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ABSTRACT 

The effect of SnC12 on the solvent extraction of K2PtC14 in HCl into 

rn2c12 using triphen!lphosphine (PPh3) has been studied in detail. 

It has been found that SnC1 2 dramatically increases the rate and 

efficiency of extraction; Our studies show that the percentage Pt 

extraction depends upon the time allowed for extraction, the Pt(II)/ 

. PPh3 ratio, the Pt(II)/Sn(II) ratio and the HCl concentration in a 

complicated way. 

The influence of SnC12 on the extraction has been ascribed to a 

'labilizing effect'. Ot1r results show however that tin is initially 

extracted into the organic phase and evidence exists for the fonnation 

of Pt(SnC13)Cl(PPh3) 2 in this phase. Tin is back-extracted into 

the aqueous phase over tllle indicating the disproportionation 

-+ 
+-
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GI.APTER I 

1. INTRODUCTION 

The interaction of stannous chloride with the noble metals, in particular 

platinum, has been known for over a century [1,2]. The characteristic 

red-orange colour of the complexes so produced has been used in trace 

analysis of the platinum group metals. Such systems are also known to 

possess interesting catalytic properties. Although many workers have 

investigated the reaction of stannous halides with the platinum metals, 

little detailed information about the nature of these complexes in solu­

tion is available. 

1.1 The Red Platinum-Tin Species 

The reaction of tin(II) chloride with platinumwas first reported by 

.·1'Jtlhler [3] who fotmd that platinwn(IV) in hydrochloric acid solution, 

when treated with stannous chloride gave a deep red colour that was 

extractable into ether. 

Wdhler and Spengel [4] considered the red colour to be due to colloidal 

platinum, analogous to the "purple of Cassius" formed when gold chloride 

is similarly treated. ·Ayres and Meyer [5] disproved this postulate by 

observing that the coloured material readily passed through semi­

permeable membranes and could be rapidly extracted into organic solvents. 

The co:!.our \vas also attributed to "chloroplatinous acid", presumably a 



compound of the fonn H2PtC14 [ 6 ,7] . Ayres and Meyer [5] however 

concluded that the red colour in some way involved tin and was not 

due simply to this so-called chloroplatinous acid. 

Stannous chloride has been used as a colourimetric reagent for the 

quantitative detennination-of small amounts of platinum [8-12]. 

2 

The absorbance was found to obey Beer's Law up to a platinum concentra­

tion of about 30 p.p.m. The colour intensity was reported to depend 

on hydrochloric acid concentration, reaching a maximum at about 0,3 M 

'(twice as strong as in 2 M acid) and was found to be more stable at 

higher acidities (greater than 0,7 M). The colour intensity wasnot 

affected by the stannous chloride concentration but in the presence 

of stannic chloride at low acidities it was found to increase. 

Although this procedure has been used, rapid fading of solutions, shifts 

of absorption peaks at various conditions and interferences by cations 

and anions, indicate that this is not.an entirely satisfactory quantita­

tive method. 

The spectrophotometric detenninations of other platinum group metals, 

·for example rhodium and palladium, using tin(II} have also been 

reported [13-15]. 

In a detailed study on the interaction between platinum(II) and tin(II) 

chlorides, Ayres and Meyer [16] proposed the existence of complexes in 

the aqueous medium of tin to platinum ratios of 1:4, 1:2, 1:1, 3:2, 2:1, 

3:1 and 5:1, with the principal product corresponding to a 5:1 ratio. 

It was suggested that one mole of tin(II) was oxidised to tin(IV) 
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simultaneously with reduction of platinum(II) to platinum(O), yielding 

a cationic product containing four moles of tin(II) and four moles of 
4+ 

chloride associated with one platinum, [PtSn4Cl4] . The platinum 

was thought to exist in zero oxidation state, analogous to the zero-

valent metal iri tetracyanonickelate and -palladate [17 ,18] .. 

Subsequent investigations of the reaction of platinum, ruthenium, 

rhodium and iridium with tin(II) chloride in aqueous acid solution 

suggested that these coloured complexes are anionic [19] . 

Amongst the complexes which Young and coworkers [19] isolated from 

these solutions were the proposed cis- and trans-isomers of 

They suggested that the trichlorostannate(II) ion 

is a donor ligand using its lone-pair electrons so that the usual common 

· fonnal oxidation state and stereochet1istry of the platinum can be 

preserved. 

2-The proposed square-planar cis- and trans- forms of [Pt(Cl2(SnC13) 2] 

were isolated as the tetramethylammonium salts, one of which is red 

and the other yellow. Young et al found both fonns to exist in solu,-

tions at Sn:Pt ratios of 2:1 but at higher concentrations of tin, 

precipitation with tetramethylammonium chloride gave red salts which 

appeared to contain higher ratios up to 5:1. This led to the proposal 

that tin was coordinated to platinum to give a quinquecoordinate ion, 

3-
[Pt(SnC13)5] . 

stoichiometry. 

Analyses of samples obtained corresponded with this 

A determination of the confi5~ration of the [Pt(SnC13) 5]3-

anion by x-ray diffraction showed the ion to be a trigonal bipyramid 

consisting of a central platinum atom surrounded by five SnC1 3 ligands 
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attached through platinum-tin bonds [20]. 

Young and coworkers [19] proposed that several independent equilibria 

exist simultaneously in solutions containing tin(II) chloride and 

platinum(II) chloride: 
·' 

SnC12 + Cl t SnC13 
2- 2-[PtC14] + SnC13 t [PtC13(SnC13)] + Cl 

2- 2 [PtC13 (SnC13)] + SnC13 t trans- [PtC12 (SnC13) 2] - + Cl 

2- 2-
trans-[PtC12(SnC13)2] + cis-[PtC12(SnC13) 2] 

2- - . 3-
cis- and trans-[PtC12(SnC13) 2] + 3SnC13 t [Pt(SnC13) 5] + 2Cl 

2-Young considered the yellow form of [PtC12(SnC13) 2] to be the cis-

isomer due to its greater thennodynamic stability and solubility in 

polar solvents compared with the red complex. However, the existence 

of the latter has in fact been questioned in a ~~ssbauer study reporting 

that this red compound in fact yields the same spect~~ as the red 

pentakis anion [Pt(SnC13) 5]3- [21]. 

A very recent multinuclear NNR study has also questioned the existence 

2-of the yellow and red forms of [PtC1 2 (SnC13) 2) . [22]. Red solutions 

of the supposed red isomer isolated from 3 M HCl appeared to be a 
. 3- 2-rilixture of red [Pt(SnC13) 5] and the yellow [PtCl2(SnC13) 2) . The 

magnitude of J(l 95Pt, 11 9Sn) in these anions, as with other square 

planar complexes involving Pt(II) and SnC1 3 [23] , was found to be 
3-unusually large. Values of 1J( 19 5Pt, 119Sn) for [Pt(SnC13)

5
] and 

yellow [PtC1 2(sncl3) 2]2- in acetone-d6 are 16 024 and 27 640 Hz 

respectively [22]. 



" 

5 

Other worl(ers ·have also· fmn1d that the red platinum- tin species is 

anionic [24-27]. Khatta.k and Magee [27] found the red complex to be 

readily extractable into organic solvents using high molecular weight 

amines. They concluded that the complex must be anionic in nature 

and that liquid anion exchange occurs beuveen the charged complex and 

the high molecular weight amine in the following way: 

+ -
RNH2(org) + H A (aq) t · 

+ - n-
n[lli~3 A ](org) . + [MX](aq) 

. + n-
:t: ( [Rt\JH3 ]n UAX] ) (org) + nA- (aq) 

where H+A-(aq) represents hydrochloric acid and [.MX]n-(aq) the platinum-

tin complex. 

Recently however, Russian workers have again suggested, from their 

potentiometric and polarographic studies, that on reaction with tin(II) 

chloride in hydrochloric acid medium, platinum(II) is reduced to the · 

zero-valent state [28]. · These results appear to be in direct contrast 

with an overwhelming body of evidence that the Pt(II) is not necessarily 

reduced to Pt(O) in aqueous acid solution by SnC1 2. 

Complexes of platinum and stannous halides have also been found to 

possess some remarkable homogeneous catalytic properties. 

Schwager and Knifton [29] reported the use of PtC12(PPh3)2-SnC12as a 

catalyst for the homogeneous hydroformylation of ole fins to aldehydes. 

A similar catalytic system has been used by other workers to effect 

the isomerisation of 1 ,5-cyclooctadiene [30]. Tin(II) chloride, 

essential for the isomerisation, was thought to activate the .platinum 

catalyst by coordination through the SnC13 ligand \'l'hich is believed 
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to be a strong TI-acceptor and a weak a-donor. Ligand stabilised 

platinui'1l(II) - Group IVA metal halide complexes, for example 

[(C6H50~] 2PtC1 2 -SnC12 , have also been found to catalyse the homo­

geneous carbonylation of a-olefins to carboxylic acids and esters [31]. 

It thus appears that although the platinum-tin system has been widely 

studied, the exact nature of the red species formed in solution is not 

fully understood. Researchers have suggested the red colour to be 

due to "colloidal platinum11
, ''chloroplatinous acid", a tetra-positive 

cationic species and anionic platinum-tin complexes, with various 

oxidation states for the two metals. A number of equilibria are thought 

to exist in the solutions although stability constants for such processes 

are not known. 

In conclusion it may be said that the red colour of such solutions is 

due to the formation of anionic platinum-tin complexes. Evidence 

from NMR [2~] and x-ray crystallographic [20] studies has confirmed 

the existence of direct bonding of the SnC13 ligand to the platinum 

and it is likely that both metals are 1n the divalent oxidation state. 

From NM.R [22] atid lvltlssbauer [21] data it is evident that at least the 

2- 3-complexes [PtC12(SnC13) 4J and [Pt(SnC13) 5] are the species giving 

the red colour to solutions of platinum and tin. 
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1.2 The Solvent Extraction of Platinum 

Due to the increased demands for platinum group metals, in particular 

platinum, in recent years, mucll interest has been centred on the 

efficient recovery and separation of these elements [32]. 

A recent paper by researchers at Matthey Rustenburg Refiners (UK) Ltd. 

describes the application of solvent extraction to plati~um group metals 

refining [33]. Their process involving dissolution, precipitation 

and distillation methods was found. to be inefficient due to incomplete 

separation at various stages and contamination of the precipitates. 

Since it was felt that a solvent extraction based process could achieve 

a cleaner separation, higher product purities and more rapid overall 

processing, work 'l.vas started in the 1970's in the Jolmson Matthey 

Group Research Laboratories to develop such a process. It appears 

however that industrial research in this field is generally of a 

confidential nature and exact details of the separation methods used 

are not reported in the literature. 

Many independent workers have undertaken research on the extractive 

concentration of platinwn-group elements using a variety of solvents. 

The use of high molecular weight aJllines as extractants was first 

reported by Smith and Page [34]. Reagents such as N,N-dioctyl­

acetarnide [35], 2-rnercaptobenzothiazole [36], di-n-octylsulphide [37] 

and. 2-octylaminopyridine [38] have also been used. 

The ease with which platinum-stannous chloride complexes may be 

extracted into organic phases has been recognised as an extremely useful 



property. It provides a good method for separating and pre-

concentrating the noble metals from other base metals that do not 

interact significantly with stannous chloride. 

8 

Ayres and Meyer [5] found that the_ red platinum-tin colour was extracted 

almost quantitatively into amyl and ethyl acetate. They found however 

that the colour of the extract faded rapidly but could be stabilis~d 

for at least an hour by addition of 1 % resorcinol. Almost all the 

platinum group metals were found to form similarly coloured products, 

extractable into the organic phase. 

TI1e complexes fanned on mixing platinum(rv) and ·t:in(U) solutions were 

found to be quantitatively extracted into an organic phase of chloro­

form or benzene containing long-chain high molecular weight a11ines [27}. 

Comparison of the absorption spectra of the coloured species in the 

aqueous and amine phases indicated the presence of the same species.in 

each medium. 

A number of studies on the solvent extraction of platinum metals in 

the presence of SnC12 have been reported by Russian workers. · Sol vents 

such as sulfoxides [39] and thioureas [40] have been used as suitable 

extractants for the platinum group metals. Gorbanev et aZ [41] 

carried out a study on the extraction of platinum metals in the presence 

of tin dichloride from aqueous acid solutions with tributyl phosphate 

and a number of other oxygen -containing solvents~ such as ketones, 

ethers and acetates. The '""ark was however not reported in great 

detail. 
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Triphenylphosphine (TPP or PPh..,.) in ail org3.1"'lic solvent such as benzene 
J 

or toluene was also found to extract palladium, ruthenium, silver and 

gold from acidic aqueous solutions [42,43]. In view of these results, 

Mojski examined the extraction of the platinum metals from hydro­

chloric acid medium with triphenylphosphine in 1,2-dichloroethane [44]. 

He found that the presence of a large excess of stannous chloride 

resulted in marked differences in the extractability of the platinum 

group metals. 

1.3 The Extraction of. Platinum Metals with Triphenrlphosphine in 1, 

Dichloroethane 

Mojski [44] studied the extraction of platinum in the absence and 

presence of stannous chloride at varying acid concentrations. He 

has proposed'various extraction mechanisms to account for his obser-

vations. 

