
CHAPTER III 

4-Nitrosoresorcinol as an Analytical ReaQent 

! 
\ 



220 

General Discussion 

4-Nitrosoresorcinol is a light yellow crystalline 

solid. Although it is unstable in solid state, its 

ethanolic solution is stable for weeks. 

The colour of the reagent varies markedly with the 

pH of the solution : belov1 pH 2.5 the colour is pale 
' 

greenish-yellOVJ, and this increases in intensity and 

finally becomes orange at about pH 5. 6. An increase in the 

pH above 7.0 results in a slow decrease in intensity of 

colour. 

A programme has been undertaken to develop methods 

for the spectrophotometric determinations of cobalt, 

palladium and copper wit~h the reagent. 
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EKP ERIMElirTAL 

spectral curves and absorb&~ce measurements were 

carried out with a Shimadzu PRl model recording spectrophoto

meter, equipped with matched quartz cells of 10 rom optical 

path length. 

pH values were measured with an ECL 5651 digital pH 

meter. Separatory funnels {corning) {50 ml) were used for 

extraction purpose. 

A stock solution of cobalt{II) was prepared by 

dissolving 5.1 gm cobalt nitrate in 250 ml distilled water 

and was standarised by using a complexometric method with 

xylenol orange as indicator8 • Solutions of 1 ower concen-

trations were prepared by apprOpriate dilution, 
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All the chemicals used were of analytical grade. 

Chl orofo.z:m (E. Marek), Pyridine (BDH), o< -Picoline (Riedel), 

/3 - Picoline (BDH), g) -Picoline (Fluka) and 2 8 4, 6 collidine 

(BDH) were distilled before use. 

4-Nitrosoresorcinol was prepared9 by mixing a solution 

of 33 gm of resorcinol in 90 m1 of absolute alcohol with a 

solution of 24 gm of potassium hydroxide in a little 

absolute alcohol and treating in a freezing mixture with 39 

gm of freshly prepared isoamyl nitrite. The solution was 

cooled for 3-4 hrs in ice. The separated potassium salt 

was washed with alcohol and ether. 50 gm of the salt was 

shaken with water to form a thin paste and then acidified 

wi·th careful cooling with 100 gm of 25% sulphuric acid in 

which pieces of ice were floating. The[ll ight yell Ol.v 

crystalline solid, which was formed was filtered off and 

recrystallized from dilute alcohol. The reagent in solid 

state is unstable but its alcoholic solutiorl is stable. 

1% ethanolic solution of 4-nitrosoresorcinol was used 

for our routine work. 

Buffer solutions of different pH were prepared by 

standard procedures. Sodium acetate - ace·tic acid buffer 

was used for our practical purpose. 

Stock solutions of diverse ions were prepared from 

their nitrates, clliorides or sulphates in dilute acid or 

water. Sodium or ammonium salts were used in case of anions. 
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:batennination of cobalt : 
----~--,----. ·--

An aliquot containing upto 200JU.9 of cobalt (II) was 

mixed with 0.1 ml of 1% ethanolic solution of 

4-nitrosoresorcinol following by the addition of o. 2 ml of 

Pyridine/£-Picoline/(3 -Picoline;)Jpicoline or 2,4,6 

collidine. Buffer solution (pH-6) was then added and 

volume of the aqueous phase was made up to 10 ml. The 

solution was then equilibriated with 10 m1 of chloroform 

in a separating funnel for 30 sec. The two 1 ayers were 

all01..ved to settle. The separated organic layer was poured 

over anhydrous sodium sulphate to remove any retained water 

droplets. Finally the absorbance of the organic extract 

was measured at 395 nm against a cobalt free reagent blank. 

Arl!ount of cabal t was determined from a previously prepared 

calibration curve. To test the effect of diverse ions, the 

respective foreign ion was added to the system before 

addition of the reagents. 

RESULTS AND DISCUSSION 

The spectral curves of cabal t (II) complexes in 

chloroform are shovm in fig.l. The complexes absorbs 

maximum at 395 nm. The reagent blank absorbs insigni

ficantly in this region. Wave length of 395 nm was 



chosen for analytical measurements. 

Different arnount of cobalt were extracted foll OVJing 

the general procedure. The absorbance measured shorned a 

linear response over a concentration of 30 ppm of cobalt 

in all cases." The aqueous phases after each extraction 

were clear and colourless. The results are shown in 

table 1 and Fig. 2. 

Molar absorptivities of the complexes (on the basis 
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of cobalt content) and Sandell's sensitivities were evaluated 

as shown in table 2. 

The extraction behaviour of cdbalt(II) complex have 

been examined by varying the 4-nitrosoresorcinol concentra-

tion maintaining the other variables constant. It has been 

found that 0.1 ml of 1% ethanolic solution of 4-nitrosore

sorcinol along with 0.2 ml of Pyridine/substituted 

pyridines is sufficient to extract 177}Lg of cobalt in a 

sin9,le operation. Addition of excess reagent caused a high 

blank absorbance and was avoided. 
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The extraction behaviour of cobalt(II) complexes in 

terms of absorbance have also been studied with different 

amounts of pyridine/ o(-picoline/(5 -picoline ') -picoline or 

2,4,6 collidine keeping the 4-nitrosoresorcinol concentra

tion fixed. To extract 177;<-g of cobalt(I:r:) 0.2 m1 of the 

respective pyridine bases has been found to be adequate. 

Extractibility of cdbalt(II) into chlorofo~ln was 

investigated in terms of absorbance of the mixed ligand 

complexes in the pH range 1-12. Maximum absorbance was 

obtained in the pH region 4-7 in all cases. In a second 

consequitive operation, the organic extract virtually showed 

no absorbance. In this pH range complete and quantitative 

extraction of the metal was achieved wi·thin 30 sec in a 

single extraction. Absorbance as a function of pH is shown 

in Fig.3. 

