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Abstract 
          A simple , rapid and sensitive spectrophotometric method for the determination of silver(I) 

and chromium(VI) ions by using 2 – [ ( 6 – Nitro – 2 – Benzothiazolyl ) azo] – 4 , 5 – diphenyl 

imidazole (6 – NO2 BTADI) as complexing  reagent. The (6 – NO2 BTADI) reagent gives intense 

pink colour  when react with these in acetate buffer solution. The maximum absorbance observed 

at 566 nm and 570 nm for Ag(I) and Cr(VI) respectively. The molar absorptivity and sandell’s 

sensitivity for silver(I) and chromium(VI) complexes are 0.4898 × 10
4
, 0.1182 × 10

4
  L.mol

-1
.cm

-

1
 and 0.0220, 0.0440 μg/cm

2
 respectively. The stability constant of 1:1 [M:L] complexes of Ag(I) 

and Cr(VI) are 0.3456 × 10
6
 and 0.0796 × 10

6
 L.mol

-1
  respectively. The linear range of 0.2-12.5 

µg mL
-1

,      0.8-30 µg mL
-1

 along with limit of detection 0.11 µg mL
-1

, 0.77 µg mL
-1

 ,  relative 

standard deviation for seven replication measurements (4 µg Ag mL
-1

 and 15 µg Cr mL
-1

 ) of ( 

1.30% )  and (1.62%  ) ,and the recovery range of (99)   and (  97.54 ) were obtained for Ag(I)  

and Cr(VI) ions respectively. The developed method was applied for the determination of Ag(I) 

and Cr(VI) in spiked water samples.  

 

Introduction 
          Heterocyclic azo compounds represent an interesting class of highly sensitive complexing 

reagents and play an important role in analytical chemistry as chromogenic agents. Thiazolyazo 

reagents are popular as metal complexing ligands in spectrophotometry, High Performance 

Liquid Chromatography (HPLC)  and Capillary Electrophoresis (CE)  due to the advantages that 

they can form highly sensitive metal complexes, and are very easily synthesize and purified
(1,2)

 

.The use of thiazolylazo derivatives in spectrophotometry is based on the coloured compounds 

resulting from their reaction with most of the transition metals. They can form different types of 

coordination compounds particularly with transition metals due to the several electron rich donor 

centers with unusual structural and chemical properties. Because of the importance of 

thiazolylazo derivatives and their ability to act as polyfunctional ligand many studies on their 

metal complexes have been carried out 
(3,4)

.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  

          Silver and chromium are highly useful elements and used in various industrial processes 

and products
(5,6)

, have resulted in an increased these elements content of environmental samples. 

However, silver complexes are dominant in effluent and other sources of contamination . The 

toxicity of silver is characterized by a severe pulmonary edema, hemorrhage, and necrosis of 

bone marrow, liver, and kidney . Long-term human exposure to silver salts or colloidal silver may 

cause argria . Repeated exposure of animals to silver may produce anemia, cardiac enlargement, 

growth retardation, and degenerative changes in the liver . Extremely low concentrations of Ag(I) 
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are present in various complex samples like drinking water     (51 g cm
-3

), soil, rock, coal fly ash, 

cigarette smoke, alloys, plants, sea water, etc 
(7-10)

. 

          Chromium occurs in several chemical species and it is not biodegradable in the 

environment . Its species exist mainly in two different oxidation states in water, Cr(III) and 

Cr(VI), which have different effects on environmental poisoning, biological effects and human 

health. Chromium(III) is considered an essential element controlling glucose lipid and protein 

metabolism in mammals, while chromium(VI) is definitely highly toxic for biological systems, 

with mutagenic and potential carcinogenic properties 
(11)

. The toxicity of Cr(VI) compounds 

derives from its ability to diffuse through cell membrane and oxidise biological molecules 
(12)

.  