The extraction with triphenylphosphine solution in the ahsence of 

stannous chloride 

Figure 1.1 shows the way in which the extraction of the platinum metals 

varies with the hydrochloric acid concentration under the conditions 

stated. 

Two mechanisms were proposed for the extraction of platimun-metal 

chloride com .. nlexes with triphenylphosphine: 

(a) Solvation 

MCl (p-n)- + mTPP( ) :t 
p org ~4Cln(TPP)m(org) + (p-n)Cl 
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(b) · Ion-exchccage 

MCl (p-n)- + (p-n) (TPPrt Cl -) ( ) 
p org 

-+ 
+- (TPPH+) MCl(p-n)- + (p-n)Cl 

. p-n p(org) 

where M = platinum group metal. 

80 

60 
c 
0 

..._ 
u 
ro 40 
L 

-+-
X 
w 

0 

0' 20 

Figure 1.1 

lr 

2 4 6 8 
[HCI]/M 

Dependence of the extraction of platinum metals 
(O ,ocn :rvl) on acid concentration using TPP (0 ,1 M) 
in dichloroethane. 

J'.1ojski considered the solvation mechanism to predominate at low acidity 

and proposed that the inertness of the chloride complexes of the 

platinum metals, excluding palladium, resulted in their poor extraction 

with TPP. 
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In strongly acid medium, he proposed that triphenylphosphine being a 

weak base, forms -a cation TPPH+ which could participate in extraction 

_by the ion-exchange mechanism. The increased extraction of platinum, 

osmium and iridium at high acidity was thought to indicate that the ion­

exchange mechanism was involved under these conditions. 

The extraction with triphenylphosphine solution ~n the presence of 

stannous chloride / 

Mojski fotmd that, with the exception of osmium, stannous chloride 

dramatically increased the percentage extraction of the platinum 

metals. The effect of stannous chloride on the extraction was described 

purely as a "labilizing effect". Moj ski proposed the formation of tin­

containing complexes of the type MClk(SnC13)t- (k+Z} in which the 

replacement of SnC1 3 by another ligand is not subject to such kinetic 

difficulties as is replacement of a chloride ligand. 

Various procedures were used to study the effect of stannous chloride. 

The results are suwnBrised in Figure 1.2. Mojski found, using atomic 

absorption spectrophotometry, that his organic extracts did not contain 

tin. From these results, he concluded that the stannous chloride is 

a labilizing agent, involved in complex formation only in the aqueous 

phase. 

Two possible extraction mechanisms were proposed, the former of which 

was thought to predominate: 

/ 



(a) 

(b': 

80 

'60 
c 
0 

+-
u 
ro 
.!: 40 
X 
w 

~ 0 

20 

80 

r:: 6 0 
0 

+-
u 
ru 
L 

~40 
w 

~ 0 

20 

Pd,Pt 

Ru 

Rh 

Os 

-lr 

2 4 6 
[HCIJ/ M 

Pd,Pt 
Rh 

L_ __ ____it_ __ __._ ___ ___J___, __ --J 

2 4 
[HCIJ/M 

6 

12 

Figure 1. 2 Tne dependence of the extraction of platinum metals (0 ,CXH M) 
on acid concentration in the presence of SnC12 (0,1 .M) using 
TPP (0,1 M) in dichloroethane (a) without heating (b) with 
heating before extraction. 

-- -·-- .. 
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(a) Solvation 

-:t. MCl (TPP) ( ) + lSnC1 3 n m org 

I . 

(b) Ion-exchange 

MClk(SnC13)~- (k+l) + .lCl + (p-n) (TPPH+Cl-1org) 

[MCl (p-n)-(TPPH+) ] + lSnC1
3 

+ 
p (p-n) (org) 

1.4 Objectives of Research 

-+ 
+ 

(k+Z-n)Cl 

In his conclusion, Moj ski [ 44] stated the follm-ling: 

"In the extraction of platinum metals with triphenylphosphine 
stannous chloride is a labilizing agent and does not enter 
into the extracted species". 

In view of the existence of complexes such as [PtL2(SnC13)Cl] and 

[PtL2(SnC13) 2] [45] (where L = alkyl or aryl phosphines), all of which 

are reasonably soluble in a variety of organic solvents, Mojski's 

conclusion may be an oversimplification. It was thus decided to 

examine in greater detail the effect of SnC1 2 on the solvent extract­

ability of platinum(II) by TPP in dichloromethane. 

Tne objectives of this work may now be defined: 

(a) To examine the effect of stannous chloride on the extraction of 

platinum(II) from aqueous hydrochloric acid solutions of K2PtC14 in­

to dichlorornethane containing triphenylphosphine. 

(b) To devise suitable analytical methods for the determination of 



platinum(!!) and tin(II) in an aqueous acid phase and a 

dichloromethane phase containing triphenylphosphine. 

(c) To propose a mechanism for the extraction of platinum(!!) in 

the,presence of tin(II) by examining the effect of th~ 

following conditions on the above system: 

(i) Time of extraction 

(ii) Platinum( II) Triphenylphosphine ratio 

. (iii) Platimun(II) Tin(II) ratio 

(iv) Hydrochloric acid concentration. 

14 
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CHAPTER 2 

2. A\JALYSIS OF THE AQUEOUS AND ORG/\.1\JIC PHASES 

In order 'to study in detail the extraction of platinum(II) from 

hydrochloric acid solutions containing tin(II) chloride it was necessary 

to devise suitable methods for the analysis of the two metals in the 

presence of each other in the aqueous acid medium. 

It was also desirable to find a method for the accurate determination 

of platinum(II) and tin(II) in the dichloromethane phase containing 

triphenylphosphine, so that mass balance could be confirmed. 

2.1· Atomic Detennination of Platinum 

Atomic absorption spectroscopy has now become a widely used technique 

for the analysis of over sixty elements [46]. The Jnethod is very 

.·specific and may be used for trace analysis even in the presence of 

other elements at much higher concentrations. 

The teclmique relies entirely on the absorption of energy by valence. 

electrons of ground state atoms. Consequently the only common inter­

ferences encountered are caused by those chemical and physical 

processes which inhibit the formation of ground stateatoms in the 

flame. Such interferences are common to all flame spectroscopy tech­

niques and can usually be minimised or eliminated by careful choice 

of flame type or the use of releasing agents. 



Fi~Jre 2.1 illustrates simply the principle of atomic absorption 

spectroscopy. 

Incident­
Radiation, 
Intensity .,o 

---

Atom in 
Excited State 

···.\ 

............. : ............. . 
•. ..· ····· 

Atom in 
Ground State 

- Transmitted 
Radiation~ 
Intensity lr 

Figure 2.1 A schematic representation of the principle of atomic 
absorption spectroscopy 

The intensity of the transmitted radiation can be represented by 

Beer 1 s Law: 

where I
0 

= intensity of incident radiation 

It = intensity of transmitted radiation 

k' = absorption coefficient at particular wavelength 

c = concentration of absorbing atoms 

1 = length of the absorption path 

Therefore, I log ~ = k'cl = absorbance 
t 

That is, the absorbance is proportional to the concentration for a 

given absorption path length at any given wavelength. 

16 
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Thus, because of this linear relationship bet\.;een absorbance and 

conct:ntration, it is only necessary to compare the absorbance of knmm 

stcn1dards lvi th that of the sample. 

Atomic absorption spectroscopy has been applied to determine platinum 

in certain organic solvents, for example ethyl acetate [47] and methyl 

isobutyl ketone [48]. However, a highly chlorinated solvent, such as 

dichJoromethane,·is unsuitable due to its poor combustion properties 

. and the fact that it may form phosgene in the flame [49]. It was · 

thus impossible to use atomic absorption spectroscopy for direct 

analysis of our organic phases. 

Yne method has however been successfully used under certain conditions 

as an analytical method for determining the platinum group metals in 

aqueous solutions [50-57]. Air-acetylene mixtures are generally 

favoured, with very lean, that is strongly oxidising, flames providing 

maximum sensitivity for platinum. Platinum has a multitude of 

reasonance lines .of which the one at 265,9 nm is the most sensitive. 

The determination of the platinum-group metals by this method is sub­

ject to a number of serious interferences. For this reason, additives 

such as CuS04 , CuC12, NaHS04 , CuS04 + Na2so4, Cuso4 + CdS04, KCN, LaC13, 

La(N03) 3, La2(S04) 3, u3o8, VOC12, NdC13 , Nd(N03) 3 and Nd2(S04) 3, have 

been used as releasing agents. 

We carried out preliminary investigations using Cuso4 to suppress 

interferences as this was a cheap and readily available chemical • 
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Results showing the effect on the absorbance value due to variations 

in percentage copper sulphate, acid concentration and platimun : tin 

ratio are shmvn in Tables 2.1, 2. 2 and 2. 3. Platin~~ standards were 

all prepared from KzPtC14. 

").._ 

[Ft- ·]/ppm [HCl] /~.! ruSo / 11 ... 4 ,o Absorbance 

sno 1,5 0 0,12 
1,5 1 0,70 
1,5 1,6 0, 78 
1,5 2 0 '78 

250 0, 75 0 0,38 
0, 75 1,5 0, 76 
0, 7 5 2 0,80 
0, 7 5 2,5 0,82 
0 '75 3 0,83 
0,75 5 0,82 

Table 2.1 T'ne effect of percentage CuS04 on the absorbance of 
platinum solutions at particular acid concentrations. 

From results obtained in Tables 2.1 and 2.2 it is evident that the 

use of 2% copper sulphate ·would successfully suppress interferences 

in determining platinum by atomic absorption. 

However, Table 2.3 shows that addition of stannous chloride seriously 

affected the readings obtained. We attributed this to the reduction 



[HCl]/M Absorbance 

SCD 1,5 0,87 

3 0,80 

5 0,80 

30.} 1,5 0,69 
.,. 0,62 .) 

5 0,63 . 

Table 2. 2 The effect of hydrochloric acid on the absorbance of 
platinum solutions containing 2% CuS04 . 

7+ 
[Pt~ ]/ppm 

500 

Pt:Sn ratio 

1:0 

1:4 

1:5 

. 1:10 

Absorbance 

0,83 

0,65 

Table 2.3 The effect of SnCl2 on the absorbance of platinum 
solutions in 1, 5 H HCl with 2 % CuS04 • · 

19 



of copper(II) by tin(II): 

·sn2+ + 2cu2+ S 4+ "C + n + " u 

20 

Tins. conclusion was supported by the fact that, after preparation, 

solut.ions containing platinum:tin ratios of 1:4 and 1:5 faded rapidly 

frot deep red to blue/green. It was this rapid reduction of copper(II) 

by t~e tin(II) Khich rendered the copper sulphate useless as an inter-

fercn.:e suppressant for platinum in this lvork. 

Vasilyeva et al [57] suggested the use of lanthanum and neodymium 

nitrates as suitable com:polli1ds for suppressing interferences in 

platinum detenninations by atomic absorption. !\e therefore carried 

out investigations on the use of lanthanum nitrate as an inteference 

suppressant. Results showing the effect on the absorbance value due 

to variations in lanthanum nitrate concentration, the acid strength 

and the platinum:tin ratio are shown in Tables 2.4 and 2.5. 

(Pt2+]/ppm La(N03) 3;%· Absorbance 

2"'7 t,., 0,2 0,83 

0,4 0,83 

124 0,2 0,52 

0,4 0,52. 

83 0,2 0,37 
0,4 0,36 

Table 2.4 The effect of percentage La(N03) 3 on the absorbance of 
platinum in 1,5 M HCl containing SnC12 at a Pt:Sn ratio 
of 1:2. 



21 

7+ 
[Pt- ] /ppm Pt:Sn ratio [I-IC1] /f.l .Absorbance 

? _,_.., 
"-~l) 1:0 '7 0,71 J 

1:2 3 0,66 

1:5 3 0,67 

1:10 3 0,65 

2c;l -'- 1:0 1 0,70 

1:2 1 0,69 

1:5 1 0,69 

1:10 1 0, 71 

6:5 1:0 J 0,24 

1:2 3 0,24 

1:5 3 0,24 

1:10 3 0,24 

63 1:0 1 0,24 

1:5 1 0,25 

Table 2.5 The effect of hydrochloric acid and stannous chloride on 
the absorbance of platinum solutions with 0,2% La(N03) 3 • 

Results from Tables 2.4 and 2.5 show that 0,2% lanthanum nitrate is 

suitable to suppress interferences in platinum solutions of 1-3 l\1 

hydrochloric acid with tin:platinum ratios of up to 10. 

Experiments also showed that more accurate results were obtained if 

standards were made up containing tin(II) in approximately the same 

. concentration as the samples. Table 2. 6 shows a few results to illus-

trate the better precision obtained in this way. 
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Pt:Sn [Pt2+] [Pt2+] Relative % 
ratio taken/ppm found/ppm error 

Plat::.mun standards 1:5 74 70 5,7 
without tin 1:2 92 89 3,3 

Platimun standards 1:2 165 167 1,2 
\vi th tin (Pt:Sn=l:2) 1:2 145 145 0 

Tab~e 2.6 Comparison of relative percentage errors obtained for samples 
using platinwn standards with and \vithout tin(II). chloride 
at 1,5 M HCl. 

