
CHAPTER II 

Cetyltrimethylamonium Bromide as an Analytical Reagent 
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Section 1 : Literature survey on the Use of Cet;,rltrimethyl
ammonium Bromide 
~ 

Q.J.arternary ammonium salts have long been used as 

extracting reagents in analytical chemistry for detection 

and determination of a number of metal ions. There are 

water soluble large ionic compounds. The quarternary 

ammonium salt specially those with long carbon chain have 

a tendency to form ar:J. ion-pair with large anions. These 

ion-pairs are soluble in organic solvents. This fact have 

been applied to the separation of number of metal ions. 

Cetyl trimethyl ammonium bromide (CTAB) belongs to this 

category. 

A.I.Kirlov et a1 1 determined uranium(~:VI) by using 
~.IH 

bromopyrogallol red and CTAB bromide at pH 6-7. The 

complex absorbs maximum at 635 nm. Niobium(V) was deter

mined2 spectrophoterically by using various organic dyes 

in presence of CTA bromide. A sensitive method was 



39 

suggested by Jadav and Venkateswarlu3 for the determination 

of niobium. The molar absorbtivity of the niobium -

Bromopyrogall ol red-IDTA system with CTA bromide was 

1.55 x 105 at 620 nm. This method was applied to the 

analysis of steel. 

The 1:2 ian-association complex of rate earth meta.J..-m 

-cresolphthalexon complex with CTAB has been investigated 

by Shanlina and Kirilov4 • Tellurium(IV) w~ determined5 

spectrophotometrically with the help of iodide and CTA 

bromide. The complex was extractable into chloroform from 

0.3M ~so4 medium. The absorbtion maximum of the complex 

was at 630 nm, with molar absorborpticity 5.9 x 104 

-1 -1 . . 6 d . d t . 1 mol em • Lui!., J~ngrong eterm~ne tungs en ~n pure 

iron and steel with bromopyroga.J..l ol red and CTAB after 

chromatographic separation. The spectrophotometric deter

mination of bismuth was studied by Wyganowski 7 ~ifsing 

bromopyrogallol red and CTA bromide. The absorbance was 

measured at 615 nm. Bismuth was first separated by 

extraction with dithizone in carbon tetra chloride or 

so~umdiethyl dithiocarbamate in ch10roform because many 

metal ions interfered. 

A spectrophotometric method was carried out by Gordeva 

and Meshcher Yakova8 for vanadium(IV). The reagents used 

are Pyrocatechol violet and CTA bromide. The method was 

applied to the determination of vanadium i11 bauxites and 



40 

silicates and the absorbance of the ion-association complex 

y.;as meas1.:1red at 670 nm at pH 5. 0 in the presence of ascorbic 

and tartaric acid. 

Hanxishen9 proposed a very sensitive method for the 

determination of molybdenum using dibromoalizarin violet 

and CTA bromide. The 1:1.5:3 Ho(VI)-dibromoalizarin violet 

-CTA bromide absorbs maximum at 635 nm in HCl medium. 

~anghui et a1 10 determined tin spectrophotometrically 
\.....r'! 

with salicylfluorone and CTA bromide in metallic materials. 

The c0mplex exhibits maJCimum absorbance at 510 nm (in 0.5 

Shen, Hanxi11 determined zirconium spectrophotometri-

cally with salicylfluorone and CTA bromide. The complex have 

absorption maximum at 512 nm with molar absorptivity 1.38 x 

1 05 (in 0. 3 M HCl ) • 

Hanxi14 determined tungsten spectrophotometrically by 

using dibromo alizarin violet and CTA bromide. In 1 M HCl 

medium tungsten dibromoalizarin violet and CTA bromide react 

to form a 2:3:6 blue complex with maximum absorption at 

620 nm. The molar absorptivity of the complex is 8.2 x 104 • 

Chromium (VI) - bromopyrogall ol red - CTA bromide system 

has been investigated by HUaigong and Guoquan15 • Chromium 

(VI) forms a 1 :3 complex with bromopyrogall ol red in 
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presence of CTA bromide. The blue complex absorbs maximum 

4 -1 -1 
at 635 nm with molar absorptivity 3.64 x 1Q 1 mol em • 

Guohong16 applied erichrome cyanine R and CTA bromide 

for the spectrophotometric determination of uranium. 

uranium forms 1:2:2 complex with erichrome cyanine Rand 

CTA bromide at pH 4.4-5. 8. The absorption maximum of the 

complex is at 585 nm (molar absorptivity 9.4 x 10
4

) 

-1 -1 1 mol em • 

41 

Weiwu et a1 17 proposed a spectrophotometric method for 

the determination of titatinum using o-nitrophenyl fluorone 

and CTA bromide. The complex exhibits abs0rption maximum 

at 535 nm (pH 1.5-2.0) with molar absorptivity 1.3 x 105 

-1 -1 1 mol em • 

:caopei 18 presented a method for the spectrophotometric 

determination of vanadium with Erichrome Cyanine R and CTA 

bromide. At pH 5. 0-6. 0 Erichlrome Cyanine R and CTA bromide 

forms 1:3:3 complex. The molar absorptivity of the complex 

was 6.63 x 104 1 mol-1cm-1 at 585 nm. 

Qiheng19 determined hafnium spectrophotometrically 

using bromopyrogall ol red and cationic surfactant as the 

reagents. In a 0.2 LVl HCl medium Hf-bromopyrogallol red and 

CTA bromide or cetylpyridinium bromide forms a 3 component 

colour complex of molar absorptivity of 6. 3 x 104 1 mol - 1crn-1 

at 670 nm with CTA bromide and pyridine bromide. 
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Jun et a1 20 employed CTA bromide in the spectrophoto-

metric determination of calcium and magnesium by using 

xylenol orange at pH 10.5. The blue complex of calcium with 

xylenol orcmge and CTA bromide has 1\_ max at 505 nm with 

molar absorptivity 4.5-104 1 mol-1cm-1 and the red complex 

of magnesium has" max at 570 nm with molar abso.rptivity 

4 -! -1 2.5 x 10 1 mol em • 

Xue Guang21 studied the colour reaction of thorium with 

semixylen.ol orange in presence of CTA bromide. At pH 1.5 

-4.0 the complex thorium-semixylenol orange ratio was found 

to be 1:2 with molar absorptivity 5.6 x 104 1 mol-1crn-1 at 

550 nrn. 

A highly sensitive method for the spectrophotometric 

determination of molybdenum has been suggested by D:>ngjin 

et a1 22 with 4,5-dibromophenyl fluorene and CTA bromidee 

The orange red complex was formed in 1.2-2.1 M HCL and the 

ratio of Ivl0-4,5-dicrophenyl fluorene was found to be 1:2. 

The apparent molar absorptivity was 1.2 x 105 1 mol-1cm-1 

at 538 nm. 

Bismuth in tin was determined spectrophotometrically 

by A.T.Pilipenko et a1 23 using polysulfide ion and CTA 

bromide. The complex was extractable into CHcl
3 

and the 

absorbance was measured at 440 nm. A spectra photometric 

method for the determination of manganese(II) with chrome 



Azurobs, 1,10-phenanthroline and CTA bromide24 has been 

devised. The ratio was found to be 1:1:1:3 at pH 10.5. 

The absorbance of the green complex was measured at 618 nm 
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4 1 -1 -1 618 d with molar absorptivity 9.6 x 10 mol em at nm an 

-1.21 x 105 1 mol-1cm-1 by dual wave length method. 

Fan and Zhiping25 devised a spectrophotometric method 

for the determination of zirconium(IV) using 6,7-dihydroxy 

-2-phenylbenzopyrylium chloride 4-carboxylic acid(I) and 

CTA bromide. In presence of excess zirconium the ratio 

( zr :I) was found to be 1:1 with molar absorptivity 2. 6 x 104 

-1 -1 1 mol em at 480 nm. In presence of excess I the ratio 

zr=I:CTA bromide was found to be 1:5:3 with molar abso.r:ptivity 

5 -1 -1 1.21 x 10 1 mol em ~t 560 nm. 

Aluminium was determined spectrophotometrically by 

Zhe and Shuisheng26 using salicyl fluorone and CTA bromide. 

The alumi:aium-salicyl flurone ratio was found to be 1 :2. 

The complex exhibits maximum absorbance at 559 nm with molar 

absorptivity 1.4 x 105 1 mol-1cm-1 at pH 5.7-6.5. 

'rhe reaction of aluminium(III) 28 with sodium 2-bromo 
, 

-4,5 dihydroxy benzene-4 -sulfonate in the presence of CTA 

bromide has been studied spectrophotometrically. rvraximum 

absorbance occured at 527 nm in the pH range 6.7-B.O. 

, 
9-(4 -aldehydrophenyl)-2,3,7-trihydroxyl-6-fluorone 

and CTA bromide were used as reagents by Rongnong et a1 29 

for the spectrophotometric determination of tantalum. 



Abu 2Uhri and Ali z30 detennined lead spectrophoto

metrically at 575 nm as its complex with 2-(5-bromo-2 
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pyridylazo)-5-diethylaminophenol and CTA bromide at pH-7.00. 

4 -1 -1 The molar absorptivity was 5.1 x 10 1 mol em • 

Wang, Dongjin et a1 31 studied the use of 4,5 dibromo

phenyl fluorone (Br PF) and CTA bromide in spectrophotometric 

determination of gallium. The molar absorptivity of the 

5 -1 -1 8 h . complex was 2.59 x 10 1 mol em at 5 8 nm. T e rat~o of 

the Ga/Br-PF/CTAB was established as 1:3:6. 

Tantalum was determined spectrophotometrically by Xi, 

Ganquing et a1 32 using 2,4,dichlor~:ph~~ fluorone and CTA 

bromide. The optimum acidity range, maximum wave~~pgths 

molar absorptivities, ranges_in which Beer's law is obeyed 

are given. 

Xi Ganging and Liang Iexice33 carried out a spectro

photometric method for the determination of germanium with 

2,4- dichlorophenyl fluorone in presence of CTA bromide. 

The maximum absorbance was measured at 513 nm with molar 

. . 1 5 -1 -1 
absorpt~v~ty • 7 x 10 1 mol em • 

Nengxin et a1 34 determined tin spectrophotornetrically 

using 2,4-dichloro spacetrophotornetrically using 2,4-dichloro 

phenyl fluorene and CTA bromide. The absorbance was measured 

at 514 nm from 0.6-2.1(M) H2so4 medium. 
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Rhodium was determined spectrophotometrically BU 

·shokum et a1 35 using salicylfluoronne and CTA bromide. 

The complex has maximum absorbance at 595 nm. 

A spectrophotometric study of complex formation of 

molybdenum with P-amino phenyl fluorene (PAF) in presence 
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of CTA bromide ~;vas carried out by Xi, Ganguing et a1 36 • The 

molybdenum complex has an absorption maximum at 527 nm. The 

molar absorptivity is .8.5 x 10 4 in the presence of ~po4 
:~hile only 4. 8 x :w 4 in the absence of Hz/P04 • The 

Mo :P AF ratio of the complex is 1:2 in the presence of 

An extractive spectrophotometric method for the deter

mination of iron (II) has been described by M. Z3.ki et al 37 

using Pyrocatechol violet and CTA bromide. The iron(II) 

-Pyrocatechol CTA bromide ratio was found to be 1 :2:2. The 

molar absorptivity of the complex is 1.35 x 105 1 mol-1cm-1 

a£ 595 nm. 

Jiang, Shufa et a1 38 determined scandian using 7-iodo 

-8 hydroxyquinoline-5 sulfonic acid and CTA bromide. The 

complex exhibits its maximum absorbance at 505 nm in the 

pH range 4.5-6. o. 

Chen, Ziruo39 described a spectrophotometric method for 

the determination of tin with o-chlorophenylfluonone and 

CTtJJAB. The complex has an absorption peak at 520 nm with 



5 molar absorption coefficient 0.97 x 10 • 

Zinc was determined40 with chrome zyrol-s-semixylenol 

orange-CTAB spectrophotometrically. The absorbance was 

measured at 525 nm. The ratio of zn(II):chromeayurols: 

semixylenol :CTAB was found to be 1:2:1.5:1. and the molar 

. . . 1 2 -1 -1 absorptlvlty lS .18 x 10 1 mol em • 

Keeping in view the potentiality of cetyltrimethyl 

-ammonium bromide as an extracting agent, a programme has 
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been taken to develop methods for spectrophotometric deter-

mination ·Of some metal ions in microquantities with the 

help of this agent. 



Section 2 

The use of thiocyanate as a reagent for the extraction 

and estimation of many metals is known since 1 ong back. The 

metals like iron(III), cobalt(II), bismuth, uranium(VI), 

niobi~m, rhenium etc. form coloured complexes with 

thiocyanate. Generally these complexes are extractable into 

oxygen-containing solvents like ethyl e·ther, acetone, etc. 

Thiocyanate have a tendency to form a series of 

consequitive conplexes with a given metal (e.g. iron, 

bismuth, molybdenum), depending upon the thiocyanate 

concentration. For example, formation ,b:t: di, tri and 

hexathiocyanate complexes of cobalt, depends on the thiocya

nate concentration ,and the medium used41 - 44 • Iron also 

forms a series of complexes like Fe (SCN):t , Fe (SCN)
3

, 

• • • etc. depending on thiocyanate concentration 45 • The 

coloured thiocyanate complexes are stable in organic 



solvents and they can be appl~ed in mineral acid medium. 

Certain organ.ic cations of large size viz. tetraphenyl

arsonium 46 , triphenylmethyl arsonium 
4 7 , tributyl am onium 

48
, 

etc. form ion-pairs wit:h the thiocyanate complex of cob a]. t 

which are extractable into organic solvents like chloroform. 

These extracts are useful for determination of cobalt. 

Zhan and Liu 49 determined cobalt using thiocyanate and 

some basic triphenylmethane dyes. 

The thiocyanate method for the determination of iron 

has been studied by various workers50- 54• I:Myer and Gibson55 

extracted the thiocyanate complex of iron with triphenyl 

methylarsoniurn ca·tion at pH 1-2 into o-dichloro benzene .. 

Babko studied56 the various complexe@ of quinquevalent 

molybdenum with different thiocyanate concentration. Bayan 

and nas5 7 determined molybdenum using thiocyanate and 

benzyl trimethyl ammonium chloride. They used thiourea to 

reduce molybdenum. The complex was extractable into 1,2 

dichl oroethane with maximum absorbance at 465 nm. 

C . v· · 58 d d h ~rnpu ~or~ca rna e a stu y on t e spectrophotometric 

determination of palladium with thiocyanate and thiourea. 

Th 11 1 ab 1,\b . · e ye Oi:J comp ex so;g s max~mum at 350 nm. 

Vanadium(II) was determined59 spectrophotometrically 

using thiocyanate and diantipyrylmethane. The 1:2:3 
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V-SCN-diantipyrylmethane complex was extractable into 

chloroform. 

Kharsan and IV".d.shra60 proposed a selective method for 

the determination molybdenum spectrophotometrically by 

extracting the molybdenum-N-hydroxy-N-P-tolyl-N-(3,4 dimethyl-

phenyl) benzamidine in present of thiocyanate. The complex 

absorbs maximum at 4 70 nm. 

The mixed ligand complex formation of vanadium(V) with 

N-p-cin-amoyl-N-p~ethylphenyl hydroxyl amine and thiocyanate 

61 have been investigated by Bag and Saha • The complex is 

extractable into chloroform and was used for the spectropho-

tometric determination of vanadium. 

Niobium was determined62 spectrophotometrically from 

3 M HCl medium with dibenzo-18-crown-6 and thiocyanate. 

Benzene was used as an extracting solvent. The ion-associa-

tion complex of U(VI)-thiocyanate-1-ethoxycarbonyl pentadeccyl 

trimethylammonium was extracted63 into chloroform for the 

spectrophotometric determination of uranium(VI). 

64 Jaya et al devised a spectrophotometric method for 

the determination of rhodium(III) in thermocouple wires 

using ·thiocyanate and rhodamine 6G. The complex in aqueous 

solution was stabilized by adding gelatin. 

Lopez et al 65 determined silver in lead and lead 

concentrates with thiocyanate and Hhodamine B. Copper(II) 



was extracted from thiocyanate solution into chloroform 

solution containing 2-benzoylpyridine-2-Pyridyl hydrazone or 

2, 2' -dipyridyl ketone-2 pyridylhydrazone by stratis et al 
66 

for the determination of copper photometrically. 

Shiralieva and Iskenderov67 determined titanium photo-

metrically by extracting of its 1:4:2 complex with SCN- and 

amine from 2.4-4.8 M HCl into chloroform. The absorbance 

was measured at 400 nm. 

~---· 68 Chandrak~) and Mi.shra proposed a new spectrophotto-

metric method for the determination of Mo(V). Mo(V) forms 
, 

a· ternary complex with N-hydroxy-N-P-chlorophenyl-N -p 

chlorophenyl-o-chlorobenzamidine hydrochloride in presence of 

thiocyanate. Another method for the spectrophotometric 

determination of Mo (V) is based on it formation of green 

complex with thiocyanate and malachite green69 • In our 

present investigation thiocyanate has been used as an 

auxiliary ligand to develop some spectrophotometric methods. 

The use of iodide and pyridine as auxuliary ligands 

is known. Among the elements that are extracted as iodide 

complexes are antimony(III), cadmium, gold(III), indium(III), 

lead(II), mercury(II) etc. The solvents that have been 
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used are, ethyl ether, methyl isobutyl ketone and methyl 

isopropyl ketone. 

The base like pyridine behaves like a neutral ligand 

co-ordinated to the metal. Cobalt, nickel and copper in the 

presence of pyridine give water insoluble complexes which 

dissolve in chloroform to give pink, blue and green solutions 

of which the last, containing Cu(Py)
2

(SCN) 2 has been used in 

colorimetry70 • Similar complexes are formed by zinc, 

cadmium and many other metals which can serve as the basis 

f "'-h . l t xt t. 71 or w e~r so ven e rae ~on • 

UmezaJd 72 extracted iron into isobutyl methyl ketone 

from acid media with a solu·tion of 0.5% dibenzoylmethane 

in mixture of pyridine and methanol. The absorbance was 

measured at 410 nm. Umezaki73 also extracted U(VI) with 

dibenzoylmethane into tributyl phosphate from nitric acid 

containing aluminium nitrate as the sal ting-ou·t agent. 1-E 

found that in presence of pyridine the system gives a bright 

yellow colour, stable for 20 hours. 

During the extraction of uranium with 8-hydroquinoline 

Koppiker and Ganj ankush 74 observed that the addition of 

pyridine and acet0ne enhances the colour intensity of the 

uranium oxinate complex. 

Copper forms a green complex in the presence of pyridine 

and thiocyanate. This has been used in developing 
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gravimetric as well as colorimetric methods for estimation 

75-78 of copper • Ayres et al 79 studied the extraction of 

thiocyanate complex of cobalt with chloroform in the presence 

of pyridine and worked out the eptimum conditions for the 

colorimetric determination. Akaiwa and Kawamoto80 studied 

the 2-theonyltrifluoro acetone-pyridine bases complex of 

cobalt for the spectrophotometric determination of cobalt. 

The solvent employed was benzene and the absorbance was 

measured at 43 0 nm. Kuroda et al 81 studied the formation 

of cobalt complex with pyridine and azide which was used 

for the colorimetric determination of cobalt. 

Palladium can be determined colorimetrically with 

:t- • • d . th f . di 82 
o-mercuptouenzo~c ac~ ~n e presence o pyr~ ne • 

Extraction behaviour of some bivalent metals with 

methyl substituted pyridines in thiocyanate system has been 

studied83 , 84 , 85 • Soni and Shah86 studied the solvent 

extraction behaviour of cobalt(II) chelate of 4-formyl-1-

phenyl-3-methyl-2-pyrazoline-5-one in presence of pyridine. 

EXtractive spectrophotometric determination of vanadium as 

Vanadium(III)-Pyridine-dibenzoyl methane complex is proposed 

by A.ry and Yatiranj an 87 • 

Iodide complexes are more coloured compared to the 

chloro and bromo complexes. In presence of excess iodide 

bismuth, platinum(IV), palladium and tellurium yields 

strongly coloured soluble complexes in acid solutions.. The 
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reaction of bismuth with iodide provides aB excellent sen-

sitive methods for the determination this element. 

Sudo used88 Potassium iodide in presence of antipyrine 

solution to determine mercury. Absorbance of the chloroform 

extract was measured at 330 nm. Yamamoto and Kotsuji89 

extracted Hgi~- complex with Fe (dipy)i at pH 6.5 into 1,2 

dichl oromethane and measured its absorbance at 526 nm. 

According to Figgis and Gibson90 antimony could be 

detennined spectrophotometrically as Sbi4 from 2 M HCl with 

Ph
3

MeAs+, (P-tolyl)
2 

MeAs+ and (P-tolyl)
3

Me
2

As+. The 

complex was extractable into o-dichlorobenzene. 

An indirect colorimetric method for the detennination 

of calcium was proposed by Sendroy91 by llSing iodide. 

Matano, and Kawase92 studied spectrophotometric deter-

mination of bismuth with iodide and tetraphenyl phosphonium 

chloride. The complex L,-Ph4 P+JL,-Bii4 q was extractable 

into chloroform from 1M H.2so4 and the absorbance measured 

at 505 nm. 

~mbinsJ<.i93 found that imipramine hydrocbloridide (HI) 

in acid medium reacts with iodo complex of palladium to 

form the species (IH) 2 Pdi4 , which is soluble iq chloroform. 

This compound is utilized for the determination of the metal 

spectrophotometrically. 



.~ ::.f 

Marczenko et a1 94 determined tellurium spectraphoto

metrically using iodides and cetyl trimethyl arrunonium ion. 

The ion-association complex was soluble in chloroform. 

