
EXTRACTIVE SPECT'R0PHOWMET"iUC DETERMlNATION OF 
CADMIUM(l1) Wl'lYl 2, CDIACEIY LPYRIDINE BIS-4-PHENYW 

THlOSEMlCAKBDNM2,6-DAPBPTSC) 



Cadmium is a heavy metal and widely rrleavd to envi-mt by p o w  
stations, heath3 systems, metal working industries, waste h i t~fa \o ts ,  mfHq 
cement factories and phosphate fertilizer factories1. Cadmim occm in natwr as lrsrx 

amounts and constitutes only 0.0005% of h e  crust of the carth; it has t>een list& by 

UNEP/WHO as a substance dangerous to the environment, k a w c  nlow wiih swh 

metals as lead, mercury, copper, zinc, and silver it poses a risk of dis turbi  rhc balance 

in sosystem2. The effects of acute cadmium poisoning arc rnmifcsted in ti v a r i ~ y  of 

different symptoms including high blood pmm, kidney d m g c  a d  dcslvuctian of d 

blood cells3. Even at low exposure lcvrls (mg kg" ). ~ h c  risk of nnn! luhulnr damage duo 

to industrial exposwe to cadmium can be considcrublc'. Approxi~~wtcly one third of 

cadmium is used in battery manufacture; other major uses arc in pigmcnb luxl solrps, iw 

an anticorrosive, and as a stabilizer for PVC'. The FAO-WIIO joint cxpcrt cummittcc on 

food additives recommended a provisional maximum rolcmbic daily intihc for cardmiurn 

fro111 all sources is of 1 .O-1.2 pg kg'' body Itlass. Cc~nridering d ~ c  problcms ccrud by !he 

presence of cadmium in the humw organism and in thc environment, yews af c f l ~ n  haw 

been devoted to the development of more effective, f't, pwisr: and n~Cura[t ~ P P ~ ~ ~  

to the determination of this element in biologicd and cnvi~>nmcnsal matariala, wing 

numerous analytical methods6. 

4.2. Review of known metbda 

As per the review of \iteraturc some slnndtud, wnritivc andlor wlectiur: tcaf6ents 

for the spectrophotomctric and cxmctive ~pcctmphutomclric d c t c m i ~ i o n  of 

cadmium(1I) are discussed here. 

Ahmod and ~howdhur~'  have reported 5,7dibmmo-8-hydmxyquinolinc? b r  the 

determination of cdmium(1I). The molar absorptivity af thc complex is found u, be 

0 .53~  10' lit mol-'cm" at 3% MI and the Becr's law ir ohcycd in the mp 0. I to 30 lppm 

af wdmium(ll). 



Palyfnric sulphate flocculentg is used for the spactrophotometric detemhtion of 

Cd(I1). l l ~ c  molar absorptivity of the complex is found to be 4.99~10' lit mol"cm'l at 607 

nm and [he Bcer's law is obeyed in the rangc 1.0 to 1.5 pprn of cadmiurn(I1). 

Chakravtty et a19 have reported 4-(2-pyridy1azo)naphthol for the spectrophoto- 

metric determination of cadmiurn(11). The molar absorptivity of the complex is found to 

bc 3 . 2 ~ 1 0 ~  lit mol-'cm-' at 530 nm and the Beer's law is obeyed upto 1.5 ppm of 

cadmium(l1). 

4-(2-pytidylazo)-resorcinol'0 is used for the simultaneous spectrophotometric 

deter-mination of cadmium(ll) and nickei(I1). The cadmium complex has the maximum 

sbsarbancc at 5 10 nm. The complex shows the molar absorptivity as 2 . 5 ~ 1 0 ~  lit m01-'cm". 

Crubonyl derivatives like hydramnes, thio-and phenylthiosemicarbazones are also 

used for the spectrophotometric as well as extractive spectrophotometric determination of 

cadmiurn(I1). Some of the sensitive andfor selective methods are discussed below. 

2.4-dihydroxyncetophenone benzoylhydrazonel' is used for the spectrophotome- 

tric determination of cadmium(i1). The complex shows a maximum absorbance at 306 

and 437 nm in the pH range of 3.6-4.4 and the Beer's law is obeyed in the range 0.36- 

1.40 ppm of cadrnium(I1). 