          So, they are receiving increasing attention in pollution and nutritional studies. Various 

analytical techniques of great importance in environmental trace determination of metals and non-

metals, such as on-line Atomic Absorption Spectrometry (AAS) , Inductively Coupled Plasma 

Atomic Emission Spectrometry (ICP-AES), ICP-Mass Spectrometry (ICP-MS) and Ion 

Chromatography (IC), etc. applied to determine 
(13-17)

. Some of these are very sensitive, but require 

costly instrumentation. But, spectrophotometric methods for determination of metals have a lot of 

merits such as simplicity, economical, little contamination and convenient to use. For this reason, a 

wide variety of spectrophotometric methods for the determination of silver and chromium  have 

been reported
(18-21)

. 
          This paper reports, 2–(6 –nitro – 2 – benzothiazolyl ) azo ] – 4 , 5 – diphenyl imidazole , 

which was prepared by Al – adilee 
(22)

 ,as an analytical reagent for the micro determination of 

Ag(I) and Cr(VI). The method has been found to be simple, rapid and sensitive for the 

determination these metal ions. 

 

EXPERIMENTAL 

Apparatus 
          Absorption spectra in absolute ethanol were recorded using UV-Visible Spectrophotometer  

T 80 ,  England using 1cm quartz cells. Functional groups of reagent and its complexes were 

identificated with a FT-IR spectrometer shimadzu 8400, in range(4000-400) cm
-1

 using KBr disc. 

pH measurements were carried out using a Philips PW 9421  pH meter (pH 0.001).  

 

Reagents and Solutions 
          All the chemicals used were of analytical reagent grade, and were used without 

further purification. Ethanol were purchased from (GCC, England) . A 1.0 x 10
-4

 mol L
-1

                         

(6-NO2BTADI)  was prepared by dissolving (0.0106 g) of 2–(6 –nitro – 2 – benzothiazolyl ) azo ] 

– 4 , 5 – diphenyl imidazole in 250 mL absolute ethanol. Stock solutions of Ag(I) and Cr (VI) 

ions (1000 mg L
-1

) were prepared by dissolving (0.1574 g) of AgNO3(BDH) and (0.3734 g) of 

K2CrO4  (Merck)  in 100 mL deionized  water, respectively. Working standard solutions of each 

metal ion were freshly prepared by appropriate dilutions of the stock standard solutions. The pH 

of the medium (3-9) were adjusted with ammonium acetate (0.01 mol L
–1

)  –ammonia – glacial 

acetic acid buffer solution .  
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Fig.(1): Structure of the reagent ( 6 – NO2BTADI ) 

 

General procedure 
           In to a 10 mL calibrated flask , transfer 1 mL of sample solution containing less than     

100 µg.ml
-1

 of Ag(I) and adjust the pH to 6.5 with ammonium acetate buffer, add 3 ml           

1.0×10
-4

M ethanolic (6-NO2BTADI) solution and diluted to the mark with deionized water. The 

absorbance of the resultant solution was measured after 10 min at 566 nm at 25 C against the 

corresponding reagent blank prepared under identical conditions but without silver. The same 

procedure for chromium (VI) at pH 5.5 and the absorbance  of the result solution after 15 min at 

570 nm. 

 

Results and Discussion: 

Infrared spectra 

          The IR spectrum of the (6-NO2BTADI) shows a strong band at (1580-1595) cm
–1

 due to 

 ( C = N ) of imidazole  ring. This bands  shifts to lower wave number 1555– 1535 cm
-1

 in the 

metal complexes spectra, these shifts suggest the linkage of metal ion with nitrogen of imidazol 

ring
(23)

 .  

          Two absorption bands are observed at 1500 cm
-1

 and 1430 cm
-1

 in the reagent spectrum 

which are due to the azo  ( N = N) 
(24)

 . The positions of these bands in the spectra of complexes 

are shifted to a lower frequencies ( 1435 – 1410 ) cm
-1

 with decreased in intensity . Both bands 

are shifted and reduced intensities this may indicate that azo group is coordinated to the metal 

ions  . When on the other hand, the spectra bands of at 1095 and 1010 cm
-1

 in reagent was 

characterized for the (C-S) don’t suffer from any shift in metal complexes. Thus, it is suggested 

that the S atom of the hetero cyclic thiazole ring is not coordinated to the metal ion
 (25)

. 