An ion-association complex of lead with iodide and 

1,4-dimethyl-1~2,4-trizolinium (3-azo-4)-N-N-diethylaniline 

was investigated by Kish et a1 95 for the spectrophotometric 

determination of the metal. AnotBer spectrophotometric 

method for the determination of ~~dmium have been proposed 

by Rao and Ranakrishna96 • They used iodide and pyronine G 

and determined cadmium in pure zinc materials. 

A hypersensitive method for the determination of 

rhodium is described by Ci and Wang97 • They studied the 

Rhodium(III) -Potassium iodide -butyl Rhodamine 

B-arabic gum-Triton x 100 system. Bismuth could be 

determined
98 

photometrically by using potassium iodide and 

Rhodamine 6G. 

In the present investigations, thiocyanate, pyridine 

and iodide have been used as auxiliary ligands whef!::J necessary. 



section 3 : EXtraction and Sf>ectrq:>hotometric Letermination 
of Iron 

INTRODUCTION 

The extensively used complexing agent thiocyanate, for 

the colorimateric determination of iron is well known. The 
99 

red colour of FeSCN+2 has l'ong been employed for the 

colorometric estimation of iron(III) and in presence of 

excess thiocyanate iron can be extracted into oxygen 

containing solvents. other reagents may have also been 

used. The metal can be determined spectrophotometrically 

by using chromeazurols and hexadecyltrimethyl ammonium 

bromide100 • 

Gonzalez Portal et a1 101 determined iron (III) 

spectrophotometrically by using music acid at pH 8. 6. The 

absorbance was measured at 290 nm. Mathur s.P102 deter-

mined iron (III) spectrophotometrically by measuring the 
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absorbance of its complex with N-quinolyl-N -phenyl thiourea 

at 475 nm. 

Ethylene diaminetetra methylene phosphonic acid103 

forms complex at pH 4.0 which was used for the determination 

of iron, absorbance was read at 255 nm. other reported 

methods for the determination of iron involve the application 

of di-2-Pyridyl-glyoxal-2-quinolyl hydrazone104 , poly-N

methylene-.~~:·~' -dipyridylium chloride105 , 3-hydroxy flavone106 • 

Akama Yoshifumi et a1107 determined iron in solar salt 

sample with 4-capryl-3-methyl-1-phenyl-5-Pyrazoline at pH 

3.5. The complex was extracted into butyl alcohol and the 

absorbance was measured at 450 nm. Taketatsu Tomitsugu 

et al 108 used 2-theonyl-trifluoroacetone as a spectrophotome

tric reagent for the determination of iron (III). The molar 
,-, 

absorptivity were measured at 33 8, 3(~/3 and 500 nm. The 

4-hydroxy-1, 10, phenanthroline109 complex of iron(II) was 

investigated at pH 10 - 2 {M)NaOH. The maximum absorbance 

was observed at 545 nm. Mehra M.C. et al 110 used 

hexacyanoruthenate as an analytical reagent for the detection 

of iron. The complex absorbs maximum at 550 nm. At pH 4-5 

ferric iron forms with 3-aldehydo salicylidene lyano acetyl 

hydrazone111 , a red brown complex which absorbs maximum at 

370 nm. 

2-2' dipyridyl-2-quinolyl hydrazone112 forms a complex 

with iron (II) at pH 3.4-4.5, which \vas used for the 



determination of iron. The complex was extracted with 

benzene with maximum)absorbance at 473, 504 and 644 nm. 
t_-' 

The characteristics of the iron(II)-biacetyl monoxime113 

complex in the presence of ascorbic acid and ammonia or 

methylamine were studied and a spectrophotometric method 

for the determination of iron was described. The absorbance 

was measured at 505 or 510 nm with amonia or methylamine 

respectively. 

In the pH range 4. 8-10.0 a brown complex formed by 

. h ( ,.-, ) 114 iron wJ.t 2- 2-thiozolyq~,azo -4-methylphenol has been 

investigated. The complex was extracted with CHC1 3 • The 

absorbances were measured at 527, 628 and 762 nm. 

Some other reagents have also been studied for the 

spectrophotometric determination of iron which includes 

2 6 di t 1 . di d th l di . 115 2 2, di . d 1 , ace y pyrJ. ne an e y ene amJ.ne , , pyrJ. y 

ketoxime116 , salicyloyl-hydrazide117, Pyridine-2-acetal 

dehyde salicyloylhydrazone118, 3-hydroxy-2-methyl-1-4-

napthoquinone monoxime119 , methyl-1-3-indadione-2-carboxy

late120, 7-(2-thiazolylazo) resorcino1121
1 isophthalodihy-

,, 
droxamic acid

1?2 
1 dipicolinyl dihydroxamic acid123 

1 

4-(4-methyl-2-thiazolylazo) resorcino1 124
1 1 1 3-bis 

,·, 

L-(2-Pyridyl)-methylene aminoJ thiourea and 1,3-bis ).:' 

L- (2-Pyridyl) -methylene amino_? thiourea and 1,3-bis 

L-{~)2 -Pyri dyl) -methylene aminoJ guanidine125 
• 



Chandravanshi et a1
1 2'6 found that, iron (III) fonned an 

orange complex with N-phenyl cinnamohydroxamic aci~ The 

complex was extracted quantitatively into benzene from 

acidic medium. The complex shows absorption maximum around 

440 nm. Iron (II) complex with bromopyrogall ol red and 

pyrogallol red in the presence of tetradecyl trimethylamine 

bromide was used127 for the photometric determination of 

iron. A violet complex formed by iron(III) with N-hydroxy 

I 128 
-N-N -diphenyl benzanide in the presence of azide has 

been investigated. The mixed ligand complex was extracted 

into chloroform at pH 2-5. The absorbanc::e was measured at 

530 nm. Ammonium thiocyanate and tetrabutyl and ammonium 

hl · ..:l. 
12 9 f ' ' . th ' (II ) h. h d c or2ue orm an 20n-pa2r w2 2ron I w 2c was use 

for the spectrophotometric determination of iron. The 

complex was extracted into chlorofonn and the absorbance 

was measured at 475 nm. 

Iron can also be determined spectrophotometrically by 

using 4- {2 thiazolylazo) -6~chl ororesorcino1 130 , chl oroderi

vatives of phenyl azo chromotropic acict 31 , neotetrazolium 

chloride132 , monobutyl ester of..{; -(N-benzyl amino)-salicyl 

phosphonic acid133 , 1,10-phenanthroline-thiocyanate134 , 

2- (2 '-benzothiazolylazo) -4, 6-dimethyl pheno1 135 , theonyl

trifluoro acetone136 , salicylate and purpurin137 , 2-acetyl 

pyridine thioserni carbazone138• 



Bayan K.c139 determined iron(III) by extraction of its 

ior-pair with benzyltrimethyl amonium chloride and 

thiocyamate in presence of ethyl methyl ketone into 1-2 

dichloroethane. The absorbance was measured at 475 nm. 

Another spectrophotometric method involves the use of 

2-{J'-sulfdbenzoyl) Pyridine benzoyl hydrazone140• The 

absorbance of the complex \..ras measured at 646 nm at pH 7-11. 

Salinas F. et a1
141 determined iron{III) using 2-Pyrilidine 

imino benzohydroxarnic acid. The absorbance of the red 

complex was measured at 475 nm. 

Another procedure for iron (II) determination has been 

investigated by using pyrocatechol violet and cetyl 

trimethyl ammonium bromide142 • The absorbance of the 

complex was read at 595 Qm. 

Lin, Jeun Lin143 recently devised a method for the 

determination of trace amounts of iron (III) through 

enrichment of its acenapthenequinone dioximate with 

microcrystuline naphthalin. Absorbance was measured at 

4 7 0 ' d S K ' d 144 d t , , ' b t l nm. P.K.Parla an •• MaJum ar use po asslum u y 
, I 

xanthate for the spectrophotometric determination of iron. 

The absorbance was measured at 460 nm. Both ferrous and 

ferric iron forms complex with 9,10-phenanthroquinone 

. 145 monoxlme • This complex was used for the photometric 
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determination of iron. The absorbances were measured at 

747 nm for iron(II) and 425 nm for iron(III). 

In our present investigation it has been observed that 

iron(II) forms a stable complex with thiocyanate which by 

itself is not extractable into organic solvents like benzene~ 

chloroform, ethylacetate. But in presence of cetyltrimethyl 

ammonium bromide the complex is extractable into above 

mentioned organic solvents. This fact has been used146 in 

develOping a photometric method for estimation of iron in 

microquantities. Further, the sensitivity is raised by 

addition of borate. 
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EKPERIMENTAL 

measurements were made on a Shimadzu PR-1 model recording 

spectrophotometer, equipped with matched quartz cells of 

r;:-;;-' 161) ---

10 mm optical path length. An ECl 5651 digital pH meter was 

used to measure the acidity of the aqueous solutions. 

Separating funnels (corning; 50 ml capacity) were used for 

extraction pu:r:pose. 

3.532 gm of ferrous ammonium sulphate was dissolved 

in distilled ~1\Tater, acidified with 2-3 drops of cone HCl, 

to prepare 250 ml of the stock solution. This was then 

standardised14 7 • Solutions of 10\...rer concentra-tions were 

prepared by appropriate dilution. 

Solutions of ammonium thiocyanate (0.2 M), cetyltri-

methylammonium bromide (CTAB) (0.1 M), sodium tetraborate 

(0. 025) and hydroxylamine hydrochloride (1%) were prepared 

from distilled water. KCl-HCl buffer (pH-1) was used to 

adjust the pH of the aqueous phase. 

Standard solutions of diverse ions were prepared from 

cluorides, nitrates or sulphates (in case of cations) and 

from sodium, potassium or ammonium salts (in case of anions) 

of the species concerned, followed by standardisation, to 

study interferences. 



All other chemicals and solvents used, were of analy-

tical grade. Benzene, chloroform, ethyl acetate, carbon 

tetrachloride, and butyl alcohol were distilled before use. 

:cet~f!!!.ina~£!!_,2£ ir~ : To an aliquot of standard 
to 

solution or sample containing up~15 ~ of iron(II), were 

added o. 2 M ammonium thiocyanate ( o. 5 m1), 0.1 M cetyl tri

methylammonium bromide (0., 1 ml) and o. 025 M sodium tetra

borate solution (0.5 ml). 0 .. 5 m1 of hydroxylamine 

hydrochloride was added if iron (III) is present. 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 ml. 

The resulting mixture was equilibrated with benzene (10 ml) 

for 30 se~. After phase separation, organic layer was 

poured over anhydrous sodium sulphate to remove any retained 

water globules. The absorbance of the organic extract was 

measured against a blank at 475 mm and the metal concentra-

tion computed from a calibration curve. To test the 

inference, the respective foreign ion was added to the 

aqueous solution before addition of the reagents. 

RESULTS N~D DISCUSSION 

AbSOfEti~n sRectra : The spectrum of the iron{II) 

complex in benzene, taken against reagent blank as the 

reference, has been shown in Fig.1. The complex exhibits 



absorption maximum at 475 nm. The ~~eagent blank itself 

shows insignificant absorbance in the aforesaid wave-length 

region. The pat·t;ern of the absorption spectrum of the 

complex, extracted throughout the entire raTlge 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. 

Bee~ •s -~~~ and ca-l!l?..£~ti~--~~ : Different amounts 

of iron (II) were taken and extracted as in the procedure 

at pH-1. 0 and the corresponding absorbances v-1ere measured 

against the blank in order to observe the adherence of the 

colour system to Beer's law. The absorbance shows a linear 

response over a concentration range of 1.5 ppm of iron, as 

seen from Table 1 and Fig.3. In each case in remaining 

aqueous phase after a single extraction was clear and 

colourless. Furthermore, the aqueous phase was free from 

iron as tested by an independent method. 

Ef~~ct ~~~~£iocyanate concentration : Keeping other 

variables constant, the amount of aqueous ammonium 

thiocyanate (0. 2 M) was varried to study its effect on 

absorbance. It was found that 0.5 rnl of 0.2 M ammonium 

thiocyanate along with 0.1 rnl of 0.1 M cetyltrimethylammonium 

bromide and 0.5 rn1 of 0.025 M sodium tetra borate was 

sufficient to extract 9 ~ of iron in a single operation. 

Increased concentration of thiocyanate, however, did not 
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bring about any significant change in the maximum absorbance 

as seen from Table 2. 

Ef~~ of -'=-~~~l trimet~l a!!!!:!!. onium br<?!!lid~_ig!~) 

c oncentr~~ : As regards, 0.1 m1 of o .1 M CTAB was quite 

adequate for quantitative extraction ofJ9 !U-g of iron. 

Below o.os ml of 0.05 Jlt1 CTAB, absorbance of the benzene 

extract was found to give values. Increased concentration 

could not produce any significant change in the maximum 

colour intensity. Experimental results in respect of CTAB 

concentration are presented in Table 3. 

of sodium tetraborate in the reaction mixture \'las found to 
. 

play a significru1t role in enhancing the colour intensity 

of the extracted species. Spectral curves of the benzene 

extracts obtained by applying the procedure to solutions 

initially containing iron as iron(II) were identical in 

nature to those obtained from iron (III) solutions. In the 

procedure addition of borate raised the intensity of the 

colour when iron was present initially as iron(II). To a 

solution containing iron as iron (III), addition to borate 

had no effect (Fig.2). The effect of varrying amounts of 

sodium tetraborate is shown in Table 4. 

Effect of aciditv : Effect of acidity on the system 
----~ ' 



complex in the organic phase. Maximum absorbance was 

obt~ained when the extractions were carried out from 4 M 

HCl medium to pH-1. o. In each case the remaining aqueous 

phase, after the extraction, was clear and colourless. 

Complete and quantitative extraction of iron occured from 

this en·l:ire range. At higher acid concentrations diffi-

culty arises in separating the organic layer due to 

formation of some 1fmylsion in between the organic and the 

aqueous phase. Beyond pH-2 iron shows no col our reaction 

with the reagents in the aqueous phase. The reagent blank 

absorbs minimum at pH-1.0 where the extractions were carried 

out for our investigations, unless otherwise mentioned. 

Effect of solv~ : Among the various solvents used, 

benzene was found to be most suitable to extract the iron 

complex, as seen from the Table 5 & Fig.1, shows that the 

spectral curves of the iron complex in various water 

immiscible solvents are identical in nature, although the 

complex is not extractable into carbon tetrachloride or 

butyl alcohol. 

Addition of r~ag~ : Addi·l:ioh of reagents is important 

in the procedure. One must follow the sequence of adding 

the reagents as - thiocyanate, CTAB and borate follov-Ted by 

addition ~~~~~buffer. No colour development was there if 

borate was added before thiocyanate. 



