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The sorptive capacity of the polyether-based foam was

determined to be between 0.85 and 0.92 mol/kg for the platinum'

tin(Il) chloride complex. At HBr and HCI concentrations up to 3.0 M,

the platinum-tin(II) bromide complex had higher extraction

efficiencies than the platinum-tin(II) chloride complex. The

platinum-tin(II) chloride and -tin(II) bromide extractions were

optimized at 5.0 M HCI and 3.0 M HBr respectively. Distribution

ratios as high as 2.0x t}s Llkg were observed at high foam:platinum

ratios and when poly(ethylene oxide) was added to the extraction

solution as Triton X-100, the extraction efficiency decreased.

The percent of platinum extracted increased when the alkali

metal cations are added in the order K+(Na+(Li+ for polyether foam,

and decreased in the order K+)Na+)Li+ for polyester foam. Also, the

extraction efficiencies increased as the proportion of poly(ethylene

oxide) of the foam was increased. Although a Scatchard plot shows

that there is more than one extraction mechanism for the polyether

foam, the experimental results are consistent with

exchange mechanism being the prominent method

the polyester foam, the results are consistent with

pair extraction mechanism.

a

of

a

weak-base anion

extraction. For

solvent-like ion-
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The removal of metals from aqueous solutions by solvent

extraction and ion exchange is important in technological areas such

as water purification, analytical chemistry, and hydrometallurgy.

Extraction and Separation techniques have been developed

specifically for platinum in the areas of metallurgical refining and

analytical analysis. Ce¡tain techniques and principles used to extract

platinum prior to an analysis can be applied to industrial

applications, and vice versa.

Platinum is important industrially because of its outstanding

physiochemical properties such as catalytic activity, conductivity,

and corrosion/oxidation resistance. The increasing use of platinum in

electronics and catalysis has led to an increased interest in its

recovery and seþaration from primary and secondary materials.

Recycling of catalysts from the automotive and petrochemical

industries represents the major contribution from secondary

materials. 'When platinum is mined from a primary source, it can

range in concentration from only 0.19 to 0.37 g per 1000 kg of ore

(0.006 to o.o|z troy oz per metric ton) ( I ) and these low

concentrations require newer and more efficient extraction

techniques.

Until recently, platinum refining from its metal-bearing ore has

remained essentially the same over several decades. The established

process is complex and includes solubilization of platinum from its

electrolytic slimes using a chloride media followed by successive



series of salt precipitation and redissolution steps and final thermal

reduction to metal. The complexity of this classical process, which is

a combination of hydrometallurgical and pyrometallurgical steps, has

forced industry to investigate new separation technologies.

Technologies using solvent extraction reagents and ion exchange

resins have been implemented which can separate platinum from the

other platinum group metals. Demopoulos (z) has listed the various

solvent extraction reagents used by industry and has shown that

separation of the precious metals can be accomplished by either

selective extraction of each metal or by group extraction followed by

selective stripping. The introduction of solvent extraction and ion

exchange into the refining industry offers advantages which include

lower labour requirements, better plant hygiene, shorter processing

times, and higher metal purity.

Separations aid in analytical analyses by separating the analyte

from the interfering species, preconcentrating the analyte in trace

analysis, transferring the analyte into a phase suitable for the

analysis, and simplifying the matrix. Solvent extraction in analytical

chemistry has been widely used for the extraction of platínum

metals (3,4) and normally involves the prior formation of an

extractable metallic species. The platinum group metals are

platinum, palladium, iridium, rhodium, osmium, and ruthenium and

the common chloro-complexes of these metals are difficult to

separate because of their slow reaction rates. Separation methods

for the platinum metals use the differences in their kinetic behavior

for the formation of extractable species, as well as their differences



in electrostatic interactions with liquid ion exchangers and oxygen-

containing solvents. Ion exchange methods have also been

developed for most of the platinum metals and are based on

differences of affinity of similar complexes for a resin. These

methods can extract large quantities of ions and their high selectivity

offers separation from a variety of other ions. Detailed information

regarding the solvent extraction and ion exchange methods of

separation for the platinum metals has been documented by Al-Bazi

and chow (s).

Bowen (6) showed that flexible polyurethane foam had the

capacity to sorb a large variety of organic and inorganic substances.

He suggested that a solvent extraction mechanism could be

responsible for the sorption, since the list of substances sorbed by

polyether-based polyurethane seemed to parallel closely that of

compounds extractable by diethyl ether. Several workers have since

expanded the original work of Bowen to provide greater insight into

the extraction mechanism of metals. Hamon et aI. Q) have shown

that foams containing poly(ethylene oxide) can extract species by a

cation chelation mechanism and that polyester-based foams can

operate by a solvent-like ion-pair extraction mechanism. Al-Bazi

and Chow (8) showed that polyether-based foams could extract

neutral metallic species where the extraction efficiency increased

with increasing hydration number of the alkali metal cation added.

Jones t¡ 6¡. Q) suggested that the ether sites on polyether-based foam

could become protonated resulting in an anion exchange extraction

mechanism. The continuing interest in the use of polyurethane



foams in the separation and preconcentration of a large range of

substances is emphasized by the publication of a monograph (10) and

a CRC handbook (11) devoted entirely to this subject. More recently,

there has been a review of the advances of polyurethane foams as

sorbents by Braun (rz).

Polyurethane foam has been used to specifically extract and

separate the platinum group elements. A thiocyanate complex of

osmium has been extracted by polyether-based foam by the cation

chelation mechanism and distribution ratios of more than 104 were

recorded (13). Osmium was separated from ruthenium by using

conditions which inhibit the formation of the osmium-thiocyanate

complex. In this way 95Vo of the osmium was left in the aqueous

phase while 957o of the ruthenium was sorbed onto the foam.

Al-Bazi and Chow ( 14) demonstrated the influence of

thiocyanate, hydrochloric acid, and pH of the solution on the

extraction of ptatinum(II) and platinum(IV) by polyether-based

foam. Distribution ratios of more than 104 were reported. The effect

of the chloride salts of different cations on the extraction of

platinum(Il) increases in the order Li+(Na+<K+ which indicated that

the platinum(Il)-thiocyanate complex was extracted by the cation

chelation mechanism.

Moore and Chow (ls) reported the extraction of iridium and

platinum from organic solvents onto polyurethane foam. Distribution

ratios of 1 .1x 1 0a were reported for the extraction of iridium from

ethyl açetate, 225 for the extraction of iridium from acetone, and
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4.8x103 for the extraction of platinum from ethyl acetate. This study

shows that foam extractions in non-aqueous systems compare well

with foam extractions in aqueous environments.

The thiocyanate complex of palladium has been extracted by

polyether-based polyurethane foam with distribution ratios of more

than 106 and a capacity of 0.8 mol/kg being reported (16). Palladium

was rapidty stripped from the foam with high efficiency by using an

ammonia solution. The palladium(II) thiocyanate extraction was

consistent with the cation chelation mechanism.

Al-Bazi and Chow (17) reported dístribution ratios of more than

1 0 4 and a capacity of about 0.24 mol/kg for the ruthenium-

thiocyanate extraction by polyether foam. The effect of chloride salts

of various univalent cations was consistent with the cation chelation

mechanism. It was also shown that ruthenium could be extracted by

the foam while rhodium remained in the aqueous phase.

The extraction of rhodium as its thiocyanate complex with

polyether-based foam has been reported (8). The effect of the alkali

metal cations decreased in the order Li+>Na+)K+, indicating that

rhodium was extlacted through a simple solvent extraction

mechanism rather than the cation chelation mechanism. It was also

shown that iridium could remain in the aqueous phase while

rhodium was retained by the foam.

The solvent extraction of platinum into an organic phase

composed of dichloromethane and triphenylphosphine has been

enhanced by the formation of a hydrophobic platinum complex when



tin(Il) chloride is added to platinum(Iv/Il) solutions (18). Tin(II)

chloride rapidly reduces platinum(IV) and can act both as a reducing

agent and as a ligand in the form of the SnCl:- moiety. There are

other solvent extraction processes for the platinum group metals

which utilize tin(Il) chloride as a reducing as well as labilizing agent

(3). There also have been recent reports of platinum-tin(Il) chloride

extractions onto polyurethane foam from acidic solutions (19'20).

Koch and Nel (1e) reported that the extraction of a platinum-

tin(Il) chloride complex by polyether loam was dependent on the

initial HCI concentration and on the Sn:l't ratio. The distribution ratio

reached a maximum at a Sn:Pt ratio of 5 and then decreased to a

constant level at Sn:Pt ratios greater than 25. The lower value of

distribution ratios at higher Sn:Pt ratios was explained by

competitive sorption of anionic tin(Il) chloride species such as SnCl3-

and SnClo2-. It was also reported that the extraction efficiencies

increased to a maximum at 1.0 M HCI but then decreased steadily up

to 3.0 M HCt. There was no information gíven as to the nature of the

extraction mechanism, but it was stated that the addition of KCI

depressed the extraction.

Brackenbury et al. (20) have shown that polyether-based

polyurethane foam can be used to preconcentrate small amounts of

platinum from HCI solutions containing tin(II) chloride. They

performed these sorption analyses in 2 M HCI solutions and at room

temperature because higher temperatures led to slightly lower

extractions. The presence of Ni, Cu, Fe, Mn, Pd, Co, Zn, Ru, and Ir and

up to 0.1 M SO+2-, ClOa-, and NO3- did not significantly interfere with



the extraction. Only R.h was co-extracted with Pt. It was shown that

up to 95Vo of the sorbed platinum could be eluted from the foam

using a hot ethanol and HCI solution. A noteworthy observation was

that the Sn:Pt ratio on the foam was dependent on the mass of the

foam used, other conditions remaining constant. This suggests that

there are several nonequivalent Sorption sites on the foam which

result in a different distribution of sorbed species. Further

speculation about the distribution of sorbed species and the

mechanism of sorption were not given.

The distribution of rhodium(II) between polyether-based

polyurethane foam and 0.5 M I{Cl in the presence of small amounts

of tin(Il) chloride was described by Jones e¡ ¿[. (e). They showed that

the distribution of rhodium was affected by the extraction

temperature, acid concentration, and Sn:Rh ratio. It was shown that

the capacity of the foam was in excess of 0.5 mollkg and that iridium

could be quantitatively separated from rhodium.

Solutions of tin(Il) chloride and platinum in a Sn:Pt ratio of 5

contain species in equilibrium which include [Pt(SnCt¡)oC1+-r,]2- (n=1-

4) and [Pt(SnCl¡)s]3-. In the presence of excess SnClz and at high Cl:Pt

ratios, stabilization of platinum occurs in the form of [Pt(SnCl¡)s]3-

(21). There is evidence which suggests that it is this

pentakis(trichlorostannato)platinum(II) anion which is preferentially

sorbed by polyurethane foam. It has been shown (20) that the Sn:Pt

ratio on the foam never exceeds 5 and that as the initial Sn:Pt ratio in

solution increases, the Sn:Pt ratio on the foam goes to this maximum

value. There is also NMR evidence for the sorption of [Pt(SnCl¡)s]3-.
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Examination of a methyl isobutyl ketone, MIBK, exrract (obtained

from 2 M FICI with a Sn:Pt ratio of 10:1 by 186.5-MHz llesn NMR

showed evidence for only the [Pt(SnCt¡)s]3- complex anion Qz).

Tin(IV) does not complex with platinum in solution and the

oxidation of tin(Il) to tin(IV) is responsible for the instability of the

platinum-tin(Il) chloride complex (18). The rate of oxidation of

tin(Il) by dissolved oxygen is proportional to the acidity of the

solution. To maintain the platinum-tin(Il) chloride complex,

solutions should be prepared under strictly anaerobic conditions or

an excess of tin(Il) should be used.

The focus of this present study was to investigate the

distribution of platinum between polyurethane foam and HCl, HBr,

and HI solutions containing tin(II) halides. Information gained

regarding the distribution of sorbed platinum species and the

sorption mechanism can be used to optimize the extraction.
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A Varian SpectrAA-20 atomic absorption spectrometel was

used to determine ptatinum concentrations in all analyte solutions. A

strongly oxidizing, air-acetylene flame provided good sensitivity

when the most sensitive absorption line for platinum at 265.9 Dffi,

was used. Operating conditions for the spectrometer were as follows:

instrument mode

calibration mode

measurement mode

lamp

lamp current

beam height

delay time

measurement time

replicates

background correction

wavelength

slit width

The Varian Mark 6 burner

solutions with a. high Percent of

using this burner since there was

the slot of the burner. However,

between the performance of this

head is designed to accommodate

dissolved solids. Trials were run

a tendency for deposits to form on

there was no discernable difference

burner compared with the Varian

absorbance

bracketing standards

integration

hollow cathode

10 mA

10 mm

30 sec

4.0 sec

4

off

265.9 nm

0.2 nm
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Mark 5A burner.

for all analyses.

Therefore, the Varian Mark 5A burner was used

A Hewlett Packard 8452A diode array spectrophotometer was

used to obtain electronic spectra. A path length of 1 mm, achieved

by placing a 9 mm by 9 mm by 49 mm quartz bæ inside a standard

10 mm qvaltz cuvet, was normally used. A Mettler AE 163

analytical balance was used to weigh the polyurethane foam and

othe¡ reagents used in this work.