Choice of sol vent : 

Apart from chloroform some other sol vents were tested 

as extracting solvents but those offered no special 

advantages over chJ. oroform. 
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The reaction between cdbalt(II)-4-nitrosoresorcinol 

and pyridine bases were instantaneous. Time is not a critical 

factor in the determination of the metal. The absorbance 

of the chloroform extract were measured at different 

intervals of time. The colour of the cobalt complex was 

stable for at least 24 hours. The results are tabulated 

in table 3. 

Interference : 

In order to study the effect of diverse ions on the 

extraction behaviour, a definite amount of cobalt(II),was 

extracted and determined according to the general procedure 

in presence of the respective foreign ions. In practice 

all the bases i.e. pyridine, o(,-picoline, /3 -picoline, 

')[ -picoline or 2,4,6 collidine shovJed similar behaviour in 

extracting cobalt. In the present investigation -picoline 

was used as the auxiliary ligand to study interferences. kl 

ion was considered to interfere if the recovery of cabal t 

(II) differed by more than + 3% from the actual amount 
. -

taken. Average of three determination was taken. 

177)&9 of cobalt could be determined without inter

ference of the foll~qing ions : Cu(II), Cd(II), Hg(II), 



aJ.(II), Ni(II), pt(IV), Rh(IV), La(III), Ml(II), Ca(II), 

Ba (II), Sr(II), Be (II), aJ. (IV), Al (III), Th(IV), Pb (II), 
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cr(II), U(VI), Mo(VI) and V(V). Interference due to iron 

(III) was avoided using ammonium bifluoride as the masking 

agent. 

Among the anions tested the follov·dng did not interfere 

in the cdbalt determination : thiocyanate, thiosulphate, 

EDTA, borate, phosphate, tartarate, citrate, fluoride, 

bromide, iodide, as corbate and phthalate. The results are 

shown in table 4. 

Precision and accuracv : - __ ..__...... __ 

Using ~ -picoline the precision and accuracy of the 

method were tested by analysing solutions containing a known 

amount of cobalt(II) follrnving the recommended procedure. 

The results are shown in table 5. The proposed method is 

fairly precise and reproducible. The proposed method has 

also been compared with some other existing methods 

(Table 6). 
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In absence of real samples the proposed method 

(using (3 -picoline) was applied to the analysis of various 

synthetic mixtures containing 1 77/~ of cabal t. The 

results are shown in table 7. 
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Ccb al t in ppm 

4.42 

8.45 

13.27 

17.70 

22.12 

26.55 

Table 1 : Beer 's 1 aw data 
{with /J-picoline) 

Absorbance at 395 nm 

0.250 

0.422 

0.650 

1.110 

1.330 

'rabla 2 : retails of ~tractive .t~.ethods 

Parameter 

pH 

A max 

I"lol ar abs orp-
tivities 

(1 1-1 -1) mo em 

.Sc.tndell 's 
sensitivity 

~/crn2 

Base employed 

Pyridine c[_. -Picolin'e (J -.?icoline 

4-7 4-7 4-7 

395 395 395 

2.12 X 103 2.09 X 10·3 2.99 X 103 

0.027 0. 02 8 0.019 

9 -picoline 2,4,6-
colli
dine 

4-7 4-7 

395 395 

1.89 X 103 1.65 X 103 

0.031 0.035 



Table 3 : Variation of absorbance with time (with 
-- (.? -J?!col ine) co tak"en-:-171fl-9.. ---

----------·------------------·--------------
Time in hours 
after extraction 

0.25 

0.50 

2.0 

6.0 

24.0 

Absorbance at 395 nm 

o. 898 

0.,898 

0.896 

o. 896 

o. 895 

o. 895 

230 
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'""' TablU . Eff~of di~~~~(usi~~ico±_ine) • 
(Cobalt taken 177)<SJ) 

---
Ion added Amount tolerated Cobalt found Error 

(mg) (j{g)'"' % 

---
Cu (II) 5.1 181.0 2.2 

Cd(II) 4.9 177.5 0.3 

H;J (II) 5.0 175 .. 0 1.1 

2b.(II) 6.0 177.0 o.o 
Ni (II) 5.3 177.0 o.o 
Pd(II) 5.0 180.0 1 .. 7 

pt (IV) 3.9 179.0 1.1 

Rh(III) 3.2 177.5 0.3 

La(III) 2.0 174.0 1.7 

IVn (II) 5.2 176.0 0.5 

)' Ca(II) 6.0 176.6 0.2 

Ba(II) 5.9 178.0 0.5 

Sr(II) 5.7 177.0 o.o 
Be (II) 5.1 175.4 0.9 

zr(IV) 0.1 173.0 2.2 

Al (III) 0.2 173.5 2.2 

Th(IV) 0.4 173.5 1.9 

Pb (II) 0.5 174.0 1.7 

Cr (III) 0.3 174.0 1.7 

U(VI) 0.2 173.5 1.9 

---
contd ••• 

~ 



232 

Tab~_! contd !.!..,!.. 