2£~ilitz_£t_co~ : The rapid develOpment of the 

maximum colour intensity and its constancy with time 

indicates that time is not a critical factor in iron 

determination. The absorbance of the Fe(II)-SCN-CTAB 

complex i~ benzene was measured at elapsed intervals of 

time and the results are shown in Table 6. 

~~~~ : To test the effects of diverse ions, 

iron (II) was extracted and determined according to the 

recommended procedure in presence of the desired foreign 

ions. E.:xtraction pH was set at 1. 0, unless otherwise 

mentioned. 1m ion was considered to interfere if the::-~ ---- -- -,. 

recovery of iron differed by more than ± 3% from the actual 

amoun-t taken. Iron (II) (9 tUg) could be determined in 

presence of aluminium(III),.barium(II) 1 berylium{II) 1 

calcium(II), strontuim(II), cerium(III), cadmium(II), 

chromium(III), lanthanum(III), lead(II), magnesium(II) 1 

nickel (II), rhodium (III); bismut:h (III), thalium(I), 

thorium(IV), uranium(VI), girconium(IV) 1 silver(I), 

cobalt (II) 1 manganese (II), molybdenum(VI) and platinum 

(IV). Vanadium(VI) could be tolerated if the extraction 

be carried from 3 M HCl medium. In presence of cepper(II) 1 

the benzene extract becomes hazy and the absorbance of 

the organic layer could not be measured. Authors failed 

to remove this interference. Zinc(II), rnercury(II) and 

tin must be absent as iron{II) showed.no colour reaction 

t6"61 
'------"" 



with the reagents in presence of them. Presence of 

palladiurn{II) resulted low recovery of iron. 

Among the anions tested, the system tolerated the 

follO\vings : citrate, tartrate, acetate, phthalate, 

phosphate and nitrate. Extraction should be carried out 

from 3 M HCl medium to avoid the interference due to EDTA, 

fluoride and oxalate. The system however was found to be 

susceptible to the presence of iodide, nitrite and 

ascorbate. In 3 M HCl medium, thiourea could be tolerated. 

Results are shoi ... m in Table 7. 

~n~--~S£~~ : The proposed method was '~ 

tested by analysing solutions containing a known amount of 

iron(II). The experimental results for the determination 

of 3-12 /Lg of iron(II) are sh~~ in Table 8. The method 

is fairly precise and reproducible requiring hardly 10-15 

min for each nln. The sensitivity of the method has also 

been compared to those of some other existing methods as 

seen from Table 9 •• 

tested on a number of synthetic mixtures comprising 

different metal ions to determine iron. The results are 

shown in Table 10. 

The method finds its application in the analysis of 

the following standard samples obtained from the Bureau 

67' ' j 
·~· 



of Analysed SampQes Limited, England. 
\.•J 

Portland cement : Aa weighed amount (0.2143 gm) of 

the substance was dissolved in the minimum volume of 1:1 

hydrochloric acid. The mixture was boiled and filtered. 

The volume of the filtrate was made up to 100 m1 'lrlith 

di@tilled water. The solution after proper dilution was ... 

used to detennine the amount of iron present in the sample. 

Dolomite : o. 2135 gm of dolomite was dissolved exactly 

as portland cement to give 100 ml o£ test solution. Iron 

present was determined similarly as described earlier. The 

results Obtained from three determinations in each case, 

are presented in Table 11. 
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Table 1 : Beer •s law ,data 

Iron (II) taken in ,ttL g Absorbance at 475 nm 

1.5 0.050· 

3.0 0.205 

6.0 0.402 

9.0 0.570 

12.0 0.772 

15.0 0.950 

18.0 1.102 

Table 2 : Effect of thiocyanate concentration 

Troe aqueous phase (10 ml) contains 9 .At..,g of Fe (II), o. 1 
m1 of 0.1 M CTAB and 0.5. ml of o. 025 M borate. Extraction 
pH-1.0 

Thiocyanate 
concentratio:q. 

M. 

0.2 

0.2 

0.2 

0.2 

Amount 
added 

. ml 

0.1 

0.2 

0.,4 

0.6 

0.8 

1.0 

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

Absoroance 
at 475 nm 

0.205 

0.502 

0.570 

0.575 

0.572 

0.580 



': • .. · 

Table 3 : Effect of CTAB concentration - -
The aqueous phase (10 m1) con~a~~s: 9 ./Lu:; of Fe (II), 0.5 
ml of 0.2 Iv1 NH4 SCN and 0.5 ml of 0.025 Ivi sodium tetra.-
borate. Extraction pH-1. 0 · 

CTAB 
concentration 

Iv1 

------------·--------
Amount 
added 

ml 

Absorbance 
at 475 nm _______________ ..._...__ ,. . - -.. ----...-----

0.05 0.502 
0.05 

0.10 o.sso 

0.05 0.568 
0.1 

0.1 0.570 

0.1 0.565 

0.4 0.1 0.572 

0.5 0.1 0 .. 575 

---------------------------------------------·--------------------

Table 4 : E.Efec~ of th~~nce of sodium tetraborate 

The aqueous phase (10 ml) contains 9 ~ of Fe(II), 0.5 
rn1 of 0.2 M NH4 SCN and 0.1 rnl of 0.1 Ivi CTAB. Extraction 
pH-1.0 --
Borate concentration Amount added Absorbance at 

Iv1 rnl 475 nm 

0.025 0.05 0.450 

0.025 0.1 0.505 

0.025 0.2 0.580 

0.025 0 .. 3 0.565 

----
contd ••• 

,...---., 

'!_~_j 
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Table 4 contd ••• ------- ·----
0.025 0.4 0.560 

0$025 0.5 0.570 

0.025 0.6 0.565 

0~025 0.8 0.580 

0 .. 025 1.0 0.570 

0.025 1.2 0.550 
-- :-\ 1.4 0.520 
---...!..-~~--' 0.,025 

0.025 1.6 o. 425 

0.025 1.8 0.400 

0.,025 2.0 0.305 

----

* Table 5 : Effect of extracti~ solvents 

-------------------------------------------------------
Molar Sandell •s 
absorptivity sensitivity 

-1 -1 /ti.gjcm 2 1 mol em 

Solvent j\ max 
nm 

Benzene 475 3.59 X 104 0.0015 

Ethyl acetate 480 2.99 X 104 o.o 018 

Chloroform 470 2.66 X 104 - 0.0021 

Carbon 
tetrachloride NE NE NE 

Butyl alcohol NE NE NE 

* NE = Complex not extractable 

------ ----



Table_£_! variation ~~~O£Ption with time 

Time in min Absorbance 
after extraction at 475 nm 

--
5 0.575 

10 0.570 

20 0.570 

40 0.575 

60 0.570 

90 0.565 

120 0.570 

--

Table 7 : Effect of diverse ions on the determination of 
iron --

Iron (II) taken - 9 ;LLg; Extraction pH-1.0 (unless other
wise mentioned). 

------------------------------------------------·--------
Diverse ion 
added 

Aluminium (III) 

Barium (II) 

Berylium (II) 

Calcium (II) 

Strontium (II) 

Cerium (III) 

Cadmium (II) 

--

Amount 
tolerated 

mg 

Iron (II): found 
,1-lg 

--------
6.0 9.0 

5.5 9.2 

6.0 9.1 

6.0 9.0 

5.5 9.0 

5.5 8.0 

6.0 8.8 

Error 

% 

0 

2.2 

1.1 

0 

0 

2.2 

2.2 

contd ••• 
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Table 7 contd ••• 

Chromium (IV) 4.0 \~)1 1.1 

Lanthaniurn (III) 6.0 9.1 1.1 

Lead(II) 5.5 9.2 2.2 

Magnesium(II) 6.0 9.0 0 

Nickel (II) 6.0 9.2 2.2 

Rhodium (III) 6.0 9.1 1.1 

Bismuth(III) 3.5 8.8 2.2 

Thallium (I) 5.5 9.0 0 

Thorium(IV) 6.0 9.1 1.1 

Uranium(VI) 5.0 9.2 2.2 

Zirconium (IV) 6.0 9.2 2.2 

Silver(I) 3.5 8.8 2.2 

+ Cobalt (II) 3.0 9.2 2.2 

Manganese 3.5 9.0 0 

Molybdenum (VI) 2.0 9.2 2.2 

Pl atinum (IV) 1.0 9 .. 2 2.2 
,~c. 

Vanadium (V) ·· 1.0 9.2 2.2 

Copper(II) Nil 

Zinc (II) Nil 

M::l rcury ( I I) Nil 

Tin (II) Nil 

Palladium o .. s 8 10 

Citrate 6.0 9.0 0 

Contd ••• __.._ 
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Table 7 contd ... 

------
Tartrate 6.0 9.0 0 

Acetate 6.0 9.1 1.1 

Phthalate 6.0 9.1 1.1 

Phosphate 6.0 9.1 1.1 

Nitrate 5.0 9.0 0 

* 8.8 EDTA 6.0 2.2 
-.!:~ 

Fluoride 4.0 9.1 1.1 
"i<t 

Oxalate 4.0 9.0 0 

Iodide Nil 

Nitrite Nil 

Ascorbate Nil 

Thiourea 1.5 8.8 2.2 

\~ * Extraction carried out from 3 M HCl medium 

--
Table 8 . R~roducibil itz of iron recovery . 

Iron taken Iron found ~an Std devia-

';W;J ).Lg .;Qg tion% 

3.1 3.0 2.9 
3 2.96 0.10 

2.8 3.0 3.0 

6.2 6.0 5.9 
6 5.95 0.15 

6.0 5.8 5.8 

9.0 9.2 8.9 
9 9.05 0.12 

9.2 9.0 9.0 

11.8 12.0 12.2 

.~t--
12 12.0 0.17 

_ ... ; 12.2 12 .. 0 11.8 

----



Table 9 : Sensitivities of some other existin~ethods -
A comparison 

Reagents 

------------------------------
1. o( - (N-benzylarnino) sal icyl 

phosphonic acid a...nd 
I 
r 
l 

~- (N-chlorobenzylarnino) 
phosphonic acid 

salicyl l 

2. 1,10-phenanthroline and 
tetraphenyl borate 

3. 3-Hydroxy-2-rnethyl-1-4, 
napthaquinone rnonoxirne 

4. N-hydroxy-N-rn-tolyl-N-(3,4 
dimethyl) phenyl benzarnidine 

5. Acenapthenequinone dioxirne 

6. N-hydroxy-N-P-chlorophenyl
N-0-chlorophenyl benzarnidine 
hydrochloride and thiocyanate 

7. 3-aldehydosalicylidene cyano 
acetyl hydrazene 

8. Ethylenediarninetetrarnethylene 
phosphoric acid 

9. 2-HYdroxy-3,5 dimethyl 
acetophenone 

10. l\'ils ic acid 
I 

11, N-Quinolyl-N -phenyl thiourea 

12. Present method 

l 

Sandell 's sensiti- Ref. 
vity2 1 

.,A-Lg/ ern I\ max 

0.0110 (450 nrn) 148 

0.0048 (500 nrn) 149 

0.0046 (470 nrn) 119 

0.0048 (460 -

o.oos 

0.004 

0.043 

0.009 

0.056 

0.016 

· 4 70 nrn) 150 

( 460 nrn) 143 

( 480 nrn) 151 

(370 nrn) 111 

(255 nm) 103 

(55 0 nrn) 15 2 

101 

0. 0042 ( 425 nrn) 102 

0.0015 (475 nrn) 146 

--..... ------~----·-·--·--~---·------------ww ---



-~ 

----·~--~-~--------

Ions added Iron found ( ;U..g) 

c.~}< II) I Ni (II) I 
I~ 

1. iM1 (II) 9.1, 9.1, 9.2 
: ./ 

2. Ni (II), rvn (II), Cr(III) 9. 0, 9.2, 9.0 

3. rn(II), Cr(III), Bi(III) 9.3, 9.1, 9.0 

4. Cr(III), Bi(III), Pb (II) a. 9, l-~~j~:J, ';_·_: 9.1. 

s. Al (III), Cd( II), Th (IV) 9.0, 9.1, 9.1 ____ _._..__ __ . ______ ---

~~-._ .. _...._..._... ________ , _____ ~-·--- -
Sample composition 

o/ 
10 

Iron 
found 

% 

Error 

__ ._..._ __ ,.....__~------------------ .. ---__...._..___._ 
CaO- 62.,9 

:t"..gO - 2.56 1.750 

24b Portland Fe
2

o
3 2.44 1.672 1.729 1.34 cement -

Al203 - 6.22 1.766 

Si02 - 20.4 

Caco
3 - 55.2 .140 

9h D:::>l omi de M;JC03 - 43.1 .150 .151 3.42 

Si02 0.88 .165 

Fe
2

o
3 - 0.21 

-~-·-----------·------ .. ·--·-·-----------
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INTRODUCTION 

Cobalt forms a variety of mixed complexes with_the 

ligands Nf3, Py, ~o, halides, seN-, N03 -, co;-etc. The most 

sensitive spectrophotometric methods for the determination 

of cobalt have been made by the utilization of its colour 
NO OH 

reaction with the reagents containing = C1 
- c 1 =group. 

Cobalt(II) was extracted153 as the thiocyanate complex at 

pH 0-4 in presence of citric acid with acetylacetone. The 

absorbance of the organic extr.~t was measured at 625 nm. 
-~J 

If manganese and c~:5ornium are present they should be removed 

by ion-exchange first. The red complex of cobalt with 

sodium 4-nitroso-2-hydroxynapthalene-3,6-disulphonate154 

has been investigated. The complex is stable in acid 

solution. The metal :ligand ratio was found to be 1:3. 
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1 d i . ,-., 2 h 155 Cabal t forms co oure complex w th 1-n~t~pso- napt ol 

at pH 3. 5-8.0 which can be extracted into carbontetra-

chl oride. 2-nitroso-1-napthol 156 also gives col our reaction 

with cobalt. At pH 3-4, in the presence of citrate and 

hydrogen peroxide the complex was extractable into chloroform 

and measured at 53 0 nm. 

Lorenzo et a1 151 determined cobalt at 550 nm after 

oxidation to co+3 with alk H2 o2 as its 1 :2 complex wi·th 

1,6-hexanediarnine tetra acetic acid at pH 9.5. 

Nakashima et a1 158 presented a method for the deter-

mination of cobalt using 6-amino-2-Benzylthio-5-nitroso-4 

-oxo-3,4-dihydropyrirnidine. The yellow complex "VIas 

extractable into chloroform. The metal ;ligand ratio was 

found to be 1 :3. The absorbance was measured at 410 nm. 

Two water soluble complexes of cobalt with 2-L_-di (2 

-Pyridyl) methylidenehydrazinoJ quinoline at pH 2-12 and 

in 0.1-6 M HC104 has been investigated by R.B.Singh et a1 159 • 

The ian-association complex of cobalt with NaOCN and 2,3,5 

triphenyl tetrazolium chloride160 v-1as studied at pH 5. 8. 

The complex was extractable into propylene carbonate and 
~ 

absorbs maximum at 631 nm. 

Gimenez et a1 161 developed a method based on the 

formation of a 1:1 complex of cobalt(II) with 2-Pyridine 

carboxaldehyde 2-Pyridylhydrazone. The absorbance was 
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measured at 350-90 nm after 15 min. Cobalt(II) forms a 

greenish yellow complex with 3-{o-acetophenyl)-1-methyl 

triazene-N-oxide162 in 50% Et0H-I-I.20 at pH 6. 8-10.0. The 

complex was extractable into chloroform and the absorbance 

of the complex was measured at 460 nm. 

Spectrophotometric determinations of cobalt with 

1-phenyl-3-thiobenzoylthiocarbamide163 , 2-(5-bromo-2-Pyri

dylazo)-5-diethylaminol164 1,3-cyclohexanedione dithiosemi

carbazone monohydrochloride165 , 1-(2-Pyridylazo)-4 

-benzylresorcinol166 
1 5-chloro-7-iodo-8 quinolino1167 

1 

2-(2-thiazolylazo)-4-methyl-5-(sulfo methylamine) benzoic 

168 I I 169 
acid , 2 -hydroxy-4-methoxy-5 -methyl chalcone oxime , 

2-L-2-(3,5 oibromopyridyl) azo~-5-dimethyl amino benzoic 

acid170 , morpholine-~carbodithioate171 , 2,2' -dipyridyl-2 

-benzothiazolyl hydrazone172 , 2 1 4-dihydroxyacetophenone 

h . . b 173 th' t db '11' t 174 t ~osem~car. azone , ~ocyana e an r~ ~an green , 

2-(2-benzothiazolylazo)-5-dimethylamino benzoic acid175 , 

5-methoxy-2-nitrosophenol176 , Isonitrosothio camphore177 , 

/.3-mercaptopropanoic acid anilide178, Pot.Propyl 

xanthate179 , Isophthaldihydroxamic acid180 , 2-(3
1 

-sulfa

benzoyl) pyridine benzoyl hydrazone181 , 1,2,3 

. d t . t . . 182 th . t d b t . tl 1 ~n ane r~one r~ox~me , ~ocyana e an enzyl r~me 1y 

. ' hl ' de183 Er' h A 1 4, b ' . d ammon~um c or~ , ~c rome zuro B - v, ~pyr~ yl 

and cetyl trimethyl ammonium bromide184 , 5,5 dimethyl 

-1,2,3-cyclohexane trione 1,2 dioxime-3-thiosemicarbazone1 85, 

3-hydroxy-2-methyl-1-4-napthoquinone 4-oxime186 , and 
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187 2-hydroxy-1-napthaldehyde guanyl hydrazone have been 

suggested by various workers. 

188 Zhang, Guang and Han Q.lan developed a spectrophoto-

metric method for the determination of cobalt by using 

4-(2-thiazolylazo)-1,3 diamino benz~~· The complex is 

stable in a medium of 0.3-3.5 Ivi perchloric acid., The 

metal :ligand ratio was found to be 1:3. The absorbance of 

the complex was measured at 582 nm. A Greenish-yell~! 
, 

col cured complex of cobalt \'lith 2 -hydroxy acetophenone 

thi0semicarbazone has been investigated by ~urthy et a1 189 

in acetate buffer (pH 5. 0-7-5) • The absorbance of the 
.'\ 

complex was measured at 3RO nm. 

Dawson Martin V and Lyle Samuel J
190 used eithizone as 

a reagent for the spectrophotometric determination of 
:'\ 

cobalt. The complex was extractable into :t;.arbon tetra-

chloride and shows its maximum absorbance at 550 nm. 

It has been found that Cobalt form~/ a blue complex with 

thiocyanane and cetyl trimethyl ammonium bromide (CTAB). 

This ion pair is readily extractable into chloroform, vlhich 

is the basis of our present investigation. 

•,' 
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EXPERIMENTAL 

~~us and Reage~ : 

Spectral curves and absorbance measurements were 

carried out with a Shimadzu PRl model recording sp~ctrophoto-
'-J 

meter, provided with 1 em optically matched quartz cells. 

pH values were measured with an ID:L 5651 digital pH 

meter. Separatory funnels (co.tning) (50 ml) were used for 

extraction purpose. 

A stock solution of cobalt (II) was prepared by 

dissolving 7.433 gms of Co(N0
3

) 2 6I-1.2~ in 500 ml of 

distilled water and was standarised by using a complexometric 

method with xylenol orange as indicator191 .. Solutions of 

lower concentrations were prepared by appropriate dilution. 

Solutions of ammonium thiocyanate (0.2 M), cetyltri-

methyl ammonium bromide (CTAB) ( 0.1 M) \'lere prepared in 

distilled water. Acetic acid-sodium acetate buffer was 

used to adjust the pH of the aqu'6us phase. 
1\ 

Standard solutiod~J of diverse ions were prepared from 

nitrates, chlorides, sulphate (in case of cations) and from 

sodium-potassium or ammonium salts (in case of anions) of 

the species concerned to study interferences. 
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Daterminati on of cobalt : 

To an aliquot containing upto 300 -«.,g of cobalt, 2 ml 

of o. 2 M arrunonium thiocyanate and o. 4 ml of 0.1 M cetyl tri

methyl ammoniumbromide {CTAB) solutions were added. The 

total volume of the aquous phase was made upto 10 ml with 

acetate buffer and distilled water so that the pH of the 

solution was maintained at 3.5 + 0.5. The resulting 

mixture was then shaken for 30 sec with 10 ml chloroform. 

The blue organic layer was separated and poured over 

anhydrous sodium sulphate to remove any retained water 

droplets. The absorbance of the chloroform extract was 

then measured at 625 nm against pure solvent. 

A standard calibration curve was prepared and the 

amount of cobalt, present in unknown solution, was evaluated 

therefrom. To test the interference, the respective foreign 

ion was added to the aquous solution before addition of the 

reagents. 

RESULTS AND DISCUSSION 

AbsoEEtion spectra : 

The absorption spectrum of Co(II)-SCN-CTAB complex in 

chloroform, taken against pure solvent as a reference, has 
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been shown in fig.1. The blue cobalt complex shov-1s absorp

tion maxima at 625 nm with a shoulder at around 585 nm. 

The reagent blank does not absorb in the aforesaid wave-

length region. The pattern of the absorption spectrum of 

the complex, extracted through the entire range i,_~)e., from 

4 m HCl medium to pH 8. 0 remains unchanged. This indicates 

the existence of a single variety of the complex species 

in the system. 

Beer's law and calibration curve : 

Different amounts of cobalt (II) were taken and 

extracted following the general procedu.re at pH 3.5 ± 0.5 

and the absorbances were measured against the pure solvent 

in order to observe the adherence of the coloured system 

to Beer's law (table 1). The absorbances of the blue 

complex in chloroform show a linear response upto 30 ppm 

of cObalt (Fig.2.). 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 cobalt. 

The molar absorptivity of the complex based on cobalt 

t t d b 1 3 -1 -1 con en , was calculate to e .92 x 10 1 mol em and 

Sandell's sensitivity was 0.031 AL9/cm2 at 625. nm. 
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Effect of thioczanate concentration : 

Keepimg the other factors constant, the amount of aqueous 

ammonium thiocyanate was varied to study the effect of thio-

cyanate concentration on absorbance. It was found that 

1 ml of o. 2 M ammonium thiocyanate along with o. 2 ml of 

0.1 M CTAB was sufficient to extract 135 foLg of cdbalt in 

a single operation. Higher concentration of CTAB did not 

bring about any significant change in the maximum value of 

the absorbance. Table 2 shows the effect of thiocyanate 

on absorbance of the cobalt (II) complex. 

Effect of CTAB concentration : 

It was observed that, 0.2 ml of 0.1 M CTAB was sufficient 

for quantitative extraction of 135 ALg of cobalt. Increased 

concentration ~h~Jever did not bring about any significant 

change in the absorbance value of the organic extract. 

Ex:perimental results are tabulated in table 3. 

Effect of acidity on the system was examined in terms 

of absorbance of the Co(II)-SCN-CTAB complex in the organic 

phase. A steady and maximum absorbance was obtained vJhen 

the extractions were carried out from 4 M HCl medium to 
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pH 8.0. In each case, after extraction, the aqueous phase 

was clear and colourless. Complete and quantitative 

extraction of cabal t occured from this entire range. l'bove 

or bel ow this range the extraction was found to be 

incomplete. At 0.1 M sodium hydroxide medium, cobalt(II) 

showed no colour reaction with the reagent. Extractions 

were carried out at pH 3.5 ± 0.5 for our investigations, 

unless otherv.rise mentioned. 

Choice of solvents : Apart from chloroform, some other 

solvents were tested as extracting solvents, but those 

showed no special advantage over chloroform. 

Stabili~ of colour : The reaction between cobalt(II) 

thiocyanate and CTAB was instantaneous. Time is not a 

critical factor in the determinations of cobalt(II). The 

absorbance of the chloroform extract containing Co(II) 

-Sa~-CTAB complex were measured at different intervals of 

time. The colour of the complex in chloroform was found 

to stable for at least 96 hrs as seen from table 4. 

Interfer~ : In order to study the effects of diverse 

