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A spectrophotometric method of determination of iron is described. The red 
coniplex formed' between il',on(u), .. tliiocyanate and cetyltrimetliylaminoniuni ·bromide is 
extractable into benzene~ Additio'n . of borate enhances the colour intensity. 
Absorban·ce, measured' at 475 liiil/ iiliows a linear response upto 1.5 ppm of'iron. 
MQiar __ ~absorptivity of the complex and'Sandell's· sen-sitivity are determin.ed and inter­
ferences studied. Iron has been·determined in synthetic mixtures.' 

THIOC_Y ANAT~ i~ ~xtensiyely used for the c.olouri-_ 
metnc determmatton of uon, even though other 
reagents may give better results. Tbe metal' can 

be · determined . spectrophotometrically by· using 
chrome azurol · S and hexadecyltrimethylan;tmo~ 
nium chloride1 • 

Nagahiro et a/. 2 determined iron(u) by extrac­
tion of~ts iop.~association complex·with 5,6-diphenyl-
3-(4-phenyl-2-pyridyl)-1,2,4-triazine and tetraphenyl 
borate into molten naphthalene~ Another highly 
sensitive and selective method for· spectrophoto­
metric determinations of iron(n) involves the use of 
bromopyrogallol red and pyrogallol red in presence 
of tetradecyltrimethylammonium bromide. BayanA 
developed a method to determine trace amounts of 
iron(m) using benzyltriethylammoiihitn chloride 
and thiocyanate in presence of ethyl methyl ketone. 
The complex is extractable into 1,2·dfchloroethane. 
Numerous other reagents are found reported for 
spectrophotometric determination of iron. Here· we 
present a highly sensitive method involving appli~ · 
cation of ammonium thiocyanate and cetyltrimethyl­
ammonium' brooiide(CTA):· 

In our present investigation it has been found 
that the above reagents form red complex with 
iron(u) as well as iron(m). Addition _of small 
amounts of sodium tetraborate enhances the colour 
of the solution initially containing iron as iron(n). 
To a solution containing iron as iron(III), addition 
of·boi'ate does nofcbrinfa6oufiu1y "change-· in color 
intensity. Extraction into benzene of the ion·pair 
formed between the thiocyanate 'complex of iroti(It) 
and' the quarternary ammoniun:i-' ion from cetylti'i­
methylammonium bromide (CTA) and Il!easurement 
of absorbance·- of the organic extract,- forms the 
basis of the method·. 

Experimental 

Spectral measurements were made on a Shimadzu 
PRl spectrophotometer, equipped with matched 
quartz. cells,· of~ 10- mm opticalo· path4ength-;-· An:--

BCb 5651 digital pH meter was used for pH' 
measurements. 

All chemicals and solvents used were of analyti· 
cal grade. A stock solution of ferrous ammonium· 
sulphare· was prepared by q1ssolving it iri distilled 
water and acidified with HCI (2- 3 diops) and' then 
standardised 5 • 

Solutions of ammonium thiocyanate (0.2 M), 
cetyltrimethylanimonium bromide ·(CTA) · (0.1 M) 
and sodium tetraborate (0.025 M) were prepared in 
distilled water. KCl-HClbuffer was used to adjust 
pH of the aqueous solution. 

Standarc;I s~luti~ms of diverse ions were prepared 
from chlondes, mtrates or sulphates (in case of 
cations) and from sodium, potassium or ammonium 
salts (in case of anions) of the species concerned, to 
study interferences. 

·Procedure : To an aliquot of standard solution 
or sample containing upto 15 pg of iron(n), were· 
added 0.2 Mammonium thiocyanate (0.5 ml), 0.-1 M 
.cetyltrimethylammoniulli bromide (0.1 nil) and 
0.025 M sodium: tetraborate · solution (0.5 ml). 
KCl- HCl buffer (pH 1.0 ; 5 ml) and water as· 
necessary were added to the above solution to give · 
a total volume of 10 mi. The resulting mixture wa:s 
equilibrated with benzene (10 ml) for-30 s. After 
phase separation·, organic layer was poured over 
anhydrous sodium sulphate to remove any retained 
water. The absorbance of the. organic extract was 
measured against a blank at ·415 om and the metal 
concentration · computed from a calibration curve 
To. test ~he interferen_ce, the respective foreign io~ 
wa!'.added t.<>_ the aqueous solution before addition 
of the reagents. 

Results·and Discussion 

Absorption' spectr'a : The · iron complex (in 
bepzene) exhibits absorptio:tl maxima at 475 ntn. 
The - ~_eagent blank itself,. . shows insignificant 
absorbal}ce in this wavelength region. The pattern 
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of the absorptiOn spectrum of the complex, extrac­
ted throughout the entire range, i.e. from 4 M HCl 
medium to pH 1.0, remains unchanged. This 
indicates the presence of a single variety of the 
complex species in the system. 

Spectral curves of benzene extracts obtained by 
applying the procedure to the solutions initially 
containing iron as iron(n) were identical in nature 
to those from iron(m) solutions. 

Beer's law and reagent concentrati~ns : The 
absorbance of the red complex in benzene shows a 
linear response upto 1.5 ppm of iron. The molar 
absorptivity of the complex, based on iron content, 
and the Sandell's sensitivity were calculated at 475 
nm (Table 1). 

With the variation of the reagent concentrations, 
it was found that 0.5 ml of 0.2 M ammonium thio­
cyanate along with 0.1 ml of 0.1 M cetyltrimethyl­
ammonium bromide and 0.5 ml of 0.025 M borate 
were sufficient to extract 9 t-tg ·of iron in a single 
operation. Increased concentration of the reagents, 
however, did not bring about any significant change 
in the Amaz value. Addition of borate raised the 
intensity of the colour when iron w~s present initially 
as iron(n). To a solution containing iron as 
iron(m), addition of borate had no effect. 

Addition of reagents: Addition of reagents is 
important in the procedure. One must follow the 
sequence of adding the reagents as : thiocyanate, 
CTA, borate and buffer. No colour development 
was noted when borate was added before thio­
cyanate. 

I 

Effect of acidit;y : Effect of acidity on the 
system was examined in terms of absorbance of the 
complex in the organic phase. Maximum absorb­
ance was obtained when the extractions were 
carried out from 4 M HCl medium to pH 1.0. In 
each case, the remaining aqueous phase, after a 
single operation, was clear and colourless. Further­
more, the aqueous phase, as tested by an inde­
pendent method, was void of iron. Complete and 
quantitative extraction of iron occurred in the entire 
range. At higher acid concentrations, difficulty 
arises in separating the organic layer due to the 
formation of some emulsion. Beyond pH 1.0, iron 
showed no colour reaction with the reagents in the 
aqueous phase. The reagent blank absorbs mini­
mum at pH 1.0, hence extractions were carried out 
at pH 1.0. 

Effects of solvents and stability : Amongst the 
several solvents benzene, ethyl acetate, chloroform 
carbon tetrachloride and butanol, and benzene wer~ 
found to be suitable solvents for extraction of the 
iron complex (Table 1). The rapid development of 
the maximum absorbance and constancy of the 
absorbance with time indicate that time is not a 
critical factor in the determination. Spectral curves 
of the iron complex extracted into other water­
immiscible liquids are identical in nature. 

