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Tri-n-butylphosphate (TBP) forms solvates with chlorides of Co(II), Mn(I1), Cu(II), Fe(III),
Cr(I1I), Sn(IV), Ti(IV) and Sb(V). The behaviour of these solutes in TBP is explained on the
basis of a coordination model involving solvent coordination as an essential step. The equilibria
proposed are supported by conductometric and visible, UV and IR spectral evidence. The
solvolytic displacement of chloride ion in [(amine)2SnCI.l complexes (where amine is pyridine,
3- or 4-methylpyridine, isoquinoline or nicotinamide) in TBP is a pseudo-first order reaction.
On addition of thionyl chloride to TBP solutions of the complexes, chloride ion replaces amine
molecule from the substrate. Thermodynamic parameters support the asstgnment of SNI
mechanism for this reaction.

THE solvent extraction behaviour of tri-n-
butylphosphate (TBP) , an excellent coordi-
nating solvent, has been reviewed by Marcus'.

Almost all metals have been extracted using pure
TBP and TBP diluted with carbon tetrachloride,
benzene or cyclohexane. Adducts of Sn(IV) and
Ti(IV) chlorides with TBP are reported to be
electrolytes=". Recently, some complexes of TBP
with metal ions have been reported". However,
there is no evidence regarding ligand substitution
in metal comolexes in this solvent.

Results of investigations on the behaviour of some
metal halides and kinetics of solvolytic and substi-
tution reactions of [(amine)2SnCI4] complexes in
TBP are being reported here. Inspite of its high
viscosity, dilution of TBP with aqueous or alcoholic
diluents is precluded because of the possibility of its
hydrolysis to corresponding diesters",

Materials and Methods
CoCI2, MnCl2, CuC12, FeCl3 and CrCI3 (AR) were

rendered anhydrous by refiuxing with anhydrous
SOCJ2• SnCI4, TiCI4 and SbCls were purified" before
use. Pyridine, 2-, 3- and 4-methylpyridines, quino-
line and isoquinoline were distilled over solid KOH
before use. Nicotinamide and TBP (BDH) were
used as such. The adducts of TBP with metal
halides and [(amine)2SnCI4] complexes were prepared
by reported methodst-". The instruments, tech-
niques and procedures for conductometr ic and
spectral investigations were the same as reported
previously=". The values of rate constants, energy,
enthalpy awl entropy of activation and frequency
factor were calculated following the theory of
Absolute Reaction Rates".

Results and Discussion
Solution behaviour of some metal halides in

triethylphosphate (TEP)5 and phosphoryl (V) tri-
chloride? has already been reported. Structural
similarities of TBP to these solvents provide

a basis for coordination model? to interpret the
present reactions in TBP.

Reactions of M/1,(II) , Co(II) and Cu(II) chlorides
_. The conductance-composition (plotted as mole
ratio of MCI2/TBP) curve shows inflection at 1:2
mole ratio indicating formation of adducts of the
type MCI2.2TBP. Solid adducts of this composition
have also been prepared and characterized. These
adducts are soluble in TBP and conductance of their
solutions indicates their ionic character. Solutions
of chlorides of Mn(Il) , Co(ll) and Cu(ll) (5·0 X lO-5M)
in TBP have specific conductance values of 0·85 X
10-4, 2·4x 10-4 and 3·5 X 10-4 ohrrr'! cm! respectively.
These values register marginal increase on the
addition of Li Cl (0·5A1 solution in TBP). It is
inferred that M2+ (solv.), MCl+ (solv.), l\1C13- (solv.)
and [MC14J2- ions are formed in dilute solutions of
MCl2 in TBP.

Presence of [MC14J2-is corroborated by electronic
spectra of solutions of metal chlorides (0·5 X lO-"M)
in TBP. The spectrum of CoCl2 solution has
characteristic maxima-v.v at 690, 636 (sh.) and 610
nm in the visible region and at 1690, 1775 and 2100
nm in the near IR region. Addition of two moles
of lithium chloride has no effect on the spectrum
suggesting that the principal absorbing species is
[CoCI4J2-. Characteristic absorption maxima for
solutions of (Bu4N)2 [COC!4] in TBP are virtually
identical with those for CoCJ2 in TBP. This also
supports the formation of [CoCl4J2-.