 

          The presence of new medium intensity bands in the 420–490 and 530–560 cm
–1

 regions, 

assignable to   (M–N) and   (M–Cl) in the spectra of all the complexes
(26)

.      
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  Fig.( 2 ) : IR spectrum of the ligand (6 – NO2 BTADI ) 

 

 

  
Fig.( 3) : IR spectrum of (6 – NO2 BTADI – Ag(I)) 

 

 

 

Wave number ( cm
-1
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 Fig.(4) : IR spectrum of (6 – NO2 BTADI – Cr(VI)) 

 

Absorption Spectra and Characteristics of the Complexes 
          The UV- Vis spectrum of an ethanolic solution of the reagent ( 6 – NO2BTADI )       

(1.25x10
-4

 M) shown three peaks, the first and second peaks were observed at (224 nm) and    

(263 nm) were assigned to the moderate energy π- π* transition of the aromatic rings. The third 

peak (λ max) was observed at the (471 nm) due to the (π-π*) from aromatic ring through the azo 

group (charge transfer) was referred to the n- π* transition of intermolecular charge- transfer 

taken place from benzene through the azo group(-N=N) 
(27)

.  

          Interaction of the metal ions Ag(I) and Cr(VI) with the reagent has been studied in aqueous 

ethanolic solution . A bathchromic shift of  Ag(I) and Cr(VI) complexes show the absorption 

maxima of 566 and 570 nm  with molar absorptivities (ε) of 4898.3 L mol
-1

 cm
-1

 and 1182.2 L 

mol
-1

 cm
-1

 obtained respectively while the reagent  gave the absorption maxima of 471 nm as 

depicted in Fig. 5. The wave length different( Δ λmax) is (99-85 nm)  ,a great bathochromic shift in 

the visible region has been detected in the complex solutions spectra with respect to that of the 

free reagent. The high shift in the (λmax) gave a good indication for complex formation.  

Wave number ( cm
-1

 ) 

T% 
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Fig.(5): Absorption spectra (a) Reagent (6 – NO2BTADI) = 1.0 x 10

-4
 M  (b) 

Cr(VI)-( 6 – NO2BTADI) complex , Cr(VI) = 27  μg mL
-1

 , 3 ml of (6 – 

NO2BTADI)= 1.0 x 10
-4

 M ,  pH= 5.5 . (c) Ag(I) )- (6 –NO2BTADI)complex , 

Ag(I) = 10  μg mL
-1

 , 1.5 ml of (6 – NO2BTADI)  = 1.25 x 10
-4

 M , pH= 6.5 

 

Method Validation 
          Under the optimized conditions, the calibration graphs were constructed by plotting the 

absorbance signal against the concentrations of each analyte subjected according to the general 

procedure. The solutions were transferred into the optical cell of 10-mm for the measurement of 

each metal ion spectrophotometrically at the respective absorption maxima against a reagent 

blank prepared under similar conditions .The calibration data are summarized in Table (1). 

 

Table (1): Method validation of the spectrophotometric determination of Ag(I) and  Cr(VI) 

 Cr(VI) Ag(I) Parameter 

570 566 λmax (nm) 

A= 0.0061C + 0.0086 A=0.0288C+0.0009 Regression equation 

0.9995 0.9990 Correlation coefficient(r) 

0.0061± 0.00087 0.0288±0.00021 C.L. for the slope (b± tsb) at 95% 

0.0086± 0.0051 0.0009±0.0028 C.L. for the intercept (a± tsb) at 95% 

0.8-30 .2-12.50 Concentration range (μg mL
-1

) 

0.77 0.11 Limit of Detection (μg mL
-1

) 

2.59 0.37 Limit of Quantitation (μg mL
-1

) 

0.0227 0.0220 Sandell's sensitivity (µg.cm
-2

) 

1182.2 4898.3 Molar absorptivity (L.mol
-1

.cm
-1

) 