Interference : To test the effects of diverse ions 
on the extraction behaviour, iron(n) was extracted 
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TABI,S 1-EYFSCT OF 8or.VltNTS 0 

Solvent A max Molar Sandell's 
nm absorptivity sensitivity 

x 104 dm" mol-• em-• p.g em-• 

Benzene 475 3.59 0.001 5 
Ethyl acetate 480 2.99 0.001 8 
Chloroform 470 2.66 0.002 1 
Oar bon NE NE NE 
tetrachloride 
Buta.nol NE NE NE 

•NE=Oomplex not extractable. 

·and determined according to the recommended 
procedure in presence of the diverse ions. Extrac­
tion pH was set at 1.0, unless otherwise mentioned. 
An ion was considered to interfere if the recovery 
of iron differed by more than ± 3% from the actual 
amount taken. Iron(n) (9 pg) could be determined 
without interference in presence of 500-fold excess 
of Allii, Ball, Ben, Ca11, srn, Ceiii, Cdii, Criii, 
Laiii Phil Mgl! Nill Rhiii Bt'III Tl1 ThiV UVI ' ' ' ' ' _, ' ' ' ZriV and Ag1 ; 250-fold excess of con, Mnii and 
MoVI ; and 5_0-fold excess of PtiV. Upto 50-fold 

· excess of vv could be tolerated provided the extrac­
tion be carried out from 3 M HCl medium. In 
presence of Cuii, the benzene extract became hazy 
and the absorbance of the organic layer could not 
be measured, and attempts to remove this inter­
ference failed. Zn11, Hgn and Snii must be absent 
as iron(n) showed no colour reaction with th~ 
reagents m presence of them. Presence of Pdii 
resulted low recovery of iron. 

Among the anions tested, the presence of more 
than 500-fold excess of citrate, tartrate acetate 
phthalate, phosphate, nitrate had no etred Extrac~ 
tion should be carried out from 3 M HCI medium -
to avoid the interference due to EDTA fluoride 
and oxalat_e. ~he system, however, was'found to 
be su.scept1ble m presence of iodide, nitrite and _ 
as?orbate. In 3 M HCl medium 100-fold excess of 
thtourea could be tolerated. 

· Precision and accuracy : The proposed method 
was tested by at?-alysing solutions containing a 
known amount <?f 1r5>n(n). The experimental results 
for the_ determmatton of 3-12 ttg of iron(n) are 
shown m. Table 2 .. ~he method is fairly precise and 
reproducible, requmng 10-15 min for each run. 

TAB!,~ 2-R:a;PRODUCIBII,I'rY OF IRON R~covnRY 

Fell Fell 
taken found Mea.n Std. Dev. p.g P.g p.g % 
3.0 3.1 3.o 2.9 2.96 

2.8 3.o 3.0 
0.10 

6.0 6.2 6.0 5.9 5.95 0.15 
6.0 5.8 5.8 

9.0 9.0 9.2 8.9 9,05 0.12 
9.2 . 9.0 9.0 

- 12.0 11.8 12.0 12.2 12.00 0.17 
12.2 12.0 11.8 
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TABL2 8-Dn~:RRMINA~ION OF IRON (9 p.g) IN VARIOUS 
MIX~UR2S WITH 200 p.g 0'9 2ACH IoN ADD2D 

81. Ions Fe 
no. ~dded found 

p.g 

1. Ooii, Nlll, Mnii 9.1, 9.1, 9.2 

2. Niii, Mnii, Oriii 9.0,, 9.2, 9.0 

s. Mnii, drill, Bllll 9.9, 9.1, 9.0 

4. Oriii, Biiii, Pbii 8.9, 9.1, 9.1 

5. Allli, qdii, ThlV 9.0, 9.1, 9.1 

The method has been tested on a number of 
synthetic mixtures and the results are shown in 
Table 3. 
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·- . . - -- .-. Extraction Photo:J.etric DeterJl,iinnt,ion of Micr_ogum 

Amounts of Cobalt with Thiocyanate and 

Cetyltrimethylammonium Bromide 

",thiocyanate ,;along:-;with'-'0.2 -·ml Of ~crA-B:":was 
:,;sullicie_nt .to' e:rtr.act .1:35 .;4g ?f-··co~i!.lt-ti}l. i·siJ;~.g.le 
.:,_oper,atwn. _.flrgher concentnH:tons· of'theJ•r.eage~t. 

however, did not bring about any significant1chari"ge 
. ,/.: 
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THE thiocyanate compiex of cobalt, w~ich is not 
extractable into chloroform, readily forms 
extractable ion-pair with the quaternary 

ammonium ion derived from cetyltrimethylammo-
nium bromide. Measurement of absorbance of 
this extract forms the basis of the present . method 
for the estimation of pg amounts of cobalt. 

Experimental 
Cobalt solution was prepared from Co(NOa>z· 

6H
11
0 and standardised. Solutions of ;0.2 M 

ammonium thiocyanate and 0.1 M cetyltrtmeth~l­
ammonium bromide (CTAB) was prepared m 
distilled water. Acetate buffer w~s used • f_or 
adjustment of pH of the aqueous s.o~utwn. Acidity 
was measured "'ith an ECL 5651 dtgttal pH meter. 

A Shimazu PR-1 spectrophotometer was used 
for absorbance measurement. -

Procedure .; To an aliquot of the cobalt(n) 
solution containing upto 300 pg of cot;>alt, 
ammonium thiocyanate (2 ml) and CTAB solutiOns 
(0 4 ml) were added. The total volume of the 
a 'ueous phase was made upto 10 ml with acet_ate 
b~ffer and distilled water so that pH of t~e so~utiOn 
was maintained at 3.5 ± 0.5 .. The resultmg mtxture 
was then shaken (30 s)_ wtth ·chloroform {10 ml). 
The separated blue orgamc layer was poured ~>Ver 
anhydrous sodium sulpha~ to remove any retamed 
water droplets. The absorbance of the chlo_roform 
extract was then· measured at 625 nm aga~nst the 

agent blank and the amount of cobalt estimated. 
~0 test the interference, foreign ions ~:re added to 
the aqueous solution before addttton of the 
reagents. 

Results and Discussion 
The reaction between cobalt(n), thiocyat;tate 

and CTAB was instantaneous. 1 ml of ammomum 

A steady and maximum absorbance was obtained 
when the extractions were carried out throughout 
the entire range, i.e. from 4 M HCI medium to pH 
8.0. In each case the remaining aqueous phase, 
after a single extraction, was void of cobalt as 
tested by an independent method. At 0.1 · M 
sodium hydroxide medium, cobalt(II) showed no 
colour reaction with the reagents. 

The C~.P-SCN-CTAB complex in chloroform 
exhibited absorption maxima at 625 nm with a 
shoulder around 585 nm. The reagent blank does 
not absorb in the aforesaid wavelength region. 
The pattern of the absorption spectrum of the 
complex, extracted throughout the entire range 
(4 M HCl medium to pH 8.0) remained unchanged. 
This indicates the existence of a single variety of 
the complex species in the system. The absorbance 
of the chloroform extract ramained virtually 
constant for at least 96 h. 

The absorbance of the blue complex in chloro­
form showed a linear response upto 30 ppm of 
cobalt. The molar absorptivity of the complex, 
based on cobalt content, was evaluated to be 
1.92 x 10 8 dm 8 mol- 1 cm- 1 with the corresponding 
Sandell's sensitivity of 0.03l pg cm- 11 at 625 nm. 

