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AHESTRACT

The rcaction of antimony{11§) halides, SbX ;. with Lewis bascs has been studied
calonmetrically in 1.2-dichlorocthanc solution. The O-donors, Ph;PO, Me,50 and
pyridine-N-oxide, form 1:1 adducts mostly of high stability but with small enthaipies
of formation. Phosphincs also form |: 1 adducis. though PBu, gives both SbCl,PBu,
and SbCl(PBu,).: diphosphines are unidentate bul somec of the complex di-
phosphine {SbCl,), is formed when SbCly is in excess. Aromatic amines form 101
adducts of moderate stability (100 << K <2 2300 | mole™ ') with rather large enthalpies
of formation, mostly about 100 kJ mole™'. Heterocyclic bases form very stable 1:1
adducts (K > 10° I mole ') with enthalpies of formation around 90 kJ mole™': a
second molecule of base can also be added with K, < K, and —AH_." < —21H,".
Enthalpies of formation of adducts with 2,2"-bipyridine and |.10-phenanthroline arc
less than those of | -} adducts with pyridine.

Aliphatic amincs and 2,4.6-trimcthylpyridine form adducts of the type SbX,B,
of very hizh stability with enthalpies of formation about 230 kX mole™'. There is
some evidence that in these adducts the base i1s coordinated to halogen rather than
antimony.

INTRODUCTION

Although there have been many studics of the Lewis acidity of antimony penta-
chloride and addition compounds with a variety of bases have been isolated?, there
have been relatively few such studies of antimony(111) halides. Complex Auorides are
known with the anions SbF .~ 2 and SbF*~ * and crystal structures have been reported
for the addition compounds SbF ;(4-methoxypyridine-N-oxide), * and SbF,(Ph,PO). %,
in both of which the antimony has square-pyramidal sterecochemistry with an apical
Muorine and the sixth octahedrzal site occupicd by the “lone™ pair of non-bonding
electrons. A similar arrangement occurs in SbCl(1.4-dithiane), where two S atoms
from different dithiane molccules complete a >-coordinate square-pyramidal arrange-
menl with the “lone™ pair occupying the sixth sile®.

In the addition compound (Sbl,). dithiane, on the other hand, the two S atoms
of the dithianc are coordinated to two different Sb atoms, each of which becomes
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4-coordinate; the gcometry round the antimony is trigonal-bipyramidal with the S
atom occupying an apical site and the “lone™ pair occupying one of the cquatorial
sites”. This arranaement ako occurs in SbCL,-PANH,* and in the arsenic compound
AsCl,-NMe,”. Various solid addition compounds of AsCly and AsBr, with 2,2"-
bipyridine, 1.10-phenanthroling and tetraracthyl-e-phenylenediamine are known, but
their structures remain undetermined'®. In the addition compounds which SbCl,
forms with the hydrocarbons phenanthrenc!' and pyrene'? the pyramidal shape of
SbCl, is preserved and the antimony appears [0 be coordinated to the side of the flat
hvdrocarbon, sugeesting interaction with the aromatic z-svstem.

1t is clear from the various reported structures that the antimony atom in the
halides SbX, (X = CL Br or 1) has Lewis acid properties, which may be exhibited
cither in the usuzl way by the formation of lizand — antimony ¢-bonds. with ac-
companying increase in the coordination number of the metal atom to 5 or 6, or by
interaction with the z-system of an aromaltic hvdrocarbon. Yel another form of
behaviour is shown in the addition compound of antimony(kil) iodide with zlemental
sulphur. 5bly(S;);- In this compound cach of the S; molecules is bound to the Sbi,
molecule by the close approach of ore Satom 1o cach of | atoms'*. Though the S-1
distances ar: rather larger than would be expected for simple covalent bonds, there
seems hittle Joubt ihat this must be considered a Lewis acid-base complex in which
the iodme atoms act as Lewis acid centres, possibly because the bulky S, molecules
can pot gain adequaie access 1o the Sb atom.