ions on the extraction behaviour, cobalt was determined 



86 

according to the recommended procedure in presence of the 

respective foreign ion. 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 (II) 

(135 .#g) could be determined without interference in 

presence of Be(II), Tl(II), Al(III), Th(IV), Cl(VI), pt(IV), 

Rh(III), La(III), Ca(II), Ba(II), Sr(II), Ml(II), Cr(III), 

Bi(III), Pb(II),· V(V), Ni(II), Ag(I), zr(IV), .MJ(II), Ce(III), 

Sn(II)~Mo(IV) and Pd{II). Interference due to iron(III) 

was avoided by using ammoniumhydrogenfluoride as the 

masking agent. Cadmium could be tolerated if the extrac-

tion was carried out from 3M HCl medium. In presence of 

copper (II) the chloroform extract became hazy and 

absorbance of the organic 1 ayer could not be measured. 

All attempts failed to remove this interference. Zinc (II) 

and mercury (II) must be absent as cabal t (II) showed no 

colour reaction with the reagents in presence of them. 

Among the anions tested the system tolerated the 

followings : thiosulphate, ascorbate, iodide, fluoride, 

borate, phosphate, acetate, phthalate, tartrate, sulphate, 

citrate and oxalate. Extraction should be carried out 

from 3 M HCl medium to avoid the interference due to EDTA. 

Results are shown in table 5. 
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!:£~::>...-h~!l-~r:l9; __ ~£~£~ : The proposed method has been tested 

by analyzing solutions containing a kna.-vn amount of cobalt. 

The results for the determination of cobalt (II) is 

presented in table 6. Thus the method is fairly precise 

and reproducible. The total operation time for each run 

requires 10-15 minu·tes. The method is compared to some 

other existing methods as seen from table 7. 

~pl ~c~~:J:.~ :~,.1?_~.!?.,. .. _2:£._ SYE . ."~~etic _T_!!,:i:?:._tur~- : The method 

has been applied to a number of synthetic mixtures in 

absence of real samples and the results are shov-m in table 8. 
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Table 1 :Adherence to Beer•s law -_ .. ____ ~ __ ... ____ _ 
------------------ -----·-·------·--·--~---------

Cobalt(II) in ppm Absorbance at 625 nm 

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

3.37 

~5 

13.50 

20.25 

27.00 

30.37 

0.122 

0.240 

0.442 

0.740 

o. 875 

0.990. 

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

Tabl~_2 __ =. ~feet _£Lth~oc:zanate concentr~t-~ 
The aqueous phase (10 ml) contains 135 .A.Lg of cabal t {II) 
C?-nd 0·.2 m1 of 0.1 M CTAB. Extraction pH- 3.5 ± 0.5 - .. ---.. ·-------------------·----------------:1 

Aq~eous thiocyanate 
concentration in M 

~ount 
¥dood (ml) 

-------------~---------- -------
0.2 

0.2 

0.2 

0.2 

0.2 

0.2 

0.2 

0.2 

.0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.8 

1.0. 

1.5 

Absorbance at 
625 nm _______ .., --

0.160 

0.305 

0.340 

0.440 

0.445 

0.442 

0.442 

0.440 

--------

88 



-~ 
. -·· 

r" Table 3 : Effect of CTAB concent~ration 
=;;;.:::..; ------------,-.-~"'-------·--

The aqLteous phase (10 ml) contains 135 A.Lg of cobalt(II) 
and 1 rn1 of 0.2 ·M NH4SCN. Extraction pH- 3.5 ± o-.5 __ .... ____________ .. _______ .. _______________ . 

CTAB concentration 
(M) 

Amount 
added (ml) 

Absorbance at 
625 nm 

-·--------·---------·-----·----------
0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.05 0.350 

0.10 0.440 

0.15 0.442 

0.20 0.445 

0.25 0.442 

0.30 0.442 

0.40 0.440 

0.50 0.442 

Table 4 : Variation of absorotion with time 
- (cobalt --taken -f35'M_.g-r·--

- I I .. ,_ _ _.__,. _______ ~----- - --·-·----~ .. ----

Time in hours Absorbance at 
after extraction 625 nm 

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

0.5 0.442 

1 0.442 

2 0.440 

6 0.442 

12 0.442 

24 0.442 

48 0.440 

96 0.442 

---------------=-----·-------......_.·~----------
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Extraction pH set at 3. 5 ± o. 5 unless othe.rr.rdse mentioned ------.. ---~---·--------------~ .. ___ _..,._ ___ ...._.._..__, ___ _ 
Ion added Amount 

tolerated 
Cobalt found 

.M9 
Error 

(%) 

-~ 
----~-·----.._ ... _____ .. _ .. __ . ______ .. ______ .._ __ _...___...._ 

Be (II) 9.0 134.0 0.74 

Tl (I) 7.5 137.5 1.8 

Al (III) 8.5 136.0 0.74 

Th(IV) 6.5 136.0 0.74 

U(VI) 7.0 133.0 1.5 

Pt (IV) 6 .. 0 137.0 1.5 

Rh(III) 6.0 136.0 0.74 

La(III) 7.0 135.0 0 

Ca(II) 10.0 136.5 1.1 

Ba(II) 10.0 137.0 1.5 

Sr(II) 10.0 137.0 1.5 

Mn(II) 6.0 133.0 1.5 

Cr(III) 7.0 135.0 0 

Bi(III) 6.0 138.0 2.2 

Pb (II) 7.5 136.0 0.74 

V(V) 6.0 138.0 2.2 

Ni(II) 6.0 137.0 1.5 
I 

Ag(I) 5.0 133.0 1.5 

zr(nr) 8.0 134.0 0.74 

MJ (±I) 7.0 135.0 0 
r\-

-~ .. ----~....---zw-. .. ---~ .. ..._ _____ .. __________ ~----- .. _..._ , __ I 

contd ..... 

90 
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)I 

Table ~-~s_~t d.-!.!...!.. ___ .. ___________ ... _. _______ 
Ce {III) 6.0 135.0 0 

Sn (II) 6.0 132.0 2.2 

Mo(IV) 2.5 137.0 1.5 

Fe{III)a 7.0 137.0 1.5 

Pd( II) 0.7 138.5 2.,6 

Cd(II)b 3.5 137.0 1.5 

CU{II) nil 

:zn (II) nil 

Hg (II) nil 

Thiosulphate 14.0 132.0 2.2 

Iodide 15.0 137.0 2e2 

Floride 15.0 136.0 0.74 

~ Borate 14.0 136.5 1.1 

Phosphate 14.0 132.5 1.8 

Acetate 15.0 135.0 0 

Phthalate 15.0 13&.0 0.74 

Tartar ate 12.,0 132.0 2.2 

Ascorba-te 12.0 132.0 2.2 

Sulphate 15.0 135.0 0 

Citrate 5.0 134.0 0.74 

EDTAb 6.0 132.0 2.2 

-· ..... -~------- ·--·-·--- -·--·---------~---

a . in presence of NH4 HF2 ; b . Extraction from 3 M HCl . . 
medium 



Cobalt ·taken 

,lf,Lff 
Cobalt found 
~g 

std. 
deviation 

% 

--------------··-----~~~-------

65., 8, 67.0, 67.2 
67.5 67.15 1.2 

68.0, 69.0, 66.0 

136.5, 135.0, 132.5 
135 134.5 1.6 

134.0, 136.0, 133.0 

275.0, 270.8, 268.0 
270 271.,38 2 .. 4 

270.0, 273.0, 271.5 

--------------......... ._,.._,_._ .. __.._""' .. ---·-.. ~~---·-------------·-··--·--
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_ _.._ __ . _____ . _______ .... _. ____ .. __. ...... _...,.. ___ ~--... -·-----
Reagent 

----~-~·--

PrOpylene carbonate 

,r, 
AbSO-F:P-,, 
tion 
maxima 
(nm) 

320 

molar 
-absorp
tivity 

-1 .. a) 
1 mol em 

620 1.8 X 10 3 

Triphenyltetrazolium 
X 103 cation 620 3.2 

Antipyrinium ion 625 1.9 X 10
3 

2-(P-iodophenyl)-3-(P-nitro 
phenyl)-5-phenyltetrazolium 

X 10 3 ca·tion 620 0.7 

N-thioglycolyl-N-phenyl 
7.54 X 10 3 hydroxyl amine 475 

1,3-cyclohexadione 
dithiosemicarbazone 

X 10 4 hydrochloride 600 1.2 

Potassium prOpyl 
xanthate 480 

620 

3-(2-Pyridyl)-5, 6-diphenyl 
103 -1,2,4-triazine 500 4 .. 1 X 

Present method 625 1.92 X 103 _..._ _____________ __ ________ .. ____ 

Ref .. 

192 

193 

194 

195 

196 

165 

179 

197 

198 
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--~ .. -----------~------·--·--------.. ------
Ions added Cobalt found (;U.g) 

1 F +3 N. +2 M +2 • e 1 1 , n 132.,5 

135.0 

3 • Ni +2 
I Bi +3 , Sn +2 136.0 

4 .. Fe+3 , Ni+2 , Zr+4 136 .. 5 

5 e Ni +2 , Mo+6, Bi +3 133 ls~ 
·~ ·~ 1 

133.0 

------------.. ---~·~--·----·--------·----
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Section 5 : Extraction and Soectraohotometric Determinatia1 _____ .__ - .,.__..----...-.-~-·-e--~----·....;..._--,--.,.-------.,.--
of Pall aclium 

INTRODUCTION 

Li·t.erature shovJs that palladium has an affinity to form 

complexes with the ligands containing N,S,P,As,Se. The most 

widely used reagents are, P-nitroso aniline derivatives199 , 

in the detection and estimation of the metal. 

Palladium (II) forms complex with sodiumdicliethyl

thiocarbonate200 at pH 11. The complex is extractable into 

carbontetrachloride and absorbs maximum at 305 nm. Benzoyl

methyl glyoxime201 is also a good reagent for palladium(II). 

Another important reagent for the determination of 

palladium is 2-nitroso-1-naphthol 202 • Palladium was 

extracted pH 1.5-3.5 into toluene in the presence of EDTA 

and measured at 370 or 550 nm. 1-(2-pyridylazo)-2-napthol203 

forms a green chelate with Palladium(II) which can be --
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extracted into chloroform at pH 2-5.. The absorbance was 

~easured at 678 nm. 

Palladium(II) was deterrnined204 in thiocyanate complex 

with thiourea at pH 5-5.5. The complex absorbs maximum at 

350 nm. 1-Benzyl-3-indazolone205 forms yellow 1 :3 (metal: 

ligand) complex with Palladium (II), at pH-6, extractable 

into chloroform and the absorbance was measured at 400 nm. 

Nath D3blina and Sing A.K206 devised a spectrophotometric 

method for the deten~nation of palladium with substituted 

pyrimidine thi ol s and 4-amin o-2, 6-dimarcapto-1, 3, 5 -triazine. 

Spectrophotometric method for the determination of 

palladium(II) with thiocaprolactum207 in aqueous solution 

containing Cl-, Br or I- have been investigated. The 

complexes were extractable into chloroform and absorb 

maximum at 400 nm. 
208 , 

Beaupre P. W et al used 2, 2 -diquinolyl 

ketone 2-Pyridyl for the determination of palladium. The 

complex was extractable into chloroform at pH 2 and the 

absorbance of the organic phase was measured at 624 nm. 

Proce~res based on the formation of Palladium(II) 

complexes wi-t::h 2-Pyridine carboxal dehyde-2-Pyridyl 

hydrazone209 ; sodium 7-(4-arnino-1,2,4-triazole-3-ylazo)-1 

-napthol-4-sulfonate210 , 2,2 dipyridyl-2-quinolyl hydrazone211
1 

3-bromo-2-hydroxy-5-rnethyl acetophenone hydrazone242; 

N, N-dirne·chyl-N- (4-phenyl-2-thiazolyl) thiourea213 : 



2-furaldehyde-2-Pyridyl-hydrazone
214

: 1-pyrrolidine 

carbodithioat:e215 : 3, 5 dichloro-2-hydroxy acetophenone 
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216 4 h . th' . b 217 oxime : 2-methyl-1, -napt oqu1none 1osem1car azone : 

d 'di d hi 218 Pyridine, substitute pyr1 nes an t ocyanate : 

2-thiopyrogallol and ;3-mercaptoresorcinol 219 : Eriochrome 

azurol B and cetyl trimethyl ammonium brornide
220

; 2-hydroxy 

-1-acetonapthone oxime
221

; 2-2
1

-bipyridyl L-ketone~-2 

-pyridyl hydrazone 222 : benzyldimethylphenyl ammonium 

chloride223 : thiazole-2-carboxaldehyde-2-quinolyl 

hydrazone224 ; salicyl fluorene and cetyl trimethyl ammonium 

bromide225 , xanthates226 ; have been suggested by various 

workers. 

A sensitive spectrqJhotometric method for the deter-

mination of palladium has been described by Jayanana 

Yathiranjan H.S et a1 227 by using phenonthiazine (Pz) and 

promazene (PM). The molar absorptivities were 3.542 rk'103 

3 -1 -1 and 9.213 x 10 1 mol em for Pz and PM respectively. 

According to Shravah Kamini et al 208 Palladium (II) forms 

t 1 d I'Jl l tl H d wo co oure c qrpp exes , a g reeiS'l c omp ex a ow p an 

br~m complex at higher pH with phenanthraquinone 

monothiosemicarbazone. Both the complexes were soluble in 

Dl":iF with maximum absorbance at 590 and 540 nm respectively. 

At pH 3.4 Palladium forms a 1:1 complex v1ith mesotetra

kis(4-acetoxyphenyl) prophyrin in the presence of sodium 

dodecyl sulphate which can be used for the determination229 

.i 
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at 443 nm. According to Lorenzo, E et a1 230 palladium 

could be determined vdth picoline amidoxime. The absorbance 

was measured at 370 nm with molar absorptivity of 

4. 9 x 103 l mol - 1cm-1 • 

A method of photometric determination of palladium \'las 

231 presented by Sarkar Purabi et al who used P-nitrodimethyl-

aniline to get a brown coloured complex of palladium. The 

molar absorptivity of the 1:2 (metal:ligand) complex was 

4 3 -1 -1 found to be 7. 7 x 10 dm mol em • In slightly acid 

medium palladium(II) forms a red complex with 2-Pyridyl 

282 ketone 2-Pyridyl hydrazone and was determined spectre-

photometrically. 'I'he complex shows it absorption maximum 

at 545 nm. o(_/ {d./ ~J [-tetra- {4-dimethyl aminophenyl) 

porphine reacts with palladium in presence of sodium dodecyl 

benzene sulphonate and ascorbic acid to form a coloured 
, ... -\ 

complex, ~8~ch can be used for the spectrophotometric 

determination of palladium233 • Thokdar et al 234 used 

pyridine bases and iodide to obtain complexes of palladium, 

that can be used for the determination of palladium. The 

molar absorptivities of the complexes were found to be 

1 4 -1 -1 1.6- .9 x 10 l mol em • 

In our laboratory it has been noted that palladium 

forms ion-association complex with iodide in presence of 
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cetyltrimethyl ammonium bromide235 • The resulting 

reddish-brown coloured complex is extractable into chloroform 

under optimum conditions. This prOperty of the palladium 

complex suggested that further study of the system might 

lead to the development of a simple spectrophotometric 

method for palladium determination which is presented here. 
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EXP ERIME.NTAL 

At2paratus and Reagents : A Shimadz_:_u PRl model 

Spectrophotometer equipped vJith matched quartz cells 

of 10 rom optical path length v1as used for the absorbance 

measurements. An ECL 5651 digital pH meter was used to 

measure the acidity of the aquous solutions. Separatory 

funnels (corning) (50 m1) r,vere used for extraction purpose. 

A stock solution of pallacUum(II) was prepared by 

dissolving 1 gm palladium chloride (Johnson & ~atthey) in 

HCl (1 m1) and diluted to 250 m1 'i'Tith distilled water. 

This was then standarised with dimethylglyoxime236 • 

Appropriate dilution r,vas made from this stock solution as 

needed. 

All chemicals and solvents used were of analytical 

grade. Chloroform, benzene, ethylacetate, carbon-tetrachlo

ride were cUstilled before used. 

Solutions of potassium iocUde (0.1 H) and cetyltrime

thylammonium bromide (CTAB) (0.1 1'1) were prepared in 

cUstill ed water. 

Buffer solutions of different pH were prepared by 

standard procedures. 



Potassium chloride - hydrochloric acid (pH 1-2) 

Potassium hydrogen pthalate- hyQX'ochloric acid (pH 2-4) 

Potassium hydrogen pthalate - sodium hydroxide (pH 4.5 -

5.9) Potassium dihydrogen phosphate - sodium hydroxide 

(pH 6-8) bor,~~-hydrochloric acid (pH 9•5:..1o.a). 
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Standard solutions of diverse ions were prepared from 

their corresponding salts to study interferences. 

Determination of Palladium : An aliquot containing apto 

50 .A.Lg of Pd(II) was treated with KI (0.5 ml), CTAB (0.1 

ml) and volume to 10 ml. The mixture was equilibrated (30 

sec) with chloroform (10 ml) and the separated organic 

layer was dried over anhydrous sodium sulphate. Finally the 

absorbance of the chl ore>form extract was measured at 340 nm 

against pure solvent. Palladium was computed from a cali-

bration curve. To test t;he int,erference, the respective 

foreign ion was added to the aqueous solution before addition 

of the reagents. 

RESULTS AND DISCUSSION 

With aqueous potassium iodide, palladium (II) gives a 
2-

reddish-brOt-m eel ouration due to the formation of L-Pd1:.
4
J . 

This complex anion, as such, is not extractable into 
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chloroferm. On addition of CTAB to this coloured solution, - .,. 
an ion-association complex, probably of the type L CTAJ 2 

L-Pdi4 J 2- is formed, which is extractable into chleroform. 

AbSO£G~ien Sepectra : The absorption speqtra of the Pd(II) 

-I-CTAB complex in chloroform is shown in fig.l. The 

complex exhibits absorption maxima at 340 nm with a broad 

band of comparatively 1 ower intensity around 440 :am. The 

reagent blank itself shows insignificant absorbance in the 
;-1 

afor~said wavelength region. Wavelength of 340 nm was 

selected for all analytical measurements. 

The pattern of the absorption spectra of the complex 

remains unchanged when the extractions were carried out 

from pH 1 to 12. This indicates the presence of single 

variety of complex species in the system. 

Beer's law and calibration curve : The absorbances of 
~ - _..........._.._.... ---
different amounts of palladium(II), extracted as in the 

general procedure at pH 6.0,were noted against pure solvent 

at 340 nm. The absorbances show a linear response up to 

9 ppm of palladium. In each case the remaining aqueous 

phase after a single extraction, was clear and colourless. 



Furt;herrnore, the aqueous phase was free from pall aclium. 

Table 1 shows the results (Fig.2.). 
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Effec~pf Rot~sium iodide concentration : The variation of 

~sqrbance has been studied with different concentration of 

iodide keeping th~ CTAB con9entration constant. It has 

b~en found that 0.5 ml of 0.1 M KI along with 0.1 ml of 

()._1 M GTAB is sufficient to extract up to 50 A g of 

palladium in a single operation. Higher concentration of 

KI howev~r did not bring about any significant change in 

the max~mum value of absorbance. The results are shown in 

table 2. 

Effect of cet:zltJ~::h.methx_l ammonium :Sromide (CTAB) concent_£~

tion : The effect of the CTAB concentration on absoibance 

has al_so been examined by varying the amount of CTAB, 

maintaining ~he other variables constant. It has been 

found that 0.1 ml of 0.1 M CTAB was sufficient to extract 

-q.ptQ ~0 .!4..-g _of palladium in a single operation. Higher 

~oncentration had no effect on absorbance value. Experi

mental results are shown in table 3. 

~feet of~- : The effect of pH on the system was investi

gated in terms of absorbance of the Pd(II)-I-CTAB complex 



.. ¥ 

104 

in the organic phase over the pH range 1-12. Anions of 

the buffer had no effect on the colour development. The 

complex exhibits constant and maximum absorbance in the pH 

range 2-10. 

In a second consecutive operation within the above pH 

range the organic extract showed no absorption. This 

indicates quantitative extraction of palladium in a single 

extraction. From 1 M HCl medium the extraction resulted 

incomplete recovery of the metal. When the extraction pH 

was greater than 10, absorbance of the organic extract was 

found to decrease. 

The pattern of the absorption spectra of the complex 

extracted.throughout the entire range {pH 1-10) remains 

unchange~, indicating the formation of a single variety of 

~he complex sp~cies in all cases. For our practical 

purpose pH - 6. 0 was selected. 

Choice of solvent : Apart from chloroform, other solvents 

like carbontetrachloride, benzene, and ethylacetate were 

~ested as the extracting solvents but these offered no 

special advantages over chloroform which was used as the 

extracting solvent in the present investigation • 
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stabilitv of colour : The rapid develOpment of the maximum 
4Qt ::.. __..;;:;;;........,...;;-..._........, 

absorbance and its constancy with time indicate that time 

is not a critical factor in palladium determination. The 

absorbance of the palladium complex in chloroform was 

measured at elapsed interval of time. The results are 

summarized in table 4. 

Interference : To test the effects of diverse ions on the 

extraction behaviour, palladium(II) was extracted·::@•d 

determined according to the recommended procedure in presence 

of the respective foreign ions. Extraction pH was set at 

6.0 with ~P04-NaOH buffer. An ion was considered to 

interfere if the recovery of palladium differed by more 

than ± 3% from the actual amount taken. Pall adiwn (II) 

(41.75 ~) coald be determined without interference in 

presence of the following ions : 

Al(IIIL Ca(II), .Ba(II, Sr(II), Be(II), Bi(III), Cd(II), 

Ce(III), Cr(III), Co(II), CU(II), Fe(III), V(·:if), La(III), 

Pb(II), Mg(II), Ml(II), Ni(II), Rh(III), 2n(II), Th(IV), 

U(VI), Mo(VI), and zr(IV). Mercury(II) and platinum(IV) 

interfered. In presence of silver the organic extract 

becomes turbid due to some yell~v precipitate. 

Among the anions tested the f oll ovlings are tolerable : 
rt"1 

EIY.rA, fluoride, ascorbate, citrat·.~, tartarate, phosphate, 
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borate, pthalate. Thiocyanate interfered. In presence of 

• thiosulphate palladium is not extracted. The results are 

shown in Table 5. 

Prec~2a__and accura~ ·: The precision and accuracy 0£ 

the method were tested by analysing solutions containing a 

known amount of palladium following the recommended 