Mo(VI) 20.0 181.0 2.0 

'* Fe(III) 1.5 180.0 1.7 

V(V) 2·~o 180.0 1.7 

Thiocyanate 15.0 179.0 1.1 

Thiosulphate 7.0 176.0 0.5 

EDTA 0.1 173.0 2.2 

Borate 20.0 179.0 1.1 

Phosphate 0.1 173.0 2.2 

Tartar ate 20.0 177.0 o.o 
Citrate o.s 176.6 0.2 

Fluoride 20.0 177.6 o.o 
Bromide 20.0 177.5 0.3 

)' 
Iodide 11.0 178.5 0.8 

Ascorbate 20.0 178.0 0.5 

Phthalate 20.0 177.5 0.3 

--------
*In presence of NH4 HF2 
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~le 5 : Reproducibih_itl of cobalt re~ery 
(usins 8 -Picoliiie) 

I -------------------------------- ------
Cobalt 
taken 
jL9 

Cobalt found 
(fig) 

Mean Std •. deviation 
_){g 

-------------------------------------------------------
87.5, 87.0, 89.2 

88.5 88.45 1.13 

90.0, 88.0, 89.0 

175.5, 176.0, 179.4 

177.0 177.06 1.49 

177.5, 178.0, 176.0 

263.5, 264.0, 266.5 

265.5 265.0 1.45 

265s0, 267.0, 264.0 

-----------------------
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Table 6 . com;earison . -- ---- --
Reagent A max molar Sensitivity Ref. 

(nm) absorptivity 
j<.IJ/cm2 

1-1 -1 1 rna em 

--- -----
1,6-Hexanediarnine , I 

-N,N,N ,N -tetra 
acetic acid 550 137 o. 4301 1 

NaOCN and 2,3,5 
triphenyl tetra-

1.08 X 103 zolium chloride 631 2 

Triphenyl tetra-
zolium cation and 
tetrathiocyanate 

X 103 cobaltate 620 3.2 3 

5-Methoxy-2-nitro-
105 sophenol 540 5.5 X 0.0107 4 

,.. 
Potassium propyl 
xanthate 480 0.,09 I 5 

X 
620 0.14 l 

2-Thio artie acid 3 and Et3N 1.158 X 10 0.051 6 

Tetrathiocyanato 
cabal tate (II) and 
neotetrazol ium 
chloride 0.02 7 

Present method 395 2.99 X 103 0.019 



Ion added 

------------------------
*: 

1. ili +2 , Ni +2 , Fe +3 

3 • Cr +3 , M1 +2 , 2n +2 

4 • Cu. +2 , Cd +2 , Pb +2 

5 • eu +2, cd+2 , M;J +2 
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Cobalt found 
,/t-9 

175.5 

174.5 

176.5 

180.5 

178.5 

~-----------------------------------------------------
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EX:PERIMEN'TAL 

Spectral curves and absorbance measurements were 

carried out with a Shimadzu PR-1 model recording spectro

photometer, provided with optically matched quartz cells 

of 10 mm path length. pH values were measured with an ro.. 
5651 digital pH meter. Separatory flmnels (corning) (50 ml) 

were used for extrac·t;ion purpose. 

A stock solution of palladium (II) was prepared by 

dissolving 1 gm palladium chloride (Johnson & Mathey) in 

1 ml of HCl and diluted to 250 ml with distilled water 

follov1ed by standarisation with dimethylglyoxime21• Working 

solution (210 .. 5 1-f.,-g PO/ml) was prepared by dilution. 

Solutions of 10\ver concentrations were prepared by 

appropriate dilution • 
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All the chemicals used were of analytical grade .. 

Chlorofonn (E • .M;!rck), Pyridine (BDH), oG,.Picoline (Riedel), 

p -Picoline (BDH), Y-Picoline (Fluka) and 2, 4, 6 collidine 

(BDH) were distilled before use. 

4-Nitrosoresorcinol was prepared as described earlier. 

1% Ethanolic solution of the reagent was used for our 

investigation. 

Buffer solutions of different pH were prepared by 

standard procedures. Standard solutions of diverse ions 

were prepared from their corresponding salts to study 

interferences. 

An aliquot containing upto 100 ;t{,g of palladium was 

mixed with o. 2 ml of 1% ethanolic solution of 4-nitroso-

resorcinol followed by addition of o.s ml of pyridine/ 

o{,-Picoline/(3 -Picoline/ Y-Picoline or 2,4, 6 collidine. 

The pH of the solu·tion \vas adjusted to 2.0 with KCl-HCl 

buffer. The volume of the aqueous phase was maintained at 

10 .ml. The solution was then equilibriated with 10 ml of 

chloroform in a separating funnel for 1 min. The two 

layers were allov1ed to settle. The separated organic 

layer was shaken with anhydrous sodium sulphate to remove 
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any moisture. Finally the absorbance of the organic 

extract was measured at the corresponding absorption maxima 

(Table 2) against a palladium free reagent blank. The 

amount of palladium (II) was determined from a previously 

·prepared calibration curve. 

RESUJ_,TS AND DISCUSSIGN 

Abs Ofl?.ti_on spe.ct~~ : 

The spectra of the mixed-ligand complexes were 

scanned in the wave-length region 300-600 nm against the 

corresponding reagent blanks. The Pd(II)-complexes showed 

absorption maxima at 395-400 nm. As the reagent blanks 

showed some absorbances in the aforesaid wave-length region, 

all the analytical measurements were carried out against 

the respective blanks. Fig.l shows the spectra of Pd(II) 

-4-nitrosoresorcinol-\(-picoline and the corresponding 

blanke The pattern of the spectra of other Pd-complexes 

extracted in presence of pyridine and other substituted 

pyridine bases remains the same. 

calibration curve : - --
Different amounts of palladium have been extracted 

following the general procedure at pH-2 and the absorbance 
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were measured. The system conforms to Beer's law in each 

case. In each case the aqueous phase after extraction was 

clear and colourless. Furthermore the aqueous phase as 

tested by an independent method was void of palladium. The 

results are shown in table 1 and Fig.2. 