In the case of CuCl2 solutions, with or without
the addition of two moles of lithium chloride,
electronic absorption bands are observed at 484 and
426 nm, which- are characteristic'P.P of [CuCl4]2-
ion in solution. Similarly, the spectrum of MnCl2
solution exhibits a maximum at 420 and a shoulder at
350 nm and is identical with that of [Bu4NMMnCI4J
in TBP suggesting presence of [MnC14J2- ions.
Behaviour of chlorides of Co(II), Mn(II) and Cu(II)
can thus be interpreted through a coordination
model" involving the equilibria (1).
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MnCI2 +2TBP-~MC12.2TBP
2MC12.2TBP + 2TBP~ [M(TBP)aC!]+ [MCJa (TBP)]-

J~
[M(TBP)4P+ + [MCI4P- ... (1)

M = Mn(II), Co(II) or CU(Il)

The above equilibria are supported by conducto-
metric titrations between (C2H5)4NCl and metal
chlorides in TBP. The curves are characterized
by sharp breaks at 1:1 and 2:1 molar ratios and
indicate the occurrence of the following reactions:

+Cl-MCl2.2TBP -TBP~ [MCla (TBP)]-
+Cl-

-TBP~ [MC14J2-
Participation of chloride ions also involves conver-
sion of cationic metal species to the anionic tetra-
chloromet allate ion (Eq. 2).
[MC12-x(TBPh+x]>'+ +(x+2)Cl- ~ (x+2)TBP+ [MC14]2- ... (2)

Infrared spectra of the adducts show that \lP=O
frequency of TBP shifts from 1272 to 1210, 1235
and 1224 cm! for CoCI2.2TBP, MnC12.2TBP and
CuCI2.2TBP respectively. The shift observed for
TBP is of the same order as for coordination of
(C6HshPO and (C2H50)aPO (ref. 6). This indicates
coordination of TBP through phosphoryl oxygen atom
and supports the above mechanistic proposals.

Reactions oj Fe (III) and er(III) chlorides-
Although conductivity of pure TBP is very low,
addition of small amounts of FeCl, (1 X 10-4M) or
c-ci, (1 X 10-SM) give conducting solutions. The
plot of specific conductance versus molar ratio of
metal chloridefTBP at 35° shows sharp inflections
at 1:1 and 3:1 mole ratio (TBP: metal chloride).
The specific conductance corresponding to 1:1 com-
position is 1'2 X 10-4 ohm+ cm-1 for FeCl, and
0·6 X 10-4 ohm-1 crrr ' for CrCla·

Solid addition compounds of 1:1 stoichiometry
have also been isolated by refluxing the reactants
in required ratio in CC14 medium. These compounds
are soluble in TBP and the solutions have appreci-
able conductance. Addition of (C2H5)4NCI (1 X 1O-4M)

to dilute solutions of FeCla or CrCla increases
conductance only marginally. It is, therefore, in-
ferred that TBP solutions of metal chlorides have
ions which exist prior to the addition of tetraethyl-
ammonium chloride.

Behaviour of FeCla or CrCI3 in TBP may be
explained through the formation of a donor-
acceptor complex (Eq. 3) and replacement of
chloride ion by TBP in a solvolytic reaction (Eq. 4)
on the basis of capacity of Fe(IU) and Cr(III) to
acquire both six and four coordination.

