun [39] reported a detailed analysis on the simultaneous separation of rare earth 

elements (REE). The rare earth element  were investigated in a system contained α-

hydroxyisobutyric acid (HIBA) as major complexing reagent and acetic acid (HAc) as an 

assistant reagent. It was observed that acetic acid enhanced the resolution between Eu and 

Gd, and Y and Dy. The separation was obtained in a fused-silica capillary with an 

effective length: 40 cm × 75 µm i.d. in BGE consist of acetic acid –acetate buffer system 

which also contain 7.8 mM HIBA and 175 mM HAc. The separation voltage was +12 kV.  

The complete separation of 16 metal ions was achieved within 13 min and  UV detection 

was performed at 214 nm.   
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Himeno et al [40] proposed a CE method for the selective determination of 

cadmium(II) metal present in environmental samples. A simple on column derivatization 

procedure was adopted by using [PW11O39]
7– reagent that form Keggin-type complexes 

[P(Cd)IIW11)O39]
5–. Background electrolyte consist of 0.10 M malonate buffer (pH 3.0) 

and ternary Keggin–type complex, [P(CdII)W11O39]
7-that showed high molar absorptivities 

in UV region. The analysis was carried out at applied voltage of –15 kV, and UV 

detection was performed at 250 nm.  The developed method was used for the 

determination of Cd(II) in environmental samples. The detection limits measured as three 

times of background noise were 1× 10–7 and 5 × 10–7 M for river-water and seawater 

samples, respectively.  

Motomizu [41], explored the capillary electrophoresis of 22 metal ions by using 2-

(5-bromo-2-pyridylazo)-5-(N-propyl-N-sulfopropylamino) phenol (5-Br-PAPS) as 

complexing reagent. 5-Br-PAPS formed coloured complexes which were examined in 

UV-Vis region. The effect of pH on the separation was investigated in the range of 8.7 to 

4.5 and a complete separation was achieved at pH 4.9. The pre capillary derivatization 

procedure was used and the reagent was also added to run buffer, all metal ions were 

injected on fused-silica capillary (50 µm i.d.) of a 50 cm effective length at optimized 

voltage of +30 kV. The separation was monitored at 550 nm. The detection limits 

measured were in the rage of 1 × 10–6 to 5 × 10–8 mol dm–3. The developed method was 

used for analysis determination of trace amounts of Co (III) presented in impurities in 

nickel salts.  

Himeno et al [42] reported a CE method for the determination of Sb(III) and 

Bi(III)  by using 1.0 mM W(VI)–0.10 mM P(V) as complexing reagent, which yielded as 

ternary Keggin-type complexes; [P(SbIIIW11)O40]
6− and [P(BiIIIW11)O40]

6−. The separation 

was carried out by using pre capillary complexation procedure and 100 mM malonate 

buffer of pH 2.4 was optimized BGE. The separation voltage was −15 kV and direct UV 

detection was achieved at 255 nm. The detection limit measure to three times of 

background noise was 1×10−7 M and linear calibration curves were in the range of 2×10−7 

to 5×10−5 M. 

 Jones and Hardy [43] demonstrated the separation of mercury species by capillary 

electrophoresis. Mercury speciation was achieved by the formation of strongly coloured 
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dithizone sulphonate complexes which absorbed in visible region. The pre capillary 

complexation procedure was adopted and complexes were injected hydrostatically from 

cathodic side of fused silica capillary and separation studies were carried out at -25 kV of 

applied voltage. An excellent separation between all organic and inorganic mercury 

species were obtained in sodium acetate buffer of pH 5 which also included 5 mg L-1 of 

reagent and UV-Vis detection was performed at 480 nm. The method exhibited a good 

sensitivity with detection limits in low µg L-1. 

Pirogov and Havel [44] investigated the CE for the separation of platinium group 

metals as chloro complexes. The separation conditions were optimized and it was found 

that temperature played a crucial role in separation. The platinium group complexes were 

separated within 6 min, in a mixture of 60 mM KCL and 1 mM HCL of pH 3, and 

detection was carried out at 214 nm. The method was used for the analysis of platinium 

group metals, in real samples and method was compared with standard inductively 

coupled plasma atomic emission spectrometry. The detection limits reported in the range 

of 0.1-06 ppm.  

 Chen and Ravendra [45] performed a separation and determination of heavy metal 

ion by using 2,6-pyridinecarboxalic acid as chelating reagent. The capillary 

electrophoretic procedure of on capillary complexation with reagent 2,6-PDC was 

developed. The anionic complexes were separated from fused silica capillary of 49.5 cm 

effective length × 50 µm i.d, in optimized run electrolyte contained 10 mM 2,6-PDC, 0.75 

mM TTAB at pH 4,  and applied voltage was -20 kV. The UV separation was achieved at 

214 nm. The method exhibited a fair sensitivity with detection limits in the range of 3-10 

µM and linear calibration in 20-300 µM ranges. The developed method was applied in 

determination of Mn(II), Al(III), Fe(III) and Ca(II) in ground waters samples.  

Fung and Lau [46] developed a CE method for the simultaneous determination of 

group of metals present in beverage.  The complex buffer system contained three different 

buffers (10 mM N,N-dimethylbenzylamine, 8 mM lactic acis and 2 mM 18-crown-6) were 

used for the indirect UV detection of all metal ions.  

CE separation of 14 cations was obtained within 7 min at pH 4.65 in fused silica capillary 

at applied voltage of +20 kV and detection was carried out at 214 nm. 
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Saito et al [47] demonstrated a highly sensitive CE method for determination of 

lanthanides by using two different reagents for complexation. The unique pre column and 

on column complexation procedure was developed with a primary reagent, aromatic 

polyaminocarboxylate and an axillary ternary, complexing reagent iminodiacetate (IDA). 

The separation was achieved at fused silica capillary of effective length of 55 cm in run 

borate buffer of pH 9.5 (9.5 mol.dm-3) contained 33.5 mmol.dm-3 of IDA and separation 

was monitored at 469 nm at constant voltage mode of +20 kV. All complexes exhibited 

good kinetic stability in the presence of excess of IDA, even at high pH (12). 

Pozdniakova and Padarauskas [48] developed a capillary electrophoresis method 

for simultaneous speciation of Cr(VI/III), V(V/IV) and Fe(III/II) metals by pre-capillary 

complexation with complexones. Three different reagents; cyclohexane-1,2-

diaminetetraacetic (CDTA) ,ethylenediaminetetraacetic (EDTA), and 

diethylenetriaminepentaacetic (DTPA) acids were used simultaneously for complexation 

of metal present in different oxidation states. The study indicated the Cr (III/VI) chelated 

with DTPA while V(V/IV) EDTA and Fe(II/III) was oxidized rapidly in the excess of all 

three reagents. The detection was achieved by direct UV absorption. The detection limits 

measured as tree times of background noise were 1.3×10-6 mol L-1 and 8×10-6 mol L-1 for 

Fe (II), Cr(VI) respectively. The method was applied for speciation of metal ion present in 

real samples. 

Padarauskas and Schwedt [49] investigated the separation of various elements 

through complexation with carboxylic acids by capillary electrophoresis. Three different 

carboxaylic acids; diethylenetriaminepentaactetic (DTPA) cyclohexane-1,2-

diaminetetraacetic (CDTA), andethylenediaminetetraacetic acid (EDTA) were used 

simultaneously for the separation of Cr(III),  Bi(III), Co(III),  Fe(III) V(IV), Hg(II), 

Co(II), Pb(II), Ni(II) and Cu(II) metals for complex formation. The effect of run 

electrolyte, concentration and type of pH on migration of metal complexes was examined. 

Both migration modes; counter EOF and coelectroosmotic were explored, the good results 

were obtained in counter EOF mode at pH 8.5 with 5 mmol L-1 of DTPA. The separation 

voltage was +25 kV and direct UV detection was set at 214 nm. The detection limit 

calculated was in the rage of 2×10-6- 8×10-6 M. The method was applied successfully by 

determination of metals in electroplating bath and waste water samples.  
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Guo et al [50] proposed a new capillary electrophoresis method with 

chemiluminescence detection for the determination cobalt and copper.  

Chemiluminescence (CL) was generated by metals ions with K3Fe(CN)6
  that was utilized 

in this study. The separation was achieved in 10 mmol L-1 sodium acetate run buffer of pH 

4.8 which contained 2.0 mmol L-1 α-HIBA and 0.8 mmol L-1 luminol.  K3Fe(CN)6
 , 2.0 

mmol L-1 was used as post capillary reagent and its pH was adjusted to 13.0  with NaOH. 

The method was very sensitive with detection limits 7.510-11 and 7.510-9 mmol L-1 for 

cobalt (II) and copper respectively. 

 Vachirapatama et al [51] demonstrated CE separation of Nb(V) and Ta(V)  as 

complexes of a metallochromic ligand and citrate was used as an additional  ligand.  Three 

different metallochromic ligands; 2-(5-bromo-2-pyridylazo)-5-[N-propyl-N-(3-

sulfopropyl)amino]-phenol (Br-PAPS), 4-(2-pyridylazo) resorcinol (PAR) and  2-(5-

bromo-2-pyridylazo)-5-diethylaminophenol (Br-PADAP) were examined and 

spectrophotometric  detection was achieved with  light-emitting diode (LED) at 568 nm. 

The separation parameters were optimized for all reagent, the best results were obtained 

with PAR that is indicated by detection limits of 9.1 and 25.2 µg L-1 for Nb(V) and Ta(V), 

respectively.  

Cheng et al [52] reported the CE separation of Ru(III), Rh(III), Os(IV), and Co(II) 

with pre-column derivatization 4-(2-thiazolyazo) resorcinol (TAR) and also investigated 

the effects of organic additives on separation. The separation conditions, such type and 

concentration of run buffer, voltage applied, and injection time were optimized.  

It was observed that organic modifier greatly affects on separation of metals therefore its 

amount and influence on stability of complexes was investigated. Under optimized 

conditions, the separation of Co(II), Ru(III), Rh(III) and Os(IV) metals and reagent were 

achieved in 20 min. The separation was obtained at 540 nm. The detection limits exhibited 

a broad range; 92-510 ng mL-1 from Co(II) to Os (IV), respectively. 
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2.3 Literature Review of Metal Analysis by MECK 

                    Micellar electrokinetic chromatography was introduced by Terabe et al [53] 

and within a decade it has been recognized by researchers as a powerful analytical 

separation technique in capillary electrophoresis [54].  MEKC has been established as a 

principal technique for the separation of all type of species, and has become a successful 

substitute to LC as indicated by the number of original papers published on this topic. The 

fundamental studies of MEKC are relatively mature, and many new applications have 

been developed [55-64]. 

Mirza et al [65] developed a MEKC method for simultaneous separation and 

determination of iron, uranium, nickel, and copper by using bis(salicylaldehyde) 

propylenediimine (H2SA2Pn) as complexing  reagent. The separation was achieved in run 

electrolyte contained sodium dodecyl sulphate (SDS) as micellar medium at optimized pH 

(8.1) with sodium tetraborate buffer (0.1 M), on fused silica capillary of effective length 

of 38.8 cm ×75 µm i.d. The analysis was carried out at applied voltage of  +30 kV and UV 

detection was obtained at 228 nm. Detection limit was in the range of 15–122 ng mL-1. 

The method was used for the analysis of metal present in spring water and rock samples 

and the results obtained were compared with standard flame AAS technique. 

Mirza et al [66] proposed a MECK method for the analysis of vanadium metal 

present in mineral ore and crude oil samples. A pre column derivatization method was 

used for separation  Fe(II), Pd(II), Th(IV), V(IV), and Cu(II), Ni(II), Co(II) as complexes 

of with bis(salicylaldehyde)tetramethylethylenediimine (H2SA2Ten). Sample was injected 

hydrostatically on fused silica capillary of total length 50 cm (38.8 cm effective length) 

with 75 µm i.d. The background electrolyte optimized contained pH 8.2 sodium 

tetraborate buffer (0.1 M) and SDS was added as pseudostationary phase. The analysis 

voltage was +30 kV and photo-diode array detection was achieved at 228 nm. The method 

was used for the determination of vanadium, iron, nickel and cobalt crude oil and ore 

sample. The results had showed a good agreement to supplier's specifications and atomic 

absorption spectrometry (AAS). 

Haddad et al [67] reported a MEKC method for separation of a Cd(II), Pb(II), 

Pt(II), Co(II), Ni(II), Bi(III), Cr(II), Cu(II) and Hg(II) as complexes of bis(2-

hydroxyethyl) dithiocarbamate (HEDTC). The separation conditions were optimized; first 
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the type BGE was investigated. The separation of nine metal ions with baseline separation 

was achieved at a  BGE contained, 100 µM HEDTC 60 mM 3-(morpholino) propane 

sulfonic acid (MOPS), 30 mM tris(hydroxymethyl)aminomethane (Tris), 10 mM sodium 

dodecyl sulphate (SDS) , optimized  pH 9.2 and  UV detection was analyzed at 254 nm. 

The method was found to be reproducible and sensitive with detection concentration 

limits ranges from 0.04 to 1.3 µM and mass detection limits at sub femtomole levels.    

Liu and Lee [68] developed a MEKC method for the speciation inorganic and 

organic lead, mercury and selenium by using nitrilotriacetic acid (NTA) as off column 

complexing reagent. The MEKC was achieved by addition of sodium dodecyl sulfate 

(SDS) in 40 mM NaH2 PO4 –Na2 B 4O7 buffer solution of different pH values in 

background electrolyte (BGE). The migration pattern was designed on the basis of 

theoretical model through analysis on pH, SDS and NTA and model proved to be 

successful as result showed acceptable conformity with designed model. The MEKC 

separation was achieved at +20 kV and UV detection was obtained at 200 nm by 

amplified field sample injection. The detection limits was found up to the range of 0.2 ng 

mL-1.  

Wenclawiak et al [69] presented the separation of cis-platin and its hydrolysis 

yield obtained under micellar electrokinetic chromatographic separation conditions. The 

anionic surfactant SDS, provide the good binding sites for cis-platin and its products; 

[Pt(II)(NH3)2Cl(H2O)]+ and [Pt(II)(NH3)2Cl2].  The sepration conditions were optimized 

and effect of SDS concentration, pH type and concentration on separation was 

investigated.n BGE contain, 80 mM SDS in 50 mM phosphate-25 mM borate buffer (pH 

7) and separation voltage was +15 kV. 

Terabe and Isoo [70] proposed a MEKC method for the separation of various 

metal ions as anionic metal cyclohexane-1,2-diamineteraacetic acid (CDTA) complexes. 

The cationic surfactant cetyltrimethylammonium chloride was used as pseudostationary 

phase to reverse the electroosmotic flow and Cu (II), Co(II), Mn(II), Pb (II) and  Zn(II) 

were  separated in a simple  20 mM phosphate buffer of pH 9.0. The online sweeping 

techniques was employed to improve the detection  sensitivity and sample was injected on 

fused silica capillary of total length of 55 cm (46.5 cm to detector )  and 50 µm i.d at 

separation voltage of -15 kV. The detection was achieved at 200 nm. Almost 15 - 24 fold 
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increase in detection sensitivity was observed that was attributed to cationic micelles that 

enhanced EOF. The detection limits without any off line preconcentration were in the 

range of  0.6 - 1.8×10-6  M.  

Saitoh et al [71] used acetylacetone as a complexing reagent for the quantitative 

determination of Cr(III), Co(III), Pt(II), and Rh(III) by micellar electrokinetic 

chromatography. A pre column complexation method was used for analysis of stable 

acetylacetone complexes without addition of reagent in BGE. A complete separation was 

achieved in SDS and aqueous buffer system. The mobilities of the complexes were 

predicted and agreed well with experimental values.  

Haddad et al [72] reported a MEKC separation of nine metal complexes by useing 

bis(2-hydroxyethyl)dithiocarbamate (HEDTC) as derivatizing reagent. Cd(II), Pb(II),  

Pt(II), Co(II), Ni(II), Bi(III), Cr(II), Cu(II) and Hg(II.) metal complexes of HEDTC were 

investigated for pre-column derivatization and separation. The method indicated the 

advantage of pre-column separation over on column one. Various background electrolyte 

systems were investigated and BGE contain 10 mM sodium dodecyl sulphate (SDS), 60 

mM 3-(morpholino) propane sulfonic acid (MOPS), 100 µM HEDTC and 30 mM 

tris(hydroxymethyl)aminomethane (Tris) with final pH 7.2 were selected. The complete 

separation was obtained within 7 min with separation efficiencies up to 367000 theoretical 

plates and detection limits were found in the range of  0.04 to 1.3 µM. 

Chen and Naidu [73] investigated the on-column complexation of Cu, Zn, Ni, Cd, 

Mn, Pb, Fe, Al and Ca with 2,6-pyridinedicarboxylate (2,6-PDC).  All nine metal formed 

anionic complexes which were separated in 7 min. The optimized BGE contain 10 mM 

2,6-PDC of reagent, 0.75 mM tetradecyltrimethyl ammonium bromide at pH 4.0. UV 

detection  was achieved  at 214 nm. The sample was injected hydrodynamically on fused 

silica fused-silica capillary 55 cm (effective length 48.5 cm) of total length and analysis 

voltage was -20 kV. Good reproducible peaks were obtained with detection limits up to 10 

µM. The developed method was applied for the determination of magnesium, iron, 

aluminium and calcium in ground waters.  

Kobayashi et al [74] developed a MEKC method for determination of various 

anions and cations present in mineral water by chelation with EDTA. The anions and 

cations reacted with EDTA and formed stable complexes, which were injected on fused 
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silica capillary (50 cm × 50 µm i.d). The separation was achieved in optimized BGE 

contained 300 mM borate buffer (pH 9.0), I mM cationic surfactant TTAB and 1 mM 

EDTA. The separation voltage was -10 kV and direct detection was obtained at 185 nm. 

The method was used for the quantitative analysis of all these ions present in mineral 

water. 

Tikagai and Igarashi [75] developed MEKC method for determination of Fe(II) 

and Fe(III) by using   sulphonated bathophenantholine and desfferioxamine B.  

A precolumn derivatization process was adopted for complexation and stable complexes 

were injected on fused silica capillary in optimized BGE; consist of, pH 4.0  acetic acid 60 

mmol L-1 and 10 mmol L-1 ascorbic acid. The UV detection was achieved at 431 nm at the 

applied voltage of -10 kV. The complete separation between iron (II) and iron(III)  was 

achieved  sensitively  with detection limits in the ranges of 0.22-3.3 ppb. 

Liu [76] investigated the MEKC separation and determination of gold nano 

particle by using reverse polarity stacking mode (REPSM). The gold nanoprticale were 

separated by on-line enrichment and the effects of various factors were studied and was 

concluded, that the concentration of SDS and concentration of salts had drastic impact on 

separation.  The study was carried out in optimized background electrolyte, which 

contained buffer of pH 10 of 3-cyclohexylamino-1-propanesulfonic acid (CAPS; 10 mM) 

and 70 mM SDS and sodium dihydrogenphosphate (NaH2PO4, 10 mM) was added as   an 

additive. The separation voltage was +20 kV.  REPSM method improved the sensitivity of 

gold nano particle by 20- and 380-fold hence proved to be every efficient technique for 

determination of gold nano particle.  