OJ 
0,2 u 

c 
d 
.0 
t... 
0 
(./) 

.D 
<( 

0,1 

0 50 100 150 
[PtJ I P.P.m 

Figure 2.2 A calibration curve for platinum in 1,5 M HCl with 0,2% 
La(N03 ) 3 and stannous chloride (Sn/Pt ratio= 2). 
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We thus chose to prepare our platinum standards from K2PtC14 with 0,2% 

La(:'\03) 3 in the presence of tin (I I) chloride and hydrochloric acid of 

appropriate concentrations so as to match the matrix as closely to that 

of the samples as possible. lve found that under these conditions 

r t sLaw was obeyed for 0-150 p.p.m. of platinum. A typical calibration 

cur.~e obtained in this way is shown in Figure 2. 2. 

2.2 Atomic Absorption Determination of Tin 

Tin may be determined relatively easily in hydrochloric acid solutions 

by the atomic absorption method [58-63]. · Hmv-ever, ·as described in 

Section 2.1, it was not possible to analyse the dichloromethane extracts 

directly by this method. 

A variety of different flames have been used, including air-acetylene, 

.air-hydrogen, argon-hydrogen, nitrous oxide-acetylene and nitrogen-

hydrogen-entrained air. A strongly reducing air-acetylene flame was 

used in our work since this is a convenient method and has been found 

to be less subject to interferences despite its lower sensitivity com-

pared with other flames [ 62]. 

286,3 run. 

Readings were taken at a wavelength of 

Figure 2.3 shoHs a typical calibration curve using standards in 10% 

hydrochloric acid prepared from tin metal. Results in Table 2.7 show 

that platinum does not interfere in the determination of tin in 10% 

hydrochloric acid solutions. 
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Figure 2.3 . Calibration curve for tin in 10% HCl solution 

Pt:Sn 
ratio 

1:1 
1:2 
1:2 
1•, . '-
1:5 

[Sn] taken/ 
ppm 

83 
57,4 
Q"' -L. 

51,2 
42 

[Sn] found/ 
ppm 

83,5 
57,1 
91,8 
51,3 
42 

Relative percent­
age error 

0,6 
0,5 
0~3 
0,2 
0 
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Table 2.7 The effect of platinum on the determination of tin in 10% 
HCl. 
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The determination of tin in the aqueous phase by atomic absorption was 

thus found to be a suitable method since the concentration of tin could 

be accurately determined in the presence of platinum. 

2.3 Oxidation with Potassium Iodate 

The titrimetric determination of tin(II) in hydrochloric acid by 

oxidation with potassium iodate is a well-documented method [64-66]. 

The procedure involves the use of an immiscible organic solvel)t, such 

as chloroform, ,\·i th the end point being marked by the disappearance 

of the last trace of violet colour, due to iodine, from the organic 

layer. The oxidation is thought to proceed through the following 

steps: 

30SnC1 2 + lOKIO~ + 60HC1 
.) 

-+ 30SnC14 + lOKI + 30H2o 

2KI03 + lOKI + 12HC1 -+ 12KC1 + 6H2o + 6r 2 

3KIO~ + 6I 2 + 18HC1 3KC1 + 9H2o + lSICl 
.) 

The overall reaction may thus be represented as: 

zsnc12 + KI03 
+ 6HC1 -+ 2SnC14 + KCl + ICl + 3H2o 

Although atomic absorption determinations of tin in the aqueous phase 

had proved successful, this method reflects the total amount of tin 

present, that is, tin(II) and tin (IV). Since we believe that it is 

mainly tin(II) which is involved in the formation of the red platinum-

tin complex, it was necessary to know the exact amount of tin(II) 
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present in an aqueous layer. For this reason we decided to investi-

gate 1~1ether the potassium iodate titration could be used to determine 

tin(II) in the presence of platinum(II). 

We found in fact that titration of freshly mixed stannous chloride and 

K2PtC14 solutions in concentrated hydrochloric acid with potassium 

iodate led to the complete oxidation of both tin(II) and platinum(II). 

The intense red colour of solutions containing platimun and tin faded 

·during addition of the potassium iodate, allowing for easy detection of 

the violet colour in the organic layer. 

We also found that oxidation with iodate may be used to determine 

platinum(II) quantitatively in solutions of this metal. The stoichio­

metry of the process may be represented as: 

2K2PtC16 + KCl + ICl + 3H20 

Although initial development of colour in the chloroform layer was slow 

for solutions containing platinum, the final end point was in fact very 

sharp. 

Some typical titration results are shown in Table 2.8. Since tin(II) 

is easily oxidised by the oxygen in air, all titrations were performed 

under nitrogen. This suggested the possibility of oxidising only the 

tin(II) by bubbling a1r or oxygen through the mixed K2PtCl/stannous 

chloride solutions. A subsequent experiment showed that only the 

tin(II) species could be destroyed by selectively oxidising it to tin(IV) 

using oxygen for ·35 minutes, followed by titration with Iao3 to determine 

the amount of platinum(II) left in solution. 
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Sn(II) Pt(II) Total oxid- Volt.m1es Mean Total oxid-
taken/ taken/ isable spe- KID.3 used/ titre/ isable spe-
rrnnol rrnnol cies/rrnnol ml ml KI03 cies found/nunol 

9,51 
0,2200. 0,2200 9,49 9,50 0,2071 

9,50 

13,23 
0"7530 0,7550 13,28 13;26 0,7346 

13,26 

2,91 
0,0650 0,0650 2,95 2,94 0,0645 

2,97 

4,41 
0,0950 0,0950 4,40 4,39 0,0957 

4,36 

23,40 
0,4142 0,0950 0,5092 23,33 23,38 0,5095 

23,40 

14,63 
0,1192 0,0255 0,1447 ·14,58 14,61 0,1429 

14,61 

Table 2. 8 Results of platinum(II) and tin(II) determinations by potassium 
iodate titration. 

Time of contact Sn(II) taken/ 
with oxygen/mins. nnnol 

35 
35 
15 . 0,6930 
20 0,6930 
35 0,6930 
35 0,6930 
35 0,6930 . 

Pt(II) taken 
rrnnol 

0,1320 
0,1346 
0,1346 
0,1346 
0,1346 
0,2640 
0,1320 

Oxidisable species 
found I rrnnol 

0,1312 
0,1358 
0,1423 
0,1380 
0,1323 
0,2596 
0,1329 

' 
Table 2.9. Results obtained after oxidation of K2PtCl1t and stannous chloride 

solutions with oxygen in 311 HCl for various time intervals and 
subsequent titration with KI03. 
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Table 2.9 shows that after this time interval, the tin(II) is 

completely oxidised and the remaining platinum(II) may be quantitatively 

determined to less than 2% error. 

It appeared therefore that this would be an extremely useful and con­

venient method for the detennination of platinum(II) and tin(II) in the 

aqueous phase. We thus decided to apply this method extensively for · 

the cletermination of tin(II) in our extraction experiments and time was 

spent in order to perfect the procedure. 

Attempts were made to oxidise the tin(II) by other methods. However, 

copper(II) and hydrogen peroxide used for this purpose were found to 

interfere in the titrimetric procedure and we therefore decided to 

continue using oxygen. 

AI though detailed studies \vere not carried out to determine the effect 

of acid concentration on the titration, suitable conditions were found 

by trial and error. Vogel [64] reports that the optimum acidity for 

a reasonably rapid reaction near the end point varies from one 

reductant to another within the range of 2,5-9 r-1 hydrochloric acid. 

The conditions for the iodate oxidation of tin(II) described by Vogel 

involve acid concentrations.of about SM. We found that the most 

suitable range of acid concentration for the mixture of tin(II) and 

platinurn(II) was 5-6,5 M, whereas for platinum(II) only, acid concentra-

. tions of about 4,5 M were used. 

Unfortunately, however, on attempting to titrate portions of the aqueous 

metal solutions as described above after preliminary extraction experiments 
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with triphenylphosphine, no violet colour developed in the chloroform 

layer and it was thus impossible to obtain an end point. Titration 

of a portion of the platinum-tin solutions shaken with dichloromethane 

in tne absence of phosphine resulted in an extremely slow development 

(15-20 minutes) of the violet colour in the chlorofonn layer, but 

res:.:lts obtained were found to be unreproducible. 

It thus appeared that, after shaking, the platinum-tin complexes had 

reac:1ed equilibrillJTt resulting in very slow oxidation by potassiLUn iodate. 

The :freshly-mixed solutions had not been equilibrated and although some 
~ 7-

SnCl.. was bound to PtC14- in this case, the red complexes had not in 
,) 

fact completely formed. (See belO~'<' in Section 3.1). 

Triphenylphosphine can be oxidised by nitric acid to form phosphine 

oxide, 0 = P(Ph)~ (67]. 
.) 

It was therefore reasonable to expect that 

the compound could also be oxidised by iodate in a similar way. To 

investigate this proposal, samples oftriphenylphosphine were weighed 

accurately, dissolved in CH2c1 2 in the titration flask, HCl was added 

and the mixture was titrated with potassium iodate. Colour changes 

during titration showed that, as predicted, some reaction did occur 

with the phosphine. The presence of any triphenylphosphine-containing 

compounds in the aqueous phase would therefore have caused serious errors 

in the determinations. 

Although this method \vas reproducible and reliable in the case of 

freshly-mixed solutions there were complications with solutions \vhich 

had been shaken in the presence of ti1e organic phase containing triphenyl-
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phosphine. We could unfortunately not continue to use this procedure 

for our determinations. However, it may be that with further investi-

gation the method could well prove useful for the analysis of platinum(II) 

and tin(II) solutions which do not contain any interfering substances. 

2.4 PalaTography 

Polarography is an electrochemical analysis method introduced by 

HeyrovskY some 50 years ago, for the qualitative and quantitative 

deterr,lination of substances in solution [68 ,69]. The method is useful 

-5 -2 for the analysis of small amounts of substances, usually about 10 -10 M 

sample solutions. The method can be used to determine inorganic ions 

that are reducable to lower oxidation states, as well as to detennine 

numerous organic compounds. 

In DC polarography, a DC voltage increasing·or decreasing as a linear 

function of time is applied across the measuring cell.whereas in AC 

polarography a small, low-frequency AC voltage is superimposed. upon 

the DC voltage ramp. Two different polarogramS are obtained in each 

case. Two quantities appear on a polarogram which are related to the 

kind and quantity of the dissolved substance (depolariser), namely the 

half-step potential E~ and the wave height, or limiting diffusion 

current, id. The latter is proportional to the concentration of the 

depolariser and the quantity of the sample substance may be determined 

from the id by three different methods, lLamely: standard addition, 

recording a calibration curve and by calculation using Ilkovic's equation. 
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Procedures for the polarographic determination of tin as the stannous 

and stannic ion have been described [ 70, 71}. We decided to investigate 

whether this method could be used for the measurement of tin(II) in our 

aqueous phases containing K2PtC14 and SnC12. 

Bot~ stannous and stannic tin can be reduced at the dropping mercury 

electrode. Love and Sun [71] reported that reduction of stannous tin 

to metal produces Naves sui table for analytical purposes in 

supporting electrolytes of tartrate and.alkaline citrate as well as IN 

solutions of hydrochloric acid, nitric acid, sulphuric acid and sodium 

hydroxide. The reduction of strumic tin proc!uced \vaves suitable for 

analytical purposes only~ in hydrochloric acid solutions where the 

concentration of chloride ion is greater than about 4N. Stannic tin 

produces a double \vave, corresponding to stepwise reduction first to 

the stannous state and then to the metal, with half-\vave potentials of 

-0,25 and. -0,52 volt v.s. the saturated calomel electrode. Figure 2.5 

sho1.;s a typical DC polarogram of stannic tin in amrn0niurr1 chloride and 

Figure 2.5 

o~--------------~ 

- Q1 - QS -0,9 
Voltage/ V 

Typical polarogram of stannic tin (2,08 mmol) in 4 M 
ammonium chloride, 1M hydrochloric acid and 0,005% gelatine. 
(Reproduced from reference 70). 
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hydrochloric acid. Since it has been shown that better reproducibility 

car'1 be obtained with AC than with DC polarography [72] , we investigated 

the ~Jossibility of using the former method to determine tin(II) in our 

aqueoUs phase. Figure 2. 6 shows that in the absence of platinum, a 

single Hell-defined wave was obtained at -0,315 V probably due to 

reduction of stannous ion to the zero oxidation state . 

16 

<( 12 
~ 
+­c 
QJ 
L 
L 

C3 8 

4 

' " 

l 

I 
I 
I 

I ,, : 
'I, 
I\ 
I 
I 

0,5 

I 
I 

I 

' ' ' 

' I 

. , 
'I 
'I 
'I ,, .. 
II 

'' o I 
I ' 

I 

I 

,, . . . 
I 
I . 

\ 
I 

\ 
I 
I 

I 
\ ,, 

\ 

',, 

I 

I 

I 

; 

; 
I 

I 

a 

c 
....... 