2TBP
MCl+TBP ~ MCla.TBP ~== MCI3·3TBP ... (3)
(1 +x)MCJ3.3TBP ~== [MCla-x(TBP3+x]"+ +x(MCI4)-

+ 2xTBP ... (4)

M = Fe(UI) or Cr(III)
The existence of [FeCl4J- in dilute solutions is

corroborated by electronic spectrum of FeCla (1 X
10-5M) which exhibits maxima" at 662, 410 and
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352 nm in the visible region. General shape of the
curve and absorption maxima for solutions of
(C2H5)4N[FeCI4] in TBP are identical with those for
FeCla in TBP. Fe(III) and Cr(III) are also known
to be extracted by pure TBP and TBP-HCl mixtures
as MCla.3TBP at low concentration of HCI and as
H(TBP)2MCI4 at higher concentrations of HCI3.
This supports the proposed solution behaviour of
Fe(UI) and Cr(III) in TBP.

The conductornetric titrations between metal
chlorides and (C2Hs)4NCI in TBP exhibit sharp break
in the curves at 1:1 molar ratio corresponding to
the formation of [MCI4J-. It appears that in the
presence of excess chloride ions, all Fe(III) and
Cr(III) species are converted to [FeC14J- and
[CrC14r in accordance with Eqs. (5) and (6).
J1MCI3·nTBP+J1CI- ~ Jl[MCl4]-+J1nTBP ... (5)
J;[MCJ3_X(TBP)3+xJx+ +(X+l)JiCl- ~ J;[MCI4J-

+ h(x+3)TBP ... (6)

where Ji is the fraction of total metal chloride
present, as the ith species.

The above solute-solvent interactions are SUD-
ported by IR spectra of the adducts. There isLa
large downward shift (Il\lP = 0 equal to 112 and
90 cm '! for CrCl3 and FeCl3 respectively) in phos-
phoryl oxygen band of TBP together with the
corresponding small increase in P-O-C and O-C
absorption bands, suggesting coordination of TBP:

Reac.tions oj Sn(IV) and Ti(IV) chlorides - Sn(IV)
and Tl(IV) chlorides are miscible with TBP in all
proportions. Inflections in the plot of specific con-
ductance versus mole ratio of MCl4fTBP correspond
to the formation of SnCI4.TBP, 2SnCl!.3TBP and
SnCI4·2TBP a!ld 2TiCI4·TBP, TiC14.TBP and TiCI4•

2TBP. Identical results have been obtained in excess
TBP and the resultant solutions are conducting.

Dilute solutions of SnCl4 (0·3 X 10-4A1) and TiCl4
(1 X 10-4.1J,f) have specific conductance values of
1·6 X 10-3 and 8·0 X lO-t ohrrr+ crrr" respectively
which are much hii?her than those of the components.
Far IR spectra ot these solutions show \lSI-CI and
v'Ti-Cl absorption bands at 318 and 458 cm! respec-
tively .which. are_ characteristic bands for [SnCI6]-2
and [TICI6J2- lOllSo,6.. Th: formation of [MC16P- may
be due to the coordlll~tlOn of TBP in such a way
that the adducts with metal chlorides which
subsequently ionise through. a solvolvtic ~eaction,
are produced (Eq. 7). •

TBP TBP
SnC14--+SnCI4• TBP--+SnC14·1.5TBP

TBP
-~SnC14·2TBP ... (7)

TBP TBP
TiCI4--+TiCl4·O·5 TBP--+TiC14·TBP

TBP
--+ TiCI4·2TBP ... (8)

TBP
2lVICI4·2TBP "====;: [M(TBP)aCI3J+ +[M(TBP)CI5J-

1~
[M(TBP)4Cl2J2+ +[MC16P- ... (9)
M = Sn(IV) or TI(IV).

Addition of lithium chloride to dilute solutions of
the Lewis acids leads to increased conductance sug-
gesting stronger nucleophilic behaviours of chloride
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ion as compared to TBP. This tendency of the
chloride ion converts cationic species to [MCl6J2-
(Eq. 10).
[M(TBPh+xCI4_x}H +(x+2)Cl-~[MCI6J2- +(x+2\

TBP ... \10)
This is supported by conductance-composition curves
for the titration of SnCl4 or TiCl4 versus chloride
ion in TBP. There are two breaks in the curves
corresponding to mole ratio of one and two chloride
ions per metal chloride.

