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ABSTRACT
Triarylarsine halides
The reactions of tri(2-, 3-, 4-methylphenyl)~,

tri(dimethylphenyl)~-, tri(2~, 3-, 4=fluorophenyl)-, tris(2-, 3-, and
Y-trifluoromethylphenyl)arsine with halogens (bromine, iodine and
iodine bromide) have been studied by conductometric titration. in
acetonitrile. In general, evidence was obtained for the formation, in

solution, of 1:1 and 2:1 adducts (R3AsX2 and R_AsX All of the

-
possible 1:1 and 2:1 adducts were isolated as crystalline solids and

the electrolytic conductivity of their acetonitrile or nitrobenzene
solutions was measured. The molar conductivity value for each
compound (at Cm = 0.01 mol dm~3) was calculated. All of the compounds

of type R3As012 are weak electrolytes except (2-CH306H4)3A3012 which

is a medium electrolyte; and all of the R3AsBr2 compounds are weak or

medium electrolytes except (2-CH306H4)3AsBr2 which has a molar
conductivity value approaching that of a strong electrolyte. The
molar conductivity values of ﬁhe dibromide adducts are always higher
than those of the corresponding dichloride adducts. Comparison of the
relative values of the molar conductivity of the adducts (Y06Hu)3AsX2

LY =H, CHB’ F, CF, and X = Cl, Br] with the relative values of acid

3

strengths of the corresponding substituted benzoic acids, YC_.H

¢ H,,COOH,

is made.

The higher molar conductivity of R3A312 and RBASIBr results from

their disproportionation

1 1 + -
— = =)
R3Asx2 2R3As + 2R3Asx X3

All of the 2:1 adducts, R3Asxu are strong electrolytes in acetonitrile

solution and are formulated R ASX®T X

3 3 The mixed tetrahalides



R3AsCl3I and R3AsBr3I, were indicated from the reactions of R3AsC12

with ICl and R3AsBr2 with IBr, and they can be obtained as solid

adducts. These compounds ionise completely in acetonitrile and the
halogen of lower atomic number resides, without exception, in the

cation

o+ -~
R ————————
3ASC13I R3AsCl ICl2

+ -
et
R3A3Br3I R3AsBr IBr'2

Triarylstibine halides

The course of the reactions of tri(2-, 3~, A-methylphenyl)-,
tri(dimethy;phenyl)-, tris(2~, and U4-trifluoromethylphenyl)stibine
with bromine, iodine and iodine bromide in acetonitrile solution were
investigated by conductometric titration in order to observe compounds
formation in these systems. All of the 1:1 and 2:1 adducts (R3SbX2
and R3$bxu) whose existence was shown by the titrations were
isolated. The electrolytic conductivity of acetonitrile solutions of
the adducts were measured and values ' of molar conductivity were

obtained; all of the compounds of general formula R be2 (X = CL or

3
Br) are either non-electrolytes or very weak electrolytes in

acetonitrile. The conductivity of the adducts R SbI2 and R_SbIBr are

3 3
high and arise from their disproporticnation in acetonitrile:

*-—— 1 1 S 1
RJSDI, S———% JR,Sb + ZR.SOI'L,

1 1 i o -
o R3SbIBr e e 3R3Sb + 3R3SbBr-2 + 3R3SbBr I3
s All of the tetrahalides except (H-CF3C6H4)3Squ are strong
electrolytes.

The conductometric titrations of R SbCl2 with ICl and SbCl5 and

3
R3$bBr2 with IBr [ R = (CH3)206H3, 2—CF306Hu] have been studied in

acetonitrile; there 1is no reaction between R3SbCl2 and ICl but with
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3

SbCl5 a highly conducting 2:1 adduct (R3SbCl+ Sb20111-) is formed.