Mirza et al [77] proposed a MECK  method for  separation and determination of 

iron(III), dioxouranium (IV), nickel(II), cobalt (III), palladium (II) and thorium (IV) by 

using N,N’-ethylene bis(salicylaldimine) (H2SA2en) as derivatizing  reagent. The MECK 

separation was obtained in BGE contained sodium dodecyl sulphate (SDS) as micellar 

medium and 0.1 M sodium tetraborate buffer (pH 8.0). The solution was injected 

hydrostatically on   fused silica capillary of effective length of 50 cm ×75 µm i.d. The 

analysis voltage was +30 kV and photodiode array detection was achieved at 231 nm. The 

method was found be sensitive for determination of uranium and thorium with LOD  in 
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the range of 37–325 ng mL-1. The method was successfully applied for the quantitative 

analysis of uranium in ore samples.  

Lin et al [78] investigated the potential of EDTA as a complexing reagent for the 

determination of Pb (II), Fe (III) and Cu (II) by using vancomycin as complexes selector. 

The counter current mode was applied to avail the separation selectivity and U-shaped cell 

was used for electrophoretic study. The effects of vancomycin and EDTA concentrations 

on free metal ions and its metal products and sepration were investigated in detail. After 

optimization study, the metal ions and EDTA were injected hydrostatically (15 cm, 10s) in 

a BGE system contained of 50 mM phosphate (pH 5.0) and 0.05 mM CTAB. The 

electrophoretic separation was achieved by applying +22 kV voltage and UV detection 

wavelength was achieved at 242 nm. The method was applied for determination of lead 

(II), copper (II) and iron (III) in tape water.  

Oszwaldowski and  Okada [79]  reported of separation of Cu(I), Cu(II) and Fe (II), 

Fe(III) as complexes of 2-Pyridylazo through MEKC method. The complexes of three 

different 2-(5-bromo-2-pyridylazo)-5-diethylaminophenol (5-Br-PADAP), 4-(2-

pyridylazo) resorcinol (PAR) and 4-(3,5-dibromo-2-pyridylazo)-N-ethyl-N-(3-

sulfopropyl)aniline (diBr-PAESA) of copper and iron species where stabilized in the 

presence of micellar medium. The metal complexes were separated in the run electrolyte 

containede 0.5 mM SDS, 10 mM borate buffer (pH 8.8) and 0.3 mM PAR, 3% ethylene 

glycol. Detection was achieved vat 590 nm and applied voltage was -12 kV.  

Ma and Kang [80] developed a MEKC method for determination of mercury ion 

by LIF detection. The on capillary complexation method was used in which mercury ion 

was injected first fallowed by the injection   non fluorescent rhodamine derivative and 

both reacted under the effect of applied voltage. Mercury rhodamine complexes 

demonstrated strong fluorescent behavior hence it was detected by LIF detector. The 

injection volume ratios of mercury ion to reagent were optimized as 1:10 and 1:20, the 

reaction time was 40 s and the separation voltage of was 5 kV used. The method was 

found to be very sensitive with detection limit of mercury ion went down to 56×10– 8 M 

and analysis was achieved within 10 min.  

Collins et al [81] reported the MEKC of seven metal complexes of   PAR that was 

accomplished on a microchip capillary electrophoresis. The separation was achieved 
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within 70 s, in a capillary of 50 µm wide and 85 mm long and  10 mm L-1 (NH4)2HPO4/ 

NH4H2PO4 of pH 7.5 buffer contained 75 mmol L-1 of SDS and 1 mmol L-1 of reagent 

PAR was used at BGE. The CE separation was obtained at applied voltage of 10 kV and 

LED detection was achieved at 540 nm. The detection limits reported was in the range of 

0.4 to 1.2 mg L-1.  

Collins et al [82] also reported MEKC of same metal ions under same 

experimental condition as reported above [81] with arsenazo (III). Though the separation 

suffered slightly but masking agent used to avoid the interference, this was proved to be 

more sensitive with detection limit of UO2   improved to 23 µg L-1. 

Elshihabi et al [83] explored the possibility bile salts as surfactant for the MEKC 

separation of enantiomeric compounds    of iron (II) existed as bis (8-( (pyridine-2-

methylene)amino) lepidine iron(II)hexafluorophosphate, Fe(PMAL)2 (PF6)2, bis(8-

((pyridine-2-methylene)amino)quinoline)iron(II)hexafluorophosphate, Fe(PMAQ)2(PF6)2 

and bis(1-(2-pyridinyl)ethylidine)-8-aminoquinoline iron(II) hexafluorophosphate, 

Fe(PEAQ)2(PF6)2 . The effect of various bile salts on the separation of enantiomers was 

investigated and trihydroxy bile salt indicated better resolution, however use of organic 

modifier acetone in the range of 12-15% improved resolution of iron complexes.  

Bremer and Trapp [84] investigated MEKC separation of octahedral tris(a-

diimine)–transition metal complexes of Fe(II), Fe(III) and Ni(II). Bidentate diimine 

ligand; 1, 10-phenanthroline and 2, 20-bipyridyl the bidentate were made to react with 

different concentrations of metal ions. The enantiomers showed a reasonable separation at 

pH 9.3 of 100 mM of sodium tetraborate and 100 mM sodium tetraborate/sodium 

dihydrogenphosphate buffer (pH 8.0) and sodium cholate was added as chiral surfactant in 

buffer systems. The study explored the dynamics of MECK in enantiomeric metal 

complexes separation, and also its conversion mechanism. 
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Chapter Three 

Material and Methods  

 
3.  Experimental 
  
3.1 Chemicals and Reagents  

 All reagent used were of analytical or equivalent grade and were obtained from 

Fluka (Switzerland) and Merck (Germany). Aqueous solutions of Co(II), Cu(II), Ni(II), 

Fe(II), Pd(II), Hg(II), Pb(II), Zn(II) UO2, Th(IV) Au(III) and Ag(I) containing 1 µg mL-1 

were prepared from cobalt(II) acetate, copper(II) sulphate, nickel(II) chloride, ammonium 

iron(II) sulphate, palladium(II) chloride (E.Merck), mercury(II) sulphate (Fluka, 

Switzerland),  lead(II) acetate,  zinc(II) acetate, thorium(IV) oxide,  gold (III)chloride and 

silver(II) nitrate (E-Merck), Germany) and uranyl nitrate (BDH U.K). 1n case of 

ammonium iron(II) sulphate a few drops of (0.5 mL) or sulphuric acid (98%) was added. 

The required amount of palladium (II)chloride was added hydrochloric acid (1 mL) and 

was warmed slowly. The clear solution was then diluted to required volume with distilled 

water. Chloroform methanol, acetonitrile, tetrabutylammonium bromide (E.Merck), 

hydrochloric acid (37%) (Fluka), nitric acid (65%) (Fluka), 2-pyrrolcarboxaldehyde 

(Aldrich), 2-acetylpyridine (Fluka.Swizerland) and 4-phenyl-semicarbazide (Aldrich) 

were used. Buffer solutions within pH 1-10 at unit interval were prepared from the 

following: hydrochloric acid (0.1 M ) and potassium chloride (1 M) for pH 1-2; acetic 

acid (1 M) and sodium acetate pH 3-6, oxalic acid(1 M) sodium oxalate (1 M) pH 2-5, 

citric acid (1 M) and sodium citrate (1 M) pH 2-5, boric acid (1 M) and  sodium 

tetraborate (1 M) pH 4-9,  and sodium bicarbonate carbonate (1 M)  and sodium carbonate 

(saturated) pH 8-10. 

 

  3.2. Instrumentation 

                  Spectrophotometric studies were performed with a double-beam with dual 1-

cm silica cuvettes. The IR spectrum of all reagents, within the range 4000–660 cm−1, 

were recorded on an Thermo-Nicolate 330 FTIR diamond accessory spectrophotometer 
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room temperature. The absorption spectra were recorded within 700-300 nm against 

reagent blank prepared in the same solvent. 

 

       3.4.1.1 (B) Spectrophotometric Procedure (By extraction) 

              An aliquot of solution (1-5 mL) containing Au(III), Ga III), Ni(II), Hg(II), Pt (II)  

and UO2(VI), (1.0-70 µg), Th(IV) (10-40 µg ) were transferred to  volumetric flask (10 

mL) separately and was added reagent H2AA2en solution (1 mL, 0.2% w/v in methanol), 

followed by the addition of sodium acetate-acetic acid buffer solution (2 mL) of pH (5-7). 

The contents were mixed well and heated on water bath for 10 min. The solution was 

cooled to room temperature and was transferred to a separating funnel. Chloroform (5 

mL) was added and the contents were shacken vigorously and layers were allowed to 

separate. The organic layer was collected in volumetric flak (10 mL), extraction procedure 

was repeated with chloroform (3 mL) and final volume was adjusted up to mark. The 

absorption spectra were recorded against reagent blank prepared by same procedure in the 

range of 700-250 nm. 

 

     3.4.1.2 Optimization of pH 

 The optimum pH condition required for the formation of gold(III), nickel(II) 

platinum(II), uranium(VI), thorium(IV)  mercury (II) and gallium (III) complexes were 

investigated using a series of buffers ranging from pH 1-10 at unit interval following 

analytical procedure 3.4.1. The variation in absorbance with pH was investigated (Fig 

4.1). 

   3.4.1.3 Stability of Metal Complexes in Solution 

 In order to investigate the stability of metal complexes of  H2AA2en in solution 

the absorbance spectra of each uranium(VI), nickel(II), platinum(II), thorium(IV), 

mercury(II), and gallium(III) complexes were recorded separately, immediately after 

preparation and after lapse of different intervals. Any change in absorbance was noted at 

different time intervals and the effects of time on the characteristic of absorption spectra 

were evaluated, results are summarized in Table 4.0.1, 4.0.2. 
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3.4.2  Spectroscopic Studies of APPT 

       3.4.2.1 (A) Spectrophotometric Procedure for Analysis of Metal APPT Complexes 
in Aqueous: Methanolic Medium 

 
The spectrophotometric studies were carried out by following the analytical 

procedure reported by Khuhawar et al [6].  An aliquot of solution (1–3 mL) containing Cd 

(II) (50–400 µg), Pd(II) (10–50 µg), Ni(II) (50–250 µg), U(VI) (10-40 µg), Th(IV) (1-50 

µg), Te(IV) (1-40 µg), Pt(II) (5-30 µg), Cr(III)  (2.5-12.5 µg), Cr(VI) (5-20 µg), As(V) 

(10-50 µg), As(III) (10-50 µg), iron(III) (2.5–12.5 µg), iron(II) (2.5-12.5 µg)  Mn(II) (10-

50 µg), Mn(IV) (1-50 µg),  Mn(VII) (5-60 µg), and Co(III) (10-50 µg)  was transferred to 

10 mL volumetric flask separately. Metal ion solution was added sodium acetate–acetic 

acid buffer pH 3 (2 mL), but in the case of palladium(II) solution borate buffer pH 9 (2 

mL) was added. The reagent APPT solution 3mL (0.02%, w/v, in methanol) was then 

added. The final volume was adjusted with methanol and absorption spectra were 

recorded against reagent blank. 

 
     3.4.2.1 (B) Spectrophotometric Procedure (By extraction) 

The extraction procedure was carried out as reported [7]. A solution of (1-5 mL) 

containing U(VI) (1-70 µg ), Th(IV) (1-50 µg), Th(IV) (1-40 µg), Pt(II) (5-30 µg), 

Mn(IV) (1-50), Cr(VI) (1-50 µg), Cd(II) (1-50 µg) and Ni(II) (1-50 µg), were separately 

transferred into a separating funnel and added sodium acetate-acetic acid buffer pH 2-6 (2 

mL). The reagent APPT solution (3 mL, 0.02% w/v in ethanol) was added and mixture 

was sonicated for 30 minutes at 35 oC.  Chloroform (4 mL) was then added and the 

contents were mixed well and left, till layers were separated. The organic layer was 

collected in volumetric flask (10 mL). The extraction was repeated with 3 mL of 

chloroform. Ethanol (1 mL) was added to each of the flask before adjusting the final 

volume with chloroform. The absorption spectra were recorded against reagent blank 

within 600-250 nm. 

     3.4.2.2 Optimization of pH 

The optimum pH conditions required for the formation of U (VI),  Th(IV),  

Te(IV), Au(III),  Cr(III), Cr(VI), Mn (II), Mn(IV), Mn(VII), As(III),  As(V), and Cd(II)  

complexes were investigated using series  of buffers ranging from pH 1-9 following 
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analytical procedure 3.4.2.1(A) and 3.4.1 (B). The variation in absorbance with pH was 

recorded against reagent blank (Fig  4.4.0.1, 2, 3). 

 

    3.4.2.3 Determination of Metal Ligands Ratio  

The metal ligands ratio was investigated at different ligand concentrations, and the 

concentration metal was kept constant. A solution of (1-5mL) of 10 μg mL-1 of  U(IV), 

Te(IV), Th(VI), Cr(III), Cr(VI), Mn(II), Mn(IV),  Mn(VII),  Au(III),  As(III),  As(V))  

was transferred separately in 10 mL volumetric flask and was added 0.5 mL, 1 mL, 2 mL, 

3 mL, 4 mL and 5 mL of 0.001M of reagent APPT and 3.4.2.1 procedure was followed.  

The reference was also prepared accordingly and absorption spectra were observed in the 

range of 700-250 nm (Fig 4.4.0.4, 5, 6).  

 

   3.4.2.4 Stability of Metal Complexes 

The stability of metal complexes of APPT was investigated in solution prepared by 

following procedure 3.4.2.1. Absorbance spectra of each U(VI), Th(IV), Ni(II), Te(IV), 

Cu(II),  Au(III), Co(II), Mn(II),  Mn(IV), Mn(VII), As(V), As(III), Cr(III), Cr(VI), and 

Co(II) complexes were recorded separately. All spectra were recorded against reagent 

blank, instantly after preparation of complexes and after lapse of different intervals (2 h). 

The change in absorbance was observed at different time intervals and the effects of time 

on the characteristic of absorption spectra were evaluated, results are summarized in Table 

4.4.0.1, 4.4.0.2. 

 

3.5  Electrophoretic studies 

3.5.1 Capillary Regeneration 

                 Before sample injection, the capillary was regenerated and conditioned as 

reported [8] with methanol for 1 min, followed by water for 0.5 min, HCl (0.1 M) for 2 

min, water for 0.5 min, sodium hydroxide (1 M) for 2 min, water for 0.5 min and finally 

running electrolyte for 2 min. Before each sample injection, the capillary was washed with 

sodium hydroxide (0.1 M) for 5 min, deionized water for 2 min, and the equilibrated with 

background solution (BGS) for 10 min, to ensure the reproducibility of results.  
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The sample was injected by an auto sampler with a pressure of 0.4 psi for 4 to 8 s. 

Injection volume was calculated using CE expertlite software provided by Beckman. 

 

3.5.2 Electrophoretic Methods 

3.5.2.1 MEKC Method for Simultaneous Determination of Uranium(VI), 

Mercury(II), Gold(III)  and Thoruim(IV) H2AA2en Complexes 

                  The capillary was pre-treated with following cycle: 0.1 M NaOH 10 min, 

deionized water 2 min and BGE for 10 min. Sample was injected in hydrostatic mode for 

4 s. The capillary was held at 25°C, with the applied constant voltage +25 kV. 

Identification of each solute was based on the migration time and was verified by spiking 

sample with known standards. Acetone was used as a neutral marker for the determination 

of electrophoretic mobility (EOF) and anthracene was injected to calculate electrophoretic 

mobility of micelles in given matrix. The electrophoretic migration was achieved in boric 

acid and sodium tetraborate buffer of pH 8 (64 mM), SDS (12.25 mM) and 13% v/v 

acetonitrile in the ratio of 65: 22: 13 v/v/v respectively and voltage applied was +25 kV. 

The UV-Vis detection was set at 311 nm. 

 

 3.5.2.2 MEKC for Simultaneous Determination of Platinum(II), Uranium(VI), 

Nickel(II) and  Gallium(III) H2AA2en Complexes 

            Capillary was pretreated and maintained as reported (sec 3.5.1) at the applied 

voltage of +20 kV. The electrophoretic velocity was optimized in borate buffer system of 

pH 8 (100 mM), SDS (3 mL, 50 mM) and organic modifier (acetonitrile) in the ratio of 

65: 25:10 v/v/v. The UV detection was obtained at 320 nm. 

 
3.5.2.3 MEKC for  Simultaneous Determination of Chromium(VI),  Molybdenum(VI), 

Nickel(II), Cobalt(II), and Palladium(II) DEDTC Complexes 

         Prior to each run capillary was conditioned with 0.1 M NaOH, 5 min, H2O 1 min, 

run electrolyte 10 min. Sample was injected by hydrostatic mode for 4 s. The capillary 

was held at 25°C, the applied constant voltage was -10 kV. The each analytes was 

identified by migration times of the prepared metal chelates from standard metal ions 

solution and by spiking and acetone was used to calculate electrophoretic mobility of EOF 

and anthracene was injected to calculate the mobility of surfactant CTAB. Electrophoratic 
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migration of five metal complexes was optimized in 25 mM borate buffer of pH 9.1 

containing CTAB (30%, 100 mM) and organic modifier (butanol) in ratio of (70: 30 :5 

v/v/v).  

3.5.2.4 CZE for  Simultaneous Determination of Chromium (III), Chromium(VI), 

Gold(III), and Arsenic(V) as Complexes of APPT 

Before each run the capillary was pre-treated in following cycle: 0.1 M NaOH, 1 

min, deionized water 0.5 min and run electrolyte for 2 min. Sample was injected in 

hydrostatic mode for 6 s by auto sampler at the pressure of 0.5 psi. The capillary was held 

at 25°C, the applied constant voltage was +15 kV. Each analyte was identified by 

migration time and verified by spiking sample with known standards of each metal ion. 

Acetone was used as a neutral marker for the determination of electroosmotic flow (EOF) 

and electrophoretic mobility was optimized in buffer system of oxalic acid-sodium oxalate 

pH 4.0.  UV detection was optimized as 241 nm. 

 

3.5.2.5  CZE for Simultaneous Determination of Uranium(VI), Tellurium(IV),       

Copper(II), Cadmium(II), Cobalt(II), and Arsenic (III) as Complexes of APPT 

            The capillary was pre-treated as reported (sec 3.5.2.4) and electrophoretic 

migration of Cd(II), Co(II), As(III), U(VI), Cu(II),  and Te(IV), APPT chelates were 

optimized in run electrolyte of  pH 4.2 (10:35  mM of citric acid- sodium oxalate). The 

aqueous-methanol solution of the complexes or after extraction of the chloroform 

(evaporated to dryness and final volume was adjusted upto 10 mL with methanol) the 

chelates were injected on fused silica capillary for 0.5 psi for optimized injection time of 6 

s, by auto sampler. The voltage applied was +15 kV and UV-Vis detection was optimized 

at 317 nm. 

