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PREPACE

In just a few decagdes organotin cOlpounds have devglpped from being lgbora=-
tory curiosities to large acale induatr;al chplu.cals. One Qf tkw :hrat usqs of
organotins, and qnll the most ilnpo;-tant in teru of consunpnon, was ql atabﬂ.-
isers for PVC. Following I;esearc_h into the biogic;ql _propg_rt_j.e,a of certain come
pounds, new avenues of application were opened, in the fields of wood preserva-
tioh, crop prc;tecliiod'and marine . antifouling coatings. .These uses for the noat ’
part aroge out of 1ntens1ve research, some of it sponsored by the Internatlongl
Tin n,eaearch Coungi 1 and ),ater continued in the Coungil! 's rgsearch labgrator;pq,
Today a1l aver the world, there is a large body of reseeraﬁ being conducted into
organptin prgperﬁies and many aof the tipﬂinéé will no QQQPt eyentually lead to
further uses; a good exa-,ple-' exists in tl';e case of the nono-i-orgdnotin cqnpqun_da,
which have low mammalian toxicity and. are showing potential as water rﬁppllents
for !abrics and bu;lld:.ng gatenals.

B . . o

The interest in organotin chemicals is reflected in the enprmous number of
research papers which are pub]ishod each year on this pubjeét. There hrb alsq}_ a
nugber of excellent books covering the groperties and general apphcaﬁj.o;u .
When it comes to gxanining the 1ndustnol nae of theso conpopnds in -pre deta’,l.
a pr,qblen_: arises; this is due to the complexity of the- tecnnologies in -'hish or" '
ganotins are otten used To follmv _the use of organatin conpounds in pq.rticnlgm
appncauons one has to conault books on PVC techno;ogy, or on polyyratgxm
polymers or wood preservation and hope to find the appropr:.ate sections reterr—
ing to the tin compaounds used, When it comes to more rj.de-ranging topt.cl eueh
as g?;-icultural chemicals or medicine it becomes even more diffieult to find -

suitable coverage of organotin compounds,

It was in view of this, that the authors undertook the present book, in which
the organotin compounds are ﬁnly set in the .cgnte,a;t of tigsilf éartigulq.r indu.-
trial usage. Basic chemistry is kept to a !?-ni,nbn au‘nl>ca‘.n be found in smétar
detail in other texts, E{rppert;g_q are o;_lly 'q‘qsg:r;bed inasmuch as they are ;91—
evant tqQ a part;qglar 'tech_po],qq. What is attempied is to present an pvqﬁl;
view of aach”t‘ielq of gép;icg 1on, giving As much of the sggqialiaeq l_\qu_eéi; a8
is necessai'y for an unuersinl;;qi&s of the manner in which the Orsﬂﬁot#n -,bgéﬁtii§f
the process or end use. Thus tﬁexe are chapters on PVC stabji lisation, pbigur- s
ethane technology, wopd presarvat:.on a.ntitoul;l.ng coatings, agricultural chel—
icals, other biocidal uses and nedical appuoations. \Vhilgn_: not clain;pg by any-
means to be complete treatises on these subjects, it is hgped that enough intogq
mation is proyvided to give a grasp of the subJect and to all,ow access to more



x ~

specific sources when necessary. In this respect, the extensive references are
1ndi§pensab1e: A basic introduction to organotin compounds, with brief‘details
of manufacture is provided in the first chapter, in order to put their subse-
guent use in perspective. Ope chapter is devoted to tbe:mono-organqtins as a

ngwfy emerging group of industrial chemicals.

A yqry‘imbortan: aspect of organotins, as with many 6ther organometallic com=
poundQ}fis their impact on the environment. In thls respect, organotin com~
pounds have an advantage in that ghey are ultimately degraded to harmless, ‘inor-
ganig formﬂ of tin, The entry into, and subsequent fate of, organqtins in the
_envi;nnment are considered in the final chapter, whlch also coptains 1nformation
on thg toxicology of arganotin compounds and some toxicity data. Illustratiqns

have been chosen to amplify the text wherever possible.

