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SPECTROSCOPY LETTERS, 19(6), 669-679 (1986) 

1-( 2-QUINOLYLAZO) -2,4,5-TRIHYDROXYBENZENE 

AS A REAGENT FOR THE SPECTROPHOTOMETRIC 

DETERMINATION OF NICKEL( 11) AND LEAD( 11) 

Key words: Spectrophotometry, Pb-QATB, Ni-QATB 

Radi Salim* and A.H. La i la* *  

* Chemistry Department, An-Najah Un ivers i ty ,  Nablus, 

** Chemistry Department, B i r z e i t  Un ivers i ty ,  B i r z e i t ,  

West Bank, v i a  I s r a e l  

West Bank, v i a  I s r a e l  

The reagent l-(2-9uinolylazo)-2,4,5-trihydroxybenzene (QATB) has 

been used f o r  developing a method f o r  the  spectrophotometric determina- 

t i o n  o f  n i cke l  (11) and lead  (11). Var iables i n f l uenc ing  the  s e n s i t i v i t y  

o f  t h i s  method such as wavelength, pH and time have been invest igated. 

The l i m i t a t i o n s  o f  t h i s  method and the  e f f e c t  o f  i n t e r f e r i n g  ions  have 

a lso  been invest igated. Few proper t ies  o f  the complexes formed between 

QATB and metal ions  (N i  and Pb) such as composition, s t a b i l i t y  and f r e e  

energy o f  format ion have been determined. 
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670 SALIM AND LAILA 

INTRODUCTION 

The t o x i c i t y  o f  both l ead  ions and n i cke l  ions  has been known f o r  

several years"]. Understanding and c o n t r o l l i n g  the  t o x i c i t y  e f f e c t s  o f  

these ions requ i re  the  development o f  sens i t i ve  methods o f  determinat ion 

f o r  these elements. 

methods o f  ana lys is  have the  advantage o f  being simple and sens i t i ve .  

I n  t h i s  aspect the  v i s i b l e  and UV spectrophotometr ic 

Several reagents have been suggested f o r  the  determinat ion of 
l e a d  (e.g. d i th izone"] ,  4-(2-pyridylazo)resor~inol[~~, Arsazen 141 , 

2 - (  5-brompyridylazo)-5-diethylaminophenol [51 and 3-methyl-1,2-cyclopenta- 

dione dithiosemicarbazone[61) and f o r  the  determinat ion o f  n i c k e l  (e.g. 

d i  methyl g 1 yox i  me' 

aminophenol [ ' I ,  4-(2-pyr idylazo)thymol ['03 and 2-(5-bromo-Z-pyridylazo)- 

5 - d i e t h y l a m i n o p h e n 0 1 " ~ ~ ) ~  The aim o f  t h i s  paper i s  t o  in t roduce a new 

reagent, 1-(2-quinoly l  azo)-2,4,5-tryhydroxybenzene (QATB), f o r  the  spectro- 

photometric determinat ion o f  l ead  and o f  n i c k e l  and t o  study the complexes 

o f  these elements w i t h  the reagent QATB. 

, a- f u r i  1 d i  oxime18 , 2-( 2- t h i  azol  y l  azo ) -5-di methyl - 

EXPERIMENTAL 

APPARATUS 

A Bausch and Comb 2000 Spectmnic  UV Spectmphotometer was used 

f o r  recording the  absorp t ion  spectra. A Corning pH-meter, Model 140, was 

used f o r  the  pH measurements. 

REAGENTS 

The QATB reagent was prepared by r e f l u x i n g  equimolar amounts o f  

2-hydrazinoquinol ine (d isso lved i n  d i l u t e  HC1) and 2,5-dihydroxy-1,4- 

benzoquinone (d isso lved i n  ethanol)  f o r  one hour. Amnonium hydroxide 

was added and the  excess o f  a m n i a  was then b o i l e d  o f f .  The product 

was then p r e c i p i t a t e d  as brown s o l i d  and when r e c r y s t a l l i z e d  i t  turned 

t o  a dark red product with a me l t i ng  p o i n t  o f  275OC. The s t r u c t u r e  o f  
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SPECTROPHOTOMETRIC DETERMINATION OF NICKEL(I1) 

[121. t h i s  reagent i s  shown below . 

AND LEAD(I1) 

OH 
A stock s o l u t i o n  o f  2 x M o f  the  reagent QATB was prepared by d isso l -  

v ing  the  proper amount i n  95% ethanol. Stock so lu t ions  o f  lead  and o f  

n i cke l  ions were prepared by  d i sso l v ing  the  proper amounts o f  t he  n i t r a t e  

s a l t  o f  each metal i n  d i s t i l l e d  water. 