In this paper we report calorimetric studies of the reactions of ShCly, SbBry
and Sbl; with 2 vanety of Lewis bases. including some O-donors, phosphines, hetero-
eyclic bases and aromatic and aliphatic amines. AH reactions were carried out in 1.2~
dichloroethane as solvent. after conductivity experiments had shown that the sclvent
did not reaci with the bases under the experimental conditions used. The resulis show
a wide rangy: of reaction stoichiometnics and sugzest thal some of the bases coordinate
1o the Sb atom and some to the halogens.

EXPERIMEXTAL

Antimony(1il) chloride was purificd by distillation in vacuo, antimony(I1l)
bromide by sublimation in vacuo and aatimony(111) iodide by crystallisation from
toluene. All operations involving handling of the halides were carried out in a dry bag
filled with dry nitrogen. The methods of preparation and punhication of phosphines
have been described previously'™; triphenylphosphine oxide was purified by crystal-
lisation from cthanol, dimethylsuiphoxide by distiflation in vacuo and pyridine-\V-
oxide by sublimation in vacuo. Liguid nitrogenous hases were redistilled: 2.2°-
bipynidine and 1.10-phenanthroline hemihydrate were recrysiallised from ethanol and
the hemihydrate was then dehyvdrated by azeotropic distifation with toluene before
making up in solution. For use as solvent 1,2-dichlorocthane was dried with anhydrous
sodium sulphate, distilled and collected over a molecular sieve: it was used within two
days, being stored in the dark and shaken immcdiatcly before use with anhydrous
potassium carbonate to remove traces of HCl which might be present.
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Conductimetnic titralions were earnied oul using a Philips model PW 9304 con-
ductivity bridge at 30.0 == 0.2 “C with a conductivity ccll specially adapied 10 exclude
atmospheric moisture. Calorimetric titrations were carricd out in 2 LK B 8700 triwation
calorimeter, using the technique and precautions previously described!®. Briefly, a
solution of the base was added in increments to 100 mi of a solution of the antimony
halide and the heat change measured afier cach addition. Control titrations were car-
ricd out te determine the heat of dilution of the titrant solution and thermozrams
consiructed by plotting the corrected, cumulative heat of reaction against the total
base concentration. When the reaction was quantitative and no further chanze oc-
curred at the end of the titration, the enthalpy of reaction was calculated from the
total, corrected heat change. When the reaction was incomplete at the end of the
titration and a 1:1 adduct was formed. the adduct formation constant was calzulated
3t each experimental point after the enthalpy of rcaction had been estimated by extra-
polation; the enthalpy was then refined iteratively until constant values of K were
c“Maincd throughout the titration. In cascs where the reaction was incomplete and the
data did not fit the expressions for formation of a 1:1 adduct, other possiblc stoi-
chiometrics were tried uniil a sct of computed thermograms was obtained which fitied
the experimental results.

For quantitative resctions the enthalpy was usually reproducible within 3 22
though systematic errors probably make the thermodynamic data rather less accurate.
In the 1ables of data uncertaintics in .1/ are mean deviations from the average of at
lcast three determinations. For reactions in which a 1:1 adduct is formed incom-
pletely, A1 H* is the average of at least three determinations: K is the average of at least
three determinations and uncertaintics in K are the sum of the mcan deviation from
the average and the average standard deviation in the individual titrations. Simijar
principles are applied to systems with other stoichiometries. Uncertainties in 4G° and
5’ are denved.

RESULTS AXND DISCUSMON

The reaction of phosphines or amines with alkyl halides i1s known 1o lcad to the
formation of quaternary salts, but the reaction is slow compared with acid-base
reactions. Conductimetric studics were carricd out and showed that po significant
conductivity could be observed in dilute solutions of any of the bases used in 1.2-
dichloroethane or at any stage during the titration of these solutions into solutions of
antimony (111} halides. This shows that under the experimental conditions not only is
the formation of quaternary salts by reaction of bases with solvent too slow Lo inter-
fere, but also that any free hydrozen halhide. which might result from hydrolysis of
antimony halide by traces of walter, is oo low in concentration to cause significant
CTTOTS.