3.5.2.6 CZE for Simultaneous Speciation and Determination of Manganese Species as 

Complexes of APPT 

Prior to each run, capillary was treated as reported (sec 3.4.2.4) and electrophoretic 

migration of Mn(II), Mn(IV), and Mn(VII) APPT chelates were optimized in citric acid-

sodium oxalate of pH 4 in the concentration ratio of 20:70 mM respectively. The 

separation voltage was optimized at +20 kV and UV–Vis detection was achieved at 250 

nm. 
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3.6 Analytical Procedures for Analysis in Capillary Electrophoresis  

     3.6.1 Analytical Procedure for Determination of H2AA2en Complexes  

 Solution (2-5 mL) containing dioxouranium(VI), thorium(IV), mercury(II), 

gallium(III), nickel(II), platinium(II), and palladium (II) (10-250 µg) was transferred to 10 

mL volumetric flask and was added reagent H2AA2en solution (1-2 mL, 0.2% w/v in 

methanol). Sodium acetate-acetic acid buffer pH 7 (2 mL) and sodium nitrate (20 mg) 

were added. The content was mixed well and volume was adjusted to mark with methanol. 

In case of Ni(II), U(VI), Th(IV), Ga(III),  and Pt(II) the contents were heated on water 

bath at 70°C for 10 min. After cooling at room temperature an aliquot of complex was 

transferred to the CE sample vial and was injected hydrostatically for 6 s, on fused silica 

capillary and electropherogram was recorded. 

 
3.6.2 Analytical Procedure for Determination of Metal-APPT Complexes 

   Aqueous solution containing appropriate concentrations of uranium(VI), 

teliruim(IV), thorium(VI), gold(III), manganese(II), manganese(IV), manganese(VII) 

chromium(III), cobalt(II), arsenic(III), arsenic(V) chromuim(VI), copper(II) and 

cadmium(II) were transferred to 10 mL volumetric flask and acetic acid- sodium acetate 

buffer (2 mL) (pH 4-5) was added. The reagent solution 3 mL (0.02% w/v in ethanol 

dissolved by sonication for 30 min at 35 oC) was then added and contents were shaken 

well and volume was adjusted to 10 mL with methanol. Out of this, 2 mL of solution were 

transferred to sample vial for electrophoretic analysis. The sample was injected 

hydrostatically on fused silica capillary at the optimized conditions (sec 3.5.2.4,5,6)  and 

electropherogram was recorded.  

 
3.6.3 Analytical Procedure for Determination of Metal-DEDTC Complexes 

      Metal ions Cr(VI), Mo(VI), Ni(II), Co(II), Pd(II)) solution (1-2 mL) (1-5 μg) 

were transferred in separating funnel and was added 2 mL acetic acid sodium acetate 

buffer of pH 5. The freshly prepared Na-DEDTC solution (2 mL, 0.1% w/v in 0.01 M 

NaOH) was then added and 4 mL chloroform was added. The contents were shacked 

vigorously and layers were allowed to separate and organic layer was collected in a beaker 

and extraction was repeated three times. The solution was heated on water bath and 

chloroform was evaporated to dryness and a mixture of solvent system contains borate 
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buffer (25 mM): CTAB (30 mM): butanol (1% v/v in methanol) in the  40: 40: 10 v/v/v 

was added and volume was  adjusted to 10 mL. Out of this 2 mL solution was transferred 

into sample vial for CE studies. 

 
3.7 Sample Pretreatment  

3.7.1 Uranium(VI) Mineral Ore Sample’s Pretreatment  

Ore sample (38 834, 38 835, 38 842 and 38 850) 0.5 g of each sample was heated 

gently on hot plate with hydrochloric acid (2 mL, 37%)  and nitric acid (10 mL, 65%) 

until most of the acid evaporated. 10 mL (65%) portions of nitric acid were added and 

contents were heated again, finally the residues were dissolved in 0.1 M, nitric acid. 

Solution obtained was filttered (Whatman. No.42) and total volume was adjusted to 20 

mL, with deionized water. From that mixture, solution of 0.5 mL was used for 

complexation following analytical procedure given in section 3.6.1. The quantitation of 

this solution was carried out with the external calibration curve prepared from the standard 

solution using the same method as described in section 3.6.1. 

3.7.2 Fish Samples Pretreatment for Mercury (II) 

      Fresh water fishes (Hyderabad, Sindh, Pakistan) weighing 250-700 g were 

dissected at laboratory with dissection kit and fish muscle 30-54 g was transferred to 

digestion flask (500 mL) attached with condenser. Sulphuric acid (20 mL, 98%), nitric 

acid (60 mL, 65%) and ammonium molybedate (4 mL, 2% w/v in water) were added and 

mixture was heated gently on hot plate till white fumes appeared. 25 mL nitric acid was 

again added and contents were heated to get clear solution. The condenser was washed 

with deionized water and the solution was concentrated to 3-4 mL. The pH of solution 

was adjusted and the volume was made up to 25 mL. This solution was processed as 

analytical procedure (sec 3.6.1) for metal ion complexation and CE determination (sec 

3.5.2.1).   

3.7.3   Integrated Circuit (I.C) Sample Pretreatment for Gallium (III) 

      An integrated circuit (I.C) sample was purchased from the local market of Hyderabad 

(Sindh, Pakistan); 2.23 g of sample was dissolved in 5 mL of aqua regia (HCl: HNO3 3:1 

v/v),  most of the acid was evaporated on hot plate, 3 mL of HCl was added again and 

sample was heated near to dryness. Residue was dissolved in 5 mL of de-ionized water and 
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filtered. Final volume was adjusted to 25 mL with de-ionized water. A solution (1 mL) was 

taken for the analysis of the galuim (III) content after derivatization by analytical procedure 

give in section 3.6.1 and electrophoretic method given in section 3.5.2.2. The quantitation of 

this solution was carried out with the external calibration curve of Ga(III) prepared from the 

standard solution using the same method described in section 3.6.1. 

3.7.4  Platinum (II) from Cis-platin 

     Solution (4 mL) from cis-platin injection (Platosin, PCH Pharma Cheme, Karachi) 

containing 0.5 µg mL-1 of cis-platin was added hydrochloric acid (4 mL, 37%), and the 

mixture was heated on hot plate gently. Acid was evaporated to dryness and the residue was 

added hydrochloric acid (2 mL). Again, most of the acid was again evaporated and residue 

was dissolved in water and volume was adjusted to 25 mL. The electrophoretic studies (sec 

3.5.2.2) were carried out after drivatization (sec 3.6.1). 

  3.7.5   Nickel (II) from Certified Reference Materials (CRM) Pretreatment 

A certified reference material (CRM) of citrus leaves was analyzed by proposed 

(3.6.1) method and recovery was calculated. The CRM were prepared for analysis as 

reported in literature [9]. And 2 mL of final solution was taken and comlexation procedure 

3.6.1 was followed. The amount of nickel(II) present in CRM was evaluated from 

calibration prepared from the standard solution using the same method described in 

section 3.6.1. The content of nickel in CRM was also determined by using Perkin-Emler 

800 atomic-absorption spectrometer connected to an AAS accessory cooling system, with 

air acetylene flame at conditions recommended by manufacturer. Three replicate analyses 

were carried out with delay time of 3 s and integration time of 3 seconds. 

3.7.6 Analysis of Nickel(II) in Hydrogenated Vegetable Oil (Ghee) Sample as  

Complex of DEDTC 

         20 g each of ghee (vegetable oil) samples (Pakistan Oil Mills, Pvt Ltd Karachi, 

Pakistan) and (Tullo oil Mills Hyderabad, Pakistan) was transferred to a separate conical 

flask and was added nitric acid 30 mL (1 M). The contents were shaken on mechanical 

shaker for 1 h. The layer were allowed to separate, aqueous layer was collected and 

concentrated to about 5 mL, final volume was adjusted to 10 mL. The solution (0.5 mL) was 

transferred to 10 mL volumetric flask and pH was adjusted to 6 and analytical procedure 

given in section 3.6.3 was followed and electrophretic determination carried out as above 
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(3.5.2.3). The amount of nickel in the samples was evaluated from the external calibration 

curve prepared with known concentrations of nickel(II).  

3.7.7 Determination of Molybdenum(VI) in Food Samples (Potato)  

Potato samples were collected from three different local markets, (Jamshoro 

Phatak, SUECHS, Jamshoro and Sindh university colony market, Sindh, Pakistan) and 

after proper washing, outer skin was peeled off. 40 mg from each sample was wieghed 

and burned in furnace at 700 ºC for  10 h. Finally, ash of each sample was treated with 0.1 

M sulphuric acid (5 mL), and solution was filtered. The pH of solution was adjusted up 7, 

with NaOH (1 M) and final volume was evaporated to 10 mL. The solution (1 mL) was 

processed as described in CE analytical procedure (sec 3.6.3) and the amount of 

molybdenum(VI) present in potato samples was calculated from calibration curves plotted 

from external standard. 

3.7.8 Dry Ash Digestion Procedure for Molybdenum(VI) Contents in Nuts 

(Almonds) 

20 mg of almonds was measured and shifted to crucible; initially the sample was 

burned on open flame until it converted completely into black material, after cooling it 

was placed into furnace for 8 h at 650°C. The gray ash was treated with 0.1 M sulphuric 

acid (5 mL), filtrated and was neutralized to pH 7 with NaOH (1 M). The final volume 

was adjusted to 15 mL. The solution of (2 mL) was used for complexation as described 

above (sec 3.6.3) and CE analysis was carried out as given in analytical procedure 

(3.5.2.3). The amount of molybdenum(VI) metal was calculated from calibration curves 

plotted from external standards.  

3.7.9 Determination of Cobalt(II) from Cobalmine Injection and Neurobion 

Tablets 

One mL cobalmine injection (Merck, Germany) or 4 tablates of neurobion (Merck, 

Germany) was added in 5 mL of aqua riga, and the solution was heated gently in a water 

bath until tablets totally dissolved in it. The residue was again added 10 (5 M) HCL and 

evaporated to dryness. Solution was evaporated to dryness (three times) by slow addition 

of deionized water (10 mL). Finally residue was filtered and pH was adjusted to 7 with 

NaOH (1 M), final volume adjusted to 20 mL. Solution 1 mL was used for derivatization 

by using analytical procedure (sec 3.6.3) and CE determination was carried out  reported 
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above (sec 3.5.2.3) and the amount of cobalt(II) was calculated from calibration curves 

plotted from standard. 

3.7.10 Determination of Gold(III) and Arsenic(V) in Coal Mine Water Samples 

            The coal mine rock field (district: Tharparker, Sindh, Pakistan) ground water 

samples (1.5 L ) were received. Water sample (1.5 L) was transferred in an open beaker 

(2.0 L) and was heated gently on hot plate. The water was evaporated to 10 mL and final 

solution was filtered in Whatman .No.42 filter paper. A solution (1 mL) was transferred in 

volumetric flask (10 mL) and derivatization and electrophoretic studies were carried out 

as reported in procedures 3.6.2 and 3.4.2.4 respectively. The amount of gold(III) and 

arsenic(V)  was measured from the calibration curves plotted from known concentrations 

gold(III) and arsenic(V).  

3.7.11 Determination of Cromium(III) in Tape Water 

  Cr (III) was determined from tape water supplied to Sindh University (Jamshoro, 

Sindh, Pakistan) campus area; 1 liter water samples were collected from various spots and 

were mixed. The water sample  (total 5 L ) was than evaporated by heating on hot plates 

slowly in (in portions of 1L) an open beaker (2 L). The total volume was pre-concentrated 

to 20 mL and was filtered in Whatman No.42 filter paper. A solution (2 mL) was taken 

and after derivatization (sec 3.6.2), CE analysis was carried out as reported (sec 3.4.2.4.). 

The Cr (III) content in tape water was evaluated from the calibrations curves plotted from 

external standard. 

3.7.12 Industrial Effluent Pretreatment for Cromium(VI)   

Industrial waste water samples (1 L) from the common tannery treatment plant from 

district Kusur (Panjab, Pakistan) were collected, acidified with 1 mL HCl (1M)  

evaporated gently up to 15 mL on hot plate. The concentrated effluent was filtered 

(Whatman No.42) and filtrate was transferred in 25 mL volumetric flak. The  volume was 

adjusted with de-ionized water up to mark and an aliquot (1-2 mL) of this solution was 

pipette out and was transferred to volumetric flask (10 mL) and CE studies were carried 

out by using analytical method (sec 3.6.2). The chromium(VI) content was determined 

from the external calibration curve prepared from the known standard solution using the 

same method described in section 3.6.2. 
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  3.7.13 Determination of Gold (III) in Certified Reference Materials (SH-24) 

             A 25 µg sample was accurately weighed was placed in a 250 mL volumetric flask 

and dissolved in aqua regia and content refluxed for 6 h. The condenser was removed and 

solution was evaporated slowly to near dryness, filtered and final volume of solution was 

adjusted to 25 mL with de-ionized water. A solution (2 mL) was taken for derivatization 

by following analytical procedure 3.6.2. The quantitation of this solution was carried out 

with the external calibration curve prepared from the standard solution using the same 

method described in section 3.6.2. The results for total gold(III) were in good agreement 

with certified values Table 4.4.4. 

          3.7.14 Determination of Uranium(VI), Copper(II) and Cobalt(II) in Mineral 

Ore Samples  

  The mineral ore samples (0.5 g each) (38 834, 38 835, 38 842 and 38 850) 

provided by Pakistan Atomic Energy Mineral Center Lahore were digested as reported 

(sec 3.7.1). The simultaneous determination of cobalt(II), copper(II) and uranium(VI) in 

this solution (2 mL) was achieved by using analytical procedure 3.6.2. Co(II), Cu(II) and 

U(VI) content was calculated from calibration curve prepared from the external standard 

solution of Co(II), Cu(II) and U(VI) follwing same analytical procedure (3.6.2) and CZE 

analysis was achived by following electrophoretic method reported in sec 3.5.2.5. 

    3.7.15 Digestion of Tobacco (Cigarette) Samples for Cadmium(II) Content 
 

 Tobacco from three different brands of cigarettes; Gold flake, Gold Leaf and 

Capstan (5 g, each) was collected from local market. The samples were initially burned on 

open flame and than was kept in furnace for 6 h at 650 oC, till whole sample turned in 

white ash. Finally ash was washed with HCl 5 mL  (0.1 M) and total volume was adjusted 

with de-ionized water up to 15 mL. The solution ( 0.5-1 mL) was added to volumetric 

flask (10 mL) and added buffer pH 2 (1.5 mL), followed by the addition of reagent APPT 

2 mL (0.02%) solution. Final volume was adjusted up to 10 mL and content was mixed 

well than above (section 3.6.2 and 3.4.2.5) analytical procedure was followed. The 

cadmium(II) content in tobacco samples were evaluated from calibration curves plotted 

from external standards. 
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  3.7.16 Determination of Mn(II) in Blood Serum Samples of Normal Subjects 

    The blood serum samples of normal subjects (age 20-30) were collected from 

local hospital (Liaquat Medical University of Health Secience, Hospital, Jamshoro, Sindh. 

Pakistan) and samples were treated and preserved at -5 °C in deep freezer. Out of this 1 

mL serum sample was transferred to centrifuge tube and 2 mL methanol was added to 

same tube. It was tightly capped and was centrifuged with the speed of 3000 rpm for 3 h. 

The sample was decanted and 0.5 mL was collected for the derivatization with APPT, 

followed by same analytical procedure. Finally electrophoretic studies were carried out 

according to the developed method (section 5.6.2 and 3.4.2.5). The amount Mn present in 

blood serum was evaluated from the calibration curves plotted from known standard.   

      3.7.17 Determination of Mn(VII) and Mn(IV) in Synthetic Mixtures 

Solutions of Mn (VII) and Mn(IV) were prepared separately containing (1-50 µg ) 

of  Mn(VII) and Mn(IV) respectively. Five different test mixtures were prepared by 

mixing both metal ion solutions in different ratios and 1 mL from each solution was taken 

after derivatization (sec 3.6.3); the CE determination was carried out at optimized 

conditions (sec 3.4.2.6). The amount of Mn( IV) and Mn(VII) in test mixture were 

evaluated from calibration curves plotted from known standard. 
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mercury(II), gold(III) and platinum(II). The effect of pH on the chelating reaction (Fig 

4.0.2), metal to ligand ratio (Fig 4.0.3), molar absorptivity and stability of metal ion 

complexes investigated by spectrophotometric method are given in table 4.0. The reagent 

from H2AA2en 1:1 complex with dioxouranium(VI) and mercury(II) and 1:2 with other 

metals investigated during present study. The  pH of maximum absorbance for all metal 

H2AA2en complexes were in the range of 4 to 6, and all of complexes were stable for 

more than 12 h while the complex of dioxouramuim(VI) was found to be stable up to two 

day (table 4.4.0.1 ). The molar absorptivities values also showed reasonable sensitivity 

except  mercury(II), whose sensitivey was much less  than other metal chelates studied 

during present study and galium(III) was found to be most sensitive (4.0.1 and 4.0.2). The 

reagent has an acceptable sensitivity for spectrophotometric determination of 

uranium(VI), thorium(IV), platinum(II), gallium(III), gold(III) and mercury(II) but poor 

selectivity. Therefore for  simultaneous separation and determination CZE was examined. 

 

 

 

Figure 4.0.2  The effect of variation of pH on the formation of Au(III), Hg(II), Ni(II),   

U(VI), Th(IV), and Ga(III) as complexes of H2AA2en against reagent blank at final 

concentration 2, 1, 1,1, and 2 μg mL-1 respectively 
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Figure 4.0.3 Variation in metal: ligand ratio of U(VI), Th(IV), Au(III), Hg(II), Ga(III), 

and Pt(II) as H2AA2en chelates 

 

   Table 4.0.1 Spectrophotometeric data of colour reaction of H2AA2 with metal ion 
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Table.4.0.2  Spectrophotometeric data of color reaction of H2AA2 with metal ions 
 

 

S.No. 

 

Metal 
ions 

 

pH of Max 
absorbance 

 

λmax 

 (nm) 

 

ε=103L  mol-1 

cm–1 

 

Solution 
Stability 

 

1 

 

Ga (III) 

 

5 

 

305 

 

37 

 

>12 h 

 

2 

 

Ni (II) 

 

6 

 

309 

 

5.5 

 

>12 h 

 

3 

 

Pt(II) 

 

6 

 

311 

 

18 

 

>24 h 
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Method One 

Micellar Electrokinetic Chromatographic Separation and Quantitative 

Analysis of Thorium(IV), Uranium(VI), Gold(III), and Mercury(II) 

Using   Bis(acetylacetone) ethylenediamine  as Complxing Reagent 

 

4.1 Results and discussion 

  The spectrophotometric study of reagent bis(acetylacetone) ethylenediamine 

suggested  the stability of its metal complexes for sensitive determination but  found that 

the absorption maxima of metal complexes is little different from each, which make their 

simultaneous determination difficult. The metal complexes formed by reagent 

bis(acetylacetone) ethylenediamine are soluble in methanol-water but showed poor 

mobility in capillary zone electrophoresis. Which might be attributed to their nearly 

neutral nature of complexes, therefore, micellar electrokinetic chromatography (MEKC) 

was examined to obtained complete separation for quantitative determination of metal 

complexes of H2AA2en. 