procedure. The results are shown in table 6. The process 

is very simple and rapid requiring hardly 10-15 min for 

each run. 

Application to tlle an~is oL~thetic mixture~ : The 

applicability of the proposed method was tested by analy-

sing some synthetic mixtures. The composition of the 

mixtures with percentage recovery of palladium are shown 

in table 7. The results show that the recovery of palladium 

was satisfactory. Average of three determination was taken 

in each case. 

The sensitivity of the method has also been compared 

to those of some other existing methods as seen from 

Table 8. 



400 
WA\IELENGTH (n.m.) 

500 

Fig-1. ABSORBANCE SPECTRA OF (A) Pd(ll)-I-CTAB 

COMPLEX ( 4·17 ppm Pd) and ( 8) REAGENT BLANK . 
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Table 1 : Adherence to Beer •s law 

Palladium taken in _/U.g 

5.22 

10.44 

20.87 

31.31 

41.75 

62.62 

Absorbance at 340 nm 

--------~-----~-------------
0.090 

0.215 

0.410 

0.570 

o. 799 

1.135 

·----------------------

Table 2 : ~Lof 0.1 M Potassiuhl iodide concentr~2!!. 
·~ 

The aqueous phase (10 m1) contains 41.75 hlg of Pd(II) 
and 0.1 ml of 0.1 M CTAB. Extraction pH-6.0 

------------------------------------·---------------r--------
Amount of KI 
added in m1 

----~--~------------------·---------------
0.1 

0.2 

0.3 

0.4 

o.s 

0.6 

0.8 

1.0 

Absorbance 
at 340 nm 

0.560 

o. 770 

0.795 

0.790 

0.795 

o.soo 
0.795. 

0.790 
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Table 3 : Effect of CTAB concentration -----
The aqueous phase contains 41.75jVVg of palladium and 0.5 
ml of 0.1 M KI. EXtraction pH-6.0 

-------------------------------------- -------------------
CTAB concentration 

in M 
Amount 
added 
in ml 

Absorbance at 
340 nm 

--------------·--------------~--------------·------------------
0.05 

0.05 

0.1 

o.1 

0.2 

0.2 

0.3 

0.05 

0.1 

0.05 

0.1 

0.05 

0.1 

o.1 

0.550 

o. 780 

0.790 

0.795 

0.790 

0.795 

o.ao5 
------·----_...--------·-~------

~~ : variation of absorbance with time 

Pd(II) taken 41.75 #g 
------·--------~----------- --------~------------------

Tim~ in hr after extraction Absorbance at 340 nm 

-------------------------------------------------~--
0~25 

0.5 

6.0 

12.0 

24.0 

0.799 

o. 790 

o. 800 

0 .. 795 

o. 799 

0.795 
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Table 5 : Effect of diverse ions in the determination of 
~ll~.}lri(II) --- . w ---- -

Palladium(II) taken 41. 75;LVg. Extraction pH 6.0 

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

Al (III) 

Ca(II) 

Ba{II) 

Sr(II) 

Be (II) 

Bi (III) 

Cd(II) 

Ce(III) 

Cr(III) 

Co(II) 

CU (II) 

Fe (III) 

V(V) 

La{III) 

Pb (II) .. 

Mg (II) 

lVn (II) 

N;i. ., II) 

Rh\iii) 

2n (II) 

Amount tolerated Palladium f0Und 
(mg ) ( ;{,l.JJ ) 

9.0 

9.0 

10.0 

liD.® 

9.0. 

8.5 

s.o 

8.0 

8.0 

9.0 

8.0 

8.0 

9.0 

9.0 

9.0 

6.0 

8.0 

42.0 

42.5 

40.8 

41.5 

40.8 

42.5 

40.5 

40.8 

41.,0 

41.0 

40.5 

40.8 

41.5 

41.5 

41.0 

41.5 

41.2 

41~2 

40.8 

41.0 

Error 
% 

0.6 

1.8 

2.2 

0.6 

2.2 

1.8 

2.9 

2.2 

1.8 

1.8 

2.9 

2.2 

0.6 

0.6 

1.8 

0.6 

1.3 

1.3 

2.2 

1.8 

-----------------------------------------------------
Contd ••• 
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.~ 

Table 5 coatd • • • 

Th(IV) 3.5 42.5 1.8 

U(VI) 4.0 42.5 1.8 

Mo(VI) 3~0 42~8 2.,5 

Zt."(IV) 4.0 40.2 3.7 

Hg (II) n:il 

pt (IV) nil 

.Ag (I) nil 

EDTA 18.0 40.5 2.9 

fluoride 2 o:io~r:;-~1 41.2 0.6 
~-~ ----· 

ascorbate 20.0 41<;12 1.3 

citrate 20.0 41.0 1 .. 8 

tartarate 20.0 42.0 0.6 

~ phoswhate 25.0 42.2 1.G 

borate 25.@ 40.8 2.2 

phthalate 25.0 40.5 2.9 

thiocyanate nil 

thiosulphate nil 



~le 6 !_E~roducibility of palla~~~overy 

Palladium taken 
(ftlg) 

Palladium found 
(j-( g) 

Maan std. devia
(jJ..JJ) ti0Il 

%. 

----------------- ------------------
10.44 

20.87 

41.75 

9.2, 9.2, 10.0 

10.5, 9.5, 9.0 

20.0, 21.5, 21.0 

22 0 0, 19.8, 19.8 

41.5, 40.5, 41.8 

39. 8, <i~~-~-s·, 42.3 

9.56 0.57 

20.68 0.94 

41.0 0.95 

T.able 7 : D:!termination of pall adiUJI!_ (41. 75 _;{..l.-_9) in 
variOus mixtures 

111 

Composition with amount Recovery of palladium 
taken ()l!J) % 

Cr (200) ,_ Rh(200), Fe(200) 101 

Rh (200), Fe (200), Ni(200) 101 

Fe (200)' Ni(200), C0(200) 99 

Cr (200), Co(200), Al (200) 98 

--
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Table 8 : Sensitivities of some other existin9 
~!!2ds =-A comp~~~ -----------------

Reagent 

2 -thiobarbituric 
acid 

3-bromo-2-hydroxy 
-5-methyl 
acetophenone 
hydrazone 

A max 
nm 

molar 
absorptivity 
1 mol-1cm-1 

374 in water 1.0 x 104 

386 in .ETOH 7.5 X 103 

400 
t!" 

2,·2-di pyridyl-2 
-quinolyl hydrazone 5 70 

Sensiti
vity 
#g/cm2 

0.0106 

0.0146 

0.0235 

0.0076 

112 

Ref. 

237 

212 

211 

Xanthates (1.76-1.9) X 102 0.5-0.65 226 
, 

N-napthyl-N -pyridyl 
thiourea 390 

Ph~nanthrazuinone
mono thiosemi-
carbazone 590 

540 

n-butyl xanthate 3 85 

2-M:!rcapto 
acetamide 320 

2-hydroxy-3,5 
dimethyl acetophe-
none oxime 400 

Potassium iodide 
and substituted 
pyridines 

Present method 

354-360 

340 

3 4 104 
• X 0.0096 

0.025 

0.0083 

o.ooa 

0.016 

0.10 

238 

228 

239 

240 

241 

(1.5-1.9) X 10
4 

0.1-0.018 234 

o. 0052 235 

----------------------------
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Section 6 : EXtraction and spectrqphotometric Determination 
of Platinum 

INTROWCTION 

The principal methods for the liquid-liquid extraction 

platinum involved the utilisation of different organic 
~ ~ 

reagents such as theonyl trifl:oroacetone, dithizone, ·ditrlio-
·, 

1 ~~J?:~~~~~-~:;~t~l6ii:tylphosphate, dithi ophosphoric acid, 

thiosemicarbazide, high molecular weight amines etc. In 

most of the cases the organic phases after extraction have 

been utilised for the colourimetric determinatiqn of the 

metal. Some of the recent methods are cited here. 

Khopkar s.M242 utilized Molecular and ionassociation 

compounds for the spectrophotometric determination of 

platinum from 5 M HCl medium into mesityloxide. In presence 

of iodide or thiocyanate platinum gets extracted into 

tributylphosphate243 • In the process the metal has been 

separated from rhodium and iridium. 
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In HCl-AcONa buffer,· pt (IV) forms a blue green cationic 

complex with trif~)loperazine hydrochloride where eu+2 acted 

as catalyst. This 1 :l (metal :ligand) complex can be used 

for the determination244 of the metal. The abso.t:bance was 

measured at 504 nm. Bhandari c. s et a1 245 suggested a 

method for the determination of platinum{IV) using 1,3 

diamino-8-methoxy phenothiazine. The reagent forms an 

intense yellow complex at pH o. 6-4.5. The absorbance was 

read at 460 nm. Another method is based on the formation of 

a greenish~brown 1:1 complex with mepazine hydrocb1oride246 

in the_HCl-NaOAc {pH 2-4). The complex absorbs maximum at 

514 nm. Gowda H. Sanke and Padmaj i K.A24 7 determined 

platinum(IV) spectrGphotometrically by reaction with 

chloropromazine hydrochloride in 5 (M) B:3P04 solution 

ccntaining _euso4 as a catalyst. Beaupre P.W et a1248 

utilized 2-Pyridyl-2-thienyl-z-keroxime for the determina

tion of Platinum(II) spectrophotometrically. The 1:2 

(metal:ligand) complex was extractable into chloroform and 

the absorbance of the organic phase was measured at 473 nm. 

Platinum forms a 1:2 (rnetal:ligand) complex with 4-5-benzyl 

-1-P-chlorophenyl-5-phenyl-2,4 dithidbiuret in 4 M HCl 

medium. The complex was extractable into chloroform and 

the absorbance of the organic extract was read at 407 nm 

249 for determination platinum • Some other methods involve 
·v. 25Q 

the utili.~'ation of promazine hydrochloride , thiazolylazo 
251 , 

compounds , N-phenyl-N - (2-Pyridyl )thiourea252, . : . .:-
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P-dimethylamindbenzylidene rhodamine253 , methyl green254 , 

propionyl promazine phosphate255 , 0-mercupto acetanilide256 , 
257 . 258 2-furan carbothioic acid hydrazide 1 methopromazl.Ile 1 

crystal violet259 1 phenanthrenequinone monothiosemicarba

zone260, 2-oximino-1-indanone261 , substituted pyrimidine-2 

-thio1262 , phenonthiazine derivatives263 , 414' -bis 

(dimethylamino) thidbenzophenone2641 phenanthraquinoneximate265 1 

and L-4-(5-chloro-2-pyridyl) azo -1,3 diaminobenzene266 fc:>r 

the spectrophotometric determination of platinum. 

267 ( ) Chang Wenbao et a1 found that platinum II gives a 
, _,., 

colour reaction with 4,4 -bis (~ethylamino) thio benzophe-

none, which could provide a method for its determination 

spectrophotometrically. A mixed ligand complex of platinum 

has been investigated by Thokdar T.~68 et a1 using Pyridine, 

c(.-Picolinel (d-picolinel 1f-picoline or 2,416 collidine i~ 

presence of iodide for the spectrophotometric determination 

of platinu~(IV). The complexes were extractable into 

chl or of orm. 

In 0.64 M HCl (or ~ so4 ) medium Platinum(II) reacts 

with 4~. (3 I 5 dibromo-2 -Pyridyl azo) -2 -methyl-1, 5 -diamino 

benzene269 forming a 1:1 (metal:ligand) complex. The 

absorbance of the complex was read at 616 nm for determina

tion of platinum. An ion-association complex containing 

bromoplateaate and nile blue B was studied by Geokehyan 

N. o2 70 et a!. Extraction was carried ou.t from aq ~ so4 
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solution (pH 1-3). Paria P.r71 et a1 studied the use of 

isonitrosothiocamphor as a reagent for the spectrophotometric 

determination of platinum(IV). The greenish chelate was 

extractable into chloroform and the absorbance of the 

CP~oroform extract was measured at 369 nm. 

In oor laboratory it has been noted that platilil'um forms 

an ion-association complex with cetyltrimethyl ammonium 

bromide {CTAB) in presence of potassium iodide. The greenish 

complex is extractable into ethylacetate. This prcperty of 
,.Jl 

the platinum complex suggested that further studies of t·};le 
·.·J 

system might lead to the deve10pment of a simple spectro

photometric method for the determination of platinum which 

is described here. 
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:EXPERIMENTAL 

APparatus and Rea2ents : 

Spectral curves and analytical measurements were made 

with a Shirnadzu PRl model spectrophotometer eqt:Iipped with 

matched quartz cells of 10 mm optical path length. An 

ECL 5651 digital pH meter was used to measure the acidity 

of the aquerus phase. Separatory funnels (corning) (50 m1) 

were used for extraction purpose. 

A stock solution of platinum(IV) was prepared by 

dissolving 1 gm chloroplatinic acid (Johnson & Matthey) in 

100 m1 di~tilled water followed by its standarization273 • 

Solution of lower concentration of the metal was prepared 

by appropriate dilution of the stock. 

All the chemicals and solvents used were of analytical 

grade. Ethyl acetate, benzene, chloroform, 1, 2 dichloro

ethane, carbontetrachloride were distilled before used. 

Solutions of 0., 05 M potassium iodide and 0.1 M 

cetyltrimethylammonium bromide were prepared in distilled 

water. 

standard solutions of diverse ions were prepared from 

their corresponding salts to study interferences. 
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Determination of platinum : 

An aliquot containing 30 jU..g of pt (IV) was transfered 

to a 50 m1 separatory funnel. To this were added 0.1 ml 

of o. 05 M potassium iodide and 0.1 m1 of 0.1 M CTAB solution 

followed by adequate amount of hydrochloric acid and water 

to make the aqueous volume up to 10 m1 and o. 5 M with respect 

to hydrochloric acid. It was then equilibriated with 10 m1 

ethylacetate for 30 sec. After phase separation the organic 

layer was poured over anhydrous sodiumsulphate to remove 

any associated water droplets. Finally the absorbance of 
____ ., 

the ethylacetate extract 1:w~s_measu.red at 290 and 360 nm 

against a reagent blank prepared under identical conditions. 

Amount of platinum was computed from a calibration cu.I:Ve. 

To test the effect of diverse ions the respective foreign 

ions were added to the system before addition of the reagents. 

RESULTS AND DISCUSSION 

When potassium iodide is added to a neutral or 

slightly acidic solution containing platinum(IV), a 
-2 

reddish-brown colouration due to the formation of L-P'ti
6
J 

is formed. This complex anion is not extractable into 

ethylacetate. On addition an aqueous solution of cetyl

trimethylammonium bromide (CTAB) to this coloured solution, 



+ 
an ioa-association complex probably of the type f..-CTAJ2 ·-2 
L-pti6_7 is formed. This is extractable into 

ethyl acetate. 
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Absorptio~~peGtra : The absorption spectrum of the platinum 

-I-CTAB complex extracted into ethylacetate is shown in fig.1. 

The complex shows absorption maximum at 290 and 360 nm. The 

reagent blank absorbs strongly at 250 nm and it becomes 

insignificant beyond 290 :nm. wavelength of 2 9 0 or 3 60 nm 

may be selected f0r analytical measurements. 

Beer •s 1 aw and calibration curve : 

Different amounts of platinum(IV) extracted as in the 

general procedure from o. 5 M HCl medium and the correspond-

ing absorbances were noted against a blank at 290 and 360 

:nrn. The absorba:nces show a linear response up to 3 ppm of 

platinum(IV). In each case the remaining aqueous phase, 

after a single extraction was clear and colourless. 

Furthermore the aqueoos phase, as tested by an independent 

method, was void of platinum. The results are shown in 

table 1 and Fig.2. The molar absorptivities of the complex 

(based on platinum content), 'tvere found to be 5.36 x 104 

d 3 08 104 1 ,, -1 -1 d . t:. . . an •. x mo. em an sens~· ~v~t~es 0.0036 and 
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2 d '. 1 o.oo63 .A-{9/cm at 290 an 360 nm respect.1.ve y. 

Ef~ec~ O~£ota~siu~iodide concentration; 

The effect of iodide concentration on absorbance has 

been tested when the other variables remain fixed. It has 

been found that 0.1 m1 of o.os M KI along with 0.1 ml of 

0.1 M CTAB is sufficient to extract 30 ~ of platinum in 

a single operation. 
,.-1 • 

Higher concentration of K1I did not 

bring about any significant change in the maximum value of 

absorbance. Table 2 sh0\'IS the effect of KI concentration 

on absorbance of the pt (IV) complex. 

Effect of CTAB concentration .: 
--.-=w:w""" •w • "* ------=-..., - ,. ..,.. • .. 

As regards the reagent, 0.1 ml of 0.1 M CTAB was quite 

adequate for quantitative extraction C>f 30 /USJ of platinum. 

BelGW o.o5 ml of o.o5 M CTAB, the organic extract was found 

to give low absorbance vaiues. Increased concentration had 

no effect on the maximum value of absorbw.""lce. Tfle results 

are shown in the table 3. Order of adding the reagents had 

no effect on colour development. 
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Effect of aci~tj( : 
w wua:-..:w •w-

The effect of acidity on the extractibility of Pt(IV) 

into ethylacetate \~Jas examined in terms of absorbance of 

the complex. The complex exhibits constant and maximum 

absorbance when the extractions were carried out fr0.m 0.1 

- 1 M hydrochloric acid medium. In a second consecutive 

operation within this acidity range, the organic extract 

virtually showed no absorption. This indicated a quanti-

tative extraction of platililum in a single operation. BelOt'l 

0.1 M HCJ.. concentration, the absorbance value was found to 

decrease. However concentratiG>n above 1 M HCl should be 

avoided because the reagent blank develops strong coloura

tion with considerable absorption in the aforesaid wavelength 

region. For our practical purpose the aqueous phase was 

maintained at o.s M HCl with respect to HCl. 

Effect of solvents : 
Q::WW...,._ ·--- W. 4 

Apart from ethylacetate otlJler solve:ats like benzene, 

chloroform, 1,2-dichloroethane and carbontetrachloride 

were tested as the extracting solvents but those offered 

no special advantage over ethylacetate. The complex however 

is not extracted into carbontetrachloride. 



The rapid development of the maximum colour and its 

absorbance with time indicate that time is not a critical 

factor in platinum determination. The absorbance of the 

ethylacetate extract was measured at different intervals 
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of time. The colour of the ethylacetate extract was found 

to be stable for 24 hi;"s and the results are shown in 

table 4. 

Interference : ------W' .. --
In order to study the effects of diverse ions on the 

extraction behaviour, pt(IV) was extracted and determined 

according to the general procedure in presence of the 

desired foreign ion. The tolerence limit was set at that 
r.~, 

amount of foreign species for whichJ platinum could be 
\.,I 

recovered w·ithin ± 3% error. Platinurn(IV) (30 Ag) could 

easily :be determined without interference in presence of 

the following ions Co(II), Ni(II), Cu(II), Pd(II), Fe(III), 

Cd(II), 2n(II), Mo(VI), V{V), Ml(II), U(VI), zr(IV), 

Rh(III), pb(II), Al(III), Ca(II), Ba(II), Sr(II), Be(II), 

Bi (III), Ca (III), Cr (III), La (III) and M;;r (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. 
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Amongst the anions tested the following did not 

interfered in the estimation of platinum; borate, phosphate, 

tartara.te, citrate, fluoride, phthalate, ascorbate, oxalate 

and EDTA. In presence ef nitrate high results are Obtained. 

However thiosulphate, thiocyanate and tliliourea must be 

absent as these inhibit the colour development. The results 
[',. 

are summarised in the table 5. 
' • .J 

The precision and accuracy of the proposed method were 

tested by analysil!lg solutions containing a known amount of 

platinum following the recommended procedure. The results 

are shown in table 6. ~he process is very simple and rapid 

requiring only 10-15 min for each rune 

The applicability of the prOposed method was tested 

by analysing some synthetic mixtures. The composition of 

the mixtures with percentage recovery of platinum are 

shown in table 7. The results show that the recovery of 

platinum was highly. satisfactory. Average of three 

determination was taken in each case. 

The method has been compared to s orne other existing 

methods (Table 8). 
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Table 1 : Adherence to Beer •s law ... .1141-------- ....__ ___ 

Plat inurn (IV) 
(A{g) 

~sorbance at 
290 nm 360 nm 

5 

10 

20 

25 

30 

-------------------------
0.140 

0.260 

0.552 

0.670 

o. 824 

Table 2 : Effects of KI concentration - ·--- --- --

---
0.600 

0.150 

0.300 

0.380 

0.473 

The aqueous phase (10 ml) contaims 30 ,{.t9 of pt (IV) and 
0.1 m1 of 0.1 M CT~. Extraction 0.5 M HCl medium 
------~----------~-~---------~------------------· 
KI concentration 

(M) 
Amount added 

(ml) 
Absorbance at 

290 nm 360 nm 

--------------------------------------·---------•-w-•---·-·-----w~~ ~ 
0.025 

0.025 

0.,05 

o.1 

0.15 

0.20 

0.25 

0.05 

0.1 

0.1 

0.1 

0.1 

o.1 

o.1 

0.550 0.060 

0.705 0.204 

0.824 0.473 

0. 825 0.473 

o. 824 0.472 

0.824 0.472 

0.824 0.472 

---------
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Table 3 : Effect of CTAB concentration 
~~--~-----~ -- --

The aqueous phase (10 ml) contains (30~g) Ft(IV) and 0.1 
m1 of 0.5 KI. Extraction - 0.5 M HCl medium 

CTAB concentration Amount added 
(M) (ml) 

----- . ------------
0.025 

0.,{!)25 

o.os 

o.os 

o.1 

G.15 

0.20 

0.05 

0.10 

o.os 

0.1 

o.1 

0.1 

Absorbance at 
290 nm 360 nm 

0.550 

0.750 

o. 825 

o. 824 

0.824 

0.822 

0.824 

0.060 

0.250 

0.470 

0.470 

0.472 

0.472 

0.470 

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

---------·-----------------------------------------------
Time in hr 
after extraction 

0.25 

o.so 

1.0 

2.0 

6.0 

12.0 

24.0 

Abs orbaace at 
290 nm 360 nm 

--- .... ~~ 

0.824 0.473 

0.324 0.473 

0.824 0.473 

0.820 0.471 

0.822 0.470 

0.820 0.470 

0.820 0.470 

--------·------------------------------------------~~ 
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Table 5 . Effect of diverse ions • •w • --- . -~·~·------