I)i-2-pgridy Imcthrtnonc 2-(5-nitro)pyriJy lhydruone (DPNPH)" is used for the 

spcctrophotometric determination of cadmium(I1). The complex shows a maximum 

absorbance at 510 nm in the pH range of 8.8-1 1.7. The reagent forms 1 :2 (M:L) complex 

with metal ion. The molar absorptivity of the complex is found to be 10.4~ lo4 lit mol~'cm~'. 

Izivueiduu et ul" hrvc reported 2.l-'-dipyridyl-2-pyridylhydmone(DPPH) for the 

spectrophotometric determination of cadmium(I1). The complex shows a maximum 

absorbance at 444 run in the pH range of 12.3k0.2. The reagent forms 1 :2 (M:L) cornplcx 

with mctal ion. Ihe molar absorptivity of the complex is found to be 5.5~104 lit rnol"cm" and 

the Beer's law is obeyed in the m g c  0.2 to 2.0 pprn of cadmium(I1). 



aomo and Singh et all' have reported 2~2'~iquinolyl-2quinoIyh~ lor 

w t i v e  spstmphotometric detemidon of cadmium(I1). The cadmium complex 

he maximum absorbance at 552 nm. The wmplex shows the molar absqtivity as 

9.15~10' lit mo1"cm" and the Beefs law is obcytd up to 9.0 ppm ol&ium(ll). 

Other hydrazones used for the spwtrophotometric and cxuhctive sgccb.apho@ 
. . 

metric determrrraton of cadmium(u) are 2,2'-biW quindyh-H, ~j.~l-.+ 

vanillin f~rfuralhydrazone'~, di-2-pyridyl k e t o n e - ? - ~ ~ o h ~ n ~ ' ~ .  2.2-pyridil 

bi~(2~uinol~lh~drazone)'~. pyridinc-2-aldchydc-2-PYridylhYdnvune'U. pyruvaldcthydE-2- 

b~:nzothiazol~h~drazonc~~, @vanillin ~ y l h s d w ~ ~ t ~ ~ ~ ' ~ ~ ~ . ,  

Tho- and phenylthioscrnicarbamn~~ have emc~rd  as very impartant d y t i c a l  

reagents for the spectmphotometric and extmctivc spccvophotomcuic dctcrmi~lian of 

cadrnium(I1). 

Benzildihiosemicarbmone has k n  used for ti* cxmtive spcctn,phatoMc 

determination cadrniurn(I1) at pH 10.5 by Reddy et alzz. "nw l:I(M:L) yellow colored 

complex extracted fiom isoamylalcohol shows n maximum absorCuulcc ut 3fia nm in chc 

pH 10.5. Beer's law is obeyed in the range of 1.0-10.0 ppm of  rudn)iun~(iI), Thc mulw 

absorptivity of tile complex is found ro bc 0.196fil~'  l i t  mul" cnl'. 'l'llc tnclllod l l a ~  boen 

successfully applied for the determination of cadrnium(l1) in modicinol lcdvca &nd 

environmental samples. 

4chlomisonitm~tophetx)~ t h i n  has hctr u+ucd far the ~rpectfuqh- 

tometric determination of cadmium(l1) by I ~ k h d e  cl d2! .he maximum absorbance of  

the complex is at 395 nm in the pH range of 8.0-9.0. Ilhc campilion of Ihc oamplcx Srr 
12 W:L) ~d me mdar -vity of the mnpk~ h rnvd o bc 0.6m. ~d ik md"dt. 
The mahod has been succ~~~fully applied for the dttmniMIlion of cldmiun(ll) ia 

biological samples. 

Bazas ct have used 13-cyclotmumedionc d i t h i d -  

hy60s:hloride for thr specuoppbo&c dttcrmhtion of'cahium(lr). The mwirnrrm 

abmpticm of thc complex is found to be al 515 nm. The molar &m@vlty of the 



complex is found to be 1.2 1 x 10' lit m o ~ '  cm-'. The metal-ligand ratio of the eompla; is 

determined as I : 1. 