With the exception of [(CH3)206H3]3SbBr2, the reaction of R3SbBr2 with
IBr-does not go to completion, but produces an equilibrium mixture of
reactants and product:

R AsBr2 + IBp ——— R SbBr'+ IBr.~

3 3 2
No solid adduct was obtained, However the adduct
[(CH3)206H3]3SbBr31, suggested from the titration graph, was isoclated

as a solid. "It is a strong electrolyte in acetonitrile solution.

Tetraphenylstibonium halides

SbX (X = F, Cl, Br, I) and Ph,SbX. (X. =

4 43
IClZ) were 1isolated as crystalline solids. Their

All of the compounds Ph
Br3, IBrz,
electrolytic conductivity was measured in acetonitrile and the molar

conductivity was calculated for each compound; PhquF is a very weak

electrolyte. PhASbCl and PhquBr are weak electrolytes but Ph,SbI is

P

a strong electrolyte as are all of the trihalides, Ph,SbX..

43

The conductometric titrations of PhquCI with IC1l and PhquBr
with Br2 and IBr indicate that the trihalides PhquX3 are formed

readily in acetonitrile solution.
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INTRODUCTION

Group VB Halides

The elements of Group VB (N, P, As, Sb, and Bi) with the
exception of nitrogen, form numerous pentahalogeno compounds since
they possess low energy d-orbitals which may be uéed for bonding,
Nitrogen, which does not have low~lying d~orbitals, differs
considerably in its chemistry from the other group members. The
extent of utilisation of d-orbitals by these atoms depends both on the
particular Group VB element and on the nature of the atom, or the
group involved in the bond formation; it is most obvious in phosphorus
and least obvious in bismuth.

Among the halides of this group the trihalides, §X3, and the

pentahalides, EX (E = P, As, Sb, and Bi; X = halogen) are the most

57
numerous and most important. Some of the halides of arsenic, antimony
and bismuth have been known for more than 300 years. Arsenic
trichloride was described by Glauber'1 in 1648. He also prepared
antimony trichloride by distillation from a mixture of antimony
sulphide with mercuric chloride, salt and clay or hydrochloric acid,
and identified it in the same year. R. Boyle2 made bismuth
trichloride in 1664 by sublimation from a mixture of bismuth and

mercuric chloride. Gay Lussac and L.J. Thenard3 in about 1808

#
From time to time in this thesis the letter E is used to represent

Group VB element and the letters X, Y represent halogens.



prepared 1liquid phosphorus trichoride by the action of chlorine on
phosphorus. These were among the first non-metallic halides to be
studied.

The five co~ordinated compounds of Group VB are unique and
interesting. Structural studies have shown that they display a
continuous range of conformations extending from the ideal trigonal
bipyramid to the square or rectangular pyramid. For example, for
pentaphenylantimonyu square pyramidal is the stable form although most
of the molecular species of type EX5 have the +trigonal bipyramid
configuration.

A brief survey of the chemistry of the Group VB element halides

and their derivatives is given in the sections that follow.

Group VB Trihalides

a) TYPE EX
(a) 3

All _of the trihalides, except PF3, are best prepared by direct
halogenation, keeping the element in excess. PF3 is best made by
fluorination of PCl35. All of the simple trihalogeno derivatives of

this group have been isolated and characterised. With the exception
of PF3 which is a gas, the compounds are either liquid or solid at
room temperature and their volatility decreases with increasing
molecular weight. All of the trihalides are rapidly hydrolysed by
water.

The gaseous molecules have pyramidal structures. The bonds are

simple sigma bonds and do not apparently involve A bonding6. In the




solid. state these eompounds generally orystallise with moleoular.

lattioes.f Exceptions are the 1odides of As, Sb, and Bi whlehi--
crystallise with layer lattioes with no diserete molecules, BiEs wnieh;;

has an ionic lattice; ‘and SbFy which has an interfiediate structure.

