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ABSTRACT

The effect of SnCl, on the solvent extraction of KZPtC14'in HCl‘into
CH2C12 using triphenylphosphine (PPhsj hés been studied in detail.
It has been found that SnCl, dramatically increases the rate and
efficiency of eXtraction;“v Our studies show that the'percenfage Pt.
extraction depends upon the time allowed for extréction,:the Pt(I1)/
_PPh; ratio, the Pt(I1)/Sn(II) ratio and the.HC1 concentration in a

complicated way.

The influence of SnCl2 on the exfraétion has been aécribed to a
'labilizing effect'. Our results show however that tin is initially
extracted into the organic phase and evidence exiéts for the formation
of Pt(SnCls)Cl(PPhs)2 in this phase. Tin is back—éxtrécted into

the aqueous phase over time indicating the disproportionation |

z [PtC12(PPh3)2] 3(aq)

+ SnCl

(org)

[Pt (SnC14)C1(PPhy) ] (org)
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1.1

CHAPTER I |

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.

The Red Platinum-Tin Species

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

~Wohler . [3] who found that platinum(IV) in hydroch1oric acid solution, |

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

extractable into ether.

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

' platinum, analogods to the "purple of Cassius' formed when gold chloride
‘ is'similarly treated. -Ayres and Meyer [5] disproved thisvpostulate by

observing that the coloured material readily passed through semi-

permeable membranes and could be rapidly extracted into organic solvents.

The colour was also attributed to ''chloroplatinous acid", presumabiy a



compound of the form HZPtC14 [6,7]. Ayres and Meyef.[S] however
concluded that the red_;olour in some way involved tin and was not

due simply to this so-called chloroplatinous acid. |

‘ Sténnousthloridé hés beeﬁ used as a colourimétric reagent for thé
quantitative detenniﬁation‘oflémall amounts of platinum [8%12];

The absorbance was found to obey Beer's Law up- to a platinum concentra-
tion of about 30 p.p.m. The_colour 1nten51ty_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 ND The colour 1nten51ty was’ not
affected by the stannous chlorlde concentration but in the presence

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

Although this procedure has been used, rapid fading of solutions,'shifts
of absorption peaks at various chditibns and interferences by cations
and anions, indicate that this is not an entifely.satisfactory_qﬁantita~

~ tive method.

The spectrophotometrlc determinations of other platlnum group metals
" for example rhodlum 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 Cofreéponding to a 5:1 ratio.

It was suggested that one mole of tin(II) was oxidised to tin(IV)



simultaneously with reduction of platiﬁum(II) to platinﬁm(@),'yielding
a cationic product cdntaining four moles of tin(II) and four moles of
chloride associated with one platinuﬁ, [PtSn4C14]4+. The platinum

- was thought to‘exisﬁ‘in‘zero,oxidatién state; énalogous to the zero-

~ valent metal in fetraﬁyanénickelate and ~paliaéate [17,i8].,';
Subsequent investigations of the reaétion of platiﬁum; ruthénium, R
rhodium and iridium‘with tin(ID) chloride in aqueous'acid solﬁtion

suggested that these coloured complexesyare anionic [19];

Amongst the complexes which Young and coworkers [19] isolated from
these solutions were the proposed eis- and trans-isomers of

27. They suggested that the trichlorostannate(II) ion

I[pth(SnciS) 5]
is a donornligand using its lone-pair electrons so that the usual common
“formal oxidation state and stereochemistry of the plaﬁinum.cén be
presérved.

The proposed squaré-planar eis- and trans- forms of {Pt(Clz(SnCls)z]2~

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

and the other yellow. Young et al found both forms to éxist in solu-

tidns at Sn:Pt ratios of 2:1 but at higher concentrations of tin,'
precipitation wi;h tetramethylammonium chloride gave red salts which

appeéred to céntain higher ratios up to 5:1. = This led to the proposal

that tin was coordinated to platinum~to give a quinquecoordinate ion,  ‘
[Pt(SnClS}S]Sf Analyses of samples obtained corresponded with this

© stoichiometry. A determination of the configuration of the [Pt(SnClS}S]S—,‘
anion by x-ray diffraction showed the ion to be a\trigonal bipyramid

consisting of a central platinum atom surrounded by five SnCl; ligands



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:

~,

SnCl, + C1° 2 SnClg

[Prc1,1%" + sacl,” 2

[Ptc13(5nc13)]2' vl

3
' ‘ : 2- . ' 2~
_trans-[PtClz(SnClS)Z] 2z czs-[PtClz(SnC13)2] ,

[PtC13(SnC13)]2' + snCl, 2 trms—[PtC'lz(Snc13)2]2'_+ c1”

cis- and trans-[PtCL,(SnCl;),1%" + 38nCl,” 2 [Pe(SnCly)c]®" + 2c1”

"~ Young considered the yellow form of [PtClZ(SnClS)Z]Z_ to be the eis-

- isomer due to its greater thermodynamic stability and.solubility’in

- polar solvents compared with the red complex; | However, the existence
of th; latter has in fact been questioned in a MYssbauer study repofting
that this red compound in fact yields the same spectrum as the red

pentakis anion [Pt(SnC13)5]37 [21].

A very recént multinuclear NMRvstudy has also questioned the existence
of the yellow and red forms of-[PtClz(SnC13)2]2‘-[22},: Red solutions

of the supposed red isomer isolated from 3 M HC1 appeared to be a
mixture of red [Pt(SnClz)¢]>” and the yellow [PtCl,(SnCl),1%". The
magnitude of J(1%5Pt, 11%8n) in these anions, as with other square
planar complexes involving Pt(II) and SnCls- [23], was found to be
unusually large. - Values of 1J(195pt, 1195n) for-[Pt(SnCls)S]S_ and
yellow [PtClZ(SnC13)2]2‘ in acetone-dg are 16 024 and 27 640 Hz

respectively [22].



Other workers have also found that thelred ﬁlatihumvtin species is
anionic {24-27] ’ YHattaK and Magee [27] found the red complex to be
readily extractable into organic solvents using hluhimolecular welght
 amines. They concluded that the complex must be anjonic in nature
and that liquid anion exchange occurs betWeen:the chafged complex and
the high molecular weight amine in the follbwing way:'

RNHZ(org) v (aq) < [RNH W }(org)
n[RVy £y ](org) v [MX](aq) ,Z ([RNH ] [m] )(org) n‘é‘—(aq)

the platinum-

where H A (aq) represents hydrochlorlc acid and [MX] (éq)

tin complex.

Recently hdwéver, Russian wbrkérs have again suggested, from their
lpotentiemetric and polarographic sfu&iés, that on reéction with tiﬂ(II)
chloride in hydrochloric acid medium, platinum(II) is reduced to the -
zeyo-valent éﬁate {28]' : These resulfs'appear to bebin &irect contrast
with an overwhelming bady of ev1dence that the Pt(I1) is not necessarily

reduced to Pt(0) in aqueous ac1d solution by SnCl

Complexes of platinum and stannous halides have also been found to

possess some remarkable homogeneous catalytic properties.

Schwager andkKnifton [29] reported the usé of PtClZ(PPhs)z—SﬁCIZas a -
catalyst for the homogeneous hydrofcrmylationvof olefins to aldenhydes.
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

catalystfby coordination through the SnClB_ ligand which is believed



to be a strong m-acceptor and a weak o-donor. Ligand stabilised
platinum(II) - GrOUp‘IVA.metal halide complexes, for example
_[(C6H§3%?]2PtC12-SnC12, have also been found to cataiYse the homo-

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

It thus appeérs that although thé-;latinum—tin system has been widely
studied, the exact nature of the red species’formedAin solution is not
fully understood. Reseafchers have'suggested the red colour‘to.be

- due to "colloidal platinum', "chloroplatinous‘acid", a tetra;positive
cationic species and anionic platinum~tin_comp1exes, wifh various
oxidation states for the two metals. A number Qf.equilibria are thought
to exist in the'solutions although stability constants fof such processes

are not known.

In conclusion it may be said that the red colour of such solutions is-
due to the formation of aniodic platinumftiﬁ compiexes. Evidencev
from MMR [22] and x-ray crystallographic [20] studies has confirmed
the existence of direct bonding of thé SnClS_-ligand to the platinum
~and it is likely that both metals are in the'divalent oxidation state.
From NMR [22] and MYssbauer [21] data it is.evident that at least the
complexes [PtClz(SnC13)Z]2— and [Pt(SnClS)S]S- are the species giving

the red colour to solutions of platinum and tin.



