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Extent and Rate of Solubilization of Tin by
lodomethane-Water Mixtures

Peter J. Craig, Stuart H. Laurie* and Reman McDonagh
Department of Chemistry, De Montfort University, The Gateway, Leicester, LE1 9BH, UK

The dissolution of tin metal by iodomethane—
water mixtures has been studied and the
influence of several parameters on both the
extent and rate of reaction investigated. The
rate-determining step shows a pseudo-first-
order dependence on iodomethane (CH). The
reaction is strongly dependent upon both water
and oxygen. The activation energy of only
16 kI mol ™! is interpreted in terms of a facile
bond-breaking and making process at the metal
surface, generating methyltin species. Analysis
by hydride generation and GC-AA confirmed
the formation of methylated species ranging
from monomethyl- to tetramethyl-tin; inorganic
tin (from hydrolysis) was the major form, how-
ever. These findings are similar to those made
earlier by us on the solubilization of arsenic from
GaAs by alkyl halide-water mixtures, and a
similar multi-step scheme is proposed) 1998
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INTRODUCTION

Manders et al.?> who could not detect any
methylated tin species.

The ability of alkyl halides to react with metals in
their elemental forms to form soluble organo-
metallic compounds has long been known, being
the basis of the classic Frankland and Grignard
reactions. CHl also occurs naturally in the en-
vironment and, in contrast to the Frankland and
Grignard reactions, has been shown to methylate
metals, metalloids and metal compounds by
oxidative addition under aqueous conditidmsA
more detailed discussion of these environmentally
important reactions can be found in our earlier
report! A comprehensive review by Thayesn the
mechanistic and practical aspects of the reactions of
organic halides with metal surfaces has recently
been published.

In this paper we report results from experiments
on the dissolution of tin metal with aqueous §¢H
mixtures and the factors influencing both rates and
amounts of metal dissolved.

EXPERIMENTAL

Materials

Tin foil (99.99% purity) and powdercé 100-mesh,

149um 99.5% purity) and iodomethane (99.5%
purity) were purchased from the Aldrich Chemical
Company and were used without further purifica-

We recently reported results on the solubilization oftion. The tin standard for inductively coupled
the semiconductor GaAs with aqueous organicplasma (ICP) spectrometry calibration was of
halide mixtures. Only arsenic was found to be commercial AAS grade and was diluted to 10—
mobilized, in keeping with an oxidative addition of 100 ppm concentrations with deionized water.
alkyl halide to surface As atoms. It had earlier been

showrf that CHsl could react with Sn(0), Pb(0), Analvses
Sn(ll) and Pb(Il) under environmental conditions; A

small amounts of methylated metal species werelotal tin concentrations were determined by ICP
identified. These results contrasted with those ofkpectrometry (wavelength 286.6 nm) using a Per-
kin-Elmer 40 Spectrometer. Filtered solutions from
the kinetic runs were aspirated directly into the
* Correspondence to: Stuart H. Laurie, Department of Chemistry, SP€Ctrometer. Methyltin concentrations were deter-
De Montfort University, The Gateway, Leicester, LE1 9BH, UK. mined by hydride generation with sodium boro-
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hydride (4%, w/v) solution;2 cm® of 2 M Tris—HCI
buffer was added to stabilize the solutions. A
portion (0.5cm ) of the borohydridesolution was
addedto 10cm?® of thetin solutionin a sealedvial,
then10pl of gasfrom the headspacevasinjected
into a GC-AA interfacedinstrumentThis hasbeen
describedpreviously’ The AA spectrometewas
fitted with a quartz furnace and tin lamp. The
interfacedinstrumentwas calibratedwith mono-,
di-, and tri-methyltin hydrides derivatized from
their respectivechlorides;linearity was observed
overasolutionconcentratiomangeof 10-100ppm.
The retention times were 1.4, 2.5 and 3.9min
respectively.For stannaneSnH, and tetramethyl-
tin, respectiveetentiontimeswerel.land5.0min.
All analysesverecarriedoutin triplicate.

Kinetic runs

In a typical kinetic run 5g of tin metal (foil or
powder)wasinitially washedhreetimeswith conc.
HCI and deionizedwater. To this was addedthe
CHgzl—watermixture (CHsl hasa limited solubility
in water) and the two-phasemixture was stirred
vigorously over the course of the reaction. At

specifictimes,5 cm® aliquotsof the aqueoudayer
were removedusing a pipettefilled with a glass-
wool plugatits tip. Eachanalysisvascarriedoutin

triplicate and the resultsreportedare the meanof

the three measurementsThe reaction mixtures
werethermostatedt 20 °C unlessotherwisestated.