The molar absorptivities of the complexes and 

Sandell's sensitivities {on the basis of palladium content) 

are calculated as seen from table 2. 

Effect of_!~itrosor~~~inol ~o~centratio~ ; 

The extent of absorbance has been examined with diffe

rent amount of 4-nitrosoresorcinol, keeping all other 

variables constant., It has been found that 0.2 ml of 1% 

ethanolic solution of 4-nitrosoresorcinol along with o.s rnl 

()f pyridine/~-picoline/;.3'-picoline/)F-picoline or 2,4,6 

-collidine is sufficient to extract upto 100~ of Pd(II) 

in a single operation. The higher concentration of reagent 

had no adverse effects on the absorbance but was avoided. 

Effect of Plr~l!e bases concentrati~ : 

The extraction behaviour of palladium (II) in terms of 

absorbance has also been studied with different amounts of 
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pyridine, o( -picoline, f -picoline, r( -picoline, and 

2,4,6-collidine maintaining rest of the variables fixe~ 

It was observed that o.s m1 of pyridine, &picoline, 

(3 -picoline, upicoline or 2, 4, 6-collidine along with 

0.2 ml (1%) of ethanolic solution of 4-nitrosoresorcinol 

is sufficient to extract upto 100~ of Palladium(II). 

/fl 

Ef:f.ect of e£i di t~ : 

The extraction of palladium complexes was investigated 

in terms of absorbance in the pH range 0-11. A steady and 

maximum absorbance was obtained when the extractions were 

carried out in the pH range 1-8. When the extraction was 

repeated with the same aqueous phase, the organic extract 

virtually showed no absorbance. The aqueous phase, after 

extraction, was also tested for palladium by an independent 

method. This indicated a complete and quantitative 

extraction of palladium in this pH range. .EKtraction of 

palladium as a function of acidity has been sh~~ in Fig.3. 

Apart from chloroform some other solvents were tested 

as extracting solvents but those offered no special advan

tages over chloroform. 
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The reaction between palladium(II) 4-nitrosoresorcinol 

and pyridine bases were instaneous. The absorbance of the 

chloroform extracts were stable for at least 6 hours as 

seen from Table 3. 

,£nterf~ence : 

In order to study the effect of diverse ions on the 

extraction behaviour, palladium was determined according 

to the recommended procedure (using ~-Picoline) in presence 

of the respective foreign ion. Extraction pH was set at 

2 with KCL-HCl buffer. ~viation of not more than ± 3% 

from the recovery of palladium was taken as the standard 

toler~nce limit. In practice all the pyridine bases i.e., 

pyridine/oC--picoline/ f.3-picoline/ Y-picoline or 2,4,6 

-collidine showed similar behaviouro Palladium(II) (84.2 

)L-g).could be determined without interference in presence 

of the followings : Ni(II), Cd(II), Hg(II), Zn(II), V(V), 

pt (IV), Rh (IV), Ml (II), . Be (II), MO (VI), zr (IV), U (VI), 

La(III), Al(III), Tl(I), Pb(II) and Cr(III). Fe(III) and 

0.1 (II) could be tolerated in presence of ammoniumbifluoride 

and citrate respectively. Bigh results were obtained in 

presence of cobalt (II). 



242 

Among the anions tested, the system tolerated the 

foll~lings : borate, phosphate, bromide, iodide, phthalate, 

acetate, tartarate, citrate, fluoride, ascorbate, oxalate, 

EDTA, chloride, nitrate and sulphate. Thiocyanate and 

thiosulphate interfere seriously. The results are present

ed in table 4. 

Precision an~~acy : 

With Y-Picoline the precision and accuracy of the 

proposed method were tested by analysing solutions contain

ing a kn~m amount of palladium(II) following the recommen

ded procefure (Table 5). The proposed method is fairly 

precise reproducible. The total operation for each nm 

requires hardly 10-15 min. The method has been compared 

to some other existing methods (Table 6). 

Applicati9£!_A£_alysis ~f sY§thetic mi~~ : 

In absence of real samples the method has been applied 

to a number of synthetic mixture to estimate palladium 

(Table 7). 
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Table 1 : Beer's law data 
(wit11V -pic ol Inef~-
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-----------------------------------·-~~-------

Palladium 
in ppm 

.Absorbance at 
395 nm 

----.--------------.....-~-,~---~~ ----~----~------------- ·-------
1.05 

2.1 

4.2 

6.3 

8.4 

0.148 

0.400 

0.690 

1.110 

1.486 

----------~----~--~---~~---

Table 2 : rEtails of Extractive Methods 

--------·----~------~~--------------- ~--~-------------------------------

Parameter 

A max 

Base employed 

-------------~--------------------·------------------------------
Pyridine o{-Pic ol ine (8-picol ine 'Y -pi col ine 2, 4, 6-

collidine 

395 . 400 395 395 400, 410* 

Molar absorp 
-tivity 3.28 X 104 2.68 X 104 3.44 X 104 3.52 X 104 3.47 X 104 

(1 mol - 1cm-1) 

Sandell's 
sensit:i~ity 
{ ;u-g/cm ) 

0.0032 0.0039 0.0030 0.0029 0.0031 

-~-·------·-·-------------------·---~ .. ------~---·--~--~ 
*shoulder 



Table 3 : Variation of absorbance with time 
---- (Pciifadiumt'aken·-84-:-2 J.g--;-bi:iSe ---

used - Y -Pi col in e) 

