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Abstract : 
  Anew 2-[(6-Methyl-2-Benzothiazolyl)azo]-4-Chloro Phenol (6-MeBTAClP)Organic reagent 

was re-synthesized. A sensitive and selective spectrophotometric method was proposed for the 

rapid determination of Cd(II) by using (6-MeBTAClP) reagent.The reaction between Cd(II) and 

(6-MeBTAClP) reagent is instantaneous at pH=6.0, and the absorbance remains stable for over 

24 h. The method allows for the determination of Cd(II) over the range (0.05 - 8.0)µg.ml
-1

,with 

molar absorptivity of( 1.23 x 10
4
 )l.mol

-1
.cm

-1 
 and a detection limit of 0.045 µg.ml

-1 
 .Recovery 

and relative error values of precision and accuracy of method were found to be 

R.S.D%=0.302,Re%=98.67% ,and Erel=1.33% .Study of complex nature shows that ; (M: R) 

ratio was 1:2 at pH=6.0 ,and the stability constant  of  (0.926 x 10
10

) l
2
. mol

-2
 . The  interferences 

of  ions (CrO4
-2

,Pb
+2

 ,Hg
+2

 ,Zn
+2

,Cu
+2

, Ni
+2

, MoO4
-2

,WO4 
-2

)  and masking   agents    effect on 

absorbance were  studied.                                                                             

 : الخلاصة
كللووو يَنلو و و اخلر في يلٌ الر لفٍر اللآَولٌ ٍُلو  -4-]تنسوثَازولَل آززو-2-مثَل  -6)[-2ذم إعادج ذحضَر الكاشف العضوً 

امرصاصَح المحللو  ذث لي ثاترلح ركثلر و   6.0 آ ٍرم عنف دالح حامضَح=IIآوالرواع  تَن الكاشف و أٍو  الكادمَوي )II) كادمَويال

مَكلرو رراي.مل  (0.05-8.0)آ ضمن مفى تَنIIذسمح لر فٍر أٍوناخ الكادمَوي )خاعح.اللآرٍ ح  24من 
-1

وو تمعامل  امرصلا  

)مولا وً 
4
10 x 1.23)   لرر.مو

-1
.خم
-1

آ مَكرورراي.م 0.045و و تحف كشف )
-1

.ذم حساب دقح اللآرٍ لح الرحلَلَلح و ضلثلآ ا 

دوخد طثَعح المع ف الذائة يكاند نسثح الولس إللي آ.  Erel=1.33%و ) (Re=98.67%)آ و  =R.S.D 0.302يكاند قَم )% 

) و و ثاتلد ارخلر راوٍح   6.0آ عنف داللح حامضلَح=2:1الكاشف )
10

10 x 0.926)لرلر
2

.ملو 
-2

وكملا دوخلد ذلفا اخ ارٍونلاخ 

MoO4
-2

,)
 -
CrO4

-2
,Pb

+2
,Hg

+2
,Zn

+2
,Cu

+2
, Ni

+2
, WO4

-2
 .آ و ذأثَر عوام  الحجة الم رلوح علي امرصاصَح المع ف

 

Introduction : 
    The Cadmium is considers from the essential elements , and its has a wide use in biological effects 

due to the biological activity and behaving
(1)

.   Some  chromogenic reagents have been used in 

spectrophotometric methods of determination of cadmium  such as , 5-(2-carbo-methoxy phenyl)azo-

8-quinolinol 
(2)

, 2-(3,5 di bromo- 2-Pyridyl azo)-5-diethyl amino phenol
(3)

, 2-(5-Bromo-2-Pyridyl azo)-

5-diethyl amino phenol 
(4)

,  1-(6-chloro-2-Benzo thiazolyl azo)-2-Naphthol
(5)

 , 2-(6-Bromo-2
-
benzo 

thiazolyl azo) chromotropic acid
(6)

 ,and  2-(6-Ethoxy-2-benzo thiazolyl azo) chromotropic acid
(7)

 .   

    Thiazolylazo compounds have attracted the attention ,as they are sensitive chromogenic reagents in 

addition to being important   complexing  agents . These  dyes  are useful  in   spectrophotometric 

determinations due to their good selectivity over a wide range of pH and because they are relatively 

easy to synthesize and purify
(8) 

.                        

