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group IVA of the periodic Table. In the atom of any elenent of

this group thore are four eloctrons in the valence levole ‘he

sround state for these atoms is o 3P otate derived from an -’v‘
mm“'. There are two eloctrons in the © subshell with
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spins coupled and in this state only two unpaired eleotrons in
the p oub-shell should be available for bondinge A covalonce of
two would be axpected arising from this ground state of the atom.
The conmon four-covalont state is derived from the sp® hybtridice-
tion by mwronoting one of the naired o eleetrons to the next higher
p lovels Covalonces of two mnd fouwr would then be expected for
these elenents in noutral nolecules. liowever, four-covnlent state
ocours far nore fregquently than the two covalent state and the
great najority of organotin compounds soosess & four—covalemt tin
aton. Docouse of the 07° hybridisation, the orssnometallic com-
pounds of group IVA are relatively otable and possess relative
low chenical reactivity; thus, tetramothyl tin is unreactive
towards air and water, in strong contrast to trinethylindium
and trimethyl mmtimony. The mariked increase in etabilities of
Rgin compounds over Rgin types aloe demonstrate the effect of

ineroased hybridisation. All Rgin compounds exocept where
e Uity (eyolopentadionyl) are wsually Sn(IV) compownds oince

they ocontain dn-in bonds, slthough genuine n(IX) compounds also
_. 4
do axist ,

1. Oo Catenation iwopertios of Sin in organalin conounde!

The tendenoy to catemation in group IVA appears to very
irrogularly. Silicon forms o serien of hydrides, Sigia, . o ond
halides 54X, o (X @ # 01) which contain Si~-5i bomds, while for
germanium only the hydrides are !mown. For tin, catenated hydrides
or halides are unimown, m:::mﬂamuotm,h)‘mc
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both oyelic and linear, in the latter the méde of chain termina-
tion is not certain, are mown®, Fer example, the reaction of
sodium in 1iquid amonia with HeginCly gives (depin| — which
consigte mainly of linear molecules with chain lengths n e 12«20
and perhaps more, as well as at least ome eyelic compound, [in(ieg)| 4¢
Thers is no evidence for branching of chaine®, similar pesulte have
boen obtained with other allkyl and aryl groupe® aege the oyelic
hexamer and monomer of Ityim, the eyclic pentamer and hexaner of
Mgin end the eyclic tetramer of (t-Bu)gin have been isolated as
well as linear species. It has been reported that in some cases
the terminal groups of the linear specles are-inmigHe The structurs
of En,sn]. is lmown, it contains an Sn, Fing in a chair configu-
ration, with the n - Sn bonde about the same length as these in
ey tin’ , Lead is not !mown to form any catenated compounds
ﬁﬂﬂhd@tnu&u&h’mmwmm poly atomic
lead anions. On the whole, however, there is a dearease in the
tendenay to catemation in the order C))) 31 Gexin}))Pb « Thie
general, 1if not entirely smeoth deorease in the tendency to cate-
nation may be ascribed partly o dininish atrength of the U -~ G
94 - 514 , Go - Go, 5n ~ Sn and °b ~ Pb bonds, which are approxie-
mately 83, 42, 40 and 37 Wal/mole for C - Uy 54 - 54, G - Go
and Sn - 9n bonds respectively®,

1.130 '*“I. L C A4 LLAL' s OL PR LT
-~ pelariSy uvon reactiona!

The increase in the electropositive character with
inereasing atomic number, which is found in several groups is
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striiingly evident in group IVA. Some propetics of the elemente are
given in Table-19%,

Menont Llectronic Ionisation
structure
QaVe

m“'"'w""- m‘ in %A .

Mret Second
¢ [mejas®er® a8 2. 2480 0uT?
st [ne)se®3p® s 16.3 1476 1427
do [ar|3a’%s"as’ 7.9 189 2408 1e82
i [ir]4a %e"5r" 73 1446 1072 1440
m  (kejar™5a’d 4 1800 1,86 1456

6a°6p®

a=According to Allred and Rochow} beletrahedral i.c. sp® padii,

As can be seen from Table~l, theore is considerable difference in
electronegativity between carbon and the other elements of group
IVA. As such metal-carbon bonds should be expected to be quite
polars In fact, Pauling, using his well nmown relationship between
percentage lonic cheracter of bond and the electronogntivity”
enlculated ionic charncter of O=ii and O-Sn bonde to be 12° and
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157 respectively. Use of Allred and Rochow's eleoctronegativity
values would make those values 14.27° and 14.6/%, alnmoat identical,
Since the electronsgativity of ocarbon varies with the nature and
nunmber of attached atone and groups, the lonic character of tine
carbon bond will also vary accordingly.