(b) TYPE EX Y

= O ol

In addition to the 81mp1e trlhalldes which contain one klnd of
halogen, compounds  are .known .in " which two,different;halogens are
preeent. Although the possible number of these mixed halides~of Groubav

VB eiements »is large, relatlvely -few have been prepared and

R
vy

dhanacterised.4 The phosphorus compounds are best Kndwn ‘an :h§§9“

halldes whlch oontain fluorine are the most stable.' Phosphorugimixéﬁ

1

trihalldes are formed by rearrangement of ‘A mixture -ofi ' the simple
; trihalldes, fon example o .
PBr3 + P013 4_____.__, PClBr L+ PCl Br7 8 %

The fluorine-containlng mixed halldes (eag. PF Cl,, PF Br, and

(CH ) NPF + HX -—-——-—-‘b PF X + (CH P NH HX

'Allv of these eompoundsitend to undergo deoomposition (randomlsation)
reactlons €.8e.- A2 T f

| SPCIBr ———. PCl Bt' + 3PBr'3 + PCl3
Fluorine-oontaining oompounds randomise more slowly but all of these

compounds have to ibe stored at 1ow temperature «(-1Q§'C) ton’aYQid»

deoomposltlon. . The ohloride-bromides and chioridei-iodi{d.es have not *.

been Isolatedaasnpure oompbuhds10 although their existence *may; bev

¥ N

detected by NMR, - Raman, and Infra-red studies.' There is.Raman“

spectral evidence8 for the'formation of PFClBr,ﬂl eontaining¢~three A1

dlfferent halogens, obtalned from thexmixture of PFCl and PFBr

).rr

4 .”" 2 VR s_\



Mixed trihalides of As and Sb are much less easily isolated but

19

they can be detected in mixtures. F NMR has shown the possible

existence of AsF201 and AsFClz11 from the mixture of AsCl3 and AsF3.

The Raman spectrum of the mixture of AsCl3 and AsBr3 showed the

presence of AsClBr and AsCLBr Sb123r12 is obtained by the

2.
elimination of ethylbromide from the organometallic compound,

EtSbIzBr213. The mixed trihalides for bismuth have not been reported

yet. The gaseous molecules in these mixed trihalides have pyramidal

structures and in the solid state they form molecular 1attieess.

Group VB Pentahalides

Pentahalides of Group VB elements have long been known. For

example PF_ was first prepared in 1876, well before the discovery of

5

elemental fluorine. These compounds are generally prepared by one of
three methods.
(a) treatment of the element with an excess of the appropriate halogen
. = _—*

€.8 2P + 5012 . 2PCl5
(b) addition of halogen to a trihalide

e.g. PF3 + Cl2 —_— 2P}.'.-’3Cl2
(c) halogenation (usually fluorination) of another pentahalide

€.8. 3PCl_ + 5ASF

5 3 + 5AsCl

e 3PF5

3



‘TYPE EXg
‘Phosphorus pentahalides of'thiS_type, with exception of PI

- v
) 14 and>i$ a

, are
all known. PFs,_? is molecular (trigonal bipyramidal

’ hon-eleetnolyte in 1iduid HFS. jPCl5 1s a, solid at room temperature

and its structure is built from ions. Normal solld PClS.lS [PClu]c

'[PCl ] 5 but reoently it has been shown that other (metastable) forms

of the compound existy

2 - 15 y A . + = _16 G2
(a) [pc1,17 [C1] (b) [PCL,1,"[PCL ] Cl | :

(c) E’Cl5 (molecular: trigonel bipyramida1)5.

In the gas phase, trigonal bipyramidal PCl_. molecules are present .

57 :
In - polar ionising,eolvents (e.g. acetonitrile,andAnitfobenzene) PClS
,:is a weak electrolyte'and the ions PClu+ PClG- have been shown to be
present5 J L
.2’19015 b 44 [PClu]“' [Pc16]‘ - [PCll"]f #'[PCi6]-

In non po;ar solvents, however PCl5 ie moleeuieri‘in CClu it‘may
be dimeric, but in benzene it is monomefies. Réman spectroscopi.
shows that in the liquid phase PCl5 is trigonal bipyr'auru'.clal10

In the solid state PBry is ionic consisting of the ions [PBr,]"