Oxyxzen donors
Titrations of solutions of the three oxygen donors, pyridine-A-oxide, triphenyl-
phosphine oxide and dimcthylsulphoxide, into solutions of antimony(I1I) halides in
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1.2-dichlorocthane showed successive formation of [:§ and 2:1 addects in distinct
sieps
B+ SbX, = BSbX, )

B & B-SbX, »* B.SbX, )

with —:1/7.” fittle lexs than —~_1H, " and K. << K. Data for these reactions are given
in Table 1. A 1ypical titration curve is shown in Fig. |,

In view of the known structure of similar adducts with SbF, {4,5] it is reasonable to
propose that these O-donors are coordinated io Sb, giving coordination rumbers of
four and frvie

TABLE ]

FHERMUDY AN DATA FOR SUCCESIUE ADDLINY OF T30 301 ECULES OF BASE Tes ShX, Ix I 2-Duriono-
ETHANE SOLUTRON AT 30 '©
CI s ke~ Kix Dasane™ ")

Bisec x K, -1, Ks .
Ph, PO ca .- 1os 251 155 : 0 mn: 2
Br - 10t 15 - 1 26D ;- 35 9 -2
1 6D - 5D 16 - 1 3£ 20 I6 =2
M: SO ct 1150 = 60 52 235 3 29 3
Br 625 - 10 3.3 23 - 3 ;3
1 IF L ¥ 25 -3 —_ —
-NO C1 e (' 49 -2 69 . = F = 3
Br - 1o 69 ;2 139 = 10 =3
I o [ 62 - 2 3. 5 2= 5

Hogl of reaction kJ mele!

c & 4 I X

o 3 2 3 <
Moles bose por roie SHXy

Fig 1. Calorimetric titration of antimony{111) halides with Lewis bascs in 1. 2-dichiorocthanc solution
at 30°C.
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Phosphincs

Calonimetric tilrations of solutions of tributvlphosphine into solutions of
antimony (111} chloride were similar to those of the above Q-donors: first a 1: 1 adduct
was formed quantitatively. then a second molecule of PBu, added 1o form a 2:)
adduct of high stability (Fig. 1). When one or more of the buty] gzroups in PBu, was
replaced by phenyl. addition of the second molecule of phasphine was no longer
observed. As the number of phenyl groups increased the enthalpics of adduct forma-
tion and adduct stabilitics both decreased. Dawa for these reactions are given in
Table 2.

The considerable decrease in enthalpy of adduct formation as phenyl replaces
butyl paralicls that previously observed for reactions of tertiary phosphines with
mercuny(1) halides** and. to a lesser extent. organo-tin halides'® and i< evidently an
inductive eficct. which can be related to the Taft constants and basicities of the phos-
phincs.

Titrations were also carried ot with several bifunctional phosphines. including
bi(diphcnylphosphinoimethane (PCP). 1,2-bis(diphenvlphosphino)thane (PCCP)
and 1.3-bis(diphcnylphosphino)propane (PCCCP), and with 1.2-diphenxiphosphino-
diphenylarsino-ethane (PUCAs). Enthalpics of formation of 1:1 adducis of SbCl,
with all these compounds are similar to those of I: 1 adductis with Ph,PBu. suggesting
that the bifunctional bascs behave only as umdcentate donors. This is confirmed by the
adduat stabilitics: adducts with PCCP and PCCAs are of similar stability to that with
Ph,PBu: thase with PCP and PCCCP arc rather less stable. In no casc is there any
evidence for chelation and the data for PCCAs support coordination of phosphorus
rather than arsenic.