Reactions of Sb(V) chloride - The plot of specific
conductance against mole ratio of SbCls/TBP at 35°
indicates formation of the adduct SbCJs.TBP which
is soluble in excess TBP. Specific conductance of
SbCls(1 X 1O-4}\.f) in TBP is yery high (1·4 X 1O-30hm-1
cm+). This increase in conductance suggests the
formation of ionic species due to the formation and
subsequent ionization (Eq. 11) of SbCls.TBP, which
has been isolated in solid state.
2SbCls' TBP~ [Sb(TBP)2CI4J+ +[SbCI6]- •.• (11)

The observed molar conductance of SbCls.TBP
in nitrobenzene is in the range 20-30 ohm+ em-
mole+ for its dilute solutions, which indicates that
it is a uni-univalent electrolyte.

The formation of [SbCI6J- is supported by the far
IR spectra of SbCls.TBP and of its solution in TBP.
In the spectrum of monosolvate, vSb-CI appears at
365 crrr? (cornpared to 376 crrr" in pure SbC15)S,
whereas in the spectra of its solution in TBP, vSb-Cl
appears at 346 crrr! which is characteristic for
[SbCI6J- (ref. 5) species.

Electric conductance changes only slightly (1·2
X 10-3 ohm? crrr+) when LiCl is added to solutions
of SbCls in TBP. In view of the fact that chloride
ion is a stronger nucleophile than TBP, reaction
(12) is likely to take place in solution.
[Sb(TBP)2CI4J+ +2CI-~[SbCI6J2- +2TBP ... (12)

When SbCls is titrated conductometrically with
LiCI (in TBP), the curve shows a break corresponding
to SbC15: Cl" ratio of 1:1. The formation of
[SbCI6Y can be explained according to reaction (13)
SbCls.TBP +CI-~[SbCI6]- + TBP ... (13)

Sn, Ti and Sb exist as hexavalent coordinated
species in these solutions-H.

The proposed equilibria are in agreement with
the IR spectra of TBP and its mixtures with SnCI4,

TiCl4 and SbCls. The downward shift of vP = 0
of TBP (LlvP = 0 is 102, 40 and 122 crrr ' for SnCI4,
TiCl4 and SbCls solvates respectively) and the
corresponding small rise in the vP-O-C and vO-C
suggests coordination through phosphoryl oxygen
atom of TBP which supports the coordination model
for reactions of the Lewis acids in TBP.

Nucleophilic wbstitution reactions of octahedral
Sn(IV) complexes in TBP - Sn(IV) chloride forms
octahedral complexes with pyridine, 2-, 3- and 4-
methylpyridines, quinoline, isoquinoline and nicotin-
amide. X-ray analysist", Mossbauer-" and IR
spectral investigations= on these complexes indicate
that amine molecules are in trans position.

Kinetics of solvolytic and substitution reactions
of [(CSH5N)2SnCI4J in triethylphosphate (TEP) have

already been reported", Since TBP is isostructural
with TEP except that it has much larger molecular
volume, kinetics of these reactions in this solvent
is expected to follow a similar pattern.

Assuming that ion-pair formation is negligible,
conductance values of the solutions measured after
a considerable time interval arc considered to be
proportional to concentrations of the ions formed.
To substantiate this assumption, conductance of
solution after infinite time is plotted against square-
root of the concentration of the complex. The plot
obtained is linear with a slope of less than unity in
the range 0,2-0'8 mM. But at higher concentrations,
there is a departure from this behaviour indicating
considerable ion-pairing. Therefore, the reactions
have been studied at extremely low concentrations
of the complex for which activity coefficients are
assumed to be unity.