pt {IV) taken 30 ,l(bg; EXtraction from 0.5 M HCl medium 
Absorbance measured at 290 nm -- --- • '*"- .............. w -- - ---------
Ion added Amount tolerated Platinum found Error 

{mg) (jUg) (%) 

--
Co{II) 3.0 29.2 2.65 

Ni .(II) 3.5 29.5 1.66 

CU{II) 2.5 29.2 2.66 

Pd(II) 3.0 30.8 2.66 

Fe(III) 3.5 30.5 1.66 

Cd(II) 3.5 29.6 1.33 

2'n{II) 3$0 29.6 1.33 

Mo(V:i:) 3 .. 5 30.0 0 

V(V) 4.0 30.0 0 

_)( Mn {II) 4.0 29.4 2.0 

U(V:i:)" 3.5 29.5 1.33 

zr<±v> 4.0 29.5 1.66 

Rh(:i:Ii) 3.0 2985 1.66 

Pb (:i:I)" 5.0 30.3 l.o 
A1. (:i::Ci) 5.5 30.1 0.33 

Ca(II) 6.5 30.0 0 
.--1 

Ba(II) 6.5 29.8 0.66 

Sr(II) 6.5 29).8 0.56 

Be (II) 5~1 0 30.1 0.33 

Bi (III) 2.5 29.4 2.0 
~-__..mww ··-- -----

contd ••• 

)' 
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* Table 5 centd ••• ...... ------·-_.... - -- ----
Ce (III) 3.,5 29.5 1.,66 

cr(tii) 4.0 29.5 1.66 

La{rr:i:j 5.0 29.,6 1.33 

MJ(II) 6.0 29.8 0.66 

HJ{:i::i:) nil 

Tl1(±v5 nil 

h;J{±Y - nil 

Borate 5.0 29.5 1 .. 66 

Phosphate 6.0 30.2 0.66 

Tartarate 6.5 30.0 0 

Citrate 7.0 29.6 1.33 

Flori de 7.0 30.4 1.33 

Phthalate 6.,0 30.0 0 
_'X._ 

-- Ascorbate 6.0 29.,4 2.0 

OXalate 6.5 29.6 1.33 

EDTA 5.5 29,.4 2.0 

Nitrate nil 

thiosulphate nil 

thiocyanate nil 

thiourea nil __ .._ __ 



~~.t_Reproduci]:>i-1:_-!_tv of.vlat.;_n~ recov~ 
Absorbance measured at 290 nm 

----------------------·------------------------------------
Platinum taken 

~) 

5 

15 

30 

Platinum found 
yt.l-9) 

5.0, 4.5, 4.8 

5.5 s.s, 4.6 

15.0, 14.6, 14.5 

15.6, 15.5, 14.6 

29.6, 29.5, 29.0 

29.5, 29.5, 28.5 

Mean 
( ) j1SJ 

4.98 

14.,96 

29.25 

std. deviation 
(3) 

0.43 

0.48 

0.42 

------------~----------·------

Tab:1:.,e 7 _:__~~Il~ti~n of ,E_latinum (30 &9_.) in var~ 
. ~~· Absorbance measured at 290 nm 

ww .. _..._w 

Comparison with amount taken Recovery of platinum 
()-Lg) (%) 

- ·-- --
1. Pd (100), Rh (100), Fe (100) 101 

2. Rh (100), Fe (100), Co (100) 99 

3. Fe (100), Co (100), Ni (100) 98 

4. Rh (10 0), Mo (100), v (100) 98 

--
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-------·-----------------··----------~~ww ~~~--w------~---------------
Reagent Absorp

tioB 
maxima 
(nm) 

Molar 
absorptivity 
l mol-1cm-1 

Sandell's 
sensiti
vity 
Ag/cm2 

Ref. 

----------··---------~----------------------------------------
1,3 Cyclohexanedione 
bis thiosemicarbazone 375 

1-Pyridyl-4-4, 6 tri
methyl-1-H, 4H-Pyri-
midine-2 ~hio~ 430 

Phenanthraquinone 
monoximate 425 

Propionyl pr0mazine 
phc:>sphate 512-516 

0-Marcaptoace to 
acetanilide 593 

2-Furan carbothioic 
acid hydrazide 

1,3-diamino-8-methoxy 

710 

phenothiazine 460 

Promethazine 
hydrochloride 406 

Chl oropromazine 
hydrochloride 400 

Present method 290 

360 

4 1.0 X 10 

1. 755 X 104 

33860 

1.001 X 104 

1.886 X 104 

5.36 X 104 

3.08 X 104 

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

0.0195 

.039 

.011 

.032 

0.019 

.0057 

0.0246 

0.195 mg/cm2 

9. 8 mg/cm2 

o. 0036 

0.0063 

274 

262 

265 

255 

256 

257 

245 

250 

247 

272 

,-r\ 
' . 

---------------~ 
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~!.~I}._?_: Extraction and Spes.tr9J2_hotometric D3terrnination 
2.f...E!21Xl?.. denum 

INTRODUCTION 

Use of thiocyanate complexation as a method for chemical 

separation has been known since long. Bock275 intensively 

studied the distribution of metal thiocyanates into ethyl 

ether at various ammonium thiocyanate concentration. It has 

been Observed that Mo(V) is extracted well over a wide range 

of thiocyanate concentration. Some of the well known methods 

for the determination of molybdenum involves the utilization 

of acetylacetone276 , 8-quinolino1 277 , to1uenedithio1278 and 

trictylamine279 • 280 Dhara and Khapkar extracted Mo(VI) with 

20% tri-n-butyl phosphate into chloroform from 6 M HCl/4M 

LiCl. 

Traces of molybdenum in minerals is determined spectro

photometrically 281 as the 1 :1 :1 {.Ho:bromapyrogallol red: 

cetyl pyridinium) complex in 0.1-0.3 M HCl medium in presence 

of small amount of EtOH and ascolibic acid. The maximum 

absorbance of the cOmplex is at 630 nm. 
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Tananai Ko and G0renshtein282 have determined 

molybdenum(VI) spectrophotometrically with 1,10-phenanthro

line and bromopyrogallol red. The complex absorbs maximum 

at 610 nm. 

Nyt]{O et a1 2 83 method for the spectrophotometric 

determimation of molybdenum is based on reduction of 

molybdenum with hydrazine sulphate in HC1. medium to Mo(IV) 

and reaction of the latter with NH4SCN and lobeline, and 

extraction of the ternary complex into chloroform. The 

absorbance of the organic phase was measured at 465 nm. 

Another spectrophotometric method for the determination of 

molybdenum involves the utilization of N-hydroxy-N-p-tolyl 

-N-(3,4 dimethyl phenyl) benzyamidine284 in the presence 

of thiocyanate. The red or~nge complex shows a sharp 

maximum at 470 nm. 

The following reagents have been suggested by different 

workers for the photometric determination of molybdenum : 

pyrogallol red and cetyltrimethyl arrunonium brornide285 , 

/3-diketones286 , amidine and thiocyanate287 , salicylfluorone 

and cetyl trimet?h}l ammonium brornide288, thiocyamate and 
'u 

amidcpyridine289 , 1,4-dithydroxy phthalimide 

dithiosemicarbazone, 8-hydroxy-5-quinoline sulfonic acid 

and trioctyl ammonium chl oride290 , promethazine hydrochloride 

and thiocyanate292 , thiocyanate and amides293 , 4,5 

-dibromophenyl fluorene and cetyltrimethyl ammonium 

bromide294 , 1,5-diphenyl carbazone295 , thiocyanate and 
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acetone thiosemicarbazone296, 2,3,4-trihydroxy-2-azo 

-(p-aminobenzene sulfonamide)-5-ethyl-1,3,4-thioadiazole297 , 

thiocyanate and adogen298, potassium thiocyanate and benzyl 

trimethyl ammonium ch~oride299 , 2-benzylidenimino benzo 

hydroxamic acid and 2-salicylidenirnino benzo hydroxarnic 

acid300 , 2,4-dithiobiuret301 , benzyl trimethyl ammonium 

cbloride302 , malachite green and 0-chloromandelic acid303 , 

3-hydroxy flavone304 , benzyl dimethyl phenyl ammonium 

chloride305 , p-aminophenyl fluorone and cetyltrimethyl

ammonium brornide306 and 4, 6-di-tert-butyl-3-methoxy 

catechol and malachite green307• 

S hm .. 308 t d ,, t. b t Rao .Bra , aJ~ sugges e a co..~..our reac ~on e ween 

salicylaldoxime and sodium molybdate in the presence of 

isoniazid in acetic acid for the determination of 

molybdenum(VI) spectrophotometrically. The complex has an 

absorption maximum at 430 nm. 

Tarek et a1309 determined molybdenum spectrophotometri-

cally in some alloys and steels using quinalizarin arad 

cetylpyridinium ch~oride. The absorbance of the complex 

d t 58 rt . 3'10 -~.t al d t . d was measure a 0 nm. Ma ~nez 1 -t: :' ... ~ e ernune 

molybdenum in vegetal tissues, soils and pharmaceutical 

compounds vdth man del ohydroxamic acid and methyl trioctyl 

ammonium cation. The absorbance of the yellow complex was 

measured at 375 nm. 
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In the present investigation it has been noted that 

molybdenum(VI) forms an ion-association complex with 

thiocyanate and cetyltrimethyl ammonium bromide (CTAB). 

Extraction of this complex into benzene may yet be another 

approach, in addition to the earlier ones, for micro 

determination of molybdenum, which we present here. 



APparai~ and Reagents : A Shimadzu PRl model recording 

spectrophotometer with matched quartz cells of 10 nun 

optical path length was used for the absorbance measure

ments. All the pH measurements were carried out with an 

ECL 5651 digital pH meter. Separatory funnels {corning) 

(50 ml) were used for extraction purpose. 

A stock solution of rnolybdeaurn (VI) was prepared by 

dissolving 0.9472 grn of ammonium molybdate in 250 ml of 

distilled water. This was standarised gravimetrically 

134 

'th 8 h dr . , . 311 Te t ,, t' d w~ - y oxyqu~no.J.~ne • s so.J.u ~ons were prepare 

by appropriate dilution of the stock. All the chemicals 

and sol vents used were of analytical grade. Benzene, chl oro-

form, ethyl acetate, carl> ontetrachl ori de, 1, 2-dichl oroethane 

were distilled before used. Solutions of ammonium 

thiocyanate (311)" cetyltrimethylarnmonium bromide (CTAB) 

(.111) and thiourea (2M) were prepared in distilled water. 

standard solutions of diverse ions were prepared as 

before, to study interferences. 

~~rmination of rnolybde~ : To a sample solution of 

molybdenum (40~g) were added aqueous solutions of thiourea 
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(4 m1), ammonium thiocyanate (2 ml) and CTAB (1 ml), followed 

by addition of hydrochloric acid to make the volume of the 

aqueous phase to 10 m1 and 2M with respect to HCL. The 

mixture was then equilibriated (30 sec) with benzene (10 ml). 

The separated organic layer was shaken with anhydrous sodium 

sulphate to remove any retained water draplets. Finally the 

absorbance of the benzene extract was read at 330 nm and 

460 nm against a blank. The amount of molybdenum was 

computed from a calibration curve. To test the interferences 

the respective foreign ion was added individually to the 

system before addition of the reagents. 

RES§:,)TS AND DISCUSSION 

In acid solution and in the presence of thiourea, 

thi0Cyanate gives an oraJ:ilge yellow_ colour with molybdenum(VI). 

The coloration is due to the formation of a thiocyanate 
r-, 
't-, 

complex of quinquevalent moltybdenum, which by itself is not 

extractable into benzene. Cetyl trimethyl ammonium bromide 

(CTAB) interacts with the thiocyanate complex of molybdenum, 

which is presumably CMo(SCN) 6J , yielding the ion-pair, 
0 -

L-CTA}(_) + L-Mo(SCN) 6J . This is extractable into benzene. 

~.r:ption SE_ectra : The spectrum of the Mo-SCN-CTAB complex 

in benzene taken against reagent blank as the reference has 
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been shown in fig.1. Tl:le complex, as evident from the 

spectrum exhibits absorption maxima at 330 and 460 nm. 

The reagent blank shows insignificant absorbance in this 

region. 
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The pattern of the absorption spectra of the complex 

remains unchanged when extracted from o. 5 M HCl to 5 M HCl 

medium. This indicates the formation of a single variety 

of the CGmplex species in all cases. 

Beer •s law and calibration curves : -
The absorbance of the orange-yellow Mo-SCN-CTAB 

complex shows a linear response up to 10 ppm of molybdenum 

when measured at 33 0 nm and 460 nm. Different amounts of 

molybdenum v-1ere taken and extracted following the general 

procedure at 2 M HCl medium. The results have been presented 

. r' .. 
~n table 1 and ::E_;~g.2. The aqueous phase after extraction 

was clear and colourless. The molar absorptivities of the 

complex works out to be 2.21 x 104 (330 nm) and 1.97 x 104 

(460 nm) 1 mol-1cm-1 with Sandell •s sensitivities of 0.0043 

(330 nm) and 0.0048 (460 nm) ~/cm2 • 

Effect of thiocyanate concentrati~ : The extent of absorb

ance of the Mo-cornplex has been examined with different 
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amount of thiocyanate keeping all other variables constant. 

It was found that 0.5 ml of 3 M ammonium thiocyanate along 

with 1 ml of .1 M CTAB and 4 ml of 2 M thiourea is sufficient 

to extract 40 ;U.-9 of molybdenum in a single operation. For 

our practical plilrpose 2 ml of 3 M NH4 SCN was used. Increased 

concentration of thiocyanate did not bring about any 

significant change in the maximum value of absorbance. 

Concentration bel ow the optimum mark should be avoided. 

The resUlts are shown in table 2. 

~feet ~Cetykt~methyhammonium bromide c~centration : 

The effect of the CTAB concentration on absorbance has 

also been studied by varying the ;~~AB concentration maintain-

ing the other variables constant. It has been foand that 

.5 ml of 2.3 x 10-3 M CTAB was sufficient to extract 40 }{..g 

of molybdenum. For our practical purpose, however, a higher 

concentration i~e. 1 ml of 0.1 M. CTAB was used as higher 
'-· 

concentration had no effect on absorbance value. EXperi-

mental results are shown in table 3. 

Effect of the pre~nce o~iour~ = 

Presence of thiourea in the reaction mixture played 

a role in reducing molybdenum(VI) to molybdenum(V) 304 and 
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also enhance the rate of formation and stability of the 

coloured complex. Concentration of aqueous thiourea below 

2 M (.5 ml) causes lower absorbance value. Higher concen

tration had no effect on abso]::'bance. The results are 

tabulated in table 4. 

Eff~t of acidity : 

Effect of acidity on the system has been investigated 

in terms of absorbance of the Me-complex in the organic 

phase. MaXimum absorbance was obtained when the extractions 

were carried out from 0.5 M HCl medium to 5 M HCl. In each 

case the remaining aqueous phase after extractions was clear 

and colourless. Complete and quantitative extraction of 

mo~~bdemum occured from this entire range. If the acidity 

is less than o.s M, absorbance of the organic extract is 

less than the maximum value. At higher acidities the values 

were found to decrease. EXtraction::~O~.\IJ'§)re carried out at 

2 M HCl medium for our investigation. 

Choice of sol vent : -
Apart from benzene, some other solvents like chloroform, 

carbontetrachloride, ethylacetate or 1,2-dichloroethane were 
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tested as extracting solvents, but these offered no special 

advantages over benzene. However the spectral curves of 

the molybdenum complex in various water-irnmisible solvents 

are identical in nature indicating the formation of similar 

type of complex in all cases. 

The absorbance and its constancy with time indicate 

that the system is stable for at least 6 hr. The abso.z:bances 

of the Mo-complex in benzene was measured at elapsed 

intervals of time as indicated in table 5. 

Interference : 

To test the effects of diverse ions molybdenum was 

extracted according to the recommended procedure in presence 

of the desired foreign ion. The tolerance limit was set at 

that amount of foreign species for which the recovery of 

molybdenum within ± 3% error cOUld be achieved. Molybdenum 

(40 ;U-g) could be determined without interference in presence 

of the following ions : zn{II), Cd{II), Pb(II), Ca(II), 

Ba(II), Sr(II), Pll(III), Bi(III), V(V), Mn(II), Ni(II), 

Co(iij, Rh(III), Pt(IV), Be(II); Cr(III), U(VI), Qe(III), 

Th(IV), zr(IV), ~{II), Al(III), La(III), HJ(II), CU(II), 
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Fe(III), Pd(II), W(VI). In presence of W(VI) the absorbance 

was measured at 460 nm. Sn(II) interfered. 

Amongst the anions tested the followings did not 

interfered in the estimation of molybdenum : fluoride, 

iodide, bromide, borate, phosphate, p~~halate, acetate, 

arsenate, oxalate, citrate, tartarate, thiosulphate, EDTA. 

Nitrite forms immulsion in the process and must be absent. 

The results are shown in table 6. 

f£ecision and accuracy : 

The precision and accuracy of the method were tested 

by analysing solutions containing a known amount of 

molybdenum folle>v1ing the recommended procedure. The results 

are shown in table 7. The proposed method has been compared 

to s orne other existing methods in respect of molar absorp

tivity and sensitivity as mentior+ed in table 8. The process 

is very simple and rapid requiring only 10-15 min for each 

run. 

Application ~he analysis oE_slllthetic mix~~ : 

The applicability of the proposed method was tested by 

analysing some synthetic mixtures. The composition of 

mixtures with percentage of recovery of molybdenum was 

satisfactory. Average of three determination was taken in 

each caseo The results are shown in table 9. 
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FIG- 1 : ABSORBANCE SPECTRUM OF Mo-SCN- CTAB COMPLEX {4ppm Mo) 
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Table 1 : Adherence ·to Beer's law -- ..... _____ _....._ .. -- .......-............ ~-·-

Molybdenum taken in Absorbance at 

.#9 330 nm 460 nm 
_,_, ____ __..._ ........... _ -·------~----.... ___......_.....-~ .... --... ---

10 

20 

40 

60 

so 

100 

0.200 

0.432 

0.910 

1.420 

1.,800 

2.210 

0.198 

0.350 

0.788 

1.200 

1.520 

1.910 

Table 2 : Effect of thioc,anate concentration 
......,.. ~.._.._...__ w - • ----

The aqueous phase (10 ml) contains 40A.g of molybdenum, 
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1 ml of 0.,1 M CTAB and 4 ml of 2 M thiourea. Extraction 
from 2 M HCl medium. · 

Aquousthiocyanate 
concentration (M) 

Amount added Absorbanc~~Jat 
(ml) 330 nm 460 nrn 

0.40 0.5 0.560 0.440 

o. 80 0.5 o. 780 0.580 

1.2 0.5 o. 780 0.640 

1.6 0.5 0.842 0.662 

2.0 0.5 0.902 0.810 

2 .. 4 0.,5 0.905 0.788 

2.8 0.5 0.910 0.788 

3.6 0.5 0.905 o. 780 

4.0 0.5 0.900 o. 782 

-----~__..·~~ ... --------
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Table 3 : Effect of CTAB concentration ............. ~---.---..........---.-.. -w_ ·- 4 -

The aqueous phase (10 m1) contains 40~ of molybdenum 
along with 2 m1 of 3 M thiocyanate and 4 m1 of 2 M 
thiourea. Extraction from 2 M HCl medium 

------------------------------------------~------·--------
CTAB concentration 

(M) 
Amount 
added 

(ml) 

Absorbance at 
360 nm 460 nm 

--------------~-------,..,.._-----~....__-___ _ 
5.2 X 10-4 

7.8 X 10-4 

1.04 X 10-3 

1.3 X 10-3 

1.6 X 10-3 

('v) 3 
1.182 X 10-

\J../ 

2.1 X 10-3 

2.3 X 10-3 

2.6 X 10-3 

2.6 x 1o-2 

2.6 X 10-1 

0.5 

o.s 

o.s 

0.5 

0.5 

o.s 

o.s 

0.5 

o.s 

0.,5 

o.s 
-----.._.....----------·~~ -------

0.22 0.18 

0.32 0.26 

0.42 0.36 

0.60 0.,52 

0.66 0.58 

0.82 0.700 

o. 84 0.720 

0.90 0.768 

0.90 o. 780 

0.910 o. 780 

0.905 o. 785 

--------
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~-Ef~f_t~~~~ . ."l:£~tion 
The aqueous phase (10 ml) contains 40,/CUJ of molybdenum, 
2 m1 of 3 M NH4SCN and 1 ml of 0.1 M CTAB. Extraction 
from 2 M HCl medium 

Thiourea concen
tratiorr? 

(M) 

Amount 
aciided 

(ml) 

O Absorbance at 
3 ~\0 nm 460 nm 

-----~-~~---~------------~-----·-------------------------
e002 

0.02 

0.2 

2.0 

2.0 

2.0 

2.0 

2.0 

0.5 

0.5 

0.5 

1.0 

0.540 

o. 780 

0.88 

0.905 

0.900 

0.900 

0.905 

0.900 

0.200 

0.640 

0.710 

o. 780 

o. 785 

o. 785 

o. 780 

o. 785 

------------------·--------------------------------------

Table 5 : Variation of absorbance with time 
- -·[Mo taken 40~)-

-------------------------~~ 
Time in hr. 
after extraction 

Absorbance at 
330 nm 460 nm 

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

0.25 

0.5 

1.0 

2.0 

6 .. 0 

0.905 

0.905 

0.905 

0.900 

0.902 

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

o. 780 

o. 785 

o. 780 

o. 780 

o. 782 
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Table 6 : Effect of diverse ions in the determination of 
-~~45qum-(1_Q.&Ut1· Extraction at' 2-M-HCl medi-

um. sorbance measured at 330 nm 
---------- w ·-·--------------- -----~----- .. __ 

Ion added Amount 
tolerated (mg) 

molybdenum 
found (,,ALg) 

.Et"ror 
% 

------~_..,_ _____ - -----------
:2n (II) 

Cd(II) 

Pb (II) 

Ca (II) 

Ba(II) 

Sr(III) 

Au(III) 

Bi(III) 

V(V) 

Mi (II) 

Ni(II) 

Co(II) 

Rh(III) 

Pt(:i:V) 

Be(:i:I) 

cr(III) 

U(VI) 

ce (:i::i:r) 

Th(IV) 

Zr(:i:vj 

M.J (II) 

5.5 40.8 

4.0 39.0 

6.5 40.0 

6.0 40.5 

6.0 40.5 

6.5 40.5 

3.5 41.2 

3.0 41.0 

2.5 41.2 

3.5 

4.0 

3.5 

1.5 

5.0 

3.,5 

3.5 

4.0 

6.0 

40.5 

40.0 

41.2 

40.5 

41.0 

40.0 

40.5 

40.7 

40.5 

40.5 

39.6 

39.6 

2 

2.5 

0 

1.2 

0 

3 

2.5 

3 

1.2 

0 

3 

1.2 

2.5 

0 

1.2 

1.7 

1.2 

1 .. 2 

1 .. 0 

-------
contd ••• 
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·'-
Table 6 contd ••• --·W ---------

_________ _.. __________ ..._ 

Al (III) 4.5 40.2 0.5 

La (III) 6.0 40.2 0.5 

Hg(II) 1.5 39.0 2.5 

CU(II) 1.5 39.2 .2.0 

Fe (III) 1.5 40.5 1.2 

Pd(II) 1.5 41.2 3.0 

* W (VI) 2.0 41.2 3.0 

Sn (II) nil 

Fluoride 10.0 40.0 0 

Iodide 1o.o 40.5 1.2 