Interference : In order tq study the effects of 
diverse ions on the extraction behaviour, cobalt 
was extracted and determined according to the 
recommended procedure in presence of the respec­
tive foreign ions. Extraction pH was set at 3.5 
with acetate buffer, unless otherwise mentioned. 
An ion was considered to interfere if the recovery 
of cobalt differed by more than + 3% from the 
actual amount taken. Cobalt(n) (135 flg) could 
be determined without interference in presence 
of 50-60 fold excess of Bell, Tl1, Aliii, Th1v, uvx, 
Ptrv, Rhlir, Larli, carr, Ban, Srn, Mnu, crnr, Bilir 
Pbn, vv, Nili, Ag1, Zr1v, Mgn, Cem, Snli. The 
system tolerated 20- 25 fold excess of Mo1v and 
Felli (more than 50-fold excess in presence of 
ammonium hydrogen:fluoride), and 5-10 foH 
excess of Pdli. A 30-fold excess of Cdu did not 
interfere if the extraction be carried out from 3 M 
HCl medium. In presence of Culi, the chloroform 
extract became hazy and absorption of the organic 
layer could not be measured, and this interference 
could not be removed. zan and Hgli must be 
absent as Coli showed no colour reaction in their 
presence .. 
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Among the anions tested, a 100-fold excess of 
ahiosulphate, iodide, fluoride, phosphate, acetate, 
phthalate, tartrate, ascorbate, sulphate, and a 30-
fold ex-cess of citrat.e and oxalate did not have any 

., effect. Extraction should be carried out from 3 M 
-HCI medium to avoid the interference due . to 
·;anT-A.~ 

Tl\c proposed me.thod wa.s teste.d hy analysing 

'. 
' ' \ c 

solutions containing a known amount of cobal~. 
The average of six determinations of 135 pg Co ·iC 
was found to be 133 pg with the {elative mean -~ 
deviation of + 1.3%. ' 
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The coloured complex formed between palladium(II), 
iodide and cetyltrimethylammonium bromide, is extract­
able into chloroform. Absorbance, measured at 340 nm·,·· 
s~ows a linear response upto 5 ppm of palladium. Molar 
absorptivity of the complex, based on palladium content, 
is 2.038 x 104 dm3 mol- 1 cm-1 and Sandell's sensitivity is 
0.0052 ,ug!cm2. The influence of foreign ions has been· 
studied: 

Iodide complexes of palladium, which can be extract­
ed by organic solvents have been reported 1

- 5• Pres­
ently it has been observed that tetraiodopalladate(II), 
obtained from the reaction between Pd(II) and KI in 
neutral or slightly acidic solution, forms with cetyltri­
methylammonium bromide ( CTAB) as ion-pair ex­
tractable into chloroform. This observation has led to 
the development' of a sensitive method for the spec­
trophotometric microdetermination of palladium, 
which is being described in this note. 

Absorbance measurements were made with a Shi­
madzu PR 1 model spectrophotometer equipped with 
10 mm matched quartz cells. An ECL digital pH me­
ter was used to measure the acidity of the aqueous so­
lutioq. 

Experimental 
Stock solution of palladium( II) was prepar~d from 

PdC12 (Johnson and Matthey) and standardised with 
dimethylglyoxime0• 0.1 M solution of cetyltrimethy­
lammonium bromide ( CT AB;. SISCO) ( 0.1, M) and 
potassium iodide (BDH) solution (0.1 M) were pre­
pared in conductivity water. Potassiumhydrogen 
phosphate- sodium hydroxide buffer was used to ad­
just the pH of the aqueous solution. 
. General procedure: An aliquot containing upto 50 
,ug of Pd(U) was treated with KI (0.5 ml), CTAB (0.1 
ml)anda<;lequate amountofbuffer(pH 6)to rriakethe 
aqueous volume to 10 mi. The mixture was equilibrat­
ed with chloroform ( 10 ml) and the separated organic 
layer was dried over anhydrous sodium sulphate. Fi-

nally the absorbance of the chloroform extract was 
measured at 340 nm against pure solvent. Palladium 
was computed from a calibration curve. -

Results and discussion 
With aqueous potassium iodide, palladium(II) 

gives a redd,ish-brown colouration due to the forma­
tion of [Pdl4F-. This complex anion, as such is not ex­
tractable into chloroform. On addition of CTAB to 
this coloured solution, an ion-association complex, 
probably of the type [ CTA +,]2 [Pdl;2

] is formed, which 
is extractable into chloroform. The chloroform solu­
tion exhibits .Amax at 340 nm with a broad band of com­
paratively lower intensity around. 440 nm. The rea­
gent blank shows insignificant absorbance in this re­
gion. Palladium could ~e quantitatively extracted in 
the pH rang~ of 2-10. The pattern of the absorption 
spectra ofthe complex in this pH range remained un­
changed, indicating the formation of only one com­
plex species in all cases. 

Use of other extracting solvents like carbon te­
trachloride, benzene· or ethyl acetate offered no spe- -
cia! advantages over chloroform. The system con­
forms to Beer's law over 5 ppm of palladium. The mo­
lar absorptivity of the complex, based on palladium 
content, was found to be2.038 x 104 dm3 mol- 1 cm- 1 

and Sandell's sensitivity 0.0052 ,ugPd/cm2 at 340 nm, 
which classifies the colour reaction as one of the most 
sensitive for palladium. CTAB (0.1ml, 0.1 M) and KI 
(0.5 ml, 0.1 M) at the concentrations specified were 
sufficientto extract up to 50 ,ug of palladium in a single 
operation. 

Interference : To test the effects of diverse ions on 
the extraction behaviour, palladium( II) was extracted 
and determined according to the recommended · 
procedure in the presence of the desired foreign ions 
at pH 6.0.Anion was considered to interfere if there­
covery of palladium differed by more .than ± 3% 
from the actual amount taken. Palladium(II) (41.75 
,ug) could be determined without interference in the 
presence of 200-fold excess of the following ions : 
AI(III), Ca(II), Ba(II), Sr(II), Be(II), Bi(III), Cd(II), 
Cc(III), Cr(III), Co(II), Cu(II), Fe(III), V(V), La(III), 
Pb(II), Mg(II), Mn(II), Ni(II), Rh(III), and Zn(II). Less 
than 50-fold excess of Th(IV), U(VI), Mo(VI) and 
Zr(TV) did not interfere in the determination ofPd(II). 
Mercury(II) and platinum( IV) interfered. In the pres­
ence of silver the organic extract becomes turbid due 
to some yellow precipitate. 
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Among the anions tested, 500-fold excess of the 
following are tolerable: EDTA, fluoride, ascorbate, 
citrate, tartrate, phosphate, borate and phthalate. 
Thiocyanate interfered. In the presence of thiosulph­
ate, palladium could not be extracted. 

The average of six determinations of 41.75 p,g of 
. Pd(II) was 41 p,g with a relative mean deviation of 
1.6%. 
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EXTRACTION AND SPECTROPHOTOMETRIC 
DETERMINATION OF PLATINUM WITH 

p.CETYLTRIMETHYLAMMONIUM BROMIDE 
IN PRESENCE OF IODIDE 

P. K. PARIA, T. K. THOKDAR and 
S. K. MAJUMDAR 
Departmelll of Chemistry, North Bengal University, Darjee/ing 
734 430. India. 