The b u f f e r  so lu t ions  used were: 

HC1-KC1 mixtures f o r  pH values below 2.0, 

HC1-KHP mixtures f o r  pH values between 2,O and 4,0, 

KHP-NaOH mixtures fo r  pH values between 4.0 and 6,0, 

KH2P04-NaOH mixtures f o r  pH values between 6.0 and 8,0, 

Borax-HC1 mixtures f o r  pH values between 8.0 and 9,0, 

Borax-NaOH mixtures f o r  pH values between 9.0 and 10,8, 

KC1-NaOH mixtures f o r  pH values above 10.8. 

A l l  pH values used f o r  studying the  e f f e c t  o f  pH on absorpt ion spectra 

were determined exper imental ly a f t e r  preparat ion and imnediately before 

use. 

A l l  so lu t ions  were prepared from ANALAR grade reagents, 

RECOWENDED PROCEDURE 

Transfer a sample conta in ing  no t  more than 25 ug o f  n i cke l  o r  

150 pg l ead  i n t o  a 10 m l  standard f lask .  Add 2.5 m l  o f  b u f f e r  so lu t i on  

(pH 11,O i n  case o f  n i cke l  ana lys is  and pH 10.5 in case o f  lead  ana lys is )  

and then add 2.5 m l  o f  0.002 M QATB so lu t i on  and 2.5 m l  pure ethanol. 

D i l u t e  t o  volume w i t h  d i s t i l l e d  water and shake wel l .  A f t e r  40 min i n  

the  case o f  n i cke l  ana lys is  o r  55 min i n  the case o f  lead ana lys is  measure 

the absorbance o f  the complex formed a t  585 nm o r  a t  610 nm f o r  Ni-QATB 

6 7 1  
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612 SALIM AND LAILA 

and Pb-QATB, respec t ive ly .  Use 1-cm c e l l  and read absorbance aga ins t  a 

reagent blank. 

b r a t i o n  curves i n  the  range 0-2.5 ug/ml o f  n i cke l  o r  0-15 vg/ml o f  l ead  

t o  determine the  concentrat ion o f  n i cke l  o r  l ead  i n  so lu t ion .  

Compare the  measured absorbance w i t h  preconstructed c a l  i- 

RESULTS AND DISCUSSION 

ABSORPTION SPECTRA 

The absorpt ion spectra o f  the l i gand  QATB and i t s  complexes w i t h  

N i 2 +  and w i t h  Pb2+ are shown i n  Fig, 1. The r e s u l t s  o f  t h i s  f i g u r e  show 

t h a t  the maximum absorpt ion o f  the  f r e e  l igand i s  a t  420 nm, o f  Ni-QATB 

complex i s  a t  585 nm. These r e s u l t s  show a lso  t h a t  t he  absorpt ion o f  

lead  gives two broad mx ima a t  : 540 and a t  : 610 nm. 

From the  above i t  can be concluded t h a t  the su i tab le  wavelength 

fo r  the determinat ion o f  N i 2 +  i s  a t  585 nm. A t  t h i s  wavelength the  ab- 

sorp t ion  o f  the f r e e  l i gand  i s  neg l i g ib le .  The bes t  wavelength f o r  t he  

determinat ion o f  Pb2+ i s  a t  610 nm where no absorpt ion from the  f r e e  

l i gand  in te r fe res .  

t i o n  o f  Pb-QATB complex (i.e. 540 nm) i s  no t  s u i t a b l e  because o f  t he  h igh  

absorpt ion o f  t he  f r e e  l i gand  a t  t h i s  wavelength. 

Using the wavelength o f  the  o the r  maximum o f  absorp- 

COMPOSITION OF THE COMPLEXES 

The composition o f  t h e  complexes was determined by app ly ing  the  

continuous v a r i a t i o n  method and t h e  molar r a t i o  method. Both methods 

ind ica ted  the  format ion o f  1:3 Complexes o f  metal ion:  l i gand  r a t i o  f o r  

both N i 2 +  and Pb2+ complexes w i t h  QATB. 

THE EFFECT OF pH 

The e f f e c t  o f  pH on the  format ion o f  the Ni-QATB and the  Pb-QATB 

complexes i s  shown i n  Fig. 2. 

these complexes were no t  formed. 

The r e s u l t s  show t h a t  i n  a c i d i c  pH range 

I n  the  a l k a l i n e  pH range the re  was a 
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SPECTROPHOTOMETRIC DETERMINATION OF NICKEL(II) AND LEAD(II) 6 73 

F i g .  1 .  A b s o r p t i o n  spectra of: (I) QATB - 5X10-’ II. 