1:1 1:1 Composition of complex (M: L) 

a b 

c 

A
b

so
rb

a
n

ce
 

Wavelength (nm) 
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1.62 1.3 RSD% (n=7)  at 4 μg  Ag (I) mL
-1

 

and 15 μg Cr (VI) mL
-1

 

97.54 99 Recovery% 

 

 

Optimization of  Procedure 
Effect of pH 

       The effect of pH on formation of the (Ag(I) ,Cr(VI))- (6- NO2BTADI) complexes was 

determined by recording their absorbance signals at  λmax ,over the range of  3-9 ,using different 

pH acetate buffer solutions. The results are shown in Fig.6. 
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Fig.(6): Effect of pH on the formation of(6- NO2BTADI)- M complexes formed 

with Ag (I) and Cr (VI) ). Conditions  : Ag(I) = 6 μg mL
-1

 , 1.5 ml of (6- 

NO2BTADI)  =1.0x10
-4

 M   .and Cr(VI) = 18  μg mL
-1

 , 3 ml of (6- 

NO2BTADI)=1.0x10
-4

 M  

 
          As can be seen in Fig.(6), the absorbance first increased with increasing pH and reached a 

maximum at pH 5.5 and 6.5 for Ag(I) and Cr(VI) complexes ,respectively. The absorbance 

gradually decreased because of partial dissociation of the complexes at higher pH. Therefore, pH 

5.5 and 6.5 were selected as the optimum pH's for complete formation of for Ag(I) and Cr(VI) 

complexes respectively . 

 

Effect of  Temperature and  Time 
       The effects of the temperature and the  time were examined due to their importance for the 

reaction completion . Consequently, a study was carried out to choose the range of temperature 

that enhances higher absorbance signals for Ag(I) and Cr(VI) ions. The temperature was varied 

from 10 ᴼC   to 80 ᴼC in a search of optimum value. It can be seen from Fig. 7 that the highest  

absorbance signals were achieved when the temperature at     40 ᴼC. 
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Fig.(7): Effect of the temperature on the absorbance for (6- NO2BTADI)- M 

complexes formed with Ag (I) and Cr (VI) ). Conditions  : Ag(I) = 6 μg mL
-1

 , 

1.5 ml of (6- NO2BTADI)  =1.25x10
-4

 M   and Cr(VI) = 18  μg mL
-1

 , 3 ml of (6- 

NO2BTADI)  =1.25x10
-4

 M 
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Fig.(8): Effect of  time on the absorbance for (6- NO2BTADI)- M complexes 

formed with Ag (I) and Cr (VI) ). Conditions  : Ag(I) = 6 μg mL
-1

 , 1.5 ml of (6- 

NO2BTADI)  =1.25x10
-4

 M   and Cr(VI) = 18  μg mL
-1

 , 3 ml of (6- NO2BTADI)  

=1.25x10
-4

 M 
 

          It was also observed that the incubation time of 15 min and 10 min are sufficient for the 

maximum absorbance of Ag(I) and Cr(VI) ,respectively. 

 

 

Composition and stability of complexes 

           The composition of the chelat complexes were determined by mole ratio and  continuous 

variation method Fig. 9 and Fig.10. Both methods showed that the molar ratio of Ag(I) and 

Cr(VI) ions to reagent (6- NO2BTADI) are 1:1 and the suggested related chemical structures are 
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shown in Figures 11,12 . The stability constant  are found to be     0.3456 x10
6
L.mol

-1
 and 0.0796 

x10
6
L.mol

-1 
for Ag(I) and Cr(VI) respectively . 
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Fig(9): Mole ration method for Ag(I)-complex at pH=6.5 and Cr(VI)-complex 

at pH=5.5 
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Fig.(10): Continuous variation method for Ag(I)-complex at pH=6.5 and 

Cr(VI)-complex at pH=5.5. 
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Fig.(11) : The proposed structural formula of Ag(I) complex  

 

 

 

 

 

 

 

 

 

Fig.(12) : The proposed structural formula of Cr(VI) complex . 