2,6-dimnhylphenyldi~amino~ne25 is used for the spectmphotometric de- 

termination of cadmium(I1). The complex has a maximum absorbance at 523nm. The 

rnulirr absorptivity of the complex is found to be 2.27~10' lit mol" cm". Ihe method has 

been successfully applied for the deremnbtion of cadmium(l1) in tableware leach 

solution, 

Dipyridylglyoxalbis-(4-phenyl-3-thiosemicbaone) is used for the spectro- 

photornctric determination of cadmium(ll) by ~ a l a i r o n ~ ~ .  The determination is carried out 

at pH 9.7 and the maximum absorption of the complex is found to be at 400 nm and the 

Beer's law is obeyed in the range 6.0-55.0 ppm of cadrnium(I1). 

Gulcr ct alZ7 have used 9-cthyl-3-carbmlecarboxaldehyde-4-phenyl-3-thiosemi- 

ciubcu,c)ne for the spcctrophotometric determination of cadmiurn(I1). The maximum 

absorbance of the complex is at 401 nm in the pH 8.8. The metal to ligand ratio of the 

complex is 1:2. The molar absorptivity of the complex is found to be 3 . 6 ~ 1 0 ~  lit mol" 

cm" . 
Phemthraquinone m~no~kn~lthiosemicarbazone(~~~~)~~ is used for the spectro- 

photometric determination of cadmium(I1). Cadmium(I1) reacts PMPT in the pH > 6 to 

b m  Cd(I1)-PMPT complcx in I:2(M:L) ratio. The complex absorbs strongly at 520 nm. The. 

system obeys b ' s  law in the concentration range 0.01-0.34 ppm of cadmium(l1). The 

i ~~o lur  absorptivity oi' the complex is found to be 2.4% 1 o4 lit mol-'cm-I. This method 

is applied for the determination of cadmium(I1) in certificate and human hair samples as 

well as natural water. 

Karnil et at" determined cadrnium(l1) spectmphotometricdly by reaction with 

phc~~tutd~re~~cquirlonc rnonosemicarbnc: at pH 9.0 in 60-70% DMF medium to form a 

1:2 (metal-ligand) complex. Thc absorbance is measured at 480 nm. The molar 

absorptivity of the ~omplex is found to be 1.5 x 10' lit mol.'cm-' and the W r  law is 

obeyed in the range 1.4 1-6.1 3 ppm of cadmium(I1). 



A -ugh l i m  has m e d  chot a numtm of Ihioscmi- am 
available for the spetrophotometric and exmrtivc ~ p w ~ ~  d-mtion of 

~admium(l1). But many of the thiosernidncs, un: c j k  1- -rib~c ol. m. 

selective. Hence, a reagent namely & M k t y t p Y n ~ y i - 3 - t h i o m i ~  

(Z,&DAPBPTSC) is synthesized to the developmt of a simple, selective and scnsitiw 

extractive spectrophotometric method for the detmnination of cadmium(l1). In thc 

present investigation, the researcher has studid rhc mct iv i ty  of 2,b-DAPBPISC' with 

cadmium (111 and the results are reported in terms of its maximum abssthce, pH, 

molar absorptivity and stoichiometry, which provides thc h i s  for judginy the ptcnlial 

utility of 2,6-DAPBPTSC as an analytical mgenr for cadmiurn(I1). Finally. the 

developed method is successfully applied for rht extntctive spcc~~~photomcuic 

detenninalion of cadmium(l1) in food and uvtcr mlples. 

43. Results and Discussion 

2.6-diacetylpyridine bis-4-phenyl-3-thioscnlicnrha;ldl)tx (2,6-DAYBPl%C) foms a 

I : 1 (M: L) yellowish or~11ge coloumt con~plcs wit11 coJr!iium(ll), which is cxtriictcrl i ~ r t o  

cyclohexanol, from ammonium chloride-ammonium hydmxidc@H 9.5) buffer. Thc 

yellowish orange Cd(l1>2,6-DAPBFlSC complcrx shows a Murimurn ahJKMt#mx ar 390 nm 

and is stable for 40 how. The conditions for cffcctivc extraction are eslnbliW aRer 

studying the efl'ects of various factors such its pH, rcugcnt conmntrulion, melttl ion 

concentration and influence of diverse ions, in ordcr to dcvclop e mnaitivrr, sclcctiw end 

rapid spectrophotometric method for the determination of cadmium(l1) at micro pnun 

levels. 