(11) N i - Q A T U  complex. l igand  conc.  = ~ X I O - ~  M ;  n i c k e l  conc.  = lX10-4E1. 

(1I I )Pb-QATB complex. ligand conc.  = 5X10-4  M ;  l e a d  conc. = l X 1 0 - 4  M .  

great  in f luence o f  pH on the  format ion o f  the  two complexes w i t h  a maximum 

co lo r  development o f  Ni-QATB complex occur r ing  a t  pH 11.0 and o f  Pb-QATB 

complex occur r ing  a t  pH 10.5. 

From the  above it can be concluded t h a t  f o r  g e t t i n g  the maximlm 

s e n s i t i v i t y  t he  n i cke l  ions should be determined a t  pH 11.0 and the lead 

ions should be determined a t  pH 10.5. 
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Fig. 2. Effect 3 r  p:i c:: : x . ;> l c . :  r c , r . a a t i m :  

(I ) Ni-QATLI comDlex; N i 2 +  conc .  = 5XIO-j M, QATB conc.  = 5X10-' M. 

(11) Pb-QATB complex; P b 2 +  conc .  = l X l c I - 4  M, QATB conc.  = 5 ~ 1 0 - ~  M. 

STABILITY OF THE COMPLEXES 

QATB forms b l u i s h  red  complexes w i t h  N i 2 +  and w i t h  Pb2+Q The co lo r  

o f  the Ni-QATB complex develops f u l l y  w i t h i n  40 min and remains s tab le  up 

t o  twelve hours. The co lo r  o f  t he  Pb-QATB complex develops f u l l y  w i t h i n  

55 m i n  and remains s tab le  up t o  twelve hours. 

The average value of t he  apparent s t a b i l i t y  constant (8)  was deter- 

mined from the  r e s u l t s  o f  t he  molar r a t i o  and the  continuous v a r i a t i o n  
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SPECTROPHOTOMETRIC DETERMINATION OF NICKEL(II) AND LEAD(II) 675 

methods and found t o  be 2,39 x lo1' f o r  t he  Ni-QATB complex and 2.98 x 10" 

f o r  the  Pb-QATB complex. 

plexes were ca lcu la ted  us ing  the  r e l a t i o n  AGO = - RT I n  B and were found 

t o  be - 15.67 and - 15.54 K cal/mol f o r  the  Ni-QATB complex and f o r  t he  

Pb-QATB complex, respect ively,  

The f r e e  energy change o f  format ion o f  the com- 

BEER'S LAW AND MOLAR ABSORBTIVITY 

Measuring the  absorbance o f  standards of  N i 2 +  so lu t ions  a t  pH 11.0 

us ing  the  wavelength o f  585 nm gave a s t r a i g h t  r e l a t i o n s h i p  between absor- 

bance and n i cke l  concentration, i n  accordance w i t h  Beer's law, i n  the  

range 0 - 2.5 ug/rnl. 

Measuring the  absorbance o f  standards o f  Pb2' so lu t ions  a t  pH 10.5 

us ing  the  wavelength o f  610 nm gave the  range 0-15 ug/ml as a range f o r  

app l i ca t i on  o f  Beer's law. 

The average molar a b s o r p t i v i t y  (E) o f  t he  complexes was ca lcu la ted  

using the  l i n e a r  p o r t i o n  o f  Beer's law p l o t s  and found t o  be 1.79 x lo3 

and 4.34 x l o3  liters.mol-'. cm" f o r  Ni-QATB and f o r  Pb-QATB complexes, 

respec t i ve l y  

THE EFFECT OF FOREIGN IONS 

Several ions were inves t iga ted  f o r  t h e i r  in te r fe rences  w i t h  the 

format ion o f  Ni-QATB and Pb-QATB complexes. This was done by measuring 

the  absorbance o f  complex i n  presence o f  200:l r a t i o  o f  f o re ign  i o n m t a l  

ion. The concentrat ion o f  N i 2 +  used was 2 x 

absorbance f o r  t h i s  concentrat ion was 0.49. The concentrat ion o f  Pb2' 

used was a lso  2 x M and the  measured absorbance f o r  t h i s  concentra- 

t i o n  was 0.25. The dev ia t ions  i n  the absorbance reading caused by the  

presence o f  f o re ign  ions a re  given i n  Table 1. 