1.2

The Solvent Extraction of Platinum -

Due to the increased demands for platinum group metals, in particular
platinum, in recent years, mucii interest has been centred on the
efficient recovery and separétion'pf these elements [3Z].

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

describes the application of solvent extraction to platinum 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'wasvfelt that a solvent extraction baséd process couldkachieve
a cleaher separation, higher product purities and more rapid overall
processing, work was started in the 1970's in the Johnson Matthey |
Group Research Laboratories to develop such a process. It éppears' '
however that induétriai'researchAinkthis 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 platinum-group elements using a variety of solvents.

" The use of high molecitlar weight amines as extractants was first

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

acetamide [35], 2-mercaptobenzothiazole [36], dimn—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.

Ayres and‘Meye}:{S} found that tthfed‘platinumetin colour was extracted
almost qﬁantitatively into amyl and ethyl aéetaté. They>£0und however
_that the colouf of the extract faded rapidly'but‘could be stabiliseﬁ
for at least an hour by addition.of 1‘% resorcinol.  Almost all the
platinum,group métalskwere found to form similafly coioufed products,v

extractable into the organic phase.. .

The complexes formed on mixing platinﬁm(i?) and*tiﬁ(ii} solutions were

- found to be quantitatively extracted info an organic phase of thloro— -
~ form or benzene containing iong—chaiﬁ high molecular weight amines [27].
'Comparison of the absorptionispectra‘of the coloured spécies in th¢

.jaqueous and amine phases inaicatéd the presence of the same species in

each medium.

A number of studies on the solvent extractioh of platinum metals in =
the presence of SnCl, have been reported by Russian workers. - Solvents
such as suifbxides [39] and thioureas [40] have‘beeﬁ used as s&itable

 extractants for the platinum group metals. Gdrbaney et al [41]
carried out a study on the extraction of platinum metals in the presence

kof‘tin_dichloride ffom aqueous acid solutioﬁs‘with tributyl phosphate
and a number of other oxygen-containing solvents, such as ketones,
ethers and acetates. The work was however not reported in great

detail.



1.3

Triphenylphosphine (TPP or PPhS) in an.organié solvent such as benzene

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

- gold from acidic aqueous solutions [42,&3]. ‘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 metéls.

The Extraction.of‘Piatinum Metals with Triphenylphosphine in 1,2-

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 absence 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

stateéd.

Two mechanisms were proposed for the extraction of platimm-metal

chloride complexes with triphenylphosphine:

v(a)"SQZvation

(p-n)- S R
MCL YT+ mTPP(Org) z rmln(Tpp)m(org) (p-n)Cl
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(b) = Ion-exchange

(- 4 ooy (ToPtCLTY . > oty (pn) - . oy
ey P (p-n) (TPPH c1.)(org) 2 FTPPd )y ML+ (pmyct

where M = platinum group metal.

Pt
80+
60
- _
o
=
® 40 -
& Ir
s
i
O
S~ 20 -
Rh-
—Ru
HCH/M
Figure 1.1 Dependence of the extraction of platinum ﬁetals

(0,001 M) on acid concentration using TPP (0,1 M)
in dichloroethane. .

Mojski 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 ﬁedium, he propoéed that ffiphénylphosphine being av
weak base, fdrms'a cation TPPH which could participate in extraction
by the ion-exchange mechéhism. The increased exfraction of platinum,
osmium and iridium at high acidity was thought to indicaté that the ion-

exchange mechanism was involved under these conditions.

- The extraction with triphenylphosphine solution in the presence of
stannous chloride ' S o ’

4

Mojski found that, with the éxception of osmium, stannous chloride -

' dramatically increased‘thevpercentage extréctioh of the platinum

méfals. . The effect of stannous chioride bn the extraction was described
vpurely as a '"'labilizing effect". - Mojﬁki proposed fhe formation of tin-

n-(k+7) in which the

containing complexes of the type MClk(SnCIS)Z
replacemént of SnClS; By another ligand is not subject to such kinetic

difficulties as is replacemeht of a chloride ligand.

Various procedures were used to study -the effect of stamnous chloride.
The results are summarised 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 stannbus 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:
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(a)

% Extraction . d}
5 S o
T T T

N
(-
T

(b’

(&)}
O
T

N
O
I
o .
- .

- % Extraction
=~
O
]

[HCI]/ M

Figure 1.2 The dependence of the extraction of platinum metals (0,001 M)
on acid concentration in the presence of SnCl, (0,1 M) using
TPP (0,1 M) in dichloroethane (a) without heating (b) with
heating before extraction.
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(a) SoZvatton

n- (1\ Z) . -
MClk(SnCls) 15nCl+

'Hﬂpp(org)_f (n—k)Cl‘ z M1 (TPP)m(org)

(b) Ionlexchdnge

n-(k+1)

- - + - B .
MClk(SnCls) +.1C1 + (an)(TPPH Cl %org) Z

[MC1P(P'H)‘(TPPH+) (b_n)](org) + ZSnc13'_ + (k4z-n)c1‘

1.4 Objectives of Research

" In his conclusion, Mojski [44] stated the following:
"In the extraction of platinum metals with triphenylphosphine
stannous chloride is a 1ab11121ng agent and does not entev
into the extracted species" -
In view of the exlstence of complexes such as [PtL (SnClS)Cl] and
: [Pth(SnCIS)z] [45] (where L = alkyl or aryl phosphines), all of which
.are reasonably soluble in a variety of organic solvents, Mojéki's
conclusioﬁ may be an oversimplification. It was thus decided to

examine in greater detail the effect of SnCl, on the solvent extract-

ability of platinum(II) by TPP in dichloromethane.

The 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 KZPtC14‘in-

to dichloromethane containing triphenylphosphine.

(b) To devise suitable analytical methods for the determination of
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platinum(fl) and tin(II) in ah aqueous acid phase and a
dichloromethane phase centaining triphenylphosphine.

(<) :To propose a mechanlsm for the extraction of platlnum(II) in
the. presence of tin(II) by examining the effect of the _

follow;ng condltlons on the above system:

(1) = Time of extraction
(i) Platinum(II) : Triphenylphosphine ratio
(iii) Platlnum(II) Tin(II) ratio

(iv) Hydrochloric acid concentratlon.'



 CHAPTER 2



2.1

CHAPTER 2

ANALYSIS OF THE AQUEOUS AND ORGANIC PHASES

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

hydrochloric ac1uvsolut10ns contalnlng tln(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
. . 3. :

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

" triphenylphosphine, so that mass balance could be confirmed.

~

Atomic Absorption Determination of Platinum

Atomic absorption spectroscopy has now become a widely used technique

for the analysis of over sixty elements‘[46}. . The method iS'Véry‘

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

other elements at much higher concentrations.

The technique relies entirely on the absorption of energyvby 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 grouﬁd state atoms 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.



- Figure 2.1 illustrates simply the principle of atomic absorption

spectroscopy.

16

~ Atom in
Excited State
Ihciden{' . " __e Transmitted
Radiaftion, ——= - Raciation,
Intensity I, — U — Intensity I
, Aromin |
Ground State

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

The intensity of the transmitted radiation can be represented by

~ Beer's Law:

_ ~(k'cl)
It = Ioe -
where IO = intensity of incident radiation
I; = intensity of transmitted radiation

k' = absorption coefficient at particular wavelength

-c = concentration of absorbing atoms -
1 = length of the absorption path
Therefore, log: %Q = k'cl = absorbance
t

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

- given absorption path length at any given wavelength.



17

Thus, because of this linear relationship between absorbance and
" concentration, it is only necessary to compare the absorbance of known

‘standards with that of the sample.

Atomic absorption spectrostopy has been abplied to detérminé platinum
in certain'organic solvents, for example ethyl acetate [47] and methyl
- iscbutyl ketone [48]. However, a highly chlorinéte& solvent, such as
- dichloromethane, 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‘absofpticn spectroscopy for direét

analysis of our organic phases.

The method has however been successfully usedkunder certain CbnditionéA
as an analytical method‘fbr’determining the platinum group metais 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 rultitude 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 CuSOy, CuCly, NaHSO,, CuSO, + Na,SO,, Cus0, + CdSO,, KN, LaClg,
'La(NO3)3, LaZ(SO4}3, USOS’ VOClz, NdClS, Nd(N03)3 apd Nd2(804}3, have

been used as releasing agents.