The authors have for a number of years been engaged in developing the uses of
tin ghemdcéls in industry, particularly the organotins and over that period have
visited many companies and research organisations, and also held discussiéns at
thgirninstitute. Much otbthe information has been based on these contacts, and
the fgignély co-operation of many firms and other 6éganisagions who use organ-
gtin Ehe-icals in some way is gladly acknowledged here, whether for allowing

_1ac111ties for visits and photography or for providing photographs or tachn1cal

. aaaistance.

..lﬁ particulaf the authors wguld like to thank'the following-

Dr. A. ‘O Christie, Internatlonal Palnt plc., Mr. I. D K. Dring, British
Sanitized Lid., Mr. R. M. Leach, Osmose, Inc., U. S A., Mr. P, G. Salmon, Mand T
Che-lcals Ltd. The help of colleagues at the Internatldnal Tin Research

Inaél{ute, has also been indispensable in producing this book; notably memBers
_of Chgn;stry Division; also Christine Wurm, who prepared many of the drawings,
-lr K, J. Edwvards and Sue Miller of the Photographic Studio, who were respon-
sible for nqny of the photographs in the b00k

The authors are grateful to the Director of the InternatiopalvTin Research
Institute and the International Tin Research Council for pgkq;salon to prepare

the book.

'Phptog;aphic illustrations are the copyright of the International Tin
Béseérch Institute, unless otherwise credited by the prefix ''Photograph
4 . " . " b
courtesy”.

July; 1984 Colin J. Evans
] . Stephen Karpel
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Chapter 1

INTRODUCTIQN

Organotin compounds can be defined as compounds ip which at least one direct
tiprpa;hgn.bqng exists. The great majority of organotin compounds have tin in
the 1V+ oxidation state aléﬁough a ;ew‘are known which have tin in the II+ oxi-
dation state, Tinfcarbon pqnds are in general weaker and more polar than those
fgrQQQ 1n'9rggpic compounds of carbon, silicon or germanium and organic graups
attaphed to tin are more readily removed, This higher reactivity does not,
however, imply any ingtébil;ty of grganotin compounds- under ordinary conditions.

Four gqriqé of organotin compounds are knewn; those with one tin-carbon bond
are kpown as mono-grganotins, those with two tin-carbon bonds are diorganotins
whilst tyiorganotins and tatrg-organo;ins haye, respectively, thiee'gn¢ four
tiu-c;rbon bgnds. The propgrties of these classes of compound differ; thus
whilst upnpo;ganotlns have low toxicity the triorganotins are characterised by
high biocidal activity and diorganotlns find use in the plastics industry as
stab;l;qqr; and catalysts. The tetra-organotins have not found much commercial

use to date,

The tinrca;bgh bond is stable to water and to atmospheric oxygen it pormal
temperatures and is’ quite stable to heat (many organotins can be distilled
under reducéq’pressu:e with little decomposition). Strong acids, halogens and
other electrophilic reagents readily cleave the tin-carbon bond. Tin forms
predominantly coyalent bonds to other elements but these bonds exhibit a high
degree 9f jonic character, with tin usualiy acting as the electropositive mem=
bgr,' Tg;q:;gnotin hydroxides bebave not as alecohols but more like inorganic
ﬂaggg. although strong bases remove the proton in certain triorganotin hydrox-
ides piﬁcb.txﬁ is amphoteric. Thus, bis(triorganotin) oxides, (RSSF)ZQ,.are ..
strong bases and react with both inorganic and organic acids, forming normal
saltrlike but non-conducting and water-insoluble compounds. Tin doubly beonded
to o*yéﬁp does not exist an& diorganotin oxides, RZSnO, are ﬁolypers, usually
highly quss’linked via iptermolecular tin—oxygan_bogds, Unlike the halo~-
carbons, otéanqtin halides are reactive compounds and because of their ionic
chgrggtg;, readily enter into metathetical substitution reactions resembling
the ;gorganic tin halides. Unlike carbqon, tin shows much less tendency to 40:;
chains of tin atoms bonded to each other. Although tin-tin bondgd conpoqnds
are known (for example hexa—organodltlns)Athe tin-tin . bond is easily cleaved by_'



oxygen, halogens and acids.