A Burrell wrist action shaker was modified to accommodate 32

extraction flasks (see Figure 1). Plastic baskets were used to replace

the clamps on the original shaker, and each basket coutrd hold a

maximum of I extraction flasks. The flasks were always placed, on

their sides, as close to the outside edge of the baskets as possible.

The space remaining inside the baskets was filled with polyurethane

foam. Lids, cut from polystyrene insulation board, were secured

with rubber bands and were used to cover the baskets and keep the

flasks in place during an extraction. The shaker functioned by

rotating a central shaft back and forth in a reciprocating action. In

this wây, the outside edge of the baskets were displaced vertically

by 3.7 cm. For a one minute period, there would be 250 up and

down motions. This shaker proved to be an effective method for

equilibrating the foam and platinum solutions. Statistically

meaningful results \¡/ere obtained by averaging the results from a

number of identical samples for each data point. This procedure was

possible because of the large number of solutions which could be

shaken at one time.



Figure 1. Modified Burrell wrist action shaker.
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The maj ority of extrac tions were perf ormed u sing

polyurethane foam purchased at a Woolco Department store

(Winnipeg, Manitoba). This foam was confirmed to be polyether-

based polyurethane foam by adding 80 mg of foam to a 4.5 M
NH¿SCN and 10 ppm cobalt solution. When the foam was in contact

with this solution, it almost immediately took on a brilliant blue

colour. This test was established by Hamon Q3) to differentiate

between polyether- and polyester-based polyurethane foam.

Polyester-based polyurethane foam hardly assumes any colour at all

when in contact with the test solution. No other information

regarding the chemical composition or primary manufacturer of the

Woolco brand foam was available.

Other foams used include a polyester-based foam (diSPo),

produced by Scientific Products and a series of potyether-based

foams produced by Union Carbide. These polyether foams, numbers

27CGS-44-2A, 27CGS-44-L, and 27CGS-44-3, individually contain 0,

8, and l{Vo poly(ethylene oxide) respectively.

Other reagents used were pure tin sheet metal (Fisher

Scientific Co.), 99.99 Vo pùre La2O3 (W.R. Grace and Company), reagent

grade HCI (Canlab), ACS HBr (J.T. Baker Chemical Co.), ACS Iil (Fisher

Scientific Co.), ACS KCI (Fisher Scientific Co.), purified LiCl (Fisher

Scientific Co.), and ACS NaCl (Fisher Scientific Co.). Water was always

purified by reverse osmosis and a Barnsted Nanopure IITM system

before it was used.
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B. GENERAL PROCEDURE AND CALCULATTONS

The procedures used f or the extraction of platinum onto

polyurethane foam are given in the following sections. The few

exceptions to these general procedures will be clearly indicated in

the appropriate sections.

1. Foam Cleaning, Cutting, and Weighing

Before the polyurethane foam could be used for sorption

studies, it had to be thoroughly cleaned by removing both inorganic

and organic compounds. The cleaning procedure established by

Hamon Q3) was followed with a few modifications. Metal ions which

might have been left from the manufacturing process were removed

with 1 M HCl. Foam pieces were placed in a 12 L graduated cylinder

and enough 1 M HCt was added to cover the foam. The foam was

squeezed repeatedly with the base of a smaller graduated cylinder

until all the air was removed. After the foam had been left to soak

for one h, it was again squeezed repeatedly to draw fresh HCI

solution into the foam. The foam was squeezed, in this manner, once

an h for four h and then allowed to sit overnight. The following day,

as much HCI solution was removed from the foam as possible by

compressing the foam and allowing the solution to drain away. Fresh

1 M HCI solution was added, the foam was squeezed to expel air, and

the cylinder was allowed to sit overnight again. The next duy, the

used HCI solution was removed from the foam and fresh 1 M HCI

solutiOn was added. The foam was squeezed once an h for a
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minimum of four h. After this, the HCI solution was removed and the

foam was rinsed repeatedly with water. This rinsing process was

continued until the wash solution failed to produce a precipitate

when added to an AgNO3 solution.

As much water as possible was removed from the foam before

it was placed into a Soxhlet extractor. Soxhlet extraction of the foam

with acetone was necessary to remove organic compounds such as

plasticizers, soluble metal complexes, and traces of HCI still present.

The duration of extraction was a minimum of six h. After this time,

the foam was removed and excess acetone was squeezed from the

foam. The foam was dried in a drying oven at 600 C overnight. The

dried foam was stored in a glass container and shielded from light

until it was needed.

The foam was pre-cut and pre-weighed a minimum of one day

before it was used in an experiment. Individual foam pieces were

cut and trimmed so that they weighed 20 + 1 mg. The cut and

weighed pieces were placed in an electrically grounded stainless

steel container. It was necessary to store the pieces in an electrically

grounded container to remove static charges on the foam. The

weight of the foam would not stabilize if a static charge was present.

Before an extraction, the foam was weighed, the weight was

recorded, and the foam was placed in a 50 mL extraction flask.

All sorption analyses reported in this work use polyurethane

foam pieces and not powder. Polyurethane foam powder can be

made by "freezing" the foam in liquid nitrogen and then "blending" it
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in a stainless steel blender. Liquid nitrogen makes the foam very

brittle so that when it is blended, it breaks apart into very small

pieces. The Woolco brand foam, which was used for most extractions,

could not be made into a fine powder, perhaps as a result of

excessive crosslinking of the polymer chains or by plasticizers still

associated with the polymer. The particle stze of the powdered

Woolco brand foam was determined by passing the foam through a

series of sieves with increasing mesh numbers. The sieves were

stacked on top of each other and the foam was gently washed with

water to help it pass through the sieves. After washing the top sieve,

until no more foam would pass through, the top sieve was removed

and the next sieve was washed. This process was continued for all of

the sieves. The percent of foam remaining in each sieve was

approximated by visual inspection and was 3, 6, 55, 16, 16, and 47o

for sieves with mesh numbers 16,30,44,60, 100, and 200

respectively.

One piece of foam was used per extraction because the foam

pieces were much easier to weigh than the powdered foam. When

the powder was weighed it

outside of the weighing bottle.

static charge from the powder.

analysis because inaccuracies

results.

would often cling to the inside and

It was also difficult to remove all the

Foam pieces were best suited for this

in weighing would lead to inconsistent
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2. Solution Preparation and Extraction Procedure

a. Preparation of Stock Platinum Solutions

Stock platinum solutions were prepared by dissolving platinum

wire in aqua regia. Platinum wire (1.00 g) was placed in a 50 mL

round bottom flask with 20 mL aqua regia (1 HNO¡ : 3 HCI). The

round bottom flask was placed on a hot plate and the solution was

gently boiled for 24 h, or longer if necessary, with continuous reflux.

Once the wire had dissolved, the solution was quantitatively

transferred to a beaker where it was evaporated to dryness. The

residue was taken up in 20 mL of concentrated HCI and evaporated

to dryness three consecutive times. After the final evaporation, the

residue was taken up in 10 mL of concentrated HCI and 5 mg of KCi

was added. The solution was quantitatively transferred to a 1000

mL volumetric flask and diluted to the mark with water. The

resulting solution contained 1000 ppm of platinum in 0.12 M HCl.

b. Freparation of Stock Lanthanum Solution

Lanthanum was used as a releasing agent for the platinum

analysis and was prepared by dissolving LazO3 in HCl. For this

procedure, enough water was added to 62.50 g of La2O3 to give a

thick slurry. The La2O3 was then dissolved in 100 mL of

concentrated FICI in a 250 mI- volumetric flask. The HCI was added in

--^11 ^--^- ¿2¿2^^ t-^^^--^^ ^C ¿L^ ^-,^¿L^-*:^ -a¿---^ ^f ¿L^ Ji^^^1..¿i^-SrrIAlr quarrùrtlçs ut'Uaus(' rJr Llrrr çÃuLIr('Irlrru rr¿1LLrrç \Jr. Lllç (llòb\JluLr\rrl

process. Once all th; HCI had been added, the solution was dituted
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with water to just below the mark on the volumetric flask. Final

dilution with water was done after the solution had cooled to room

temperature and all the La2O3 had dissolved. 'When 1.0 mL of this

solution was diluted to 25 mL, as done for sample preparation, the

resulting solution had a La2O3 concentration of I.}Vo w/v.

c. Solution Preparation Prior to Extraction

The first step in preparing a. solution for extraction was to

dissolve the appropriate amount of tin in a volumetric flask with HCl.

Concentrated HCI was used unless otherwise specified and the

amount of acid depended on the final molarity of acid which was

desired for the extraction. The acid was measured and dispensed

with either a manual repeat dispenser, a buret, or a pipet. Different

amounts of tin were dissolved depending on the volume of solution

which was prepared, however enough tin was used to give a final tin

to platinum ratio of 50:1. An excess of tin(Il) is necessary to

stabilize the platinum-tin(Il) chloride complex as stated in the

introduction. A Sn:Pt ratio of 50:1 was used because smaller ratios

would not maintain the platinum complex, and dissolving enough tin

to give larger ratios was too time consuming. The majority of the tin

dissolved in the first half h after the acid was added. Small particles

of tin would remain for a longer period and it took several h for the

tin to completely dissolve.

Immediately after the tin had dissolved, enough stoek platinum

solution. was added by pipet to give a final platinum concentration of
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80 ppm when the solution had been diluted to the mark. As soon as

the platinum had been added, there was an intense colour reaction.

The colour of the solution ranged from orange to purple depending

on the amount and type of acid which was used to dissolve the tin.

The solution was diluted to the mark with water and mixed

thoroughly by inverting and shaking. This solution was now ready

for the extraction procedure and will be referred to as the extraction

solution

d. Extraction Procedure

Using either a repeating dispenser or a pipet, 50.0 mL of the

extraction solution was transferred to each exffaction flask. The

extraction flasks already contained 20 + 1 mg of polyurethane foam.

The flasks were sealed and secured on a mechanical wrist action

shaker and the solutions were shaken at room temperature, 23o C.

When the extraction time or loading time had ended, the extraction

flasks were removed and the solutions were filtered through

Whatman number 54L filter paper. It was necessary to filter the

solutions in order to remove small particles of foam which were

suspended in solution. Sufficient sample solution was transferred to

a 25 mL volumetric flask containing 1.00 mL stock La solution, to fill

it to the mark. At this point the samples were ready for analysis by

flame atomic absorption spectrometry (AAS).
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e. Standard Solution Preparation

Appropriately prepared standard solutions were necessary for

the platinum determination by AAS. In a typical extraction the

sample solution would be prepared in a 250 mL volumetric flask.

For a satisfactory degree of confidence in the analytical results, four

identical samples were usually prepared for each data point which

was determined. When four aliquots of 50 mL had been removed for

the extraction, there was 50 mL of solution remaining to prepare

standards. According to this procedure, standards were always

prepared from the same solution that the samples were taken. In
this wây, the matrix of the samples was matched with the matrix of

the standards, to give accurate platinum determinations.

The quantitative platinum determination by AAS was a

relative determination and not an absolute determination. The

amount of platinum in solution was determined relative to what it

had been before the extraction. Therefore, preparing standards from

the same solution that the samples were drawn from, ensured an

accurate relative determination.

Standards were prepared by diluting appropriate amounts of

the 80 ppm platinum exfiaction solution in 25 mL volumetric flasks.

The weight of the extraction solution, which was transferred to the

volumetric flasks, was determined on an analytical balance. After

1.00 mL of stock La solution had been added, the solutions were

diluted to the mark with the same concentration of acid used in the

extraction solution. In order to calculate the concentration of the
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standards, it was first necessary to determine the volume of the

extraction solution which had been originally transferred to the

flasks. The volume was calculated from the solution density which

was determined by weighing 25.0 mL in a volumetric flask. An

example of this calculation is given on page 27.

There aÍe several advantages to calculating the volume of

solution from its weight, instead of delivering a known volume by

pipet when preparing standard solutions. The Mettler analytical

balance has great accuracy and precision, measuring weights to

within t 0.0001 g. The same balance can be used to measure weights

for all the standards, while different pipets would be necessary to

deliver different volumes. Since the calibration of pipets varies from

pipet to pipet, inconsistent emors would be introduced by using

different pipets and the volume delivered by a pipet may not always

remain constant over time. When a balance is used, the standards

can be prepared so that their concentrations are exactly those

required to optimize the analysis. The calibration procedure for the

AAS determination required that the concentrations of the standards

differ by a constant amount; therefore, by using a balance, the

concentrations of the standards were not restricted by the integral

volumes of pipets.

3. Calculations

A typical data set from an experiment is represented in Tables

1-3. Key parametets used to follow the extraction aÍe the percent
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extraction, VoE, the distribution ratio, D, and the equilibrium

concentration of platinum sorbed onto the foam, [Pt]ro^r.,. Example

calculations used to derive these parameters, as well as a discussion

of error, is given on pages 22-28.

a. Percent Exft'action of Platinum, 7oE

The percent extraction of platinum by polyurethane foam was

calculated indirectly by determining the concentration of platinum in

solution after the exü'action and by using the following formula.