The polarity of a bhond not only influences the physical
moperties of the compound in acoerdance with the well imown chara-
cteriotics of ionic and covalent compounds, but aleo influences
markedly the chemical reactivity of the compound. In gomeral, bond
partners that ocarry an appreciable dilference of olecirioal chnrge
relative to each other will serve as an oleoctric dipole that atirac-
to and orionte neighbouring reagentse. Since tin is positive with
roapact to oarbon, the relative polarity of the U-in bond nay be
formally rorresonted as

8- ot

¢ - aa
Thus, if an organotin compound in axposed to water, it is %o be
axpocted that an He0 dipole will be attracted teo U-im dipole and
oriented in the anmwropriate directiom.

6~ Se
¢ - m

The apmroach of dipoles will continue, with corresponding lGse
of potentianl energy, wntil repulsion of the clectron shells
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equalises the attraoction. e then have an active intermediate
which may either break apart inte the original components or
reallign ite bonds %o form new substances. If the change in free
onergy favours the latter action, the producto will bes:

However, due to the low polarity the carbon $¥in bond as in the
tetra-nliyls or tetra-aryls of tin are not actually hydrelysed
by water. Hydrolysie requires increase of temperature and Eessure
or the wse of catalyots such as acids or bases which attaciks the
carbon or tin. An wueunl feature of the organotin compounds i

the ilonisation of some of the Hgink mnd RgoinkKe compounde in
vater®, The organotin halides also do mot hydrolyoe in water without
the action of any base because of the stronger bond strength of the
%in halogen bond than the tin-oxygem bond. The strength of single
covalent bonds between Sroup IVA atoms and other atome gemerally
decrense in going down the a8 can be soen from Zable-2¥ .
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In case of organosilicon compounds the reverse is the
case. In the RgiOH series, the basicity increases from silicon to
loads The metal carbon bond strengthe decrease and the distances
inerense as going down the group IVA, resulting in mrogressive
deerease in the melting points) h 51 - 233%, MgGe - 2307,
Myon = 226° ana 2,2 - 228% The solarity of the metal carbon-
bond inareases with inoreasing atomic number within the group and
the bond becomes more sensitive to attack by polar reagente. This
is also evident from the increase in the polar character of the
halogens in compounds such as Rgix®,

Jilicon, germanium, tin and lead do not form P77 multiple
bonds either o themselves or to other elomente where as carbon

has o mrofound Sandency to do so. Vowever, there is good evidance
that the 4 orbitals of the elements, other than carbon are used
in @7 - p7 bonding® , Por exanple with the Zowr acids of the type
p=itgiCgH, CO0H, where X represents carbon, silicen, gormanius, or
tin, carbon is the moet electronegative of fowr elements and should
enhance the acid strength to the greatest extent. Actually, the
earbon compound shows the lowest acid strength, indicating that
&7 = prbonding is operative in the other three compounds’. The
tendonay to use 4 orbitals for T-honding seoms to decrense from
31“&.-15“&(%}'0&!:2-')‘8.&.“-0-60“00%
groupse appear to be highly bent Mun(au’,,omm
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angle 1o around 160° ‘Y. Also Ge-X bond lengths seem to be lese
shortened reiative to the sum of the covalent radii of the bond
partners than are Si-X bond lengths'®, the shortening is considered
%o be due at least in part, to 47 - p7 bondings Purther evidence
of the lowering, or non-existence, of A7 - pr bonding in the ole=
nents below silicon comee from the relative buse strengths of the
amines (3iley) N, (Geileg )y and (Sniieg )/ due to hydrogen honding.
J/hereas the silicon compound is virtually non-basic, the germanium
compound is about as basic as an organic anine, while the tin com~
pound ie more basic than any organic anine”s lowever, the sossibi-
11ty of 47~ py bonding in tin cannot be completely ignored, at
least with glenente of higher atomic nuubers c.ge Qe or, I ote.
In fact, &7 «p7 bonding is thought Yo be partly responsible Lor
highor values of Sn-0l stretohing frequency in certain tin com-
pounts’® and =0 frequency in (shyon)y0"%s

