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Palladium(II) forms complexes with pyridine/a-picoline/~
picoline/y-pic9line/2",4,6-collidine in presence of potassium io
dide. These are extractable into chloroform and absorb at 354-
360 nm. The molar absorptivities of the complexes are in the range 
1.6-1.9 x 104 1 mol- 1cm -I. The formation ofthese complexes has 
been utilized to propose an extractive spectrophotometric meth
od of determination of palladium. The notable metal interference 
is due to mercury. Use of other common organic solvents provides 
no special advantages. 

There are reports on extraction of iodide complexes 
of platinum metals with tributylphosphate in hexane 
as the coordinating solvent, and using this method the 
platinum metals have been separated from each 
other1.2. It has beennoted that palladium(II) iodide 
forms complexes with pyridine or its methyl substitut
ed derivatives in aqueous solution. These mixed li
gand complexes are extractable into chloroform. 
These systems have been studied now to develop a 
simple spectrophotometric method for the determi
nation of palladium. Apart from pyridine, other bases 
used are a-picoline, B-picoline, y-picoline and 2, 4, 
6-collidine. 

Absorbance measurements were made with a Shi
madzu PR1 model spectrophotometer with stop-· 
pered quartz cells of 10 mm optical path length. An 
ECL 56 51 digital pH meter was used to measure the 
acidities of the aqueous solutions. 

Palladium(II) chloride (Johm.on & Matthey) (lg) 
was dissolved in 1 ml hot cone. HCl and diluted to 250 
rnl with distilled water followed by standardisation by 
dimethylglyoxime3. A working solution (41.75 ppm 
Pd) was prepared by dilution. 

Chloroform (E. Merck), pyridine (BDH), a
picoline (Reidel), B-picoline (BDH), y-picoline (Flu
ka) and 2, 4, 6-collidine (BDH) were distilled before 
use. Potassium iodide (BDH) and all the other rea
gents used were of analytical reagent grade. StocK so
lutions of desired diverse ions were prepared from 

their nitrates, chlorides or sulphates by dissolving 
pure samples in dilute acid or pure water. Sodium/ 
ammonium salts were used in the case of anions. The 
metal contents were determined by standard meth
ods3. 

General procedure 
To an aliquot containing 10-100 f.tg of palladium 

was added 1 rnl of 0.015 M aqueous potassium iodide 
and 0.02 ml of pyridine/ a-picoline/B-picoline/ 
y-picoline/2, 4, 6-collidine followed by addition of 
adequate amount of distilled water to make up the vo
lume upto 10 ml. The mixture thus obtained was 
equilibrated with 10 ml of chloroform for 30 sec. The 
two layers were allowed to settle for 1 min. The sepa
rated organic layer .vas shaken with anhydrous sodi
um sulphate to remove any retained water droplets. 
pH of the aqueous solution, after extraction, was mea
sured. Finally the absorbance of the chloroform ex
tract was measured at the "-max of the complex against a 
reagent blank. Amount of palladium(II) was deter
mined from a pre.:viously prepared calibration curve. 

The absorption spectra of palladium( II) complexes 
in chloroform, extracted as above, exhibit maxima as 
indicated in Table 1. The reagent blanks show insigni
ficant absorbances from 300 nm onwards. Beer's law 
is obeyed at the respective absorption maxima. All the 
absorption measurements were carried out against 
respective reagent blanks. The systems are stable for 
at least 48 hr. 

The liquid-liquid extraction behaviour of Pd(II)
complelles was investigated in the pH range 0-14.0. 
After extraction, pH of the aqueous solution was mea
sured in each case. In presence of pyridine bases, 
quantitative extraction of palladium( II) was found to 
be achieved in the pH nmge 3.5-10.0. From the graph 
pH 112 values were evaluated to be 1.6 & 10.7. 
· The optimum reagent concentrations were found 
to be 1 ml of 0.015 MKI and 0.02 ml of pyridine/a
picoline/B-picoline/y-picoline/2, 4, 6-collidine for 
quantitative extraction of 41.75 f.tg of palladium. 
Higher concentrations of the reagents (upto 4 ml of 
0.015 MKI and 0.1 ml of pyridine bases) had no ad
verse effects on the extraction behaviour. 