Though base strengths of 2-methylpyridine
(5·97) and quinoline (4'80) are of the same order as
that of pyridine (5·18) and isoquinoline (5,46), the
behaviour of their octahedral tin complexes in TBP
is strikingly different. Solutions of [(2-CH3PY)2
SnCl4J (A) and [(CgH7N)2SnCI4J (B) immediately
attain A~I value equal to that for uni-univalent elec-
rolytes [(C2H5)4NCI in TBP has AM equal to 3·5 ohm+
crrr ! mole'<]. However, for the complexes with
pyridine, 3- and 4-methylpyridines, isoquinoline and
nicotinamide, conductance increases slowly with
time. Thus, complexes (A) and (B) instantaneously
ionize to yield chloride ion and stable cations
[(2-CH3PY)2SnC13J+and [(CgH7N)2SnCI3J+ respectively.
In IR spectra of solutions of (1\) and (B) in TBP.
The phosphoryl frequency of TBP at 1272 cm-1 is
lowered to 1170 crrr ' (broad band) along with a
band at 1272 crrr! with markedly reduced intensity.
However, there is no absorption band around 480
em? in the far IR region characteristic of Sn-O band.
Therefore, it is assumed that the coordination of
TBP to tin does not occur. Although some solva-
tion of cationic species is not unlikely, steric factors,
which are responsible for cleavage of Sn-Cl bond
in solution, may restrain the cations from taking
up TBP molecule into the coordination sphere of
tin. Displacement of amine molecule in preference
to chloride ion is unlikely because this reaction
will not result in anv ion formation.

The conductance O'f dilute solutions of [(amine)a.
SnCl4J (amine = pyridine, 3- or 4-methylpyridine,
isoquinoline and nicotinamide) in TBP increases
exponentially with time. Values of molar con-
ductance after infinite time, AM"" determined for two
separate runs for each complex, correspond to the
value for a uni-univalent electrolyte in TBP. This
suggests solvolytic reaction where chloride ion is
replaced by a molecule of TBP (Eq. 14).

ks
[(amine)2SnCI4J + TBP ~ [(amine)2Sn(TBP)CI3]+ -l-Cl

... (14)
AM", values indicate that ionization of amine mole-
cule in preference to or simultaneouslv with chloride
ion is improbable. This is also supported by the
fact that addition of amine to the solution of its
complex in TBP does not affect the rate.
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TABLE 1- FIRST Or,r,ER RATE CONSTANTS (SEe-l) Forl SOLVOLYTIC DISPL,\CEMENT OF
CHLO]<WE ION Ii'- THE COMPLEXES [(AJ\HNE).SnCl.] IN TRI-I'-BUTYLI'HOSPE\TE

(300 ± 0-1°) (353 ± 0'1°) (40° ± 0'1°) (450 ± O'l°J su» t.S*
~--------.-- ---------"---- -------.-.----- --~---------.-..-.-- ..,,--~ -- kc vl/rncle (EU)
[C]mM 10· x lis [Cjm1\il 105 lis [ejmA! 105>:ils [C]n1_ll1 10·x Ii,

[PY2Si1C:4J
0'5972 12·4 0'5172 27·3 0·9310 66-0 1-123 131·7 29·S 15'5
0-505+ 14-3 0,7630 26·0 1-054 54-7 1'123 IlO'\)

[(3-CI~r3PY) 2SnC141
1-032 17'6 1-161 39-1 1-097 88'5 0-7175 181-2 28·2 17·3
0·8975 18·';' 0·7175 43-7 1-300 74·2 0-9823 168·4-

[(4-CH 3I'Y) .SnCi.l

0·60+6 29-6 0-7850 48·3 1-119 65-6 0-3590 142-7 21-3 5'2
0-7833 23·7 0-8590 39-9 1·075 78-0 0-6046 163-2

[(iso-C,H7,,, ).S"C1.J

0-6550 15-3 0-5+00 33·9 0-6670 83·4- 0-5.l.00 156-3 31,,~ 27·1
0-6263 16-2 0-54)5 36-1 0-6363 106-5 06363 141-3

[(C.E.~COXI.;:.)2S"Cl.l

0-31+3 21-3 0802; 4\·3 0-]900 73·) 0-sn7 120-3 22,9 0'2
0-615 ) 18-6 08213 40-3 0-5200 91-5 0,2576 131·6

AMaJThe first order plot of log against
AMaJ-AMt

time t (in see) , where AM CD is molar conductance
at any finite time t and Amt is the value for com-
plete ionization after 48 hr, is linear passing through
origin. The values of specific rate constant, ks,
calculated from slopes of these plots at four different
temperatures, are summarized in Table 1. Solvolytic
displacement of chloride ion in the substrate may
be due to mass effect of the solvent.