LITERATURE reveals the extraction of platinum (IV) 1 

into nitrobenzene as an ion-association complex 
with Fe {phenanthroline)~ +. In presence of iodide or 
thiocyanate, platinum gets extracted into tributyl­
phosphate2. In the process the metal has been 
separated from rhodium and iridium. In our 
laboratory it has been noted that platinum forms an 
ion-association complex with cetyltrimethylammo­
nium bromide (CT A) in presence of potassium 
iodide. The green complex is extractable into ethyl 
acetate. This property of the platinum complex 
suggested that further studies of the system might 
lead to the development of a simple spectrophoto­
metric method for the determination of platinum. 

Spectral curves and analytical measurements were 
made with a Shimadzu PR I model spectrophoto­
meter equipped with stoppered quartz cells of 
10 mm optical path length. 

Chloroplatinic acid (Johnson & Matthey) (I g) 
was dissolved in 100 ml of distilled water followed 
by its standardization 3. Solution of lower concentra­
tion of the metal was prepared by appropriate 
dilution. Ethyl acetate and other solvents were 
distilled before use. Cetyltrimethylammonium bro-

-1 mide (0.1 M solution) and 0.05 M potassium iodide 
(BDH) were prepared in distilled water. All other 
reagents used for the purpose were of analytical 
grade. Standard solutions of diverse ions were 
prepared from their corresponding salts. 

To an aliquot containing up to 30 Jlg of Pt (IV) 
were added 0.1 ml of 0.05 M potassium iodide and 
0.1 ml of CTA. (0.1 M) followed by adequate amount 
of hydrochloric acid and water to make the aqueous 
volume: up to 10 ml and 0.5 M with respect to HCI. 
The mixture was then equilibrated with 10 ml of 
ethyl acetate for 30 sec. The separated organic layer 
was poured over anhydrous sodium sulphate to 
remove any retained water droplets. Finally the 

absorbance of the ethyl acetate extract was measured 
at 290 or 360 nm against a blank prepared under 
identical conditions. Amount of platinum was 
computed from 1! calibration curve. To test the 
effects of . diverse ions, the respective foreign ions 
were added to the system before addition of the 
reagents. 

When potassium iodide is added to a neutral or 
slightly acidic solution containing platinum (IV), a 
red_dish-brown coloration due to the formation of 
[Pti6Y- is formed. This complex anion is not 
extractable into acetate. On addition of an aqueous 
solution of CTA to this coloured solution, an ion­
association complex, probably of the type, [CTA +] 2 
[Pti 6Y- is formed. This is extractable into ethyl 
acetate. 

The absorbance spectrum of the Pt(IV)-I--CTA 
complex in ethyl acetate, taken against a blank, 
shows absorption maxima at 290 and 360 nm. The 
reagent blank exhibits absorption at 250 nm and the 
absorption becomes insignificant beyond 290 nm. 
Wavelength of 290 or 360 nm may be selected for 
all analytical measurements. 

The effect of acidity on the extractibility of Pt (IV) 
into ethyl acetate was examined in terms of 
absorbance· of the complex. The complex exhibits 
constant and maximum absorbance when the 
extractions were carried out from 0.1 to 1 M hydro­
chioric acid medium. In a second consecutive 
operation within this acidity range, the organic 
extract virtually showed no absorption. This indi­
cated a quantitative extraction of platinum in a 
single extraction. 

Apart from ethyl acetate, other solvents like 
benzene, chloroform and 1,2-dichloroethane were 
tested as the extracting solvents, but those offered no 
special advantages over ethyl acetate. The complex, 
however, is not extracted into carbon tetrachloride. 

The absorbance of the platinum complex in ethyl 
acetate shows a linear response up to 3 ppm of 
platinum when measured at 29.0 or 360 nm. The 
molar absorptivities of the complex, based on 
platinum content, were found to be 5.36 x 104 and 
3.08 x 104 I mol- 1 em_, and sensitivities 0.0036 and 
0.0063 Jlg/cm 2 at 290 and 360 nm, which classifies 
the colour reaction as one of the most sensitive for 
platinum. The colour is stable for at least 24 h. ' 

With the variation of reagent concentrations, it 



was noted that 0.1 ml of 0.05 M potassium iodide 
along with 0.1 ml of 0.1 M CTA was sufficient to 
<:xtract up.. to 30 J.lg of platinum in a single 
extraction. ·Increased concentration of the reagents, 
however, did not bring about any significant change 
in the maximum value of absorbance. Order of 
adding the reagents had. no effect on colour 
development. 

To test the effects of diverse ions on the extraction 
behaviour, platinum (IV) was extracted and deter­
mined according to the recommended procedure in 
presence of the desired foreign ions. Extraction was 
carried out from 0.5 M hydrochloric acid medium. 
An ion was considered to interfere if the recovery of. 
platinum differed by more than ± 3% from the 
actual amount taken. Platinum (IV) (30 J.lg) could 
easily be determined without interference in presence 
of 100-200 fold excess of the following ions: Co (II), 
Ni (II), Cu (II), Pd (II), Fe (III), Cd (II), Zn (II), 
Mo (VI), V (V), Mn (II), U (VI), Zr (IV), Rh (III), 
Pb (II), AI (III), Ca (II), Ba (II), Sr (II), Be (II), Bi (III), 
Ce (III), Cr (III), La (III) and Mg (II). The system 
develops no colour in presence of mercury (II) and 
thorium (IV). In presence of silver, formation of 
some yellowish precipitate hampers the procedure. 

/ 

2 

Amongst the anions tested 200-fold excess of the 
followings do not interfere: borate, phosphate, 
tartrate, citrate, fluoride, phth;J.!ate, ascorbate, oxa~ 
late and EDTA. In presence of nitrate, high results 
are obtained. However, thiosulphate, thiocyanate 
and thiourea must be absent as these inhibit the 
colour development. 

The precision and accuracy of the proposed 
method were tested by analysing solutions contain­
ing a known amount -of platinum following the 
recommended procedure. The average of six deter­
minations of 30 J.lg of Pt (IV) was 29.25 J.lg with a 
relative mean deviation of 2.84%. The process is 
very simple and rapid requiring only 10-15 min for 
each run. 

25 May 1988 
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THE reagents [Fe(phenanthrolinc)j ']', tetraphenyl­
arsonium chloride 2

, diethyl ether3
, Rhodamine 8 4

, 

mesityl oxide 5
• 

6 or primaquine phosphate 7 have 
been psed in spectrophotometric methods for 
determination of gold. In the present investigation 

Current Science, September 5, 1989, Vol. 58, No. 17 

'e noted that gold(III) forms an yellow ion-associa­
.on complex with cetyltrimethylammonium bromide 
CTAB) in presenc~ of potassium iodide and is 
~xtractable into chloroform. Based on this a simple 
;pectrophotometric method for the determination of 
~old is reported. 

A stock solution of Au(III) was prepared by 
dissolving gold chloride (Johnson and Matthey) in 
distilled water and standardizing8

• Solution of lower 
concentration of the metal was prepared by 
appropriate dilution of the stock. Aqueous solutions 
of CT AB (0.025 M SISCO) and potassium iodide 
(0.03 m BDH) were used. KH 2P04-NaOH buffer 
was employed to adjust the pH of the aqueous 
solution. Standard solutions of diverse ions were 

. prepared from their salts. Chloroform and other 
solvents were distilled before use. All other reagents t. 
used were of analytical grade. 