 

Precision and Accuracy   

       Seven replicate analyses of   4   μg mL
–1

   silver and 15 μg mL
–1

   chromium solutions 

following the general  procedure gave repeatability in term of relative standard deviation (RSD) 

of 1.30% and 1.62% respectively (Table 1).  

In order to assess the validity of the proposed method, the method was applied for the quantitative 

determination of silver and chromium in water samples were spiked by adding known amount of 

silver (I) and chromium (VI) determined by the proposed method and then the same steps were 

S

N

N

N

N

N
H

NO2

Ph

Ph

Ag

NO3
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followed with the general  procedure. The results were tabulated in Table 3.The results are found 

satisfactory. 

 

 

Table (2): Accuracy of the proposed method 

Amount metal ion 

taken (µg mL
-1

) 

Amount metal ion 

found( µg mL
-1

) 

Rec 

(%) 

Erel 

(%) 

Ag 1 

4 

8 

1.03 

3.89 

8.09 

97.0 

97.25 

98.88 

-3.0 

2.75 

-1.12 

Cr 5 

10 

15 

4.89 

10.11 

15.19 

97.8 

98.9 

98.74 

2.2 

-1.1 

-1.26 

 

 

Conclusions 
      In this paper, (6-NO3BTADI)  reacts with Ag(I) and Cr(VI) and forms water insoluble 

complexes. Spectrophotometric method has been found to be quite simple, rapid, cheap, less time 

consuming and gave reproducible results, than most of the other methods, applicable for the 

determination of these metals in the presence of each other, which makes it an alternative to the 

existing methods for the determination of these metal ions. 
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5, 4-بنسوثَازونَم ازو(  -2ناٍخرو  -6)-2 باسخخذاو انكاشف  Cr(VI) و  Ag(I)   انخقذٍر انطَفٌ 

ول  ككاشف ححهَهٌثنائٌ فنَم ايَذاز  

  
               أزهار ػبَس غانٌ

 

قسى انكًََاء–كهَت انخربَت –جايؼت انقادسَت   
 

  
 – 2 ناٍخرو6- [– 2) باسخؼًال VI)كروو )ان و (Iفضت )نخقذٍر اٍوناث  انطرٍقت طَفَت حسّاست وسرٍؼت وبسَطت 

ًَ  .حؼقَذ ككاشف   (NO2BTADI-6)ثنائٌ فَنم ايَذازول   5-, 4 – ]بنسوثَازول ازو ( ٌَ ورد شذٍذ ػنذ  ٍؼَطٌ انكاشفُ نو

ػهي انخوانٌ. نانويَخر  570نانويَخر و  566حفاػهه يغ حهك الاٍوناث فٌ يحهول أنخهَك انًنضى . الايخصاص الأػظى ػنذ 

VI  0.4484×00)   كروو )ان و (I)يؼايم  الايخصاص انًولارً وحساسَت سانذل نًؼقذاث انفضت 
4

نخر.يول.سى 
-0

 0.0042 

×00
4

نخر.يول.سى 
-0

VI  10)كروو )ان و (I)نًؼقذاث انفضت  ]فهس:ػضَذة  [0:0ثابج الاسخقرارٍت  ػهي انخوانٌ. 
6
× 0.3456 

10 × 0.0796و   
6

نخر.يول 
-0

 0.00 حذ انكشف يغ0.8-30) و )(جسء بانًهَوٌ 12.5-.20) نخطَت ذى اي ػهي انخوانٌ. 

يههخر وياٍكرو غرا
-0

يههخر وغرا ياٍكرو 0.77   و 
-0

ياٍكروغراو يههخر 4اننسبٌ نسبغ قَاساث يخكررة ) الانحراف انقَاسٌو  
-0

 

ياٍكروغراو يههخر 05فضت و
-0

كروو ان و (I)لاٍونٌ انفضت 587.و  88الاسخرجاع ووجذ  يذى  %1.62 و %1.30كروو ( 

((VI  .ٌطبقج انطرٍقت نخقذٍر انفضت ػهي انخوان(I) كروو )ان و(VI . فٌ نًارج ياء 

 

 

 

 

 

 

 