1.1 HiSTOBICAL DEVELOPMENT )

The first Qgganic compound of tin was prepared in 1852 by Lowig, but credit
for the first cqqprehensive study of organotins .belongs to Sir Edward Frankland
(1825-1899). In 1853 he prepared "di-iodo diethygstggmane" (diethyltin di-
iodide) and 1nv18§9 "tetraethylstannane" (tetra-ethyltin); othex compounds fol-
lqy,ed-., b,ewttg this early discovery, organotin compounds remained 11Pt!§ more
tgun laggmtqry cg‘rios‘i‘.tia_s_ for nearly a century. .

The first commercially significant property of ai-gggpt;ns to become regog_..-v
nised, was the ability of diorganotins to inhibit the degradation, under the
influengg oi haat‘gnd UV light, of polyvinyl chloride (PVC)., Diorgsnetin coy;
pounds were intraduced as PVC stabilisers in the U.S.A. in the 1940s, in the
U,K, in -1.951 ahd in the rest of Europe and Japan in the m=id-195Qs, .Developp,ents
in this field have been reviewed by Verity-smith [1]. World praguction of
oix‘-.g‘a',i'iqt:!.n compounds was stated to be funnin_g at 1000-200Q tonnes by 1957,
!ginly 'for q.;l_buty,ltin stabilisers for PVC. More upphistiq_a.tedléagppunq.s_ were '

. seon developed, in particular, thiotin compounds were shown to be éﬁt;‘e‘gely
'g;ﬂ:;o;gnt p;égt stabilisers for PVC. Early in 1955, gqn;togic gcty;t;n stabili-
sers for PVC were discovered and following extensive testing, Government
approval was ohtained in ihe_ U.S.A. and elsewhere for the use of tin-stabilised
pvc in ;ooq-ygontqct applications. PVC bottles for squash and for food érodu_cts
were marketed in the late 1960s and represented & new outlet tt;;_' octyltin com-
pounds . ' el ' |

The blogcidal uses of organotins stemmed from the systematic study of these
ecompounds sponsored at the Institute for Organic Chelis,try. NO, Ut:"echt, by
the International Tin Research Council in 1950. The resesrch team at TNO under
tﬁe 1ndenhip of Professor G.J.M, van der Kerk made important contributions to
the study of the organometallic chemistry of tin, synthesising new compounds
and estabush.tng their characteristics [2-10] In pnvl:icular the power!ul bio~
eidal pmport),eq of the trialkyltin and tr!.aryltin derivatives were eltlbuqbod
In 1957 the German co-pany Hoechst developed an 1nportant agricultural tungicide
tradenamed "Brr-tan", based. gn trinhanyltin acat;te. This was particulagly
effective against the damaging potato blight Ehxtoghthora 1n£astana Subse-
quently in 1961 Philips-Duphar marketed a crop protectgnt based on triphqnylt!.n' -
i hquroxide (which had not been covered in the earlier triphenyltin patent filed
by Hoechst), By the mid-1960s world annual production of organotins had risen
to ground 10,000 tonnes. ‘
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Fig. 1.1. The M & T Chemicals b.v. plant at Vlissingen-Oost, The Netheriands .
Photograph courtesy: M & T Chemicals b.v.

In 1959 the seeds of another important use of organotin coOmpounds weére sewn,
when the O&ndsg Wood Preserving Company of America began activée investigation
into the possibilities of orgdnotins for wood preservation. As a result of
these studies; the compariy marketed a commertial organotin-based wood preserva-
tivebin 1960, This stimulated major developments in Europe @nd organotins be-
came firmly established in the field of wood preservation over tHe next decade
in many parts of the world. In the earl} 1960s organotin compohﬂds began to.
find use in antifouling paint systems for éhips in view of their biblogical
activity against 4 wide spectrum of fouling organisms. By 1970 International
Red Hand Marine Coatings had applied organotin-bpased coatings to some 200 ves-
sels, representiftig 5 m gross tonnes of shipping: The subsequent . development of
aore effective éoatings with long-term activity has led to a makked increase lﬁv
the use of organotins for antifouling systems and today this market is a growth

area.