Time in hours Absorbance at 
after extraction 395 nm 

----·---------------------·---------~ 

0.25 1.486 

0.5 1.486 

2.0 1.480 

4.0 1.482 

6.0 1.480 
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____________________________ .._.___ ______ _ 
Ion added .Amount 

tolerated (mg) 
Palladium 
found~ 

Error 
% 

------·~--------~----·-------------~ 

Ni(II) 

Cd(II) 

H;J(II) 

al(II) 

V(V) 

pt (IV) 

Rh(II) 

M1 (II) 

Be (II) 

Mo(VI) 

zr(IV) 

U(VI) 

La(I:i:I) 

Al (III) 

Tl (:t) 

Pb (II) 

Cr(II:i:) 

Fe(III) 1 

Cu(II) 2 

Co(II) 

4.5 

4.5 

4.0 

5.0 

5.0 

3.0 

2.5 

4.5 

5.0 

3.0 

2.0 

2.0 

2.5 

2.5 

2.0 

2.5 

2 .. 5 

1.0 

1.0 

nil 

----~------------~ 

83.5 

83.0 

84.0 

85.5 

83.6 

86.0 

86.0 

82 .. 5 

82.5 

83.0 

85.5 

86.0 

84.0 

84.5 

85.6 

85.0 

84.6 

86.0 

86.0 

0.8 

1.4 

0.2 

1.5 

0.7 

2.1 

2.1 

2.7 

2.7 

1.4 

1.5 

2.1 

0.2 

0.3 

1.6 

1.0 

0.5 

2.1 

2.8 

--------------------
contd ••• 



246 . 

Table 4 ...s~nt d-!.!...!.. -· -. 4 -- ----- ......____.....,..__ ___ .__..._ __ ~----
Borate 8.5 84.5 0.5 

Phosphate 8.0 85.5 1.5 

Bromide 10.0 84.2 o.o 

Iodide 10.0 84.0 0.2 

Phthalate 10.0 84.6 0 .. 5 

Acetate 10.0 84.0 0.2 

Tartarate 10.0 85.2 1.2 

Citrate 10.0 "84.6 0.5 

Fluoride 10.0 84.6 0.5 

Ascorbate u,_o.o 83.6 0.70 

Oxalate 10.0 84.8 0.70 

EDTA 2.0 83.4 1.0 

,.. Chloride 10.0 84.6 0.5 

Nitrate 10.0 85.6 1.6 

Sulphate 10.0 84.2 o.o 
--·------·----. ---- ·---

1. in presence of NH4 HF2 
2. in presence of citrate 

·~. 
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~~---~---------------------------------------------
Palladium 
taken 

Palladium found 

jf9 
M3an 

lf.jg 
std deviation 

% 

- ww•------~~·-----_...-----------·-----

20.5, 20.5, 20.0 

21.05 20.21 0.46 

19.5, 20.0, 20.8 

43.5, 41.5, 42.0 

42.1 42.21 0.78 

42. 8, 42.0, ~-~~~.5 

83.5, 83 .o, 83.0 

84.2 83.50 0.53 

84.0, 84.5, 83.0 __ " _______________ 
- ------
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~l!L§__Lfo!El?.. '!:t:i.s .Ofl 
----- _ _...., ______ ...._ ___ ~---

Reagent Am ax molar Sensiti- Ref. 

(nm) absorptivity vity 

1 mol-1cm-1 j«J/cm2 

----·· ~-------------------__ ,..,. ______ .. __ 
1. 2-thiobarbutric 374 in 1.0 X 104 0.0106 l 

acid water l 
l 10 

386 in 
103 l 

EtOH 7.5 X 0.0141 l 

2. 3-bromo-2-hy-
droxy-5-methyl 400 4.5 X 103 0.0235 11 acetOphenone 
hydrazone 

3. 2, 2 dipyridyl 
103 -2-qu.inolyl 570 14.00 X 0.0076 12 

hydrazone 

4. Xanthates (1. 76-1.9) 2 o.5-o. 65 13 
~ 

X 10 

, 
5. N-Napthyl-N 

10
4 -pyridyl 390 3.4 X 0.0096 14 

thiourea 

6. Phenanthraqui-
none monothio- 590 0:';,025 1 
semicarbazone 1 15 l 

540 0.0083 l 

7. n-Butylxanthate 385 1.32 X 104 0.008 16 

8. N-Marcapto 
104 acetamide 320 1. 85 X 0.016 17 

--------------------
contd • • • 
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___ ., _____________________ , ______ , __ _ 
9. 2-Hydroxy 

3,5-dimethyl 
ace·tophenone 
oxime 

400 3 1.08 X 10 

10. Potassium iodide 4 and substituted 354-360 (1.6-1.9) x 10 
pyridiaes 

0.10 18 

0.1-0.018 19 

11. Present method 4 395-400 (2.6-3.5) X 10 0.003-0.004 20 
...._ ___________ ... _________ . ___ ._.._ ___________ 

4--~-----·------ ----- -----------
Ions added Palladium found 

Cjl{g) 
- ______ ...__ 

1. Pd, pt, Rh, Ni 84.0 

2. Pd, pt, Ni, Ml 83.5 

3. Pd, Rh, Ni, J.V.b. 84.6 

4. Pd, Fe, v, Mo1 86.0 

Mo2 '\ 

5. Pd, Cu, v, 86. 6)~) 

-w • - -----~~--~~-----_, _______ _ 
1 in presence of NH4 HF2 
2 in presence of citrate. 
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INTROOOCTION 

Numerous methods have been suggested for the separation 

and determination of copper by liquid-liquid extraction. 