;' \ 

0,4 0,3 
Voltage/V 

0,2 

Figure 2.6 Polarograms ofa solution of stannous chloride (0,228 rrrrnol) 
in 1 M hydrochloric acid and 0,005% gelatine to show the 
effect of successive additions of K2 PtC14 (0,014 M in 
1M HCl). (a) Polarogram of tin solution, (b) - (d) 
Polarograms after additions of 1,2,4 ml of Pt solution 
respectively. 
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Unfortunately, the wave due to tin was seriously affected on addition 

of sEJall amounts of platinum to this solution and the wave height 

could not be accurately measured. 111e dark deposit which appeared on 

adci tion of platinum l'>'as presumably a cause of the complications. 

EA.-;;:=r-irnents were also carried out using other supporting electrolytes, 

sue as one of 4 M aiTD11onium chloride, 1 .~I hydrochloric acid and 0,005% 

gela:ine but similar problems were experienced. 

Kivalo a11d Laitinen [73] have shown that the polarographic reduction 

of K2PtC14 is in fact very complex. Thus, due to the difficulties 

experienced, a polarographic method for the determination of tin(II) 

could unfortunately not be used in our case. 

2.5 Ashing of the Organic Phase 

Experiments were carried out to establish whether platinum could be 

determined in the organic phase after removal of the dichloromethane 

by evaporation and ashing of the remaining solid to remove the carbon 

and tin (74]. 

After a preliminary extraction experiment, the organic phase was trans­

ferred to a crucible, the dichloromethane was removed and the sample 

was ashed. The residue was heated vigorously with aqua regia, the 

solution was made up volumetrically and the amount of platinum · 

determined by atomic absorption. 



Table 2.10 shows the result of two such random experiments. 

Tirr.e of 
ext:-action/ 
hours 

18 

Total Pt 
taken I 
ppm 

124 

124 

Pt found I ppm Total Pt 
Aqueous Organic found I 
phase phase ppm 

91 

27 

37 

102 

128 

129 

34 

% Error 

3,1 

3,6 

. Tab 2.10 The determination of platinum by atomic absorption in the 
aqueous and organic phases after extraction of a 1 M HCl 
phase of SniPt ratio 2 with dichloromethane containing 
PPh 31Pt ratio 3. · 

Table 2.10 shows that mass balance for platinum in the two phases does 

in fact hold. Results thus show that, allowing for a 4% error, ashing 

of the organic phase is a sui table method for the determination of 

platinum in the organic phase. 

2.6 The Distillation of Tin 

Tin has been separated by distillation with hydrochloric-hydrobromic 

acid and subsequently colourimetrically dete~~ned with dithiol [75] 

or titration with potassium iodate after reduction with nickel [76]. 

We decided to attempt using the procedure for the determination of 

tin in our organic phases. A method involving ashing of the organic 

residue was unsuitable due to the volatility of the tin(IV) chloride. 



After extraction the dichloromethane phase was transferred to a 

distillation flask and gently warmed to evaporate the. solvent. 

The distillation with hydrochloric and hydrobromic acid was then 
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carefully carried out. It was hoped to use atomic absorption for the 

analysis of the distillate. 

HO\...-erer, repeated attempts under various conditions to perform a 

qu@ltitative distillation proved unsuccessful. Qualitative tests with 

hydrogen sulphide [77] showed that in all cases tin was still present 

in the initial distillation flask. 

It thus appeared that formation of platinum-tin complexes and the 

presence of triphenylphosphine unfortunately seriously affected this 

method for the analytical determination of tin. 

:. 7 Conclusion 

The atomic absorption method was chosen for the analysis of tin and 

platinum in the aqueous phases. Results obtained in this way proved 

to be the most reliable and reproducible and allowed for an easy and 

rapid determination·of the metals. 

The titrimetric method of oxidation with potassium iodate was used 
~ . 

only to determine the percentage tin(II) present in the unmixed stannous 

chloride solutions. 

By evaporation and ashing of the organic phase and subsequent use of 
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atomic absorption, we were able to determine reliably the amount of 

platinum extracted into this layer. Hass balance was confinned using 

this procedure. However, since the method was quite lengthy and 

tedious, the mass balance was not checked repeatedly for all extractions 

in this way. Unfortunately we were unable to find a sui table method 

for the direct determination of tin in the organic phase. However, 

thToughout the extraction experiments samples were compared with a blank. 

This provided an efficient way of comparing our aqueous layers after 

extraction with TPP, with an identical solution shaken with pure dichloro­

methane. 
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GIAPI'ER 3 

, • SOLVEi\JT EXTRACfiON STUDIES 

HavL1g established suitable analytical methods for the determination 

of tin and platinum, we proceeded to make a detailed study of the 

e)..-::raction of platinum from acid solutions containing stannous chloride · 

us triphenylphosphine in dichloromethane. All \iOrk was carried 

out under nitrogen and strict precautions were taken to exclude air 

at all times . Details of the actual experi~ental procedures are 

given in Chapter 5. 

3.1 Preliminary Investigations 

3.1.1 Equilibration of the Aqueous Phase 

2-When solutions of PtC14 and SnC1 2 are ~~xed in HCl the colour of the 

mixture gradually becomes more intense, so that sufficient time must 

be allowed for equilibrium to be reached. 

Freshly prepared aqueous solutions containing a tin:platinum ratio of 

2 at various acid concentrations were shaken \<Vith dichloromethane and 

the TJV-visible absorption spectra of the aqueous phase were determined 

as a ftmction of time. 

For solutions of 1 M hydrochloric acid concentration, equilibrium was 

reached in 10 minutes. The visible absorption spectrum (Figure 3.1) 

shows three distinct maxima at 373 (Emax = 8,52 x 106 cm2 mol-1), 
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Figure 3.1. Visible absorption spectrum for solutions of Sn(II)/Pt(II) ratio of 2 at 1 M HCl. 
Repeated scans every 10 minutes for 10-40 minutes. 
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Figure 3.2 Visible absorption spectrurn for aqueous solutions of Sn(II)/Pt(II) ratio 2 
at 1,5 M HCl. Scans after (a) 2 mi.nutcs (b) 10 minutes (c) 20-50 minutes. 
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6 2 -1 . 6 2 
431 {emax = 3,71 x 10 em mol ) and 506 run (t:ma..x = 1,63 x 10 em. 

moJ-1). · Repeated scans every 10 minutes from 10-40 minutes shmved 

that the spectnun did not change significantly. 

In the case of solutions at 1,5 M HCl, equilibrium was reached after 

· 20 minutes of shaking. as shown in Figure 3. 2. 111e three absorption 

maxima are at 374, 438 and 517 run \vith molar extinction coefficients 

for the equilibrated state of 3,79 x 106 , 1,75 x 106 and 7,5 x 105 

2 -1 em mol respectively. 

Day old solutions under the same conditions and at 1,5 ~! HCl were also 

found to reach equilibrium after 20 minutes but the absorbances were 

found to be slightly lower than the freshly prepared solutions. 

(Molar extinction coefficients at the wavelengths 374, 438 and 517 nm 

are 2,96 x 106 , 1,36 x 106 and 5,7 x 105 em2 mol-l respectively). 

This effect was most probably due to oxidation by OAygen .of a small 

percentage of the tin(II) in the stannous chloride ~elution. 

The absorption spectra of mixed platinum and tin solutions at acid 

concentrations of 2,3 M and 6 · M were found to be more complicated 

probably due to the faster oxidation of tin(II) at the higher acidities. 

Figure 3.3 shows the absorption spectra of a solution of 2,3 M HCl 

at various times after mixing. The spectra appear to be complicated 

in that the peaks at 253 and 308 nm grow with time, whereas the peak 

at 384 nm decreases accordingly; and no steady state was reached. 

The colour intensity of solutions at 6 M HCl decreased rapidly with 

time and peaks were found to be broad at this high acidity (Figure 3.4). 
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Figure 3.3· Visible absorption spectrum for aqueous solutions of Sn(II)/Pt(II) ratio of 2 
at 2,3 M HCl. Spectra (a)-(e) represent scans from. 20-100 minutes respectively, 
at time intervals of 20 minutes ea.ch. 
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Figure 3.4 Visible absorption spectrum for aqueous solutions of Sn(II)/Pt(II) ratio 2 
at 6 M HCl. Spectra represent scans r time intervals of (a) 10 minutes 
(b) 20 minutes (c) 40 minutes. 
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Tompkins and Lachman [78] have shown that the rate of oxidation of 
1 

SnC1 2 is proportional to [HSnC13] 2 and is therefore dependent on the 

acid concentration. The fairly rapid fading observed in solutions 

at 2,3 and 6 M HCl is explainable by this oxidation process. Since it 

was extremely difficult to keep the extraction vessels totally free 

of oxygen, these acid concentrations \vere obviously rmsuitable for 

our purposes. 

Solutions of platinum(! I) with SnC13- are known to be rmstable at low 

acid concentrations as a result of hydrolysis to form complexes of the 

type Mn_ 2 [Pt{Sn(OH) 3}n], where M = H+, Na+, K+ etc and n = 4 or 5 [79]. 

The original red complex is converted to a brown residue under such 

conditions. Stock solutions of stannous chloride must also be prepared 

in sufficiently acidic solutions to prevent precipitation of the basic 

chlorides of tin [80]. 

We th~refore chose to use platinum and tin solutions of 1 M and 1,5 M 

HCl throughout our work, allowing for an initial equilibration period 

of 10 and 20 minutes respectively, before addition of the organic 

phase. 

3.1.2 Ultraviolet-visible Spectrophotometry 

As described in Section 1.1, stannous chloride has been used as 

an important colourimetric reagent for the determination of platinum. 

It was therefore reasonable to expect that this property might be 

useful to determ1ne the platinum content in the aqueous phase. 
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Sets of experiments were carried out by ini fially equilibrating the 

aqueous acid phases of platinum and tin as described in Section 3.1.1. 

The aqueous layers were then shaken with equal volumes of dichloro-

meth~1e containing TPP for various time periods. The phases were 

separated and the absorption spectrum of the particular layer was deter-

mined immediately. For comparison purposes, a blank was included in 

all e~~eriments. Absorption spectra were recorded for samples from a 

number of sets of experiments. A typical example to show the general 

decrease in absorbance with time of shaking is illustrated in Figure 3. S. 

Table 3.1 compares the percentage extraction determined from atomic 

absorption with that obtained from the uv-visible spectra for the set 

of experiments illustrated in Figure 3.5. The percentage extraction 

in the latter case \vas calculated from the decrease in the absorbance at the 

373 n~ maximum using a blank as the initial measurement. 

Percentage extraction of Pt 
Time of extraction/ hours From atomic From uv-visible 

absorption spectrum 

1 14,9 5,8 z 

1 19,4 11,3 

li 30,7 26,8 

2~ 51,9 43,2 

3 . 65,3 49,3 

18 98,1 83,6 

Table 3.1 A comparison of the percentage extraction values obtained 
by atomic absorption and uv-visible spectrophotometry. 
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The absorption spectra of the aqueous phases after extraction of a solution 
of Sn(II)/Pt(II) ratio 2 in 1M HCl with TPP in CH2Cl2 (TPP/Pt ratio= 4). 
Time periods of extraction: (a) 1~ hours (b) 2~ hours (c) 3 hours. 
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Results showed that although a general decrease in colour intensity 

was observed in a particular set of extractions with time, the change 

in peak height did not appear to be directly related to the platinum 

concentration, as found by atomic absorption. · A possible reason for 

this that the colour of the solutions is extremely sensitive to air 

and although precautions were taken to exclude air at all times, traces 

of o21..;gen may well have been present. 

The organic phase was found to vary in colour from very pale yellow· 

to orange. We therefore also investigated the possibility of using 

the absorbance of the organic phase as a means of analysing the organic 

extract. 

Figure 3.6 illustrates that the colour intensity of the CH2Cl2 layer 

fades rapidly with time even though sealed sample cells were used 

and strict precautions were taken to exclude air. The peaks were also 

poorly defined in most cases. · It i~ thus evident that the absorption 

spectra of the aqueous and organic extracts could not be used for 

quantitative purposes since it was extremely difficult to exclude small 

amounts of oxygen. Nevertheless the colour of the two phases was 

found to be useful, in that it was possible to monitor visually the 

course of a solvent extraction. 
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3. 2 The Effect of Time· 

Mojski [44] chose to perform his extractions with a 60 minute shaking 

period for aqueous phases not containing stannous chloride and for 

10 minutes when tin(II) had been added. He appears to have chosen 

these times at random, assuming equilibrium to have been reached after 

this period. 

As described in Section 3.1, it was necessary to initially allow 

sufficient time for equilibration of the aqueous phases before carrying 

out an extraction. Preliminary studies also showed that the amount 

of metal extracted varied with time of shaking, according to the 

particular Pt(II)/Sn(II) and Pt(II)/TPP ratios. It was therefore 

necessary to undertake a detailed study of the effect of time on the 

extraction instead of assuming a definite shaking period. 

Experiments were carried out by pre-equilibrating the platinum-tin phase 

followed by shaking for various times with an equal volume of dichloro-

methane containing TPP. The percentage metal extracted was determined 

from atomic absorption measurements and comparison with a blank. 

