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2- (5-Bromo-2-pyr idy lazo)-5-d iet h y lam i Ilophc nol (5- 131'-
PADAP). a trihydroxy pheny l dye and N-hydroxy-N.N '­
dipheny lbenz:Jmid ine (IIDPI3A). a reported ex tractan l. in presence 
of a cat ion ic surfactant (CPC) have been used for the 
spectrophotometric detcrmina ti on of cadmium( II ). The Cd(l l )­
CPC-(5-l3r-I'ADAP) red co loured complex formed in aqueous 
med ium has been ex trac ted w ith N-hydroxy-N.N ·­
diphcnylbellLam idi ne in dichlorllmethane in th e pi I range 8.6-
10.6. Thi s ex tracted complex shows max imum absorb:1I1ce 

at Am,,, = 560 nm aga inst reagent blank w ith molar absorpti vity of 
9.5x I O~ dm' mo l' l cm· l. The detecti on limit of the method is n.o I 
~lg 111 1'1. T he relati ve standard deviation (RSD. n= I 0) for so lutions 
conta ining 0.40 ~lg m!,1 Cd( lI ) is 1.6'K,. The system obeys Becr's 

law in the ra nge 0.05- 1.0 ~lg ml· l . The elTcct of forei gn ions and 
other experimental variables ha ve been studied. Cd( lI ) has bcen 
success full y determi ncd in standard. environmental and bio log ical 
samples using the present method. 

IPC Code: Inl. Cl 8 GO I N2 1/00 

Cadmium is a ubiquitous element and its 
concentration in th e earth 's crust is es timated as 0.2 
Ilg g. l. I t is usuall y assoc iated w ith metal s like zinc. 
lead. copper. etc. Cad mium finds its way in to water 
through industrial discharge and deteriorati on o f 

...... ') ..... 

gal van ized pipes- . Pollution due to cadm ium( ll ) is one 
of the most serious environmental problems because 
of its hi gh tox icity, stability in contaminated sites and 
comp lex ity of mechanism in biolog ica l tox icity"() 

Variou s techn iques, e.g. . atomic absorption 
spectrophotometer (A AS )7, graph ite furnace atom ic 
absorpti on spectrophotometer (GF-AAS)8.'!, name 
atomic absorpti on spectrophotometer (F-AAS) 10.1 1, 

elec trothermal atomic absorpti on spectrophotometer 
(ET-AAS (~, inductively coupled plasma atomic 
emiss ion spectrometry (ICP-AES(\ voltamme tr/~ , 
are reported for the determinat ion of cadmi um( II ). 
A lthough, there have been several sophisticated 
techniques used fo r the determinat ion o f cadmium( I1 ) 
at trace levels in a va ri ety o f complex materia ls. the 

requirement of high maintenance cost, initial 
equipment cos t, sk illed personnel are the major 
demerits o f these techniques. 

Many spectrophotometri c methods are reported for 
the determinati on of cadm ium(ll) in a vari ety of 
complex material s. Dithi zonel5 reagent is widely used 
for the spectrophotometric detennination of 
cadmi um(II ). The method is sensiti ve but tedious and 
suffers from metal ions interferences. 4(2-
Pyridy lazo)-resorci nol l(), has been proposed as the 
most sensiti ve reagent fo r the determinati on of 
cadmi umOI); however it is not select i ve. Compounds 
such as 5 ,7-dibromo-8-hydroxyquinoline~ , and 
py ru vyl idine-2-hydrazi nobenzothiozo leI7 have poor 
sensitivity and have the prob lem of matri x 
interferences. Other reagents, viz., 
di pheny Icarbaf .)ne IS, benzi I-cx- monox i me-i sonicotin ­
oy lhydrazonel<!, rhodamine 6G~o , 1,5-bi s(di-2-
py ridy Imethy l en ethi ocarbono-hydraz i de)~ I, have also 
been reported for the trace level spectrophotometric 
determination o f cad mium(lJ ). However, most of 
these methods face the difficulty of inter ferences from 
metal ions l ike Fe}+, C02+, Ni2+, Pd 2+, Pt~+, Hg~+, Bi }+, 

etc. 
The present note deal s w ith a sensitive and 

se lect i ve method for the spectrophotometri c 
determination of cadm ium(ll) at trace levels in 
standard , env ironmental and biological samples, after 
digestion with microwave radi ation , using 2-(5 -
bromo2-pyridy law)-5-d iethy iami nophenol, cety I p­
y ridinium chloride and N-hydroxy-N.N '­
di pheny Ibenzamidi ne. 