Absorbance measurements were made with a 
Shimadzu PR I model recording spectrophotometer. 
Stoppered quartz cells of 10 mm optical path length 
were used for . all measurements. An ECL 5651 
digital pH meter was used to measure the acidity of 
the aqueous solution. 

To an aliquot containing Au(JII) (70 {-lg) were 
added potassium iodide (I ml) and CTAB (0.1 ml). 
The mixture was adjusted to pH 7.0 with buffer. The 
volume of the aqueous phase was made up to 10 mi. 
The mixture was then equilibrated (30 sec) with 
chloroform (tO ml). The separated organic layer was 
dried over anhydrous sodium sulphate. Finally the 
absorbance of the chloroform extract was measured · 
at 290 or 360 nm against a blank prepared in a 
similar manner. The amount of gold was computed 
from a calibration curve. To test for interference by 
other ions, the ions were added to the system before 
addition of the reagents. 

When potassium iodide was added to a neutral or 
slightly acidic solution containing gold (III), a yellow 
coloration due to the formation of [Aul 4 ]- was 
formed. This complex anion was not extractable into 
chloroform. On add,ition of an aqueous soluLion of . 
CTAB to the coloured solution, an ion-association 
complex, probably of the type [CTA] • [Aui4r, 
was formed. This was extractable into chloroform. 
Other. solvents like ethyl acetate, benzene and I, 2-
dichloroethane we.re also tested as extracting 
solvents, but these offered no special advantages 
over chloroform (table '1 ). The complex was not 
extractable into carbon tetrachloride. 

The reagent blank itself shows absorption max­
imum at 250 nm and the absorption becomes 
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Table I Ahsqrption maxima and molar abwrpci!lities of Au(flf )-1-CTAB complex 
exlracled inro different solve/lis 

Absorption 
Solvent maxima (nm) 

Chloroform 290 
360 

Benzene 298 
365 

Ethyl acetate 290 
360 

I, 2-Dichloroethane 295 
365 

Carbon tetrachloride• 

•complex not extractable. 

insignificant beyond 290 nm. Hence all absorption 
measurements were made at 290 or 360 nm. The 
Au(lll) complex showed constant and maximum 
absorbance when the extractions were carried out in 
the pH range 0-9, yielding quantitative recovery of 
gold in a single extraction. 

The absorbance of the Au(Ili}-1·-CTAB complex 
'in chloroform showed a linear response up to 
15 ppm of gold at 290 ·or 360 nm. The molar 
absorptivity of the complex on the basis of gold 
content worked out to be 2.14x 104 and 1.29x 
104 I mol- 1 em- 1, corresponding to Sandell's sensi­
tivities 0.009 and O.Dl5 11gfcm 2

, at 290 and 360nm 
respectively. This classifies the colour reaction 
(stable for 24 h) as one of the most sensitive for gold~ 
Further, with variation of reagent concentration, it 
was noted that I ml of 0.03 M of KI with 0.1 ml of 
0.025 M of CT A B was sufficient to extract 70 Jrg· of 
gold(lll) in a single extraction. Increasing the con­
centration of the reagent did not bring about any 
sig.nificant change in the maximum value of absor­
bance. 

The average of six determinations of 70 pg of 
Au (Ill) ·was 69.5 pg, with a relative mean deviation 
of 2.87%. The process is very simple and rapid, 
requiring only 10-15 min for each run. 

In interference tests, an ion was considered to 
interfere if the recovery of gold differed by more 
than ± 3% from the actual amount. In the present 
method, gold(III) (70 pg) could be determined 
without interference in presence of I 00-fold excess of 
Cr(IJI), V(V): Mo(VI), Hg(II), Rh(IJI), AI(IJI), 
Cu(II), Ni(II), Mg(II), Pt(IV), Pd(Jl), Zn(II), Cd(II), 
Pb(II), Zr(IV), Ca(II), Ba(JI), Sr(ll), Th(IV) and 
La(IJI). Fifty-fold excess of Fe(JII), Co(II). Mn(II), 

Molar absorptivity 
(I mol- 1 em - 1) Sensitivity 

(x·IQ-4) (Jlgjcm2
) 

2.14 0.009 
1.29 0.015 

1.97 0.010 
1.32 0.014 

2.08 0:009 
1.13 0.017 

1.77 O.Oll 
1.07 0.018 

Table 2 Analysis of synthetic mi."<tures 

Composition with 
amounts taken in 11g 

Au(lll) 70, Ag(l) 100, 
Cu(II) 100, Zn(ll) 100 

Au(III) 70, Fc(llll 100, 
Co(II) 100, Ni(II) 100 

Au(lll) 70, Pd(ll) 100, 
Pt(lVl 100, Rh(Ill) 100 

Recovery of gold 
' (%) 

98 

98 

101 

Ag(l) and Bi(III) could be tolerated. U(VI) interfered. 
Among the anions tested, 200-fold excess of borate, 
phosphate, tartrate, citrate, fluoride, bromide, phtha­
late, oxalate, acetate and nitrite, and lower concen­
trations of ascorbate and EDTA did not interfere in 
the estimation of gold. Thiocyanate, thiosulphate, 
thiourea and arsenate interfered. 

In the absence of real samples, the applicability of 
the method was tested by analysing some synthetic 
mixtures containing Au(III), Ag(I), Cu(II), Zn(II), 
Fe(III), Co(II), Ni(Il), Pd(II), Pt(IV) and Rh(III). 
The compositions of the mixtures and percentage 
recovery of gold are given in table 2. The results 
show that recovery of gold was highly satisfactory. 
Average of three determinations was taken in each 
case. 
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An extractive photometric method is proposed for the deter­
mination of Pd(II) using 4-nitrosoresorcinol and pyridine/substi­
tuted pyridines. The mixed-ligand complexes of palladium(II) 
with 4-nitrosoresorcinol and pyridine/its methyl derivatives are 
extractable into chloroform and obey Beer's law. The molar ab­
sorptivities of the complexes are (2.6-3.5) x 104 I moi-1 cm-1 at 
Amax395-400 nm and Sandell's sensitivities are 0.003-0.004 p.g 
Pd(II)/cm2• The influence of foreign ions is studied. 

The use of pyridine-thiocyanate for extractive­
photometric determination of various metals is well 
established1- 6• 4-Nitrosoresorcinol reacts with co­
balt{II) and palladium{II) to form red complexes 
which are insoluble in chloroform. The reaction was 
used for detection and determination of the · 
metals7

•8 in aqueous solution by colour comparison. 
In the present note we report the extractive photo­
metric determination of Pd{II) with 4-nitrosoresor­
cinol in presence of pyridine and some of its methyl 
substituted derivatives like a-picoline, ,8-picoline, 
y-picoline .and 2,4,6-collidine, extractable into 
chloroform under optimum conditions. 

The absorbance measurements were made with a 
Shimadzu PR 1 spectrophotometer equipped with 
stoppered quartz cells of 10 mm path length. An 
ECL 5651 digital pH meter was used for pH mea­
surements. 