The magnitude of the first order rate constants
depends upon the [complex]. The solvolytic reaction
following first order kinetics may follow either a
dissociation mechanism or a displacement mecha-
nism involving solvent TBP as the attacking
nucleophile. The reaction probably corresponds to
a bimolecular process (and hence SN2 mechanism)
but gives first order kinetics because the concentra-
tion of one of the reactants (the solvent) is over
whelmingly large and is thus almost constant during
the reaction. This is therefore, a pseudo-first order
reaction proceeding via a displacement mechanism.
The observed variation of AS* from .......•0 to +27 e.u.
for different compounds conform to SN2 solvolysis.

On the basis of experimental observations, rate
equation (15) is postulated:

Rate = k, [complex]
where rate varies linearly with [complex].

These proposals are supported by IR spectra of
mixtures of [(amine)2SnCI4] and TBP. In the
spectrum of (amine)2SnCI4 when it is freshly mixed
with TBP, positions of vP = 0 and vSn-CI remain
unchanged indicating that TBP is not coordinated
to tin. However, spectrum recorded 48 hr after
their mixing shows that halogen displacement takes
place. Formation of [(amine)2Sn(TBP)Cla]+ in solu-
tions is indicated by the following:

(i) A marked decrease in the vP = 0 of TBP from
1272 to a band around 1152 crrr+. The shift observed
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in th.is system is of the same magnitude as that for
[(C5H5N)2SnC14]-TEP system where [(C5HSN)2Sn
(TEP)ClaJ+ is formed as a result of solvolytic
reaction",

(ii) vC-H observed at 3005 crrr" in pyridines. shifts
to a lower value in the region 2945-2960 crrr".
Bands of pyridine at 1583, 1572, 1483 and 1439 cm-l
due to vC -..:.:.:.:C and vC '':':'::N are shifted to higher
spectral region. Amine ring vibrations at 1220 and
995 cm-I shift to 1258 and 1016 crrr" respectively.
C-H out-of-plane bending modes at 748 and 705 crrr+
in pyridine occur at lower region in the spectrum
of complex-TBP system. Amine ring vibration
at 600 cm-I due to in-plane bending is shifted to
620-640 crrr? in these spectra. This indicates the
presence of pyridines in the cationic species.

(iii) Appearance of a new absorption band in the
range 450-485 cm-I along with a broad band at 530
crrr" assigned to vSn-O (ref. 6).

(iv) The vSn-CI (ref. 6) of the complexes present
around 335 em shifts to the region 308-315 cm-l
along with a weak band around 238 cm-I.

The steric, electromeric, conjugative and inductive
effects of the amine molecules influence the rate of
solvolytic reaction. The conjugative electron dis-
placement effect is not significantly involved in
methylpyridineste, Therefore, only steric and +1
effect of methyl groups present at different positions
in pyridine nucleus are considered. A perusal of
Table 1 indicates that rate of displacement of
chloride ion increases with increase in basicity of
amine. However, there is no linear relationship.
Observed order of reactivity for the amine com-
plexes; 4-CH3Py>3-CH3Py>py is consistent with
theoretical deductions that +1 effect of methyl
group at different positions promotes unimolecular
reaction through electron release towards the metal
atom. But, the complex (A) with 2-CHaPY is kine-
tically labile. This suggests the presence of contri-
bution due to steric effects. The intensity of the
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inductive effect of methyl group is small (because the
pka values of amines differ by a factor of twenty,
corresponding changes in the rates are not very
large) and its direction is such that it enhances
steric effects which appear to control the solvolytic
reaction. Similar conclusions'I-" have been drawn
about methyl subst ituents attached to influencing
amino ligands tor solvolytic equation of complexes
of the type cis-[Co(en)2(amine)CIJ2+ in non-aque-
ous solvents.