4.3.1. Absorption spectra of reagent and <'d(ll)- 2,6-l)APHPr.'SC complas 

The absorption spectrum of Cd(11)-2.6-DAPBPnU cornplrx war raxmi#i elgitnsr 

thc reagent Manlr. Similarly tb: dsup!h spxEMn of h nqp! (26-DAPBPTSC) was 

rec~rded against the solvent blank. n#: sbsarption of bdh thc complclr and 

reagent are shown in Fig. 4.1. Fmm du. ebsorpticm bpcctra it i s  clcar lhal chc m p k  end 

reagent have shown maximum absorpliona at 390 nm .nd 360 nm, nrpactlwly. Thr, 

reagent bas minimum .brorb.lre a! the mnimm .brabure of L& eomplcr, ad ch 



reagent docs not interfere with the detQmination of cadmium(n). Hence, M e r  

absorbance measurements of the complex were recorded at 390 nm. 

300 350 400 450 500 

Weavelength 

Fig. 4.1 (A) Absorption spectrum of 24-DAPBPTSC; (B) Absorption spectrum of 
Cd(i1)- 2,6-DAPBPTSC complex: Cd(II)= I .O mL of I . 0 x 1 0 4 ~ ;  2,6-DAPBPTSC- 
l .O mL of 1 . 0 ~  l o 3 M  and pH= 2.0 mL of pH 9.5. 

To anrive at the optimum pH required for maximum wlour development, the effect of 

pZ-I on the oolour intensity w studied. In each case, a mixture contaking I .O rnL of 1 .Ox 104M 

cndmiurn(fl), 2.0 rnl.. of suitable bufrer, 1.0 mL of 1 .OX 1@ M 2,6-DAPBPTSC solution was 

tukcn and the aqueous phases were adjusted to 10.0 mL with double distilled water. Each 

aqueous phases was shaken with 10.0 mL of cyclohexanol for one minute. The organic 

phases arc collected into a 25 mL of standard flasks and made upto the mark with 

cyclohcxanol. The same procedure was applied for buffers of different pH values, 

rurlging li.on~ 8.0-12.0. 'Th~e absorbances were measured at 390 nm, using their 

corresponding reagent blanks and the values are noted in Table 4.1. A plot was executed 

between the pH and the absorbance, and the same is represented in Fig. 4.2. Tbe plot 

shows that there is maximum absorbance and constancy in the pH range 9.0-10.0. Heace, 

pH 9.5 is chosen for further studies, considering this as nn optimum pH. 



Table 4.1 Effect of pH on Cd(V1)- &&DAPBPTSC compkx 

433. Effect of mknb 

The effect of various solvmts such rn iwamylakahul. cyrlc~hnmol. rhlaofarm. toulcnc, 

benzene, n-bumol. cwbonteuachloridc, chyl u N t c ,  buvl w. xylcnc. Wibutyl 

pbosphslc, n-propyl alcohol and iBobuQl kdol. on ihe c x ~ 0 1 1  of udcnium(1l) with 

I,&DAPBPTSSC is a pH 9.5 for ngiaainp !he cffkct of solvent. Among the vduw 

solvents d i e d ,  cyclduxml is selected rn the ajlsble d v m  b e c ~ ~  of iU pnur 
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extraction ability, which is indicated by maximum absorbance of the colour in it. ''I'Xe 

results are mponed in Table 4.2. 

Table 4 3  Effect of sobent on the extraction of C d o -  2,6-DAPBPTSC complex 

Cd(l1) = I .O mL of 1 .Ox I O ~ M ,  2,6-DAPBPTSC a 1.0 mL of 1 .Ox 10" M, pH=9.5 and A- - 390nm. 