Palladium chloride (Johnson & Matthey) {1 g) was 
dissolved in hot cone. HCl {1 nil) and diluted to 250 
ml with distilled water followed by standardisation 
with dimethylglyoxime9• A working solution (210.5 
p,g Pd/ml) was prepared by dilution. Chloroform{E 
Merck), pyridine {BDH), a-picoline (Riedel), ~ 
picoline, y-picoline (BDH), {Fluka) and 2,4,6-colli­
dine (BDH) were distilled before use. 

4-Nitrosoresorcinol was prepared according to 
y-picoline the known procedure10• The light yellow 
crystalline solid, which was formed, was filtered off 
and recrystallized from dilute ethanol. The reagent 
in the solid state is very unstable, but its ethanolic 
solution is stable .. 
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General procedure 
An aliquot of sample solution was mixed with 0.2 

ml of 1% ethanolic solution of 4-nitrosoresorcinol 
followed by addition of (0.5 ml, 100%) pyridine/ 
a-picoline/ ,8-picoline/ y-picoline/2,4,6-collidine. 
The pH of the solution was adjusted to 2 with KCl­
HCl buffer. The volume of the aqueous phase was 
maintained at 10 ml. The solution was then equili­
brated with 10 ml of chloroform in a separating fun-. 
nel for 1 min. The two layers were allowed to settle. 
The separated organic layer was shaken with anhy­
drous sodium sulphate to remove any moisture. Fi­
nally the absorbance of the organic extract was mea­
sured at the corresponding abs.orption maxima 
{Table 1) against a palladium-free reagent blank. 
The ~ount of palladium(II) was determined from a 
previously prepared calibration curve. 

The extraction of palladium complexes was inves­
tigated in the pH range 0-11. Chloroform extracts 
showed maximum and steady absorbance 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. 

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 reagent blanks. Figure 1 
shows the spectrum of pd(II)-4-nitrosoresorcinol­
y-picoline system and the corresponding reagent 
blank. The optimum concentration of the reagents 
for the purpose of quantitative extraction of the 
complexes was ascertained by extracting palladi­
um(II) at various concentrations of 4-Di.trosoresorci­
nol and pyridine bases. Extraction was found to be 
quantitative when 0.2 ml of 1% ethanolic solution of 
4-nitrosoresorcinol and 0.5 ml of pyridine/ a­
picoline/ ,8-picoline/ y-picoline/2,4,6-collidine were 
used. Under these optimum conditions 84.2 p,g of 
Pd{II) was found to be quantitatively extracted. The 
higher concentrations of the reagents had no ad­
verse effects on the extraction. 

The quantitative extraction of palladium occurred 
in a single operation when the layers were shaken 



NOTES 

Parameter 

Table !-Details of Extractive Methods 

Base employed 

Amax(nm) 
Molar 
absorptivity 
(I mol-1cm-1) 

Sandell's 
sensitivity 
(,uglcm2
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Pyridine 

395 
3.28 X 104 

0.0032 

---
400 

WAVELENGTH, nm 

a-picoline 

400 
2.68 X 104 

0.0039 

500 

Fig. !-Absorbance spectra of (A) Pd(ll)-4-nitrosoresorcinol-
y-picoline complex ( 4.2 ppm Pd) and (B) reagent blank · 

for 1 min. Chloroform extracts, obtained after the 
recommended procedure, showed a steady absorb­
ance for at least 12 hr. 

In all the cases Beer's law was found to be valid 
over the concentration range 1-20 ppm of palladi­
um. The corresponding molar absorptivities of the 
complexes (on the basis of palladium content) and 
respective Sandell's sensitivities were calculated and 
are presented in Table 1. 
Effect of diverse ions 

In order to study the effects of diverse ions on the 
extraction behaviouJ, palladium was extracted and 
determ.i.lled according to the general procedure in 
presence of the respective foreign ions. Deviation of 
not more than± 3% from the expected absorbance 
was taken as the standard tolerance limit. In practice 
all the pyridine bases i.e., pyridine/ a-picoline/ ~ · 
picoline/ y-picoline/2,4,6-collidine showed similar 
behaviour regarding interferences. 

,8-picoline 

395 
3.44 X 104 

0.0030 

y-picoline 

395 
3.52X 104 

0.0029 

2,4,6-c()llidine 

400,410* 
3.47 X 104 

0.0031 

Palladium(ll) (8~.2 f.ig) can be determined without 
interference in presence of 50-60 fold excess of 
Ni(ll), Cd(II), Hg(ll), Zn(II), V(V), Pt(IV), Rh(III), 
Mn(II) and Be(II). The system tolerated 20-25-fold 
excess of Mo(VI), Zr(IV), U(VI), La(III), Al(III), 
Tl(I), Pb(II) and Cr(lll). 10-fold excess ofFe(Ill) and 
Cu(II) could be tolerated in presence of ammonium 
bifluoride and citrate respectively. High results were 
obtained in presence of Co(III) . 

Among the anions tested, 100-fold excess of bor­
ate, phosphate, bromide, iodide, phthalate, acetate,. 
tartrate, citrate, fluoride, ascorbate, oxalate did not 
interfere. 30-Fold excess of EDTA did not have any 
effect. Thiocyanate and thiosulphate interfere seri.,. 
ously. More than 100-fold excess of chloride, nitrate 
and sulphate was found to be harmless. 

With y-picoline the precision and accuracy of the 
proposed method was tested by analyzing solutions 
containing a known amount of Pd(II) following the 
recommended procedure. The average of six deter­
minations of 84.2 flg Pd was found to be 83.4 flg 
with the relative mean deviation of ± 1%. 
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Extraction and Speotrop]otometric Determiaatio~~ ~ sol~tio~: (0:2 ml) ?(. 4-nitr.oso.tesorci;n·ot. follo~e4 
. of Copper with4-Nitrosoresorcinol in Presence,. . · ~y addttwn.or .PY~tdtne/=<.-pt?o,hne/tl•ptco!me/1'-ptco• 

ofPyrldine and Substituted Pyridines 
1

, , . lme/2,4,~-colhd;me (0.5 ml). ·Buffe~ solutton. (pH 2; 
5 ml) wa~ then adde4 and· volume of· the aqueous 
phase was made upto 10 'Ipr with distilled water. 
The solution was then· equilibrated with chloro­
form (10 ml) in a separating· funnel for 1 min. 
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EXTRACTIVE-PHOTOMETRIC determination of 
various metals with pyridine bases:thiocyanate 
has been reported 1 - 7 • ·we have undertaken a 

systematic programme to st1,1dy the extraction beha-
viour of copper(ll) . with 4-nitrosoresorcinol in 
presence of pyridine and some of its methyl-subs­
tituted derivatives. Based on these studies, a few 
rapid and sensitive methods for the extraction and 
spectrophotometric determination of copper II) 
have been developed. The substituted-pyridines · 
used are c(-picoline, ,8-picoline, Y·picoline and 
2,4,6 ·Colli dine. 

Experimental 
· A Shimadzu PRl spectrophotometer was used 

for absorbance measurements~ A ECL 5651 digital 
pH meter was used to measure the acidities of the 
aqueous solutions. · 

A stock solution· of copper(n) wa!l prepared 
from CuSOA.5Hg0 an(l standardised8 and solution 
of lower concentration made by appropriate dilu­
tion. Chloroform (E. Merck), pyridine (B.D.H.), 
c(-picoline (Riedel}, ,B·picoline (B.D H.), y-picoline 
(Fluka) and 2,4,6-oollidine (B.D.H.) were distilled 
before use. 4-Nitrosoresorcinol was prepared as 
reported9 and its ethanolic solution (1 %) was used. 
KCI- HCI buffer was used for pH adjustment. 