- We carried out preliminary investigations using CuSO, 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 platinum : tin

~ratio are shown in Tables 2.1, 2.2 and 2.3. Platinum standards were

all prepared from K7PtC14. o

.[Pt2+]/ppm [HC1] /M Cus0,/% - Absorbance
500 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
0,75 . 20 0.0
0,75 2,5 0,82
0,75 , 3 , '0,83
0,75 5 | 0,82

Table 2.1  The effect of percentage CuSO, 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
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[P22+}/ppm - [HC1]/M - V Absorbance
sco 1,5 087
3 0,80
s 0,80
00 1,5 0,69
3 0,62
5 - 0,63

Tablevz.z The effect of hyvdrochloric acid on the absorbance of
platinum solutions containing 2% CuSO. :

[Pt2+}/ppm : _ | Pt:Sn ratio : Absorbance
Cos;0 ' 1:0 0,08
| 1:4 . 0,83
1:5 _ 0,83
.1:10 - 0,65

Table 2.3 The effect of SnCl, on the absorbance of platinum
' solutions in 1,5 M HCl with 2 % CuSO,.
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:ofkcdpper(ll) by tin(II):

2 2+ 4+

‘sn“ + 2Cu > Sn o+ 2cu”

This conclusion was supported by the factvthat;zafter preparatibn,
vsclﬁtions Containing platinum:tin ratios of 1:4 and 1:5 faded rapidly
froir deep red to blue/green. It was this rapid reduction of copper(II)

by the tin(II) which rendered the copper sulphate useless as an inter-

fersnce suppressant for platinum in this work.

Yaéiiyeva et al [57] suggestéd the use of‘laﬁthénum and neodymium
nitréteshas suitable compounds for suppressing interferences in
~platinum determinations by atomic absorption. We therefore carried
‘othinvestigatidns on the usé of lanthanum nitrate as an inteferenée
suﬁpressant; Results showing the effect én the absorbance value due
| to variations in lanthanum nitrate céncentration,_the acid strength

and the platinum:tin ratio are shown in Tables 2.4 and 2.S5.

’ [Pt2+]/ppm ‘ : La(N03)3/%' o Absorbance
227 - 02 . 0,83
0,4 0,83
124 R 02 0,5
0,4 0,52
83 0,2 | 0,37
0,4 0,36

Table 2.4 The effect of percentage La(NO3)3; on the absorbance of
: platinum in 1,5 M HC1 containing SnCl, at a Pt:Sn ratio
of 1:2. : : :
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[Pt2+]/ppm Pt:Sn ratio [HC1]/M Absorbance
250 1:0 3 0,71
' 1:2 3 0,66
1:5 3 0,67
1:10 3 0,65
250 1:0 1 0,70
1:2 1 10,69
1:5 1 0,69
1:10 1 0,71
63 1:0 3 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(NO3)j.

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 M

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

- Experiments also showed that more accurate results were cbtained 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
Platinum standards 1:5 74 70 5,7
without tin 1:2 92 89 3,3
.Platinum.standards 1:2 165 - . 167 1,2

1:2 145 145 0

with tin (Pt:Sn=1:2)

Table 2.6 Comparison of relative percentage errors obtained for samples
- - using platinum standards with and without tin(II) chloride

at 1,5 M HCL. o

031

Absorbance

01F

' ] : L
0 ES 100 150
(Pt]/ppm

Figure 2.2 A calibration curve for platinum in 1,5 M HCl with 0,2%

. La(NO3)3 and stannous chloride (Sn/Pt ratio = 2).
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We thus chose to ﬁrepére our platinum standards from KZPtCI4 with 0,2%
La(}{OS)3 in the presence of tin(II) chloride and hydrochloric»acid of E
appropriate concentratiéns SO as tormatch the matrix as closely to that
of the samples as pdssible. We found that under these condifions

Beer 's Law was obeyeé‘for 0-150 p.p.m.of platinum. A typical calibratibn

curve obtained in this way is shown in Figure 2.2.

Atomic Absorption Determination of Tin

Tin may be determined relatively easily in hydrochloric acid scolutions

- by the atomic absorption method [58-63]. However, 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 red&cing 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]. Readings were taken at a wavelength of

286,3 nm.

Figure 2.3 shows 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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08

061

Absorbance

. L 1 {
0 50 100 150
| (Sn]/ ppm

" Figure 2.3 . €alibration curve for tin in 10% HCl solution

Pt:Sn " [Sn] taken/  [Sn] found/ Relative percent-
ratio ppm ppm ‘ age error

83 83,5

1:1 0,6
1:2 57,4 57,1 0,5
1:2 9z 91,8 0,3
1:2 51,2 51,3 0,2
1:5 42 42 0

The effect of platinum on the determination of tin in 10%
HC1. '

~]

Table 2.
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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.

Oxidation with Potassium Iodate

The fitrimetric determination ofitin(II) in hydrochlbric acid by
oxidation with potassium iodate is a well-documented method [64—66].
The procedure involves the use of an immiscible organic solvent, such
as chlorofonn; With the end point being marked by‘the diéappearance
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, + 10KIO5 + 60HCI > 308nCl, + 10KI + 30H,0
2KI0; -~ + 10KI - + 12HC1 > 12KC1  + 6H)0 + 61,

>

3K103 o+ 612 + 18HC1 3KC1 -+ 9H20 + 15IC1

The overall reaction may thus be represented as:

ZSnCl2 + KIOg + 6HC1 > ZSnC14 + KC1 + ICl + SHZO

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 whether the potassium iodate titration could be used to determine

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

W found in fact that t1trat10n of freshly mixed stannous chlorlde and
KZPLUl4 solut1ons in concentrated hydrochlorlc acid with potassium
iodzte led to the complete oxidation of both tin(II) and platinum(II).
Therintense red colour of solutions containing platinum 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:

2K

ptC1l, + KIO3 + 6HC1 > ZKZPtC16 + KC1 + IC1 + SHZO

2 4
Althouoh 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. Thie suggested‘the posslbility of oxidising only the
tin(II) by bubbling air or oxygen through the mixed,KthCl4/stannous-
chloride solutions. A subsequent experiment showed that only the
tin(II) species could be destroyed by selectively oxidisimg'it to tin(IV)
using oxygen for 35 minutes, followed by titration wlth KIO3 to determine

the amount of platinum(II) left in solution.
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1odate tltratlon

Sn(11) Pt (I1) Total oxid- Volumes  Mean Total oxid-
- taken/ taken/ isable spe- XIQ;used/ titre/- isable spe-
mmol mmol cies/mmol ml : ml KIOj3 cies found/mmol
| | | 9,51 )
0,2200 - 0,2200 » 9,49 9,50 0,2071
v - 9,50 .
| 13,23 .

0,7330 - 0,7550 13,28 - 13,26 0,7346

| 13,26 )

, 2,91 o ~
- 0,0650. 0,0650 2,95 2,94 0,0645
' 2,97 :
o o 4,41
- 0,0950 0,0950 4,40 4,39 0,0957 -
' 4.3
- - 23,40 |

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

' : 23,40 . '

o I 14,63 o
0,1192 0,0255 0,1447 14,58 14,61 0,1429

| 14,61 o o

Table 2.8 Results of platlnum(II) and tin(II) determinations by pota531um

Time of contact

Sn(11) taéen/

Pt(II) taken

Oxidisable species

with oxygen/mins. mmol mmol found / mmol
35. - 0,1320 0,1312
35 - 0,1346 "0,1358
15 0,6930 0,1346 0,1423
20 0,6930 0,1346 0,1380
35 0,6930 0,1346 0,1323
35 10,6930 0,2640 0,2596
35 0,6930 0,1320 0,1329

A

Table 2.9 Results obtained after oxidation of K,PtCl, and stamnous chloride
solutions with oxygen in 3# HC1l for various time intervals and

subsequent titration with KIOs.
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Tablie 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 apﬁeared therefore that this would be an extremely useful and con-

‘venient method for the determination of platinum(II) and tin(II) in the
aqueous phase. We thus decided to apply this method extensively for
‘the determination of tin(I1) 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,v
- 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.

| Although detailed studies were not carried out to determine the effect
of acid cohcenfration on the titratioh, suitable conditions were found
by tfial and error. Vogel [6&} 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 M hydrochloric acid.