 

 4.1.0 Pre-column Derivatization Conditions 

                   The coloured complexes of H2AA2en showed maximum absorbance in 

slightly acidic pH, therefore derivatization was achieved at pH 6 (sec 3.6.1). MECK 

studies were examined for separation and determination. 

4.1.1 Selection of Separation Conditions 

             Separation in micellar electrokinetic chromatography (MEKC) depends on 

selection of carrier electrolyte commonly known as background electrolyte (BGE), 

micellar medium, and voltage applied.  

4.1.1.1 Type and pH of Background System 

The type of electrolyte played an important role in CE separations. The effect of three 

different electrolytes on the separation of metal complexes was investigated in detail.  

This included sodium acetate-acetic acid (NaAc–HAc), boric acid sodium borate and 

phosphate buffer systems. Metal complexes did not showed any migration in NaAc–HAc 

buffer system whereas good peaks were observed with phosphate buffer but all complexes 
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had similar mobility in phosphate buffer, therefore no separation could be achieved using 

this buffer along with surfactant. However, boric acid-sodium-borate (pH 7-9) buffer 

showed preferable separation with better selectivity, reproducibility, and efficiency.  

However the good migration velocity was observed at higher concentration of 

electrolyte, therefore, a different concentration of borate buffer were optimized from 50 

mM to 100 mM with the interval of 8 mM and 64 mM was found to have better separation 

and was selected as run buffer. As it is reported that the reagent H2AA2en forms 

complexes and most of the reported studies have used the anionic surfactant for the 

separation/migration of neutral analytes [7] therefore, sodium dodecyl sulphate (SDS) was 

used as a pseudo stationary phase. The concentration of SDS was varied from 10-14 mM 

that is the above critical micellar concentration (CMC) [7].  

A good separation of gold(III), mercury(II) and reagent was achieved at the SDS 

concentration of 12.25 mM, at the concentration above 12.5 mM all complexes have 

identical mobility (Fig 4.1 (a)-4.1  (b)) as indicated in Fig 4.1 (a) dioxouranium (VI) and 

thorium(IV) could not be separated with the buffer and SDS system. In order to achieve 

the separation between thorium(IV) and dioxouranium(VI) different organic modifiers 

were tried.  Several papers have been published on the use of organic modifiers to 

improve selectivity in MEKC [8-12]. As a rule of thumb, adding organic modifiers to the 

buffer leads to extended migration time windows. The addition of organic solvents to the 

buffer improves the solubility of hydrophobic compounds in the aqueous buffer or, in 

other words, reduces the distribution of compounds into the micelles [13]. Appreciable 

effect on separation selectivity was obtained by the use of acetonitrile as an organic 

modifier. The percentage of modifier was optimized and a good separation between all the 

four metal ions along with reagent was achieved at the concentration of 13% v/v (Fig 

4.1.1). High concentrations of organic solvents may prevent aggregation. The changes in 

electroosmotic flow (EOF) with the addition of organic modifiers are due to changes in 

the viscosity of the buffer or in the  -potential of the silica wall [13].   

   The strength of the EOF is of significance when anionic surfactants are used for 

the separation of neutral compounds in uncoated fused-silica capillaries. Likewise, 

separations of mixtures of neutral and positively charged compounds will not succeed if 

the pH is too low because the EOF is then too slow to carry the micelles to the cathode. 
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Therefore, the effect of pH value of the buffer on the migration was investigated in the 

basic range of 7.5-8.5. Acetone was injected as electroosmotic flow marker and the 

mobility of metal complexes was determined by the following equation 

 

 

 

µ= Electrophoretic mobility of analyte (cm2kV-1sec-1), Lt = Total length of capillary (cm) 

Ld = Capillary length to detector (cm), E = Applied voltage (kV), tm = Migration time of 

analyte measured form electropherograme, to = Migration time for an uncharged solute 

(Acetone). The migration time of metal complexes remain nearly constant up to the pH 

7.8 and increased when pH was 8.0 (Fig.4.1.2) this may be explained because of the 

enhancement of EOF. When the pH value was over 8.2, the metal ion complexes have 

nearly the similar mobility and started merging with each other. We chose pH 8.0 for 

separation of all four metal ions along with reagent (Fig. 4.1.2).  The separation obtained 

at pH 8.0 showed poor resolutions, which was improved with the addition of optimized 

amount (Fig 4.1.3) organic modifier. Finaly, the quantity of sample injected was also 

optimized through the injection time, which is directly proportional to volume of sample 

injected and sharp peaks with an acceptable sensitivity were achieved at optimized time of 

4 s (Fig 4.1.4). 

Though mobility of metal ions depends on charge to mass ratio but during present analysis 

the  migration of metal ions were in the order Au<Hg<Th<U which showed that the 

atomic weight of the metal ion was more decisive factor for the mobility of metal 

complexes than the charge on them. 
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Figure  4.1.2 Mobility of metal ion complexes as a function of pH, conditions Fig 4.1.1 
 

 
 

Figure  4.1.3 Effect of organic modifier (acetonitrile) on mobility of metal chelates. 
conditions Fig 4.1.1 
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Figure  4.1.4. Variation in mobility with injection time. Conditions Fig 4.1.1 

 

4.1.1.2 Applied Voltage 

Results of applied voltage revealed that the migration behaviors of metal 

complexes were dependent significantly on voltage. At the voltage of +30 kV gold(III) 

and mercury(II) seems to have similar migration patterns hence peaks merged with each 

other. Separation of uranium(VI) and thorium(IV) were also found to be poor at this 

voltage. Whereas at the voltage less than +25 kV; complexes were found to have very 

limited mobility (Fig.4.1.5). This attributed to the small amount of current at lower 

voltage and that was not enough to initiate migration of metal complexes. Therefore, the 

voltage of +25 kV was selected as an optimized voltage.    
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 Figure   4.1.5 Effect of voltage on mobility of metal complexes. Conditions Fig 4.1.1 

 

4.1.1.3 Selection of Separation Wavelength 

 Capillary electrophoresis system with photodiode array detector was used to scan 

the wavelength of maximum absorbance in the range of 200 to 600 nm.  The peak 

maximum for all metal complexes was achieved at 311 nm, and was selected. 

 

4.1.2 Quantification 

Calibration curves of all four metal ions were constructed from five calibration 

levels by plotting average peak areas (n=4) versus concentration. Linear dynamic range of 

1-5, 8-42, 10-50 and 2-40 g mL-1 were achieved for gold(III), mercury(II), thorium(IV) 

and uranium(VI) respectively. Detection limits were calculated based on a peak height   

thrice the baseline noise. Limits of quantitation (LOQ) were measured as signal to noise 

ratio (10:1).  Results are given in table 4.1.1.  
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Figure  4.1.6 Calibration of U(VI) H2AA2en chelates under optimized conditions. 

 

Figure  4.1.7 Calibration of Th(IV) H2AA2en chelates under optimized conditions. 
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Figure  4.1.8 Calibration of Hg(III) H2AA2en chelates under optimized conditions. 

 

 

Figure  4.1.9 Calibration of Au (III) H2AA2en chelates under optimized conditions. 
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     Table 4.1.1 Quantitative data of metal chelates of bis(acetylacetone) ethylendiamine 
by MEKC 

 
Metal 
Ions 

 
Calibration 

range 
 (g mL-1) 

 
Limit of 

quantification 
(LOQ) (g mL-

1) 
 

 
Limit of 
detection 
(LOD) 

 (g mL-1) 

 
Correlation 
co-efficient 

R2 

 
Linear regression 

Equation 
 

 
U(VI) 

 
2-40 

 
0.6 

 
0.2 

 
0.9952 

 
y=0.0181x+0.1579

 
Th(IV) 

 
10-50 

 
3.3 

 
1.1 

 
0.9956 

 
y=0.838x-0.1 

 
Hg(II) 

 
8-42 

 
1.599 

 
0.533 

 
0.9995 

 
y=0.86x + 9.5 

 
Au(III) 

 
1-5 

 
0.33 

 
0.11 

 
0.997 

 
y=8.32x + 1.61 

 
 

Table  4.1.2 Calculation of injection volume by injection time 
 

 
Metal 

 
Injection 
Time (s) 

 
Volume (nL) 

 
Analyte 

injected (ng) 

 
Analyte 
injected  
(p mol) 

 
 

Uranium(VI) 

2 6.09 0.2 0.74 
3 9.13 0.3 1.11 
4 20.3 0.67 2.48 
5 25.38 0.83 3.10 
6 30.46 1.0 3.72 

 
 

Thorium(IV) 

2 6.09 0.2 0.85 
4 20.3 0.67 2.86 
6 30.46 1.0 4.29 
8 40.61 1.34 5.72 

 
 

Mercury(II) 

3 9.13 0.6 3.0 
4 20.3 1.34 6.68 
5 25.38 1.67 8.35 
6 30.46 2.01 10.2 

 
 

Gold(III) 

4 20.3 0.13 0.68 
5 25.38 0.16 0.85 
6 30.46 0.2 1.02 
8 40.61 0.26 1.36 
10 50.77 0.33 1.7 
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4.1.3 Effect of Concomitant Ions  

   Effect of some commonly associated metal ions has been investigated at 

optimized conditions. No significant interferences were found from Fe(III), Fe(II) Cr(VI), 

Cr(III), Cu(II), Co(II), Se(IV), Cd(II). Although H2AA2en form complexes with Fe(II), 

Cu(II) and Co(II),  no peaks were detected, during separation whereas, the detection 

wavelength of iron(III) complex was 250 nm which was fairly away from the detection 

wavelength of 311 nm of metal ions separated in this study.   

 

4.1.4 Application 

              The developed method was applied to assaying the standard reference ore 

samples for uranium(VI) and thorium(IV) in order to evaluate the quantitative 

performance. The ore sample contained Fe(II), Cu(II), Co(II) and along with U(VI) and 

Th(IV). The presence of iron(II)/(III), copper(II), and cobalt(II) did not interference the 

determination of uranium(VI) and thorium(IV). Method was also used for the 

determination of mercury(II) from fish samples. The assay results are listed in Table 

4.1.3(a)-3(b). Table 3a shows the good agreement between values obtained my MEKC 

method and the supplier’s specification. According to the Canadian Environmental 

Quality Guidelines for mercury(II) the safe limit for aquatic life is 0.14 mg kg-1 [14]. 

Concentration of mercury (II) in fish varies depending on factors such as pH, the redox 

potential of the water and the species, age and size of the fish. In present study, Mystus 

Seenghala (Singhari) and Calta Calta (Thaila) were found to have higher amounts of 

mercury(II);  Tab.4.1.3(b) than the reported safe values.  
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4.1.5 Conclusion 

This paper demonstrates the separation and determination of gold(III), mercury(II), 

thorium(IV) and uranium(VI) as their H2AA2en complexes by MEKC. H2AA2en formed 

complexes with all the four metals ions that were soluble in methanol: water mixed 

system hence the hazardous extraction steps can be avoided. Results of the determination 

of uranium and thorium from ore samples and different fish muscle samples showed that 

the method can reliably be applied to real systems.  
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Method Two 

Micellar Electrokinetic Chromatographic 

Separation/Determination of Uranium(VI), Platinum(II), 

Gallium(III) and Nickel(II) as Complxes of H2AA2en 

 

4.2 Results and discussion 

The reagent (H2AA2en) forms sensitive coloured complexes with uranium(VI), 

platinium(II), gallium(III) and nickel(II). All complexes were soluble in combined 

methanol: water solvent system, therefore the monotonous solvent extraction steps 

reported earlier [5] can be avoided.  

4.2.0 Pre-column Derivatization Conditions 

 In order to optimize metal complexes, the effect of pH on the chelating reaction, 

metal to ligand ratio, molar absorptivity and stability of metal ion complexes were 

investigated by spectrophotometric method and the results are given in Table 4.0.2. The 

complex of nickel(II) and platinum(II) were soluble in methanol: water system at low 

concentration, but higher concentration required extraction in suitable organic solvent. 

However all complexes showed good stability which make multiple determination 

possible and nickel was found to be most sensitive with molar absorptivity values of 2.5 × 

103 L mol-1cm-1. Resluts of sepectrophotomric studies summarized in Table 4.0.2, 

indicated that the absorption maxima of all metal complexes were a little different from 

each other, which make their simultaneous determination difficult. Therefore CE study 

was carried out and the detection wavelength of 320 nm was optimized with photodiode 

array detector for electrophoretic studies. 

 

4.2.1 Selection of Separation Conditions  

4.2.1.0 Type and pH of Background System 

    The type and concentration of back ground electrolyte remains a decisive factor 

in CE separations. Varous electrolytes were investigated, which included sodium oxlate-

oxalic acid (pH 3-5), sodium acetate-acetic acid (pH 3-6), boric acid- sodium borate ( pH 
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6-9) and phosphate (pH 7-10). Metal complexes did not showed any migration in acidic 

buffer systems, whereas good peaks were observed with phosphate buffer but all 

complexes had similar mobility in phosphate buffer therefore no separation was achieved 

using phosphate buffer even, with surfactant. Finally boric acid and sodium teraborate 

buffer system in the pH range of 6 to 8 (100 mM) was used and some migration was 

observed. No sepration was percieved at pH 6 and 7, but at pH 8, some distorted peaks 

appeared and it was selected.  Boric acid-sodium-borate buffer was explored for 

individual separation and simultaneous separation of all complexes respectively and it 

showed an acceptable separation with better reproducibility, and efficiency.  

 Therefore, different concentrations of borate buffer were optimized and an 

acceptable electropherogram with   poor resolution was observed at 100 mM of borate 

buffer and was selected. In order to achieve better separation micellar medium was tried 

as pseudo stationary phase. For this purpose different surfactant such as neutral surfactant 

Brij-35, cationic surfactant; CTAB and anionic one; sodium dodecyl sulphate (SDS) were 

investigated.  The complexes showed good solubility in anionic surfactant SDS but were 

insoluble in CTAB and brij-35, therefore, SDS was selected for further analysis.  The 

concentration of SDS above critical micellar concentration (CMC) that in borate system 

was reported, [7] ( i.e  above 10 mM of SDS) was varied from 10-100 mM.  

 A good separation of Pt(II), reagent and Ga(III) was achieved with the SDS 

concentration of 50 mM, but separation of Ni(II) and U(VI) could not be achieved using 

borate and SDS as given in electropherograme [Fig4.2.1].  
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mobility as given in 4.1.1. Pt(II), U(VI), Ga(III) and reagent showed similar trend of 

mobility in given pH range investigated [Fig 4.2.3] in present system.  

The mobility of metal complexes remain more are less same except, uranium, 

whose mobility showed drastic change and selectivity also changed with pH Fig 4.2.3. 

Though a good separation, with good resolution was observed in whole range, but an 

increase in pH, enhanced the migration window, at pH 8.1 the separation time was 12 min 

and pH 7.7 it was decreased to 6 min, hence it was selected. As indicated by Fig.4.2.3 the 

migration order of metal chelates was; Pt<Ga<Ni<U.  The mass to charge ratio of the 

metal ions were appeared to play crucial role in the mobility of metal chelates, apart from 

platinium(II). Platinum(II) showed some deviation from the criteria of charge to mass 

ratio of migration under applied field, and its mobility remains unaltered under all 

conditions.   

 

 

 
 

Figure 4.2.3. Effect of pH change on the mobility of metal chalets, under optimized 
conditions. 
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Figure 4.2.4 Effect of the 1% increase in the amount of organic modifier on migration 
pattern of metal- H2AA2en 

 
 

 
                      

Figure 4.2.5 Optimization of injection time, under optimized conditions 
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4.2.1.2 Applied Voltage 

Results of applied voltage revealed that the migration behaviors of metal 

complexes were significantly voltage dependent. The effect of voltage was investigated 

from 5 to 30 kV with the difference of +3 kV, no mobility was observe from pH 5 to 10, 

and a single peak with migration window of 30 min was abtained below +10 kV. The 

mobility of platinium (II) complex showed no significant change with voltage. While 

Ga(III), Ni(II), and U(VI) mobility improved remarkably with an increase of voltage 

Fig.4.2.6 and migration window was also reduced (Fig 4.2.7). All metal chelates and 

reagent demonstrated different mobility at +20 kV with good resolution > 1.5, therefore it 

was selected.  

 

 

 

 
Figure 4.2.6 Effect of voltage on the migration of metal chelates of H2AA2en 
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Figure 4.2.7 Effect of voltage on migration time, under optimized conditions 

 

4.2.2 Quantification 

Calibration curves of all four metal ions were constructed from five calibration 

levels by plotting peak areas versus concentration. Linear dynamic range of 10-40, 0.16-

1.2, 2-40 and 1-4 g mL-1 were obtained for nickel(II), gallium(III), dioxouranium(VI) 

and platinum(II) respectively. Detection limits were calculated based on a peak height of 

thrice the baseline noise. Limits of quantitation (LOQ) were measured as signal to noise 

ratio (10:1).  Results are given in Table 4.2.1 
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Figure 4.2.8 Calibration curve of Ni(II) H2AA2en  under optimized separation  

conditions 

 

Figure 4.2.9 Calibration curve of Ga(III) H2AA2en  under optimized separation  

conditions 
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Figure 4.2.10 Calibration curve of Pt (II) H2AA2en under optimized separation 

conditions 

 

 

Figure 4.2.11 Calibration curve of U(VI) H2AA2en  under optimized separation  

conditions 
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Table 4.2.1 Quantitative data of metal chelates of bis(acetylacetone) ethylendiamine by 

MEKC 
 

 

 

4.2.3 Interference Study 

 Effect of some commonly exist metal ions was investigated at optimized 

conditions. No significant interferences were found from Fe(III), Fe(II) Cr(III), Cu(II), 

Co(II), Se(IV), Cd(II). H2AA2en form intensively colored complexes with Fe(II), Fe(III) 

Cu(II) and Co(II), but no mobility was observed for Cu(II), Fe(II) and Co(II) in present 

system. Whereas the detection wavelength of both Fe(III) complex was 250 nm which 

was fairly away from the detection wavelength of metal ions (320 nm) separated in this 

study.   