Figures 3. 7 and 3. 8 show that the percentage metal e)..'L raction does in 

fact change with time. In general, for a particular Pt/PPh3 ratio, 

the percentage extraction of platinum increases with time, whereas 

tin(II) extraction initially increases but over a long period drops 

dramatically. We therefore decided that it was necessary to examine 

the effect of time throughout our experiments since it was evident 

that the extraction varied quite dramatically with the period of shaking. 
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3.3 The Effect of Platinum : Triphenylphosphine Ratio 

Prel:ii"Tlinary qualitative extraction experiments showed that the apparent 

amouiit of platinum( II) extracted from a red solution containing Pt (II) 

and Sn(II) in the ratio of 1:2 in 1,5 M HCl medium depends on the 

relative quantity of TPP in the dichloromethane phase. Thus, the 

intensity of the red colour in the aqueous phase changes from its 

original value (no TPP present in the CH2c12 layer) to a pale yellow 

(TPP/Pt (II) ratio of ca 5) to almost colourless (TPP/Pt (II) ratio > 10). 

Mojski [44] used a large excess of TPP in his experiments (TPP/Pt ratio > 

100) \oJhich results in very rapid removal of the red colour in the aqueous 

phase. Our preliminary experiments also showed that at TPP/Pt ratios 

of less than 10, the organic phase becomes coloured (from pale yellow to 

orange), suggesting the existence of a tin-containing platinum-phosphine 

complex. (Authentic samples of the prepared complex cis-[Pt(PPh3) 2-

(SnC13)Cl] are yellow-orange whereas the trans-isomer is white [45]). 

Extraction experiments were performed as described in Section 3.2, varying 

the Pt(II)/TPP ratio from 1 to 10. Figures 3.9 and 3.10 show how the 

percentage metal extraction varies with Pt(II)/TPP ratio at 1,0 and 

1,5 M HCl concentrations. 

A nunmer of interesting observations may be made from these results. 

From Figures 3.9(i) and 3.10(i) it appears that the ratio of PPh3/Pt = 2 

is definitely of significance. At this value \vi th 1, 5 M HCl solutions 

there is a dramatic increase in percentage extraction of platinum from 

~ - 3 hours of shaking. Thi$ seems to indicate that a complex containing 

Pt and TPP in the ratio of 1:2 might well be favoured in the organic phase, 
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(b) 1 hr. (c) li hrs. (d) 2~ hrs .. (e) 3 hrs. (f) 18 hrs. 
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Figure 3.10 The variation of percentage extraction of (i) platinum 
(ii) tin from 1,5 M HC1 solutions of Sn(II)/Pt(II) ratio 2 
with TPP/Pt ratio after extraction times of: (a) ~ hr. 
(b) 1 hr. (c) li hrs. (d) 2~ hrs. (e) 3 hrs. (f) 18 hrs. 
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resulting in rapid extraction under these conditions. A similar effect, 

although less P!Onounced, may be observed in solutions of 1M HCl. The 

more general trend at this acid concentration however appears to be an 

increase in percentage platinum extraction with increasing PPh3/Pt 

ratio and time. 

Figure 3.9(ii) and 3.10(ii) show that tin is in fact extracted into the 

org~iic phase, in some cases as much as 45%. The amount extracted 

increases with time up to 3 hours but on prolonged · shaking (18 hours) 

there is a dramatic drop in the percentage extraction. The colour 

intensity of the CH2c12 layers \vas noted to increase with time from 

yellow to orange but after 18 hours the colour faded to become very 

pale yellow or colourless. This suggests the initial formation of 

Pt-Sn-phosphine complexes in the organic phase, which with time dispro­

portionate to a platinum-phosphine complex and SnCl~-, the latter of 
.) 

which is extracted back into the aqueous phase. 

The percentage tin extracted shows a general increase with increasing 

PPh-/Pt ratios . 
.) 

This is in direct agreement with the observed colour 

intensities of the organic phases. At higher PPh3 ratios, the colours 

are generally more intense, increasing from orange to a very dark red-

orange and then fading as described previously on prolonged shaking. 

At lower PPh3/Pt ratios however, the organic phases increase from very 

pale yellow to orange, again fading with time. 

We may therefore conclude that after prolonged shaking platinum is 

almost completely extracted above a PPh3/Pt ratio of 4. 
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ratio of 2 results in a relatively high percentage platinum extraction 

between i and 3 hours of shaking, an effect which is particularly 

evident with 1,5. M HCl aqueous solutions. The amount of tin extracted 

generally increases with increasing PPh3/Pt ratio and time up to 3 hours 

but with prolonged shaking the tin is back-extracted into the aqueous 

pha..se. 

3.4 The Effect of Platinum(II) : Tin(II) Ratio 

. . . 

In the extraction.studies described by Mojski [44], a large excess of 

. stannous chloride was used. No attempt was made to protect the 

solutions. from the atmosphere and in some cases the aqueous layers were 

boiled before extraction. Thus, although the molarity of the prepared 

tin(II) solution was 100 times greater than that of the platinum, the 

exact Sn(II)/Pt(II) ratio was not knoWn. 

We considered it important to study the effect of the tin(II) concen-

tration on the extraction process. In order to perform experiments 

at a fixed Sn(II)/Pt(II) ratio, extreme care had to be taken to prevent 

oxidation of the tin(II) species. All solutions loJere freshly-prepared 
j 

in 11itrogen-saturated solvents and the extraction flasks, previously 

flushed with nitrogen, were securely stoppered to exclude traces of 

oxygen. Such a procedure is obviously difficult and tedious experi-

mentally and, although a number of problems were encountered initially, 

final results obtained have provided some useful information regarding 

the effect of the Sn(II)/Pt(II) ratio. 
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Experiments were performed by equilibrating equal volumes of the two 

metal solutions, the appropriate tin(II) and platinum(II) concentra~ 

tions having been.chosen for each particular ratio. Solutions were 

shaken with the organic phase for various time periods and the percentage 

metal extracted was determined by atomic absorption and comparison with 

a blank. Figure 3.11 shows the results of a set of experiments at 1 M 

HCl and a PPh3/Pt ratio of 2. Results from Figure 3.11 show that in 

the absence of tin, i.e. at a Sn/Pt ratio of 0, the percentage extraction 

of platinum is very low, in fact less than 10% after 3 hours of shaking. 

The diagram also clearly shows how the presence of stannous chloride 

dramatically increases the percentage Pt extracted. 

Some interesting trends may be noted from these results. It is 

evident that the percentage extraction of Pt increases significantly 

at Sn(II)/Pt(II) ratio of 1, dropping off slightly at ratio 2 before 

increasing again at a ratio of 5. This trend suggests that, although 

the largest Sn/Pt ratio gave the highest percentage Pt extraction, a 

complex containing Pt:Sn in the ratio of 1:1 is a favourable species 

for the extraction process. 

Figure 3.ll(ii) shows that at a Sn/Pt ratio of 1, there is also a 

general increase in the amount of tin extracted, which drops off at 

higher ratios. The percentage of tin extracted increases gradually 

up to 2~ hours of shaking but decreases after 3 hours and is negligible 

after 18 hours. The colour of the organic phases was observed to 

parallel this trend. The CH2c12 layer was initially a pale yellow 

which developed to a darker orange with a longer shaking period. 

On prolonged extraction the organic phase faded to become almost 
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Figure 3.11 The variation of percentage extraction of (i) platinum 
(ii) tin from 1 M I-!Cl solutions of PPh 3/Pt ratio 2 with 
Sn(II)/Pt(II) ratio after following times of extraction: 
(a) ~ hr.. (b) 1~ hrs. (c) 2~ hrs. (d) 3 hrs. (e) 18 hrs. 



colourless. This is also in agreement with trends described in 

Sections 3.2 and 3.3. 
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From our studies on the effect of tin(II) at ratios of Sn(II)/Pt(II) 

betKeen 0 and 5, we may therefore conclude that the highest ratio 

gave the largest percentages of platinum extraction for a particular 

period of shaking. However, a Sn(II)/Pt(II) ratio of 1 was found to 

give unusually high values for the amount of Pt extracted, suggesting 

that a Pt-Sn complex of this ratio is favoured in the extraction process. 

The percentage extraction of tin was also found to be high at 

Pt(II)/Sn(II) ratio of one. 

3.5 The Effect of Hydrochloric Acid Concentration 

Mojski [44] showed that platinum was completely extracted for all 

hydrochloric acid concentrations between 1 M and 6 M using large 

excesses of both tin(II) chloride and triphenylphosphine (Figure 1. 2). 

We were interested to investigate in more detail the effect of acid 

concentration on the extraction process taking precautions to exclude 

air at all times. However, as evident from Section 3.1.1, we were 

only able to study conveniently extractions at acid concentrations 

from 1 - 1 , 5 M HCl. 

Results showed that slight variations in the acid concentration in 

fact affected the extraction quite significantly. Initial equilib­

ration times of the aqueous phases were more rapid in the case of 



solutions at 1 M HCl (10 minutes) than at 1, 5 1\1 HCl (20 minutes) 

(see Section 3.1.1). Figures 3.9 and 3.10 show that at 1,5 M HCl 

there is a dramatic increase in percentage Pt extraction at Sn(II)/ 

Pt (II) ratio of 2, an effect which is far less pronounced in 1 M HCl 

solutions. It is also interesting to note that the amount of Pt 

extracted at higher TPP/Pt ratios is generally greater when using 

aqueous solutions of 1 M HCl. 
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However, it was evident that before we could drm.; any conclusions 

regarding the effect of HCl on the extraction process, a more thorough 

investigation at a range of other acid concentrations would be 

necessary. It was thus unfortunate that, due to the unavoidable 

problems of hydrolysis at lower acidities and oxidation by air at 

higher acid strengths, we were unable to work outside the acid concen­

tration range of 1 - 1,5 M. 

3.6 Studies with Prepared Platinum-Tin Complexes 

In order to shed more light on the subject of complex formation in the 

CH2c12 phase, the cis- and trans-isomers PtCl(SnC13)(PPh3) 2 and the 

compound cis-PtCl 2(PPh3) 2 were prepared [45]~ We believed that 

these complexes were formed at some stage during the extraction processes 

and that studies with the actual compounds might provide useful infor-

mation about the mechanism of the extraction. Experiments were there-

fore carried out to ascertain whether a reaction of the following type, 

could be involved in the extraction mechanism: 
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cis-
or [PtCl(SnC1 3)(PPh3)2]

0
r + HCl 

trans- g 

Dichloromethane solutions of the cis- and trans-isomers of PtCl(SnC13)(PPh3) 2 

\vere shaken for 3 hours with portions of hydrochloric acid of various con-

centrations to determine whether the tin \vas back-extracted into the aqueous 

phase. Results in Table 3.2 obt~ined from atomic absorption spectroscopy 

show that, in the case of the cis-isomer, there is a general increase in 

percentage back-extraction of tin with increasing acid concentration. 

The trarzs- isomer appears to dissociate more readily for all acid concen-

trations in the range of 0,5 - 2,0 ~1 hydrochloric acid, than the corres-

pending cis-isomer. 

Acid concentration/ 
M 

b 

0,5 

1,0 

1,5 

2,0 

Could be subject to error 

cis-isomer/ 
% back-extraction 

83 

90 

79 b 

95 

trans-isomer I 
% back-extraction 

96 

100 

100 

100 

Table 3.2 Percentage back-extraction of tin from CH2Cl 2 solutions of 
the cis- and trans-isomers of PtCl(SnC1 3)(PPh3 ) 2 into 
aqueous HCl solutions. 
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An experiment was also perfonned to detennine whether a dichloromethane 

solution of PtC12 (PPh3) 2 would extract tin from a 1 ~-~ HCl solution of 

stannous chloride. Results showed that on shaking for 18 hours 

approximately 12 % of the tin was extracted into the organic phase. 

The above experiments therefore proved to be most useful since we con­

finned that tin could in fact be back-extracted from an organic phase 

.containing a Pt-Sn phosphine complex, into an aqueous acid phase. We 

were also able to shmv that the reverse reaction, i.e. the extraction of 

Sn from an SnC1 2 acid phase into a CH2Cl 2 phase containing PtC12(PPh3) 2, 

was possible. 

3.8 Isolation of Complexes from the Organic Phase 

Compounds were isolated from various organic phases in order to determine 

whether species such as PtCl(SnC13)(PPh3) 2 and PtC12(PPh3) 2 are formed 

during the extraction process. 

After separation of the CH2c1 2 extracts from the aqueous layers, the 

orgarlic solvent was removed by evaporation and infrared spectroscopy \vas 

used for the characterisation of the yellow to orange-red residues. 

By careful separation techniques, it was possible to obtain character­

isable complexes from some of the residues. The infrared spectra of 

prepared complexes and the isolated species are shown in Figures 3.12 -

3.16. Detailed values of the absorption maxima are reported in 

Table 3.3. Results obtained appear to be in approximate agreement with 

the reported literature values for these compounds [45,81,82]. 
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Figure 3.12 Infrared spectrum of (a) cis-[PtCl(SnCl3) (PPh3)z] and 

(b) t1•ans- [PtCl (SnCl3) (PPh3) 2l. 
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Figure 3.14 Infrared spectrwn of compound isolated from organic residue 
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Figure 3.15 Infrared spectrum of organic residue after extraction for 18 hours. 
Conditions: 1 M HC1, Sn(II) /Pt (II) ratio 2, PPh3/Pt (II) ratio 2. 
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Figure 3.16 Infrared spectrum of organic residue after' extraction for 
3 hours. Conditions: l M l!C1, Sn(II)/Pt(II) ratio 2, 
PPh3/Pt (II) ratio· 10. 