‘The conditions for the iodate oxidation of tin(II) described by Vogel
invelve acid cohcentrations,of about SM. We found that the most
suitable range df acid concentration for the mixture of tin(II) -and
platinum(ll)_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 the absence of phosphine resulted ih an extrémely’slow deveiopment
(15-20 minutes)‘of the Qiolet colour in the chloroform layer; bﬁt

results obtained were found to be unreproducible.

It thus appeared that, after shaking; the piatinumjtin'complexes had
reacihed equiiibrium resulting in‘very slow oxidation by potassium iodate. -
The fréshi?—mixed solutions had not been equilibrated and although some
SﬁClST was bound to PtC1427 in this case, the red complexes had not in

~fact completely formed. (See below in Section 3.1).

. Triphenylphosphine can be oxidised by nitric>acid to-form phosphine
oxide, O = P(Ph)3 [67]. It was therefore reasonable to expect that

the compound could also be oxidised by iodate in a similar way. | To -
investigate this propesal, samples of triphenylphosphine were weighed
accurately, dissolved in CH2C12 in fhe titration flask; HC1 wasvadded
ahd 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 oaused serious eTToTS

in the determinations.

Although this method was reproducible and reliable in the case of
fresle—mixed solutions there were complications with solutions which

had been shaken in the presence of tune organic phase containing triphenyl-
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for the analeis of small amounts of substances, uSually about 10-&-10
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- phosphine. We could unfortunately not continue to use this prbcedure

fo; our determinations. However, it may be that with further 1nvest1-

‘ gat on. the method could well prove useful for the analysis of platlnum(II)

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

Polarography'

Polarography is an electrochemical analysis method introduced by

Reyrovsky some 50 years ago, for the qualitativé and quantitative
determination of substanées in‘sQlution [68,69]. The method is useful
sz 2y
samplé solutions. The method can‘be.used.io determine indrganic ions

that are reducable to lower oxidation states,'as well as to determine

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 vaitage is superimposed . upon
the DC voltage ramp. Two different polarograms are cobtained iﬁ each
case. Two quantities appear on a polarogram which are related to the
kind and quantity of the dissolved substance (depolariser), namely thé

half-step potential E% and the wave height, or limiting diffuéion

current, 1. The latter is proportional to the concentration of the

‘depolariser and the quantity of the sample substance may be determined

ffom the id by three different methods, namely: 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

agueocus phases containihg KZPtC:L4 and SnClz.

Botﬁrstannous and stannic tin can be reduced at rhe dropping ﬁercury
electrode. Love and Sun [71] reported’that reduction of stannous tin
to the metal‘produces waveé suitable for analytical purposes in
susportino eleerrolvres of tartrate and alkaline citrate as well as IN
‘soluflona of hvdrochloric acid, nltrlc ac1d sulphurlc ac1d,and sodlum
hyorox1de. The 1educt10n of stamnic tin produced uaves suitable for
~analytical purposes only- in hydrocnlorlc acid solutlons where the .
concentration of chloride ion is greater than ébout 4N.  Stamnic tin
~produces a double wave, corresponding to stepw1se reduction first to
the stannous state and then to the metal, with half -wave potentlals of
-O,QS and -0,52 volt v.s. the saturated calomel electrode. - Figure 2.5

- shows a typical e polarogram of stannic tin in amwmonium chloride and

PO
L)

Current/ A |
=

] 1 1 i
-0 -05 -09
Voltage / V
Figure 2.5 Typical polarogram of stannic tin (2,08 mmol) in 4 M

ammonium chloride, 1M hydrochloric acid and 0 ,005% gelatlne
(Reproduced from reference 70) .
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hydrochldric acid. Since it has been shown that better reproducibility

can b

e obtained with AC than with DC polarography [72], we investigated
the éossibility of using the former method to determine tin(II) in our

aquecus phase. Figure 2.6 shows that in the absence of platinum, a.

singie well-defined wave was obtained at -0,315 V probably due to

reduction of stannous ion to the zero oxidation state.

—
o~
|

—-—
N
1

Curren‘r//*A

o
I

Voltage/V

Figure 2.6 Polarograms of a solution of stannous chloride (0,228 mmol)
in 1 M hydrochloric acid and 0,005% gelatine to show the
effect of successive additions of K,PtCl, (0,014 M in
1 M HC1). (a) Polarogram of tin solution, (b) - (d}
Polarograms after additions of 1,2,4 ml of Pt solution

respectively.
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Unfertunately, the wave due to tin was seriously affected on addition

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

could not be accurately measured. The dark deposit which appeared on

- adcition of platinum was presumably a cause of the complications.

Exgsriments were also carried out using other supporting electrolytes,
such as one of 4 M ammonium chloride, 1 M hydrochloric acid and 0,005%

gelzzine but similar problems were experienced.

Kivalo and Laitinen [73] ‘have shown that the polarographic reduction
of KZPtC14 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.

Ashing'of the Orgaﬁic 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~orgaﬁic phase wés 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 ﬁp»volumetrically and the amount of platinum

determined by atomic absorption.
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Table 2.10 shows the result of two such random experiments,

Time of Total Pt Pt found / ppm Total Pt

extraction/ taken / Aqueous Organic found / % Error
hours ppm phase ~ phase ppm
y 124 1 37 128 3,1

18 124 21 102 129 3,6

-Table 2.10  The determination of platimm by atomic absorption in the

aqueous and organic phases after extraction of a 1 M HC1
phase of Sn/Pt ratio 2 with dichloromethane containing
PPh3/Pt 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 suitable method for the determination of

platinum in the organic phase.

Thé Distillation of Tin

© Tin has been separated by distillation with hydrochloric-hydrobromic

acid and subsequently colourimetrically determined 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.
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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

carefully carried out. It was hoped to use atomic abscrption for the

analysis of the distillate.

Howe Ver, repeated attempts under various condltlons to perform a
quantitative 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- t1n Conplexes and the

presence of trlphenylphosphlne unfortunately seriously affected thlS

method for the analytical determination of tin.

~ 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 intb this layer. Mass balance was confirmed using
this procedure. However, since the method was quite lengthy and
t.edious, the mass balance was not checked repeatedly for all extractions
in this way. Unfortunately we were unable to find a suitable method
for the direct determination of tin in the organic phase. Hdwever,
thrcughout_thevextraction 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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CHAPTER 3

SOLVENT EXTRACTION STUDIES

Having established suitable analytical methods foi the determination

of tin and platinum,*we>prqcéeded to make a detailed study of the

ek:raction of platinum from acid solutions containing stannous chloride

using triphenylphosphine in dichldromethane.' All work was carried

out under nitrogen and strict precautions were taken to exclude air'
"at all times. Details of the actual experimental procedures are

given in Chapter 5.

3.1 Preliminafy Investigations

3.1.1 EQuiZibraﬁibn of the Aqueous Phase

When solutions of PtCl42" and SnCl2 are mixed in HCl1 the colour of the
- mixture gradually becomes more intense, so that sufficient time must

" be allowed for equilibrium to be reached.

~Fresh1y prepared aqueous solutions containing a tin:platinum ratio of
2 at various acid concentrations were shaken with dichloromethane and
‘the UV-visible absorption spectra of the aqueous phase were determined

as a function of time.

For solutions of 1 M hydrochloric acid concentration, equilibrium was

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

2

shows three distinct maximé at 373 (am = 8,52 X 106 cm molﬁl),

ax
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Figure 3.1. Visible absorption spectrum for solutions of Sn(II)/Pt(II) ratio of 2 at 1 M HC1.
Repeated scans every 10 minutes for 10-40 minutes. - :
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Visible absorption spectrum for aqueous solutions of Sn(II)/Pt(II) ratio 2
at 1,5 M HCl. Scans after (a) 2 minutes (b) 10 minutes (¢) 20-50 minutes.
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o R _ 6 2 -1 ' . & 2
431 (°max = 3,71 x 10° ¢m” mol 7) and 506 nm (emax = 1,63 x 10” cm
mol_l}.‘  Repeated scans every 10 minutes from 10-40 minutes showed

that the spectrum did not change significantly.