 

 

 

 

Metal 
ions 

 

Calibration 
range  

( µg mL-1) 

 

Limit of 
quantitation  

LOQ (µg mL-1) 

 

Limit of 
detection 

LOD(µg mL-1) 

 

 

(R2) 

 

Linear 
Regrassion 

Equation 

 

Ni (II) 

 

10-40 

 

1 

 

0.333 

 

0.9935 

 

y = 0.91x + 23.5 

 

Ga(III) 

 

0.16-1.2 

 

0.016 

 

0.0053 

 

0.9991 

 

y = 24.362x + 
17.477 

 

U(VI) 

 

2-40 

 

0.2 

 

0.066 

 

0.9987 

 

y=.0183x+0.1461

 

Pt(II) 

 

1-4.0 

 

0.1 

 

0.033 

 

0.9997 

 

y = 13.3x + 36.5 
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Table 4.2.2 (a) Assay results of platinum(II),  gallium(III) and nickel(II) 
 

 
 
 

Table  4.2.2 (b) Assay results of uranium(VI) from ore samples 
 

 
Sample No. 

 
Amount of Uranium(VI)

 reported by supplier 
 (µg g-1) 

 
Amount of Uranium(VI) 

 found by CE 
(µg g-1) (% RSD) 

 
% Relative  
Deviation 

1 785 
 

780 (2.1) 
 

1.0 

2 882 
 

890 (1.2) 
 

1.9 

3 189 
 

184 (2.0) 
 

3.0 

4 86 
 

89 (2.8) 
 

3.1 

5 23.7 
 

24.2 (2.0) 
 

2.0 

 

 

 

 
Sample 

 
Metal ion 

 
Amount of  
Pt(II) metal 

reported 
(n=3)(µg mL-1) 

 
Amount of 

Pt(II)found by 
CE (n=3) (µg mL-1) 

 
R.S.D % 

(n=3) 

(Cis-platin)    
injection 

 
I.C (semi-
conductor) 

 
Citrus Leaves 

 

Pt (II) 
 
 

Ga (III) 
 

Ni (II) 

5.23 
 
 

0.53 
 

0.6 

5.45 
 
 

0.5 
 

0.56 

2.3 
 
 

3.1 
 

3.1 
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Table 4.2.2 (c) Determination of Ni(II) in ore samples 

 
Sample No. 

 
Amount of Nickel(II) 
 reported by supplier 

 (µgg-1) (RSD) 

 
Amount of Nickel(II) 

 found by CE 
(µgg-1) (% RSD) 

16683 
S1 

21.2 (2.3) 
 

19.2 (0.91) 
 

16687 
S2 

18.2 (0.89) 
 

16.7 (4.1) 
 

16689 
S3 

13.6 (3.01) 
 

14.7  (3.0) 
 

16690 
S4 

20.21 (1.34) 
 

18.9 (1.78) 
 

16692 
S5 

BDL* 
 

BDL 
 

* Below detection level 

 

 

4.2.5 Conclusion 

This method demonstrates the separation and determination of Pt(II), Ga(III), 

Ni(II) and U(VI) as their H2AA2en–complex by MEKC. H2AA2en formed complexes with 

all the four metals ions soluble in methanol: water mixed system, except Ni(II) and Pt(II), 

which were soluble in lower concentration range. However in higher concentration 

extraction in chloroform was reqiured. The method was found to sensitive with detection 

limits within the range of 0.0053-0.333 µg mL-1 and was selective for all metal ions 

analysed, especially Pt(II) complex exhibited remarkable selectivity under all conditions. 

Results of the determination of all four metal ions from different samples showed that the 

method can reliably be applied to real systems.  
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Part Two 

Simultaneous MEKC Method for Separation and Determination of 

Mo(VI), Cr(VI), Ni(II), Pd(III) and Co(II) by using Sodium 

Diethyldithiocarbamate (DEDTC) as Complexing Reagent 

 
Method Three 

4.3 Results and Discussion 

               Sodium diethyldithiocarbamate (Na-DEDTC) is a most extensively studied   

reagent which reacts spontaneously with more than 30 metals above pH 4.0 [15], it acts as 

bidentate, univalent anionic ligand formed strongly coloured and water insoluble 

complexes [16, 17]. Ni (II), Co (II), Mo (VI), Cd (II) reacted with NaDEDTC to yields 

neutral complexes as reported [16], which need a solvent extraction procedure. Due to this 

most of reported chromatographic and electrophoretic separations, used organic solvent in 

mobile phase [18, 19]; in order to avoid this, various modification have been 

experimented by researchers [20].  

However cationic surfactant cetyltrimethylammonium bromide (CTAB) in the 

presence of propanol impact greatly on the salvation of metal-dithiocarbamate complexes 

[21, 22], therefore this was successfully exploited in present study. As neutral analytes 

cannot be resolved by CE using simple electrolyte, therefore in present study a complex 

back ground electrolyte system contained butanol, cationic surfactant (CTAB) and borate 

buffer of pH 9.1 was developed. Micellar surfactant solution was used above critical 

micellar concentration (CMC); a concentration at which the surfactant molecules grouped 

together to form micelles [23]. Neutral solutes partition within these micelles in a 

chromatographic fashion and are separated on the basis of their retention factors similar to 

reversed-phase HPLC [24]. The spectrophotometric data reported [15] was summarized in 

table 4.3.0. 
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Table 4.3.0 Spectrophotometeric data of metal DEDTC complexes 

 

Metal ions 

 

Optimum 

pH 

 

Solvent 

 

max 

nm 

 

Cr(VI) 

 

0-6 

 

Chloroform 

 

365 

 

Co(II) 

 

2-14 

 

Chloroform 

 

323 

 

Pd(II) 

 

2-14 

 

Chloroform 

 

305 

 

Mo(VI) 

 

2-9 

 

Chloroform 

 

360 

 

Ni(II) 

 

2-14 

 

Chloroform 

 

326 

 

4.3.1 Optimization of Background System 

          Most of neutral solute showed good migration in borate-boric acid buffer system, 

metal sodium dithiocarbamate complexes in acidic region indicated poor stability even 

most of them dissociated within minutes [25]. Therefore borate buffer system in pH 7-10 

of different concentrations were investigated for the separation of  Cr(VI), Co(II), Pd(II), 

Mo(VI), and Ni(II) dithiocarbamates complexes. The concentration of an electrolyte 

system played an important role in separation; it controls the joules heating effects created 

on the surface of capillary. Various concentrations of buffer pH 9.1 were used from 100 to 

10 mM, by the difference of ten unites. The concentration of buffer above 40 mM 

developed current in capillary, due to which merged peaks with short retention time were 

achieved. Separation showed marked improvement in bellow 40 mM and 25 mM of boric 

acid-borate concentration was selected (Fig 4.3.4), due to different electromigration 

mobility and low current. Though, migration time decreased slightly at optimized buffer 

concentration but peaks were still broad and merged,  resolution between reagent Pd(II), 

Co(II) and Ni(II) was  also very poor (<1.5) (Fig 4.3.0). Therefore surfactants were 
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(Fig 4.3.3) clearly signified the extent of influence of pH values exert on migration of 

metal chelates.  pH was varied with the difference of 0.2 degrees, from pH 7 to 10 (25 

mM borate buffer system), up to pH 8, all metal and  reagent migrated at indentical 

velocity. The differenc in migration behavior was observed after pH 8.6, where all metal 

were separated but reagent retention time was very high (30 min). The decrease in 

migration window of reagent  was observed with an increase in pH and at  pH 9.1 (Fig 

4.3.3) all five metals along with reagent separated within 20 min, and mobility values at 

this pH were calculated which were in the range of  -1.9-9.8 cm2 kV-1 s-1. 

               The impact of surfactant’s (CTAB) concentration and ratio in total BGE on 

separation was investigated in detail. The significant improvement in the electrophoretic 

mobility of metal complexes of Pd(II), Ni(II) and Co(II) was observed with cationic 

surfactant CTAB. Initially, peaks were merged with each other and the separation between 

Pd(II), Ni(II) and Co(II) and Cr(VI) and Mo(VI) was less than 1.5. However it was 

appreciably improved with addition of CTAB in high concentration but it developed the 

current inside capillary. In order to avoid it, the concentration and ratio of CTAB was 

optimized from 5% to 50%  (25 mM), in total BGE. Electrophoretic mobilities of metal 

chelates were calculated at different percentage of CTAB (25 mM) in BGE, which remain 

more or less same as reflected in Fig.4.3.5, but 30% was selected due to sharp peaks and 

short analysis time.     

               The problem of poor resolution between cobalt(II), nickel(II) and palladium(II) 

was appropriately addressed through the selection of butanol as organic modifier. 

Butanols significantly influenced the sensitivity, selectivity as well migration pattern of all 

metal complexes. The ratio of buffer (pH 9.1, 25 mM), surfactant CTAB (25 mM), in 

BGE (70:30 v/v) was varied from 69:30:1 (1% in methanol) to 65: 30: 5 (1% methanol) 

v/v/v. The good baseline separation between all metal complexes was achieved at 65: 30: 

5 v/v/v and was selected (Fig 4.3.6). Mobilities data indicated that electrophoretic 

mobility of chromium(VI) and palladium(II) was drastically affected by the amount of 

butanol in background electrolyte. A good separation with resolution factor greater than 

1.5 was achieved when 1% of butanol (v/v methanol) in the ratio of 5% was added to 

BGE (Fig 4.3.6). An increase in the amount of organic modifier though further reduced 

retention window but electrophoretic mobilities became identical. 
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  The metal chelates of reagent NaDEDTC were water insoluble hence extracted 

into chloroform, however a sudden drop in current was observed when complexes were 

injected directly. Therefore a mixture of solvent system contains borate buffer :CTAB: 

butanol (1% v/v) 40:40:20 v/v/v, 40:30:30 v/v/v and 40:40:10 v/v/v were investigated to 

retain the current fellow inside the capillary. The solvent mixture consist of 40:40:10 

v/v/v, (Borate buffer (pH 9.1): CTAB (25 mM): butanol (1% v/v)) of borate buffer 

:CTAB: butanol (1% v/v)  maintained current in side capillary and was selected.  

 

4.3.3 Selection of Wavelength of Separation 

                  The CE system with photodiode detector was used in present study and 

maximum absorbance scanned between 210–600 nm. A good response of all metal 

complexes studied were observed at 225 nm, hence was selected as maximum wavelength 

of analysis. 

 

 

 

Figure 4.3.3 Effect of pH on the mobility of metal complexes with respect to neutral 
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Figure 4.3.4 Variation in migration velocity of metal chelates with concentration  

of borate buffer, under optimized conditions 

 

 

 

Figure 4.3.5 Variation in mobility of metal chelates with volume of surfactant, 

 under optimized conditions 
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Figure 4.3.6 The effect of the amount of organic modifier on the migration velocity of 

metal complexes, with respect to acetone 

 

4.3.4 Optimization of Voltage 

             Voltage controls many factors in CE, it directly effects on the retention factor as 

well as the environment developed inside the capillary through creating the joule heating 

effect. Cationic surfactant reverse the direction of EOF, therefore negative voltage was 

applied to induce migration of analytes toward the detection window. The effect of 

voltage on separation was investigated and voltage was varied from -5 kV to -20 kV, with 

interval of -2 kV, an acceptable separation between all five metal chelates and reagent 

obtained in the range of -10 to -12 kV.  Finally -10 kV was selected due to less current 

and good separation.  
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Figure 4.3.7 Effect of voltage on the migration velocity of metal Na-DECTC complexes 

Under optimized conditions 

 

4.3.5 Evaluation and Quantitation 

             In order to maintain precision the analysis was carried out by same person and 

from same solutions containing 0.1-50 µg mL-1 of metal ions. The repeatability of 

complexation and separation process was followed through the measurement of migration 

time and peak area or height (n= 4) and was in range of   RSD 2.4-3.3 %. An intraday 

RSD (n= 4) was observed with 2.4 to 3.8%. The repeatability in migration time (n=4) was 

with RSD 1.4-2.9 %. 

Calibration curves for simultaneous determination were drawn by recording the 

average peak height (n=4) versus concentration, at the selected operating conditions. The 

calibration curves were linear in rage of 0.16-10 µg mL-1 and coefficient of determination 

were, (R2) 0.9979, 0.9985, 0.9997, 0.9991 and 0.9989 (Table 4.3.1) for Co(II), Ni(II), 

Cr(VI), Pd(II) and Mo(VI) respectively. The calibration curves for Cr(VI) DEDTC and 

Pd(II) showed an excellent linearity as indicated by R2 values of 0.9997 and 0.9991 

respectively, while others indicated an acceptable linearity. The linearity values reflected 

the stability of complexes with fair mobility. The confidence limits of slope and intercept 

at 95% and standard deviation along with percentage error in linear calibration curved 

were calculated  in the determination of concentration by lest squire method (Table 4.3.1). 
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4.3.6 Detection Limits 

               Concentration limit of detection of each metal complex was calculated separately 

by measuring peak height verse concentrations. Detection limit measured as three times of 

signal to noise ratio (S/N, 3:1) was found to be in the rage of 5-67 ng mL-1(Table 4.3.1 ). 

The Mo(VI), indicates higher sensitivity for the determination and lowest value was 

obtained for Pd(II). The limit of quantification (LOQ) was measure as S/N ratio (10:1) and 

was achieved to be in range of 0.016-0.20 µg mL-1. 

 

 

 

 

 

Figure 4.3.8 calibration curve of Cr(VI) DEDTC complex at operating conditions 
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Figure.4.3.9 Calibration curve of Ni (II) DEDTC complex at optimized operating 

conditions 

 

 
Figure 4.3.10 Calibration curve of Pd(II) DEDTC chelate at optimized conditions 
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Figure 4.3.11 Calibration curve of Mo(VI) DEDTC complex under optimized conditions 

 

Figure 4.3.12 Calibration curve of Co(II) DEDTC complex under optimized condition 
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Table.4.3.1 Quantitative MEKC Data of DEDTC metal chelates 

 

 

Metal 

Ions 

 

Calibration 

range  

(µg mL-1) 

 

Limit of 

quantitation

(LOQ) 

(µgmL-1) 

 

Limit of  

detection 

(LOD) 

 (ng mL-1) 

 

 

R2 

 

 

Linear regression 

equation 

 

Co(II) 

 

0.5-5.0 

 

0.0501 

 

16.7 

 

0.9979 

 

y = 1.0644x + 6.5902 

 

Cr(VI) 

 

0.25-2.0 

 

0.025 

 

8.3 

 

0.9997 

 

y = 1.2617x + 0.9792 

 

Ni(II) 

 

4-10.0 

 

0.04 

 

13.3 

 

0.9985 

 

y = 0.7519x - 0.7996 

 

Mo(VI) 

 

0.1-1.0 

 

0.016 

 

5.0 

 

0.9989 

 

y = 2.0228x - 0.0382 

 

Pd(II) 

 

2-10.0 

 

0.2 

 

67.0 

 

0.9991 

 

y = 0.9115x + 0.229 

 

4.3.7 Interference Study 

              NaDEDTC reacts to a large number of metal ions; the possibility of interference 

by Cu(II) and Fe(II)/(III) in real samples was investigated in detail.  Copper(II) complexes 

dissociate if not stored in darkness [15], and complexes investigated in present analysis 

were not subjected to special conditions required for copper (II). Many metal complexes 

of DEDTC showed maximum absorbance above > 350 nm and max for Cu(II) reopted was 

436 nm[15]. Therefore possibility of interference was eliminated because in present study 

detection carried out at 225 nm. The iron complexes of DEDTC investigated for 

interference, showed poor solubility as well as mobility, hence no interference was 

observed by iron(II)/(III). 

4.3.8 Application of Method in Real Matrix 

            The reagent DEDTC was found to be very sensitive reagent for large number of 

metal; therefore method was applied for the determination of Mo(VI) in food samples 
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Table 4.3.2 Amount of Ni(II) present in hydrogenated ghee samples 

 
S. 

NO 

 
Sample 

 
Metal 
Ion 

 
Amount found 

By CE 
µg g-1 (RSD %) 

 
Amount found 

By AAS 
(RSD) µg g-1 

 
Relative deviation

% 

 
1 

 
Pak Ghee 

 
Ni(II) 

 
4.185(4.1) 

 
3.742 (2.1) 

 

 
4.5% 

 
2 

 
Naz Ghee 

 
Ni(II) 

 
3.658 (2.6) 

 
2.900 (1.7) 

 
3.51% 

 
3 

 
Without name 

 
Ni(II) 

 
3.88 (1.7) 

 
4.923 (1.2) 

 
4.06% 

 

Table 4.3.3 The determination of amount of Mo(VI) in potato and almond  

samples 

 
 

Sample 

 
 

Metal 
ion 

 
Amount found 

By CE 
µg g-1 

 
Amount found 

By St.Add 
µg g-1 

 
Amount Found 

By 
AAS 
µg g-1 

 
 

C.V 

 
Potato 

 
Mo(VI) 

 
0.293 

 
0.32  

 
0.25  

 
3.9% 

 
Almond 

 
Mo(VI) 

 
0.7025 

 
0.72  

 
0.67  

 
1.02% 

 

Table 4.3.4 Determination of Co(II) in pharmaceutical preparations 

 
S. 

NO 

 
Sample 

 
Metal 
Ion 

 
Amount found 

By CE (RSD %) 

 
Amount 

Prescribed 

 
C.V 

 
1 

 
Neurobion 

tablet  
 

 
Co(II) 

 
 3.8 µg µg /Tablets 

(3.1) 

 
4.4 µg /Tablet 

 
2.9% 

 
2 

 
Cobalmine 
Injection 

 

 
Co(II) 

 
 43.3 µg /Injection 

 (1.9) 

 
  44.µg/ 
Injection 

 
1.02% 
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4.3.9 Conclusion 

  A simple and sensitive method for the simultaneous determination of five of 

biologically and environmentally important metals ions; Cr(VI), Mo(VI), Pd(II), Co(II) 

and Ni(II) was developed. All metal showed good separation with migration time of < 12 

min and sensitivity within detection limit 5-67 ng mL-1 with highest sensitivity for 

Mo(VI) i.e. 5 ng mL-1. The reproducible results in migration time and peak height with 

maximum RSD up to 3.3% was achieved. The added advantage of MECK method was 

that a complete separation was achieved in   simple buffer system with cationic surfactant 

and organic modifier only. The use complexing reagent in BGE was eliminated 

successfully, as reported in earlier separations [25, 34].  

 Finally method was successfully applied for the determination of 

molybdenum(VI), in potato and almond, nickel(II) in hydrogenated ghee and cobalt(II) in 

cobalmine tablets and neurobion injection samples and all results were comparable to 

established AAS method and supplier’s condition.  
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          Spectrophotometric conditions for 12 metal APPT chelates were investigated and 

results are summarized in table 4.4.0.1. The complexation conditions were optimized, 

through investigating the effect of pH in the range 1-9 on the formation of metal chelates 

and metal to ligand ratios were examined at pH of maximum absorbance (max) for all 

metal complexes investigated. The maximum colour development with highest values of 

absorbance was considered as optimum. Almost all metal chelates scrutinized in present 

study showed absorbance in high to weak acidic region i.e from pH 1 to 6. The metal 

chelates of Au(III), U(VI), Cd(II) and Cr(VI)-APPT formed complexes in acidic region 

and showed good absorbance in pH 1 to 3 (Fig 4.4.0.1).  