Bromide 10.0 40.2 0.5 

Borate 8e0 41.0 2.5 

--"' Phosphate s.o 40.5 1.2 

Phthalate 9.0 40.2 0.5 

Acetate 12.0 40.2 0.5 

Arsenate a.o 39.0 2.5 

Oxalate 7.0 39.0 2.5 

Citrate 8.,0 40.0 0 

Tartarate s.o 40.0 0 

Thi osulphate 6.,0 39.0 2.,5 

ED!' A 6.,0 41.2 3.0 

Nitri;tf;3 nil 

-----~-- ---
* absorbance measured at 4 60 nm. 

i 
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--~---------------. -- ---~-~ ..... 
Molybdenum 
taken ~) 

Molybdenum 
found (.;UJJ ) 

Std. deviation 
(%) 

-- -------·----------------------
19.0, 19.0, 21.5 

20 20.5 1.26 
20.5, 22.0, 21.0 

40. 6, 42.2, 40.5 
40 41.23 0.88 

41.0, 42.5, 40.6 

61.5, 62.0, 60.0 
60 61.25 

60.5, 62.0, 61.5 

- ...--~--

Table 8 : D3terrnination o;__~zbdenum t!O~L in various 
-~--·-InixtUres -----

------------·--------~--~---
Composit:ioo with amounts taken 

<;<L-9") 

----~-------------------
1. Mo(VI) 40, Cu(II) 50, Cr(III) 

2. Mo(V:i:) 40, V(V) 50, W(VI) 50 

Mo(VI) Ml (II) 
' 
Fe(III) 3. 40, 50, 

4. Mo(VI) 40, W(VI) 50, Cr(III) 

Cu (II) 50 

Recovery of molybdenum 
(%) 

50 

50 

50, 

----------------~-
102 

* 101 

102 

~ 
98 

5. Mo(vi) 40, Fe (III) 50, Cr(III) 50, 

W(VI) 50 98 

--------- ._____-

~ 
absorbance measured at 460 nm 



-------~-~------- ... --
Reagent Molar 

absorbtivity 

1 mol-l x 104 
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--·-----~---

Sensit~vity 
p.91cm 

Ref. 

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

1. Benzyltriethyl ammonium 
chloride 

2. Benzyldimethyl phenyl 
ammonium chloride 

, 
3. N-hydroxy-N-phenyl-N 

-P-tolyl benzene-o-chloro 
ben zarni de hydrochloride 

4. {9 -Ivercapto propanoic acid 
anilide 

I 

5. N-phenyl-N -P-tolyl-rn 
-tolumidine hydrochloride 

6. P-mercapto resorcyclic 
acid 

7. 4-HYdroxy cumarinthiol 

8. Present method 

1.8 .0053 302 

2. 83 o.o 034 305 

3.36 0.0285 312 

2.06 0.047 313 

1.73 314 

1.94 .0049 315 

1.2 316 

2.21 O.Q043 

1.97 - 0.0048 

-------------------·-·-------------------------~--·------------
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INTRODUCTION 

f'") 

Vanadium thitocyanate complexes have been studied in 
VI 

aqueous solution317- 319 • spectrophotometric method for 

vanadium depends on the absorption properties of the blue 

vanadyl ion320- 323 and on vanadyl thiociyanate in aqueous 

solutions321 and in acetone-~'later solutions322 • Baired323 

noted that vanadium formed a pyridine thiocyanate complex 

ander different conditions. Utilizing this property 

Ayres324 developed a spectrophotometric method for vanadium. 

Sinde, V.M and Khopkar s.M3 25 studies an ion-association 

complex of vanadium which was extracted from 6 M HCl into 

mesityl oxide. 

Vanadium could be extracted at pH 3.5 with 0., 1 

M 8-hydroxyquinoline326 into chloroform. The absorbance of 

the complex was measured at 550 nm. 

I : . 
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Mathur S.P et a1 327 investigated vanadium(V) complexes 
, 

of N-allyl-N -(P-benzoyl glycine) thiourea. The complexes 

were extractable into isoamyl alcohol from 7-9.5 and 

10-11.5 .r'DJi HCl solution respectively. The absorbance were 
, 

measured at 360 and 380 nm. N-hydroxy-N,N -diphenyl 

~:Annamidine has been proposed for the spectrophotometric 
t: 

determination of vanadium(V) by D3b, Nauk, Kanti and .Mishra 

Rajindre K328• The 1:2 (metal:ligand) complex was extractable 

into chloroform from 1. 0-9.5 M aq AcOH solution. Verizade, 

N.A; and Ragimova, z.B329 found that(V)II reacts with SeN

and diphenyl guanidine(!) to form ternary complex with a 

V-SCN-I ratio of 1:2:2 at 0.42-2.8 or 1. 8-2.7 M HCl or ~s:o4 
medium respectively. The maximum absorbance occured at 

340 nm. 

Verdizade, N.A and Ragimova z.B330 determined vanadium(VI) 

by extracting the yell ow 1 :2 .:3 (V-SCI.'ii-diantipyryimethane) 

complex into chloroform. 331 Patel K.S. et al used N-hydroxy 

-N-P-chlorophenyl-N -(2-methyl-5-chlorophenyl)-P-toluamidine 

hydrochloride and some phenol for the spectrophotometric 

determination of vanadium (V). Pyridine-2-acetal dehyde 

salicyloylhydrazone332 has been proposed as an analytical 

reagent for the spectrophotometric determination of vanadium. 

The yell0W complex absorbs maximum at 415 nm in chloroform. 

A highly sensitive method for the spectrophotometric deter

mination of trace amounts of vanadium(V) was described by 
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333 Abbasi, Shahid Abbas cmd Ahmad Jameel • Vanadium (V) was 

extracted from 4-8 M HCl solution as a violet complex with 

N-p-methoxyphenyl-2-furohydroxamic acid into chloroform. 

The extract showed maximum abserbance at 545 nm. D.lla 

Alexandra and Caramtan Maria334 described a photometric 

method for the determination of vanadium by using the 

reaction' of molybdovanado phosphoric acid with malachite 

green. The complex was extractable into nitrobenzene at 

pH 8 and absorbs maximum at 630 nm. 

The solvent extraction behaviour of the ternary complex 

formed by V(V) with N-anthranilohydroxamic ac1d and 

thiocyanate- was investigated at pH o. 95 by Bag s.p et a13 35 • 

Paul K and Gupta V.K336 proposed another spectrophotometric 

method for the determination of vanadium(V) with N-m 

-Clllorophenyl-2-theonylhydroxamic acid in presence of 

thiocyanate. The blue coloured complex was extractable 

into chloroform having absorption maximum at 580 nm. 

Procedures based on the formation of vanadium complexes 

with 2,7-diamino fluorene237 , 5-(2-hydroxyphenylazo)-6 

-amino-2-marcapto-4-pyrimidinol338, 2-(3,5 dibromo-2 

-pyridylazo)-5-dimethylaminophenol339 , erichrome cyanine R 

and cetyl trimethyl ammonium bromide340, ,isophthal 

dihydroxamic acid341 , chlorosulfophenols342 , 4-(2-pyridylazo) 

resorcinol and tetrazolium chloride343 , 2-(5-bromo-2 

-pyridylazo) -5- (N-propyl-N-sulphopropyl amino) phenol 344 , 
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2- (5-bromo-2-pyridylazo)-5- (diethylarninophenol) and cetyl 

pyridinium bromide345 , 0-amindbenzohydroxamic acid346 , 

2-acetyl pyridine thiosemicarbazone347 , thiocyanate and 

di h l . di 348 h l fl 349 t . . d350 p eny guan~ ne , p eny uorone , ann~c acJ. , 

substituted hydroxamic acids351 , and N-hydroxy-N-phenyl-N
1 

-P-phenatylbenzamidine352 have been proposed by various 

workers. 

Zhao Mingren353 et al studied the micellar se>lubilization 

of vanadium complex with 4- (2-pyridylazo) resorcinol and 

crystal violet in the presence of surfactant at pH 1. 6-3. 8. 

The complex has maximum absorbance at 545 nm. The extrac

tion of the mixed ligand complex of vanadium(V): 

isophthaldihydroxamic acid into tolune solutions of Adogen 

464 has been proposed by Salinas F et a1 354 • Vanadium(V) 

was determined spectrophotometrically by using methoxy 

propazine355 in 1-3 M phosphoric acid. The absorbance of 

the violet species was measured at 565 nm. The method finds 

its applicable for the determination of vanadium in vanadium 

steels and minerals. .Another method for the spectrophoto

metric determination of vanadium has been proposed by Xu 

Qiheng and Yang, Hui356 by using 9-0-chlorophenyl-1,6,7 

-trihydroxyfluorone (OCPF) and cetyltrimethyl amonium 

bromide pH 4. o. The compiex absorbs maximum at 560 nm. 

The V(IV)-OCPF ratio was found to be 1:2. 
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A method of spectrophotometric determination 0f 

vanadiurn(II) in presence of 35 common cations by means of 

di-2-pyridyl ketone-2-pyridylhydrazone (DPPH) was presented 

by Kavlentis Ji3 57• The V(II)-DPPH complex has A max at 

-1 -1 . 545 nm with molar absorptivity 14, 000 1 mol em • Mart~nez 

et a1358 studied a mixed ligand complex of vanadium(V) with 

mandelo hydroxamic acid and oxalate. The complex was 

extractable into Al.dogen 464-toluene solution. 

,:~2) In our present investig:~tJ..on it has been found that 

Vanadium(III) forms complex with thiocyanate in presence of 

cetyltrimethyl ammonium bromide (CTAB) and the resulting 

complex is extractable into ethyl acetate u~der qptimum 

conditions. The systems conforms to Beer •s law. This 

property of the vanadium complex suggested yet another 

approach to the development of a spectrophotometric method 

for determination of the metal which is described here. 
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EKP ERIMB.NTAL 

Spectral curves and analytical measurements were made 

with a Shimadzu PRl model recording spectrophotometer. 

Stoppered quartz cells of 10 mm optical path length were 

used. An ECl 5651 digital pH meter was used to measure t:fle 

acidity of the aqueous solations. Separatory funnedls 

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

P.. stock solution of vanadium (IV) was prepared by 

dissolving 1. 75 gm vanadyl sulphate dihydrate in 250 ml 

distilled water. The solution \'las standarised by EDTA 

titration359 • st8ndard vanadium(III) solution was prepared 

by reducing an aliquot of the stock vanadium (IV) solution 

by 2n in HCl. Appropriate dilution was made as needed. 

All chemicals used were of analytical grade. Benze~~~~ 

chloroform, ethylacetate, carbontetrachloride and 

1,2-dichloroethane were distilled before use. 

Solutions of ammonium thiocyanate (2.5 M), cetyltri

methylammonium bromide (CTAB) (~,.007 M) were prepared in 

distilled water. Hydrochloric acid-potassium chloride 

buffer was used to adjust the pH of the aqueous solution. 
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Standard solutions of diverse ions were prepared from 

their chlorides, nitrates or sulphates (in case of cations) 

and from sodium, potassium or ammonium salts (in case of 

anions) to study interference~~ 
"" 

To an aliquot containing up to 70 f4J of vanadium (III) 

were added 5 m1 of ammonium thiocyanate and 2 m1 of CTAB 

follOvied by addition of buffer (pH-2) to give a total volume 

of 10 m1 of the aqueous solution. The mixtures was then 

equilibriated (30 sec) with ethylacetate (10 ml) and the 

separated organic layer was deied over anhydrous sodium 

sulphate and finally it~ absorbance was measured at 305 nm 

against a blank. Amount of vanadium was computed from a 

calibration curve. To test the interference, the respective 

foreign ion was added to the aqueous solution before 

addition of the reagents. 

RESULT AND DISCUSSION 

~SO££~n spectra ; 

The absorption spectrum of the vanadium(III}-SCN-CTAB 

complex as extracted above into ethyl acetate is shown in 
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Fig.l. The complex shows, absorbance maxima at 250 nm, 

305 and 400 nm. The reagent blank itself exhibits 

i~~~~i:l?~l~n-~-~1-~~t 240 nm and the absorption becomes 

insignificant beyond 300 nm. All measurements were carried 

at 305 nm due to higher absorbance. The pattern of the 

absorption spectrum of the complex remains unchanged when 

the extractions were carried out from 1 M HCl medium to 

pH-3. This indicates the presence of single variety of 

complex species in the system. 

It has been noted that vanadium(IV) in the aforesaid 

conditions does not form with the reagents, any complex 

to be extractable into ethylacetate. 

Beer •s law and calibration curve : 

The absorbance of different amounts of vanadium(III) 

extracted as in the procedure were noted against reagent 

blank. The absorbance of vanadium(III)-SCN-CTAB complex 

in ethylacetate shows a linear response over a concentration 

of 15 ppm of vanadium. The results are shown in table 1 

and calibration curve in Fig.2. In each case the remaining 

aqueous phase after a single extraction was clear and 

colourless. Furthermore the aqueous phase, as tested by 

an independent method, was void of vanadium. 



The molar absorptivity and Sandell •s sensitivity 

were evaluated to be 7. 87 x 103 1 mol-1cm-1 and 0.0065 

n_gjcm2 respecti~~ly at 305 nm. 
/""- \._/ 

Effect of thiocyanate concentrat~ : 

The effect of thiocyanate concentrations has been 
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studied by varying the amount of anunoniurn thiocyanate (2.5 M) 

keeping the other variables constant. It was found that 

5 m1 of 2.5 M ammonium thiocyanate along with 2 ml of 

0.007 1-1 cetyltrimethyl ammonium bromide solution was 

sufficient to extract 70)U9 of vanadium in a single 

operation.· Increased amount of thiocyanate did not bring 

about any significant change in the maximum value of the 

absorbance. Table 2 shows the effect of thiocyanate con-

centration on absorbance of the vanadium(III) complex. 

Effect of cetyltrimethxlammo~~ bromide (CTAB_l 

concentration : 

As regards the reagent, 2 rn1 of 0.007 M CTAB along 

with 5 rnl of 2.5 M thiocyanate was quite adequate for 

quantitative extraction of 70M of vanadium. Below 1.4 

rnl of o. 007 M CTAB the absorbance of the ethyl acetate 

extract was found to give low absorbance values. Increased 



concentration however could not produce any significant 

change in the maximum colour intensity. The results are 

given in table 3. 

The mole-ratio method indicated a 1:3 (V:CTAB) 
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stoichiometry in the green V(III)-SCN-CTAB complex. However, 
( '\ 

the molar r~}:io of vanadium to thiocyanate in the complex 
I.,_.J 

could not be determined as the amount of thiocyanate 

required would be large excess (1:4000). 

Effect of 2Sidity : 

The effect of acidity on the extractibility of vanadium 

{III)-SCN-CTAB complex into ethylacetate was examined in 

terms of absorbance. MaXimum absorbance was obtained when 

the extraction were carried out from 1 M HCl medium to 

pH-3. In a second consecutive operation within this 

acidity range the organic(e~tract virtually showed no 

absorbance. This indicated a quantitative extraction of 

vanadium in a single operation. At higher pH the system 

showed no col our d.evel opment. On the other hand when the 

acidity of the aquecuus phase was made to exceed 1 M with 

respect to hydrochloric acid, the reagent blank develops 

strong colouration with consideraBle absorption at the 

aforesaid wavelength region. Thus for our practical 

purpose extractions were carried out at pH-2.0 where the 



reagent blank absorbs minimum. The results are shown in 

tables 4 & 5. EKtraction of vanadium(III) as a function 

of acidity has been sho~m in Fig.3. 

~eat of sol vents : 

Apart from ethyl acetate, some other solvents like 

chloroform, benzene or 1,2-dichloroethane were tested as 
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extracting solvents but none of these offered any special 

advantages over ethyl acetate. The vanadium complex was 

not extractable in carbon tetrach~oride. 

Stabilitl_of col~ : 

The absorbance of the V(III)-SCN-CTAB complex in 

ethylacetate was measured at elapsed intervals of time and 

was found to be stable for at least 6 hr. The result are 

tabulated in table 6. 

Interference : 

To test the effect of diverse ions on the extraction 

behavi·our, vanadium(III) was extracted according to the 
II'f 

recommended procedure in presence of the desired for~lgn 



·ion. EXtraction pH was set at 2®0 with KCl-HCl buffer. 

An ion was considered to interfere if the recovery of 
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vanadium differed by more than + 3% from the actual amount 
. -

taken. Vanadium (70}-UJ) could be determined without inter

ference in presence of the following ions : Ni(II), Fe(II), 

:MJ(II), Mn{II), Mo(IV), Pb{II), Cr(VI), Sn(II), zr(IV), 

Ca(II), Ba(II), Sr(II), Cd(II), Co(II). The absorbance of 

the organic extract was measured at 305 nm to avoid the 

interference due to the following ions Th(IV), Bef~II), 
'.• 

La(III), Pd(II), Au(III), Ce(III) and Al(III). Copper(II), 
.'1 

Mercury(II), Zinc'\('-.II), uranium(V.I) and silver(I) interfered. 
_,J 

Among the anions tested the followings were tolerable, 

phosphate, tartarate, ascorbate, fluoride, acetate, bromide, 

phthalate, citrate, oxalate, iodide, arsenate and 

thiosulphate. The system tolerated borate and EIJrA provided 

the absorbance were measured at 400 nm. Nitrite interferred. 

The results are shown in table 7. 

ReproducibJlity : 

The precisi~~~~d accuracy of the method were tested 

by analysing solutions containing a known amount of 

vanadium following the reconunended procedure. The results 

are shown in table 8. The method is simple and rapid 
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requiring only 10-15 min for each run. The method has been 

compared to some other existing method as seen from table 9. 

Application : Ana±zsis 2£_~thetic mixtures ; 

In absence of real samples the applicability of the 

method was tested by analysing some synthetic mixtures 

comprising V(III), Ni(II), Fe(II), Mn(II), Mo(IV), and 

Co(II). The composition.of the mixtures with the percentage 

recovery of vanadium are given in table 10. The results 

shows that the recovery of vanadium from the synthetic 

mixtures are satisfactory. 
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Tal:>le ·1 : Adherence to Beer •s law 

Vanadium(III) Absorbance 
in ppm 3105 nm 

~..__,.. 

1.75 0.220 

3.5 0.462 

5.25 0.745 

7.0 1.006 

10.5 1.540 

15.75 2.160 

Table 2 : Effect of variation of ammonium thiocyanate 
concentration (2. 5 M) on absorbance e>f the 
organic extract 

at 

The aqueous phase contains 70/{Jg of vanadium along with 
2 ml of 0.007 · M CTAB. Extraction pH-2.0 

NH4 SCN added (2.5 M) Absorbance at 
in ml 305 nm 

-
0.5 0.625 

1.0 0.760 

1.5 0.852 

2.0 0.882 

2.5 0.960 

3.0 1.006 

3.5 1.004 

4.0 1.006 

4.5 1.002 

5.0 1.004 

5.5 1.006 

6.0 1.004 --
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Table 3 : Effect_2.t...£TAB concentration 

The aqueous phase ( 10 ml) contains 70}Lg of vanadium 
along with 5 ml of 2.5 M thiocyanate. Extraction pH-2.0 

Amount of CTAB (0.007 M) 
added in ml ______ ... _ .. _.._ _ _.. __ ..._.... __ .. _ .. _____________ __ 

0.1 

0.2 

0.6 

1.0 

1.4 

1.8 

2.4 

3.0 

s.o 

Absorbance at 
305 nm 

--.....-....---·---

0.40 

0.70 

o. 86 

0.98 

1.006 

1.004 

1.002 

1.006 
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Table_'!__!_ ~£.~"L£f~9l.c"!-t ty.~~~;-b~~ 
The aqueous phase {10 m1) contains 70,M-g of V(III}, 5 ml 
of 2.5 M NH4 SCN and 2 ml of 0.007 M CTAB 

--~._...,.~---~ .. --....,.._.-~---------·~---~ 

pH Absorbance at 
305 nm 

_______ ,__ __ • ______ ._ _____ _... __ _..._..._ - _..._ "'* w--.-=-w .. _..___....__.___ 

100 1.006 

2~0 1.002 

3 .o 1.005 

4 .. 0 0.980 

5.0 

6.0 

Table 5 : Effect of acid concentration on absorbance _______ ...._..._._______._ ---- .. -~~__....__.. -~---------

The aqueous phase (10 ml) contains 70,I.Mg of V(III), 5 m1 
of 2.5 M NH4SCN anSI 2 ml of 0.007 M CTAB - ___ _.___._.... -- -- .. -- -~- ... ....~---------------------------

HCl concentration 
in M 

1.0 

2.0 

3.0 

4.,0 

5.(:) 

6.,0 

--w .. w-~--~-

Absorbance at 
305 nm 

0.980 

0.560 
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Table 6 : Variation of absorbance of with time =- w w- _._ -~-----------_.... ______ --- --..... --oao.~ 

Time in hr after 
extraction 

0.25 

0.,50 

2.0 

6.0 

12.0 

( V taken 70 _.M-g) 

Absorbance at 
305 nm 

1.006 

1.006 

1.005 

1.004 

1.000 
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__ ._ __ ~ 
------~~----~--~------------------~~------

Table 7 • Effect Of diverse ions • __ .., __ (_ .. .......,... .. ----------_________ ..., 
......_ ...... - -...... _____ 

Ion added Amount tolera·ted Vanadium Error 
(rng) found (jUg) (%) 

--------- w- -ww- - ---~ =----w 
Ni (II) 7.0 71.0 1.4 

Fe (II) 6.0 72.0 2.8 

M;J(II) 8.0 70.2 o.o 

Ml (II) 8.o 71.0 1.4 

Mo(IV) 6.0 72.0 2.8 

Pb (II) 6.0 69.5 0 .• 7 

Sn (II) s.o 69.0 1.4 

zr(iv) 7.0 71.0 1.4 

Ca(II) 8.0 70.5 0.7 

Ba ( :tr) 8.o 71.0 1.4 

sr (i:t) 8.o 70.0 o.o 

Cd(II) 6.0 69.0 1.4 

• cw ... -· --------· ----
contd • • • 
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--1· 

!§!!:>~1-c:_9_nt_ d ~~ 
W4' .. ww ..........---~----~~-~- -- ·----
Co(II) 7.0 70.5 0.7 

Cr(VI) 0.5 71.5 2 .. 1 

Th(IV) 6.0 70.5 0.7 

Be(II) 7.0 70.0 o.o 

La(III) 7.0 70.0 o.o 

Pd(II) 5.0 72.0 2.8 

Au (III) 1.0 71.0 1.,4_ 

Ce (III) 5.0 70.0 o.o 

Al {III) a.o 70.0 o.o 
Phosphate 15.0 70.0 o.o 