[Pt]initi"r - [Pt]rioar .......1
VoB = x 100

IPt] iuitiat

An illustration of this calculation is given by the following example.

80.00 ppm - 35.92 ppm
%oE = x 1@ = 55.17o

80.00 ppm

It is assumed that all platinum removed from solution was sorbed by

the foam, and not the extraction flask or any other materials that the

solution came in contact with. This assumption was proven correct in

a later experiment.

Before the VoE was calculated,

of the samples was corrected. Since

mL volumetric flasks containing 1.00

all been diluted by a factor of 24125.

the final platinum concentration

all samples were prepared in 25

mL stock La solution, they have

To correct for this dilution, all
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Table I STANDARDS PREPARATTON

weight of extraction solution. g Pt concentration of standard, ppm
7.0861 2r.98

10.2120 3 | .61
13 .58t8 42.12

Table 2 DATA FROM Pt AAS ANALYSIS

solution [Pt], ppm average individual

high standard 42.12 0.130 0.130 0.130 0.130 0.131
sample 1 3 4.48 0. 1 14 0.114 0.114 0.114 0.113
sample 2 35.61 0.116 0.116 0.116 0.116 0.116
sample 3 34.31 0.113 0.114 0.113 0.114 0.113
sample 4 35.28 0.116 0.115 0.116 0.116 0.115

Table 3 SAMPLE. DATA SET

sample weight [Pt]¡¡nu1, ppm VoE D, L/kg [Pt]rouo,, mol/kg
foam. E

1 0.0202 35.92 55.1 3040 0.559
2 0.0205 37.09 53.6 2820 0.536
3 0.0203 35.74 55.3 3050 0.559
4 0.0198 36.75 54.1 2s7c' 0s60

density of extraction solution = 1.0318 g/mL
average D - 2970 t 110 L/kg
average [Pt]ro"o' = 0.554 t 0.012 mol/kg
average %oE = 54.5 + 0.8Vo

Initial Conditions:
lPtl 80.00 ppm
tHcrl 2.0 M
Sn:Pt 50: I
solution volume 50.0 mL
foam type polyether, Woolco brand
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sample concentrations were multiplied by zslz4, prior to voE

calculations.

b. Distriburion Ratio, D (L/kg)

The distribution of platinum between the solution phase and

the foam phase can be quantified by using the distribution ratio,

which is defined as follows.

concentration of platinum in foam ..._...2
D-

concentration of platinum in solution

The distribution ratio can be used to describe any substance which

partitions itself between two phases. The extent of extraction from

one phase to another will vary according to the relative volumes of

the two phases. However, in theory, the distribution ratio will
remain constant in all cases. Therefore, D is a convenient method of

comparing one extraction to another.

Since the amount of platinum in the foam phase is proportional

to voE and the amount of platinum remaining in solution is
proportional to IOO-VoE, equation 2 can be simplified to:

VoEV

D- .......3
(100 - %oE)W

where V is the volume of the extraction solution in litres and W is
the weight of the foam in kg. This calculation is given in the

following example.
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D_

The concentration of platinum

extraction is the parameter used

sorptive capacity of the foam. The

calculate this concentration.

(55.1X50.0x 10-: L)
= 30/.0 Lke

(100.0 - 55.1X0.0202xt0-: kg)

c. Concentration of Platinum in Foam, [Pt]rou* (motlkg)

sorbed on the foam after the

for the determination of the

following equation was used to

(moles Ptiniti"r) ( %oE I I 00) .......4

[Pt]ro"- -
w

The amount of platinum initially in solution before the extraction

was the number of moles in 50.0 mL of the 80 ppm platinum

solution. Accordingly, there were always 2.05x10-5 moles. An

example calculation used to determine the concentration of platinum

on the foam is given below.

(2.05x10-s mol)(55.1i100)
lPt]roam = = 0.559 mol/kg

O.O202xt0-¡ kg

d. AAS Standards Calculations

When a number of measured quantities are used in a

computation, there is an uncertainty introduced into the computed

result. If the uncertainty in each quanti.ty is a smatrl fraction of the

quantity itself , there are certain rules which can be used to
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determine the precísion of the computed result Q4). The purpose of

the following section is to show how the concentrations of the

standard solutions used in the AAS determination were derived and

to calculate the uncertainties in these analyses. As previously

explained, the standard solutions were prepared by díluting the

initial 80 ppm platinum extraction solution. The volume of the

extraction solution which was dituted was determined from its

weight and density. An example of this calculation is given below.

weight of solution, g .......5
density =

volume of solution, mL

= 25.7952 + 0.ffi01 g
= 1.0318 + 0.0010 g/-I-

25.000 + 0.025 mL

The analytical balance measures weights to within + 0.0001 g.

The error in volume of the 25 mL volumetric flask used for this

determination may be taken as O.Lvo of the total volume or 0.025 mL

(24). From these limits of error, the uncertainty involved in the

density, Ådensity, can be calculated from the following equation.

Âdensity =

The uncertainty

result with the

density[(aweight/weight)2 +
(Av olume/volume ¡z1r lz

1.03 1 S[(0.0001 125.7952)2 +
(0'025125 '000721t rz

0.0010 eltnl-

.......6

in the fesult

square root

has

of

been given by the product of the

the sum of the squares of the
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individual fractional errors. The volume

used to prepare a standard is calculated

to:

the extraction solution

rearranging equation 5

of

by

weight of solution, g

volume =

An example of this

density of solution, g/ml-

calculation is as follows.

IO.LLÀO + 0.0001 g
volume = = 9.8973 + 0.0096 mL

1.0318 + 0.0096 mL

The uncertainty in the volume has been derived in the same way as

the uncertainty in the density. The platinum concentration of the

standard solution can now be calculated from the following equation.

([Pt]ioiti"r)(volume of exrracrion solution) .......7

lPtl =
final volume of standard

(80.00 ppm)(9.8973 + 0.0096 mL)

- 3I.67 + 0.04 ppm
25.m0 + 0.25 mL

The spectrAA series software, used in conjunction with the

SpectrAA-20 atomic absorption spectrometer, allows up to four

significant figures to be entered for the standard values. In order to

take full advantage of the computational capabilities of the

spectrometer, standard concentrations had to be prepared with at

least four significant figures. The. uncertainty in the platinum

concentration of the standard, from the above caicuiation, is a very

small fraction of the concentration itself, O.lVo. Therefore, it can be
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concluded that the four

of the standard solutions

digits given for the platinum concentrations

are all significant.

e. Uncertainty Representation

The uncertainties reported for D, [Pt]ro^-, VoE, and any other

averaged value represent the standard deviation, Sx, from the mean,

i, when four replicate values, n, are averaged. The equation used to

calculate the standard deviation is given below.

sx = [nEx2 - (Ex)2/n(n - t¡1tlz .......8

This formula gives the best estimate of the population standard

deviation from the sample data. The standard deviations which are

reported indicate the validity and precision of the data. In

experiments where data is presented graphically, error bars are

often included which represent the standard deviation of that data

point.
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rV. {NTER.F''ÐR,ÐNCES .&NÐ C.4L[tsR,.{T'ÏTN OF' .ET'OM[C
.ABS OR.PT'ÏON SPECT'R.TMETÐR.

For this study, all platinum concentrations were determined by

atomic absorption spectrometry (AAS). AAS has been used

successfully for many years in the determination of the noble metals,

although there are several associated interferences. Interferences in

AAS can be divided into several categories which include adaptation

effects, spectral interference, background absorption, ionization

effects, physical interference, and chemical interference.

A. ADAFTATION EFFECTS

Maessen s¡ ql. (25) showed that the aspiration of acids, such as

HCl, influences the time required to reach steady state conditions in

ICP-AES analysis. He showed that when a sample solution with a low

acid concentration is introduced into a nebulizer conditioned with a

concentrated acid, it takes several minutes before the signal reaches

a constant level. Effects of this type are called adaptation effects and

can be overcome by aspirating a solution with the same acid

concentration as the standards and samples prior to the analysis. To

minimize this effect, the atomic absorption spectrometer was

warmed up for approximately 20 minutes, during which time a

platinum solution containing the same acid concentration as the

samples and standards was aspirated. It was found that by

conditioning the spectrometer in this way, systematic errors were

prevented.
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B. SPECTRAL INTERFE,RENCE

Spectral interferences occur when the absorption profile of

another element cannot be resolved from the absorption line of

interest. This type of interference is dependent on the resolving

power of the monochromator and is usually not a serious problem

because of the narrow width of atomic absorption lines. The

analytical absorption line which was used for the platinum analysis

for this study is at 265.9 nm. Of all the prominent absorption lines

from other elements added to the solution matrix, the absorption line

of tin at 266.1 nm is the closest to 265.9 nm. There is probably some

spectral overlap between tin and platinum, however there is no

difference in the absorbance signal for Sn:Pt ratios ranging from 25

to 100 on the Varian spectrometer. Any potential spectral

interferences were overcome by closely matching the matrices of the

standards and samples.

C. BACKGROI]ND ABSORPTION

Background absorption occurs when a molecular species which

exists in the flame has an absorption profile that overlaps that of the

element of interest or when particles in the flame cause tight

scattering. This will result in a decrease in beam intensity.

Molecular absorption occurs when matrix species are vaporized along

with ihe analyte and absorb a portion of the resonance iine emitted

from the light source. Particulate matter in the flame can come from
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unevaporated droplets but usually comes from refractory salt

particles. Correction for background absorption and scattering is

performed by measuring the total absorption signal and subtracting

from it the nonatomic portion. This can be accomplished

automatically with modern instrumentation.

Background absorption is a very serious problem with

electrothermal atomizers but is seldom encountered in flames, except

in analyses near the detection limit. It is also more of a problem in

wavelength regions below 250 nm. A platinum determination was

performed with and without background correction to determine

whether background absorption was a problem. For sample

conditions of 2.2 M HCI and a Sn:Pt ratio of 50:1, the platinum

concentration of the same sample was determined to be 39.21 ppm

with background correction and 40.48 ppm without. Since there is

very little difference between these two values, background

correction was not used for further analyses.

D. IOMZATTON EFFECTS

When elements which have very low ionization potentials are

introduced into the flame, they can become ionized reducing the

free-atom population of the analyte and lowering sensitivity. When

ionization interference is a problem, the calibration curve shows a

positive deviation from Beer's law because the ratio of ionized to

unionizeci aioms is concentration ciepencient anci this ratio ciecreases

at higher concentrations. The calibration curve, seen in Figure 4,
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shows negative deviation from

interference is not a factor in this

Beer's 1aw, therefore ionization

platinum analysis.

E. PI{YSICAL INTERFERENCE

Physical interference results

or properties of the sample and

Examples of these characteristics

Solutions with different viscosities

the nebulizer at different rates.

populations can result in the flame

the solutions ate the same.

when the physical characteristics

standard solutions aÍe different.

aÍe viscosity and surface tension.

travel up the capillary and into

Therefore, different free-atom

when thp analyte concentration in

Greenfield et aI. (26) studied the effect of high acid

concentrations in the sample solution on signal intensity when an

inductively coupled plasma was used as the excitation source. He

showed that mineral acids, including HCl, reduced the intensity by a

factor which correlates well with the expected reduction in sample

uptake caused by increased viscosity. When the HCt concentration

changes, the changes in surface tension aÍe not very large when

compared to the changes in viscosity. Although Greenfield studied

this effect using an ICP spectrometer, the same principle will apply

to AAS.

The problems which result when the same standards are used

to analyze solutions with changing viscosities is illustrated in Table 4

and Figure 2. Since the reiative viscosity of concentrateci i{Ci

compared to water is 2.0, increasing the concentration of HCI will



33

Table 4 EFFEcr OF f{CI
ANALYSIS

CONCENTRATION ON TT{E PLATINUM
a

s ample [HCI], M average actual
absorbance lPtl nnm f Ptl nnm

determined

I
2
aJ
4
5

6

7

1.0
2.0
2.9
3.9
4.8
5.8
6.8

0.t7l
0.1 75
0.r72
0.1 69
0.1 63
0.1 60

3 9.95
39.93
39.94
39.93
39.94
39.9s

41.02
40.34
39.25
3 8.15
36.69
35.47
34 050.15.5 39.94

tHcll of standards
Sn:Pt

2.0 M
50: I



Figure 2. Effect of HCI concentration on the
platinum analysis.
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increase the viscosity of the solution. As the viscosity of the

platinum containing solution increases, there is a decrease in the

amount of sample solution which can pass up the capillary and into

the nebulizer. This results in fewer ground state platinum atoms in

the flame and causes an apparent reduction in the platinum

concentration calculated in solution.

Since the standards used for the platinum determination of

Figure 2 have a 2.0 M HCI concentration, the determined platinum

concentration should equal the actual platinum concentration when

the sample solution has a 2.0 M HCI concentration. However, Figure 2

shows that the two lines intersect at a value greater than 2.0 M HCl.

This result is expected because the type of calibration procedure

used has a bias towards determining sample concentrations which

are slightly larger than they should be. This bias is explained on

page 46.