M and the  measured 

From the  above r e s u l t s  it can be concluded that:  ( i )  most o f  t he  

comnon ca t ions  such as the  a l k a l i  and a l k a l i n e  ear th  metals (except potassium) 
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SPECTROPHOTOMETRIC DETERMINATION OF NICKEL(I1) AND LEAD(I1) 677 

do no t  i n t e r f e r e  w i t h  the  format ion o f  both Ni-QATB and Pb-QATB complexes, 

( i i )  potassium i o n  i n t e r f e r e s  h i g h l y  w i t h  the  format ion o f  both complexes 

and should be avoided dur ing  the  determinat ion o f  Ni2' o r  Pb2+, ( i i i )  other 

ca t ions  such as Cr3', A13', Cu2+, Mn2+, Zn2+ and Y3+ a lso  i n t e r f e r e  w i t h  

the  format ion o f  bo th  complexes and should be avoided dur ing  the  determi- 

na t i on  o f  Ni2+ o r  Pb2+, ( i v )  a l l  comnon anions except COG-, HPOi- and NO; 

anions do no t  i n t e r f e r e  w i t h  the  de temina t ion  o f  n i cke l  o r  lead. 

COMPARISON WITH OTHER REAGENTS 

The reagent QATB provides a method f o r  the  spectrophotometric deter-  

m ina t ion  o f  n i cke l  and lead i n  aqueous solut ions.  This method i s  simple, 

d i rec t ,  and sens i t i ve  enough f o r  determining t races  o f  n i cke l  o r  lead  i n  

so lu t ion .  Although the  s e n s i t i v i t y  o f  the present method i s  n o t  t he  bes t  

amongst the  spectrophotornetric methods using o ther  reagents f o r  t he  de ter -  

mina t ion  o f  lead  o r  n i cke l  bu t  i t  i s  s t i l l  more sens i t i ve  than several 

reagents used f o r  t h i s  purpose. 

o f  no t  requ i r i ng  ex t rac t ion .  This avoids several problems o f  ex t rac t i on  

which accompany the  use o f  many o f  the  more sens i t i ve  spectrophotometric 

reagents used f o r  t he  determinat ion o f  n i cke l  o r  lead  i n  so lu t ion .  

I n  add i t ion ,  t h i s  method has the advantage 

CONCLUSIONS 

The reagent QATB i s  a useful  and sens i t i ve  reagent f o r  the  spectro- 

photometric determinat ion o f  both N i 2 +  and Pb2+, 

plexes w i t h  e i t h e r  Ni2'  o r  Pb2'- These complexes become s tab le  a f t e r  40 

min i n  t h e  case o f  Ni-QATB complex and a f t e r  55 min i n  the  case o f  Pb- 

QATB and both complexes s tay  s tab le  a f t e r  t h a t  f o r  a t  l e a s t  up t o  twelve 

hours. 

It forms b l u i s h  red  com- 

2+ 

should be 11.0 and t h e  wavelength used should be 585 nm. The pH used f o r  

For maximum s e n s i t i v i t y  the pH used f o r  the  determinat ion o f  N i  
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678 SALIM AND L A I L A  

2+ 
the sens i t i ve  determinat ion o f  Pb 

should be 610 nm. 

should be 10.5 and the  wavelength 

Beer's law i s  appl icable,  us ing  the  present method, i n  t h e  range 
2+ 0-2,5 ug/ml f o r  N i  The average molar absorp t i -  

v i t y  (E )  o f  t he  Ni-QATB complex i s  1.79 x l o 3  and o f  Pb-QATB i s  4.34 x l o 3  
l i t e r s .  MI-l. 

and 0-15 ug/ml f o r  Pb2+- 

Both N i 2 +  and Pb2+ complexes w i t h  QATB are  formed i n  the  r a t i o  

1:3 o f  metal ion: l igand. The average apparent s t a b i l i t y  constants ( B )  o f  

the  formed complexes are  2.39 x 10" and 2-98 x 10" f o r  Ni-QATB and Pb- 

QATB, respec t ive ly .  The f r e e  energy change o f  format ion (AGO) o f  t he  

complexes are - 15.67 and - 15.54 K cal/mol f o r  Ni-QATB and Pb-QATB, 

respec t i ve l y  . 
The Reagent QATB forms co lo red  complexes w i t h  a number o f  ions  

2+ 
and these i n t e r f e r e  w i t h  the  determinat ion o f  N i  o r  Pb2+* These ions  

inc lude K+, Cr3+, A13+, Cu2+, Mn2+, Zn2+, Y3+, COG-, HPOf, and NO;" A l l  

o ther  common ca t ions  and anions do no t  i n t e r f e r e  w i t h  the  determinat ion 

o f  n i cke l  o r  l ead  when the  fo re ign  i o n  i s  present i n  up t o  two hundred 

fo lds  o f  concentrat ion o f  N i 2 +  o r  Pb2+* 
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