The principal method used for such extraction procedures 

involved the utilization of various organic reagents like 
/(// 

/3-diketone, monoxime, dioxime, nitrosophenol, dithizone, 
'-· 
dithiocarbamate and other miscellaneous reagents as the 

chelating agents, followed by photometric determination of 

the metal. The ion-association system involved the 

utilization of thiocyanate, hali&e, phenanthroline and other 

organic reagents. 

The extraction of copper by diethyl dithiocarbamate22 

was investigated at pH 8.5. The absorbance of the complex 

was measured at 560 nm in butyl acetate. Other well known 



251 

method involves the utilization of neo-cuproin23 and 

biscyclohexanone oxalyldihydrazone24 for the determination 

of copper. 

The reaction of copper wit;h pyridine and thiocyanate 

has been investigated. The greenish-white precipitate, 

soluble in chloroform, carbontetrachloride and ether, gives 

an intense blue colour25 • 

HY, Tse-Te and Kao, Fa-Kuei26 used 2-L-(5-bromo-2 

pyridyl) azoJ-5- (diethylamine) phenol for the spectrophoto

metric determination of copper. The 1:1 (metal:ligand) 

complex was extracted into chloroform and the absorbance 

was measured at 550 nm. Gonzaley et a1 27 determined copper 

(II) spectrophotometrically at 680 nm as its 1:2 (metal: 

ligand) complex with mucic acid at pH 10. o. 

Reddy T et a1
28 determined copper(II) by making use of 

2-hydroxy acetophenone oxime. The complex was extractable 

into iso-Bu CoMe at pH 5.5. The absorbance of the organic 

layer was measured at 355 nm. Copper(II) was determined 

spectrophotometrically using mono ethyl ester of n-butyl 

-arnino-o-hydroxy benzyl phosphonic acid29 • The 1 ;1 green 

complex was soluble in methyl alcohol and the absorbance of 

the complex was measured at 400 nm. 

More recently, procedures based on the formation of 

copper complexes with bis (4-hydroxypent-2-ylidine) 
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diarninoethane30 , 6~(2-quinolylazo)-3,4 dimethylpheno131 , 

di-2-Pyridylglyoxal-2-quinolylhydrazone32 , 1-phenyl-3 thio 

benzyoylthio carbamide33 , ammonium (2-amino-3-hydroxy-4-

pyridylazo) benzene-4-arsonate34 , 

36 biacetylmonoquinolyl hydrazone , 

citric acid or EDTA35 , 
, 

2,2 -dipyridyl-2·-pyridyl 
37 , , _38 

hydrazone , m-xylene diamine-N,N,N ,N -tetracetic acidr , 

3,5-dibromo salicyl aldehyde-4-phenyl-3-thiosemicarbazone39 , 

4-methyl tetrahydrobenzofurano (6,7-6) coumarin40 , ethylene 

diamine tetr~~ethylene phosphonic acid41 , 2-(2-furanyl 

methylene hydrazine carbothioamide) and 2- (diphenylmethylene) 
. 42 , 

hydrazine carbothioamide N-(Q-carboxyphenyl)-N -(P 

-sulfcphenyl-)-c-phenyl forrnazin 43 , 2-rnethyl-1,3-cyclohexane

dione bis (4-phenyl-3-thiosemicarbazone) 44 , Isonitrosothio

camphor45 have been investigated for the spectrophotometric 

determination of copper. 

Xia, Da.opei and Lin, Qingxiong46 determined copper(I) 

spectrophotometrically by using 2-(5 bromo-2-Pyridylazo) 

-5- (diethylamine) phenol and sodium luryl sulphate. The 

complex exhibits maximum absorbance at 545 nm in the pH 

range 4.0-7.0. Copper(II) was determined spectraphotometri

cally by using 2-{ -pyridyl)-thioquinalidinamide47 • The 

blue-violet chelate was formed over a wide pH range (0.5-6.5). 

The metal-ligan~ ratio was found to be 1:3. 

Shrivastava, Madhulika and Pandey G. s48 detennined 

copper spectrophotometrically by using 2-thioortic acid. 
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The 1 :1 complex shot.vs its absorption maximum at 410 nm over 

the pH range 11.3-11.8. Copper(II) was extracted at pH 4.5 

with 3-methoxy salicyl aldoxime49 into chloroform and was 

spectraphotometrically determine&. The complex absorbs 

maximum at 360 nm. 

E.Vtimova, B50 determined copper(II) with chrome 

azurols and cutionic surfactants. An ion-association 

complex of copper(II) with alizarin complexon and aldogen51 

has been studied spectrophotometrically. The complex was 

extractable into tolerence. Another ion-association 

system for copper involves the utilization of benzyltri

methylammonium chloride in presence of thiocyanate52 • The 

complex was extractable into 1,2 dichloroethane and shows 

its maximum absorbance at 4 70 nm. 

Thokdar T.K53 et al determined copper(II) by using 

mixed ligand complex formulation with pyridine, v(_,-Picoline, 

{b -Picoline, V'-Picoline or 2,4,6-collidine in presence of 

bromide/iodide. 

Copper was determined spectrophotometrically after 

absorption of its tetrahydrofarfuryl xanthate54 on micro

crystalline napthalene at pH 4.0-10.0. The complex absorbs 

maximum at 430 nm. Xu, Many,:±,55 et al determined cd};)per (II) 
. \l l...• 

spectrophotometrically by using r:L
1 

(3, J-11 6 tetra (4-Pyridyl) 

-Porphyrin. The 1 :1 complex abserbs maximum at 418 nm. 
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A Shimadzu PRl model recording spectrophotometer with 

matched quartz cells of 10 mm optical path length was used 

for the absorbance measurements. All the pH measurements 

were carried out with ECL 5651 digital pH meter. Separating 

funnels (corning) (50 ml) were used for extraction purpose. 