Apart from chloroform,· other common organic 
solvents such as carbon tetrachloride, benzene and 
ethyl acetate were tested as extracting solvents. The 
molar absorptivities of the palladium(II) complexes 
(on the basis of Pd content) at the respective absorp
tion maxima in various solvents are shown in Table 1. 
It has been found that use of other organic solvents of-
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Parameter 

Table 1-Details of Extractive Methods 
Base employed · 

Pyridine a-Picoline 

359" 3558 

A.u..(nm) 366b 360b 
365° 360° 
355d 355d 

~-Picoline 

3568 

365b 
362° 
356d 

}-Picoline 

356• 
363b 
361° 
356d 

2,4,6-Collidine 

354• 
360b 
360° 
359d 

1.68 X 104" . 1.79 X 104" 1.70 X 1048 1.75 X 104• 1.98 x 1o4• 
1.78 X 104b 
1.83 X 104• 
1.83 X 104d 

Molar 1.63 X 104b 1.94 X 104b 1.78 X 104b 1.88 x 104b 
·-absorptivity* 1.78 X 104• 2.19 X 104• 1.73 X 104•. 1.98 X 104• 

(mol- 1cm- 1) 1.78X104d 2.04x1Q4d . 2.08xl04d i.88X104d 

;xtracting solvents: a:-chl~roforin, b-carbon tetrachloride, c-benzene & d-ethyl acetate. 
Measured at corresponding absorption maxima . 

. fers no speciatadvantages. Chloroform was used as 
the ~xtracting solvent ill the present investigation. 

. Different amounts· of palladium were extracted by 
.the general procedure and the absorbance of the 
chlorof~im extracts was measured ·at the respective 
absorption maxima. In all the cases Beer's law was 
found to be valid over the concentration range 1-10 
Jtg Pd/ml. _ ·. · . · 

. Effect df diverse.lo~-In order to study. the effect of 
diverse ions on the extraction behaviour a definite 

. . ' 
amount of palladium(II) was extracted and deter-
mined according ~o the general procedure in pres
~nce of the respective foreign ions. All the bases i.e., 
pyrid~~· a-picoline; ~-picoline, y-picoline and 2, 4, 

.:6-collidine showed similar behaviour towards the ex
Jraction of palbidium .. In each case an average of three 

-... ·tJ~terminati'?n.S w~ taken. An ion was considered to 
--~--,·~terfere. _if"the recov~ey of Pd(p:) .differed by. more 

. . . \than ± 3% f_ron'i the actual aniount takelf. ' 

.,,,,_ ~ . ' ·- . " . 
: _ _ ::_ Jtwasfo~nd1hat4~.75J.Lg'¥palla~~mcould'easily 

-be detertnm,ed without any interference in presence 
.·of the follo"'1ng cations and .anions, the amounts (mg) 
taken -being mentioned in parentheses: Co(II) ( 5.1 ), 
Ni(Il) (5.3),, Cd(II) (4.9), Zn(II) _(6.7), V(V) (5.2), 
Rh(ID) (2.4), Zr(IV) (1.2), U(VI) (5.1), Mn(II) (3.9), 
Cr(ID) (4.8), La(ID) (4.2}, Al(ID) (3.9}, Th(IV) (4.1), 
Be(II) ( 6.9}, Pb(Il) ( 1.3) and Bi(ID) ( 1.1 ). Iron(ID) ( 1.2) 
and Cu(II) (0.2) were kept in the aquoous phase by 

: masking them with ammonium hydrogen fluoride. 
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Table 2-Reproducibility ofthe Method Using 2,4,6-
. Collidine 

Palladium taken 
(!lg). 

10.44 
20.88 
41.75 
62.62 
83.50 

Palladium found 
(!J.g) 

10.5 
20.7 

. 41.9 
62.1 
83.3 

Relative mean 
· deviation(%) 

3.8 
1.7 
1.2 
0.77 
0.91 

~d citrate respectively. All attempts to remove the. 
mterference due to Hg(II) failed. Pt(IV) interfered in 
all c_ases except in the_2, 4, 6-collidine.system where 
the mterference was avoided by extracting Pd at pH 
10.0. Among the anions tested the following (10 mg 

. each) did_ not interf~re: EDTA, borate, phosphate, 
tartrate, cttrate, fluoilde, bromide, ascorbate, phthal

_ate. However, thiocyanate and thiosulphate, even in· 
. trace amounts interfered seriously. · ·~ 

Among the based used, 2,:4, 6-collidirie is fourid to. 
be most sensitive. With this reagent the precision and 
ac~uracy of the method were tested (Table 2) by anal
ysmg solutions containing a kriown amount of Pd fol
lowing the recommended procedure. Average of six' 
determinations was taken in each case. . 