In this paper ,a new (6-MeBTAClP) chromogenic reagent was synthesized ,and used in simple method 

involving  spectrophotometric determination of Cd(II) .                                                                            
 

 Experimental 
   Reagents; 

   All reagents were of analytical grade . Freshly distilled and deionized water was used for solutions 

preparations .                                              

 

  Preparation of Reagent
(9)                                                                                                                
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   To a mixture of (2.142 gm of para methyl aniline and 3.650 gm  of ammonium thiocyanate) in 70 ml 

glacial acetic acid ,was added drop by drop from burette (1.2 ml Br2 + 15 ml glacial acetic acid) with 

keep temp. 10 °C.   

          After 15 min alkaline solution was added to precipitate the thiazole  derivative . 1.330 gm of 

thiazole and in 50 ml glacial acetic acid then add (5 ml conc. HCl +25 ml water) to the solution . After 

that drop by drop from burette a solution ( 0.69 gm NaNO2 +50 ml H2O ) with stirring at 10 °C to  

diazonium salt , then (1.300 gm of para chloro phenol +50 ml ethanol ) to diazonium salt to the 2-[(6–

Methyl–2-Benzothiazolyl) azo]- 4-Chloro phenol (6-MeBTAClP) Organic reagent.                  .                                                                                                                          

Standard solutions  

-Stock Cd(II) solution ;A solution of Cd(II) (100 µg.ml
-1

 )was prepared by dissolving (0.0179)g of 

CdCl2.H2O in (100 ml)distilled water. Other standard solutions of Cd(II) were prepared by dilution of 

stock solution with distilled water .                                                                                  

-1x10
-3

 M
 
(6-MeBTAClP) standard solution was prepared by dissolving (0.754)g in 250 ml of absolute 

ethanol .                                                       

-Buffer solution (pH=6.0) was prepared by mixing 12.60 ml of (0.2)M  Na2HPO4(which was prepared 

by dissolving 2.83 gm in 100 ml distilled water ) and 7.40 ml of (0.1) M Citric acid(which  was 

prepared by dissolving 1.92gm in 100 ml distilled water)
(10)

 .                                                           

Apparatus 

 (1)   Spectrophotometric measurements were made with a Shimadzo scientific equipment with 1.00 

cm cell.(2) The PD-303-spectrophotometer ,Apel, Japan, was used in the others measurements . 

(3)The pH-meter ,720-WTW,Germany .(4) The water bath - 90 , Hambury , England .(5) The 

electronic sensitive balance BP3015 , Sartorios , Germany  ., Perkin-Elmer , U.S.A ,and(6)FT-IR 

Spectrophotometer shimadzo., Japan.,were used in this work .                                                                                                
 

Procedure ; 

     To an aliquot containing ≤10µg.ml
-1

 of Cd(II) in a 10-ml volumetric flask , was added 2 ml of 

buffer solution , and 3 ml of (2.5 x 10
-4

 M )of    (6-MeBTAClP) solution .The solution was diluted to 

the mark with distilled water, and absorbance was measured at 25°C and wave length of 602 nm 

against the reagent solution as a blank solution prepared under the same conditions.                                                                                  

Results and Discussion; 

1- FT-IR spectrum of reagent (6-MeBTAClP)  

  Table(1)  the main frequencies vibration of main absorption bands characteristic of the reagent: 
 

Groups Wave number (Cm
-1

) 

υ   O-H,N-H,H2O(crys.) 3355-3255  

υ   C-H  Aliphatic 2556 

 υ C-H  Aromatic 2222 

 υ   C=N    1355 

 υ  N=N 1453 

υ   C=C 1515 

υ C-S 1133 

 υ C-Cl 516 

 υ C-O  Phenolic 1255 
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Fig.(1);FT-IR-Spectrum of (6-MeBTAClP) reagent 

 

2-Properties of the (6-MeBTAClP)  

    (6-MeBTAClP) reagent is slightly (hardly) soluble in water, red powder , orange and stable solution 

for suitable period time , but in basic medium  pH≥8.0 the solution being pink . Such behavior may be 

interpretated by the following equilibria
(11)

 ; 
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Fig(2);Absorption spectra of  (6-MeBTAClP)  reagent at various pH 

 

Study of Cadmium(II)_(6-MeBTAClP)  complex 
   Absorption spectra 
a-Ultra violet - visible absorption spectra of  (6-MeBTAClP) reagent ,  Cd (II) ion , and Cd (II) - (6-

MeBTAClP) complex  solutions are shown in fig(3).The reagent showed an absorption maximum at 

430 nm , the cadmium ion at 304 nm , and the complex at 602 nm .                        