A comparison of rates of displacement of chloride
ion in the complexes [(nicotinamide)2SnCI4] and
[(CsH5N)2SnC14] shows that the rate is faster for
nicotinamide complex. The rate of this reaction
for [(iso-C"H7N)2SnCI4] is greater with respect to
pyridine complex. Nicotinamide and isoquinoline
are stronger bases compared with pyridine and their
complexes suffer from greater steric strain than the
pyridine complex. Therefore, enhanced rates of
solvolytic displacement of chloride ion may be
ascribed to the steric effects.

The rate constants are temperature dependent
and follow the Arrhenius equation ks = Ae-(Ea/RT).

Average ks values have been used to evaluate
frequency factor (A), enthalpy and entropy of
activation given in Table 1. Magnitude of A is
the same as expected for unimiolecular reactions".
However, less significant positive LlS· values for
4-CH3PY and nicotinamide complexes may be
due to some bond formation in the transition
state.

Addition of chloride ion to TBP solutions of the
complexes appears to change the course of reaction.
Solvolytic displacement of chloride ion is now less
significant because the overall reaction is insensitive
to the [Cl] added to it. IR spectra of TBP solu-
tions of complexes in the presence of SOCi2 shows
that vP = 0 does not shift and there is no Sn-O
absorption band in the range 475-525 crrr". There-
fore, TBP appears to act only as a medium.

AM of dilute solutions of the complexes in TBP
in the presence of SOCl2 increases with time and
Aeo approaches maximum value corresponding to a
1:1 electrolyte in TBP. This indicates the occur-
rence of substitution reaction (16).

k

[(amine)2SnC14] +SOC!2~[ (amine)SnCi5J
-l-amine" -SOCl ... (16)

amine = py, 3- and 4-methylpyridines, isoquinoline
and nicotinamide

Besides the reaction (17),
SOCI2+TBP~SOCl+-TBP+CI- ... (17)
an electrophilic substitution reaction (18)
amine+SOCI2~amine.f-SOCI+CI- ... (18)
also furnishes chloride ions in the system",

In the substitution reaction, chloride ion replaces
amine molecule from the substrate [(amine)2SnCl.,J.
The rate is independent of [Cl-J but depends on
[complex] (reaction has been studied for different
complex to SOCl2 mole ratios). It is, theref?re,
inferred that in the overall dissociation reaction,
heterolysis of amine molecule is a slow rroc~ss
followed by immediate combination of chloride IOn

TABLE 2 - FIRST ORDER RATE CONSTANTS AND
AG* VALUES FOR THE AMINE SUBSTITUTION REACTION IN

TBP AT (35+0'1°)

Complex [C]mM 105 X k [C]mM 105 X k AG*
(see-!) (see!) (kcal/

mole)

[(Py) ,SLCI4] 0'6450 23'0 0'8720 20·0 23-23
[(3-CHaPyhSI:CI.J 0·6380 24·6 0'9625 22'5 23'15
[(4-CH.Py).SnCl.J 0·6710 43-7 0·6710 40·6 22·79
[(iso-C.H,N) ,SnCl.J 0'6170 19·5 0'5977 21·8 23·29
(C5H.lS"CO:\'H.).SnCI.] 0'8620 23·0 0·6270 26·3 23·06

to form [(amine)SnCis]- which appears to be
quite stable towards further substitution in TBP

rmecium.
The decreasing order of reactivity for substitution

reaction (Table 2) for various amine complexes is;
4-CH3PY > nicotinamide> isoquinoline >3-CH3PY
>py. The observed order of reactivity suggests
that besides steric effects inductive effects of the
amine molecules also contribute to the variation
in the rates of reaction.
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