This present study investigates platinum sorption by

polyurethane foam in HCI concentrations ranging from 1-6 M.

Therefore the importance of standards having HCI concentrations

different from those of samples is significant. For example, if the HCI

concentration of the standards is 1.0 M and the sample HCI

concentration is 5.8 M, then the difference between the actual

platinum concentration and the calculated platinum concentration

would be 5.55 ppm (41.02 ppm - 35.47 ppm). In terms of the

distribution ratio, D, the actual D should be 2375 t-lkg while the

caiculated D wouid be 3i38 Llkg. These results show that it is

necessary to match the HCI concentration of the samples with the
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standards. Therefore,

matrix-matched in terms

the standards and samples were always

of HCI, HBr, and HI in this study.

F. CF{EMICAL TNTERFERENCE

Chemical interference occurs when the analyte remains in a

chemical compound which is not broken down by the flame; this

results in a lower concentration of analyte atoms which can be

detected. In flame AAS, chemical interference can be reduced by

using a, higher temperature flame or by adding a releasing agent.

Releasing agents are substances which, when added in

sufficient quantities, will restore the absorption signal to the value

obtained in the absence of the interferent. Although the process by

which releasing agents function is not completely understood,

equation 9 shows a probable mechanism.

excess R
M-X : R-X+M .......9

In this example, M is

releasing agent. Mass

the right and produce

platinum analysis, La

(18,20,27,28).

The effect that La

Sn matrix is illustrated

the analyte, X is the interferent, and R is the

action dictates that the reaction will proceed to

a higher proportion of free atoms, M. For

is known to be a very good releasing agent

has on the analysis of

in Table 5 and Figure

platinum in a HCI and

3. In this experiment,
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Table 5 EFFECT OF I¿zOg ON ABSORBANCE

sample weight La2O3, g VoLa2O3, wlv average absorbance
t std. dev.

1*
2
-J
4
5

6

7

8

9

10
11

*no Sn added to
Sn:Pt
IPt]
tHCrl
sample volume

o.oll z
0.02 I 5
0.0297
0.04 1 6

0.05 0 I
0.0617
0.07 0I
0.07 97
0.0910

o.iiz
0.2t5
0.297
0.41 6

0.501
0.6t7
0.708
0.7 97
0.9 10

0.256 r 0.001
0.060 r 0.001
0.153 r 0.001
0.192 r 0.001
0.211 r 0.001
0.235 r 0.001
0.247 + 0.001
0.257 + 0.001
0.264 + 0.001
0.269 r 0.001
0.272 r 0.001

12 0. l0l0 1 .010 0.275 r 0.001

this sample solution
50:1, for samples 2-12
100 ppm
2.0 M
10.0 mL



Figure 3. Effect of lanthanum
absorbance when tin is present as

concentration
an interferent.
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twelve samples were prepared all having the same platinum

concentration. Sample 1 contained no Sn and no La, sample 2

contained Sn but no La, and sample 3 through 12 contained the same

amount of Sn and increasing amounts of lanthanum solution. The

difference in absorbance between samples 1 and 2 shows how Sn

acts as a chemical interferent. The presence of Sn drastically reduces

the absorbance from 0.256 to 0.060. As increasing amounts of La are

added, the absorbance signal also increases. Figure 3 shows that

adding La in excess of l.OVo La2O3 wlv would not have an appreciable

effect on the absorption signal. Therefore, for all further analysis the

standards and samples contained I.OVI La2O3 wlv.

G. CALIBRATION PROCEDURE

In AAS, the relationship between absorption and concentration

is established in the calibration procedure. This entails constructing

a calibration graph of absorbance versus concentration. A curve of

best fit is drawn through a series of points obtained by measuring

the absorbance of a' series of .standard solutions. Methods of

calibration which can be used are standard additions, bracketing

standards, and standard curve analysis.

Ideally, a calibration graph of absorbance versus concentration

will produce a straight line which passes through the origin.

However, it is very common for calibration curves to bend towards

the concentration axis at the upper end of the concentration range.

This occurs if several spectral lines with differing molar absorptivity
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fall on the detector and results from the failure of the

monochromator and slit system. Another cause of curvature is the

decrease of degree of dissociation with increasing concentration. This

results in a lower proportion of free atoms being available at higher

concentrations.

Under certain circumstances, the calibration curve bends

downwards over its entire length. This results from a relationship

between the absorption and emission linewidths. For a linear

calibration curve, the linewidth of the emission source must be

narrower than the absorption linewidth. A non-linear calibration

curve will result if the emission linewidth is broader than the

absorption linewidth. See Figure 4.

Line broadening occurs because of self-absorption, the Doppler

effect, and collisional processes. Under normal circumstances,

emission in hollow cathode lamps occurs in an inert atmosphere and

at reduced pressure so that there is little opportunity for collisional

broadening of the emission line. In contrast, atoms in flames aÍe

near ambient pressures and collisional broadening occurs.

The consistent curvature, which is seen in Figure 4, could be an

indicator of the quality of the hollow cathode lamp which was used.

If the lamp did not maintain its pressure seal, the pressure inside the

lamp would be similar to the pressure in the flame; this would cause

the absorption and emission linewidths to be similar in size because

collisional broadening would be similar in both cases. Another factor

which could contribute to line broadening in the lamp is the use of an



Figure 4. Calibration curve for the platinum
determination by AAS.
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excessive lamp current. This, however, seems unlikely since

lamp current used for all analyses was the recommended

moderate current of 10 mA.

The information on Table 6 was used to construct the

calibration curve of absorbance versus platinum concentration in

Figure 4. This curve was constructed in order to determine which

method of calibration would be best suited for future platinum

analysis. For the remaining work, the concentration of platinum

before extraction was always 80 ppm. Therefore, it was appropriate

to determine the characteristics of the calibration curve from 0-80

ppm of platinum.

As already determined, the calibration curve bends downward

over its entire length, which makes the method of standard additions

inappropiiate for this analysis. For this calibration technique, the

concentration of the analyte is determined by extrapolating the

calibration curve. If the instrument response is a linear function of

analyte concentration, then the extrapolation can be done with a

minimum of error. However, if the calibration curve is nonlinear it is

impossible to extrapolate the curve accurately, and other methods of

calibration are necessary.

Table 7 compares the platinum determination when using the

bracketing standard and the standard curve method of calibration.

'With the bracketing standards calibration procedure, two standards

aÍe used to bracket the concentration of the sample That is, one

standard is of lower concentration and the other standard is of

the

and
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Table 6 DATA FOR CALIBRATION
CONCENTRATIOI.I VERSUS

CURVE OF PLATM{UM
ABSORBANCE

standard IPtl. ppm averaee absorbance t std. dev.
1

2
J
4
5
6

7
8

9

0.00
9.94

I 9.80
29.89
39.93
49.69
s9.96
7 0.02
77.12

-0.00r f 0.001
0.051 f 0.001
0.090 r 0.001
0.1.24 * 0.001
0.149 r 0.001
0.171 r 0.001
0.191 + 0.001
0.207 r 0.001
0217 + OOOI

tHCll
Sn:Pt

2.2 M
50:1
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Table 7 COMPAzuSON OF TT{E BRACKETING STANDARDS AND
STANDARD ST]"RVE METHODS OF CALIBRATION

standards
[Pt], ppm

s ample
lPtl, ppm

bracketin g standards standard curve
determined Vo determined Vo

l'Ptl. DDm diff. tPtl. DDm diff.
1 9.80
29.89
39.93
49.69
59.96

24.7 0
34.94
45.tt
55.15

25.07
35.35
45.83
55.43

-1.50
-1.t1
-1.60
-0.51

24.58
34.24
44.43
54.25

0.49
2.00
I .51
1.63

tHCrl
Sn:Pt

2.2 M
50: 1
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higher concentration than the sample. The lower standard is not

required to be the origin. The absorbance values for the two

standards are plotted on a calibration graph and a straight line is
drawn. The concentration of the sample is then read from the graph.

For the standard curve method a small number of standards in

increasing concentration, as well as a blank, are prepared to cover

the concentration range. Once again, the absorbance of the standards

is plotted against concentration. If the curve is nonlinear, as in this

case, modern instrumentation will automatically determine a best-fit

curve. The SpectrAA series software used for this analysis, uses a

rational parabolic curve fitting procedure. All of the standards

shown in Table 7 were the same as those previously used in Tabte 6.

The same samples were used for both calibration methods. The low

values for the percent difference, between the actual [Pt] and the

determined [Pt], indicate that either method would be appropriate.

The bracketing standards method was chosen for all platinum

determinations in this study. The advantage of this technique is that

very few standards are required to analyze samples which are in a

narrow concentration range. This results in fast and efficient

standard solution preparation. The concentrations of the bracketing

standards must be carefully selected so the samples are within their

concentration range. But, they must also be spaced close enough in

concentration so that the calibration curve is nearly linear between

the two points. Three standards were normally prepared for each

analysis, although only two standards were used in the actual

determination. Preparation of the standards was based on prior
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knowledge of a particular extraction or from a preliminary analysis

which indicated the approximate concentration of the samples- The

absorbance values of the samples from this preliminary analysis

were compared with previous analyses to determine the

approximate concentration of the samples. In this way, the

concentration of the samples was normally within the concentration

range of the three standards. Table 7 shows that accurate results can

be obtained if the difference in the platinum concentration of the

standards is approximately 10 ppm. Therefore, for all further

analyses, the standards were always separated by this amount.

When the calibration curve bends toward the concentration

axis, the bracketing standard method will always have a bias

towards producing higher determined sample concentrations than

the actual sample concentration. Depending on what type of

calibration curve is drawn, different values for analyte concentration

can be determined. Figure 5 shows that a linear calibration curve,

from the bracketing standards method, gives concentration values

which are higher than they should be. However, this elror is

minimized by minimizing the difference in the concentration of the

bracketing standards. Also, the closer the concentration of the

sample to the concentration of either of the standards, the smaller

the error will be.

To check the instrument reproducibility, a. test was performed

on two bracketing standards and one sample. First, the two

standards were aspirated anci their absorbances were recorded by

the spectrometef. Then the sample was analyzed. This procedure



Figure 5. Illustration of bias in the bracketing
standards method of calibration.

â1,...........absorbance
c1............actual sample concentration
c2............determined sample concentration
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was repeated 19 times and rhe results are displayed in Table g.

V/ithin one standard deviation of the mean, the measurement of the

platinum concentration was determined to an accuracy of better than

2.jVo. This compares favorably with previous platinum

determinations under similar conditions, were the accuracy was

reported to be better than 5Vo (18) and 2.5qo Qt).
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Table B DETERMINATION OF ACC]URACY AND PRECISION OF'

BRACKETING STANDARDS CALIBRATION METHOD

ab s orbance abs orbance absorbance determined
low standard high standard sample lPt'ì. ppm
0.129
0.131
0.1 34
0.13s
0.1 34
0.135
0.135
0.1 34
0.1 34
0.1 34
0.1 35
0.1 35
0.r34
0.1 35
0.1 35
0.1 34
0.135
0.1 36

0.1 55
0.158
0.1 59
0.161
0.161
0.161
0.160
0. 161
0.161
0.161
0.t62
0.t62
0.1 60
0.1.62
0.161
0"161"
0.162
0.159

0.144
0.r46
0.r47
0.149
0.t49
0.149
0.1 48
0.149
0.1 49
0.1 49
0.1 50
0.1 48
0.1 49
0.149
0.147
0.1 49
0.149
0.r47

35.'t 5
3 5.50
35.26
35.r3
35.46
35.46
35.33
35.34
35.38
35.66
35.36
34.66
35.7 0
35.31
3 4.63
35.7 6
3 5.19
34.64
35.710.134 0.161 0.149

actual [Pt]
determined [Pt]
tHCll
Sn:Pt

35.01 ppm
35.33 + 0.36 ppm
2.2 M
50:1
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V. R.ES{JT.T'S .ANÐ ÐTSC{JSSTON

A. PRELIMINARY RESULTS

1. Blank Extraction with no Foam

The purpose of this experiment was to determine whether the

decrease in platinum concentrations observed in subsequent

extractions where foam was used could be wholly attributed to the

presence of the foam. An extraction was performed under typical

extraction conditions, but no foam was added to the extraction

solutions. Table g shows the extraction conditions which were in

effect. If the final platinum concentration was different from what

was originally in solution, then the change in concentration would

have to be attributed to factors other than foam sorption. Factors

such as solution evaporation and selective sorption of platinum onto

non-foam materials would affect the platinum concentration in

solution.

Loss of sample solution by evaporation would cause the

determined platinum concentration to be greater than it should be.

Therefore during the course of sample preparation for an extraction,

care was exercised to avoid loss of solution through evaporation. The

extraction solutions were transferred from the volumetric flasks to

the extraction flasks as quickly as possible and the extraction flasks

were tightly sealed with threaded lids. All volumetric flasks were

sealed prior to analysis and the extraction solution was never

exposed unnecessarily to the atmosphere. Also, the sorption of
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platinum onto anything other than foam would cause the %oE being

greater than it should be.