Experimental 
A Sys tronics vis-spectropho tometer (model 106) 

was used for absorbance measurement. A Sys troni cs 
digital pH meter (model 335) was employed for the 
measurement o f pH. A Samsung, India, mi crowave 
rad iat ion equipment (mode l CE2877 L ) was employed 
for digesting the samples . 

A ll chemica ls used were of A R grade (M erck). A 

standard stock so lution ( 1000 )lg mrl Cd(l l» was 
prepared by di sso lving 0.2282g of cadmium sulfate 
(3CdSO~. 8 H ~O) in lOO ml of doubly distilled water. 
Working standard so luti ons were prepared by 

appropria te dilution or the " tock so lution . A 2.86x IO'~ 
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mol dn,-3 [0.01 % (I\I/v)] solution of 5-l3r-PADAP was 
prepared in methanol. A 2.80x I 0-3 mol dm-3 [0.1 % 

(I\I/v)] of CPC was prepared in doubly di stilled water. 
A NaOH- H3B03 buffer (p H 9.5 ) was used for 
adjusting the pH . N-Hydroxy-N,N'-diphenylben­
za midine (HDPBA) was sy nthesized22 by equimolar 
addition reaction of N-pheny lbenzimidoy l chloride 
[C6Hs-CCI=N-C6Hs] with N-phcny lhydroxy lamine 
[Cr,HsNHOH] in absolute dry ether medium at low 
temperature, resulting In hi gh yield of 
hydroxyamidine hyd roch loride, which was treated 
with dilute ammonium hydroxide so lution to give free 
base of HDPBA . The product was crystalli zed at least 
three times either from 60 a/o aqueous ethanol or 
petroleum ether (b. pt. 60-80°): benzene ( I :2) mixture 
and vacuum dried. A triply crystallized free base has 
the purity greater than 99%. The yield of the free base 
generally vari ed between 40-70 %. Solutions of 
HDPBA in dichloromethane (3.47x I 0-3 mol dm-" 
0.1 % (\\'/1')) was employed for ex tracti on. 

Procedure 
Determillatioll of cadmill m( 1/) 

An aliquot of the standard solution containing up to 
10 Il g Cd(Ir) was taken in a 125 1111 separatory funnel. 
The pH of the solution was adjusted to 9.5 by additi on 
of 4 1111 borate buffer solution. To the above solution, 
0.5 1111 of 0.1 % cetylpyridinium chloride (CPC) and J 
ml of 0.01 % 2-(5-bromo-2-py ridylazo)-5-
diethylaminophenol (5-B r-PADAP) so lution was 
added and made up to 10 ml with di stilled water. This 
so lution was shaken vigorously for 2 min with 5 1111 of 
N-hydroxy-N.N-d iphenylbenzamid ine CHDPBA) in 
dichlorometh ane. The organic layer was separated and 
drained into a 25 ml beaker. The aqueous layer was 
washed twice with I ml fresh dichloromethane. The 
combined ex tract was dried over anhydrous sodium 
sulphate (::::: 2g). The total organic phase was made up 
to the mark with di chloromethane in a 10 ml 
volumetric flask. The absorbance of th-.: complex was 
meas ured against (I reagent blank at Am", 560 nm. 

Preparation oI .11andart/ natllral phosphate mmple 

Standard natural phosphate sample BCR-32 (0.5g) 
was weighed accurately in a tefl on hi gh- pressure 
micro wave acid-diges ti on bomb and to thi s 3 ml of 
12 :4: I, HF : H2S0~ : HNO.1 acid mi xture was added. 
The bo mb was seal ed ti ghtl y and then pos itioned in 
the carousel or the microwave radiati on unit set at 850 
W. The sys tem was operated at rull power for 10- 15 
min. The digest was evaporated to near dryness. The 

dried residue was again digested in the oven using 
only 2 ml conc. HNOJ acid . The digested contents 
were mixed with 5 ml of I mol dm-J boric ac id 
solution and the vo lume was made up to 25 ml. An 
aliquot ( I ml) of the final solution was pipetted using 
a Glaxo variable volume micropipette into a 125 ml 
separatory funne l and analysed by the present as well 
as earlier reported methods (Table I). 