in the late 1960 the miticiddl prépertiés of tricyciohexyltih hydroxide wgra
discovered and a commercial product based on this compound has been found
extremely effective in protecting a wide range of crops and ornanéntgls. In the
following years a number O0f other active organotin miticides were developed,

namely bis{trineophyltin) oxidé and- 1-tricyclohexylstannyl - 1,2,4-triazole.



Growth of organotin usage has béen considerable over the 145t féw decades ts
Fig. 1.2 shows, A current estimate of consumption is over 30; 000 tonnes per
year. Table l.i'_lj.sts principal uses of organotin c’:o-pbuhds; these are discuss<
ed in depth in ﬁpﬁ'“‘tbmining chapters of this book. It should benotéd that

three general an'ﬁé of application account between them for oVer ¢
total usage. Th?b areas are: PVC stabilisers, agricultural uses iﬂnst'rial
biocides (in painti timber, etc.). :

Fig. 1.2. Growth of consumption of organotin ccipounds.

1.2 'METHODS OF MANUFACTURE .

: Only a brief sm-nary is given ‘here ‘of the unufaétuiing tech.n:[quea oqsié’yeé
for 6rganétin compounds; more detailed accounts of the chel:l.sfry ﬁi] and’ thé

process technoldgy [i2] nave been published. The. prmcipal Foites af-é sum=
-arised in Fig. 1.3. ' L

1.2:.1 Grignard method
A very largeé proportion of the 1ndustria11y 1mportant organotin coipouﬁda is .

' prépared by the Grignard ‘method:

§'i"1"t51"1 + dRMgCl <y R,Sn + dMgcl,

The route provideés certain problems in cont¥ol, sinéé mixed solvént Systems

476 needed and large volumes are involved. However, the process is v}ery
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flexible and produces high yields; it is the only industrial method duriehtly
feasiblé for producing phenyltin compounds and it is also employed to produce i
propyl=-, butyl- and octyltin coﬁpounds.

1.2.2  Wurtz synthesis R

In the Wurtz synthesis, sodium is used in place of mAgnesium:

8Na + 4RC1 +-8nCl, — R, Sn + 8NaCl

Again, large quantities of solvent are reguired ahd éompeting side reactions
are a problem in achieving a satisfactory yield. Better resilts are obtained
when the Wurtz synthesis is carried out with alkyltin chlorides rather than
with tin tetrachloride. A starting amourit of dibutyltin diéhloride is first
converted by the Wurtz synthesis to tepiabutylt{n which then yields twice the
amount of dibutyltin dichloride with tin tetrachloride. Half of thé dibutyltin
éo-bound is then used to produce more tetr#butyltin for further reaction. , To
date the onl& company known to be making commercial use of this process is in
the German Democratic Republic [13].

1.2.3 Aluminium alkyl route

The aluminium alkyl route to organotins has eertain advantages over the
other two proceéses, namgly only a small reaction space is requireq. the pro-
cess can be operated continuously and no solvents are needed. The method is
used in F.R, Germany to produce tetraialkyltins,Vphftiéularly tetra-octyltins,
Complete transfer of all the alkyl groups bbund to thg aluminium requirés the
presence of a complexing agent such as sodium chlbridé,-sthers or tertiary
amines. -The alkylation to tetra-alkyltin then proceeds smoothly and completely:

' 3 } ¥
Al + 3SnC1, + 4R,0 —> 3R,Sn + 4AICL, @20

4R3
1
(complexing (complex) -

agent)

-
The' aluminium alkyl method is as versatile as the Grignard reaction with

regard to the nature of the alkyl groups concerned.

1.2.4 Direct synthesis
.Direct synthesis involves reaction between metallic tin and alkyl halide:

Sn + 2RHal =>» B2SnH312