A stock solution of Copper(II) was prepared from 

euso4 .s~o ia distilled water containing few drops of 

sulphuric acid and was standarised21 • Test solutions were 

prepared by appropriate dilution of the stock. 

All the chemicals used were of analytical grade. 

Chlorofonn (E.-Merck), Pyridine (B.D.H), o().-Picoline (Riedel) 

(3 -I?icoline· (BDH) V:I?icoline (Fluka) and 2,4,6-collidine 

(BDH) were distilled before use. 

4-Nitrosoresorcinol was prepared in the laboratory as 

before and its ethanolic solB.tion (1%) was used. Buffer 

solution of different pH were prepared by standard 

procedures. Staadard solution of diverse ions were prepared 

from their corresponding salts to study interference. 
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Determination of copper : 

An aliquot containing upto 100 ;tu3 of Cu (II) was mixed 

with 1% ethanolic solution (0.2 ml) of 4-nitroresorcinol 

followed by addition of pyridine/~ -picoline/ (3 -picoline/ 

f-picoline or 2,4,6-collidine (0.5 ml). Buffer solution 

(pH-2), was then added and volume of the aqueous phase was[\ 

mc:tde upto 10 ml. The solution was _then equilibriated with 

chloroform (10 m1) in a separating funnel. The separated 

organic layer was poured over anhydrous sodium sulphate to 

remove any retained water droplets. Finally, the absorbance 

of the organic extract was measured at the corresponding 

absorption maxima against a copper free reagent blank and 

the amount of capper was determined from a previously prepared 

calibration curve. 

To test the effect of diverse ions, the respective 

foreign ions were added to the system before addition of 

the reagents. 

RESULTS AND DISCUSSION 

The spectra of the mixed ligand complexes were recorded 

in the wave length region 300-600 nm against the correspond

ing blanks. The copper complexes showed absorption maxima 
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at 365-375 nm. The reagent blank absorbs insignificantly 

in the a~oresaid wavelength region. The absorption spectra 

of Cu(II)-4 nitrosoresorcinol- yCpicoline complex and the 

reagent blank are cited in Fig .1.. The pattern of the 

spectra of other Cu-complexes are similar in nature. 

Beer's law : 
;;;....~;;;.-

Different amounts of Copper(II) were extracted as 

described in the general procedure. In all the cases Beer's 

law was found to be valid over the concentration of 10 ppm 

of Copper. The results are shown in table .1 and Fig.,2. The 

molar absorptivities of the complexes (on the basis of copper 

content) and Sandell 's sensitivities were evaluated as seen 

from table 2. 

While studying the extraction behaviour of copper in 

terms of absorbance by varying the amount of 4-nitrofeSior-

cinol and the pyridine bases, the Optimum concentration of 

the reagents have been ascertained. It has been found that 

0.2 ml of 1% ethanolic solution of 4-nitroresorcinol along 

with pyridinefo(.,.--Picoline/ /3 -Picoline;){ Picoline or 2,4,6 

-collidine {0.5 ml) was sufficient to extract upto 100J"L9 
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of copper quantitatively. Use of excess pyridine bases 

resulted incomplete recovery of copper. In presence of 

higher concentration of 4-nitrosoresorcinol, the absorbance 

of the blank goes high. 

The optimum pH for extraction of copper was ascertained 

by extracting the mixed-ligand complexes in the pH range 1-11. 

In all cases maximum absorbance was attained at pH 1.5-2.5. 

In a second~onsecutive operation within this pH range, the 

organic extract virtually showed no absorbance. This 

indicated quantitative extraction of copper in this condi

tion. Absorbance as a function of pH has been shown in 

Fig.3. 

Stabilit;z of colour : 

Absorbance of the chloroform extract obtained after 

the recommended procedure was measured at differemt intervals 

ef time. In eacfi case the chloroform extracts showed a 

steady aasorbance for at least 24 hrs. so it was convenient 

to measure the absorbance of the organic extract within 24 

hrs after the extraction. Experimental results are shovm 

in the table 3. 
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Choice of solvents : 

Apart from chloroform some other solvent were tested 

as extracting solvent but those offered no special advantages 

over chloroform. 

Effect of diverse ions : 

In order to study the effect of diverse ions on the 

extraction behaviour, copper(II) was extracted and deter-

mined according to the general procedure in presence of 

the desired foreign ions. Average of three determinations 

was taken in each case. r:eviation of not more than ± 3% 

from the recovery of copper was taken as the standard 

tolerenee limit for the respective foreign ion. In practice 

all pyridine bases i.e. Pyridine/ol;Picoline/(3-Picoline/ 

Y-Picoline or 2,4,6-colliiline showed similar behaviour 

regarding interferences. 

Copper(II) (48jUg) could be determined without inter

ference in presence of Ni(II), V(V), pt(IV), P~(III), 

Ca(II), !?n(II), Mo(IV), U(VI), La(III), Al(III), Th(IV), 

Be(II), Mn(II), Ba(II), and Sr(II). Bigh results are 

obtained in presence of cobalt and palladium. rv-;ercury 

interfers seriously. Presence of iron and zirconium showed 

1 ow rec over-.1 of copper. 
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Among the anions tested the followings did not interfere 

in the determination of copper : borate, phosphate, bromide, 

phthalate, iodide and acetate. Thiocyanate, thiosulphate, 

EDTA, oxalate, tartarate, citrate, fluoride, ascoibate 

interfered. The results are shown in table 4. 