While maximum colour development for Cr(III), Th (IV), Te (IV), As (III), As (V) 

was obtained in slightly acidic to neutral  region of  pH 4 to 6 (Fig.4.4.1, 2). The 

maximum colour for As(III) and As(V) was obtained in slightly acidic pH 3 and 5 at max 

385 and 370 nm respectively. As(V) formed a more sensitive complex than As(III), which 

was indicated by the values of molar absorptivity, of both complexes and their wavelength 

of maximum absorbance (Table 4.4.0.1). Cr(VI) reacts rapidly with APPT to form water 

soluble and light yellow coloured complex which absorb maximally at 395 nm and the 

max for Cr(III) was observed at 360 nm. However Cr(VI) indicated some anomalous 

behaviour as it gave good absorbance in whole acidic to neutral region from pH 1 to 7 

with maximum at 6 pH.  Cr(III) APPT complex was found to be very selective in pH and 

a sharp rise in the absorbance was recorded at pH 5, the difference of one unit in 

maximum absorbance make it  ideal for speciation study. The complexes of Au(III) and 

Cd(II) indicated maximum colour at pH 1 and 2 respectively (Fig.4.4.0.1 and 4.4.0. 2). 

The complexes of U(VI), Th(VI) and Te(IV) indicated maximum absorbance in 

narrow range of wavelength with max ranging from 375 to 395 nm and maximum colour 

was achieved in slightly acidic pH(3-5). Reagent APPT reacts rapidly with all manganese 

species, therefore its reactions with Mn(II), Mn(IV), and Mn(VII) were investigated. The 

spectrophotometric data of Mn studies is summarized in table 4.4.0. 

 The coloured Mn(VII) APPT complex gave  maximum absorbance at max at 370 

nm, while Mn(II), Mn(IV) APPT complexes developed maximum colour at max  365 and 

360 nm respectively. The sharp increase in absorbance for Mn(VII) APPT  chelate was 
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observed at pH 5, (Fig.4.4.0.3) but Mn(II) absorb over a wide range of pH; 3 to 7, with 

maxima at pH 6. Mn(IV) APPT complex was stable for 15 hours, it showed  highest 

absorbance at pH 5, and also an acceptable absorbance at pH 1, which indicated the 

complex nature of Mn(IV) APPT chelate (Fig 4.4.0.3). 

The composition of the metal chelates at optimized pH was studied by changing 

metal ligand mole ratio. 1:2 metal:ligand ratio was observed for U(VI), As(III), As(V), 

and Au(III) APPT chelates (Fig.4.4.0.4) where as  Te(IV), Cr(III), Cr(VI) formed 

complexes of 1:3 metal:ligand ratio (Fig.4.4.0.4,5).  The study revealed some aberrations 

in the case of Th(IV) and Cd(II), unlike U(VI) and Te(IV),  thorium(IV) complex of 

APPT (Fig.4.4.0.5) formed complex  in 1:1 ratio. and Cd(II)  also observed to form 

complex with 1:1 metal to ligands (Fig.4.4.0.5).   

The composition of various manganese species were investigated, the result 

suggested that Mn(VII) and Mn(II) form a complex with 1:1 ratio of metal to ligand and 

Mn(IV) showed 1:3 metal:ligand ratio (Fig.4.4.0.6). The stability of metal APPT 

complexes was carried out by observing the change in absorbance with the short interval 

of one hour to 24 hours. Metal complexes of U(VI), Th(IV), As(III), As(V), Te(IV) and 

Cr(III) were found to stable for more than 24 hours and Cr(VI), Au(III), Cd(II) remained 

stable up to 18 hours. Mn(II) and Mn(VII) complexes were remained stable up to 15 hours 

and Mn (IV) was found stay stable for six hours only.  

The complexes of U(VI), Th(IV), As(III), As(V), Te(IV) , Au(III) and Cr(VI) 

revealed high sensitivity with values of molar absorptivity in the range of 1.1×104-3.8×104 

L.mol-1cm-1, the highest values indicated by Th(IV). Where as the chelates of Cd(II) and 

Cr(III) showed a reasonable sensitivity with molar absorptivity values within 3.4 ×103 to 

3.7×103 L.mol-1cm-1(Table.4.4.0.1). 

All manganese species formed aqueous methanolic soluble species and showed 

moderate sensitivity with molar absorptivity values within 4.33×103
 to 2.3×104  L.mol-1 

cm-1 (Table.4.4.0). The linear calibration curves were plotted by recording change in 

absorbance with concentration. The calibration curves were linear in wide range 1 to 200 

µg mL-1 of concentration and obeyed Beer’s law with coefficient of determination (R2) 

with 0.9995  to 0.9903 (Table.4.4.0.1).   
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The reagent APPT was soluble in methanol and ethanol at low concentration; 

therefore 0.02% (w/v) solution of reagent was prepared in methanol by sonication at 35 oC 

for half an hour. The amount of reagent added was varied from 1 to 5 mL with the 

difference of 0.5 mL for each metal ions, the maximum absorbance was achieved at 2 mL 

for Au(III), U(VI), Th(IV), Cr (VI), Cr(III), Co(III), Mn (II), Mn(IV), Mn(VII) and Te 

(IV) ( Fig 4.4.0.8)  and 2.5 mL for As(V) and As(III) (Fig.4.4.0.7), respectively.  Whereas 

Cd(II) showed maximum absorbance with 1 mL (0.02% w/v) reagent (Fig.4.4.0.7), and no 

increase in absorbance was observed after 1 mL. The simultaneous determination required 

an excess of reagent therfore 3 mL of reagent was selected to achieve complete 

complexation. The complexes of all metal ions investigated so for were fairly soluble in 

methanol-water system but for preconcentration, solvent extraction were also investigated. 

Different organic solvents such as chloroform, carbon tetrachloride and methyl isobutyl 

ketone (MIBK) were examined. The good extraction was achieved in chloroform, with 

percentage recovery of 98.7%, hence chloroform was selected. 

 

Figure 4.4.0.1 The effect of variation in pH on the formation of U(VI), Te(IV), Cd(II), 

Co(II), As(III), and Cu(II) as complexes of APPT against reagent blank at final 

concentration 2, 1, 1, 1, 3 and 2 μg mL-1 respectively 
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Figure 4.4.0.2 The effect of variation in pH on the formation of Cr(III), Au(III), Cr(VI) 
and As(V) as complexes of APPT against reagent blank at final concentration 2, 2,  1, and 

2 μg mL-1 respectively 

 
 

Figure 4.4.0.3 The effect of variation in pH on the formation of Mn (II), Mn(IV)and 
Mn(VII) as complexes of APPT against reagent blank at final concentration 2, 3 and 1 μg 

mL-1 respectively 
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Figure 4.4.0.4 Variation in metal: ligand ratio of Au(III), Cr(III), Cr(VI) and As(V) as 
APPT chelates 

 
 

Figure 4.4.0.5 Variation in metal: ligand ratio of Cd(II), Te(IV), U(VI), As(III) and Th 
(IV) as complexes of APPT 
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Figure 4.4.0.6 Change in metal: ligand ratio of Mn(VII), Mn(IV) , and  Mn(II) as 

Complexes of APPT 
 
 

 
 

Figure 4.4.0.7 Optimization of the volume of reagent APPT required for complete 
complexation 
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Figure 4.4.0.8 Optimization of the volume of reagent required for 
maximum complexation 

 
 
  

The spectrophotometric study indicated the sensitivity and selectivity of metal 

chelates of APPT that formed water-methanolic soluble complexes (Table 4.4.0.1 and 2), 

but the metal chelates absorbed maximally within a narrow region 360-418 nm and 

indicated overlapping of bands. Therefore separation of them was considered by using 

capillary zone electrophoresis. CZE is a promising technique of modern times which 

proved to be very sensitive, selective and less analyte and time consuming. It is an ideal 

separation technique for environmentally and biologically important metals, the metal 

investigated during present research have wide variety of applications therefore attempt 

have been made to develop a sensitive CZE method for separation and determination of 

all 12 metal ions.  
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The especial attention was paid to separate metal ions of environmental and 

biological interest simultaneously. The reagent APPT demonstrated a remarkable property 

to react with different species of metal ions simultaneously; this was used to separate 

different metal species in various attempts. During present study, three different sensitive 

and selective methods for determination metal ions of diverse interest were developed in 

simple CZE system by complexation with APPT.  

 
Table 4.4.0.1 Quantitative spectrophotometric data for metal chelates of 

2-acetylpyridine-4-phnyle-3-thisemicarbazone (APPT) 
  

 
Metal 

Chelate
s 

 
max 

(nm) 

 
pH max 

 
Metal:Ligand 

Ratio 

 
ɛ 

(L.mol-1cm–1)
 

 
Calibration  

range  
µg mL-1 

 
R2 

 
U(VI) 

 
395 

 
3 

 
1:3 

 
1.3×104 

 
10-50 

 
0.9972 

 
Th(IV) 

 
    385 

 
4 

 
1:1 

 
3.8×104 

 
       10-50 

 
0.9989 

 
Te(IV) 

 
375 

 
5 

 
1:3 

 
2.31 ×104 

 
1-5 

 
0.9985 

 
Cr(III) 

 
360 

 
5 

 
1:3 

 
3.4×103 

 
1-15 

 
0.9958 

 
Cr(VI) 

 
390 

 
6 

 
1:3 

 
1.4×104 

 
2-10 

 
0.9994 

 
Cd(II) 

 
365 

 
2 

 
1:1 

 
3.7×103 

 

 
10-25 

 
0.9905 

 
As(III) 

 
375 

 
3 

 
1:2 

 
1.1 ×104 

 
1-5 

 
0.9982 

 
As(V) 

 
385 

 
5 

 
1:3 

 
3.2  ×104 

 
50-250 

 
0.9903 

 
Au(III) 

 
418 

 
1 

 
1:2 

 

 
1.2 ×104 

 
0.2-10 

 
0.9981 
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Table 4.4.0.2 Quantitative spectrophotometric data for metal chelates of 
2-acetylpyridine-4-phnyle-3-thisemicarbazone (APPT) 

 
 

Metal 
Chelates 

 
max 

(nm) 

 
pH max 

 
Metal:Ligand 

Ratio 

 
ɛ 

(L.mol-1cm–1) 
 

 
Calibration  

range µg mL-1 

 
R2 

 
Mn(II) 

 
365 

 
6 

 
1:1 

 
2.3×104 

 
2-10 

 
0.9989 

 
Mn(IV) 

 
360 

 
5 

 
1:3 

 
4.33×103 

 
2-10 

 
0.9996 

 
Mn(VII) 

 
370 

 
5 

 
1:1 

 
2.43×104 

 
1-5 

 
0.9995 
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Method Four 
 

Capillary Zone Electrophoresis (CZE) Separation and 

Quantitative Analysis of Au(III), As(V), Cr(III) and Cr(VI) by 

using APPT as Complexing Reagent 

 

4.4.1 Results and Discussion 

Capillary electrophoresis emerges as the most powerful separation technique of 

modern times for selective and simultaneous determination of metal ions [38]. It has been 

recognized also as most popular speciation techniques for organic and inorganic species of 

biological and environmental importance due to its sensitivity and simplicity [39]. The 

metal chelates of APPT were soluble in aqueous- methanolic system therefore capillary 

zone electrophoresis (CZE) was tried for the separation of selective group of metal 

chelates of APPT, that is Au(III), As(V), Cr(III) and Cr(VI).  Chromium element exists in 

multiple (1-7) oxidation states but separation and speciation of Cr(III), and Cr(VI)  species 

attracted a lot of attention due its biological and environmental importance [40, 41]. 

Cr(VI) is a toxic element present in environmental system as chromate ion (CrO4) [42] 

while Cr(III) is biologically essential element, due to their enormous importance their 

simultaneous determination as complexes of APPT, was employed. The chromium(VI) 

complex was stable in a wide pH range of 2-7, and Cr(III) also showed good absorbance 

in 3-6 pH range, which make them suitable for simultaneous CZE studies with other metal 

ions present in matrix.  The added advantage of present system is that chromium species 

were separated along with other analytically and environmentally important pair of metal 

ions, i.e.; gold (III) and arsenic (III). Though arsenic in both oxidation states; As(III), and 

As(V) is toxic and  its speciation is also highly required but  simultaneous determination 

of gold (III) and arsenic (III) is also very appreciable, because arsenic is commonly known 

as gold marker [43]. Therefore a CZE method for their simultaneous separation and 

quantitation with photo diode array detection was considered and developed. 
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4.4.1.1 Pre-capillary Derivatizing Conditions 

              The amount of reagent (0.02%) added was investigated from 2-4 ml at interval on 

1 mL. Almost same response was obtained at 2.5 and 3 mL, but 3 mL was selected to 

convert metal ions completely into metal chelates. Freshly prepared metal chelates were 

injected by auto sampler on uncoated fused silica capillary of total length 50.2 cm and 

length to detector was 40.cm, the sample was injected hydrostatically at optimized 

injection time of 6 second (Fig.4.4.1.1) at optimized electrophoretic conditions (sec 

3.5.2.4). The UV detection was achieved at at optimized wavelength of 241 nm by using 

photo diode array detector (4.4.2). 

 

 

Figure 4.4.1.1 the optimization of injection time ( s ) under standard operation    

conditions (4.4.2) 

 

4.4.1.2 Choice of Run Electrolyte 

              Various buffer systems; borate, phosphate, carbonate and acetate were examined, 

initially borate buffer of pH 7,  showed some mobility of metal chelates but sensitivity and 

resolution was very poor, as metal complexes of APPT absorbed maximally in acidic 

buffer system, therefore acetic acid-sodium acetate buffer from pH 3-6 was considered  as 

back ground electrolyte (BGE).  Mobility of metal chelates in acetate buffer system was 
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nearly zero and capillary current was also very high, therefore system was switched to 

oxalic acid-sodium oxalate buffer. The BGE consist of oxalic acid-sodium oxalate buffer 

(100 mM) was investigated (pH 3 to 5). The mobility in all four complexes was observed, 

but resolution was very poor. It was detected that change in composition of BGE from pH 

4 to 5 range had drastic effect on mobility as well resolution. Various concentration ratios 

of acid-salt (oxalic acid-sodium oxalate) in given range was analysed with the interval of 

10 units. It was observed that increases in ratio of sodium oxalate in buffer increased the 

migration time hence effects adversely on mobility (Fig.4.4.1.3). The change in pH was 

also showed same pattern, the migration time was observed to increase with  pH variation 

(Fig 4.4.1.2), at higher pH values not only resolution was decreased but migration time 

was also increased to 10 minutes. Therefore pH 4 was selected, where metal ions showed 

reasonable separation (Fig 4.4.1.2) with resolution > 1.5 as well as less migration time. 

However  all metal chelates; Cr(VI), Cr(III), Au(III), and As(V) were separated 

successfully in a simple buffer system comprised of oxalic acid and sodium oxalate ( pH 

4) and a good separation within 6 min was achieved at 10 mM of oxalic acid-soduim 

oxalate buffer system ( Fig 4.4.1.2, 3). 

 

 

Figure 4.4.1.2 Effect of pH on the migration of Au (III), As (V), Cr (III) and Cr (VI) 

APPT chelates 
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Figure 4.4.1.3 Effect of variation salt (sodium oxalate) and acid( oxalic acid) 

concentrations ratio in  BGE on the mobility of Au(III), As(V), Cr(III),and 

Cr(VI) APPT chelates at pH 4.0 

 
 

4.4.1.3 Selection of Separating Voltage 
 
               Voltage is inversely proportional to migration time, but during this separation 

though an increase in migration time was recorded with decrease in voltage but no effect 

on resolution was observed. The variation in mobility of metal chelates of APPT was 

investigated with an interval of +5 kV units. The mobility curves (Fig 4.4.1.4) showed no 

significant change in the mobility from +15 kV to +20 kV except a decrease in migration 

time. However a slight decrease in the mobility of Cr (III) was observed with increase in 

voltage while reagent demonstrated a negligible effect of voltage. In order to avoid the 

joule heating effect, attributed to high voltage, the +15 kV was selected as separation 

voltage and good separation with short analysis time of 6 min was achieved. 
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Figure 4.4.1.4 Effect of voltage on mobility of Cr (III), Cr (VI), Au (III) and  
As (V) APPT complexes. 
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As(V) (Table 4.4.1). The limit of quantification (LOQ) measured as signal to noise ratio 

(10:1) was found to be in the rage of 0.095-0.5 µg mL-1. 

 

 

 

 
Figure 4.4.3 CZE calibration curve of As(V) .CZE conditions as narrated in 

electropherogram (Fig 4.4.2) 
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Figure 4.4.4   CZE calibration of Cr(III), under optimized conditions. 
 

 
               

Figure 4.4.5 CZE Calibration curve of Cr(VI), CZE conditions as Fig.4. 
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Figure 4.4.6 Calibration plot of Au(III)-APPT chelate by CZE, under optimized 

conditions (Fig 4.4.2). 
 

 
 

Table 4.4.1 Quantitative CZE data for analysis of metal chelates of APPT 
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Au(III) 

 
1.6-11.4 
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0.032 

 
0.9975 

 
Y=0.0002x+0.0012 

 
As(V) 

 
10-80 

 
0.5 

 

 
0.167 

 
0.9941 

 
Y=0.107+3.2365 

 
Cr(III) 

 
3-12 

 
0.1 

 
0.033 

 

 
0.9987 

 
Y=0.0001x+0.0025 

 
Cr(VI) 

 
0.1-10 

 

 
0.03 

 
0.01 

 

 
0.9994 

 
Y=0.5362x+4.2911 
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4.4.3 Effect of Associated Ions 
 
           Reagent APPT reacts with many metal ions in acidic region, therefore possibility of 

interference by some common ions Cu(II), and Fe(III) was investigated in detail. The 

Cu(II) and Fe(III) showed poor mobility in background electrolyte employed during 

present study.Therefore no interference was observed by Cu(II) and Fe(III). 

 
4.4.4 Analytical Application 
 

4.4.4.1 Determination of Cr(III) and Cr(VI) in Tape Water and Industrial Waste 
Water   

 
                Most countries apply a legal limit of 50 μgL-1 of Cr(VI) in drinking water [44] 

that is why the determination of Cr(VI) in environment is of great concern. Therefore 

industrial waste water was investigated for Cr(VI) content in populated areas near 

industrial towns .The method was applied for the determination of Cr(VI) from industrial 

waste water sample collected from District Kusur ( Punjab, Pakistan ) and Cr(III) from 

different (3) tape water samples (1.5 liter)  collected from Sindh University campus area 

of District Jamshoro( Sindh, Pakistan). Tape and industrial waste water samples after 

suitable pre treatment (sec 3.7.11, 12) and derivatization (sec 3.6.2) were injected on CE 

system. 

The amount of Cr(VI) present in industrial waste water was evaluated from the 

calibration curves plotted from external standards. The amount of Cr(VI) were also 

verified with standard addition technique. The data indicated that industrial waste water 

sample one contained   2.08 µg L-1 and sample two contained 2.113µg L-1 and amount 

found by standard addition was 2.167 µg L-1 and 2.14 µg L-1 with RSD values was in the 

range of 0.8-3.1% and 1.4-3.9% respectively. While tape water collected from three 

different points from Sindh University campus area, was found to contain average 6.7 µg 

L-1 and amount found by standard addition method was 6.9 µg L-1 with RSD of 1.2-4.2%.  