In the case of solutions at i,S M HC1, equilibrium was reached after
20 minutes of shaking as shown ih Figure 3.2. Thé three absorption
rmaxima are at 374, 438 and 517 nm with molar extinction coefficients
for the equilibrated state of 3,79 x 10%, 1,75 x 10° and 7,5 x 10°

em? mo1 ! respectively.

Day old solutions under the same conditions and at 1,5 M HCL were also
Afbund to reach equilibrium after 20 minutes but the absorbancés were
found to be slightly lower than the freshly prepared solutions.

'CWolar extinction coefficients at the wavelengths 374, 438 and 517 nml;,

are 2,96 x 106, 1,36 x 10% and 5,7 X 10° cm? mol*lﬂrespectively).
This efféct was most probably due to oxidation by~oxygen‘of.a small

- percentage of the tin(II) in the stannous chloride solution.

The absorption spectra of mixed’plétinum 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 spectré of a solution of 2,3 M HC1

at various times after mixing. The spectra appear té be complicated
in that the péaks at 253 and 308 nm grdw with time, whereas the peak

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

The colour intenSity of solutions at 6 M HC1 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 sp.ectrum for aqueous solutions of Sn(II)/Pt(II) ratio bf 2

at 2,3 MHCl, Spectra (a)-(e) represent scans from 20-100 minutes respectlvely, ,
at time intervals of 20 minutes each.
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Figufe 3.4  Visible absorption spectrum for aqueous solutions of Sn(II)/Pt(II) ratio 2

at 6 M HC1. Spectra represent scans after tlmc 1ntervals of (a) 10 minutes
(b) 20 minutes (c) 40 mlnutes
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V'Tompkins'and Lachman [78] have shown that the rate of oxidation of
SnCl, is proportional to [HSnClS]% and is therefore dependent on the
acid concentratidn. ' The fairly rapid fading obéerved in solutions
at 2,3 and>6 M HC1 is explainable by this oxidation process, Since it
wéé ektremely difficult to keep the extraction vessels totally free |
of oxygen, these acid concentrations were oBviously‘unsuitable fof

our purposes.

Solutions of platinum(II) with SnClS_ are known fo_be unstable at low
acid concentrations as a feéult of hydrolfsis to form complexes of the
type Mh_z [Pt{Sn(OH)S}n], where M = H+, Na+, K" etc and n = 4 or 5 [79].
' The origina1 red compléx is converted to a brown residue'undéf 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 therefore chose to use platinum and tin solutions of 1 M and 1,5 M
HC1 throughout our work, allowing for an initialvequilibratibn 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 determine the platinum content in the aqueous phase.
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Sets of experiments were carried out by’initially equilibrating the
aqueous acid phases of platinum and tin as,déscribed in Section 3.1.1.A

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

- methane containing TPP’for various time périods; The phases were
Separéted and the aﬁsorption spectrum of the pérticular layer Wés deter-
mined immediately. - For cbmparison purposes,iarblank was included in

all experiments. Absorption spectra were recorded for samples from a
‘number 6f sets of experiments. A typical example to show the general
decreaée in absorﬁance with time of shaking is illustrated in Figure 3.5.‘
Table 3.1 compares the percentage extraction determined from atomic
~absbrption with that obtained frdm the uv-visible spectré for the set -
“of experiments illustrated in Figure 3.5. The percentage extraction

in thellatter case was calculated from the deérease in the absorbance at the

373 nm maximum using a blank as the initial measurement.

Percentage extraction of Pt

~ Time of extraction/ hours =~ g n atomic ~ From uv-visible
: ’ ' absorption spectrum
3 14,9 5,8
1 19,4 11,3
13 30,7 26,8
21 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(II1)/Pt(II) ratio 2 in 1 M HCl with TPP in CH,Cl, (TPP/Pt ratio = 4).
" Time periods of extraction: (a) 1% hours (b) 2% hours (c) 3 hours.

Figure 3.5

SY
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Results showed'thaf although a general decrease in coiour intensity
was observed in a partlcular set of extractlons with tlme the change
in pﬂak height did not appear to be directly related to the platinum
concenuratlon as fbund by atomlc absorption. A possible reason for

’ thls is that the colour of the solutlons is extremely sensitive to air
, andkalthough precautions were taken to excluderair at all times, traces

of oxygen 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 illustratés thgt the colour intensity of the CH,Cl, layer
fades rapidly with time even though sealed sample cells were used

Vand strict precautions were taken to exclude air. The peaks were also
poorly defined in most'casés.' It is thus evident tha£'the absorption
spectra of the adueous and orgénic extracts could not be used for
Aquantitative purposes since it was extremely difficuit to exclude sﬁall,
amounfs éf ongen. 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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Figure 3.6 Absorption spectra of dichloromethane layers after extraction for 20 minutes

at conditions: (i) Sn(II)/Pt(II) ratio 2 in 1,5 M HC1l with TPP/Pt ratio 4.
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The Effect of Time

Mojski [44] chose to perfomm 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 percentége metal extracted was determined -

from atomic absorption measurements and comparison with a blank.

Figures 3.7 and 3.8 show that the percentage metal extraction does in

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

the percentage extraction of platinum increases with time, whereas

‘tin(I1) 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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The Effect of Platinum : Triphenylphosphine Ratio

Preliminary qualitative extraction experiments showed that the apparent
amount of platinum(II) extracted from a red solution containing Pt(II)

and Sn(II) in the ratio of 1:2 in 1,5 M HC1 medium depénds on the

._relativé 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 CH,C1, layer) to a pale yellow

.(TPP/Pt(II) ratio of eca 5) to almost colourless (TPP/Pt(II)'ratio > 10).
Mbjski [44] used a large excess of TPP in his‘experiments (TPP/Pt ratib'5

100) which results in very rapid removal of the red.colour in the aqueous

| . phase. QOur 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(PPhS)z—

(SnCls)Cl] are yellow-orange whereas the trans-isomef is white [451).

Extraction experiments were performed as described in Section 3.2, varying

- the Pt(I1)/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 HC1 concentrations.

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

From Figures 3.9(i) and 3.10(i) it appears that the ratio of PPhS/Pt =2
is definitely of significance. At this value with 1,5 M HCl solutions
there is a dramatic increase in pércentage extraction of platinum from

1 - 3 hours of shaking. This 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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resulting in rapid extraction under these conditions. A similar effect,
~ although less pronounced, may be observed in sblutioﬁs of IMHC1. The
more general trend aﬁ thié acid céncentration howevgr appears to be an

* increase in percentagé platimum 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
organic phase, in some cases as much asA459.‘ The émount extracted
increases with timé up to 3 hours but on prolonged “shaking (18 hours)
there is‘a dramatic drop in the percentage extractién. The colour
rinténsity of the CH2C12f1ayers was noted to inéreasé with time from
yellow to orange but after 18 hours the colour faded to become véry
pale yellow or colourless. This suggests the initial formation of
Pt-Sn-phosphine complexes in the organic phase, which with time dispro-
portioﬁate to a platinum-phosphine complex and SnClS', the latter of

which is extracted back into the aqueous phase} -

The percentage tin extrécfed shows a generai increase with increasing

: PPhS/Pt ratios. This is in direct agreement with the observed colouf
intensities of the organic phases. At higher PPh3 ratios, ﬁhe»colours
afe generally more intense, increasing from orange to a very dark red-
orange énd then fading as described pfeviouslykon prolonged shaking.
,vAt lower PPh3/Pt ratios however, the crganic 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 PPhS/Pt ratio of 4. A.PPhs/Pt
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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 PPhB/Pt ratio and time up to 3 hours o

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

phase.

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’prepafed _

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

exact Sn(I1)/Pt(I1) 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 expeiiments
at a fixed Sn(II)/Pt(II) ratio, extreme‘éare had to be taken to prevent
oxidation of the tin(II) speciés; - All solutions were freshly—prepafed
in nitrogen-saturated solvents and the extrac%ion flasks, previously
flushedzwith' nitrogeﬁ, 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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Experimeﬁts were performed by equilibrating equal volumes of the two

: vmetalksolutions, the appropriaté tin(II) and piatinum(II) concentra-

~ tions ha&ing béen.chosen for each particular fatio.' Solutions were
shaken with fhe‘organic phase for various time periods énd the percentage
metél 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
HC1 and a PPhS/Pt ratiolof 2. Results from Figure 3.11 show that in

the absence of tin, i.e. at a Sn/Pt ratio of O, theApercentage extraction
of platinum is very low, in fact less than 10% afterAS'hours Qf shaking.

| The diagram also clearly shows how the presence of stannous éhloride |

dramatically increases the percentage Pt extracted.