 

 
 

(3);Absorption spectra of Cd-(6-MeBTAClP) complex. 

b-FT-IR of Cd (II)- (6-MeBTAClP)  complex 
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 Table(2): The main frequencies of absorption bands related to functional groups of Cd (II) - (6-

MeBTAClP)  complex of Cd (II) - (6-MeBTAClP)  complex    
 

Groups Wave number (Cm
-1

) 

  υ H2O(crys.)   3355-3255  

   υ C-H  Aliphatic 2554 

υ C-H  Aromatic 2225 

   υ C=N    1641 

   υ N=N 1466 

υ C=C 1515 

υ C-S 1136 

  υ C-Cl 514 

υ C-O  Phenolic 1224 

 υ N-Cd 410 

υ O- Cd 420-500 

 

 
 

Fig(4);FTIR-Spectrum 
 

Effect of pH 
   The influence of pH was studied over the range (2-8) adjusted by means of dilute HCl and NaOH 

solution; fig(5)shows the relationship between absorbance and pH , where the maximum absorbance 

obtained in the range of pH=(5.0 – 7.0) . At 7.5≤pH≤4.5 a decrease in absorbance . Therefore , the 

optimum pH was 6.0 , where the absorbance was maximum and stable.                        .                                                                                               
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Fig(5);Effect of pH on the absorbance of Cd- (6-MeBTAClP) complex 
 

Effect of time 
  The stability of absorbance of complex was studied from (0-120)min with 5 min intervals till 24 h . 

fig (6) shows the maximum absorbance  reached at 10 min , after that the absorbance remains stable .                       

Effect of temperature 

  The effect of temperature on the absorbance of complex was studied ;the study was performed at 

temperature between (5-80) °C .Fig (7) shows the maximum absorbance  obtained at temperature 

range (20-40) °C which was regarded as a proper temperature of complex formation .At temperatures 

higher than 40 °C the absorbance decrease due to dissociation of complex gradually .                                                           
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Fig.(7) effect of temperature  on                                       Fig.(6) effect of time  on 

The stability of complex                                      The stability of complex 

 

Determination of stoichiometry and  formation constant(Kf). 
       The  composion  of complex  was  studied by Jobs  method   of continuous  variations  and (  

mole-ratio  ) method 
(12-13)

 . Fig(8,9).  Both methods  indicate that  the ratio of metal ion to reagent 

molecules (M:L) was  (1:2) at  pH=6.0 . The  formation  constant calculated by applied procedure  , 

was found to be (0.926 x 10
10

) l
2
.mol

-2
.                                                                               
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Fig(8); Mole ratio plot [Reag]=[Cd

2+
]       Fig(9); Jobs plot [Reag]=[Cd

2+
]         =1x10

-4
,pH~6.0                                        

=1x10
-4

,pH~6.0  

 

 

Suggestion of structural formula of Cd (II)- (6-MeBTAClP)  complex 

     

    From the obtained  results of metal to reagent ratio ,FTIR-Spectrum ,and depending on thiazolylazo 

compounds properties; the following structure can be suggested :   
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Analytical characteristics  
 Calibration curve 

  Linear calibration graph through the origin was obtained which obeyed Beers law over the range 

(0.05 – 8.0) µg.ml
-1

 0f Cd
2+

 .The average molar absorptivity was found to be (1.23 x 10
+4

) l. mol
-1

. cm
-

1
 . 

The sandells sensitivity 
(14)

 was(0.0018) µg.of Cd
2+

.Cm
-2

 , and correlation coefficient(r) was 0.9986.                           

.                                                                                                       
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Fig(10); Calibration curve of Cd (II) - (6-MeBTAClP)  complex 
 

Precision and accuracy 
 The relative  standard deviation  (R.S.D%) , evaluated from seven independent determination of 3 

µg.ml
-1

 of Cd
2+

 was 0.302 % , this result show that  this  method is  highly precise . Also the accuracy  

of this method was  determined by calculating the Erel% for (3) ppm  standard solution of Cd (II) 

which was found to be 1.33 and Re%=98.67.                                                                                           

Interferences ; 
  The effect of the ions (MoO4

-2
,WO4 

-2
, CrO4

-2
,Pb

+2
,Hg

+2
,Zn

+2
,Cu

+2
, Ni

+2
) which form complex with 

the reagent during its reaction with Cd
+2

 were studied . On the other hand , suitable masking agents 

examined for eliminating the effect of the eight ions , where the mixture of oxalic acid , ammonia 

,sodium fluoride , and sodium acetate were      found to be a suitable masking agents .                                                      
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