The recovery % was 96.1% for Cr(III) and 90.8% , 93.6% was found to be for Cr(VII), in 

sample one and two respectively. The results obtained were verified with air-acetylene 

flame atomic absorption spectrophotometer and a fair correlation was obtained within 

RSD 1.5-7.3% (Table 4.4.2) 
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Table.4.4.2 CZE determination of Cr(III) and Cr(VI) from tape water and industrial waste 
water samples 

 
 
 

Sample 

 
Metal 
Ions 

 
Amount of metal 

found by CE 
(RSD %) 

(n=3) µg L-1 

 
Amount of metal 

found by CE 
with St.Add 

(RSD %) 
(n=3) µg L-1 

 
Amount of metal

Found by 
Atomic.Abs 

 
 µg L-1 

 
Tape 
Water 

 
Cr(III) 

 
6.6  

 (1.2) 

 
6.9  

(4.2) 

 
6.2  

 
 
      Industrial 
Waste water 

01 

 
Cr (VI) 

 
2.08  
 (0.8) 

 
2.11 
 (1.2) 

 
1.91  

 
Industrial 

Waste water 
02 

 
Cr (VI) 

 
2.167  
 (3.1) 

 
2.14 
 (4.2) 

 
2.01  

 
 
 
4.4.4.2   Determination of As(V) and Au(III) in Coal Mines Water Samples 

 
            The coal mine water samples (S1, S2) were received from Thar coal mines  

(Tharparker, Sindh, Pakistan) area and were subjected to suitable pre-treatment and after 

derivatization as reported (sec.3.7.10 and 3.6.2 respectively), CE study was carried out. 

The amount of As(V) and Au(III) present in water samples was evaluated from calibration  

curves plotted by external standards. APPT reacts with arsenic(III) and (V), therefore rock 

mine samples were oxidide in order to convert arsenic(III) into arsenic(V). The amount As 

(V) and gold(III) present water samples were also confirmed by standard addition 

techniques. The result revealed the fair presence of Au(III) and As(V) in coal  mine area 

of Tharparker and result obtained by CE indicated that coal mines rock water sample one 

contain 0.025 µg L-1 (RSD 3.4%) of gold (III) and 0.15µg L-1 (RSD 3.1%) of arsenic(V). 

Where as the amount found by standard addition techniques was 0.234 µg L-1 of gold(III) 

and arsenic(V) was 0.20 µg L-1 with relative standard (RSD) of 4.3 % and 2.9% 

respectively. The % recovery was found to 91.0%,  94.1% for Au (III) , 92.6%, 90.2%  for 

As(V) in S1 and S2 respectively. Applicability of method was also verified by standard 
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4.4.5 Conclusion 
 
            CZE analytical procedure was developed for the determination of gold(III), 

arsenic(V), chromium(III) and chromium(VI) using a new complexing reagent 2-

acetylpyridinide-4-phenyle-3-thiosemicarbazon. The optimum conditions of complexation 

were investigated. The metal chelates of APPT were found to very sensitive and stable, 

showed  variety of absorbance range, combine with the ligand in a of 1:3 ratio with 

Cr(III), Cr(VI) and As(V)  while gold(III) reacted with 1:2 ratios. Metal ions showed 

maximum absorbance in acidic pH region. The limit of detection measured were in the 

range of 0.1 -0.167 µg.mL-1. The method was applied successfully for the determination 

of both chromium species with fair precision as indicated table 4.4.2. The method was 

also used to determined of gold (III) in certified reference material and gold(III) and 

arsenic(V) in rock coal mine samples (Table 4.4.3,4).  The method showed reliability and 

stability for real matrix. 
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Method Five 

Capillary Zone Electrophoretic Separation and Determination 

of UO2(VI), Te(IV), As(III), Cd(II), Cu(II) and Co(II) using 2-

Acetylpyridene-4-phenyl-3-thiosemicarbazone (APPT) as 

Chelating Reagent 

4.5.0 Results and Discussion 

                The reagent APPT reacted immediately with dioxouranium(VI), cobalt(II), 

cadmium(II), copper(II), arsenic(III) and tellurium(IV) and fromed coloured metal 

chelates; soluble in water and methanol and all metal chelates were extractable in 

chloroform. Sectrophotometric study suggested the possibility sensitive determination but 

all six metal showed absorbance within narrow regions of 370 to 395 with overlapping 

bands, particularly between As(III) and Te(IV). Therefore for their sensitive, selective and 

simultaneous separation and determination CZE was examined.  

4.5.1 Optimization of Separation Conditions 

          CZE separation conditions were explored with the selection of background 

electrolyte (BGE), which works as separation engine by creating electroosmotic flow 

inside the fused silica capillary. Metal chelates under scrutiny demonstrated zero 

separation in most popular buffer systems used in CZE system comprised of boric acid-

sodium tertraborate pH (7-9), phosphate (pH 6-8), ammonium acetate and acetic acid (pH 

2-5). Finally oxalic acid and sodium oxalate buffer system was studied as BGE, and some 

electrophoretic mobility was observed using oxalate buffer of pH 3-5. However no 

improvement in electrophoretic mobility or separation was achieved in concentration 

ranges of 10 to 100 mM. Therefore a mixed buffer system comprised of citric acid and 

sodium oxalate salt of pH 4 (10:10 mm ratios) was experimented. Surprisingly a 

significant change in electrophoratic mobility of UO2(VI) , Cd(II), Co(II), Te(IV) and 

reagent  was detected in this system but no separation was observed between As(III), Te 

(VI) and separation between Cd(II) and UO2(VI) was also poor (Fig 4.5.1). 

The variation in pH from 4 to 5 indicated the separation at 4.2 (Fig 4.5.2) between 

UO2(VI), Cd(II), Co(II) and reagent, while resolution between reagent and Cu(II) was 
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The unique behaviour was showed by UO2(VI),  Cd(II) and Co(II) complexes, 

their electrophoretic mobilities were very high in low concentration ratio of 10:10, and  it 

fall sharply with increasing the concentration of sodium oxalate salt in buffer. Likewise 

decrease in electrophoretic mobility with increasing the amount of sodium oxalate was 

also observed for all metal chelates, with the exception of Cu(II), whose mobility 

remained same through out. While Cu(II)  chelates  mobility was even slower than reagent 

(Fig 5.5.1). The sudden change in the migration pattern of certain metal APPT complexes 

might be attributed to decrease in electroosmotic flow.  Because along with charge to 

mass ratio, and geometry of metal chelates, the nature of electrolyte was also considered 

an important factor in the migration of metal chelates in capillary zone electrophoresis that 

was clear in overlapping of mobilities from 50 mM to on ward (4.5.3). 

The injection time (sample injected hydrostaticaly) was optimized between 4 to 10 

s; a smooth decrease in electromigration velocity of metal chelates with an increase in 

injection time was observed. The good separation was achieved at 6 s, hence it was 

selected (Fig 4.5.4). 

 

 

Figure 4.5.2 Variation in migration velocity of metal APPT complexes with pH. 
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Figure 4.5.3 Variation in mobility of metal chelates with changing concentration ratios of 
citric acid: sodium oxalate buffer (pH 4.2). Conditions Fig 4.5.1 

 

 

Figure 4.5.4 Change in mobility of metal complexes with injection time (s) 

 Conditions Fig 4.5.1. 
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4.5.1.2 Optimization of Separation Voltage 

             The change in voltage was investigated in the range of +10 to +20 kV with the 

interval of 2 kV, at optimized pH (4.2) and citrate-oxalate ratio (10:35). An interesting 

pattern of electrophoretic mobilities of metal APPT chelates in mixed buffer system was 

observed, usually with increase in voltage, a significant decrease in migration time has 

occurred. Present system showed a contrary trend; though an increase in electrophoretic 

mobilities with increase in voltage from +10 kV to +15 viewed, but no appreciable change 

was observed when voltage was increased from +15 to +20 kV (Fig 4.5.5). In fact slight 

decrease in electrophoretic mobilities in all metal complexes was noted at +20 kV. A good 

separation between all six metal complexes and chelating reagent was obtained at +15 kV, 

within >10 min and it was selected. 

4.5.1.3 Selection of Analysis Wavelength 

              Capillary electrophoresis system with photodiode array detector was used to scan 

the wavelength of maximum absorbance in the range of 200 to 600 nm.  The peak 

maximum for all metal complexes was achieved at 317 nm, and was selected. 

 

Figure 4.5.5 The change in electrophoretic mobilities of metal chelates with  
voltage understandard operating condition (Fig 4.5.1). 
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       At selected operating parameters linear calibration curves were plotted by recording 

change in average peak height (n=3) with change in concentration of samples solution. 

The calibration curves achieved for As(III), UO2(VI), Cd(II), Co(II), Cu(II) and Te(IV) 

were linear within 1-5 µg mL-1, 2.5-10 µg mL-1, 10-25 µg mL-1, 1-13 µg mL-1, 10-50 µg 

mL-1 and 5-20 µg/ml, with coefficient of determination (R2), 0.9987, 0.9988, 0.9999, 

0.9992, 0.9991 and 0.9995 respectively (Fig. 4.5.7-12). The limit of detection calculated 

as three time of background noise were (S:N) (3:1) were 0.05 µg mL-1, 0.067 µg mL-1, 

0.167 µg mL-1, 0.045µg mL-1, 0.0333 µg mL-1 and 0.1 µg mL-1, for dioxouranium(VI), 

tellurium(IV), cadmium(II), cobalt(II), copper(II) and arsenic(III) respectively. The 

method was found to very sensitive for uranium(VI), tellurium(IV), copper(II) and 

cobalt(II). The limit of quantification (LOQ) measured as signal to noise ratio 10:1 was 

found to be the range of 0.1-0.5 µg mL-1 (Table 4.5.1).  

 

4.5.3 Interference in Analysis 

             The reagent APPT reacts with wide number of metal ion in aqueous methanolic 

media, therefore interference study was carried out before validation of method for the 

analysis of uranium(VI), cobalt(II) and copper(II). APPT reacts rapidly with UO2(VI), 

Th(IV), Co(II), Fe(III), Cu(II), and Pd(II) and complete separation in Co(II), Cu(II) and 

UO2(VI) was observed in present method, none of them showed any interference in the 

determination of each other. Therefore interference study of Th(IV) and Pd(II), Ni(II) and 

Fe(II) was examined. The iron(III), nickel(II) and thorium(IV); though form very sensitive 

complexes but there electrophoretic mobility in present BGE system was found to be zero. 

While the complex of Ni(II) precipitated in hour in aqueous methanolic medium, and 

showed good stability  when extracted  in chloroform, it was eliminated with the simple 

filtration of derivatized sample solution. The interference from Pd(II) was ruled out 

because Pd(II) formed complex at pH 9 [30].  
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Figure 4.5.7   Calibration curve of Te(IV) APPT chelate, at optimized  

conditions. 
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Figure 4.5.8 Calibration curve of UO2(VI) APPT chelate under  
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Concentration (μg/ml) 

Figure 4.5.9 Calibration of  As(III), APPT by CZE condition as given in (Fig 4.5.6) 

 

 

Figure 4.5.10 Calibration curve of Co(II) APPT complex. 
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Figure 4.5.11 Calibration curves of Cu(II) APPT complex.  

Condition (Fig 4.5.6) 

 

 

 

Figure 4.5.12 The Calibration curve of Cd(II) APPT chelate.  
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Table 4.5.1 Quantitative data for metal complexes of APPT by CZE 
 

 
Metal 
Ion 

 
Calibration 

range 
(µg mL-1) 

 
Limit of 

quantitation 
(LOQ) 

(µg mL-1) 

 
Limit of 
detection 
(LOD) 

(µg mL-1) 

 
Coefficient of 
determination 

(R2) 

 
Linear regression 

equation 

 
UO2 (VI) 

 
2.0-10 

 
0.15 

 
0.05 

 
0.9988 

 
y = 0.0003x +0.001 

 
Te (IV) 

 
5-20 

 
0.2 

 
0.067 

 
0.9995 

 
y = 0.1312x + 3.4 

 
Cd(II) 

 
10-25 

 
0.5 

 
0.167 

 
0.9999 

 
y = 0.0308x - 0.0104

 
Co(II) 

 
1-13 

 
0.135 

 
0.045 

 
0.9992 

 
y=0.4251x+0.8085 

 
As(III) 

 
1-5 

 
0.3 

 
0.1 

 
0.9987 

 
y = 0.0077x + 0.7623

 
Cu(II) 

 
10-50 

 
0.1 

 
0.0333 

 
0.9991 

 
 y = 0.0128x + 0.0083

 
 

 

4.5.4 Analytical Applications 

4.5.4.1 Determination of Uranium(VI), Copper(II) and Cobalt(II) in Mineral Ore 

Samples 

              The mineral ore samples provided by Pakistan Atomic Energy Mineral Center 

Lahore were analyzed for the content of uranium(VI),  cobalt(II) and copper(II). The 

mineral ore samples were subjected to acid digestion as reported in procedure (3.7.14). 

Four different ore samples with variable amount of uranium(VI), cobalt(II) and copper(II) 

were analysed simultaneously, and amount of uranium(VI) was within 408.7.2-1739.1 µg 

g-1 (RSD, 0.92-1.69%). The amount of uranium(VI) calculated by present CZE method 

has showed a good agreement with the value reported by supplier (Table 4.5.2 (a)). The 

repeatability of electrophoretic signals was checked by spiking mineral ore samples with 
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50 µg of uranium and analytical study was carried out as per section 3.6.2 and 3.5.5.  The 

percent recovery was found to be 98.1-101.3 % for sample number 01 and 02 with RSD of 

1.7% and 2.3% respectively. The ore samples also showed the occurrence of Cu(II) and 

Co(II), therefore  amount of cobalt(II) and copper(II) present in ore sample was also  

evaluated from electropherogram. The amount of cobalt(II) and copper(II) calculated from 

electropherogram was within 3.6-17.2 µg g-1 and 23.0-45.8 µg g-1 with RDS of 1.4-2.6%, 

2.5-3.2% respectively. The mineral ore samples   S3 and S1 were spiked with 10 µg mL-1 

of Co(II) and Cu(II) respectively, using standard addition technique. The results achieved 

correlated fairly with observed values, with RDS 1.8%, 2.8% and percent recovery was 

96.3%, 98.1% for Co(II) and Cu(II) respectively. The amount of cobalt(II) and copper(II) 

present in ore samples was verified by flame atomic absorption technique with air-

acetylene flame (AAS) and results were within limits obtained by CZE method with RSD 

3.4-4.9% for cobalt(II) and 1.2-1.7% for copper(II). The results obtained are summarized 

in [Table 4.5.2 (b)]. 

 

4.5.4.2 Determination of Cd (II)   From Cigarette Samples 

Cigarette is considered to be major source of non occupational exposure of 

cadmium(II), it has been reported that most of cadmium(II) content present in cigarette is 

volatilized in smoke that equally effect on smokers as well as passive smokers [45]. 

Therefore the developed method was attempted to apply on the determination of Cd(II) in 

three different cigarette (tobacco) brand samples; most popular and affordable in local 

population. The samples were digested by dry ash methold (3.7.15) and analysed for 

content of Cd(II) peresnt in tobacoo sample evaluated after derivatization (sec 3.6.2), 

followed by electrophoretic analysis (sec 3.5.2.5). The amount of cadmium(II) present in 

tobacoo samples were evaluated from calibration curves plotted from external standard 

were within range of  0.342-0.956 µg g-1 with RSD, 1.9 to 4.3%. The amount of 

cadmium(II) found by CE method was confirmed with standard atomic absorption 

spectrophotometer, with air acetylene flame, and results achieved were within the limits 

obtained by CZE. The tobacoo samples of capstan, gold leaf and gold flake were spiked 

with (10, 15, 10 µg) of cadmium(II), using  standard addition technique. The results 

observed showed a good correlation with values obtained from calibration curves by CE, 
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4.5.5 Conclusion 

                A simple sensitive capillary zone electrophoresis method for simultaneous 

separation/determination of uranium(VI), cobalt(II), cadmium(II), copper(II), arsenic(III) 

and tellurium(IV) was developed.  The calibration curves obtained for As(III), UO2(VI), 

Cd(II), Co(II), Cu(II) and Te(IV) were linear within range of  1-50 µg mL-1 and detection 

limits were in lower micro gram range. The method was used for sensitive determination 

of cadmium in tobacoo samples and Co(II), Cu(II), and UO2(VI) from mineral ore 

samples. The mixed buffer system comprised of citrate and oxalate buffers was 

successfully used for separation of six metal ion and reagent within 10 min at moderate 

voltage of +15 kV. The results obtained were verified by standard atomic absorption 

techniques and compatible results were achieved. 
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Method Six 

Capillary Zone Electrophoresis Separation and Speciation 

Analysis of Mn(II), Mn(IV), and Mn(VII) as Complexes of 

APPT 

 

4.6.0 Results and Discussion 

Manganese is known as one of essential element, it plays an important role in 

metabolic process [45], and it is vital to maintain healthy nervous system. Mn(VII) is 

industrially important metal; commonly used as water purifier in filter plants [46]. Its 

determination in all oxidation state is necessary to biological and environmental point of 

view. Though it is an essential element but excess of manganese effects severely on 

neurological function and may cause many disorders, Parkinson’s disease is one of them 

[47,48, 49]. 

The reactions of manganese toward APPT was investigated 

spectrophotometrically, which indicated, spontaneous reactions between APPT and 

Mn(II), Mn(IV), and Mn(VII). The coloured APPT complexes showed good sensitivity  

for Mn (II) and Mn(VII)  chelates with molar absorptivity values of 2.2-2.43 ×104L mol-1 

cm-1, 4.33 ×103 L.mol-1cm-1 respectively.  

The percentage and amount of reagent for maximum complexation was optimized 

from 1-4 mL of 0.01%-0.5% and 2 mL of 0.3% ( in methanol v/v) was selected. The 

maximum complexation was achieved at pH 5 (2 mL buffer), and was added into 1-10 µg 

mL-1 of metal ions and strongly coloured complex of Mn(VII) remained stable for more 

than 20 hours and Mn(IV) and Mn(II) chelates were indicated the stability up to 6 and 15 

hours respectively. Mn-APPT metal complexes absorbed in a narrow range of 360-370 nm 

[Table 4.4.0.2] and an overlapping in maximum wavelength was observed in all 

manganese chelates. Therefore for the simultaneous determination Mn(VII) , Mn(IV) and 

Mn(II), chelates of APPT  capillary electrophoresis method was examined. 
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4.6.1 Optimization of CZE Conditions 

            Mn- APPT complexes were soluble in water and methanol and formed coloured 

complexes in low pH range, therefore capillary zone electrophoresis was considered as 

preferred electrophoretic mode. initially attempts were made  to separate Mn species in 

simple borate buffer system in pH range of 7 to 9 (20 mM) but it no migration was  

obtain.   