Solvent 
cyclohexanol 

Imam ylalwhol 
isobutyl ketone 

n-butanol 

- chloroform 
benzene 

carbontetrachloride 
xylene 
hexane 

butyl acetate 
,.I., ., ." -.-.----- -" lllll-..-l-.l--.l.l 

ethyl acetate 
, -",.-"-.--- 

toulene 

4.3.4. Effect of reagent concentration 

Absorbance 

0.6 15 

0.550 

0.420 

0.412 

0.400 

0.365 

0.358 

0,342 

0.325 

0.310 

0.305 

0.292 

'I'hc effect of rcagent concentration is studied, using different aliquots containing 

constant volumes of 1 .Ox 1 o4 M cadrniurn(l1) solution, 2.0 mL of pH 9.5 buffer solution 

and 1.0 mL of 2,6-DAPBPTSC solution containing different concentration ranging from 

1.0~10~ to 15.0~10~ M, in order to obtain the maximum colour formation. The total 

volun~es of' uclucous phases wcre brought to 10.0 mL with double distilled water. The 

aqueous p h w s  were shaken with 10.0 mL of cyclohexanol in each case and the organic 

phases are collc~tcd into 25 mL standard flasks. The organic phases wcre made up to the 

mark with cyclohexanol. The absorbmces of the organic phases wen measured at 390 

nm, ugninst their corrcspondinp reagent blanks md the values me noted in Table 4.3. It is 

cienrly observed from the absorbance values, that a maximum fifteen- fold molar excess 

of the reagent is sufiScient to get maximum adour formation of the complex. The plot is 

shown in Fig. 4.3. 
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Fig.4.3 Effect o f  reagent on Cd(ll)- 2.6-DAPBPTSC complex: Cd(I1)- 1 . 0 m ~ o f  1 . 0 x 1 0 ~ ~ ;  
2.6-DAPDPTSC - I.OmLof 1.0x10 'to 15.0.10'~; pH9.5and &=390nm. 

4.3.5, Applicability of Beer's law 

Various aliquots containing diffemt aniounts of cadmium(I1) 1 .Ox 1 v 5  to 1 5 . 0 ~ 1 0 - ~  M 

(1.2-  16.80 ppm), 7.0 mi, of pf l 9.5 burfir and 1.0 mL of 2,6-DAPBPTSC reagent 

(15.0x10" M) solution, were taken and their volumes adjusted 10.0 mL with double 

distilled water, 'l%c aqueous phases were shaken with cyclohexanol in each case and the 

organic phases were collected into 25 mL standard flasks. The organic phases were made 

up to the mark with cyclohtxnnol. The absorbarlces of all the solutions were recorded at 

390 nm, aguinst their corresponding reagent blanks. The obtained results are noted in 

Table 4.4. A graph plotted between the amount of cadmium(1I) and its absorbance is 

shown in Fig.4.4. It can be observed from the graph that a linear plot passing through the 

origin obeys Beer's law in the concentration range 0.63-6.30 pg rnLl@prn) of 

cirJmiunr(1l). the n~ulnt.  absorptivity of the complex is calculated and noted as 6.088~ lo4 

L mol"cm" and the Sandell's sensitivity of the complex was 0.0018 pg cm". The 

cornlation coefficient value of the Cd(1I)-2,6-DAPBPTSC complex, with an independent 

variable as concentration in pg mL" and a dependent variable as absorbance, is found to 

bc 0.971. This indicates a sntisfilctory linearity between the two variables. 





43.6. Ringbom plot for Cd(I1)- 2,6-DAPBPTSC complex . 

Ringbom plot is the standard adopted to know the optimum range of the 

concentration for a system, which emaciates Beer's law. The values are noted in Table 

4.5. The plot is drawn between log C of Cd(I1) and (I-T) [where T is the transmittance]. 

The plot has a sigrnoid shape with a linear segment at intermediate concentration values 

ranging from 3.04-3.95 pg L". The slope of the plot from Fig.4.5 is 0.80. Based on this 

value at 1% photometric error, the ratio between the relative error in concentration and 

the photometric error is 3.59. Hence, the relative error in concentration is 0.0359. 