General procedure : An aliquot containing npto 
100 pg of cuu was mixed with 1% ethanolic 

. The separated organic layer· was poured over 
anhydrous sodium sulphate ·to remove retained 
water droplets. Finally,• the absorbance of the 
organic extract was measured at the corresponding 
absorption maxima against a cop;er-free ·reagent 
bl!J.nk, and ·the amount of· copper( II) determined. 
To test the eff~ct. of diverse ions, the respective 
foreign ions were added to the system before addi· 
tion of th~ reagents. ~ ·. · · ~ ~ -." · 

Results and Discussion _ 
The optimum pH for extraction· for copper was 

ascertained by extracting the mixed-ligand com­
plexes in the pH range 1.0 -11.0 .. In all the cases 
maximum absorbance ·was attained at pH 1.5 -2.5. 
In a second consecutive operation within· this pH 
range, the organic extract virtually showed no 
absorbance. This indicated that copper(u) was 
quantitath:ely extracted in this conClition. 

The spectra of the mixed-ligand complexes were 
recorded in the wavelength region 300-600 nm 
against the corresponding reagent blank!. The 
copper complexes showed ~mu at 365-375. nm. 

Different amounts of copper(n) were extracted 
as described in the general procedure. In all the 
cases, Beer's law was ·found to be valid over the 

· concentration range 1- 10 ppm of copper. The 
Ringbom's optimum concentration range for 
measurement was fonnd to be 3 -10 ppm of 
copper(n). The corresponding molar absorptivity 
of the complexes (on the basis of copper content) 
and the respective Sandell's sensitivity· values are 
shown in Table 1. 

The optimum concentration of the reagents for 
extraction of . copper(n) has been ascertained. It 
has been found that 0.2 ml of 1% ethanolic solution 
of 4-nitrosoresorcinol along with pyridinefc(-picoline/ 

TABLE 1-DETAILS OF EXTRACTIVE ME11IODS 

Parameter Base employed 
Pyridine. <>~.·Picoline jS-Picoline 'Y·Picoline 2,4,6-Collidine 

pH 1.5:..2.5 1.5-2.5 1.5-2.5 1.5-2.5 1.5-2.5 

-' .. •a:r (nm) 365 375 370 370 365 

Molar absorptivity (dm• max-• em-•) 0.71 X 104 0.45x 104 0.89 X 104 1.06 X 104 0.21 X 104 

Sandell's sensitivity (,ug em-•) 0.009 . 0.014 O.OQ7 0.006 O.QJ 

-~ 742 



NOTES 

~-picolinef· y~picoline/2.4;6-collidine (O.S ml ) was 
sufficient to extract 100 pg of copper(n) quantitati­
vely. Higher· concentration of the reagents· had 

. J:J,o adverse.eft'ecf on the extraction but was avoided 
·due to reagent economy. Moreover, in presence 
of higher concentration of the reagents. the absor­

. pances of the ·reagent ·blanks . become higher. 
· Chloroform extracts showed a steady absorbance 
for at least 24 h. : · · · 
: , Copper (u) was determined in presence of other 

_. diverse ions .. Deviation of not more than ± 3% 
from the expected absorbance was taken as the 
standard tolerance limit. . In . _practice, all the . 
pyridine bases showed similar behaviour while 
studying interferences. Copper(n) (48· pg) could 
1be determined without interference in presence of 
50-60-fo.ld excess ofNizz, vv, Ptzv, Rhzzr, cazz, 
'Ba.r.r and Srt.r~. The systems to~erated 20-_25-foiJd 
excess of Cd.r.r, znzz, Mon. uv.r, Lazu, Alu~', 
Th'v,seu and Mnu. High results were obtained in 
_presence of Co'~'. and Pd~' J'. Hg interfered seriously. 
Presence of Fe' u and zr.rv showed low recovery 
~of copper. Among._ the. anions tested, · lOJ-fold 
excess of borate, phosphate, bromide, phthalate, 
iodide, acetate did . not interfere. Thiocyanate, 

· ·thiosulphate, ED'[A, oxalate, tartrate, citrate, 
fluoride and ascorbate interfered~ c· 

··, 

. - .~ .. : 
."-

t.: ' ~ 
.-. . -

1 

.. ' 

y-Picoline _was found to be· comparatively more 
sensitive among the pyridine bases used. · With this· i; 
re,agent tb.e precision and accuracy of the proposed 
method were tested by· analysing solutions. con­
taining a known amount of copper(n) following the 
recommended procedure. The av.erage of six: deter­
minations containing 48 . tts· of cu.r.r gave a value 
of 48.25 pg, which varies between 46~81 to 49.68 
at 95% confidence limit. The standard deviatio:n 
is 1.37 pg and relative mean deviation 1.8%. 
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THE most sensitive colourimetric methods for 
determination of cobalt are based on its reac­
tion with compounds containing tbe grouping 

=C(OH)-C(OH)=. Various oximes have been 
reported1 to determine cobalt spectrophotometri­
cally. In pH 3- 6 ninhydrinoxime forms a yellowish 
brown complex with cobalt, which by itself is not 
extracted . into organic solvents. In presence of 
pyridine, the complex is extractable into chloroform. 
Measurement of absorbance of this extract shows 
a linear response with cobalt concentration. Taking 
advantage of this, a method has been devised to· 
determine cobalt in micro quantities. 

Experimental 

Absorbance measurements were made with a 
Shimadzu PR1 spectrophotometer. A ECL 5651 
pH-meter was used to measure the pH. A stock 
solution of cobalt(n) was prepared by dissolving 
CoCI 9 .6H110 (AnalaR) in distilled water. This was 
standardised by complexometrically using xylenol 
orange as indicator 9 • Pyridine, chloroform and 
other organ~c solvents were distilled before~use. 
Potassium hydrogen phthalate- hydrochloric acid 
buffer was used to adjust the pH. 

Synthesis of ninhydrinoxim~· To a solution of 
ninhydrin (2 g) dissolved in pyridine (2 ml), was 
added ethanolic solution (100 ml) of hydroxyl­
aminehydrochloride (2 g) and the mixture was re­
fluxed for 2 h. The resulting solid was recrystallised 
from ethanol (80%) (Found: C, 57 i H, 4.2; N, 6.8. 
C9HvO.,N calcd. for: C, 56; H, 3.6; N, 7.25%). 

General procedure: To an aliquot .containing 
upto 40 p,g of cobalt(n) was added 0.6% ethanolic 
solution (1 ml) of ninhydrinoxime followed by 
pyridine (0.2 ml). Buffer solution was then added 
to adjust the pH to 4. The mixture was left for 
1 min and the volume of the aqueous phase was 
made upto 10 ml. This was then equilibrated with 
chloroform (10 ml) for 30 s. After phase separation, 
the organic extract was poured over anhydrous 
sodium sulphate to remove water droplets. Finally 
the absorbance of the chloroform extract was 

measured at 330 nm. Amount of cobalt was com­
puted from a previously prepared calibration curve. 
To test the int~rferences, the respective diverse 
ions were added to the system prior to the addition 
of the reagents. 