TABLE 2

THERMODYNAMI DATA fof fovaTioxN of 21 aoorcts oF ShX, wari prosrmnyes 15 1. 2-prcHiono-
CTMANE SOLLTION AT 30 "¢

(Kwelhsore™? 171G s kassnxe~!, 187 ina ™Y aone™ "y

Phusphine X K = =16 - 18!
PBu,™ Cl - 10° 1125 = 0.1 - 232 . 5
"hPBu, 1 4250 5 150D 1100 = 25 <1 2 1O 296 1
'h.PBu C1 2730 =~ 220 5.3 .4 1.0 X0 - 03 Hn3 : 3
I"h-PPr ly | 1930 = 170 510 =23 19.1 = 0.3 105 = 9
Fh,P Cl 160 :. 2 260 1O 128 = 0.1 KX I |

Br 198 = 24 3Ss =10 13.3 =~ 0.3 |

1 B3 = i o 1l =0l 63 = 4
PCP™ 1 600 = 100 o 2 160 = 0.5 H2:o 8
rCccPr Lo | 2000 + 300 67 =3 19.1 < 0.6 158 =12
rccee i 750 = 150 49 .2 167 - 0.6 17z 9
PCCAS a IS30 - 510 605 =25 I59 - 06 137 = 11
PC-CP cis Cc1 535 26 470 = 3.0 170 = 0.1 99 = 10
PC-CP trons [ | 2 oo

12 2 43 215 527 17.1 =. 0.3 34z 10
* For PBU_‘: K: T~ 10, “‘-,l”=‘ es 742 = 1.0.
* Soc tent.
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solutpon 21 30 COSHCE] - 1073 A F poand 2- 1077 A D) Dottad hine cxboplztcd For 121

addoct formateon. K 730 L ok~ ", 121 - HPRL pwole = ' Ml lincs for
PCCCP = ShCT, PCCCP - ShC, K -Tso. 1n- 4:
PCCCP -ShCT, © SBOT, PCCCPISBUT L, K - T50.. 1M 15,

The stabilities of adducts wilh these bifunctional phosphines are sufficiently high
that a significant proportion of the 1:2 adducts, such as CI,Sb «— PCCP — Sb(l,.
might be expected carly in the calonimetric titrations when SbCl, i in excess. [twas
found that better fits of the calonmeine data to compuled titralion curves were
oblained if allowance was made for this possibility (Fig. 2). The best-fit resulis for
each diphosphine were as follows

PCP + ShCl, = PCP-SbCl, K2 600 LI = 50
PCP-SbCl, -+ SbCl, == PCP(SbCl,). K- 600—1H" = 50
PCCP + SbCl, = PCCP-SHCl, K — 2000 —:H" - 67
PCCP-SbClI, - SbCl, =t PCCP{SbCl,), K = 1400 — A H’ - 67
PCCCP £ SBCl, == PCCCP-SbCI, K= T0—AH = 49

PCCCP-5bCI, -+ SbCl, = PCCCP(ShCly), K= 300—:H =48

where Kisinimole~" and A#H” in kJ mole™*.

Further confirmation of the failure of the arsenic atom in PCCAs to coordinate
was provided by the absence of any indication of the formation of an adduct of the
type PCCAS(SbCT,).. even when SbCl, was in considerable excess. The results
obiained for cis- and frans-1.2-bis{diphenylphosphino)ethene (PC == CP) fall beiwcen
those for PCCP and Ph,P: there is no exidence lor chelation or bifunctional behaviour
with either ligand.

Aromatic amines
Aromatic amines arc only slightly sironger proton bases than tertiary phos-
phines and there is little difference in pK, between PhiNH.. PhNHMe and PhiNMe..