The results from this experiment in Table g show that the

initial platinum concentration is the same as the averaged final

concentration to within one standard deviation of the mean. This

indicates that the extraction flasks, änd other materials which contact

the solution are inert towards the platinum complex. It is assumed

that the foam is solely responsible for removing platinum from

solution and that evaporation losses ate negligible.

2. Extraction of Platinum(IV) by Polyurethane Foam

This experiment was carried out to determine the extent of

platinum extraction in the absence of tin halides. The stock platinum

solution contains platinum as PtC6z-. When Ptctuz- is added to a tin

(II) chloride solution, platinum forms complexes of thg rype

tPt(SnClg)nCt +-..fz.- (n=1-4) and [Pt(SnCl3)5]3- (1e,21). This experimenr

can be used as a basis of comparison to show the effect of various tin

halides.

The results from this experiment aÍe shown in Table 10. The

final concentration of platinum , 4t 79.L8 + 0.64 ppm is not

appreciably different from the blank extraction where no foam was

added (80.23 + 0.39 ppm). Although the distribution ratio indicates

that some platinum is sorbed onto the foam, the VoE is very small. In
this case, the value for the final concentration of platinum is a more

reasonable parameter to describe the extraction.
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T'able I BLANK EXTRÄCTION WÏTH NO FOAM

sample lPtlr;nal. PPm
r 79.75
2 80.52
3 B 0.07
4 80.56

average lPt]rinar 80.23 t 0.39 ppm
[Pt]initiur 80.00 ppm
Sn:Pt 50:1
loading time 24 h
volume of solution 50.0 mL

Table l0 EXTRACTION OF PLATINUM AS PtCçz-

samnle weisht foam- s lPtlfinal. DDm %oE D. L/ke
1 0.0196 78.32 2.t0 5 5

2 0.0200 79.86 0.18 4
3 0 .0202 79.24 0.95 24
4 0 0201 79.29 0-89 22

average lPt]ri"al 79.18 t 0.64
average D 26 t 2I Llkg
average VoE 1.0 f 0.8

[Pt]initi"r 80.00 ppm
tHcrl 2.2 M
loading time 24 h
volume of solution 50.0 mL
foam type polyether, Woolco brand
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Koch and Nel (19) equilibrated polyether-based polyurethane

foam with Ptcluz- in HCI solutions ranging from 0.5 - 3.0 M HCl. They

reported, that for ali cases, less than lVo of the total amount of

platinum was sorbed by the foam in 1,2 h. This compares very well

with the results from Table 10. Since the final platinum

concentration from Tables 9 and 10 are nearly equal, there is very

little platinum (IV) chloride sorbed by the foam, if any at all.

B. EFFECT OF TFIE FOAM:PLATINUM RATIO ON TFIE EXTRACTION

OF PLATINUM

This experiment . was devised in order to determine the

sorptive capacity of the Woolco brand polyurethane foam for

complexes of platinum of the type [Pt(SnCt3)nCl+-r,]2- (n=1-4) and

tPt(SnCtg)sl3-. The sorptive capacity of the foam, measured in moles

of platinum per kilogram of foam, is a useful parameter which is

used to compare the maximum extractive ability of polyurethane

foams. Once the capacity of the foam was known, future extractions

were performed well below the capacity by conuolling the foam to

platinum ratio. In this way, any positive changes in the distribution

ratio would be observable.

The exh-action of metallic species (M) by polyurethane foam (F)

is illustrated in the following equilibrium.

Mlaq¡+F : MF .......10
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Table 11 EFF'ECT OF THE FOAM:PLATINUM RATIO ON Tï{E
EXTRACTON PARAMETERS

sample weight foam. g 7oE D. L/kg lPtlroa-. mol/kg
I
2
aJ
4
5

6
7

0.0020
0.0022
0.0019
0.0023
0.0023
0.0023
0.0019

8.18
10.2
8.3 8

9.35
9.64
8.7 I
8.42

223 0
2580
2410
2240
2320
2080
2420

0.83I
0.948
0.904
0.83 4
0.85 9
0.777
0.909

R OOO?,2 Rll 2010 0.756
9

10
11
L2
13
L4
15

0.0040
0.003I
0.0044
0.0044
0.0044
0.00 3 I
0.0044

I 6.0
14.0
16.2
16.1
t7 .1
15.5
15.8

23 80
21 40
2190
2180
23 40
2420
2t30
237 0

0.820
0.753
0.7 53
0.751
0.7 95
0.83 8

0.7 36
0.82216 0.0038 15.2

24 0.0064 2t .4 2120 0.684

t7
18
r9
20
2l
2Z
23

25
26
z7
28
29
30
31

33
34
35

0.0059
0.0057
0.0062
0.005 9
0.0061
0.0061
0.005I

0.0082
0.0079
0.00 8 0
0.00 8 0
0.007I
0.00 8 0
0.0081

0.0120
0.0121
0.0119

)r',
2r.t
2r.7
20.4
2r.l
20.4
21.8

26.7
25.9
25.r
26.0
26.3
26.0
25.9

36.5
38.2
36.1

2420
23 40
2230
2t7 0
2190
209 0
2400

2220
22r0
2100
2190
229 0
2200
2t 60

2400
2550
237 0

0.77 r
0.7 57
0.7 L7
0.7 07
0.710
0.684
o.'17 L

0.666
o.672
0.643
0.666
0..692
0.666
0.656

0.624
0.647
0.627

36 0.0120 38.3 ZSqO o.6ss

* sample was spoiled and could not be used
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Table 11 CONTINUED

sample weight foam. g 7oE D. L/kg lPtlroam. mol/kg

40 0.0171 50.5 2990 0.606

JI
38
39

4t
42
43
44

0.0169
0.0171
0.0169

0.02t9
0.0219
0.0222

52.2
50.0
49.2

62.1
62.9
63.5

3230
2920
287 0

37 40
3 870
3930

0.633
0.5 60
0.597

0.581
0.589
0.5 87

o.o2r9 63.2 3 900 0.591
45
46
47

0.0269
0.026 I
0.026 8

7 4.0
7 4.6
7 4.2

5290
5470
5360

0.5 64
0.570
0.567
0.5654R O.O270 7 4.4 537 0

49
50
51

0.03 19
0.032r
0.03 20

85.4
85.7
85.6

9t70
9310
927 0

0.549
0.547
0.548
o.5445) OOI)] 85.2 8970

56 0.0369 92.9 18.000 0.516

53
54
55

57
58

6L
62
63

0.037 2
0.03 69
0.037 r

o.0429
0.043 0

0.047 9
0.047 9

0.047 8

93.7
94.5
93.9

98.7
9 8.9

20,000
23,200
20,900

87,600
9 9 ,900

0.517
0.525
0.519

0.47 2
0.47 |

0.426
0.426
0.427

59 0.0431 98.8 95,500 0.470
60 0.0432 98.8 93.300 0.469

99.4 180,000
gg.4 185,000
99 .5 203,000

64 0.0481 99.6 259.000 0.425

IPt] initiul
tHcrl
loading time
volume of solution
foam type

80.00 ppm
2.0 M
24h
50.0 mL
polyether, Woolco brand
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Table tz AVERAGED RES{.ILTS OF TABLE 11

weight foam IPt]ro^*
t std. dcv.. g t std. dev.. Llkg t std. dev.. mollkg
0.0021 r 0.0002
0.0041 r 0.0003
0.0060 f 0.0002
0.0080 r 0.0001
0.0120 r 0.0001
0.0170 + 0.0001
0.0220 r 0.0002
0.0269 + 0.0001
0.0320 + 0.0001
0.0370 r 0.0002
0.0431 r 0.0001

2280 r 190
2270 r r20
2250 r 130
2190 r 60
2480 r 1 10
3000 + 160
3860 * 80
5310 r 80
9180 r 150

20,500 t 2300
94,100 t 5100

0.853 r 0.070
0.784 r 0.040
0.725 r 0.036
0.666 r 0.015
0.637 + 0.017
0.609 f 0.017
0.587 r 0.004
0.567 r 0.003
0.547 r 0.002
0.519 r 0.004
0.471 * 0.001

0.0479 r 0.0001 207.000 r 36"000 0.426 r 0.001
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foam were then equilibrated for 24 h on a wrist action shaker. On a

different day, the same procedure was used to determine the

sorptive ability of the foam for foam weights from 12 to 48 mg.

There was much more error in the extraction results when

lower foam weights were used. This can be explained in two ways.

First of all, there was a larger error involved in weighing small foam

samples; as heavier samples were weighed, the fractional error

involved in their weight decreased. Secondly, larger samples of foam

represented a more homogeneous representation of the foam. When

smaller amounts of foam were used, there likely was heterogeneity

between foam samples. To overcome this problem and to obtain

meaningful results, more samples were prepared when low foam

weights were used.

It was expected that the capacity of the foam would be reached

at low foam weights, and that at higher foam weights, the

concentration of platinum on the foam would be less than the

capacity. This would cause the curve for [Pt]ro^* versus the weight of

foam to plateau at low foam weights and have a negative slope at

higher foam weights. In the plateau region of the curve the capacity

of the foam would be reached. The y-intercept, obtained by

extrapolating a straight line from the plateau region, would then be

the capacity of the foam. Figure 6 shows what the effect of changing

the weight of foam is on the concentration of platinum on the foam.

The results were not what was expected.



Figure 6. Effect of the foam:platinum ratio on the
concentration of platinum on the foam.
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Figure 6 shows no plateau region. To the conh'ary, at low foam

weights the curve has a more negative slope than at high foam

weights. However, an estimation of the capacity of the foam can stiii

be obtained from this figure. Somewhere between 0 and 2 mg of

foam the curve must plateau, indicating that the capacity of the foam

has been reached. This region of the curve is not observable because

foam weights below 2 mg cannot be used with any accuracy. Since

there is no plateau region, the capacity of the foam must be greater

than the amount of platinum on the foam when the foam weight is 2

mg. The y-intercept represents the upper limit for the capacity. The

y-intercept, obtained by extrapolating the straight line from 2, 4, 6,

and 8 mg of foam, is 0.92 molikg. The correlation coefficient for this

line is -0.999, which shows that the relationship between [Pt]¡o"* and

low foam weights is linear. These results show that the capacity of

the Woolco brand foam is somewhere between 0.85 and 0.92 mol/kg.

These results show a high capacity when compared to the

results of other researchers. Koch 1t9) reported a capacity of 0.5

mollkg for a platinum extraction from acidic solutions containing tin

(II) chloride; the type of foam used for this study was a B0 + 20

mixture of polyethylene oxide and polypropylene oxide. Jones (9)

reported a capacity of 0.51 molikg for a rhodium extraction from

hydrochloric acid solutions containing tin (II) chloride. He used a

polyether foam which was IOOVo polypropylene oxide. The Woolco

brand foam is a polyether foam, but no information is available

regarding the type or proportion of ethers which make up the

polymer chains. It is possible for foams of the same chemical
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composition to have different sorptive abilities. These differences

can be due to different manufacturing processes which can aff.ect the

crystallinity, molecular weight, and degree of crosslinking. For

example, Hamon Q3) showed that the cation chelation mechanism

operates most efficiently when the molecular weights of the polymer

chains are large and when the polymer is in the crystalline isomeric

configuration. Therefore, it would not be surprising to see different

capacities reported for polyurethane foams of the same chemical

composition. It is even less surprising to see different capacities

reported for polyurethane foams which differ chemically.

By visual inspection, the curve in Figure 6 can be divided into

different sections based on the slope of the line. There is an obvious

inflection point at 8 mg of foam where the slope of the line abruptty

changes. This suggests that there could be more than one type of

binding site on the foam which can extract the platinum complex. To

investigate this possibility, a Scatchard plot analysis was undertaken.

In lg4g, George Scatchard QÐ described a graphic method for

determining parameters of binding systems involving pioteins with

small molecules and ions. Although this method was first used to

describe ligand-acceptor binding data in the biological sciences, it can

also be used to describe the extraction of metallic species. Sposito er

ql.(3t,32) used the Scatchard plot method to study the cupric ion

complexation by fulvic acid extracted from sewage and sludge.

Mantoura and Riley (33) studied the type of metal binding sites

between humic acid and the cupric ion using this methoci. There has

also been a study (34) of the extraction of cadmium from waste
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also been a study (34) of the extraction of cadmium from waste

waters using poly(iminoethylene) containing N-dithiocarboxylato

groups, which showed that there are rwo types of binding sites for

cadmium. In the case of platinum extraction by polyurethane foam,

the results can be treated by the scatchard method as follows.

K(n¡-ñ) "......1 I
IPt]rin"l

n

where ñ = weight of platinum bound to foam, g

weight of foam, g

K- conditional formation constant

ni = maximum grams of platinum bound
per gram of foam, by all sites on the
foam

[Pt]rinul = concentration of Pt in solution
after the extraction, M

A plot of ñ/[Pt]rinu¡ against ñ will be a straight line if there is only

one type or class of binding site on the foam, and the slope of the line

will be equal to -K. Flowever, Figure 7 shows curvature of the

Scatchard plot which indicates rhar more than one type of binding

site is present (30), each having its own unique formation constant

(K). As ñ -) 0, rhe asymproric slope is very sreep which indicates rhe

presence of a very tightly bound platinum complex. In comparison,

as ñ/[Pt]nnu + 0, the asymproric slope is nearly flat, revealing the

presence of a very loosely bound platinum complex with a much

smaller formation constant.