Preparatioll of }ly ash and coal ash samples 

A weighed amount of the solid sample ( I.Og) was 
taken in a teflon hi gh- pressure microwave acid­
digestion bomb and to thi s 3 1111 conc. HNOJ was 
added and digested as above for 7-10 min. The excess 
of acid was removed by heat ing with dil. HCI over a 
hot plate at 80 °C. The digest was evaporated to near 
dryness. This sample was dissolved in dil. HCI (0. 1 
mol dm-\ filtered and diluted to a known volume. An 
aliquot ( I ml ) of the final solution was pipetted into a 
125 ml separatory funnel and contents were anal ysed 
by the present and the reported methods (Tab le I). 

Preparation of biological samples 

Whole blood sample ( 1.0 ml ) or urine sample (2.0 
ml) , perchl oric acid (0 .2 ml) and conc . HNOJ (0.5 ml ) 
were placed in a high pressure mi cro wave ac id­
digestion bomb. Thc bomb were sealed tightl y and 
then positioned in the carousel of the microwave 
oven. The system was operated for 5 min, at 500W. 
The digest was evaporated to near dryness and the 
dried residue was then dissolved in 5.0 ml of di stilled 
water and filtered. An aliquot ( 1.0 ml) was pi pelted 
into a 125 ml separatory funnel and contents were 
analysed by the present and the reported methods 
(Table I). 

Results and discussion 
The absorption spectra obtai ned for the system 

Cd(lI)-CPC-(5-Br-PADAP)-HDPBA complex show­
ed absorption maximum at 560 nm aga inst a reagent 
blank. The reagent blank cx hibits appreciable 
absorption in thi s region and therefore it was used as 
reference for all absorbance measurements . 

The formation of the red co loured complex was 
maximum between pH 8.6-10.6. Above and below 
this range, the extraction of the complex decreases. 
Therefore, pH 9.5 was kept constant throughout the 
ex periment by lI si ng NaOH- HJBOJ buffer solution. 
The effect of various organic solvents on the 
formation and ex tracti on of Cd(! J)-CPC-(5- Br­
PADAP)- HDPB A complex was studied. The 



14 10 INDIAN J CHEM , SEC A, JUNE 2006 

Tablc I- Determinati on of cadmi um{I1) in standard, cnvironmcntal and biological samp les by the present and reportcd methods 

Sample Alnt of Cd{n ) fo und F-tes( t-test'" 

SWlldard Il([/I/ral phosphate SOli/pie 

I3CR-32 
20 pg g' ICd , 2S0 pg/g Zn, and known amount of pzO\, 
SiOz.TiOz, KzO. N~I ,O, MnO, MgO, FezO, . CaO, F 

Ell viroll ll/ ell tal sall/ples 

Fly ash (NTrC. Korba) 4.7 pg g.1 Cd (Cert ifi ed am t) 
Coal ash (Century Cement. I3aikunth , District-Raipur) 3.4 fLg 
g.ICd (Certifi ed amt) 

Biological sOli/pi esc 

Blood 

Urine 
"Cadmium contcnt in pg g' l 
"Cadmium content in pg ml ·1 

Cd{ n ) Present Dithizone 
added method method 10 

{n=6)d ± (n=S) 

19.6±0.08" 

4.SI±0.09" 
3.20±0. 16" 

1.0±0.23" 

0.96±0.06" 

19.4±0.13" 

4.4S±0.11 " 
3.30±0.20" 

0.97±0.20" 

0.9S±0.IS" 