RESULTS

The parametershosenfor investigationwere (a)
the ‘concentration’ of Mel, (b) the influence of
water,(c) the physicalstateof thetin metal,(d) the
temperature(e) oxygenand(f) light. Eachof these
was studied singly, keeping all other factors
constant.

lodomethane ‘concentration’

A rangefrom 0.25to 1 0cm? (0.004to0 0.0161mol)
of CHsl with 100cm® H,O was used.Becauseof
the limited solubility of CHzl in water (Ilterature
sourcesgive a value of approx. 1g/100cm?; our
experiencds thatit is conS|deranyIessthan this
but we have not quantifiedthe value), two-phase
solutionswere alwaysobtained:a saturatedaque-
ousCHzl phaseand‘free’ CHal (i.e. CHsl saturated
with H,0). The resultsgiven in Fig. 1 show that
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Figure 1 Solubilization of tin as a function of time
(ppm=mgSn/dn? H,0): A, 0.25cm®> CHgl-100cm® H,0;
O, 0.50cm® CHal-100cm® H,0O; ¢, 0.75cm® CHal—
100cm® H,0; [, 1.0cm® CH3l—100cm® H,0.

boththeratesandamountof tin dissolvedncreased
asthetotal amountof CHsl increasedFurthermore,
a plot of the initial ratesof reactionversustotal
CHasl gavea linear plot, showingthe dissolution
reactionto be first orderwith respecto total Mel
present.This vigorous stirring of the CHal/H,O
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Figure 2 Effect of changeof solventon tin dissolutionrate

(ppm=mg Sn/dnt H,0): [, 1.0cm®CHgl/100cm® H,0; &,
1.0cm® CHgl/100 cm® white spirit (hydrocarbons).
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Figure 3 Effect of the physicalstateof tin on dissolutionrate
in water(ppm= mg Sn/dn? H,0): [, tin powder,$, tin metal;
0.5gSn,1.0cm® CHgl/100cm® H,O wereusedin both cases.

mixture was assumedto presenta ‘uniform’
exposureof CHsl to thetin metal.

Influence of water

Using CHal dissolvedin anon-polarsolvent(white
spirit: a mixture of saturatechydrocarbonsjo give
a homogeneoussolution, with no H,O present,
resultedn adramaticdecreasén tin solubilization.
Typical resultsare shownin Fig. 2.

Physical state of the tin metal

As theresultsin Fig. 3 show,increasinghe surface
areaof thetin metalby usinga powderform led to
an increasein reaction.Such an increasewas as
expectedor a heterogeneoueactionoccurringat
a metalsurface.

Unfortunately,it wasnot possibleto obtainany
meaningfulvalue for the relative surfaceareasof
the two forms of the metal. (Johnsonet al.Bina
surveyof thekineticsof organichalidedecomposi-
tion atiron surfacescouldnotrelatetheincreasen
rateof thereactionsimplyto increasedurfacearea;
the nature of the surface also appearedto be
involved).

Temperature variation

The dissolutionreactionwas studiedat 0, 10 and
20°C. Increasinghetemperaturéncreasedherate
of reaction,asshownin Fig. 4. A log plot of initial
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Figure 4 Effectof temperatur@ntin dissolutionratein water
(ppm=mgSn/dnt H,0): O, 0°C; ¢, 10°C; [, 20°C;
1.0cm® CH,l/200cm® H,O wasusedin all cases.

rate constantsrersusinversetemperaturéK) gave
a straight line and an activation energy of ca
16kJImol 1,

Others factors

As with the solubilization of GaAs? the reaction
wasfoundto be totally suppresse@hennitrogen-
saturatedsystemswere used, consistentwith a
requirementfor oxygen. Also, as with the GaAs
studies,therewas found to be no requirementfor
light, which ruled out a photo-activatiorprocess.