Complex Figure reference to Absorption maxima I em -1 
infrared diagram 

c·is- PtCl (SnC13) (PPh3) z 3.12a 442(vw), 42l(w), 340(s), 330(sh), 
324(vs), 29S(vw). 

trans-PtCl(SnC1 3)(PPh3)2 3.12b 44l(vw), 420(w), 340(s), 326(vs) 

cis-PtC1 2(PPh3) 2 3.13 442(vw), 422(w), 318(s), 294(vs), 
26l(vw), 227(vw) 

Residue 1 3.14 446(w), 442(N), 320(vs), 29S(s) 

Residue 2 3.15 446(m), 424 (w) , 320(vs), 295 (s), 
260(w) 

Residue 3 3.16 430(vs), 422(s), 399 (w), 317(s), 
296(s), 260(m) 

Table 3.3 Infrared data for the complexes illustrated in Figures 3.12 - 3.16. 
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Comparison of Figures 3.14 and 3.15 with Figure 3.13 shows that the complex 

PtCl'J(PPh..,) 2 is present in these particular organic phases. 
i... .:> 

The sample 

obtained for Figure 3.14 was separated from the organic residue and micro-

analytical data for the compound was found to agree 1-:ith that for PtC12-

(PPh-) 7 • 
.) ~ 

Organic residues from various other extractions were also found 

Figure 3.16 is a somewhat more complicated spectrum. 

appears to be the chief product although there is some broadening in the 

area 325 - 340 cm-l which suggests the presence of one or both of the 

The percentage extraction of tin 

determined by atomic absorption for this particular e~~eriment \vas about 

45%, which further supports the existence of a tin-containing complex in 

the organic phase. 

The above results provethe existence of PtC12(PPh3) 2 in the organic phase 

and evidence exists that PtCl(SnC13)(PPh3) 2 is also fonned in this phase. 
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CHAPTER 4 

4. DISCUSSION AND CONCLUSION 

Results of our studies o~ the extraction of platinum from stannous 

chloride solutions using triphenylphosphine have provided useful infer-

mat ion regarding the mechanisms involved in such processes. The 

extraction \vas in fact found to be extremely. complicated and was affected 

quite dramatically by traces of oxygen. This meant that the strictest 

precautions had to be taken to exclude air at all times which resulted 

in great difficulties experimentally. However, . on the . basis of our 

final results, we are now able to propose a reasonable mechanism for the 

extraction process. 

It is known that a number of species are formed when stannous chloride 

is prepared in hydrochloric acid medium. Figure 4.1 shows a plot of 

the various complexes as a function of the chloride concentration 

obtained using the program 'Pseudoplot', an extended Fortran version of 

'Haltafall' [83]. Stability constants were obtained from Smith and 

Martell [84]. 

The distribution of the species in hydrochloric acid solutions of 

K2PtC14 as a function of chloride concentration was also calculated. 

Data from work by Elding was used in the 'Pseudoplot' program [85,86]. 

[PtC14]2- was shown to be the dominant species from 0,5 - 1,5 M chloride 

concentrations, with negligible amounts of [PtC13CH20)] and [PtC12(H2o) 2] 

also present. 
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Thus, due to the number of different complexes formed in acidic platinum 

and tin solutions, it is obvious that, on mixing, an extremely compli-

cated series of reactions will occur. Examples of some of the species 

which are likely to be formed in equilibrium with each other are: 

? -. 
SnC14- :t. SnC1 3 + Cl 

SnCl~ + Cl 
L 

-+ 
+- SnC13 

PtC14
2- + SnC13 :t: [Pt(SnC1 3)Cl3] 2- + Cl 

2- 2- -[Pt (SnC1 3) Cl3] + SnC13 t cis- or trans- [Pt (SnC1 3) 2c12] + Cl 

cis- OT trans-[Pt(SnC1~ 2 cl 2 ] 2 - + SnC13- -:_ [Pt(SnC13) 3Cl] 2- + Cl 

2- 3-cis- or trans-[Pt(SnC13) 2Cl2] + 3SnC13 t [Pt(SnC13) 5] + 2Cl 

Such processes are presumably relatively slow since a period of 10 - 20 

minutes was necessary for mixed Pt and Sn solutions to reach equilibrium 

as measured by the constancy of the absorbance spectra. The length of 

time required varied according to the molarity of the acid, a fact which 

could be explained by the differences in the distribution of the tin 

species with Cl- concentration (see Figure 4.1). 

The extraction process is further complicated by the presence of triphenyl­

phosphine in the organic phase. A number of possible complexes could be 

formed in both phases which may be represented by the following equilibria, 

(1) [PtC14]2- [PPh3] [PtC13 (PPh3)] ;q Cl -+ -+ + aq org +- aq 

(2) {PtC1 3 (PPh3)]~q + [PPh3] -+ [PtC12(PPh3) 2]
0

rg + Cl org +- aq 

(3) [Pt(SnC13)Cl3];; + [PPh3] t. [Pt(SnC1 3)Cl2 (PPh3)]~q + Cl org aq 

(4) [Pt(SnC1 3)Cl 3 ];~ + [PPh3]ora t [Pt(PPh3)Cl3 ]~q + [SnC13 ]~q b 
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2-
[PPh3]org + [Pt(SnC13) 2Cl(PPh3)]~q + Cl~q (5) [Pt(SnC13) 2Cl2Jaq + + 

(6) 
2-

[PPh3]org 
+ [Pt(SnC13)Cl(PPh3)]~q + [SnC13];q [Pt(SnC13) 2cl2]aq + + 

(7) [Pt(SnC13)Cl2(PPh3)]- + [PPh3]org + [Pt(SnC13)Cl(PPh3) 2]
0
rg + Cl~q + . aq 

(8) [Pt(SnC13)Cl 2 (PPh3)]~q + [PPh3]org + . [PtC12 (PPh3) z]org + [SnC13]-+ aq 

(9) [Pt(SnC13)Cl(PPh3) 2]
0
rg + [PPh3]org + [PtC12(PPh3) 2]

0
rg + [SnC13];q 

Experiments showed that the percentage Pt extracted was dependent on the 

amount of triphenylphosphine in the dichloromethane phase. A significant 

· increase in the percentage extraction of platinum lvas observed at a PPh3/Pt 

ratio of 2, suggesting that a platinun-phosphine complex of this ratio was 

favoured in the organic phase (Figures 3. 9 and 3 .10) . Results also showed · 

that there was a dramatic increase in percentage extraction of platinum and 

tin at a Pt(II)/Sn(II) ratio of 1, which indicated the favourable formation 

of a 1:1 Pt-Sn complex in the rn2c12 phase. (Figure 3.11). Tin was 

found to be extracted back into the aqueous phase with time, which provided 

evidence for the disproportionation of the Pt-Sn complex with prolonged 

shaking. 

We therefore propose that the chief complexes existing in the organic phase 

after extraction are the platinum-phosphine .compounds, PtCl(SnC13)(PPh3) 2 

and PtC12(PPh3) 2. Experimental evidence supports the initial formation 

o~ PtCl(SnC13)(PPh3) 2 in the CH2Cl2 layer which disproportionates to 

PtC12(PPh3) 2 with concornrnitant back-extraction of tin into the aqueous 

phase. 
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The platinum-phosphine complexes PtCl(SnC13)(PPh3) 2 and PtC12(PPh3)2 are 

lmown to exist [45]. Experiments carried out \vith these compounds 

provided further evidence in support of our proposed mechanism. Reaction 

(9) the above equations showing fonnation of PtC12(PPh3) 2 by dispro­

portionation of PtCl(SnC13)(PPh3) 2 would be favoured on increasing the 

chloride concentration. ·.Treatment of cis-[PtCl(SnC13)(PPh3) 2] in CH2Cl2 

with solutions of increasing hydrochloric acid strength showed that the 

back-extraction of tin increased ivith increasing chloride concentration. 

Studies with prepared PtC1 2(PPh3) 2 also showed that this complex would 

. extract tin from a 1 M hydrochloric acid solution, so confinning the 

possibility of the reverse process of equation (9). 

It is also interesting to note that Young [19] isolated the complex 

PtCl(SnC13)(PPh3) 2 from ethanolic platinum-tin solutions and found that 

it disproportionates in acetone to give PtC12(PPh3)2• The latter complex 

dissolved in acetone containing excess tin(II) chloride to reform the 

Pt-Sn compound, which suggested the existence of the equilibrium: 

+ 
.+ + SnC12(acetone) 

Infrared spectroscopy confinned the presence of PtC12(PPh3) 2 in the organic 

phase and although evidence was not conclusive, it appeared that some 

[PtCl(SnC13)(PPh3) 2] was also formed. 

To conclude, we have therefore confirmed that the presence of stannous 

chloride dramatically increases the extraction of platinum from aqueous 

HCl solutions of K2PtC14 into dichloromethane containing triphenylphosphine. 



I 
I 
I 
I 
I 
I 
! 
I . 

75 

Suitable analytical methods were devised for the determination of metal 

concentrations in the extractions which provided a means of studying the 

system in detail. Results showed that the amonnt of platinum and tin 

. extracted was dependent on the time period of extraction, the Pt(II)/PPh3 

and Pt(II)/Sn(II) ratios as well as the HCl concentration. Detailed 

studies on the effect of these various conditions allowed us to postulate 

a model for the extraction system. 

It is now evident that in systems of this kind both platinum and tin 

· are initially extracted into the organic phase, almost certainly complexed 

as PtCl(SnC13)(PPh3) 2. ·With time this species dissociates to PtC12(PPh3) 2 

in which form the platinum remains in the organic phase and the tin is 

extracted back into the aqueous layer. Since it is unlikely that 

significant differences would have resulted by using dichloromethane 

instead of dichloroethane, we have shown that Mojski's. [44] description 

of tin as a 'labilizing agent' in the extraction of platinum by triphenyl­

phosphine was in fact an oversimplifi=ation. 
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QIAPTER 5 

. 5. EXPERDIENTAL. 

5.1. Chemicals, Reagents and Glassware· 

. . 

Comercial grade nitrogen supplied by Afrox, Cape Tmvn was used through-

out. The gas was purged of oxygen by passing it through a chromous 

chloride solution and distilled water before use (87]. 

Glass-distilled water saturated with nitrogen was used for all aqueous 

solutions. The water was initially boiled for bventy minutes to remove 

dissolved carbon dioxide and oxygen and allowed to cool under nitrogen. 

. It was stored in a glass aspirator fitted with a nitrogen inlet. 

Concentrated A.R. hydrochloric acid was degassed by passing nitrogen 

through the solution for fifteen minutes. The A.R. dichloromethane was 

refluxed for 30 minutes under nitrogen before use. 

All chemicals and reagents were analytically pure and generally 

supplied by Merck, Darmstadt. K2PtC14 was obtained from Johnson Matthey, 

Wadeville and SnC12.2H2o from Hopkin and Williams Ltd., England. The 

triphenylphosphine from Fluka AG, Germany, was found to be analytically 

pure. (Found: C, 82.2; H, 5.7 %. 

H,S.8%). Potassium iodate was dried for 1 hour at 100°C and stored 

in a desiccator. Stannous chloride standard solution for atomic 

absorption spectroscopy (1 ml =< 1,00 mg Sn) was supplied by BDH Chemicals, 

England. 
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Aqua regia was prepared from A.R. I-JN03 and HCl in the ratio 18:82 [88]. 

La(N03) 3.xH2o (where xis assumed to be 6) was prepared by dissolving 

· La2o3 in A.R. HN03" 11le resulting clear solution was evaporated to 

dryness, distilled water was added with repeated evaporations to remove 

excess HN03. The final aqueous solution was filtered and then evapor­

ated to leave a white solid. 

The glas~vare was all of B grade, except for an A grade burette used 

in the detenninations with potassium iodate. · Pipettes and quartz 

spectrophotometric cells were stored in 10 % solutions of Contrad 

detergent. Piston burettes fitted with a nitrogen inlet were used 

to dispense the platinum and tin solutions.- Dichloromethane solutions 

were delivered from a burette fitted with a Teflon tap and nitrogen 

inlet. Hettler and Sartorious four decimal balances were used for 

all weighings. 

Microanalyses were perfonned on a Heraeus Universal Combustion 

Analyser, Model CHN-Micro, by Mr W.R.T. Hemsted of the Department of 

Orgailic Chemistry, University of Cape Town. 

5.2 Atomic Absorption of Platinum 

Platinum stock solutions of approximately 1200 p.p.m. (0,006 M) were 

prepared by dissolving K2PtC14 in 1 M or 1,5 M hydrochloric acid. The 

copper sulphate used in the preliminary experiments i\a5 prepared as an 
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8 % aqueous stock solution and diluted accordingly. La(N03) 3 stock 

solution of 20 000 p.p.m. was made up at the required HCl concentra­

tion and diluted ten times on addition to the standards and samples, 

. f. 1 L 3+ . f 2 o to glve a 1na . a concentrat1on o 0, '0. 