Figure 7. Scatchard plot of platinum extracted by
polyether-based polyurethane foam.
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The possible mechanisms of polyurethane foam extraction

include solvent extraction, ligand exchange, strong- and weak-base

anion exchange, and cation chelation. Each mechanism wilt have its

own unique formation constant between the foam and the extracted

species. Foam extractions are normally explained on the basis of one

extraction mechanism. However, the curvature of the Scatchard plot

indicates that at least two mechanisms can function on the same

foam.

Figure 8 shows the relationship between the distribution ratio

and the weight of foam when all other exffaction conditions are kept

constant. In theory, the distribution ratio should remain constant

when different ¡atios of foam to platinum are equilibrated. But,

Figure I shows that the distribution ratio increases dramatically as

the foam:platinum ratio increases. This upward curvature can be

explained if the foam extracts platinum by more than one

mechanism. The Scatchard plot has already shown that there aÍe at

least two different types of extraction sites, whose formation

constants differ greatly. If the site which has the high affinity for

the platinum complex also has a very low capacity for platinum, then

the distribution ratio will increase as the foam:platinum ratio

increases. As long as the capacity for this site is exceeded, the

distribution ratio will continue to increase.

For. further study, 20 mg of foam was used to equilibrate with

the extraction solution. This weight of foam was chosen for two

reasons. First of all, at this foam to exfiaction solution ratio, the foam



Figure 8. Effect of the
distribution of platinum
aqueous phase.

foam:platinum ratio on
between the foam and

the
the
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ís signíficantly below its capacity towards platinum complexes. This

allows increases in the distribution ratio to be observed when the

solution and extraction parameters aÍe changed. Secondly, at this

weight of foam, the amount of platinum left in solution is sufficient

to produce a strong signal on the atomic absorption spectrometer.

C. TIME DEPENDENCE OF PLATINUM SORPTION

The time required for the platinum to come to equilibrium

between the foam and the aqueous phase was established by an

experiment performed to measure the time dependence of platinum

sorption under typical solution conditions of Sn and HCl. The results

from this experiment provided information about the kinetics of the

extraction and allows a standard loading time to be established for

further work in this study" The loading time is the time allowed for

the platinum to sorb onto the foam and should be long enough to

enable the platinum to be at or near equilibrium between the foam

and solution phase.

It was necessary to divide this experiment into two parts

because the wrist action shaker described previously limited the

number of samples that could be shaken concurrently. Samples were

equilibrated for a relatively short period of time during the first part

of this experiment, starting at 25 min and increasing to 225 min at

25 min intervals. For the second part, the extraction solutions were

prepared in the same way but the samples were equilibrated from 4

to 48 h. it was anticipateci that ciuring the early siages of the

extraction, the platinum concentration in solution would change quite
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rapidly with time. For this reason, more solutions were analyzed,

near the beginning of the extraction to quantify the quickly changing

platinum concentrations.

The results of these combined experiments are given in Tables

13 and 14, while Figure 9 represents a graphical representation of

the distribution ratio as a function of the loading time. On the basis

of the time dependence curve shown in Figure 9, a. 24 h period was

chosen to be the standard loading time to be apptied to further

extractions. A standard loading time greater than 24 h was not

chosen for several reasons. First of all, extractions with 24 h loading

times aÍe convenient to perform since the extraction flasks could be

removed from the shaker during the normal working day. Secondly,

the platinum complex formed in the presence of tin(Il) chloride is

not stable indefinitely, and its stability can be affected by changing

the solution conditions; therefore, the loading time cannot exceed the

duration of stability. For this experiment, the distribution ratio

slowly increases up to 48 h, indicating that the platinum complex is

still stable for this time period. However, for some extractions, the

solution conditions caused the platinum complex to be stable for a

shorter time, and a loading time greater than 24 h would not be

appropriate. From the curve in Figure 9, the distribution ratio after

24 h is calculated to be 96Vo of what it is after 48 h, indicating that

very little platinum is sorbed onto the foam after 24 h. On the basis

of practicality, complex stability, and magnitude of extraction, a 24 h

loading time was used for further work unless otherwise indicated.
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Table 13 TïME DEPEÌ{I"DENCE OF PLATTNUM
LOADING TIMES RANGING FROM

SORPTION FOR
25 TO 225 MIN

sample weight loading D average D t std. dev., Llkg
foam. g time. min L/kg

13 60
1330

3 0.0201 13 80

1 0.0197
z 0.0206

0.0202
0.0202

25 1360 r 30

4
5 50

1630
1700 1670 + 40

1

8

9

0.0201
0.0201
0.0200

75
1840
1690
I R50

t790 r 90

10
11

0.0205
0.0196 100

2t 20
2010 2050 r 60

13
t4
15

0.0198
0.0199
0.0 r 96

r25
2200
2260 2230 + 30
2230

16
t7

0.0195
0.0204

2330
2480

19
20

0.0201
0.0199

150

175

2
24 60
23 tO

2390 80

2370 + 80

22
z3

25
26

24 0.0202 2500

0.0199
0.0204

0.0200
0.019s

200

225

2480
25 00

26 80
2600

2490 r 10

2680 r 80

IPt]init¡"r
tHCtl
volume of solution
Sn:Pt
foam type

80.00 ppm
2.2 M
50.0 mI-
50:1
polyether, Woolco brand
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Table L4 TTME DEPENDENCE OF PLATTNUM
LOADING TIMES RANGING FROM

SORPTTON FOR
4TO48H

sample weight loading
foam- s time- h

average D + std. dev., L/kgD
Llks

I
2
1

0.0195
0.0191

2600
4 2510 2600 + 40

0.020 | 2640

6 0.0202 3050

4 0.0201
5 0.0200

7 0.0203
I 0.0197
9 0.0193

3 020
3 100

3110
3030
3030

3060 + 40

3060 r 50

10
l1
t2

0.0194
0.0197 t3

3190
3230 3260 r 90

0.0196 3 3 60
13
t4
15

0.0203
0.0202
0.0198

18
33 40
3 460
32tO

3340 r r20

16
t7
18

0.0199
0.0193
0.0 1 94

24
327 0
3230
3240

3250 + 20

19
20
2t

0.0199
0.020 I
0.0197

31
3350
3 450
3280

3360 + 90

22
23
24

0.0200
0.0199
0.0196

39
3 430
3380
3330

3380 f 50

25
26
21

0,0 r 98
0.0199

3450
3470 3490 r 5048

o.o202 3 5 50

IPt]initiut
tHctl
volume of solution
Sn:Pt
foam type

80.00 ppm
2.2 M
50.0 mL
50: I
polyether, Woolco brand



Figure 9. Time dependence of platinum sorption
onto polyether-based polyurethane foam.
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D. EFFECT OF HCI AND HBT CONCENTRATION ON THE

RESPECTIVE PLATINUM-TTN(II) CHLORIDE AND -TINITN BROMIDE

EXTRACTION BY POLYURETT{ANE FOAM

Considering some of the possible mechanisms involved in

polyurethane foam extractions, the acid concent¡ation is expected to

have a substantial influence on the distribution of platinum between

the foam and aqueous phase. For example, weak base anion

exchange can occur in sufficiently strong acid when the nitrogen and

oxygen atoms present on the foam become protonated. This

mechanism has been used to explain the dependence of the

distribution ratio on the HCI concentration for the extraction of

gallium(3s) and rhodium(9), in which the amount of metal sorbed by

the foam increases markedly as the HCI concentration increases. This

increase in extraction has been ascribed, at least in part, to an

increased number of protonated ether sites on the polymer. For the

cation chelation mechanism, the polyethylene oxide chains of the

polymer adopt helical conformations allowing complex formation

with appropriate cations Q3). Since hydronium ions are held in the

cavities of the polyurethane by both ion-dipole interactions and

hydrogen bonding(16), increasing the acidity of the solution will allow

more cavity sites to be occupied with cations. This will result in an

enhancement in the extraction of anionic complexes. The acidity of

solution will also affect the extraction, if the sorbed species aÍe

extracted by a solvent extraction mechanism. $er¡7sn (6) proposeci a

solvent extraction mechanism based on the similarity between



12

sorption by polyether-type foam and by diethyl ether. As the

acidity increases, the increasing ionic strength of the solution wiil

enhance the extraction of neutral species due to the salting-out

effect. Al-Bazi (8) has shown that the increased extractability of

rhodium by polyurethane foam with the increased concentration of

cations can be explained by a salting-out mechanism.

The preliminary results section of this report has shown that it

is necessary for platinum to form a complex with tin(Il) chloride, in

order for any appreciable extraction of platinum to occur. But,

researchers have shown that the intensity of the coloured platinum-

tin(Il) chloride complex is inversely proportional to the HCI

concentration (3). Since the extraction mechanisms favour high

acidities and the platinum complex favours low acidities, an

experiment was devised to determine the optimum acidity for

platinum extractions by the Woolco brand polyurethane foam.

To further optimize the extraction conditions, all chlorine atoms

in the platinum-tin(II) chloride complex were replaced with

bromine. This should improve the platinum extraction because the

primary factor influencing the extraction of anions is their relative

energies of solvation between the water and the foam phases. Small

anions are strongly hydrated in the water and are difficult to

transfer into the foam phase, while large anions of low charge

density should be easier to transfer into the foam. Replacing the

chlorine atom with the larger bromine atom should improve the

platinum extraction, provided that bromine adcied as hydrobromic

acid does not adversely affect the formation of the platinum complex.
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With this in mind, the following experiments were designed to

observe the effect of acid concentration and to compare the

extractions of the platinum-tin(II) chloride and -tin(II) bromide

complexes.

The extractions were performed and the solutions were

prepared in the usual manner as described under general

procedures. The platinum-tin(Il) bromide complex had a dark

purple colour and was prepared by substituting HCI with HBr when

the tin sheet metal had dissolved. This colour contrasted sharply

with the orange colour seen in the platinum-tin(Il) chloride solution.

However, when the HCI concentration in the platinum-tin(Il) chloride

solution was below O.7Z M, a dark red solution formed. Preliminary

investigations showed that the extraction of this red complex was

quite sensitive to changes in HCI concentrations. Therefore, to obtain

detaited information about the platinum extraction, the HCI

concentration was changed in small increments between 0.34 and 1.0

M HCl. No extractions could be performed below 1.0 M FIBr because a

dark brown precipitate suspected to have been HzIPt(SnBr¡)nBr¿-"]

(n=1-4) would immediately form in the platinum-tin(Il) bromide

solution.

The extractions from 0.82 to 6.0 M HCl and HBr are due to the

sorprion of [Pt(snctg)s]3- and [Pt(snBr¡)s]3- respectively. The

reaction of platinum with SnC13- and SnB13- produce platinum

complexes of the rype [Pr(SnX¡)r,X¿-,r]2- (n=1-4) and [Pt(SnX3)5]3-

r \¡ ^r n - /2Á\ ct-^L:l: -^.: ^- ^c -l^+.i..,,* ;- *1t- f^.- nf
wnere Ä.=\_lrlfr \Jvl. ùLaulll¿¿lLrurr ur Pr4Lrrrurrr \JUvurù rtr r¡rv rvr¡¡¡ vr

lPt(SnCl¡)sl3- at Sn(II):Pt ratios greater than five and at high Cl:Pt
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ratios. This five coordinate platinum complex is the absorbing

species in the tin(II) spectrophotometric method of platinum

determination, which has absorption maxima at 310 and 402 nm in

its electronic spectrum (3). Figure 10 clearly shows absorption

maxima at 310 and 402 nm for the platinum complex in 2.0 M HCl.

This spectrum confirms the stabilization of platinum as [Pt(SnCl¡)s]3-.

The spectrum of the platinum complex in 2.0 M HBr shows

absorption maxima at 358 and 460 nm and is remarkably similar to

the previously mentioned spectrum. Since Br has a lower ionization

potential Cl, if alt the Cl atoms in the [Pt(SnCl¡)s]3- anion were

replaced with Br atoms, its electronic spectrum would show

absorption maxima shifted to longer wavelengths. This is clearly

illustrared in Figure 10 and is consistent with the platinum-tin(II)

bromide complex being [Pt(SnBr3)s]3-.

The extraction results for HCI and HBr solutions are given in

Tabtes I5-t7 and are illustrated in Figure 11. From 0.82 M HCI and

continuing to 5.0 M, the distribution ratio of the [Pt(SnCl¡)s]3- anion

increases as expected. The following equilibrium helps explain the

decrease in the distr-ibution ratio at 6.0 M HCl.