Formulation of methyltin species

All the abovereactions(Figs 1-4) involved the
determinationonly of total dissolvedtin by AA
spectrometry.The samereactionswere repeated,
but in these casessampleswere withdrawn and
treated with sodium borohydide. The volatile
hydrides produced,Me, SnH,_, (x=0-4) were
determined quantitatively by GC—AA analysis’
with theexceptiorof Me,Sn,for which quantitative
determinatiorwasnot possibledueto its volatility.
In all casesnorganictin wasthe major species.
Overtheinitial phaseof thedissolutionthe orderof
concentrationsof the methylated species was
monomethyt> dimethyl> trimethyl. Tetramethyl-
tin was not detecteduntil after ca 25min of
reaction. After an extensive reaction time (ca
60min) the concentration®f the various methyl-

Appl. OrganometalChem.12, 237-241(1998)



240

P.J.CRAIG, S.H. LAURIE AND R. MCDONAGH

Table 1 Concentrationf derivatizedhydride speciesirom
reactionof tin (powder)with iodomethang

Concentrationgppm)

Time/

mins  SnH; CHzSnH; (CH3)>SnH, (CHg)3SnH (CH3)4Sn
0 7 0 0 0 0

10 63 20 16 10 0

25 80 35 26 15 i°
40 97 40 33 26 ii®
60 100 49 43 37 i °

@ Conditions:5 g tin powder+ 0.10cm® CHzl/100 cm® H,0 at
20°C. b Peakheights(iii) > (i) > (i), but not quantifiable(see
text).

atedspeciesveresimilar. Typical resultsareshown
in Tablel.

CONCLUSIONS

As expected for a heterogeneougeaction, an
increasedsurface area increasedthe dissolution
rate, showingthe importanceof adsorptionof the
reactantat the metalsurface This phenomenomas
beenwell researchedvith respectto the related
Grignardreactionandhasrecentlybeenreviewed?
The first-orderdependencen CHsl concentration
supportsa rate-determiningstep of unimolecular
adsorption (step 1, Schemel) with subsequent
covalentbond-breakingand-makingto give CHs—

~Sn~

Mel + ~ Sp°~ ———>
(rds)

(MeSnV} ¢———

Sn bonding (step 2). Thereis now overwhelming
evidenceor stepsl and2 in thedecompositiorof a

range of aIkyI halides at different metal sur-
faces>® The observedow activation energyof

ca 16kIJmol™! suggeststhat this bonding re-

arrangements facile—in keeping with observa-
tionsby Jenksetal.'* thatiodopropanedsorbedt

a coppermetalsurfaceat 100K undergoeslecom-
positionatjust 110K to form surface-boungropy!

groups,andby TjandraandZaerd? thatthe energy
requiredto breaka C—I bondat a Ni(100) surface
wasno morethanca 20kJmol™*

The strongdependencen water can be attrib-
uted to solvation enhancingdissolution (step 3)
providing a strong thermodynamicdriving force,
andto rapid hydrolysisof intermediateSn species
(step 4). This latter step is supportedby the
speciationexperimentsshowingthat inorganictin
is the major productat all stagesThe influenceof
solution speciationon dlssolutlon rates has been
studiedrecently by Ludwig et al.*® in relation to
naturalmineral dissolution.Theseauthorsshowed
thatadirectcorrelationexistedbetweerdissolution
ratesandthe natureof the speciesn solution.

The speciationanalysislendsfurther supportto
the initial formation of a monomethyltinspecies
followed by oxidative addition (O, requirement)
leadingto the Sn(IV) speciedVe,Snl, 4 (stepsb, 6
and possibly 7). The formation of the higher
methylated speciesfrom monomethyltirfll) can
proceedvia a serlesof dismutationreactionsas
establishecearlier'* Theseobservationsare con-

5
{MeSnl} (ag)
0,

"6 | Mel 0O, 4| H.0
dismutation (073
MeSnVL, ¥ sn", $n"(aq)
(x=2-4)
Schemel
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sistentwith thosemadeby Craig and Rapsomana-
kis®> on the environmentalmethylationof tin and
leadin which sequentiamethylationwasobserved,
andwith thosemadeby FanchiangandWood" on
the requiremenbf oxygenin the reactionof Sn(ll)
compoundswith methylcobalamin.In this latter
case,molecularO, waspostulatedasoxidizing an
intermediate Sn(lll) speciesto the final Sn(IV)
product.

Finally, the influenceof the variousparameters
studiedhereparallelthosereportecearlierby us' on
the dissolution of arsenic from GaAs by alkyl
halidesandsuggestshatthemechanisnin Scheme
1 is a commonone for the (environmental)dis-
solution of a rangeof inorganic speciesby alkyl
halides.
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