TABLE 3

THERMODYNAMKE DATA FoR FoRMATION of 2] antiors oF ShX , Wit agosarie- aseses i J 2
eI oans TiaNe AT 3D °C
K s~ 1M __ 16 ixkassme~! IS s aume™")

— e = R - [ - J—

Amime X K =~ i -~ 16" - 15
prEL-CellaNH: 1 387 -~ 39 1532 .10 150 = 0.3 456 - §
PhNH - 'y | 115 = 4 104 : 1.3 120 -. 0.1 324 5
FPhiNHMc 1 FEY 3 38 94 212 165 . 02 271 ;05
Br A = 08 12543 = 29 6.7 =01 363 =10
| 3 : 19 896 - 419 I3.3 .03 251 .17
PhNMc; 'y 2IRS . T6 wsJ3 =21 196 ~ 02 2 .. 8
Br 090 ;- 56 1530 - 30 9.3 202 376 - [l
| 238 =~ 10 1218 = 1.5 IS0 = 0.1 i 3
PhCH . NHNc L of ] 2160 - 490 313 =2 194 07 970 - IO
. 103 3 2 T

Br 1301

e o e . - e wSET e - e

159 . 0.2 1010

Likec phosphincs these bases formed |21 adducts with antimony(111) halides in 1.2-
dichlorocthanc solution: there was no evidence for the formation of adducts of the
type (SbX,);base, which have previously been reported to occur in solutions in
dicthyl ether'*. Thermodynamic data for the formation of the 1:1 adducts arc given
in Table 3.

Enthalpics of adduct formation are considerably larger than those of analogous
phosphines, suggesting that the antimony in SbX; 13 a relatively “hard™ Lewis acid
centre. There is little difference in the enthalpics of formation of adducts with PhiNH..
PhNHMc and PhiNMe,. though there is 2 marked increase in adduct stability as Me
replaces H. This evidenily 15 an entropy cffect and may perhaps be attributed to
restricted rotalion about the Sb-N bond due to weak interaction between the N-H
and Cl within the molccular adduct. Short intermolecular N-H----Cl distances occur
in crystalline SCI,PhNH,*, indicating the possibility of weak hydrozen bonding, but
the angles are not correct for any except the weakest intramolecular interaction of
this type.

Subslitution of p-cthylaniline for aniline increased both the enthalpy of adduct
formation and adduct stability - this is presumably a direct result of increased basc
strength. The much weaker bases Ph.NMe and Ph;N gave no cvidence of adduct
formation.

Hererocyclic bases
Pyridine and the three picolines all reacted with SbX, in 1,2-dichlorocthanc in
a similar manner; the clorimetrnic titration results (Fig. 3) are best interpreted as
representing quantitative formation of 1:1 adducts (K > 10° 1 mole™"). followed by
addition of 3 sccond melecule of base to give 2: 1 adducts of high stability
be_)'B ’TB,“' B =F beJB:
and thermodynamic data for thesc reactions are given in Table 4.
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Fig. 3. Calorimciric titration of SbXawith hotcrovyclic bases in §.2-dichlovocthanc solution at 30 'C:
(1) Shi ;' f-mcpy. (23 ShC, 2-mepy. (3) SBCH, py. () ShBr ‘phen, (3) SBCT, bipy.
TABLE 4

THEESODYNAMIC PATA FOR SUCTESSIVE ATHMTION OF TR0 MNOLECTLLS OF HETERYSVOLIC WASE T 5N,
I 1 2-DICHLOROE TIANE SRLUTIRS aF 30 "¢ (K s Daoots =Y 147 s kose e~ ' Ky - 10%)

Base X ~_1Hy’ -1 Ky
Pyridimc a i | 12=1 3300 = 500
Br 93 = § 91 1465 = 220
1 L2 S | 152 2330 = 70
$-mepy a =3 355 1560 —~ 6D
Br 96 = 1 39 =2 460 =~ 700
91 =1 63 =3 5570 = 150D
J-mecpy i b 2 TR | 36+~ 4 = 3
Br 97 L 2 210 i390 - 50
| ¢ 3= =2 &0 =2 320 = 0
T-mepy CI 86 - 2 23 1250 + 220
Br 23 = | r§ B | - o
| 85 =2 &6 1 R (' o
pipy < 66 = |}
Br Fi=2
phen i pAEE |
Br 23 15 %3 =3 = 2%
| | 66 =3 3o =1 1410 = 120