. Some intereéting trends may be noted from these results. - It is
evident that the percentage extréction of Pt increases sigﬁificantly

-at Sn(II}/Pt(II) ratio of 1, dropping off slightly at ratio 2 before
increasing again at a ratio of 5. This trend suggegts 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‘specieé

for the extraction process.

Figure‘S.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 ihcreaSes‘gradually

up t§ 23 houfs 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 CH,Cl, layer was initially a pale yeilcw
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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colourless. This is also in agreement with trends described in

Sections 3.2 and 3.3.

From our studies on the effect of tin(II) at ratios of Sn(II)/Pt(II)»

between O and 5, we may therefore conclude that the highest ratio.

‘gave the largest percentages of platinum extraction for a particular-

period of shaking. Howevér, a Sn(I1)/Pt(I1) 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(1I)/Sn(II) ratio of one.

" 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 HCI.

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
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solutions at 1 M HC1 (10 minutes) than at 1,5 M HC1 (20 minutes)
(see Section 3.1.1). Figures 3.9 and 3.10 show that at 1,5 M HC1

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 HC1

solutions. t 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 HC1.

However, it was evident that before we could draw 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.

Studies with Prepared Platinum-Tin Complexes

In order to shed more light on the subject of complex formation in the
CHZCl2 phase, the eis- and traﬁs-isomers PtCl(SnClS)(PPhS)2 and the

compound cis—PtClz(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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ets—-
or - [PtCl(SnCls)(PPhS)_z]org + HC1 >
trans— _ .
ets- ' ’ _ +
£ vy )‘!
gr B [PtClZLPLAS)z]Org + [SnC13]aq + H
Pafza - ) .

_Dichicromethane solutions Qf the eis- and trans-isomers of PtCl(SﬁClS)(PPhS)2
were shaken for 3 hours with-porfions of hydrochloric acid of various con-
b_céntfations to determine whether the tin was back-extracted into the aqusous
 'phase. Results in Table 3.2 obtained from atomic absorption spectroscopy
‘'show that, in the case of the eis-isomer, there is'a general increase in
percentage back-extraction of tin with increasing acid concentration.

The trans-isomer appears todissociate more readily for all acid concen-

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

ponding eZs-isomer.

Acid concentration/ cts-isomer/ o trans-isomer /
M % back-extraction % back-extraqtion
0,5 | . 83 - | 96
1,0 : - 90 _ : 100
1,5 79 D . 100
2,0 95 ' 100
b

Could be subject to error

Table 3.2  Percentage back-extraction of tin from CH,Cl, solutions of
the eis- and trans-isomers of PtC1l(SnCl;)(PPh3), into
aqueous HCl solutions. '
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An experiment was also performed to determine whether a dichloromethane
solution of PtClz(PPh3)2 would extract tin from a 1 M HC1 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-

firmed 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 show that the reverse reaction, i.e. the extraction of

"_Sn from an SnCl, acid pnase into a Ch2C12 phase contalnlnc PtCl (PPh3)2,

was p0551ble

Isolation of Complexes from the Organic Phase

: ComD0unds were isolated from various organic phases in ofderAto determine
" whether spec1es such as PtCl(SnClS)(PPhs)2 and PtCl (PPh3)2 are fbrmed

" during the extractlon process.

After separation of the CHZCl2 extracts from the aqueous layers, the

organic solvent was removed by evaporation and infrared spectroscopy was

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

By careful separationvtechniques, 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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| Complex

Figure reference to
infrared diagram

Absorption maxima / cm”

1

cis-PtCl(SnCl3)(PPh3)2 |

trans~PtC1(SnC13)(PPh3)2

Residue 1

Residue 2

Residue 3

3.12a

3.12b
3.13
3.14

3.15

3.16

442 (ww), 421(w), 340(s),
324 (vs) . 295(vw). .

441 (vw), 420(w), 340(s),

442 (vw), 422(w), 318(s),
261 (vw), 227(vw)

446 (w), 44Z2(w), 320(vs),

446 (m) , 424(w), 320(vs),
260(w) |
430(vs), 422(s), 399(w),
296(s), 260(m)

330(sh),

326(vs)

294 (vs),

295(s)
295(s),

317(s),

Table 3.3 Infrared data for the complexes illustrated in Figures 3.12 - 3.16. |

89
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Comparison'of Figures 3.14 and 3.15 with Figure 3.13 shows that the complex
PtClZ(PPh3)2 is pfesent in these particular organic phases. The samplev
obtained'for Figure 3.14 was separated frém‘the organic residue and micro-
anaiytical data for the compound was found to agree with that for PtCl,-
(PPhS)z.‘ Organic residues‘from various other extractions were also found.

tq contain PtClZ(PPhS)Z'

Figure 3.16 is a somewhat more complicated spectrum. PtClZ(PPh3)2

appears to be the chief pfoduct although there is soﬁe Bfoadening in the
area 325 - 340 gm_l which suggests the presence of one or both of the |
isomers of PtC1(SnCl

(PPh - The percentage extraction of tin

» 3) 3)2'
determined by atomic absorption for this particular experiment was about
45%, which further supports the existence of a tin-containing complex in

the organic phase.

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

and eyidehcevexists that PtCl(SnClS)(PPhS)2 is also formed in this.phase.
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CHAPTER 4

DISCUSSION AND CONCLUSION

Results,of‘our studies on the extraction ofvplatinum from stannous

chloride solutions using triphenylphosphine have provided useful infor-

‘mation regarding the mechanisms involved in such processes. The

extraction was in fact found to be extremely complicated and was affected
quite dramatically by traces of oxfgen. 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 fesults; we are now able to propose a reasonable mechanism for the L

extraction process.

It is known that a mumber of species are formed ﬁhen stannous chloride

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

'the various complexes as a functlon of the chloride concentratlon

obtalned using the program 'Pseudoplot’, an extended Fortran version of

'Haltafall' [83]. StabilityAconstants were obtained from Smith and

4; Martell [84].

- The distribution of the species in hydrochloric acid solutions of

KZPtCI as a function of chloride concentration was also calculated.

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

[PtCl ] was shown to be the dominant species frcm 0 5-1,5M chloride
4

concentrations, with negligible amounts of [PtClS(HZO)] and [PtClZ(HZO)Z]

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:

- _ o -
SnCl4 .Z SnClS .+ Clv

$nCl, + C1° ¥ snCly

ptc1, > + snCl; @ [P (SnC15)CL) 17 e o |

[Pt(SnC15)CL,]%" + ’Snc13 2 cis- or trans- [Pt(SnC13)2C1 1%+ c1”

cis- or trans-[PL(SC13,CL,1%" + SnCl;” 7 [Pe(SnCly),C11%" + 1™
, |

cis- or trans-[Pt(SnCl),C1,]°7 + 38nC1;" 2 [Pt(Snc13)5]3' + 2C1°

Such processes areIpreSumably_relatively slow simce a period of 10 -_ZOV
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 requlred varied according to the molarity of the acid, a fact which
could be explained by the differences in the distribution of the t1n

species hlth Cl™ concentration (see F1gu1e 4 1).

Thetextraction 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,

12~ + [PPh

(1) [PtCl4 aq b v[PtC13(PPh3)]aq + Cl

3]org aq

+ C1.

[PECL, (PPhy) 1, 1 2

(2) [PClyPPhy],, + [PPhgl. 2

o . 2- i _ - -
(3) [Pt(an13)C13]aq + [PphS]Org ba [Pt(an13)C12(PPh3)]aq + Claq

S A 2- - N -
(4) [Pt(SnCls)Cls]aq + [Pph3]org ba [Pt(PPhS)C13]aq + [SnClS] q
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L 2- | | L
(5) .[Pt(SnC13)2C12]aq + [PPhg] T [Pt(SnCly,CL(PPhg)] . + Clyo
. ' ’ o ‘ 2_ N V _ B ~ V
(6) [pr(SnCly) Clyl .+ [PPhgl, &« [Pt(Snc131c1(pph3)]aq + [SnClgl, .