Results and Discussion 

The complex exbibits >-max at 330 nm~ The 
reagent itself shows high absorbance below 300 nm. 
However, the absorbance becomes insignificant 

. beyond 320 nm. The complex exhibits constant 
and maximum absorbance when the extractions 
were carried out at pH 3- 6. In each case, the 
aqueous phase after extraction was free from· cobalt. 
The pattern of the absorption spectra of the com­
plex extracted at pH 0-10 remains unchanged, 
indicating the formation of the single complex 
species in all cases. Apart from chloroform, other 
solvents Uke ethyl acetate, · I ,2-dichloroethane, . 
benzene and carbon tetrachloride were tested as 
extracting solvents. Th~ use of ethyl acetate and 
I ,2-dichloroethane offered no special advantages 
over ·ch)oroform. Lower absorbance resulted in 
case of benzene. Carbon tetrachloride did not 
extract the complex. Apart from pyridine, some 
other bases were tested as auxiliary ligands. The 
use of .B-picoline or y-picoline did not bring about 
any significant change in the maximum value of 
absorption. Jn presence of c(.-picoline or 2,4,6-colli­
dine, the complex is not extractable into chloroform. 
The nature of the extracted species ·is 1 : 3 (M : L) 
(mole ratio method). 

The system conforms to Beer's law. The absor­
bance of the cobalt complex in chloroform shows 

. a linear response -upto"4 ppm of cobalt at 330 nm 
and the molar absorptivity of the complex is 
1.97 x 10~ dm 8 mol-:- 1 cm-1 with Sandell's sensi­
tivity 0.003 p,g cm- 2

• 

Cobalt (24 p,g) could be determined without inter­
ference in presence of 200-fold excess of the 
following· ions : Felli, Niii, Pdli, Pt1V, ThiV, Znii, 
Cdll, Call, Ball~ Srii, uvx, Snii, Crlll, Hgii, vv, MoVI 
and Mnii. The system tolerated less than 25-fold 
excess of Ben, Biiii, Cuil and Laiii. Rhlli inter­
fered. The following anions did not interfere when 
present · in 400-fold excess : ascorbate, oxalate, 
arsenate, bromide, iodide, fluoride, phosphate, 
citrate, tartrate and thiocyanate. Less than 50-fold 
excess of EDTA, thiosulphate and thiourea were 
permissible. Nitrite interferred. 
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DIPHENYLTHIOCARBAZIDE can be used for the 
detection of a number of metals1 since it forms 
characteristic coloured complexes. A method 

is presented for the extractive spectrophotometric 
determination of copper. The metal has been 
estimated in synthetic mixtures and standard 
samples. 

Experimental 

A Shimadzu PR-1 model spectrophotonmeter 
with optically matched quartz cells of 10 mm path 
length was used for absorbance measurements. 
Acidity of the aqueous solution was measured with 
a ECl 5651 pH meter. 

Diphenylthiacarbazide was prepared1 and a 
0.4% acetonic solution of the reagent was used. 
Stock solution of copper(n) was prepared by dis­
solving CuS0 4 .SH5P (B.D.H.) in distilled water 
followed by its standardisation as bezoin-=<.­
oximate9. A working solution of copper was pre­
pared by appropriate dilution. Ethyl acetate was 
distilled before use. KH9P0t~.- NaOH buffer was 
employed to adjust pH of the aqueous solution. 
All other chemicals u~ed were of analytical grade. 

Determination of copper(II) .; To a suitable 
volume of sampl~ solution containing 5 - 30 p.g of 
copper(n) was added 0.4% acetonic solution (0.5 
ml) of diphenylthiocarbazide followed by phos­
phate buffer (pH 6; 5 ml). The aqueous phase 
was then diluted to 10 ml with distilled water 
and left for 1 min to ensure complete complexation. 
The solution was then equilibrated with ethyl 
acetate (10 ml) for 1 min. The separated organic 
layer was shaken with anhydrous sodium sulphate 
to remove any retained water droplets. The absor­
bance of the organic extract was read at 540 nm 
against the reagent blank and the amount of copper 
deduced from a calibration curve. To study the 
effects. of diverse ions, the respective foreign ions 
along with the masking agents, if needed, were 
added to the aqueous sample solution before 
addition of the reagent. 

Results and Discussion 

The optimum conditions for extraction of coper 
have been established from critical evaluation of 
the pertipent factors. 

. The . br_own coloured complex of Cu-diphenyl­
thiOcarbaztde shows a maximum absorption at 
540 nm. Beer's law obeyed over 0.2-:-4 ppm of 
copper. The molar absorptivity was 5.04x 104 dm 8 

mol-1 cm-1 with Sandell's sensitivity 0.0013 p,g 
Cufcm9 at 540 nm. Quantitative extraction of 
copper was achieved in the pH range 4- 8. 

. Interference : Copper (20 J&g} was determined 
1n presence of known quantity of diverse ions. Inter­
feren~e du~ to Felli and Snl~ is eliminated by 
maskmg with ammoniumhydrogen fluoride. To 
avoid the _interference due to Pd~~+, copper was 
extract~d tn presence of ammonium thiocyanate. 
Potassium iodide masks Hgii, Pbu and mm. The 
tole~ance limits for other ions (mg, in paren­
thesis) are as follows · Niii MoVI Call Mnii 
Crill, La111, Alm, Ban, S~II and Mgii {all 4) '; Con: 
and UVI (3.5) ; Bell and Aslll (3) ; PtiV, Rhlll and 
Th1v (~.5) ; vv and Cdii (0.1) ; znn (90.1). Among 
the amons tested, 500-fold excess of tartrate, citrate 
oxalate, brom_ide, iodide, phosphate, acetate, thio: 
cyanate, fiuonde, phthalate and thiourea do not 
interfere. The system tolerated 200-fold excess of 
ascorbate, EDT A and thiosulphate. However in 
presence of borate and nitrite high results are 
obtained. 

Determination of copper in cupronickel alloys : 
T~e alloy sample (100 mg) was dissolved in a 
mixture of HCl and HN08 (2: 1). The solution 
was evaporated to dryness after adding a few drops 
of concentrated H9SO.,. The residue was dissolved 
in water and the resulting solution was diluted to 
250 ml with distilled water. The solution was 
further diluted as needed. A 2 ml aliquot was 
taken and copper detemined by following the 
procedure outlined earlier. Copper was found to be 
69.2% (average of four de.terminations ; certified : 
68.12% Cu in cupronickel alloy). 

Determination of copper in white metal in presence 
of Ph, S~, Sn, Bi, Ni, As : The sample (1 g) was 

. dissolved tn 6 M HCl (10 ml) and digested on a hot­
plate. The clear solution was evaporated cooled 
and diluted with distilled water. The solution was 
fi_lt~red to remove a _major portion of lead, pre­
Cipitated as lead chlonde. The filtrate was diluted 
to a known volume. A 2 ml portion was taken 
followed by addition of KI (10 mg) and NH.,HF 
(5 m~) along with acetonic solution (0.5 ml, 0.4%) 
of dtphenylthiocarbazide. Copper in white metal 
was estimated by the recommended procedure and 
was found to be 0.13% (average of four determina­
tions ; certified : 0.12% Cu in lead base white 
metal). 
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