Table 4.5 Ringbom plot for Cd(I1)- 2,6-DAPBPTSC complex 

6720 
7840 

- 8960 

- 10080 

1 1200 

12320 
13440 

14560 
15680 

16800 

- 
A~nount of 

cadmium(lI), pg L", C 
1120 

Transmittance 

0.939 

cd(n).I I 12&16800 pg L"; 2,6-DAPBPTSO.I.0 mL of 15x I ~ M ;  p H 4 5  and A,,,,., = 390 nm. 

3.827 

3.894 
3.952 
4.003 

4.049 

4.090 
4.128 

4.163 
4.195 

4.225 

(1-T) 

0.060 

Log C 

3.049 

Absorbance 

0.062 

0.362 
0.421 

0.485 
0.548 

0.612 
. 0.635 

0.662 

0.675 
0.690 

0.696 

0.696 
0.656 

0.615 
0.578 

0.542 
0.529 
0.5 15 

0.509 
0.501 

0,498 

0.303 
0.343 

0.384 

0.421 

0.457 

0.470 
0.484 

0.490 
0.498 

0.501 



Chapter IV 

Fig. 4.5 Ringbom plol for Cd(Il j 2,b-DAPBPTSC complcx: Cd(ll)- 1.12.12.0 ppm; 
2,6-DAPBPTSC5 1.0 mL of 1 5 . 0 * 1 0 ~ ~ ;  pH = 9.5 and A..,=390 nm 

4.3.7. Precision, accuracy and detection limit of the method 

To assess the precision and accuracy of the method, dcternlinations were carried 

out for a set of five measurements, with different conccnrnrrions of Cd(I1). undcr 

optimum conditions. Calculations reveal that the standad deviation of method was not 

more than 0.0017 and the relative standard deviation was less than 0.928%. I1 is evident 

from these results, that the method is precise, besides being accurate. The detection limit, 

C,,, is determined as the amount of' Cd(1l) corresponding to t h r ~  limcs the standard 

deviation of the blank values and a value of 0.006 py L" is obtained. 

43.8. Determination of the composition of Cd(l1)- 2,6-DAPBPTSC complex 

Job's method of continuous variation. molar ratio method and Asmw' method 

were employed to elucidate the composition of the complex. 

43.8.1. Job's method of eontinuou~ variation 

Equimolar solutions of &ium(II) and 24-DAPBPTSC (1 . o ~ I o - ~  M) were WOd 

to determine the metal to ligand ratio by job's method of continuous variation, The 

absorbance values weze recorded at 390 nm against their cornsponding reagent blanks. 
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The values are reported in Table 4.6 and the corresponding graph drawn between 

absorbance and VM 1 VL+VM (where VL and VM are the volumes of the reagent and the 

metal, respectively) is shown in Fig.4.6. From the graph, it is observed that one mole of 

cadmiurn(I1) reacts with one mole of ligand shows the composition of metal to ligand 

complex is as 1 : 1. 

Table 4.6 Job's method of continuous variation 

' Volume of Cd(II), I Volume of 2,6-DAPBPTSC, I V M N ~ + V L  I Absorbance 

Fig. 4.6 Job's method of continuous miation: [Cd(ll)]= 124-DAPBPTSC]= 1.0% IW'M; 
pH = 9.5 and lh,=390 m 

1.6 
1.8 

[Cd(ll)]m [2,6-DAPBPTSC] = 1 .OX 10.' M; pHx9.5 and lh, - 390 nm. 
0.4 

0.2 
0.8 

0.9 
0.327 
0,162 



43.8.2. Molar ratio method 

In molar ratio method, different aliquots containing 1 .O' mL of l.0x10~ M 

cadmium(ll), 2.0 mL of ammonium chloride-ammonium hydroxide (pH 95) and vPayins 

concentration ( 0 . 2 5 x 1 ~ ~  to 2.0x10" M) of 2,6-DAPBPTSC were used to determine the 

metal ligand ratio. The absorbances of the solutions were recorded at 390 tun against 

their respective reagent blanks. The values are noted in Table 4.7, A plot (Fig.4.7.) is 

drawn between the absorbance and the concentration of the rcagent. From the obtained 

c w e ,  it is confirmed that one mole of cadmium(I1) complexes with one mole of 2,6- 

DAPBPTSC. 