Sets of standards were prepared for platinum in 1 or 1,5 M HCi in the 

rru~ge of 1 - 150 p.p.m. with additions of tin in a ratio to match the 

sarr~le matrix as closely as possible. Stannous chloride solutions of 

appropriate strength were made by dissolving the solid in concentrated 

HCl, wanning gently and diluting with water. Both metal solutions were 

prepared freshly each day but in some cases were used the day after 

preparation .. 

A set of standards in aqua regia was also prepared for use in Pt deter-

minations after ashing of the organic phase. Platinum metal was 

dissolved in about 15 % of aqua regia by warming gently and diluting 

with water to give a 1000 p.p.m. stock solution. 

All samples were run within 3 days of preparation and standards were 

made freshly each time. 

Table 5.1 shows the settings for the various atomic absorption spectra-

photometers used. The Varian Techtron Models 1000 and AA6 were used 

in the preliminary experiments. The Perkin Elmer 5000 machine was 

used for all other measurements. Air-acetylene flames were strongly 

oxidising. 



Lamp current/ Wavelength/ 

Varian Techtron 1000 

Varian Techtron AA6 

Perkin Elmer 5000 

* In machine scale units 

rnA. nm 

10 

10 

10 

265,8 

265,9 

265,9 . 

Slit width/ 
nm 

0,2 

0,2 

0,2 

Table 5.1 Settings for atomic absorption spectrophotometers. 

Burner 
height 

3,5 

7,5 

4,0 

Fuel flow/ 
Q, min-1 

0 5* , 

1,6 

Support flow/ 
Q, min -1 

6,5* 

5, 5* 

22,5 
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Percentage extraction of platim.un in each sample (error less than 2 %) 

lvas calculated from a blank value in the following lvay: 

[Pt]B - [Pt]S 

[Pt]B 
X 100 

where [Pt]B = concentration of platinum in blank, and [Pt]s = concentra-

tion of platinum in sample. 

5.3 Atomic Absorption of Tin 

Standard stock solutions of 1000 p.p.m. tin in 10 % HCl lvere prepared 

by dissolving the powdered metal in concentrated acid with gentle 

· wanning and diluting to volume with distilled ,,·ater. 

were made up freshly every 3 weeks. 

Stock solutions 

A series of standards \vas prepared in the range of 0 - 150 p.p.m. 

All samples were run in 10 % HCl, within 3 days of preparation. 

Standard stannous chloride solution of 1000 p.p.m. in 1 M HCl for 

atomic absorption spectroscopy was purchased half way through the 

project. Since the standard curve obtained compared favourably with 

the previous one, this stock solution was used for the rest of the work. 

All measurements were made using a Perkin Elmer 5000 spectrophotometer 

with a strongly reducing flame and the following conditions; · 
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Lamp current /rnA 10 

Wavelength I run 286,3 

Slit width I run 0,7 

Burner height 4 

Fuel I 9- min -1 2 

. Support I 9- min -1 22 

Percentage tin extraction in each sample (error less than 2 %) was calcu-

lated from a blank value in the following way: 

[ Sn] B - [ Sn] S 

[Sn]B 
X 100 

where [Sn]B = concentration of tin in blank, and [Sn] 5 = concentration 

of tin in sample. 

5.4 Potassium Iodate Oxidations 

The stannous chloride and K2PtC14 solutions were prepared as described 

in Section 5.2 . For the original investigations outlined in 

. ·Section 2. 3, tin(II) and platinum(JI) solutions of 0,02 - 0,04 M and 

0,01 - 0,02 M respectively, in 1,5 M HCl, were used. 

Potassium iodate solutions of appropriate strengths were made by 

dissolving the dried solid in distilled water. 

All titrations were perfonned under nitrogen using a titration flask 

fitted with a special bung (Figure 5.1). Standardisation of tin(II) 

solutions throughout the work lJ~s carried out according to the method 

of Vogel [64]. 



Figure 5.1 

Bunsen 
valve 

Nitrogen 
inlet 

Burette 

Flask with adapted bung for titrations under nitrogen. 

82 

For the titration of total tin(II) and platinum(II), portions containing 

10 ml tin(II) solution, 5 ml platinum(II) solution, 15 m1 concentrated 

HCl, 8 ml H2o and 10 ml chloroform were transferred to the titration 

flask, previously flushed out with nitrogen. During addition of the 

potassium iodate, the aqueous solution underwent a number of colour 

changes. Initially the intense red colour faded and the solution 

became paler yellow but on addition of about 60 % of the required volume 

of iodate, the solution became red-brrnvn and a dark precipitate formed 

at the interface of the organic and aqueous layers. This precipitate 
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disappeared as more iodate was added. At this stage the solution was 

shaken well and left to stand for 3 - 4 minutes to allow the iodine 

colour to develop to maximwn intensity. The titration was then con­

tinued slmvly, shaking well after each addition of KI03, until the 

chloroform layer was no longer violet. 

In the titration of a platinum(II) solution, a similar procedure was 

followed. 5 ml Pt(II) solution, 5 m1 concentrat~d HCl, 8 ml \vater 

and 10 ml chloroform were used for each titration. On addition of the 

KI03 , tl1e aqueou$ layer turned a dark yellow which intensified gradually 

as more iodate was added. At this stage,' when approximately 70 % of 

the required KI03 had been added, the solution was 'shaken well and 

allowed to stand for about 4 5 minutes with occasional shaking, to 

enable the violet colour to develop. ·The titration was continued as 

described previously, the dark yellow of the aqu.eous layer fading 

noticeably as the end point was approached. 

Oxidation of only the tin(II) in solutions of platinum(II) and tin(II) 

was carried out in the following way. A filter flask containing the 

metal solutions was fitted with a rubber stopper and glass tube and air 

was bubbled through by water suction. A titration with KI03 to 

determine the Pt(II) remaining, was then performed as described pre-

viously. The experiment was repeated by bubbling pure oxygen through 

the solution instead of air. 
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·5.5 Polarography 

Stannous chloride and K2PtC14 solutions of 0,0085 M and 0,0140 M 

respectively were prepared as described in Section 5.2. 0,5 g Gelatine 

was dissolved in 100 rnl hot distilled \vater to give a 0,5 % gelatine 

solution. 

A 25 ml portion of the tin solution and 1 ml of gelatine was pipetted 

into the solution vessel of the polarograph. · One ml additions of Pt 

solution were made with a pipette to the mixture. Solutions were 

degassed for 15 minutes to remove dissolved oxygen, before the recording 

of a polarogram. Similar experiments were repeated with 4 M ammonium . 

chloride as the supporting electrolyte. A new tin solution was prepared, 

also in 1 M HCl but containing 4 M arnrnonitml chloride and 0,005 % gelatine 

for this purpose. 

A Metrohrn Polarecord with the following settings was used: 

AC normal mode 

t . = 2 s drop 

ustart = -0,2 v 
t-U = -1 V 

~~C xO,l = 
-7 10 x 10 A I rnrn 

t = 1,35 co:mp 

rnrn I td = 0, 5 rnrn rop 

U = 0,5inV n 

fK = 25 Hz. 
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· 5.6 Ashing of the Organic Phase 

T11e dichloromethane phase was carefully separated from the aqueous 

layer and transferred to a porcelain crucible.. The solvent was 

removed by g~ntle warming and the solid was then ashed by heating 

vigorously to bright red glow for 5 minutes with a bunsen burner. 

One_ml of aqua regia was added and the mixture was heated vigorously 

for a further 5 minutes. 

The solution was transferred to a volumetric flask and made to volume 

with water and 0,2 % La(N03)3' The mixture was then filtered to 

remove the insoluble black particles and the concentration of platinum 

was determined by atomic absorption. 

5.7 Distillation of Tin 

A typical distillation apparatus was used for the attempted analysis 

of tin in organic phase samples. The general procedure described by 

Onishi and Sandell was followed (75]. 

The organic phase portions were transferred to the distillation flask 

and the dichloromethane was evaporated with gentle warming of the 

solution. A small portion of 6 N hydrochloric acid was added to the 

residue. A 50 ml beaker containing 5 ml cold water was placed under 

the condenser as the receiving vessel. A mixture of 15 ml of 6 N 

HCl and 7 ml HBr was added drop by drop \vhile maintaining the flask 
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temperature between 150 and 160°C with an oil bath. Various times 

of distillation were investigated, from 15 - 45 minutes. The distillate · 

was transferred to a volumetric flask and made to volume with 10 % HCl 

for determination by atomic absorPtion. 

After reaction, portions of the starting solutions were removed and 

tested for the presence of tin by bubbling hydrogen sulphide gas through 

the solution [74]. A yellow precipitate indicated the presence of tin. 

5.8 Solvent Extraction Procedures 

The platinum and tin solutions were prepared as described in Section 

5. 2. The concentration of the platinum solutions used was about 

0,006 M (approximately 1200 p.p.m.). Tin solutions were made up 

according to the desired Pt(II)/Sn(II) ratio so as to allow equal volumes 

of each metal solution to be used in an extraction. The concentration 

of the tin(II) was checked regularly by titration with KI03. 

Triphenylphosphine solutions of appropriate Pt/PPh3 ratio were prepared 

so as to obtain equal volumes of organic and aqueous phases in the 

extractions. 

The metal solutions, usually about 4 ml of each, \-Iere dispensed into 

a separating flask, fitted with a Teflon tap and previously flushed with 

nitrogen. · The flasks were tightly stoppered using a small amount of 

grease and secured with parafilm plasticand t\-Io strong rubber bands. 

The aqueous phase was equilibrated by shaking on an automatic shaker 
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for 20 minutes (1,5 M HCl solutions) or 10 minutes (1 M HCl solutions) 

as described in Section 3.1. A volume of TPP solution equal to 

that of the aqueous phase was added to the extraction vessel, taking 

care to exclude air during the process. The stopper was again 

secured tightly and the mixture was shaken for the desired time period. 

In each set of experiments, a blank lvas run using pure dichloromethane 

as the organic phase. 

After extraction the organic phase was immediately run off and treated 

as desired. Portions of the aqueous phase w·ere removed with a pipette 

for atomic absorption and uv-visible spectrophotometry. 

5.9 Ultraviolet-Visible Spectrophotometry 

Undiluted aqueous and organic phases were rapidly transferred, with 

a pasteur pipette, to quartz spectrophotometric cells, covered tightly 

with parafilm plastic to exclude air. 

Due to the intensity of the red aqueous layers, 1 mm cells lvere used 

for all measurements. Two mm and 10 mm cells were used for the 

organic phases, depending on the colour intensity of the solutions. 

A Superscan 3 Varian Ultraviolet-visible Spectrophotometer was used. 

1 M or l, 5 M HCl and CH2c12 were used as blanks for the aqueous and 

organic phases respectively. Spectra were run between 200 and 600 nm 

using a slit width of 1,5 nm and scan speed of 100 nm/min. 
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5.10 Studies '~ith Prepared Platinum-Tin Complexes 

The complex [PtC1 2(PPh3) 2] was prepared by the method of Jensen [89]. 

K2Ptcl4 (1 g) in H2o (20 ml) was mixed with PPh3 (1,3 g) in hot 

etha~ol (20 ml) and shaken for 24 hours. The white precipitate of 

ais-PtC1 2(PPh3) 2 was filtered off and washed with water/ethanol and 

ether giving a yield of 95 %. The solid was dried under vacuum for 

3 hours. (Found: C, 54.3; H, 3.9 %. Calc.: C, 54.69; H, 3.83 %) • 

The isomers ais- and tr>ans-[PtCl(SnC13}(PPh3) 2J.were prepared according 

to Baird [45]. The ais-isomer i~as made by adding a concentrated 

solution of excess anhydrous SnC12 in acetone to a stirred suspension 

of cis-PtC1 2(PPh3) 2 (0,5 g) in dry ether (25 ml). The experiment was 

carried out under nitrogen and an orange precipitate rapidly formed. 

The product was filtered, washed with ether and vacuum dried for 

3 hours. Yield: 93 %. (Found: C, 44.8; H, 3.15 %. Calc.: 

C, 44.11; H, 3.09 %). 

The tnans-isomer was made by shaking cis-[PtC12(PPh3) 2] in acetone 

·with excess stannous chloride for 24 hours. Baird isolated the isomer:· 

after 10 - 15 minutes of stirring but l't'e found that after this time the 

solution was still bright orange. · Prolonged shaking resulted in the 

fonnation 9f a white/very pale yellow solid.. The compound was filtered 

. off and washed with acetone, giving a yield of 70 %. (Found: 

C, 44.2; H, 3.2 %. Calc.: C, 44.11; H, 3.09 %). 

Experiments with the above compounds ,\·ere carried out in the following 

way. Portions of the cis- and tr>ans-isomers (0,01 g), finely ground, 
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were dissolved in nitrogen-saturated CH2c1 2 (10 ml) in stoppered test-

tubes. Hydrochloric.acid (10 ml) of various concentrations was 

a:dded to each test-tube and the samples were shaken for 3 hours. 