References 
1 FayeG H&lnman WR,AnalytChem, 35 (1963) 985. 
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T liEREare-reports1.•_9 onthe extraction ·and sepa
tation: of iodic;le COinJ)lexes of platiiJ,utn- metals 
using tr'ibuty1p'llosp1iiite. tn our laboratory~ it 

has been noted that iodop1atinum(rv) with pyridine 
•or its ~ethyl·su'bstituted derivatives, forms mixed~ 
'ligand complexes which are exiractable into chloro
form. These properties of the Pt-complexes 
suggested fhat further studies of the systems ·might 
lead to the development of simple spectrophoto· 
metric method for platinum. Apart from pyridine, 
other bases used are c(-picoline, p-pico'line, ·;--picoline 
·and 2,4,6,-collidine. -

Experimental ·-
Spectral curves and analytical measurements 

were·made with aShimadzu PRI spectrophotometer, 
:and a ECL 565·1 digital pH meter·was used for the 
measurement ofacidities of aqueous solutions. 

Chloroplatinic acid (Johnson & Matthey) (1 g) 
was dissolved in disti11ed water (100 ml) followed by 
standardisation as elemental platinum 8 • A working 
·solution (392 pg Pt/ml) was prepared bv appropriate 
dilution. Chloroform (E. Merck). pyridine (B.D.H.), 
·"'·picoline . (Riedel). IJ-picoline (B.D.H.), v-picotine 
(Fluka) and 2,4,6-collidine (B.D.H.) were distilled 
before use. Potassium iodide (B.D.H.) and all 
other reagents used were. of A.R. grade. Different 
·buffer ~olutions were prepared by standard pro .. 
cedures.- · 

c j'\ - \ 

~ • ' ·.,• • . ' • •.: ' r • ( '\ ': -

General proceiJUt;e .! A~ a1~quot-o_ontaini-ng to·o "";' 
so(),pg of platip.um. was ~ixed.w_ttb:~O!OS M· aqu~_ous 

· pot~ssi~Iil io~i_d~ .~(~_ ~9 .. and_ , __ pytidi~ef"<--P.toeline/ 
p-plcohne/}'~ptcqhnefcQ'lhdme.. (Q,5· ml). Vo'lume 
of the. final aqueous phase was made upto ~0 nil 

:··with· buffer !1?1-~tioll of ~~~~r~d- .'~H. T·~e ·:mi![·ture 
·was the~ equ1hbrated. wtth clitoroform '(1'0 1ll'l) for 
·30_ S·• _-.The separated organic 1ayer was poured .over 

. J~.nbydrqus_s_odium_sulp.hate t~.rcniove any i'¢tain~d 

.. water~ ·droplets~ Finally, the absor-bance of the 
organic e~tract ~as ~~asured -at res.pecHve a'bso-q,
tion· illaxim~ agai~st cli1orof?rin, · -:anc;l · pi~!hiun~'(rv) 
was determm~d fro~~~ prevJo_usly _pr~p~·red ca1ibra-

. tion cqrve. To te~t the e'ffectAf:~liverse ions, t~c 
tespec::tive foreign Jons were adde~ to the system 
before addition of the _reagents. · · · · · 

· 'Resu1ts·afid Di~cossion 
The platinum complexes absorb ma~imum at 

345-360 nm. The reagent blanks show insignificant 
absorbances in the aforesaid wavelength region. 
The systems show steady absorbances for at least 
24 b. Maximum absorbances were found to be 
achieved when the edractions were carried out at 
pH2-11,2-9,8-9, 2-9 and 3-4 for pyridine, 
at-picoline. tJ-picoline. y-picoline and 2,4.6-collidine, 
-respectively. (:hloroform extracts obtained in tho 
second consecutive operations in the respective -.PH 
range virtually showed no absorbance. This indi· 
cate · a complete and quantitative extraction or 
platinum. . 