Table 4.7 Molar ratio method 

No. of moles of 2,6-DAPBPTSC per one 
mole of C d O  

0.25 

Absorbance 

0.183 



No of moles of reagent per mole of metal ion 

Fig. 4.7 Molar ratio method: Cd(II)= 1.0 mL of 1 . 0 ~  10" M; 2.6-DAPBPTSC= 1.0 mL of 
0 .25~ 10"to 2 . 0 ~  10" M; pH=9.5 and I-= 390 nm 

4.3.8.3. Asmus' method 

For Asmus' method the data obtained from molar ratio method was used. 111x1 

values (where 'm' is extinction modulus) were calculated by dividing the optical density 

with the cell width, along with I N ,  1/V2 and IN' and are given Table 4.8. The plots 

between l/m and IN, 1/V2 and 1IV3 are indicated in Fig.4.8. Among the plots between 

l/m and IN, IN' and IN', only plot between Ilm and IN is linear indicating that the 

co~nposition of the conlplex as 1 : 1 (M: L). 
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Table 4.8 Asmus' method 

Fig. 4.8 Asrnus' method: Cd(l1)- I .O mL of I .Ox 10' M; 2,b-UAI'I3PTSC* I .O mL of0.2Sx 10" to 
2 . 0 ~  lO" M; pH"9.5 and A,,,.,* 390 nm 

- S.No. 

I 

2 
3 
4 

5 
6 

7 

43.8. Calculation of instability constant of Cd(I1)-2,6-DAPBPTSC compltx 

The instability constant of Cd(1l)-2,6-DAI'BPI'SC complex wu calculated by 

using Asmus' method. The absorbance values were obuined at 390 nrn for Ux solutions 

containing fhed volimes of eadmiwn(ll) (1.0 mL of 1 . 0 ~  1O" M) d 2.0 mL of pH 9.1 

buffs with different known volumes of 0.23-2.0 mL of 1 .Ox 10" M of 2&DAPBPTSC. 

The instability eonstant of Cd(1l)-2.6-DAPBPTSC complex was calcullted to be 

Cd(U)= 1.0 mL of I .Ox IF' M; 2,CDAPBPTSC- 1.0 mL of 025~ 10Jto 2.0~ loJ M; pH-9.5 llrd A..p 390 nm 

Volume of 
296-DAPBPTSC, 

V, mL 
0.50 

0.75 

1.00 
1.25 
1.50 

' 1.75 
2.00 

I .4 15 x 10" at room temperature. 

Absorbance 
m 

0.372 

0.550 

0.732 

0.750 
0.776 

0.800 

0.817 

t im 

1.925 

1.300 
1.024 

0.850 
0.796 
0.734 

0.692 

1N 

2.0000 

1.3333 
1.0000 
0.8000 
0.6666 
0.5714 
0.5000 

IN' 

4.0000 

3.7776 
1.0000 

1w 

8.0000 
2.3700 
1.0000 

0.6400 
0.4443 

0.3264 

0.2500 

0.5120 
0.2960 
0.1860 

0.1250 
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4.3.9. Effect of foreign ions on extraction of Cd(I1)- 2,6-DAPBPTSC complex 

Interference of a number of cations and anions is studied in the colour absorbance 

of the Cd(I1)-2,6-DAPBPTSC complex. A change in absorbance o f f  0,0025 was taken as 

the tolerance limit for interference. In respect of some interfering ions, an increased 

tolerance limit is achieved by the addition of masking agents such as thiosulphate, citrate, 

acetate and tartate. Increasing the amount of masking agents proportionately could mask 

higher amounts of interfering ions. In this study, cations like As(III), As(V), Mg(II), 

Mn(II), Zr(IV), Sb(III), Ca(II), Sr(II), Ba(II), and TI(II1) do not interfere, when present 

upto 5500 pg rnl-'and cations like Bi(III), Hg(II), Be(II), Th(VI), U(VI), AI(III), and V(V) 

are tolerated upto 3000 pg, but Co(II), Cu(II), Ni(II), Zn(II), Fe(II), Fe(III), Mo(V1) and 

Pd(I1) do interfere with the determination of cadmium(II), when present in more than 