Ptcloz- + 5SnCl¡ .......12

The mass-action effect, with increasing chloride ion

concentration, is significant in the above equitibrium. As the Cl-

concentration increases, the equilibrium is shifted to the left and the

intensity of the coloured platinum complex decreases. This effect is

confirmed by the decrease in absorbance at 402 nm. At 1.0 M HCI'



Figure 10. Electronic spectra of the platinum-tin(Il)
chloride and -tin(Il) bromide complexes.

tPt1........................80 pp-
Sn :Pt......................50: 1

path length........ 1 mm
bIank.....................water

(1)
(2)
(3)

0.43 M HCI
2.0 M HCI
2.0 M FIBr

absorption maxima

3 10 nm 402 nm
358 nm 460 nm
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Table 15 EFFECT OF HCI
oN TT{E TrN(rr)

CONCENTRATÏONS FROM
CHLORTDE EXTRACTION

0.34 TO 1.0 M
OF PLATINUM

sample weight [HCl], M average D * std. dev., Llkg

481 r 8l
I
2
J

0.0202
0.0204
0.0204

0.34
604
479
415

0.01 91 425
5

6

7
I

0.0207
0.0202
0.0205
o.0204

0.43
998

l 100
1110
I 120

1080 r 60

9

10
11

3260
327 0
3250

12 0.0202 33 10

0.0207
0.0194 0.53
0.0196

3270 r 30

13
T4
l5
16

0.0205
0.0198
0.0199
0.0194

0.62
2r60
2\90
2400
2480

23tO r 160

t7
18
19
),o

0.0201
0.0206
0.0201
o otq6

o.72
2200
2r80
21 60
2r 90

2190 r 20

2T
22
23
?4

0.0206
0.0201
0.0206
o ol q?

0.82
2260
2240
2r90
21 10

2200 r 70

25
26
27
)R

0.0203
0.0199
0.0192
o ol95

0.91
2330
2230
2330
2280

2290 r 50

29
30
31

0.0196
0.020s
0.0199

2450
1.0 25 80

247 0
2480 r 70

32 0.0200 2440
IPt] ini,i"t
loading time
volume of solution
Sn:Pt
foam type

80.00 ppm
24h
50.0 mL
50:1
polyether, Woolco brand
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Table 16 EFFECT OF HCI
ON THE TIN(IÐ

CONCENTRATIONS FROM 2.2
CFILORIDE EXTRACTION OF

TO 6.0 M
PLATTNUM

sample weight [HCl], M D average D + std. dev., L/kg
foam. g L/kg

l 0.0191
2 0.0205 2.2
3 0.0200
4 0 0rg9

3190
3180
3410
3330

3280 r 110

5 0.0200
6 0.0204 3.1
7 0.0201

3920
3930
37 20

4 t20
4080
41 10

3820 r 130

4070 r 70

8 0.0200 3680
9

10
11

0.0205
0.020 L 4.r
0.0206

12 0.020 | 397 0
13
l4
15
16

0.0204
0.0202
0.0204
o o?,o2

5.0
4460
4420
4360
4020

4320 r 200

t7
18
19

3310
3480
337 0

20 0.0201 327 0

0.0193
0.0202
0.0t92

6.0 3360 r 90

IPt] initiut
loading time
volume of solution
Sn:Pt
foam type

80.00 ppm
24h
50.0 mL
50:1
polyether, W'oolco brand
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Table l7 EFFECT OF FTBT

oN THE TrN(rI)
CONCENTRATIONS FROM 1.0 TO 6.0 M
BROMIDE EXTRACTON OF PLATINUM

s ample weight [HBr], M D
foam- p Llks

average D + std. dev., Llkg

I
2
J
/1

0.0207
0.0206
0.0 r 97
0 0r 98

1.0
4200
4100
43s0
417 0

4250 r 130

5

6

7

8

0.0205
0.0198
0.0198
0.0204

2.0
43 rO
428 0
4590
465 0

4390 + 170

9
10
11
t2

0.0200
0.0200
0.0 I 94
0.0200

3.0
4340
44tO
4610
4350

4430 r r20

13
T4
15

0.0204
0.0203
0.0204

4.0
3770
3 460
4t20

3630 + 410

I 6 0.0203 3t7 0
17
18
19
20

0.0203
0.0203
0.0207
0.0206

5.0
27 90
26 60
2990
3090

2880 r 190

2T
22

0.0191
0.0198 6.0

r890
2300 2160 f 230

23 0.0207 2280

IPt] ioiti"t
loading time
volume of solution
Sn:Pt
foam type

80.00 ppm
24h
50.0 mL
50: I
polyether,'Woolco brand



Figure I 1. Effect of IHCU and [HBr] on rhe
respective platinum-tin(II) chloride and -tin(II)
bromide extractions by the Woolco brand
polyurethane foam.

tr platinum-tin(Il)chloridecomplex
Â platinum-tin(Il)bromidecomplex
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the absorbance at 402 nm is 0.297 and at 6.0 M HCI it is 0.286, for a

80 ppm platinum solution and a I mm path length. This represents a

4Vo decrease in the platinum complex concentration. The

concentration of the platinum complex continually decreases as the

HCI concentration increases, but it is only at 6.0 M HCI that the

diminished concentration of the platinum complex is sufficient to

counteract the increased extractability of the complex at higher

acidities. Similarly, the distribution ratio of the platinum-tin(II)

bromide complex increases up to 3.0 M HBr and then sharply

decreases. To understand this decrease in sorption, the effect of HBr

on the absorbance at 460 nm was recorded" At 1.0 M HBr the

absorbance is 0.349 and at 6.0 M HBr the absorbance is 0.149. This

represents a 57Vo reduction in the platinum complex and explains the

rapidly decreasing distribution ratio at higher HBr concentrations

An increase in the concentration of Cl- could also decrease the

extraction efficiencies if the extraction mechanism was based on

anion exchange. This would be due to Cl- competition with the

anionic platinum complex for the positive sites on the foam. This

type of competition has been observed in the ion exchange of Cl- for

Au(CN)2 on an ion exchange resin (41). The same process could also

operate for the platinum-tin(II) bromide extraction.

At acid concentrations from 1.0 to 3.0 M, the lower charge

density of [Pt(SnBr¡)s ] 3 gave greater distribution ratios than

[Pt(SnCl¡)s]3-, as expected. From Figure 11, it is clearly seen that the

optimum HCI concentration was 5.0 M for sorption of the piatinum-
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tin(Il) chloride complex and that 3.0 M HBr was optimum for the

sorption of the platinum-tin(Il) bromide complex.

There was no discernable colour difference for the platinum-

tin(Il) chloride solutions prepared in 0.34 to 0.53 M HCl. The

spectrum of the solution prepared in 0.43 M HCI is seen in Figure 10.

For HCI concentrations of 0.62 and 0.12 M, the solution colour

appeared to be intermediate between red and orange. At 0.82 M HCI

the typical orange colour of the [Pt(SnCl¡)s]3- anion was observed.

From the spectrum shown in Figure 10, it is obvious that the

platinum complex in 0.43 M HCt is not [Pt(SnC13)s]3-. The platinum

complex from 0.34 to 0.53 M HCI is likely of the form [Pt(SnCls)nCl¿-

nlz- (n=1-4) and the smaller negative charge on this anion is

probably responsible for the sharp increase in the extraction at

increasing acid concentrations if platinum is extracted as an anionic

species. The extraction of divalent ions should be favoured

compared with trivalent species since fewer positive sites on the

foam would be necessary to maintain charge neutrality.

In the range of 0.5 to 3.0 M HCl, Koch (ie) states that the

distribution ratio. for the platinum-tin(Il) chloride complex onto

polyurethane foam reaches a maximum at 1.0 M, but then decreases

steadily up to 3.0 M HCl. This contrasts with the optimum HCI

concentration of 5.0 M from Figure 11. Koch has used a Sn:Pt ratio of

10:1 and has added Sn as SnClz'2HzO. Therefore, for any given HCI

concentration, the Cl- concentration of Koch's solutions will be higher

than those found in this present study. Since the platinum extraction

is diminished at high Cl- concentrations, it is expected that the
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optimum HCl concentration from Koch's study to be lower than that

found in this study. Koch reported a distribution ratio of 2500 Llkg

in a 2.0 M HCI solution, while Figure 11 shows the distribution ratio

to be greater than 3000 tlkg at 2.0 M HCl. The difference in these

values can also be explained by the different Cl- concentrations in

solution, but may also be due to differences in the polyurethane

foam tested.

To complete the investigation of the extraction of platinum-tin

halide complexes, an extraction was attempted using hydriodic acid

to dissolve the tin, instead of hydrochloric or hydrobromic acid. Tin

dissolves in hydriodic acid slowly, and as it dissolves, âû orange

precipitate forms in solution. It took 15-20 h for 227 mL of

concentrated HI to dissolve 0.61 g of tin. After the tin had dissolved,

the solution changed colour from yellow to purple when the stock

platinum solution was added. The resulting solution had an

absorption maximum at 522 nm in its electronic spectrum, but

within 4 h, the solution faded back to its original yellow colour. A

5.0 M HI solution was able to keep the purple platinum complex in

solution. At lower HI concentrations, a purple precipitate came out

of solution as the stock platinum solution was added.

After the purple colour faded, the solution again changed to

dark purple after 12 d. This solution had absorption maxima at 358

and 500 nm and remained stable for several weeks. At this point,

the orange precipitate mentioned previously was confirmed to be

S n Ia by a melting point determination, and an extraction was

performed in the usual manner with the Woolco brand foam.
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The initial HI concentration was 5.0 M and enough tin was

dissolved to give a Sn:Pt ratio of 50:1. The distribution ratio for this

extraction was 338 + l6 Llkg when three samples were averaged.

This value cannot be directly compared with the chloride and

bromide extractions because the platinum complex, the Sn:Pt ratio,

and the I- concentration in solution aÍe all unknown. Since tin

formed a SnIa precipitaté, there is an undetermined amount of tin

left in solution to react with platinum.

If the extracted platinum species are anionic, then the

competition between platinum and the halide ions for the positive

sites on the foam would increase in the order Cl-<Br-(I-. As the

halide ions increase in size, their charge density decreases which

favours sorption onto the foam. This competition could explain the

decrease in the platinum extraction in the order C1-<Br-(I- for 5.0 M

acid solutions.

E. EFFECT OF POLYMER TYPE ON PLATINUM SORPTION

Polyurethane foam is produced by the reaction between

polyisocyanates and polyols, and the resulting properties of the foam

aÍe affected by the choice of polyol. Polyols can be polyethers or

polyesters and poly(ethylene oxide), PEO, and poly(propylene oxide),

PPO, aÍe two common ethers used in foam production. A detailed

discussion of the preparation and properties of polyurethane foam is

given by Braun and Farag Q7).
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Hamon et o¡. Q) showed that the extraction of cobalt

thiocyanate by polyurethane foam markedly increased when PPO

was replaced with PEO. He attributed this to the cation chelation

extraction mechanism. Only PEO has a helical conformation which

creates a cavity where cations can be chelated by the inwardly

pointing oxygen atoms. Therefore, as the proportion of PEO

increases, more extraction sites are available and more cobalt will be

extracted.

Table 18 also shows that the extraction of platinum increases

as the proportion of PEO increases; the ether-based foams perform

much better than the ester-based foam. These results are consistent

with the cation chelation mechanism since increased proportions of

PEO improve the extraction. When the cation chelation mechanism is

the primary method of extraction, ether-based foams have always

performed better than ester-based foams (7). Thè results from Table

18 can also be explained if the extractions rely on a weak-base anion

exchange mechanism. This mechanism functions by the protonation

of oxygen and nitrogen atoms on the foam. PEO-based foams will

have more oxygen atoms per unit weight of foam than PPO-based

foams. Therefore, as the proportion of PEO increases, the number of

oxygen atoms available for protonation will increase, which will

result in an improved extraction. This mechanism is also consistent

with the observation that ether-based foams extract more platinum

than ester-based foam, since the pKa values for esters and ethers are

-6.5 and -3.5 respectiveiy (38). This means that under the same

solution conditions, ethers will be protonated to a much larger extent
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Table 18 EFFECT OF POLYURETIIANE FOAM TYPE ON TIIE
PLATINUM SORPTION

Foam

Woolco brand
diSPo
27CGS-44 2A

27CGS -44-l

27CGS -44-3

IPt] initi"l
toading time
tHCrl
volume of solution
weight of foam
Sn:Pt

Polymer Type

unknown polyether
unknown polyester
)Vo PEO polyether
I00Vo PPO polyether
\Vo PEO polyether
92Vo PPO polyether
l4%o PEO polyether

80.00 ppm
24h
2.2 M
50.0 mL
20+1mg
50: I

* std. dev.

3280 +
678 r

2530 +

3570 r 140

4770 + 160

no.
m

fo

l,
4
4
4

110
84
85

867o PPO oolvether
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than esters because protonated esters are 1000 times stronger acids

than protonated ethers.

It has been stated that ester-based foams perform better than

ether-based foams where only simple ion-pair extraction can occur

(7). Therefore, an ion-pair extraction mechanism cannot be used to

explain the results of Table 18 for both the ether- and ester-based

foams. A more detailed study of the extraction mechanism is given.