There arc some unpseal features of these results. While 2177, “ is nol much affecicd
by change of cither halide or base, —:JH.” is considerably increascd by methyl sub-
stitution in the basc, particularly by x-substitution. The considerable differences be-
iween 1 H.,.” for pyridine and the picolines, the increase in —:JH." from 5b(l, to Sbl,
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and the large values of K., even when associated with very small valucs of .1/f,” for
pyridine, suggest that the second molecule of base may not be coordinated 1o the
antimony alom in the usual way.

Further methylation of the base brings aboul a2 complcte change in rcaction
stoichiometry. When 2,4,6-trimethyipyridine (colidinc) is titrated into SbX, solutions
thrcc molecules of basc arc added quamitatively at the one time

SbX, & 3B —-5bX,B;

Collidine is a shghtly stronger base lowards protons than is -methylpyridine'®. but is
strangly sterically hindered by the twoe z-methy] groups and it is diflicult o believe
that the antimony atom could accommodate three collidine molecules more readily
than onc or two of &-methxlpyridine. A more probable explanation for the formation
of a highly stable 3: 1 adduct with collidine is that cach molccule of basc is associated
with one of the three halogen atoms. This type of addect is known in crystalline
Sbi,(S,),"* and mizht be formed with heterocyelic bases if steric cliects prevented
closc approach of IN and Sb atoms. High adduct stability would result from the min-
imal steric interaction at the periphery of the SbX; molecule. Enthalpy daia for the
collidine adducts are included in Table 5.

When the bidentate bases, 2.2°-bipyridine and 1.10-phenanthroline, were
titrated into solutions of $5X; 1:i adducts were formed quantitatively, followed in
some cascs by the addition of a second molccule of base with a much smaller enthalpy
of reaction. Details are included in Table 4. The enthalpics of formation of these 1:1
adducts arc smaller than those for adducts with pyridine or picolines. It is possible that
bipyridinc might give this resvlt by behaving as a sterically hindered unidentate base.

TABLE 5

INTHALFES OF REACTION OF SBX; WirH INRLF SSOEFcUT LS oF AMIND IN 1, 2-D1eHLOROE VEANE Sol (G FIoN
ATIO'C

I X B (ss0LE SBX )" ')

|
t

Annee SbC’J SbB’_‘ SbI)
Collidine 173 = | 90 . 2 182 = 1
Et,N 256 = 1 251 2 286 =- 3
Bu,N 37+ 0 253 20 276 - 3
CxXE 2 261 : 3 266 - | 27 =3
EtaNH 283 - 3 73 =2 306 -3
iPraNH 239 -3 230 =0 281 = 0
Bu.NH 268 = 2 268 -} W02
piperidine 310 - 1 331 - 33 = 2
PrivxH, 27FF =2 1) R B7F 22
iPrNH 50 -1 93 -1 2ART - 2
BuNH 27 =2 305 - 3 25T = 1
iBuNH. 36 -1 302 37 =2
sBulNi o ) BECR 277 = 2 A5 =2
e | 331 = | 338 =2

CxNH . 285

Wi
| e

!
|
|
!
1
|
|
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|
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but this is much [ess likely for phenanthroline and the similarity of the results for the
iwo bases suggests that their 2dducts are structurally similar. The small enthalpics of
formation of the adducts thus suggest that stenic resiraints make it dilficult for these
bulky bases 1o approach closely enough for Sb-N bonds to be formed as strong as
those in pyridine adducts. These results thus provide festher evidence for steric over-
crowding close to the antimony atom and se somc additional suppont for the prop-
osition that in the 31 collidine adducts coordination may be fo halogen rather than
antimony.