Due to the aveilsbility of & -orbitals, organotin com-
pounds can form vardious typos of complexes with ligande. The mont
interesting exanple is afforded by RginX type compounds which form
111 adduots with verious lewis bases®, These are apparently five-
comordinate trigonal bipyranidel molecules, & etructure mroved for
HeznCl.Py which has equitorial methyl groupe 3, Again Uegsnx
type of compounds when X = Cly, Br, or I the compounds are sinple
totvahodral, but when X = QAOF, ¥, 00y, B, MOy, 4sH," the
the compounds are five coordinate about tin where the anions are
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either bridsing or chelatel?s18 tynes. The aquo~ion[iegin(igo), |
has a linear Ce-in=C group, there are presumably four water mole-
cules weally coordinated in the equitorial plane*?, In alialine
solution of lMeginClg, there existe trans Elt.m(am;j’ son*?,
Jinilarly, Rgini and Rgink, compounde can form organotin chelates

with chelating agents such a8 Uehydroxy quineline®Vs8l , acetyl
acetone®2+23, 1, 10 phenanthroline®*s2% bipyriaya™ #8924  gge,
which are either five or six coordinate compounds.

The polarity of Sn~C bond Sogether with the tendenay of
tin aton to form adducts with Lewls bases (domors) may be Success-
fully utiliced to explain & nuaber of reactions, 0«8ey the cleavage
of Gn=C bonds by some chelating agents studied by Welson and lartin®™®
and the reactions of (Rzin),0 and some organotin oxinates with
merowric halldes ato.



i.
2

'Y

Be

7o

Do

10,
ii.

12,

15.

14,
15,

AL A A A R .0 5 A2 0.2
Ce Towlg Anne. 84, 308 (1882)
Rek beDello Uhene eview
a;“om . senberg 80, 520-525 (1960)
Celle lnOXe A
: hm m d -m.
Hm, DeCe (194
PeAesCotton and ¢ Chendutry,
Geidlkinson “m-. fn Inter mnu
Publishers, TWew Yorke
TelieBrown and GeLe Inorge Chome £, 756 (1963)
organ
WeVeFfarrer and J e Or g 454 (1964
H:A:E gano-metal Cheme 1, (1 J

DallsOloon and N.0.
undle

GelGelochowy DeTe Hurd
and RelTeTewis

JeChatt md AcAlWillinms
TeDeGoldfrab and Seoujiondi

lﬂ-ﬁ: n‘iun“m

JeLelrdffithe and
UsleN@loon and
Dellellartin

Re Ce Pollor

MeAolntwiyoff and
ReGeDrago

Inorg. Chem. g, 1510 (1963)

The Chenis Organometallic
'?h Wiley and Jons.

Incs 1957, New York.

JeChome Joc, 4403 (19564)

Je/mereChensioce §§, 1679 (1964)

Inorgs Chome 3, 1754 (1964)
Proce Chems Soce 456 (1961)
JelnorgeucleChane §F, 00 (1968)

JeInorgeiucl, Chen. 34, 595 (1962)
Inorge Cheme 3y 337 (1964)



16e ReJiulme

17« HeCoOlaric, RedeO0'Brien

18, MeCoClaric, ReJe0'lrien and
JeTroller

19, ReieTobians and CelePreldline

20, DeBlake, Ges'isContos and
JelleTate

o .

228, Aeisliantlake and
Deriarein

83¢ Dl ton and

Ae :
e Jelelw dalle Roper
.Ifﬂ.ﬂn’l’o .

20e UsllsTglaon and DeFe lartin

JeChemeSoce 1526 (1963)
JeChomesoce 2532 (1964)

InorgeChens 4y 215 (1965)
JeChenstocs 766 (1961)

&w Chens J (8),

AT o o

Chems Ind. 651 (1981)

JeUhenetocs 3716 (1968,

SO e A