0.4 I 

0.16 
0.66 

0. 87 

0.07 

0.02 

O.S3 
0.48 

0.53 
0.94 

"Sample obtaincd from Pathology Dcpartment, Medical College Hospital , Raipur, e.G. 
dVa lues are means ± standard deviations 
cTabu lated F-value at 9S% confidence level is 6.26 for N 1=6, Nz=S (i.e. , for nl=N I-I , 5 degrees of freedom, nz,=N 2- 1, 4 degrces of 
freedom) 
[Tabul atcd t-va luc at 95% confidence Icvel is 2.262 for N I+Nz= ll (or n = N I+N2-2, 9 degrees of freedom) 

quantitative ex traction of the co mplex (> 95 %) was 
observed in dichloromethane, chloroform , benzene, 
toluene anel ethyl acetate. The molar absorptiv ity (dm] 
mort cm- ' ) and wavelength of max i mum absorption 
va lues (nm) of the above Cd(II) complex in these 

solvents are as fo llows: dichloromethane (9.50x 104
; 

560) , chloroform (9 .50x I 04
; 560), benzene (6.07x 104

; 

560), toluene (2.75x I04
; 550) and e thy l acetate 

4 • 
(4.38x I 0; 560). Thus, dichlo romethane and 
chl oroform both showed similar spec tral properties. 
However, elichloromethane was selected as the best 
solvent due to the hi ghest colo ur sensitivity and 
selectivity o f the co mplex and less toxic behav io ur 
than chl oroform. 

The ambient room te mperature, i.e., 25 ±2 °C was 
suffic ient for maximum colour development of the 
complex in di ch loro methane. However, no change in 
absorbance was observed lip to 35 °C. Above 40 °C 
the solutio n became turbi d. All experimental work 
was thus carri ed out at roo m temperature. The 
absorbance of the complex in dichloromethane was 
found to be stable for at leas t 12 h. 

The constant and maximum colo ur of the complex 
was achieveel when the co ncen tration of 5-Br-PADAP 
in rhe final aqueous so lu tio n was varied be tween 
( 1.71-4.0) x 10.5 mol elm']. Hence, the present 
in vesti gati on was carried out at 2 .86x 10-5 mol dm'3 of 
5-B r-PADAP. 

The resul ts obtained indicate that at leas t (0.86-
2.25) x 10,3 mol dm'3 HDPBA in dichloromethane was 
adequate for the complete ex tracti on o f the Cd( l/ ) 
co mplex. Therefore, 1.74 x 10.3 mol elm'] HDPB A 
was used throughout the experiment. 

The effect of surfactants on t e Cd(J1)-(5-Br­
PADAP)-HDPBA co mplex was studied. ]n the 
presence of anio nic and non io nic su rfactants the 
Cd(1l)-(5-Br-PADAP)-HDPBA complex gave a low 
absorption , whereas in the presence of cationic 
surfactant, the absorption of the chromogenic system 
increased markedl y. A study on the effect of 
concentration of C PC indicates that a concentration 
range of (0.84-2.0) x 10'4 mol dm'] CPC solutio n was 
suffici en t for maximum colour deve lopment of 
Cd(TI)-CPC-(5-Br-PADAP)-HDPBA complex. 
Therefore, lAO x 10-4 mol dm-] CPC solution was 
used constant throughout the experirnent. 

The system obeyed Beer's law in the range 0.05-
1.0 ~lg mr'of Cd(Il) with excel lent linearity in terms 
of correlation coeffic ient value ( r = 0 .99) . The 
sensiti vity of the Cd(II)-C PC-(5 -Br-PADAP)- HDPB A 
complex, calculated in terms of molar abso rpti vity, is 
9.5 x I 04 elm] mol" c m-' at Amax 560 nm. The precision 
of the method in terms of re lative standard dev iation 
(n= IO) for the de terminat ion of 004 Ilg mr ' Cd(ll ) is 
1.6%. The detecti on limit o f the method is 0.01 Ilg mr 
, Cd( II ). 
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The compOSItIon of the cadmium complex was 
determined by the curve fittin g method . The molar 
ratio of metal : 5-Br-PADAP, CPC and HDPBA was 
determined by plotting logarithmic value of 
di stribution ratio of metal [log {Ac/(Alllax-A cq) }] 
(where Am"x = maximum absorbance of the complex 
at a level of 0.4 ~tg Cd(ll) mr I organic phase and A cCJ = 
absorbance of Cd(Il ) co mplex at equilibration with 
different known concentrations of reagents, viz., CPC 
/ 5-Br-PADAP / HDPBA versus logarithmic values of 
vari ed known concentrations of CPC / 5-Br-PADAP / 
HDPBA in di chl oromethane. 