Tartarate 15.0 71.0 1.4 

Ascorbate 15.0 70.5 0.7 

Fluoride 15.0 70.5 0.7 
)( 

Ace·tate 15.0 69.5 0.7 

Bromide 15.0 70.0 o.o 

Phthalate 15.0 70.0 o.o 
Citrate 15.0 70.0 o.o 

Oxalate 15.0 69.0 1.4 

Iodide 15.0 69.5 0.7 

Arsenate 15.0 69.0 1.4 

Thi osulphate 15.0 71.0 1.4 

Nitrite nil 

. -- .. -- ·---~- ---- _...__...__~- -------



vanadium taken 
in)Lg 

Vanadium found 
(jU.9") 

Std. 
deviation 

% 
--------· ---~------... --~~::..___.._..... ______ __ 

35.,5, 35.2, 34.8 

35 35.13 0.63 

35. 8, 35.5 

70.5, 70.6, 69.0 

70 69.65 0.81 

68. 8, 70.0 

102.8, 105.5, 104.0 

105· 104.88 1.54 

106.0, 107.0, 104.0 

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

':£abl~ _9 __ !. C'?.mJ2.~riS9!!, 

-- -- •w .. -....-· ••--=--- ,_......._ ___ ow---·- . .,._...__...,.._ 

Reagents '}.max Molar Sandell's Ref. 
(nm) absorptivity sensitivity 

1 mol-1cm-1 J«J/cm2 

- WWoaGQ 

_ _....____.....__ __ 
.... _..__.... _ __._ ..... - ww --------... - ·- -.w .. - ,...._ 

1. N-HYdroxy-N-phenyl 
N -P-chl orophenyl 
-o-chlorobenzone-
namidine Hydro-
chloride and 

103 thiocyanate 620 4.71 X 0.018 360 

2~ 0-Dianisidine 440 3.01 X 103 0.0015 361 

, 
3. N-Hydroxy-N-N 

-diarylbenzamidine 
and P-liydroxy 

103 benzaldehyde 590 7.90 X 362 

4. D-Dimethylsulpha-

~ 
Inido-10-L-3- (4-
methane sulphonyl 
pipirazino) propylJ 
phenonthiazine 

103 M=thane sulphonate 513 9.26 X 0.0056 363 

5. N-m-chlorophenyl 
-R-theno-Hydroxamic 

103 acid and thiocyanate 580 7.00 X 0.0073 336 

6. Pyridine and 
103 thiocyanate 740 2.80 X 0.4 364 

7. Present method 305 7.87 X 103 0.0065 

-.. ----- .. -. ...__......_.... -- ---~ --
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____...__.__.. .-.-----·~--------------.----·-----

Composi·tion with amounts taken in 

f'-1J 

1. V(III) 70, Ni (I:C) 100, Fe(II) 
Ml (II) 100 

2~ V(III) 70, Fe(II) 100, 
.r.n (II) 100, Mo(IV) 100 

3. V(III) 70, Fe (II) 100, 
Ni(II) 100, Co(II) 100 

4. V(III) 70, M:l (II) 100, 
Mo(IV) 100, Co(II) 100 

-~-- .. -- .. 

100, 

Recovery of 
vanadium 'Yo 

98 

98 

101 

100 

--------~-
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IN'TROOOCTION 

The classical iodide system is known since long back, 

for the purpose of developing methods of separations for a 

variety of elements. Gold(III) was extracted into ethyl 

ether from 6.9M HI by S:.Kitahara365 • Rangnekar A. V and 

Khopkar s. M3 66 determined gold(III) at pH 4. 0 in presence 

of 10 M lithium chloride as salting out agent, with 0.015 M 

theSnyl triflu.i;-oace·tone into xylene as an orange-red complex 
'--' -

the absorption of which was measured at 440 nm. The reagents, 
367 

L..-Fe (Phenanthroline)~+ J , tetraphenyl alS'sonium chl oride368, 

Rhodamine B369 or m~:~,ityl oxide370 , 371 have also been used 

in spectrophotometric methods for determination of gold. 

Different worker utilized different organic reagents for 

the determination of gold from time to time. 
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:~~~-f_!C'':Josef372 proposed a spectrophotometric method 

for _the determination of gold usiag 0-anisidine. The reagent 

reacts with AuC14 in weekly acidic medium to give a red 

complex.. KF-HF buffered solution was used to suppress 

the formation of colloid. The complex was extractable 

into EtoAc and the absorbance was measured at 490 nm. 

Gold was determined by extraction of its complex with 

2-pyridyl-2-thienyl-Z-ketoxime373 from pH 3.1-3. 4 in 

presence of KC104 into dichloroethane. The absorbance of 

the organic layer was measured at 447 nm. Gowda H. Sauke 

and Thimaiah K.N374 used fluphenazine hydrochloride and 

promazine hydrochloride for the determination of gold(III) 

spectrophotometrically • 

.Matouska E et a1 375 determined gold spectrophotometri-

cally with bromopyrogallol red at pH 5.4-6., o. The metals 

ligand ratio was found to be 1 :2. The effect of cationic 

surfactants on the reaction was studied. Traces of gold 

was determined in copper sulfide ores and industrial 

concentration by extraction of [~)acriflavine chloro 

aurate376 from 0.1 M HCl into 1,2-dichloroethane. The 

absorbance was read at 490 nm. 

Matouskova E et a1 3 77 studied the formation of ion 

association of ~Auc14_7 with carbethoxypentadecyl 

trimethyl ammonium bromide, which was utilized for the 
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The absorbance of the ion-(\ determination of gold{ III). 
·--~ 

association complex was measured at 332 nm at pH 0.1-1.0. 

5-p-dirnethylaminocinnamylidine-1-phenyl-2-thiobarbituric 

acid378 produces a blue complex with gold{III) in dil HCl 

medium. The complex was extracted into chloroform and 

the absorbance was measured at 622 nm. other reagents for 

the micro determination of gold include, thiazolylazo 

de . t. 379 rJ.va J.ves , 
, 

4, 4 tetraethyl 

chromopyrazole380, antipyrine dyes381 , 

diamino benzophenone382 , 2-(P-methoxy 

phenyl) -5, 7-diphenyl-1, 3, 4-thiadiazol o L-3, 2, q J 
-pyridinium chloride383 , propericiazine384 , potassium 

iodide and butylrhodamine B385 , trifluoroethyl xanthate386 , 

Rhodamine B and thiocyanate387 , acetylpyridine 
388 , , , 

semicarbazone , 1-{2 ,4 ,6 -trichlorophenyl)-4,4,6 
;7 

-trimethyl-·:~\1H, 4H)-2-Pyrimidinethiol and tri-iso 

-octylarnine389 , amides and amidines390• 

Simonova L.N et a1 391 determined goldl~p~ct~~a9to

~mer~rrcail y at 3 56 nm as hi (II I) naphthyl-bismut hiol ,_ - -=---- -- ! _____ ... 

complex follcn..ring extraction into butanone. Zhang 

Xianjuan and Tan, Shili392 found that in ~so4-Na4 medium 

containing arabic gum, AuBr4 reacts with victoria blue B 

to form a ion association. The complex shows its maxima 

. 1 5 -1 -1 at 570 nm wJ.th molar absorptivity .5 x 10 1 mol em • 

A sensitive method for the determination of gold have 

been proposed by Zhou, Hli\..ren and Chai Yanying393 • They 

. ' 
I 
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observed that gold reacts with methyl green to form a 

purple complex in H2so4 medium in the presence of NaBr. 

The complex was extracted with cyclohexane +butane (1 :1). 

The absorbance of the extract was measured at 59 6 nm. other 

methods involve the utilization of various amidines394 • 

In the present investigation we noted that gold(III) 

forms an yellow ion-association complex with cetyltrimethyl 

ammonium bromide (CTAB) in presence of potassium iodide and 

is extractable into chloroform. Based on this a simple 

spectrophotometric method for the determination of gold is 

reported. 



I 
~ 

\ 
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EXPERIMENTAL 

Abs0rbance measurements were carried out with a Shimadzu 

PRl model recording spectrOphotometer, provided with matched 

quartz cells of 10 mm Optical path length. pH values were 

measured with an ECL 5651 digital pH meter. 

A stock solution of Au(III) was prepared by dissolving 

1 gm gold chloride (Jolmson and Matthey) in 100 ml distilled 

water. This was then standarised gravimetrically395 • 

Solutions of lower concentration of the metal was prepared 

by apprOpriate dilution of the stock. 

All the chemicals and solvents used were of analytical 

grade. Chloroform, benzene, ethylacetate, 1,2-dichloroethane 

and carbontetrachloride were distilled before use. 

Solutions of potassium iodide (0.03 M), cetyltrimethyl

ammonium bromide (CTAB) (0.025 M) were prepared in distilled 

water. 

Buffer solutions of different pH values were prepared 

by standard procedures : 

KCl-~Cl (pH 1-2) Potassium hydrogen phthalate - HCl 

(pH 2-4); PO'tassium hydrogen phthalate - sodium hydroxide 
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(pH 4.5-5.9), Potassium dihydrogen phosphate- sodium 

hydroxide (pH 6-8), borax-hydrochloric acid (pH 9.5-10. 8). 

standard solutions of diverse ions were prepared from 

chlorid.es,nitrates or sulphates (in case of cations) and 

from sodium, potassium or ammonium sal-q~.' (in case of anions) 
' '' 

of the species concerned to study interferences. 

Determi~ation of go~ : 

To an liquot containing Au (III) (70 _Mg-.) were added 

potassium iodide (1 rnl 0.33 M) and cetyl trimethyl ammonium 

bromide (0.1 ml, 0.025 M). Acidity of the aqueous phase 

was adjusted to pH 7.0 with K~P04 - NaOH buffer and water 

as necessary to give a total volume of 10 rnl. The 

resulting mixture was transfered to a 50 rnl separating 

funnel and equilibriated with chloroform (10 rnl) for 30 

sec. After phase separation the organic extract was dried 

over anhydrous sodium sulphate. Finally the absorbance o£ 

the chloroform extract was measured at 290 and 360 nm 

against a blank prepared in a similar manner. Amount of 

gold was computed from a calibration curve. To test the 

interference by other ions, the respective ion was added 

to the system individually before addition of the reagents. 
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RESULTS AND DISCUSSION 

When potassium iodide was added to a nutral or slightly 

acidic solution of gold( III), a yellow colouration eue to 

the formation of L-Aui4~ was formed. This complex 

anion was not extractable into chloroform. On addition of 

an aqueous solution of CTAB to this coloured solution, an 

ion-association complex, probably of the type L-kli4~ -

L-CTAJ + was formed. This was extractable into chloroform. 

Absorption s2ectra : 

The absorption spectrum of Au(III)-I-CTAB complex 

taken against a blank is shown in Fig.1. The yellow complex 

exhibits absorption maxima at 290 and 360 nm. The reagent 
r'{i 
I I 

blank itself shows· absorption maximum at 2p10 nm which 

becomes insignificant beyond 290 nm. Hence all absorption 

measurements were made at 290 or 360 nm. 

The pattern of the absorption spectrum of the complex 

remains unchanged when the extractions were carried out 

from pH 1 to 9. This indicates the presence of a single 

variety of complex species in the system. 
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Beer's law and calibration curve : 

The absorbances of different amounts of Au (III) 

extracted as in the general procedure at pH 7.0 were noted 

against the reagent blank. The absorbances showed a linear 

response up to 15 ppm of gold as seen from table 1 and 

Fig.2. In each case the remaining aqueous phase after a 

single extraction was clear and colourless. Furthennore 

the aqueous phase as tested by an independent method was 

void of gold. 

Effect of potassium iodide concentration = 

The extraction behaviour of gold(III) has been studied 

by varying the iodide conccentration in terms of absorbance, 

keeping rest of the other variables constant. It has been 

found that 1 ml of o.o3 M aqueous potassium iodio.e along 

with Oo1 ml of 0.025 M CTAB is sufficient to extract 70~ 

of gold. The results are presented in table 2. 

II 
Effec:.t of CTAB concentration : 

The effect of CTAB concentration of absorbance has also 

been examined with the variation of CTAB concentration, when 

the other variables remain constant. It has been found 
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that 0.1 ml of 0.025 M CTAB is sufficient to extract 70/~ 

of gold(III) in a single operation. Increasing concentra

tion of CTAB did not bring about any significant change in 

the maximum value of absorbance as seen from table 3. 

Effect of pH : 

The liquid-liquid extraction behaviour of the Au (III) 

-I-CT~B system was investigated over the pH range 0-10. 

Anions of the buffers had no effect. The complex after 

extraction, exhibits constant and maximum absorbance in the 

pH range 0-9. 

In a second cansequitive operation the organic extract 

virtually showed no absorption. This indicates a quanti

tative extraction of Au(III) in a single operation. When 

the pH value was greater than 9 the absorbance value was 

found to decrease. From 1 M HCl medium the complex exhibits 

lower absorbance value. pH 7.0 was selected for all the 

analytical experiments. Absorbance of the Au (III) complex 

as a function of pH has been shown in Fig.3. 

Effect of solv~ : 

Apart from chloroform some other solvents like benzene, 

1,2-dich~oroethane, ethylacetate, carbontetrachloride were 
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tested as the extracting solvents but these offered no 

special advantages over chloroform. The complex is not 

extractable into carbontetrachloride. In the present 

investigation chloroform has been used as the extracting 

solvents. The results are presented in table 4. 

The rapid development of the maximum colour and its 

constancy with time indicate that time is not critical 

factor in gold(III) determination. The absorbance of the 

Au(III)-I-CTA complex in chloroform measured at different 

intervals of time are shown in table 5. 

Interference : 

To test the effect of diverse ions on the extraction 

behaviour, Au (III) was extracted and determined according 

to the recommended procedure in presence of the desired 

foreign ion. Extraction pH was set at 7.0 with ~l?04 
- NaOH buffer. An ion was considered to interfere if the 

recovery of gold differed by more than ± 3% from the actua:J.. 

amount taken. Gold(III) (70}-Lg) could be determined without 

interference in presence of the following ions : Cr(III), 

V(V), Mo (VI), H;J (II), P.h (III), Al (III), CU (II), Ni (II), 



,. 
~ 

MJ (II), P"t (IV), Pd(II), 2):1 (II), cd(II), Pb (II), zr(Iv), 

Ca(II), Ba(II), Sr(II), Th(IV), La(III), Fe(III), 
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Co(II), Ml(II), Ag{I) and Bi(III). Uranium(VI) interfered. 

Among the anions tested the followings did not inter-

fered; borate, phosphate, tartarate, citrate, fluoride, 

bromide, phthalate, oxalate, acetate, nitrite, ascorbate 

and EDTA. 

Thiocyanate, thiosulphate, thiourea and arsenate 

interfered. The results are summarised in table 6. 

·.The precision and accuracy of the method were tested 

by analysing solutions containing a known amount of gold 

following ·the recommended procedure. The results are shown 

in table 7. The prt~cess is very simple and rapid requiring 

only 10-15 minutes for each run. 

Applic~on - Analysis of synthetic mixt~ : 

The applicability of the method was tested by analysing 

some synthetic mixtures. The composition of the mixtures 
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with percentage recovery of gold are shown in table 8. 

The results show that the recovery of gold was highly 

satisfactory. Average of three determinations was taken 

in each case. 

The method has been compared to some other existing 

methods as seen from Table 9. 
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Table 1 : Adherence to B~r •s~ 

----------------------------------------------------
Gold in ppm 

1.75 

3.5 

7.0 

10.5 

14.0 

Absorbance 
290 nm 360 nm 

0.195 

0.360 

o. 760 

1.170 

1.45 

0.105 

0.220 

0.458 

0.720 

0.890 

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

Table 2 : Effect of potassium iodide concent:E,ation 

The aqueous phase (10 m1) contains 70,;.-uJ gold( III) and 1 
m1 of 0.025 M CTAB. Extraction pH - 7.0 

Aqueous KI 
concentration 
in M 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

Amount added 
(ml) 

o.os 

0.1 

0.2 

0.3 

0.4 

o.s 

0.6 

o.s 

1*0 

------------------------
Absorbance 

290 nm 360 nm 

0.400 

0.550 0.250 

0.620 0.352 

0.700 0.400 

0.762 0.458 

0.762 0.460 

0.764 0.455 

0.762 0.458 

--------------------------------------------------------
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Table L= Effect of CTAB co~~§~ 

The aqueous phase (10 ml) contains 70;U--g Au (III) and 1 ml 
o. 03 M KI. Extraction pH-7. 0 

CTAB Amonnt added Absorbance at 
concentration (ml) 290 nm 360 nm 

(M) 

--
0.012 0.05 

0.012 0.1 0.480 

0.025 0.05 o. 700 0.380 

0.025 0.1 0.764 0.458 

0 .. 05 0.05 0.760 0.460 

o.o5 0.1 0.762 0.455 

0.1 0.05 0.762 0.458 

0.1 o.1 0.764 0.456 

---



~le 4 : .Effect_.2£ solve!!!:,~ 

The aqueous phase (10 ml) contaias 70 ~g Au (III) along 
with 1 m1 of 0.03 M KI and 0.1 ml of 0.025 M CTAB. 
Extraction pH - 7.0 
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------- -----------------------------------------
Solvent Absorp- Molar absorpti-

tion vity 1 mol-1cm-1 
maxima (x 104) 
(nm) 

Sandell's 
sensiti
vity 

2 
~/em 

----------------------------------------- ·--------· 
290 2.14 0.009 

Chloroform 

360 1.29 0.015 

298 1.97 0.010 

Benzene 

365 1.32 0.014 

290 2.08 0.009 

Ethyl acetate 

360 1.13 0.017 

295 1.77 0.011 

1,2-dichloroethane 

365 1.07 0.018 

carbon tetrachloride NE NE NE 

-------------------------------------------------------------
NE : Complex is not extractable. 
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Table 5 : Variation of absorbance with time 

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

Absorbance at 
290 nm 360 nm 

-------------------------------·--------------------------
0.762 0.458 

0.5 0.762 0.458 

1.0 0.760 0.456 

2.0 0.762 0.458 

6.0 0.762 0.456 

12.0 0.760 0.456 

24.0 0.760 0.456 

--------------·---
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Table 6 : Effect~~ ~ver~~..i..<?n.~ 

Au(III) ta.'l(en 70 ~· Extraction pH 7.0 
(Absorbance measured at 290 nm) 

Ions added .Amounts Gold 
tolerated found 

{rng) (~) 
_____.___,._- - .. ------- ---·--------·--~-·-·-.... ---
Cr(III) 7.5 68.5 

V(V) 7.0 72.0 

Mo(VI) 6.5 71.5 

H] (II) 6.0 70.0 

Rh(III) 8.0 71.0 

Al (III) 8.8 69.5 

Cu (II) 6.5 68.2 

Ni (II) 7.5 68.5 

MJ (II) 8.,0 69.8 

pt (IV) 6.0 69.5 

Pd(II) 7.0 71.8 

al(II) 7.5 68.5 

Cd(II) 7.0 71.0 

Pb (II) 8.o "'~' 7.0~0 ,,1 

zr (IV) 8.0 70.0 

Ca(II) 9.0 71.0 

Ba (II) 9.0 71.0 

Sr(II) 9.0 70.0 

Th(IV) 7.0 70.5 

185 

Error 
(%) 

---
2.14 

2o8 

2.2 

0 

1.4 

0.71 

1.0 

2 .. 1 

0.3 

0.7 

2.5 

2.1 

1.4 

0 

0 

1.4 

1.4 

0 

0.7 ____ ..........,.._~---- .. ·- ... _ .... __.___.._ - .__ .. -. ----------
contd ••• 
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-- ·- ~__,.-,__..__._ 

La (III) 8.0 69.5 0.7 

Fe(III) 3.0 71.8 2.5 

Co(II) 3.5 71.0 1.,4 

M1 (II) 4.0 70.0 0 

Ag(I) 4 .. 0 68.0 2.8 

Bi (III) 4.,0 68.4 2.2 

U(VI) nil 

Borate 14.0 69.5 0.7 

Phosphate 15.0 69.0 1.4. 

Tartarate 15.0 70.0 0 

Citrate 16.0 69.8 0.3 

Fluoride 15.0 70.4 0.6 

f. Bromide 15.0 70.4 0.6 

Phthalate 15.0 70.0 0 

Oxalate 14.0 69.5 1.0 

Acetate 15.0 70.0 0 

Nitrite 15.0 70.0 0 

Ascorbate L.5 68.0 2.8 

EDTA 1.5 68.0 2.8 

Thiocyanate nil 

Thiosulphate nil 

Thiourea nil 

Arsenate nil 

--------- -------~~--..._. ___ ........_ ____ ....,. 
J 
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------... --~---------w--~4~_..._.. __ .___ .. _ __._____. _ _.._._..._ 
Gold taken 

;lt9 

35 

70 

105 

Gold found 
(_,M9) 

35.5, 

35.0, 

68.5, 

71 .. 0, 

105 

107 

, 

, 

36.0, 

34.0, 

70.0, 

69.0, 

107 , 

106.5, 

35.5 

35.5 

70.0 

68.5 

105 

106.5 

M3an Std. devia-
( ,;Ug) , tion 

(%) 

35.25 0.62 

69.5 1.00 

106.16 0.96 

___ _. __ , __ ~-~---== ----------~----------

--------~-----------------------
Composition with amounts 

taken in ).ljJ 
Recovery of gold (%) 
(Average of three 
determination) 

q 

--~-------------- ---
Au(III) 70, Ag(I) 100, 
CU{II) 100, zn~II) 100 98 

Au(III) 70, Fe(III) 100, 
Co{II) 100, Ni(II) 100 98 

Au(III) 70, Pd(II) 100, 
pt(IV) 100, Rh(III) 100 101 

-----------------
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---------;-- ...... ~_,__. __________________ _ 
Reagent Kmax 

(nm) 

Molar 
absorptivity 
l mol-1cm-1 

Sandell 's Ref. 
sensiti-
vity 2 
Jfl-9/cm 

---·-~- _______ ...._.._ ---------~----------

.Methiomeprazine 
hydrochloride 630 

Trifluoroethylxanthate 452 

2-Hydroxy-1-napthaldehyde 
-4-phenyl-3-thiosemicar-
bazone 446 

Acetylpyri dine 
thiosernicarbazone 

, , , 
1-(2 ,4 ,6 -trichloro
phenyl)-4,4,6-trimethyl 
- (1H,4H)-2-pyrimidi-

460 

nethiol 480 

2 -Pyridyl-2.:-~thieryl- z 
-ketoxime 477 

Fluphenazine 
hydrochloride and 500 

Promazine hydrochloride 516 

Ami dines 390-395 

Present method 290 

360 

4 
1.3 X 10 

1.5 X 104 

1.334 x 1o4 r 
l 
l 

2.415 X 104 l 

0.018 

0.0156 

396 

386 

397 

(''388 
~) 

389 

373 

374 

(3.15-3~60) X 10 3 394 

2.14 X 10
4 

0.009 

398 

0.015 

---·-----------------------
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