F. COMPARISON OF PLATINUM EXTRACTIONS FROM SOLUTIONS

CONTAINING VARIOUS ALKALI METAL CATIONS BY POLYETI{ER-

AND POLYESTER-BASED POLYURETT{ANE FOAM

The alkali metal cations are known to affect extractions by

polyurethane foam. At-Bazi (8) has shown that the effect of chloride

salts of different cations decreases in the order Li+)Na+>K+ for the

rhodium(III) thiocyanate extraction by polyether-based foam. He

suggests that Rh(SCN)63-was extracted as the neutral H3Rh(SCN)6

species by a simple solvent extraction mechanism. This mechanism

has also been suggested by other workers (6,9,39) and the order of

extraction when cations are added is directly proportional to the

hydration number of the cations. For polyether-based foams

containing PEO, Hamon Q) has shown that the extraction of 8-anilino-

1-naphthalenesulphonate, ANS-, increases in the order Li+(Na+<K+

and decreases in the order K+>Rb+>Cs+. This order of extractability is

indicative of the cation chelation mechanism and results from the

different sizes of the alkali cations. K+ provides the best fit in the

cavity formed by the helical conformation of PEO. Hamon (7) has also
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shown that for polyester-based foams, the extraction of ANS- again

increases in the order Li+<Na+(K+. Since polyester-based foams

cannot exffact species by the cation chelation mechanism, this order

of extractability is explained on the basis of a solvent-like ion-pair

extraction. Polyester foams show an increase in anion extraction as

the size and hydrophobicity of the accompanying cation increases.

Since the extraction mechanisms of polyurethane foam depend on

the foam-type and on the alkali metal cations, a comparison of

platinum extractions from solutions containing various alkali metal

cations by polyester- and polyether-based foam was performed. The

results from these extractions provided information as to the nature

of the extraction mechanism and are shown in Table t9 and Figure

t2.

Appropriate amounts of the alkali metal chloride salts were

added after the tin had dissolved in HCI and the stock platinum

solution had been added. When the salts had dissolved, the solutions

were diluted to the mark on the volumetric flasks with water.

During the analysis by AAS, salt deposits quickly formed on the

burner slot and decreased the intensity of the absorbance signal. To

overcome this problem, all sample solutions were diluted by a factor

of l0l}5 prior to the analysis. The extractions were performed in

the usual manner, other than these minor modifications.

Figure 12 shows that the extraction increases as the alkali

metal cations are added in the order of K+(Na+(Li+, for the polyether-

mt . I - - ^1 --^l^:l:L-- :--^ )2^r^1 --DaseO W oolco Dlano Ioam. t nls oroer' or eÃrraÇr¿lurury rttrtrrçur¿lrçry

eliminates cation chelation and ion-association as possible
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Table 19 COMPAzuSON OF PLATTNUM EXTRACTIONS FROM
SOLUTIONS CONTAINING VARIOUS ALKALI METAL
CATTONS BY POLYETI{ER- AND POLYESTER-BASED
POLYURETHANE FOAM

cation cation radius D, L/ g D, Llkg

Na+ 0.95 1490 t 110 813 t 18

K+ 1.33 566 r 28 1080 r 80

[Pt]initial 80.00 ppm
loading time 24 h
volume of solution 50.0 mL
weight of foam 20 X 1 mg
Sn:Pt 50:1
tHcrl 1.0 M
[Li*], [Na*], or[K+] 1.0 M, added as chloride
samples per data point 4



Figure IZ. Comparison of platinum extractions from
solutions containing various alkali metal cations by
polyether- and polyester-based foam.

u polyether foam, Woolco brand
a polyester foam, diSPo
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mechanisms of extraction. Mechanisms consistent with this order of

extraction aÍe the solvent-like extraction mechanism of neutral

platinum species and a mechanism based on the hard and soft acid

and base principle. The hard and soft acid and -base principle states

that hard acids prefer to bond with hard bases, and soft acids prefer

to bond with soft bases. Hard acids include Li+, Na+, and K+ and the

relative hardness of these cations increases in the order K+<Na+<Li+.

Of these iations, K+ will have the weakest affinity and Li+ will have

the strongest affinity towards hard bases. Since ethers ate

considered hard bases (38), the alkali metal cations will be attracted

to the lone pair of electrons on the oxygen atoms in the order

K+(Na+<Li+. This explains the order of extraction in Figure 12 since

the extraction increases in the order K+<Na+(Li+. The positively

charged alkali metal cations provide sites where the anionic platinum

complex can bind by means of a weak-base anion exchange

mechanism.

Figure LZ also shows that the extraction decreases as the

chloride salts of different cations are added in the order K+>Na+>Li+,

for the polyester-based foam. This is the reverse effect as that seen

for the polyether-based foam and suggests that two different

mechanisms operate between the polyether and polyester foams.

The only mechanism which is consistent with the order of

extractability for the polyester-based foam is a. solvent-like ion-pair

extraction mechanism.

If the ext¡action mechanísm for the poiyether foams was a

solvent-like extraction of a neutral platinum species, then the order
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of extraction for both the ether- and ester-based foams would have

been the same. Since the order was different for the different foams,

it is unlikely that platinum was present aS a neutral species. This

further supports the evidence which shows that platinum was sorbed

as [Pt(SnCl¡)s]3- and not as Hs[Pt(SnCt¡)s].

Comparing the extractions of the ether- and ester-based foams,

Figure 12 shows that when K+ was added the polyester foam

performs better than the polyether foam. These results are expected

where only simple ion-pair extraction can occur. This suggests that

K+ has a very low affinity towards the oxygen atom in the polyether

foam, and a weak-base anion exchange mechanism only functions

when Na+ or Li+ are present.

G. EFFECT OF A NON-IOMC SURFACTANT ON TI{E PLATINUM

EXTRACTON BY POLYIJRETHANE FOAM

Adams et al. (40) have shown that the solvent extraction

efficiencies increase for high dielectric solvents when a. non-ionic

surfactant is added to the solution. The surfactant used by Adams

was Triton X-100; it contains poly(ethylene oxide) and has the

following structure

(cH¡)¡ccHzc(cHsrr 
O-o-(cHzcHzo) 

roH.

Since the extraction of platinum increases as the proportion of PEO

increases in the polyurethane foam (p. 85), an experiment was

r , r -,^ -L^ ^ff^^¿ ^f, rF-i+^- \1 1n^ ^ÅÅ^Å ê^ ch^ evfranfinn
oevrseo to oDSef vË tltç trtIçut ut t I lL\.rlr .¿L- Iv\-, <ruuvLr Lv !¡rv v^LÀ4vr^v¡^

solution.
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Enough Triton X-100 was added to the extraction solution to

yield a final concentration of 0.05 M. It was added after the tin had

dissolved and after the stock platinum solution had been added. The

solution had to be gently warmed to dissolve all the Triton X-100.

After the solution had cooled, it was diluted to the mark with water

and the extraction was performed in the usual manner.

The results from this experiment are seen in Table 20 and

show that equilibrium was reached quickly, but after 24 h the

distribution ratio was only 717 ! 52 Llkg. This value is much lower

than 3280 + 110 Llkg, which is the value obtained in the absence of

Triton X-100 and under the same solution and extraction conditions.

This result indicates that the presence of Triton X-100 shifted the

equilibrium of platinum towards the aqueous phase. It is reasonable

to expect that the platinum species was solvated by Triton X-100 in

the aqueous phase since the platinum species has a high affinity

towards PEO. An increase in the solvation of platinum in the aqueous

phase would be a good explanation for the shift in equilibrium.
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Table 20 EFFECT OF TRITON X-lm ON TT{E PLATTNUM
EXTRACTION

loading timc D. L/kg no. of samples
25 min 615 1

50 min 706 1

75 min 150 1

100 min I53 1

24h 117*52 4

lPt]initiul 80.00 ppm
volume of solution 50.0 mL
weight of foam 20 X 1 mg
Sn:Pt 50:1
tHcll 2.2 M
[Triton X-100] 0.05 M
foam type polyether, 'Woolco brand
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VT. CONCX,USTONS

Calibration of the atomic absorption spectrometer by

bracketing standards spaced at 10 ppm proved to be an accurate and

precise method of analysis for platinum. Chemical interferences

were adequately overcome by the addition of l.O7o LazO3 wlv.

For the extraction of platinum(IV) chloride and platinum-

tin(Il) chloride, the EVo increases from L%o to 57Vo respectively under

the same solution conditions. This showed that the SnCl3- ligand

greatly increased the hydrophobicity of the platinum complex.

The Scatchard plot analysis clearly showed that there was more

than one extraction mechanism for the extraction of the platinum-

tin(II) chloride complex by polyether-based polyurethane foam.

This confirmed the report by Brackenbury ¿¡ al. (20) who suggested

that there could be nonequivalent sorption sites in the foam matrix.

The Scatchard plot shows that there was a mechanism where the

foam had a very high affinity towards the platinum complex, and

another mechanism where, in comparison, the foam had a very low

affinity towards platinum" Increasing distribution ratios, up to

2.0x105 L/kg, with increasing foam-to-platinum ratios also indicated

that there was more than one type of extraction mechanism, where

one mechanism had a high affinity but low capacity for the platinum

complex. Capacity determinations showed that there was a

maximum capacity of 0.85 to 0.92 mol/kg of platinum on the Woolco

brand polyether foam.
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At HBr and F{Cl concentrations up to 3.0 M, the platinum-tin(Il)

bromide complex had higher extraction efficiencies than the

platinum-tin(Il) chloride complex. The bromide complex was

hydrated to a lesser degree in the aqueous phase than the chloride

complex. This degree of hydration lowers the free energy of transfer

for the bromide complex between the aqueous and the foam phases

resulting in its improved extractability. As HCI and HBr

concentrations increased, the extraction efficiencies eventually

decreased due to the mass-action effect of Cl- and Br-. The

competition between Ct-/Br- and the anionic platinum complex for

the positively charged sites on the foam also decreased the extraction

of platinum as the I{Cl and HBr concentrations increased. The

platinum-tin(Il) chloride extraction was optimized at 5.0 M HCI and

gave a distribution ratio of 4320 + 200 Lft.g, while the tin(Il)

bromide extraction was optimized at 3.0 M HBr with a distribution

ratio of 4430 + 120 L/g.

The distribution ratio for the platinum extraction with tin

iodide, at 5.0 M HI, was 338 + 76 L/kg. This extraction cannot be

compared with the chloride and bromide extraction since the

platinum complex, the Sn:Pt ratio, and the I- concentration in solution

were unknown.

Previous work (20,2r,22) has shown that platinum is most likely

extracted as [Pt(SnCl¡)s]3- at high Sn:Pt ratios and at high Cl:Pt ratios.

From this study, the %oE increase as the alkali metal cations are added

in the order K+(Na+(Li+ for polyether foam, and decrease in the order
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K +> l.{ a+) Li+ for polyester foam. These results provide further

evidence that platinum is sorbed in an anionic form and not as

Hs[Pt(SnCl¡)s]. If platinum were sorbed as a neutral acidic species,

then the effect of the alkali metal cations would have been the same

for both polyether and polyester foams.

For polyether foams, the mechanism of cation chelation and

solvent-like ion-pair extraction were not the main methods of

extraction since the extractions increased in the order K+<Na+<Li+.

The difference between the polyether and polyester extractions

increase in the order K+(Na+<Li+<H+ and can be explained on the

basis of the hard and soft acid and base principle. This shows that

the polyether foam can be protonated and the prominent extraction

mechanism for polyether-based foam was weak-base anion

exchange. The increased extraction efficiencies at increased

concentrations of HCI and increased proportions of PEO on the foam

were also consistent with a weak-base anion exchange mechanism.

For the polyester foam, the experimental results were consistent

with a solvent-like ion-pair extraction mechanism.

The extraction efficiencies decreased when PEO was added to

the extraction solution as Triton X-100. This decrease was likely due

to improved solvation of the platinum complex in the aqueous phase.

This study has provided insight into the mechanisms involved

in polyurethane foam extractions. Further information regarding the

solution chemistry and nature of the extraction mechanism of

platinum could be obtained from l19sn un¿ 195p¡ NMR spectroscopy.
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Understand.ine the extraction mechanism is essential for the

separation of platinum from the other platinum group metals.

Further investigation of the platinum species formed in 0.34 to

0.53 M HCI and tin(II) solutions would be useful. It would be

beneficial to compare the extraction parameters of this species to the

platinum species formed at higher HCI solutions. This type of

comparison could indicate why one mechanism predominates over

another, under a given set of conditions.

The high distribution ratios reported for the equilibrium of

platinum between the foam and aqueous phases indicate that

polyurethane foam has potential for analytical usage and industrial

applications. Industrial processes for the extraction and separation

of the platinum group metals can involve HCI solutions ranging in

concentration from 5 to I M (2). Polyurethane foam has potential for

use in refining processes since this research has shown that platinum

can be efficiently extracted from HCI solutions ranging in

concentrations up to 6.0 M. In analytical usage, polyurethane foam

could be used successfully to preconcentrate platinum from very

large volumes of dilute solution. Once sorbed, platinum is ready for

direct analysis on the polymer by x-ray fluorescence or by stripping

the platinum off the foam using a suitable solvent and quantifying it

by atomic absorption or any other convenient technique.

Alternatively, the metal-loaded foam could be digested with nitric

and hydrochloric acids prior to analysis to ensure complete recovery

of platinum.
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