Alipharic amines

These were the strongest proton bascs uscd in this study. A varicty of primary.
sccondary and ferfiary bases was used and all behaved in the same way: three mole-
cules of base reacted almost quantitatively with one of SbX;, as in the case of collidine.
Enthalpics of reaction were Jarge and in most cases close to the average of about
—280 kJ(z-at.Sb)~"; departures from this average did not appear to be sysiematic.
Dctails arc given in Table 5.

In most of these systems chanzes in the slope of the enthalpograms could be
observed at stoichiometric ratios of 1:1 or 2: | (Fiz. 4) indicating snall decreases in
the enthalpics of addition of suceessive molecules of base. Since the differences are
only smafl and the accuracy of thie data only a little better. no attcmpt was made to
analyse the data to give successive enthalpies of reaction.

The average cnthalpy change for the addition of each molecule of base. about
=87 kJ mole™* for secondary and tertiary bases wita SbC1, ar SbBr,. is comparablc
1o that lor the addition of the first molccele of a heterocyclic base. Even the most
sterically hindered bases. sach as t-BuNH.,. iPr.NEt or dicthylcyclohexylamine. show

o oG

Hant meaduces {J)

4
e
4
2 ]

Wi

7
07 [t moie

Fiy. 4. Calorimetric titrzlion of ShRr, aith dicthsbamine m 3. 2-dichlerocthanc selution ax 30°C.
ISbBr,) = £78 = 10+ M tamall circkes). 7.97 = 107 * M {large circks).
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little exidence for steric interference, which could be expecied to Icad 1o fower enthal-
pies of adduct formation. [t thus scems probable that in these adducts the three mole-
cules of base are not coordinated to the antimony atom. but rather one tocach halozen
atom. However, this apparently occurs only with the strongest proton bases.

The quite different behaviour of aliphalic amines and collidine from other
bases sugeests (hat the antimony and halogen atoms may 1o some extent be able 10
act independently as alicrnative Lewis acid centres. Same studics were thercfore made
with mixed bases. Afier the addition of three equivalents of NBu, to a solution of
Sb(Cl, it was feund that. althovgh further NBu, gave no evidence of reaction, heat
was still produccd if PBu, was added. Conversely, after addition of rather more than
onc cquivalent of PBu, 1o a solution of SbCl,. the addition of NBu, liberzied further
heat. thocgh further addition of PBu, did not. These results support the proposition
that NBu, and PBu; react with different parts of the SbCl; mofecule and that the
chlorinc atoms behave as Lewis acid centres to the stronger proton base.

There arc good rcasons why this might occur with antimony(111) halides: in
isolated SbX; molecules the X-Sb-X angles arc 97-99°'7: this is usually taken to
indicate that the Sh-X bonding depends mainly on the antimony p-orbitals, the non-
bonding. “lonc™. pair of clectrons being predominantly of s-characier. Although the
difference in clectironcgativilics must lead (o appreaiably polar Sb-X bonds, the con-
centration of the “lone™ pair in an antumony s-orbital will also Iead (o a high clectron
density close to the metal atom, which will tend (o resist the coordination of a Lewis
base. When coordination does occur and a 1:1 adduct is formed. rehybridisation
takes place leading 1o a trigonal-bipyramidal arranzement of orbitals of which onc,
usually cquatorial. is occupicd by the ~lone™ pair. In the same way formation of an
adduct with two molecules of base involves an octahedral set of orbitals. of which one
is occupied by the “lone™ pair. lcading to a square-pyramidal stereochemistry. How-
ever. if steric hindrance were 1o prevent the formation of adducts of these types. the
presence of the “lonc™ pair on the antimony atom could make the halogen atoms
acceplable aliernative Lewis acid centres.

In two of the systems studied. Sbl,/PrNH . and Sbl/,/BulNH.,. reaction did not
cease even afier addition of three equivalents of base, bul continued until three more
cquivalents had been added. giving overall enthalpics of reaction of 371 and
—-377 k1 mole™" for the addition of six molecules of base. These reactions were vir-
tuzlly quantitative. There is no indication of hikely structures for the products of the
reactions.
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