~cisian an~accuraS[ : 

Using v~picoline the precision and accuracy of the 

prOposed method were tested by amalysing solutions contain

ing a known amount of COpper(II) following the recommended 

prG>Cedu.re. The results are shown in table 5. The method 

is fairely precise and reproducible. The total Operation 

for each run requires hardly 10-15 min. The proposed 

method has also been compared with some other existing 

method as seen from table 6. 

··i\ 

Analysis of ~thetic mixtures : 

In absence of real samples the method has been applied 

to a number of synthetic mixtures to estimate copper and 

the results are shown in table 7 • 
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Table 1 : Beer •s law data 
--rwith Y'-Piceline) 
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--------------------------------------------------------------------
Copper in ppm 

0.6 

1.2 

2.4 

4.8 

7.2 

9.6 

Parameters 

Absorbance at 
370 nm 

0.080 

0.190 

0.405 

o. 800 

1.205 

1.520 

Table 2 : Details of extractive methods 

Base empl0yed 

Pyridine oC-Picoline (.3-Picoline Y:Picoline 21 4,1~:
COllf"dine 

------------------------------------------------------------------------
EXtraction 
pH 

Molar 
absorptivity 

(1 mol - 1cm-1 ) 

Sa.I!ldell •s 
sensitivity 

jUJ/cm
2 

1.5 - 2.5 1.5 - 2.5 1.5 - 2.5 1.5 - 2.5 1.5 - 2.5 

365 375 370 370 365 

4 4 4 4 4 0.71 X 10 0.45 X 10 0.89 X 10 1.06 X 10 0.21 X 10 

0.009 0.014 0.007 0.006 0.030 

-------------------------------
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Table 3 : Variation of absorl:Dance with time (with 
--y:pfcoiin.eJ- - --

(copper(II) taken 48/(g) 

---------------------
Time in hours Absorbance at 3 70 nm 

-----
0.25 o.8oo 

0.5 o. 804 

4 o. 802 

12 o. 804 

24 0.800 

~--------------------------------

Table 4 : Effect of diverse ions 

Copper(II) taken 48 Jl-9• Extraction pH-2. (using Y-picoline) 

Ion added Amount tolerated 
(mg) 

C0pper found Error 
( /{f;J) % 

------------------ ----------------
Ni{II) 3.5 49.0 2.1 

V(V) 2.5 48.5 1.0 

P't (IV) 2.0 49.2 2.5 

Rh(III) 2.0 46.5 3.1 

CU(II) 4.0 48.0 0 

----- --
contd .... 
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Table 4 contd • .!.!. 

------
Ba(II) 4.0 47.5 1.0 

Sr{II) 4.Q 47.5 1.0 

Cd(II) 1.0 49.0 2.1 

2n (II) 1.5 47.2 1.6 

Mo(VI) 1.5 49.2 2.5 

U(VI) 1.5 49.0 2.1 

La(III) 2.,0 47.5 1.0 

Al (III) . 2.0 47.0 2.0 

Tl:l (IV) 2.5 47.5 2.0 

Be (II) 2.5 48.5 1.0 

Mn (II) 2.0 48.0 0 

Co(II) nil 

"'" 
.Pd(II) nil 

" 

borate 6.0 49.0 2.1 

.Phosphate 6.0 48.5 1.0 
I 

t. Bromide 6.0 48.8 1.6 f 

Phthalate 6.0 49.0 2.1 

Iodide 6.0 47.5 1.0 

Acetate 6.0 47.8 0.4 

-- 11'"------- -- --



---------------------
Copper taken Copper found M;an Std. deviation 

( j-UJ) <,)!g) ( ji9) % 

--
24. 8, 25.6, 23.2 

24,.0 24.35 0.93 

24.0, 25.9, 25.5 

48.0, 47.0, 48.5 

48.0 48.25 1.37 

50.0, 49.5, 46.5 

''j 

73.5, 72. 8, 70.8 

72.0 72.15 1.07 

71.0, 72.0, 72.8 

----



~e 6 : C~rison 

-----------------------------------------------------·---------------
Reagent A max 

nm 

molar 
absorptivity 

1 mol-1cm-1 

Sensi
tivity 

2 
j«J/cm 

Ref. 

--------------------------- -----------·-----------
2-Hydroxy acetophenone 
oxime 355 3.4 X 103 

Bis (4-hydroxy pent-
2-ylidene) diamino 
ethane 540 1.36 x 103 

Tetraphenylarsonium 
or tetraphenyl phospho
nium thiocyanate 
cuprate 465 2.8 x 103 · 

1-P-ohloroaniliao 
-3-methyl cyclohexane 
-1-carbo(z)ic acid 

2-thio ortic acid 

N-(~-Pyridyl)-2-thio
quinal din ami de 

3-.r-::ethoxy salicyl 
aldoxime 

3-Hydroxy-3-methyl 
-1~m-chlorophenyl 
triazine 

Present method 

445 1. 45 X 103 

410 1.17 X 10 3 

520 

360 

.3 5. 2 X 10 

415 9.25 X 10 2 

370 1.06 X 104 

0.018 

0.0438 

0.0543 

0.0686 

0.006 

-------------------------------------------------------------

28 

30 

56 

57 

58 

59 

60 

61 

62 



--------------------------------
Ion added 

-------
Copper found 

( ;tl9) 

------------------- ----·--------
le Ni(II) 1 V(V), Pt(IV) 48.6 

2. Ni(II)I zn(II), Cd(II) 46.5 

3 .. M1 (I I) I 2l1 (I I) I v ( V) 49.5 

4. V(V) 1 Ft(IV) 1 2n(II) 48.0 

5 • Cd ( I I) I zn ( I I) , Mo (VI) 48.0 

--------

265 
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