··The ontimum reagent concentrations were 2 mt 
of 0.05 M aqueous potassium iodide . along with 
0.~ ml of pyridine/c(-picolinef£1-picoline/Y-picolinef · 
'2,4,6-colli<1ine to extract 100-500 pg of platinum.· 
In all cases. Beer's law was found to be valid over 
the concentration range 5- 50 ppm of Pt. · Ttie 
Ringbom's optimu·m concentration range for the 
measurf'ment was found to be from 8- 50 ·ppm of 
ptrr. The molar absorptivities of t)le ·complexes 
(on the basis_ of· Pt content) and the respective 
Sandell's sensitivities were· ·calculated as shown in 
·Table 1!. · 

TABLB 1-Dl!TAILS OP'EXTRACTI()N Ml!THODS 

Parameter 'Base 
Pyridine 11\•Pico'line ,B-Picollne -y-Picoline 2,4,6-Collidino 

pH 2-8 2-'9 '8-9 2-9 '3-4 

~: .. a.~ (nm) 34'S 370 48S 36S 360 

Moiar absorptivity (dm·~ mot-• em-•) t.9S ·x to• 1.7Sx10• l:SS·x to• 3.70.x to• t.o9 x to~ 

:sandel'rs sensitivity (~o~g·cm-•) 0.!1.0. . 0.11 0.10 o.os 0.018 

--------------------------------------------------~~--------------------------------------------------------------------------------
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Platinum(iv) was- determined in presence of 
other diverse ions. In fact all _ the bases, . i.e. 
pyridine, ot-picoline, tl-.picoJine, ,~picoline and 2,4,6-
collidine ··showed similar - behaviour 'towards the 
extraction; of~ ;platinum:· 'An·\.ion W!iS considered to 
intetfe're if'the'recov~ry of platinum(iv) differed by 
:mo.re'than -f-3% from' the actual amount taken. 

- J • :r - , - . , . . ·.- . 

·'For tb~ deterniina:tion of '392 pg of Pt1 ~" (117:6 
'p.g for' cbliidine) a· 21-fold e~cess of Co1 i',,Ni11, 

, . znzz, Mo"'z~ uvz, pl)u, 'Mnzz, V'", cazz, Baz~. 
Sru, Crl'I 1, L'iJ.llz; Be11 and Al1 u did not inter

- fere., A 10-foid excess of Cd11, ZrKY, Th1 ~" and·a 
· :S~told· .excess of Rh1 u were· tolerable. A 5-fold 
excess -of ·Fe11:z and Cu11 could be kept in the 
aqueous phase with ammonium hydrogenfluoride and 

- citrate, respectively. Hgzz and Pdll' interfered. 
Amo'ng the anions tested, the followings (50-fold 
excess) did not interfere : oxalate, borate, phos
phatQ, tartrate, citrate, fluoride, bromide, phthalate, 
ace~ate. Lower_ concentra,ion of EDTA_is permissi" 

ble. However, thiocyanate, thiosulphate and ascor· 
bate interfered seriously~ - - - - · 

~ -2,4,6-Collidine w~s fo:und: -to be most sensitive . 
among the pyridine J:)ases used. With this reagent 
the precision and accuracy of the proposed method 
were tested- by analysing solutions containing a 
known amount of platinum following the recomm· 
ended' procedure. The average of six determina
tions containing 117.6 pg of Pt1 ~" gives a value of 
115.5 pg, which varies between 114.52 to 116.44 at 
95% confidence limit. The standard deviation is 
0.92 p.g .. ·. 

~eferences . _ _ 
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REFERENCE to pyridine as an auxiliary ligand in 
the solvent extraction of metals is not new in 
the literature. Use of pyridine- thiocyanate for 

extractive-photometric determination of . various 
metals is well known 1 - 6 • It has been noted that 
copper(n) forms complexes with pyridine bases in 
presence of potassium bromide or potassium iodide. 
The _mixed lig~_n_d, _CQI1lpleJieS are extractable into 
chloroform.- These properties of the copper com
plexes suggested that further studies of the systems 
might lead to the development of a simple spectro
photometric method for the determination of 
copper. Apart from pyridine, some of its methyl
substituted derivatives used are c(-picoline, P-pico
line, 'l'-picoline and 2,4,6-collidine. 

Experimental 

Spectral curves and analytical measurements 
were made with a Shimadzu PR1 spectrophoto
meter. Stoppered quartz cells of 10· mm optical 
path length were used for absorbance measurements . 