(7 [Pt(SnClS)Clz(PPhS)];q + [PPhS]org e [Ptgsn¢13)c1(Pph3)2]org + c1;q,

~(8j [Pt (SnC1)C1, (PPh,) ] [PPhS] [PtC1,(PPhy) ]+ [snc13];q,

-, .
aq org * org

+ [SnCls];q

org

(9)V‘[Pt(SnClS)Cl(PPhS)z] +‘[Pph3]org 2z .A[PtC12(PPh3)

Z]Qrg
Experiments showed that the percentage Pt extractedAwas dependent on the
| amount of triphenylphosphine in the‘dichloromeihane phase. ‘A significant V<.
~ increase in the percentagé extraction of platinum was observed at a VPPhS/Pt '
ratio of 2, suggesthwgthat a platinum-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 @ercentage extraction of platinum and

. tin at a Pt(II)/Sn(II) ratio of 1, which indicaﬁed thevfavourablé'formatioh
of a-1:1 Pt-Sn compléx in the CH2C12 phasef - (Figure 3.11). Tin was
found to be extracted back into the aqﬁeouéyphase with’time,'which provided
evidence for the disproportionation of the Pt-Sn coﬁplex‘with prolonged o

i shaking.

7 We therefore propose that the chief complexes existing in the organic phase
after extraction are the plétinumrphosphine;compounds, PtCl(SnClS)(PPhSJ2

» and PtClZ(PPhs)z. ~ Experimental evidence supports the initial formation

.df PtCl(SnCls)(PPhs)2 in the CH2C12 layef which diépropértionates to

PtClZ(PPh3)2 with concommitant‘back-extraction of tin into thebaqueous o

phase.
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Thebplatinum;phbsphine complexes PtCi(SnClS)(PPhS)2 and PtClZ(PPth2 are

. known to exist [45].  Experiments carried out with these compounds
‘provided”further evidence in support of our proposed mechénism; Reaction
(9) in the above equations showing formation of PtClZ(PPhS)Z by dispro-
portionatioﬁ of PtCl(SnClé)(PPhS)2 ~would be~fa§oured on increasing the |
 ch1bride concentration; ~ Treatment of cis~[PtCl(SnC13)(PPh3)2] in CHZCI2 «
with sclutions of increésing hydrochloric acid strength showed that the.

- back-extraction of tin increased with increasing chloride concentration.
Studies Qith prebared PtClz(PPh3)2 also showed thaf this compléﬁ;would o
_extract‘tinbfromva 1M hydrochloric acid .solution, so confirming the

possibility of the reverse process.of equation (9).

It is also interesting to note that Young [19] isolatéd the complex
PtCl(SnClS)(PPhS)2 froh ethanolic platinum-tin solutions and found that

it disprdportionétes in acetone to givé PtClZ(PPhS)é. The latter complex
dissolved'in acetone containing excess tin(II) chloride to reform'the |

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

[PtCl(SnClSJ(PPhS)Z} + acetone i {PtClz(PPhsjz} f, SnClZ(écetone)

Infrared spectroscopy confirmed the presencé of'PtC12(PPh3)2 in the organic
phase and although evidence was not conclusive, it appeared that some

[PtCl(ShClS)(PPhsjz] was also formed.

- To conclude, we have therefore confirmed that the presence of stannous
chioride dramatically increases the extraction of platinﬁm from aqueous.

'HC1 solutions of K,PtCl, into dichloromethane Containing'triphenylphosphine.
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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 amount 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, almbst_certainly complexed

"With time this species dissociates to PtClZ(PPh3)2

as PtC1(SnCl,) (PPh

3) (PPh3) .
in which form the platinum remains in the organic phase and the tin is

extracted back into thebaqueous 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 oversimplification.



 CHAPTER 5
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CHAPTER  §
 EXPERDMENTAL .

Chemicélé, Reagents and Glassware

Cormercial grade nitrogen supplied by.Afréx, Cape Town 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 twenty 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 passihg 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 analyticaily pure ahdkgenerally N

_éupplied by Merck, Darmstadt. KZPtCI4 wés 6btained from Johnson Matthey,
WadeVille and‘SnC1z.2HZO from Hopkin and Williéms Ltd., England. The
triphenylphosphine from Fluka AG,’Germany, was found to be analytically

pure. (Found: C, 82.2; H, 5.7 %. Calc..forVP(CGHS)S: C, 82.4;

- H, 5.8 %). Potassium iodate was dried for 1 hour at iOOOC and stored
in a desiccator. Stannous chloride standard‘solution for atomic
| absorption spectroscopy {1 ml = 1,00 mg Sn) was suppliéd by BDHvChemicqls,

' England.
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Aqua regia was prepared from A.R. HNO3 and HC1 in the ratio 18:82 [88].

La(wOS)3 XHZO [where X 1s assumed to be 6) was prepared by dissolving

'LaZOS in A.R. HNOS. ‘The resulting clear solutlon was evaporated to

. dryness, distilled water was added with repeated evaporations to remove

excess HNOz. The final aqueous solution was filtered and then evapor-

" ated to leave a.white solid.

The glassware was all of B grade, except for an A grade burette used

in the'determinations with potassium iocdate. - Pipettes and quartz

~ spectrophotometric cells were stored in 10 % solutions of Contrad

detergent.  Piston burettes fitted with a nitrogen inlet were used A'
to dispense the platinum and tin solutionsr;"Dichloromethane solutions
were deliﬁered from a burette fitted with a Teflon tap and nitrogen |
inlet. Mettler and Sartorious féur decimal balances were used for

all weighings.

o Microanalyses were performed on a Heraeus Universal Combustion

5.2

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

Organic Chemlstry, Unlver31ty of Cape Town.

Atomic Absorption of Platinum

:Platlnum stock solutlons of approximately 1200 p.p.m. (0,006 M) were

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

“copper sulphate used in the preliminary experiments was 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-réquired HC1 concentra-
tion and diluted ten times on addition to the standards and samples;

. . + . 0
" to give a f1na1ALa3 concentration of 0,2 %.

Sets of standards were prepared for platinum in lor1,5>M HC1 in the

_ range‘of 1 - 150 p.p.m. with additions of tin iﬁ a ratio to match the
'sam@le'matrix as closely as pbssible. : Stannoﬁs chlofide solutions of
appfopriate strength were made by dissolving the_éolid in concentrated
HC1, warming gently and diluting with water. Both metal solutions were
prebared freshly each day but in some cases were used the day aftér

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 showé the settings for the various atomic absorption spectro-
photometers used.  The Varian Techtron Models 1000 and AA6 were used
in the preliminary experiments. The Perkin ElmerASOOO méchine'was
used for all other measuréments. AirjacetYlene flames were strongly

~oxidising.



Lamp current/

;Wavelength/ Slit width/ Burner Fuel flow/ Support flow/
mA nm nm height £ min~1 g min"1
Varian Techtron 1000 10 265,8 0,2 3.5 2,0 6,5%
Varian Techtron AA6 10 265,9 0,2 7,5 0,5% 5,5%
Perkin Elmer 5000 10 265,9 0,2 4,0 1,6 22,5

*  In machine scale units

Table 5.1 Settings for atomic absorption spectrophotometers.

6L
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Percentage extraction of platinum in each sample (error less than 2 %)

was calculated from a blank value in the following way:

[Pt]y - [Ptlg
[Pt]g

x 100

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

tion of platinum in sample.

Atomic Absorption of Tin

-Standard stock solutlons of 1000 p.p.m. tin in 10 % HCl were prepared

by dissolving the powdered metal in concentrated‘acid with gentle

~wamming and diluting to volume with distilled water. Stock solutions

were made up freshly every 3 weeks.

A series of standards was prepared in‘the range of 0 - 150 p.p.m.

All samples were run in 10 % HC1, within 3 days of preparatlon

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

atomlc absorptlon 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 Perkln Elmer SOOO spectrophotometer

wlth a stronaly reducing flame and the f0110w1n0 condltlons.‘
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Lamp current / mA . 10
Wavelength / nm = 286,3
'Slit width / nm 0,7
Burner height 4
Fuel / SL_min_1 ' 2

‘Support / & min~t 22

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

‘lated from a blank value in the following way:

~ [Snlg - [Sng

[Sng

x 100

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

of tin in sample.

Potassium Iodate Oxidations

‘The stannous chloride and KZPtC14 solutions were prepared as described
~ in Section 5.2.  For the original investigations outlined in
-Section 2.3, tin(II) and platinum(II) solutions of 0,02 - 0,04 M and

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

Potassium iodate solutions of appropriate strengths were made by

‘dissolving the dried solid in distilled water.