The slope of the curves for 5-Br-PADAP, CPC and 
HDPBA were found to be very close to I in the case 
of CPC, 2 for 5-Br-PADAP and 2 for HDPBA. Thus, 
a 1: I :2:2 molar rati o complex of Cd(l l): CPe: 5-Br­
PADAP: HDPBA in dichloromethane was predicted. 
The overall reaction can be expressed as follows: 

Cd"+ + CPC +2(5-Br-PADAP) + 2HDPB A ~ 
[CPe. Cd (5-Br-PADAPh (HDPBA) 2]o 

Effect of diverse ions 

The effect of additi on of di verse ions was 
in vestigated . Only Pb2+ and Zn2+ were found to 
interfere in the determination of cadmium . A greJter 
tolerance limit for these ions can be achieved by using 
several masking method. A 100-fold excess of Pb2+ 
cou ld be masked with Iml of 0.1 % sodium fluorid e. A 
500- fo ld excess of Zn2+ ions could be masked wi th 
Iml of I % glycero l (Table 2). 

The F-test2
.
1 was performed at 95% probability to 

compare the result of the present method with that of 
the dithizone method l5 . Since in all the cases the 
va lues of F (sd I

2/sd2
2

, vari ance ratio of standard 
dithizone and present method) were less than the 
tabulated F values at the 95% confidence leve l, it may 
be concluded that there is no significant difference in 
the precision of the present and dithi zone method. The 
t-test".1 was performed at 95 % cOllfidence level. 
Again , in all cases, the calcu lated t-values were less 
than the tabulated values of t, indicating no stati stical 
difference between the results obtained by the present 
method and the dithi zo ne method. Thus, both the F­
test and t-tes t show a high degree of agreement 
between the values obtained by present method and 
by the dithi zone method. The ca lculated F-test and t­
test va lues are shown (Table I). 

The present method for determination of cadmium 
is sensitive (E = 9.5x I04dm.1 mor l cm-I

) and selecti ve 
and is applicable to standard samp les, environmental 

Table 2- Tolerance limit of di verse ions in the determinalion of 
0.4 ~lg mI'l Cd( lI ) 

Ion added 

N i ~+ 

Cr('+, Cu~+ 
V ; + 

Fe.1+ 
Se~+ , Hg2+, Pd2+ 
hpb2+ 

Ru.1+, Ag+. Co~+ 

Ca2+, As·1+ 

l3i .1+, S n~+. cZn2+ 

SCN-.PO/­
cr 
K+ 

F, oxa late 
Tartar ic acid 
SO/'. thi osulfate. glycero l 

Tolerance limit." J..lg mI' l 

5 
10 
15 
20 
25 
40 
50 
150 
200 
500 
1100 
1500 
2000 
2500 
3000 

"Ions were considered to inter fere when they caused change in 
complex absorbance by ±2%. h masked with Iml of 0.1 o/c sodium 
fluoride, C Illasked w ith Iml of I % glycerol 

and biological samples with hi gh reproducibility and 
low linear working range between 0.05 to 1.0 pg mr l 
Cd(Il ). This method is co nsiderably superior to other 
reported methods when comparing analytical 
parameters viz. Ii near range and molar absorpti vity 
va lue. The linear range (pg mr l Cd(I I» and molar 
absorpti vity va lue (E = dm' mor l cm-I

, x 10~ ) of 
some of the reported methods using different reagents 
are as under: 5,7-DibroIl10-S-hydroxyquinoline", 0. 1-
30, 0.53 ; dithi zone l5 , 1-10, 0.62: N-Phenylcinna­
mohydraxamic acid + 4(2-pyridy lazo)-resorcinol 
(PAR)1 6, 0.25-2.25, 4.S; Pyruvylidine-2-
hydrazinobenzothi ozo le l7, 1.0-10, 0.46; dipheny­
Icarba-zone I 8

, 0.29-3.65, 7.33; Benzil-u-ll1onoxill1e­
isoni coti noyl-hydrazone I t), 0.45-4.5, 2.5; rhodami ne 
6G20

, 0.0-0 .6, 9.0; 1,5-Bis(di-2-pyridylmethylene­
thi ocarbonohydrazide)2 1, 0. 1-1 .7, 5.64. 
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