Latter on phosphate, sodium carbonate and oxalate and citrate buffers (pH 2 to 9) 

were  tried and a little electrophoretic mobility was observed. Attempts were also made to 

develop a MEKC method by using cationic (CTAB) as well as anionic surfactant (SDS), 

which were remain unseccussful and a single peak was obtained. Than a background 

electrolyte comprised of two buffer systems was tried, by mixing phosphate and borate, a 

sharp single peak of reagent was achieved. As pH values are very decisive in CE 

separation and  complexation, a single peak of reagent indicated the dissociation of 

complexes at pH >7, due to this focus was shifted toward the acidic pH. Initially 

ammonium acetate and acetic acid buffer was tried, and zero mobility was obtained, it was 

followed by oxalate buffer (pH 4) and some electrophoretic mobility was observed, hence 

it was investigated in detail.  

During variation of concentration ratios of acid and salt, it was observed that with 

increasing the concentration of oxalic acid in oxalate buffer of pH 4 the electrophoretic 

mobility was decreased. Therefore a buffer system was prepared with mixture of citric 

acid and sodium oxalate, in equimolar ratios of 30:30 mM pH fixed at (4) and was 

examined. An abrupt change in the migration pattern was seen. A complete separation 

between Mn (II), Mn (VII) and reagent was achieved but response  for Mn (IV) was poor 

(Fig 4.6.1). 
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Mn(II) and Mn(IV) chelate became identical, at pH 4.0 an excellent separation with very 

good resolution was achieved within >10 minutes and was selected (Fig 4.6.5). 

 

 

Figure 4.6.2 Effect of concentration ratios of citric acid and sodium oxalate at on 
electrophoretic mobility of Mn species. 

 

Figure 4.6.3 Effect of pH on electrophoretic velocity of Mn species 
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4.6.1.1 Optimization of Separation Voltage 

               The effect of voltage on the electrophoretic mobility was investigated and 

applied voltage was varied by the interval of 5 units from +10 to +25 kV. It was observed 

that the migration time decreased with an increase in voltage and over all separation was 

not effected up to +20 kV (Fig 4.6.4). No variation in electrophoretic mobility of reagent 

was detected; there was only slight difference in the mobility of neutral marker acetone 

and reagent as separation time reduced from 15 to 10 min at +20 kV, therefore it was 

selected.   

 

4.6.1.2 Wavelength of Analysis 

               Wave length was scanned between 200 to 600 nm with CE system equipped with 

photo diode array detector and maximum response was achieved at 250 nm for all 

manganese species and was used 

 

Figure 4.6.4 Variation in electrophoretic mobility of Mn(II), Mn(IV), Mn(VII) chelates 

and reagent. Operating conditions as in Fig (4.6.1) 
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peak height for inter and intraday were 2.41-3.71% and 2.1-4.12% respectively, while 

migration time showed RSD for interday as 1.1-3% and intraday as 1.72-4.0%. 

 

Figure 4.6.6 The calibration curve of Mn(IV) APPT chelate under optimized conditions 

 

 

 

Figure 4.6.7 The calibration curve of Mn(VII) APPT chelate under optimized conditions 
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Figure 4.6.8 The calibration curve of Mn(II) APPT chelate under optimized conditions. 

 

 

Table 4.6.1 Quantitative capillary electrophoresis data for Mn chelates of APPT 

 
  Metal 

Ion 

 
Calibration 

range 
((µg/ml) 

 
Limit of 

quantitation 
(LOQ) 

(µg mL-1) 

 
Limit of detection

(LOD) 
 (µg mL-1) 

 
Coefficient of 
determination 

(R2) 

 
Linear regression 

equation 

 
Mn(II) 

 
0.5-10 

 
0.003 

 
0.001 

 
0.9993 

 
y=0.0057x + 0.011

 
Mn(IV) 

 
6-14 

 
1.5 

 
0.5 

 
0.9992 

 
y=0.359x−0.28 

 
Mn(VII) 
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0.06 
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 4.6.3 Validation of Method 

 4.6.3.1 Determination Mn (II) in Blood Serum Samples 

             Three different blood samples of healthy subjects (healthy persons) were collected 

from Liaquat medical university hospital Jamshoro (Sindh.Pakistan) and after suitable 

pretreatment (sec 3.7.16) and derivatization (sec.3.6.3), samples were analysed for the 

content of manganese . The electropherograme obtained was indentified with spiking with 

all three Mn species and Mn(II) was confirmed.(Fig 4.6.8). The amount of manganese(II) 

present in blood samples were evaluated from the linear calibration curves plotted from 

standard Mn solutions. The amount of Mn (II) in blood of normal subject of young age 

group (25-30) was observed within a range of 1.7 to 2.41µg L-1 with RSD (n =4) 2.71-

3.52%). The percentage recovery of manganese (II) in serum samples was evaluated by 

spiking the serum samples with 10 µg of Mn(II) .The amount of manganese recovered 

was 96% with relative standard deviation of 3.2%. The analysis by standard addition 

techniques also showed good correlation with values obtained on CE by calibration 

method (table 4.6.2). The amount of Mn present in blood serum was measured by flame 

atomic absorption and results obtained were comparable with CE (table 4.6.2). 

 

4.6.3.2 Determination of Mn(IV) and Mn(VII) in Synthetic Mixtures 

 The method was also applied to synthetic solutions prepared from known 

standared for simultaneous determination of Mn(IV) and Mn(VII) in five different ratios. 

The result obtained for all five test mixture with relative standard deviation was 

summarized in table 4.6.3 and result indicated an acceptable correlation with RSD within 

1.2 to 3.5%. 
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Table 4.6.3 Determination of Mn(IV) and Mn(VII) in test solutions 
 

 
 

S.No 

 
Amount of 

Mn(IV) added 
in test 

solution 
(µg mL-1) 

 
Amount of 

Mn(IV) Found by 
CE 

 (RDS%) (n=4) 

(µg mL-1) 

 
Amount of Mn(VII) 

added 
in test solution 

(µg mL-1) 

 
Amount of 

Mn(VII) Found by 
CE 

 (RDS%) (n=4) 

(µg mL-1) 
 
1 

 
2.0 

 
1.3 (2.4) 

 
3.0 

 

 
3.2 (1.2) 

 
2 

 
1.0 

 
0.97 (1.2) 

 
1.0 

 

 
1.1 (3.5) 

 
3 

 
1.0 

 
0.92 (3.5) 

 
5.0 

 

 
4.89 (1.5) 

 
4 

 
3.0 

 
3.1 (2.9) 

 
2.0 

 

 
2.3 (1.9) 

 
5 

 
6.0 

 
5.47 (1.7) 

 
2.0 

 

 
2.1 (3.1) 

 
 
4.6.4 Concluding Remarks 
 

The capillary zone electrophoresis method for the speciation of three manganese 

species were developed by simultaneous derivatization of Mn(II), Mn(IV) and Mn(VII) as 

APPT complexes. The method showed good sensitivity with detection limits up to 0.001 

µg mL-1 for Mn(II) at 250 nm. All three Mn species were completely separated within 10 

min and reproducible results were obtained. The method was applied successfully for 

determination of Mn(II) in blood serum samples and Mn(VII) and Mn(IV) in test solutions 

prepared from known standards in variable amount. The separation was achieved by using 

simple buffer system of citrate and oxalate (20:70 mM)  of pH 4.0 and resulted reasonable 

electrophoratic mobilities. The method was verified through comparisons of results 

obtained by CZE with Atomic absorption spectrometry. 

. 
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Chapter Five 
  
5.0 Conclusions and Suggestions for  Further Work 
 
 

The analytical method development is of prime interest of researchers since the 

centuries, which is evident from the number of research journals dedicated to analytical 

method developments and publication appeared around the world in this field. Analytical 

method development for toxic and essential metal ions present in environmental and 

biological system is extremely important in developing countries, due prevailing 

conditions of life and environments of these countries.  

During present study six different analytical methods were developed by using 

most modern analytical separation techniques, based on capillary electrophoresis. The 

scope of capillary electrophoresis as established techniques for study of variety of analytes 

is clear in review of literature cited in thesis. We however focused on the development of 

new analytical methods applicable and affordable to local conditions.  

The meticulous analysis was carried out for the complexing reagent which could 

form complexes with large number of metal ions, to make the simultaneous determination 

possible. After through research, three different analytical reagents; bis (acetylacetone) 

ethylenediamine (H2AA2en), 2-acetylpyridine-4-phenyl-3-thiosemicarbazone (APPT) and 

universally acclaimed reagent sodium diethyldithiocarbamate (DEDTC) were selected. 

Analytical methods developed, were divided into three parts, on the bases of the choice of 

complexing reagent. 

 

5.1 Conclusions  

Part one 

MEKC methods using H2AA2en as chelating reagent 

Method One 

The micellar electrokinetic chromatographic (MECK) methods were developed for 

the simultaneous separation and determination of gold(III), mercury(II), uranium(VI) and 

thorium(IV) by using H2AA2en as chelating reagent. The reagent H2AA2en could easily be 

prepared in any organic synthesis research laboratory, and it reacts with a large number of 
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metal ions and form strongly coloured complexes. The colour reactions of H2AA2en with 

uranium(VI) and thorium(IV) were investigated by spectrophotomer. The derivatization 

conditions were optimized and analytical procedures were developed by 

spectrophotometry. Using pre-capillary derivatization condition, MEKC was observed for 

the simultaneous separation and determinations of gold(III), mercury(II), uranium(VI) and 

thorium(IV).  

The quick and reproducible MECK separation conditions were explored and 

separation between all four metal ions and reagent was achieved within five minutes. 

Linear dynamic range of 1-5, 8-42, 10-50 and 2-40 were achieved with detection limits of 

0.66, 3.33, 1.6 and 3.3g mL-1 respectively for gold(III), mercury(II), thorium(IV) and 

uranium(VI). Applicability of method has been evaluated by determining uranium(VI) and 

thorium(IV) from mineral ore samples. 

 

Method Two 

A fast and reliable analytical procedure was developed for the separation and 

determination of dioxouranium(VI), platinum(II), gallium(III) and nickel(II) by micellar 

electrokinetic chromatography (MEKC) using bis(acetylacetone) ethylenediamine 

(H2AA2en) as a complexing reagent. The separation was achieved within 5.0 minutes at 

applied voltage of +20 kV, under optimized separation parameters. Detection was carried 

out at 320 nm using photodiode arrary detector.  

Linear dynamic range of 10-40, 0.16-1.2, 2-40 and 1-4 were achieved with 

detection limits of 0.33, 0.0053, 0.06 and 0.03g mL-1 respectively for nickel(II), 

gallium(III), dioxouranium(VI) and platinum(II). Applicability of method was evaluated 

by determining platinum from chemotherapeutic drugs, gallium(III) from integrated 

circuits (IC) and nickel(II) from standard reference materials. The results of MEKC 

method were comparable to the supplier's specification and its recheck by standard 

addition methods. 
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Part Two 

MEKC separation and determination by using NaDETC as complexing reagent 

Method Three 

A simple and economical MECK method for simultaneous separation and 

determination of molybdenum(VI), cobalt(II), palladium(II), nickel (II) and chromium 

(VI) was developed by using sodium diethyldithiocarbamate (DEDTC) as complexing 

reagent. The added advantage of MECK method developed by using DEDTC in present 

research was; a complete separation only, in a simple buffer system with cationic 

surfactant and organic modifier was achieved. Hence the use complexing reagent in BGE 

was eliminated which resulted into longer separation time and often caused irreversible 

adsorption on capillary walls. All metal chelates showed good separation within migration 

time of > 10 min and sensitivity with detection limits in the range 5-67 ng mL-1.  

Finally method was applied for the determination of molybdenum(VI),  in potatoes 

and almond samples, nickel(II) in hydrogenated oil samples and cobalt(II) in cobalmine 

tablets and Neurobion injection samples. The results obtained were comparable to 

established AAS method and supplier’s specification.  

 

Part Three 

CZE analysis of metal by using APPT as chelating reagnt 

Capillary zone electrophoresis is considered to be more reproducible and reliable 

electromigration technique and attempts were therfore made to develop some methods by 

CZE. In this regards three different CZE methods were developed in this part by using 2-

acetylepyridine-4-phenyle-3-thiosemicarbazone (APPT) as complexing reagent. 

Thiosemicarbazones are well reputed as versatile and stable analytical reagents, 

which can be prepared easily in the laboratory. New reactions of 2-acetylepyridine-4-

phenyle-3-thiosemicarbazone (APPT) with arsenic(III), arsenic(V) thorium(IV), 

uranium(VI), tellurium(IV), cadmium(II), chromium(III), chromium(VI) manganese(II), 

manganese (IV) and manganese (VII) were investigated.  

All metal chelates indicated very good sensitivity with molar absorptivity values in 

range of 3.41 to 3.8×104  L.mol-1cm-1. When two to five metal ions present in a system, 
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reacts with same organic reagent to develop a similar colour, than sensitive and selective 

determination of metal derivatives could only be achieved by separation techniques.  

 

Method Four 

CZE analytical/sepeciation procedure was developed for the determination of 

gold(III), arsenic(V), chromium(III) and chromium(VI) using a chealating reagent APPT . 

The separation conditions were optimized and a good separation between all the metal 

ions of environmental importance was achieved within 6 min. The linear calibration was 

observed with a broad range of 0.1 to 80 µg.mL-1 and limits of detection were measured 

was, 0.01-0.167 µg mL-1. The precision for the repeatability of method was checked for 

inter (n=4) and intraday (n=4), with RSD as 1.8-3.6% and 2.6-3.8% respectively. The 

method was applied successfully for the determination of both chromium species; Cr(III)  

in tape water and Cr(VI) in industrial waste water and result obtained were verified by 

standard addition technique. The method was also applied for simultaneous determination 

of Au(III) and As(V) in coal mines water samples, collected from Tharparker deserts 

(Sindh.Pakistan) coal mines area. The result achieved showed a reasonable comparison 

with standard atomic absorption method. 

 

Method Five 

A simple and sensitive capillary zone electrophoresis method was developed for 

the simultaneous separation and determination of uranium(VI), cobalt(II), cadmium(II), 

arsenic(III) and tellurium(IV) by using APPT as chelating reagent. The mixed buffer 

system comprised of citrate and oxalate buffers was successfully used for the 

determination of six important metal ions, with migration time was less than 10 min. 

 A moderate voltage of +15 kV was applied and sensitive detection was achieved 

at 317 nm using photodiad array detector. The lowest value of detection limits of 0.033µg 

mL-1 were measured was for copper(II). The method was successfully applied for the 

determination of uranium(VI), copper(II) and cobalt(II) in mineral ore samples. The 

method was also used for sensitive determination of cadmium(II) in tobacco samples. The 

results obtained were verified by standard atomic absorption techniques and compatible 

results were achieved. 
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Method Six 

The reagent APPT possess a unique sensitivity toward the various oxidation states 

of same metal ions and its reaction with different species of arsenic, chromium, vanadium 

and manganese were studied by spectrophotometery. The simultaneous determination of 

both species of Cr(III) and Cr(VI) was peresented in method four. The attempts was made 

to develop a sensitive speciation method for the simultaneous determination of Mn(III) , 

Mn(IV) and Mn(VII) as complexes of APPPT . 

A simple and reliable CZE method for Mn(II), Mn(IV) and Mn(VII) APPT 

chelates was developed in mixed buffer system contained sodium oxalate and citric acid 

buffer of pH 4.2. An excellent separation in three Mn species was obtained at applied 

voltage of +20 kV and UV detection was achieved at 250 nm. The method indicated 

reasonable sensitivity with detection limits up to 1.0 ng mL-1 for Mn(II) . All three Mn 

species were completely separated within 12 min and reproducible results were obtained. 

The method was applied successful for determination of Mn(II) in blood serum samples 

and Mn(VII) and Mn(IV) in test solutions. 

The procedures were optimized for maximum sensitivity and selectivity with short 

analysis time. The sensitivity and selectivity of procedures were compared with atomic 

absorption spectrometric (AAS) methods and a good correlation was generally observed. 

The analytical methods were free from the interferences and were tested for precision and 

accuracy. The developed methods were applied for the analysis of real sample and results 

obtained were analysed statistically. The developed methods are capable to be used as an 

alternative method for sensitive and selective determination of large number of metal ions 

present in matrix. These methods could successfully be applied in hospital, 

pharmaceutical, food and nuclear reactors and in environmental analysis. 
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5.2 Suggestion for Further Work 

Capillary electrophoresis is proved to be very promising analytical techniques for 

analysis of metal ions. Therefore more work is needed to investigate the new reagent for 

CZE and MEKC methods. The reagent bis(acetylacetone) ethylenediamine reacts with 

many metal ion of vital importance such  zinc(II), cobalt(II)/(III), 

manganese(II)/(IV)/(VI), copper(II), chromium(III)/(VI) and iron(II)/(III). More work in 

needed to optimize the conditions for different metal ions for simultaneous MEKC 

speciation and determination. The efforts are needed for simultaneous determination of 

copper(II) and iron(II). 

The reagent bis(acetylacetone) ethylenediamine formed very stable and sensitive 

complexes with biologically, environmentally and metals of nuclear important, such as 

uranium(VI), thorium(IV), chromium(III), cobalt(II), iron(II) and  mercury(II). Therefore 

for sensitive determinations of these metal ions in complex matrix, efforts are needed to 

explore micro emulsion electrokinetic chromatography (MEECK) as separation 

techniques. 

The bis(acetylacetone) ethylendiamine is found be sensitive towards the mercury 

in both forms; organic and inorganic. The work is required to carry out MEKC and 

MEEKC studies for organic mercury in real matrix in all forms. Especially in fresh water 

fish and fish consumers.  

The reagent 2-acetylpyridine-4-phenyl-3-thiosemicarbazones (APPT) reacts with 

large number of metal ions and it was used for determination of platinum(II), 

uranium(VI), thorium(IV), from, cis-platin and ore samples respectively. More work is 

needed to carry out study for simultaneous MEKC and CZE separation and determination 

for lanthanides and actinides in complex matrix, especially, hafnium, rubidium, and 

thallium. 

The reagent APPT is found to be very sensitive towards different species of all 

metals, and was successfully used for speciation of manganese, chromium. More work is 

needed to investigate the reaction of APPT with selenium, mercury and arsenic and 

optimize the condition for simultaneous CZE and MEKC separation and determination of 

various species. 
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Sodium diethyldithiocarbamate (Na-DEDTC) is commercially available reagent 

and it has multiple applications in all fields, and it is environmentally hazardous reagent. 

Therefore efforts are needed to develop a MEKC method for separation of different 

carbamates in agricultural sample. 

The ammonium salts of carbamates are also very reactive and formed more stable 

complexes than sodium salt. More work is needed to explore ammonium 

diethyldithiocarbamate as complexing reagent for simultaneous MEKC separation and 

determination of environmentally important metals and metalloids. 

 

 

 

 

The End 