2000 pg. The interference of Cu(I1) can be eliminated by using 1.0 mL 0.2 % 

thiosulphate as a masking agent. Fe(I1) and Fe(II1) are masked with 1.0 mL of 3% of 

sodium fluoride. The interference of Zn(II), Pd(I1) and Ni(I1) can be eliminated by using 

1.0 mL of 0.5% of citrate solution. The intefference of Co(I1) can be eliminated by using 

1.0 mL of 1 .O% of thiocyanate solution. Anions like, bromide, chloride, fluroride, 

thiosulfate and thiourea do not interfere when present upto 3000 pg, with the determination 

of cadmium(l1) in the method. Oxalate, phosphate and interfere, even present in trace 

amount. These results are given in Table 4.9. 



I 1 5500 Fluoride I 3000 

4.4, Applications of the developed method 

The developed sensitive and extractive spectrophotonlctric method for Cd(l1) wns 

successfully applied for its determination in food and water samples. 

4.4.1. Determination of Cd(1l) in food samples 

'I'he foods like kakara (Momordica charuntia), Leafy vcyelabla and milk samples 

were analyzed for cadmium(1I) using the p p o d  method, Thc content of the 

cadrnium(I1) present in the solution was determined by using a calibrated plot and results 

obtained were conformed by direct atomic absorption spectrophoLometcr. The data 

obtained in the analyses of medicinal leaves ;md leafy vc@lm and milk mples m given 

in Table 4.10. 



Chapter 1Y 

Table 4.10 Determination of cadmium(I1) in food samples 
Amount of cadmium(U) ' found 

- 

I I I 

Medicinal leaves 1 1 

Leafy vegetables 
Name of the samples 

Chilakamukkaku 
(Impatins balsamina) 

Curry(Murrayakoenigi1) 

Present Present method 
methodb SD 1 RSD (%)I F-Teat 1 T-Test 

Samples 

( Phyla nodiflora greene) 1 1 I I I 
Neetichamanti 1 0.123 1 0.122 1 0.0013 1 1.065 1 1,173 1 1.131 

AAS 
methodb 

0.405 

0.122 

Name of the samples 

(Monochoria vaginalis) 1 
"Average of five determinations, Concentration in pgig. 

1 I 1 1 

4.4.2. Determination of Cd(I1)in water samples 

0.403 

0.121 

Bokenaku 1 0.971 1 0.972 1 0.0014 1 0.144 1 1.147 1 1.129 

Tbe present method was also applied for the determination of cadmium(l1) in 

water sampies. The concentration of cadmium(I1) was determined by adopting the 

0.0013 

0.0013 

procedure described in general procedure. The data obtained in the analyses of water 

samples were given in Table 4.1 1. 

0.322 

1.074 

Table 4.11 Determination of trace amount of cadmium(I1) in water samples 

1.173 

1.173 

2.635 - 

1.317 

Amount uf cadmium(l1) Vound 
Name of the area 

River water (Pema) 

Lake water(Kol1ate) 
-- I 1 I I I I 

I I I I I 1 

'Average of fivc determinations, bConcentmtion in ps/mL. 
1 

Polluted water 
I I I I I I 

A AS 
methodb 

1.5 1 

2.02 

Bore water 

2.26 

Present 
method'. 

1.50 

1.99 

2.23 

1.75 

Present method 

1.562 

SD 

0.013 

0.165 

1.73 2.395 

0.122 

RSD (%: 

0.880 

0.829 

0.547 1.677 

0.013 

3.887 

0.763 

F-Test 

1.170 

1.090 

T-Test 

1.295 

3.002 
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4.5. Conclusions 

The preseat ~ V ~ @ O I I S  proved that 2,6-DAPBPTSC is a prwnisine complexing 

agent for Cd(I1) and its subsequent determination by spcctrophotomcby is rapid and 

precise. The method has good sensitivity when compared to other existing extractive 

~pectrophotometric methods. The selectivity of this method is improved by using 

masking agents for Co(II), Ni(II), Fe(II), Fe(III), Zn(II), Pd(II), Cu(1l) and Mo(V1) . It 
has been successfully applied for the extractive spectmphotometric determination of 

cadrniurn(I1) in leafy vegetables, medicinal leaves and water samples. 
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