The aqueous layer was removed and analysed directly for tin content 

by atomic absorption to determine percentage back-extraction. 

Cis-[PtC12(PPh3) 2] (0,06 g) was dissolved in nitrogen-saturated CH2c12 · 

(5 ml). in a stoppered test-tube and shaken Kith 0,0140 M SnC1 2 (5 ml) 

in 1 M HCl for 18 hours. The aqueous phase was removed for direct 

analysis by atomic absorption to determine the amount of tin extracted 

into the organic phase. 

The infrared spectra of the prepared complexes were all run as Nujol 

mulls between polyethylene plates on a Digilab FTS 16B/D interferometer 

from 400 to 80 cm- 1. 

5.11 Isolation of Complexes from the Organic Phase 

After separation from the aqueous layer, the dichloromethane was 

evaporated from the organic phase by gentle warming of the solution. 

The infrared spectra of the residues were obtained as described in 

Section 5.10. 

An attempt was made to isolate pure [PtC12(PPh3) 2] from the organic 

phase (Figure 3.14) [90]. The solvent was removed from the organic 

layer leaving a mixture of yellow and white precipitate. The residue 



was extracted with benzene tQ give a yellow solution and a white 

.·. precipitate which was filtered off. ·The latter was confinned 

to be pure PtClz (PPh3) 2 by infrared and micro-analytical data. 

(Foul1d: C, 54.1; · H, 3.8 %. Calc.:· C, 54.69; . H, 3.8 %) • 

/. 

·. 

.·. 

90 .. 



.. 
'· 

R E F E R E N C E S 



91 

REFERENCES 

1. R. Schneider, PoggendorffJ s Ann._, 13e _, 105 (1869). 

2. M.A. Ditte, Ann. Chim. Phys._, 2?_, 145 (1882). 

3. L. wtjhler, Chem. -Ztg._, 31_, 938 (1907)~· 

4. L. ~'llihler and A. Spengel, Z. Chem. Ind. KoUoide_, ?_, 243 (1909). 

5. G.H. Ayres and A.S. f.·leyer Jr., Anal. Chem._, 23_, 299 (1951). 

6. ~.H. Furman (Ed,.), 'Scott's Standard Methods of Chemical Analysis' 

(5th Edn;), Vol. I, p. 713 (D. Van Nostrand Co., New York, 1939). 

7. F.P. Treachvell and W.T. Hall, 'Analytical Chemistry' (9th Edn.), 

Vol. I, p. 523 (John Wiley and Sons Inc., New York, 1937). 

8. S.O. Thompson, F.E. Beamish and M. Scott, Ind. Eng. Chem._, 9_, 

420 (1937). 

9. E.B. Sandell, 'Colourimetric Determination of Traces of Metals', 

p. 721 (Interscience, 1944). 

10. O.I. Hilner and G.F. Shipman, Anal. Chem._, 1476 (1955). 

11. S.S. Berman and E.C. Goodhue, Can. J. Chem._, 37_, 370 (1959). 

12. S.T. Payne, Analyst_, 85_, 698 (1960). 

13. G.H. Ayres, B.L. Tuffly and J.S. Forrester, Anal. Chem._, 2?_, 

1742 (1955). 

14. G.H. Ayres and J.H. Alsop, Anal. Chem._, 31_, 1135 (1959). 

15. R.D. Gardner and A.D. Hues, Anal. Chem._, 31_, 1488 (1959). 

16. A.S. Meyer Jr. and G.H. Ayres, J.A.C.S._, ?? _, 2671 (1955). 

17. J.W. Eastes and W.M. Burgess, J.A.C.S._, 64_, 2715 (1942). 

18. J.J. Burbage and W.C. Fernelius, J.A.C.S._, 65_, 1484 (1943). 

19. J.F. Young, R.D. Gillard and G. Wilkinson, J. Chem. Soc._, 5176 (1964). 

20. R.D. Cramer, R.V. Lindsey Jr., C.T. Prewitt and U.G. Stolberg, 

J.A.C.S._, 87_, 658 (1965). 



92 

21. R.V. Parish and P.J. Rowbotham, J.C.S. Dalton3 373 (1973). 

22. J.H. Nelson, V. Cooper and R.W. Rudolph, Inorg. i'h.A.cl. Chern. Letters, 

163 263 (1980) . 

. 23. K.R. Koch, G.V. Fazakerley and E. Dijkstra, Inorg. Chirn. Acta3 45, 

LSI (1980). 

24. S.K. Shukla, Ann. Chirn. (Paris) 3 13 3 1432 (1961). 

25. R.D. Cramer, E.L. Jenner, R.V. Lindsey Jr. and U.G. Stolberg, 

J.A.C.S. 3 85 3 1691 (1963). 

26. A.G. Davis, G. Wilkinson and J.F. Young, J.A.C.S. 3 85 3 1692 (1963). 

27. M.A. Khattak and R.J. Magee, Talanta3 12 3 733 (1965). 

28. G.L. Elizarova and L.G. Matvienko, Russ. Jour-a. Inorg. Chern. 3 153 

823 (1970). 

29. I. Schwager and J.F. Knifton, Journ. of Catalysis 3 45 3 256 (1976). 

30. H.A. Tayim and J.C. Bailar Jr., J.A.C.S. 3 89 3 3420 (1967). 

31. J.F. Knifton, J. Org. Chern. 3 41 3 793 (1976). 

32. I. Greig, Optirna 3 29 (l), 18 (Anglo-American Corporation of S.A. 

Ltd., Johannesbu~6, 1980). 

33. L.R.P. Reavill and P. Charlesworth, Proc. Interraat. Solv. Extn. Conf. 

1980 (ISEC 80), Liege Belgium, Vol. 3, 93. 

34. E.L. Smith and E.J. Page, J. Soc. Chern. Ind. 3 673 48 (1948). 

35. C.Pohlandt and J.S. Fritz, Talanta 3 26, 395 (1979). 

36. A. Diamantatos, Anal. Chirn. Acta3 66 3 147 (1973). 

37. M. Mbjski, Talanta 3 25 3 163 (1978). 

38. O.M. Petrukhin, N.A. Borshch, Yu. A. Zolotov, Proc. Internat. 

Solv. Extn. Conf. 3 1980 (ISEC 80), Liege Belgium, Vol. 3, 200. 

39. V.S. Chekuskin and P.M. Solozhenkin, Dokl. Akad. Nauk. Tadzh SSR3 22 3 

257 (1979). (Chern. Abs. : 91 : 160985g). 



93 

40. Yu. A. Zolotov, O.M. Petrukhin, V.N. Shevchenko, V.V. Dunina and 

E.G. Rukhadze, Anal. Chim. Acta~ 100~ 613 (1978). 

41. A. I. Gorbanev, V .P. Sergeev, B. E. Dzevitskii and V.B. Margulis, 

Proc. Int. Solv. Extr. Conf. 1974, (ISEC 74), Lyon France, Vol. 1, 

19. 

42. P. Senise and F. Levi, Anal. Chim. Acta~ 30~ 422 (1964). 

43. V.N. Saraiya, K.S. Ventakeswarlu and J. Shankar, Indian J. Chem.~ 11~ 

490 (1973). 

44. M. Mojski, Talanta~ 27~ 7 (1980). 

45. M.C. Baird, J. Inorg. Nucl. Chem.~ 29~ 367 (1967). 

46. Varian Techtron Manual for Atomic Absorption Spectrophotometry. 

47. A.E. Pitts and F.E. Beamish, Anal. Chim. Acta~ 52, 405 (1970). 

48. C.E. Mulford, At. Abs. Newsletter~ 5~ 88 (1966). 

49. B. l'Velz, 'Atomic Absorption Spectroscopy', p. 124~ Verlag Chemie 

(Translated from Revised 2nd German Edn. 1975). 

SO. R. Lockyer and G. E. I-James, Analyst~ 84~ 385 (1959). 

51. A. Strasheirn and G.J. Wessels, Appl. Spectroscopy, 17 ~ 65 (1963). 

52. M.M. Schnepfe and F.S. Grimaldi, Talanta~ 16, 591 (1969). 

53. A.E. Pitts, J.C. van Loon and F.E. Beamish, Anal. Chim. Acta~ 50~ 

181 (1970). 

54. A.E. Pitts, J.C. van Loon and F.E. Beamish, Anal. Chim. Acta~ 50~ 

195 (1970). 

55. R.C. Mallett, D.C.G. Pearton, E.J. Ring and T.W. Steele, Talanta~ 

19 _, 181 (1972). 

56. E. Adriaenssens and F. Verbeck, At. Abs. Newslet-ter~ 12_, 57 

(1973). 



57. A.A. Vasilyeva 7 I.G. Yudelevich,L.M. Gindin 7 T.V. Lanbina, 

R.S. Shulman, I.L. Kotlarevsky and V.N. Andrievsk)·, Talanta, 22, 

745 (1975). 

94 

58. B.M. Gatehouse and J.B. Willis, Spectrochim. Acta, 17, 710 (1961). 

59. J.E. Allan, Spectrochim. Acta, 18, 259 (1962). 

60. 1.. Capacho-Delgado and D.C. fvfanning, At .. Abs. Newsletter, 4, 317 

(1965). 

61. L. Capacho-Delgado and D.C. Manning, Spectrochim. Acta, 22, 1505 

(1966). 

62. P.O. Juliano and W.W. Harrison, Anal. Chem., 42, 84 (1970). 

63. T. Nakahara, M. Munemori and S. Musha, Anal. Chim. Acta, 62, 267 

(1972) . 

64. A. I. Vogel 'A Textbook of Quantitative Inorganic Analysis' 7 

3rd Edn., p. 374 (Longman, 1961). 

65. C.L. Wilson and D.liJ. W'ilson (Ed.) 'Comprehensive Analytical Chemistry' 

Vol. Ic, p. 176 (Elsevier, Amsterdam, 1962). 

66. R.B. Fischer and D.G. Peters, 'Quantitative Chemical Analysis', 

3rdEdn., p. 592 (W.B. Saunders Company, Philadelphia, 1968). 

67. I.L. Finar, 'Organic Chemistry, 5th Edn., Volume 1, p. 374 

(Longmans, London, 1967). 

68. J.S. Fritz and G.H. Schenk Jr., 'Quantitative Analytical Chemistry' 

4th Edn., p. 320 (Allyn and Bacon Inc. 1979). 

69. D.A. Skoog and D.M. West, 'Principles of Instrumental Analysis', 

2nd Edn., p. 606 (Saunders College I Holt 7 Rinehart and Winston, 1980). 

70. J.L. Lingai1e, Ind. Eng. Chem. AnaZ. Ed., 18, 429 (1946). 

71. D.L. Love and S.C. Sun, Anal. Chem., 2?, 1557 (1955). 

72. C. Grether and P. Bruttel, Metrohm Herisau Application Bulletin, 5/e 

(9/12/1956). 



73. P. Kivalo and H.A. Laitinen, J.A.C.S.J 5205 (1955). 

74. R.F. Milton and W.A. Waters, 'Methods of Quantitative Micro-

Analysis', p. 96 (Edward Arnold & Co., 1949). 

75. H. Onishi and E.B. Sandell, Anal. Chim. Acta~ 14~ 153 (1956). 

76. H.L. Lehmann, AnalystJ ?OJ 428 (1945). 

77. A.I. Vogel, 'A Textbook of Qualitative Chemical Analysis', 

3rd Edn., p. 176 (Longman, 1951). 

95 

78. S.J. Lachman and F.C. Tompkins, Trans. Faraday Soc.~ 40J 136 (1944). 

79. Yu. N. Kukushkin, P.G. Antonov and K.I. Dubonos, Russ. JouYa. of 

Inorg. Chem.J 21J 1348 (1976), and references cited therein. 

80 .. G.W. Filson and J.H. Walton, J. Phys. Chem.J 36~ 740 (1932). 

81. S. Mastin, Inorg. Chem.J lJJ 1003 (1974). 

82. Yu. N. Kukushkin, G.N. Sedova, P.G. "4ntonov and L.N. Mitronina, 

Russ. JouYa. Inorg. Chem.J 22J 1512 (1977). 

83. N. Igri, W. Kakolowicz, L.G. Sillen and B. Warnqvist, TalarztaJ 14~ 

1261 (1967). 

84. R.M. Smith and A.E. Martell, 'Critical Stability Constants', 

Vol. 4, pgs. 10, 109 (Plem.un Press, 1976). 

85. L.I. Elding, Acta Chem. Scand.J 24J 1331 (1970). 

86. L.I. Elding, Acta Chem. Scand.J 24J 1341 (1970). 

87. A.I. Vogel 'A Textbook of Quantitative Inorganic Analysis', 

3rd Edn., p. 1080 (Longman, 1961). 

88. The Merck Index, Ninth Edition, p. 859 (Merck & Co. Inc., 1976). 

89. K.A. Jensen, Z. anorg. allg. Chem.J 229J 238 (1936). 

90. F.R. Hartley, 'The Chemistry of Platinum and Palladium', p. 458, 

(Applied Science Publishers, London, 1973). 