"All titrations were performed under nitrogen using a titration flask
- fitted with a special bung (Figure 5.1). Standardisation of tin(II)

solutions throughout the work was carried out according to the method

of ngel [64].
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. : [ Burette
Bunsen ] :
valve

Nitrogen ———
inlet

Figure 5.1 Flask with adapted'bung for titrations under nitrogen.

~For the titration of.total.tin(II) and platinum(II), portions containing
10 ml tin(II) solution, 5 ml platinum(II) solution, '15 ml concentrated
HC1, 8 ml»HZO and 10 ml chloroform were transférred to fhe titratioﬁ
flask, previously flushed out with nitrogen. During addition of the
potassium iodate, thé 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 reduired volume
of iodate, the solution became red-brown and a dark precipitate formed

at the interface of the organic and aqueous layers. This precipitate
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- diséppeared asvmdre iédate was added. At this stagé_the solution'was
shaken well andAleft to stand for 3 - 4 minutés to allow the iodine |
colour to develop to maximum inténsity.' The titration Was then con%
tinued slowlf; shaking welikafter each addition of‘KIOS, until the

chloroform layer was no longer violet.

In the titration ofja platinum({II) solution, a‘shniiar‘procedure Qas
followed.uv 5ml Pt(II) solution, 5 ml concentrated HC1, 8 ml water vg'
and 10 ml éhloroform werelused for eaéh titration. On addition of the
KIOS,‘the aqueous layer turned a dafk yellow‘which intensified gradually
VaS»more iodate was added. At this stage,‘wheﬁ approiimately 70 % of
the fequired KEOS had'beén added, the solution was‘éhaken well and -
allowed to stand for about 4’- 5 minutes with~0ccasioha1vshaking, to -

- enable the violet colour to develop. The titration was continued as
,deséribed previously, the dark yellow of the aqueous layer fading

. noticeably as the end point was approached.

VVOXidatién of only the tin(II) in solutioné-of plétinum(il) and tin(II)
was. carried out in the following way. A filter flaék containing the
. mefal solutions was fittéd with a rubbe? stopper andtglass tube and air
was hubbled through by watef suction. vA titratidn with KiO3 to |

determiné the Pt(II) remainiﬁg, was then perfbrméd aé described pre-
viously. The experiment was repeated by bubbling pure oxygen'fhrough

the solution instead of air. .
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Polarography

Stannous chloride and K,PtCl, 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 ml hot distilled water to give a 0,5 % gelatine

solution.

A 25ml portidn.of.the'tin solution and 1 ml of gelafine was pipettéd
~into thevsolﬁtion vessel of the polarograph.' One mi additions of Pt
solution were madé with a pipette to the mixture. Sdlutions were

o degassed for 15 minutes to remove dissolved oxygen, before the recording
of a polarogram. Similar experiments were repeafed with 4 M ammonium
chloride.as the supporting electrolyte. A new tin solution was prepared,
‘also in 1 M HC1 bdt containing 4 M ammonium chléride and 0,005 % gelatine

- for this.purpose.

A Metrohm Polarecord with the following settings was used:

AC normal mode

2 s‘

tdrbp B
Ustart = -0,2V
Ay = -1V

AC x0,1 = 10x107 A/ mm

t = 1,35
comp
mm / tdrop = 0,5 m
Uu = 0,5mV
n

f 25 Hz.

K
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'*5.6‘ Ashing of the Organic Phase

The dichloromethane phase was carefuliy separated from the équeous
layer and transferred to a porcelain crucible. The solvent was
removéd by gentle warming and the solid was‘then éshed by heating
vigorously to bright red élow for 5 minutes with é 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

5.7

was determined by atomic absorption.

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

A 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 S ml cold water was placed under

‘Athé,condenser as the receiving vessel.: " A mixture of 15 ml of 6 N

HC1 and 7 ml HBr was added drop by drop while maintaining the flask
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temperature between 150 and 160°C with an oil bath. Varibus times

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

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

for determination by atomic absorption.

After reactlon portlons of the starting solutions were removed and

tested for the presence of t1n by bubbllnc hydrogen sulphide gas. through

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

Solvent Extraction Procedures

The platlnum and tin solutions were prepared as descrlbed in Section

'5.2. The concentratlon of the platimum 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»fegularly by titration7with KI04.
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, were 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 two strong rubber bands. -

The aqueous phase was equilibrated by shaking on an automatic shaker
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for 20 minutes (1 5 M HC1 solutlons) or 10 minutes (l M HC1 solutlons)
as described in Sectlon 3.1, A Volume of TPP solution equal to

thug of the'adueous phéée was added to the‘extractionvvessel, takihg
care to exclude air during the pfoceés. The stoﬁperAwas again
secured tightly and the mixture was shaken for the desired time péfiod.

In each set of eXperiments, a blank was run using pure dichloromethané

as the organic phase.

“After extraction the organic phase was immediatély run off and treated

as desired. Portions of the aqueous phase were removed with a plpette .‘

for atomic absorptlon and uv- VlSlble spectrophotometry

Ultraviolet-Visible Spectrophotometry

Undiluted aqueous and organic phases were rapidly transferred, with
a pasteur pipette, to quartz'spectrophotometric cells,'covéred tightly

with parafilm plastic to exclude air.

‘ Due to the intensity of the red aqueous layers, 1 mm cells were 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.
IMor 1,5MHCL and CHZCIZVwere used as blanks for the aqueous and

korganic phases respectively. Spectra were run between 200 and 600 nm

 u5ing a slit width of 1,5 nm and scan speed of 100 nm/min.
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. 5.10 Studies with Prepared Platinum-Tin Complexes

"fhe Complex [PtClz(PPhS)Z] was‘pfepared by'the metho& bf Jensen [89].
KZPtCid (1 g) in H,0 (20 m1) was.mixed with PPh3 (1,3 g) in hot

,'ethancl (20 m1) and shaken for 24 hours. = The white precipitate of
éis-PtClZ(PPh3)24was filtered off and washed‘with wafer/ethanol and
‘ethervgiving a'yield of 95 %. The solid was dried under vécuum for

3 hours. (Found: C, 54.3; H, 3.9 5. Calc.: C, 54.69; H, 3.83 %).

~ The isomers cis- and ﬁrans—[PtCl(SnC13}(PPh3)2]Vwere prepared according
to Baird [45}.‘ The cis-isomer'was made by‘adding a concentfated ,
solution of excess anhydrous SnCl, in acetone to a stirred suspension
of cis—PtClZ(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\

3 hours. Yield: 93 %. (Found: C, 44.8; H, 3.15 %. Calc.:

C, 44.11; H, 3.09 %).

The trans-isomer was made by shaking cis~[PtC12(PPh3)2] in aéetone
with excess stannous chloride for 24 hours.‘ Bdifd,isolated the isomer
after 10 - 15 minutes of stirring but we found that after this time the
solution Waé still bright orange.  Prolonged shakingvresulted in the'
formation of a white/very pale yellow solid.,‘ Thévcompound was filtered

. off and washed with acetone, giving a yield of 70 5. ’(Found:

C, 44.2; H, 3.2%. Calc.: C, 44.11; H, 3.09 %).

Experiments with the above compounds Were carried out in the following

way. Portions of the eis- and trans-isomers (0,01 g}, finely ground,
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were dissolved in nitrogen-saturated CHZCIZ (10 m1) in stoppered test-

tubes.  Hydrochloric acid (10 ml) of various concentrations was

‘added 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 nitrogén-saturated CH2C12'v-

(5 m1) in a stoppered test-tube and shaken with 0,0I&O M SnCl, (5 m1)
in 1 M HC1 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 FIS 16B/D interferometer

from 400 to 80 an L

Isolation of Complexes from the Organic Phase

After separation from the aqueous 1ayer; 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 {PtClZ(PPhS)Z] from the organic
phaée (Figure 3.14) [90]. The solvent was removed from the organic

layer leaving a mixture of yellow and white precipitate. The residue
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- was extracted w1th benzene to clve a yellaw solutlon and a white

o prec1p1tate whlch was flltered off The 1atter was confirmed

'tO be pure PtClZ(PPh3)2 by 1nfrared and micro- analytlcal data e

- (Found c, 4.1 H, 3.8 % ;' Calc ¢, sa. 69 H, 3.89).
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