A stock solution of copper(n) was. prepared by 
dissolving' CuS0~.5HaO in distilled water followed 
by its standardisation as benzoin-c<.-oximate7 • A 
working solution of cun (120 pg ml-1 ) was prepared 
by dilution. Chloroform (B. Merck), pyridine, 
(B.D.H), oe:-picoline (Riedel), P~picoline (B.D.H), 
Y-picoline (Fluka) and 2,4,6-collidine (B.D.H.) were 
distilled before use. All other chemicals were of 
A.R. grade. Stoc~ solutions of desired div~rse 
ions were prepared from their corresponding salts. 
Potassium chloride- hydrochloric acid buffer was 
used to adjust pH of the aqueous solution. 

General procedure : 

Bromide system .' An aliquot containing 50-300 
pg of copper was mixed with 8 M aqueous potassium 
bromide (1 ml) followed by the addition of 0 5 ml 
of pyridinefa(-picoline, {J-picoline/'Y-picoline/2,4,6-
collidine. Buffer solution (5 ml) of pH 2.0 was 
then added to it and- the volume of the aqueous 
phase was made upto 10 ml with distilled 
water. The mixture was then equilibrated with 
chloroform (10 ml) for 1 min. The separated 
organic layer was poured over anhydrous sodium 
sulphate to remove any retaine9 water droplets. 
Finally the absorbance of the organic extract was. 
measured ·at corresponqing absorption maxima 
against chloroform. The amount of copper(n) was 
determined from a calibration curve. To test the 
e;j'fect of foreign ions, the respec.tive ions were added. 
to the system before addition of the reagents. 

Iodide system .' An aqueous so-lution containing 
50- 300 p,g · Cu was mixed with 0.05 M potassium 
iodide. ,(3 ml) and 0.5 ml of pyridinejc<.-picolinef 
P-picolinef Y-picoline/2,4,6-collidine. Buffer solution 
(5 ml) of pH 1.0 was then added· followed by 
distilled water to make the volume of the aqueous 
phase upto 10 mi. The other part of the procedure 
was the same as for the bromide system . 

Results and Discussion 

In presence of pyridine and alkali thiocyanate 
copper form_s an insoluble complex' of formul~ 

. TABLE 1-PARAM~'rERS oF Ex'rRAcnvE Ms:rBons 

Parameter Base emploved 
Pyridine ct-Picoline f.I-Piooline 'Y-Picoline 2,4,6-0ollidine 

Btomide system 

pH l.IJ-2.5 1.5-2.5 l.IJ-2.5 1.5-2.5 1.5-2.5 
Amax (nm) 340 320 340 340 355 
Mola:r absorptivity 2.17 3.07 3.23 2.33 5.13 
(X 101 dm' mol-1 om-•) 

0.021 Sandell's sensitivity 0.029 0.018 0.027 0.012 
(f.'g om-•) 

Iodide system 

pH 0.5-1.5 0.5-1.5 0.5-1.5 O.IJ-1.5 0.5-1.5 
Amax (nm) 355 * 350 360 360 

Mola.r absorptivity 2.38 2.65 4.28 4.76 6.77 
{Xl08 am• mol-• em-•) 

0.024 Sandell's sensitivity 0.027 O.Ql5 0.013 0.009 
(f.'g em-•) 

•Absorba.nce measured at 350 nm. 
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CuPy9 .(SCN) 9 , where thiocyanate behaves as a 
pseudo-halogen. In presence of bromide{ iodide and 
pyridine bases copper(u) probably forms complexes 
ofthe type CuP9 X9 (P=pyridine base; X=Br{I). 
These complexes are extractabl~ into chloroform. 

The effect of pH on the extractibility of 
copper(n) into chloroform was examined in terms 
of absorbance of the mixed ligand complex. The 
optimum pH of extraction for bromide system was 

. 1.5-2.5 and for iodide system, o.S -1.5. In both 
the cases, after a second consecutive operation, the 
chloroform extract showed virtually no 'absorbance. 
This indicated a complete and quantitative extrac
tion of copper in these conditions .. 

The spectra were scanned in the region 300- 600 
nm against chloroform. The copper(II)-bromide
PY ridine/ot-picoline{ P-picoline/Y-picoline/2,4,6- calli
dine complexes in chloroform showed absorption 
maxima at 320-355 nm (Table 1) with a shoulder at 
around 380 nm in each case. 

In the copper(n)-iodide-pyridine/P-picoline/Y
picoline/2,4,6-collidine systems, the absorption 
maxima were at 350- 360 nm (Table 1). The 
copper(I~)-iodide-ot-picoline complex exhibited no 
absorption maxima in the region 300- 600 nm ; in 
this case the analytical measurements were carried 
out at 350 nm. The reagent blanks did not absorb 
in the aforesaid wavelength region. Hence for 
simplicity all the absorbance measurements were · 
carried out at respective absorption maxima against 
chloroform. 

The systems conformed to Beer's law over a 
concentration .range of 5-50 ppm of copper. The 
corresponding molar absorptivities of the complexes 
(on the basis of copper content) and Sandell's 
sensitivities were calculated (Table 1). 

For bromide complexes, 1 ml of 8 M aqueous 
solution of potassium bromide along with 0.5 ml of 
pyridine bases was sufficient to extract 240 p,g of 
copper(n) at pH 2.0. For iodide complexes the 
amounts of reagents required were 3 ml of 0.05 M 
potassium iodide along with 0.5 ml of pyridine bases 
to extract the same amount of copper ; in this case 
the extraction was carried out at pH 1.0. · In all 
cases the organic extracts produced a steady absor
bance for at least 24 h. 

In order to study the. effects of diverse ions on 
the extraction behaviour, 240 p,g of copper(n) was 
extracted and determined according to the general 
procedure in presence of the respective foreign ions. 
For bromide complexes the system tolerates 10-25-
fold excess of the following ions : Fem, Coil, Pbii, 
Niii, znn, vv, Rhm, Call, Ba11, Srii, Bell, T11, uvr, 
Zr1v, Lam, Aliii, Th1v, Mgii, Cdii, MolV•, PtiV and 
Hgii are permissible at lower concentrations. Pdii 
however shows strong interference even at trace 
level. Among the anions tested, most of them are 
susceptible to the procedure, although phthalate, 
borate and phosphate do not interfere. In case of 
iodo complexes, 10- 25-fold excess of the following 
ions are permissible : Con, Niii, Pbii, znn, MoiV, 
vv, Rbiii, can, Barr, Srii, Zr1v, uvr, Aliii, Beii, Lalli, 
TJI. The system toleratevlower concentration of 
Cd11, Hgll and. Fem. However, Pdii and Pt1V must 
be absent. Among the anions tested borate, 
bromide, phthalate, phosphate do not interfere. The 
presence of thiosulphate, EDTA, tartrate, oxalate, 
citrate, fluoride, ascorbate restricts the extraction of 
copper. High results are obtained in presence of 
thiocyanate. 

Among the bases used 2,4,6-collidine was found 
to be most sensitive in both the bromide and iodide 
systems. With this reagent the precision and 
accu~acy of t~e. ~ethod was !es.ted }?y __ aE_ll;ly_sing __ 
solutiOns contammg a known amount- of copper(u) 
following the recommended procedure. The average 
of six determinations indicated the proposed method 
to be fairely precise and reproducible in either of 
the systems. 

References 

· 1. P. 0HATTOI'ADHYAY a.nd S. K. MAJUMDAR, Ind;an J, 
Ohem., Sect. A, 1983, 22; 91. 

1! •. J. H. W. FORSYTHE, R. J. MAGEE a.nd 0. L, WII,SON, 
Talanta, 1958, 1, 249. 

3. T. MOELLER and R. E. ZoGG, Anal. Olzem., 1950,22, 612. 
4. V. YATIRAJAN and B. P. ARYA, Talanta, 1975,22, 861. 
5. G. H. AYRES and I. E. SCROGGIE, Anal. Ohim. Acta, 

. 1962, 26, 470. 
6. G. B. DESHMUKH and B. Y. TATWAWA.DI, J, Sci. Ind. 

Res., Sect. B, 1961, 20, 506. · 
7. A. I. VoGitL, "A Text Book of Quantitative Inorganic 

Analysis", ELBB, London, 1962. 

867 



~).-. 

J. INDIAN diEM. soc., VOL. 66, JlJNB 1989 

J. iodJan Chem. Soc., 
Vol. 66, June 1989, pp. 42.8-42.9 

Spectrophotometric Determination of 
lron(n) using Cacot,heline 

A. SARKAR, P. K!. PARIA"* and S. K. MAJUMDAR 

Depattment of Chemistry, North Bengal University, 
Darjeeling-734 430 

Manuscript received 7 Marh 1988, revisea 26 October 1988, 
accepted 6 ApriZ 1989 

CACOTHELINE is to be the nitrate of the bisdime
thylmononitrobrucine hydrate1 and have the for
mula, C20H90 (0H) 9 (N09 )N9 0 8 .HN08 • Aqueous 

solution of cacotheline gives a violet colour with 
stannous ions due to the formation of a reduction 
product of cacotheline of unknown composition 9 • 

Potluri 8 used cacotheline as an indicator in estima
ting PbiV and crvr with Tim. The present authors 
noted that Fell gives a violet colour with aqueous 
solution of cacotheline in presence of phosphoric 
acid, and which lead to the development of a simple 
spectrophotometric method for iron(n) determina
tion. 

Ex:perimental 

Spectcal curves. and analytical measurements 
were made with a Shimadzu PRl spectrophotometer 
fitted with qua~tz cells of 10 mm optical path
length. 

Stock solution of iron(n) was prepared from 
FeS04 .(NH4 ) 9 SO.t and standardised6 

; a working 
solution was prepared by appropriate dilution. 
Aqueous solution of cacotheline (0.2%) was used 
for colour development. All other reagents were 
of analytical grade. Stock solutions of diverse 
ions were prepared from their corresponding salts. 

General procedure : To an aliquot containing· 
100- 500 pg iron(n), was added phosphoric acid 
(5 ml) and the aqueous solution of cacotheline 
(0.5 ml). Volume of the mixture was made up to 
10 ml with distilled water and the absorbance of 
the solution was measured at 530 nm against pure 
water as blank. Amount of iron(n) was computed 
from a calibration curve. To test the interference, 
. the respective foreign ions were added to the system 
before addition of the reagents. 

Results and Discuss.on 

In presence of fluoride or phosphate, iron(n) 
gives a violet colour with cacotheline. In the 
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former, the colour is very unstable and fades awa.Y 
within 5 min. But in presence of phosphoric acid 
the system gives a stable colour for at least 12 h 
showing a broad band of absorption maxima around 
530 nm. The reagent blank does not absorb in 
this region. 

It has been noted that 0.5 ml of 0.2% cacothe
Iine is sufficient for maximum colour development 
of the sample solution containing upto 500 pg of 
iron(n) provided the aqueous solution be made 
6-10 M with respect to phosphoric acid. Lower 
values in absorbance were obtained when the 
aqueous phase was less than 5 M with respect to 
phosphoric acid. Higher concentration of the 
reagent or the acidity of the aqueous phase were 
devoid of any significant change in the maximum 
value of absorbance. The system conforms to 
Beer's law over the concentration range 2-50 ppm 
of Fell with Sandell's sensitivity of 0.05 pg cm-9 at 
530 nm. 

To test the interferences, iron(n) was determined 
·in presence of the respective foreign ions. Deviation 
of not more than ±3% from the expected absor
bance was taken as the standard tolerance limit for 
the system. It was found that 300 J'g of Fe11 could 
easily be determined without any interference in 
presence of 5 rug of each of the following cations : 
Mnii, Coli, Niii, MoV1, Pdn, Pt1V, Rhlll, Cdu, Can, 
Ban, Srii, Zr11, Th1v, Bell, Zn11, Hgn, Mgn, Pb11, TI1, 

uvr, Laiii and Aim. Cull and vv must be absent 
as the system gives no colour in presence of the said 
cations. Presence of less than 2 rug of Crill is 
harmless. In presence of Felli low absorbance is 
obtained. The system tolerates 50 mg of each of 
the following anions : EDT A, thiosulphate, iodide, 
bromide, fluoride, citrate, tartrate, ascorbate, 
oxalate, acetate, phthalate, borate. There is no 
colour development if nitrate is present. 

The method is very simple and rapid. Precision 
and accuracy of the proposed method were tested 
by analysing solutions containing a known amount 
of iron(n). The average of six determimations of 
300 pg Fe was found to be 300.5 1-'g with the rela~ 
tive mean deviation of 1.27%. 
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