18

[Br]™ 5. These 1ons are also present in acetonitrile solution A

'vapour pressure study of the compound has shown thatﬂlt 1s completely
dissociated in the .vapour phase18

PBr_ =————————p PBr_ + Br2

5 3 .
The only arsenic pentahalide stable at room temberature is AsF519
which is a gas like PF;. In 1liquid HF, AsFy (and SbF,) gives

conducting solutions, probably beéause of the reaction5

+
__—-.—_-.
2HF + 2AsF5 H F" + ASZF11

——— .
(2HF f SPF5 , H2F + SbF6 )




Arsenic pentachloride (AsClS), which is unstable above -50°C, has

0,20

recently been prepared by photochlorination of AsCl_ at =105 C , its

3

structure is not known.
Antimony pentafluoride is a viscous liquid and it is not certain

whether it is dimeric SbaF10 or whether polymers (SbFB)n are present.

An 19F NMR study of the liquid suggests that each antimony atom is
surrounded octahedrally by six fluorine atoms, two cis fluorine atoms,

being shared with adjacent octahedra. In the solid it bontainé

19

tetramers in which each SbF6 unit shares two adjacent corners, its

structure . is similar to that of (RhFu)421. Its vapéur from 140°C to
350°C consists of polymers plus a small amount of monomer and the
proportion of the latter appears to have a trigonal bipyramidal
structurezz. Antimony pentachloride loses chlorine readily and is a

powerful chlorinating agent. It is dimerics, Clqu0£-Clz)SbCl Both

y?
solid and liquid SbClL contain individual trigonal bipyramidal

molecules19.

5!

Bismuth pentafluoride was synthesised by Fisher and Rudzitis23

from bismuth and fluorine at 500°C. It has also been prepared by

fluorinationzn of BiF3 at 550°C, it is a white solid and an extremely

powerful fluorinating agent. The solid appears to have the uranium

pentafluoride structure with infinite chain of trans-briged BiF6

octahedra. Raman data has confirmed that the bridges 1linking the
25

octahedrally co-ordinated bismuth atoms are trans®™. BiCl_ is not '

5
known the pentabromides and pentaiodides of As, Sb, and Bi have not

been reported in the literature.
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Mixed pentahalides of Group VB elements (EXnY5 s

In spite of there being a large number of possible mixed halides
of group VB elements, relatively few have been isolated and
characteriséd Those containing fluorine and chlorine have received
more attention 26 than the rest of the mixed pentahalides, al though

35

compounds containing fluorine and bromine have received some study~~.

Table 1. Mixed pentahalides.

Phosphorus Arsenic Antimoq;
27 37
PFuCI 2 SbF3Cl2
28 29 36 38
PF3Cl2 AsF3012 SbF2013
30 31 39
PF2013 SbFClu
PFClu
PF_Br 32 SbF_Br_ 37
s e 33 . 372
PFzBr3
34 35
PFBEg

These compounds are prepared by the addition of halogen to the

EX_. compound

3
4o
P = o e o O o
e.g PF3 + 012 PF-‘3Cl2

Table 2 lists those compounds which have been well characterised. The

mixed pentahalides (e.g. PF2013 and PBruF) on preparation usually
31

form molecular liquids ', which on standing for some time transform

into ionic solidsnz. A summary of their behaviour is given in table

2'




?:The_héhﬁreféf Ehosphorusiﬁfxed pentaheliaes_

iﬁberieell;'quyffésfobserveﬂr R ' Ref +

formala .

. “PFClu moleeular + ionio (PCl‘4 F )
PF2013 molecular , : s ) o
F3012 wmoleeular + ionlo (PClu 6 ) s ‘ .if_fuu
W :PBruF ’molecular + ionie (Pqu FT ) T j 45;
PBr2F3 ieric (?Bru .6')' _ 46
% I + i g . ..-‘ - - 7
AsF301 2us ionic (AsCL,” AsFy ) S 47
SbCl uF . donic (sbeL,” FT) . L Y,
sprgclz- . .molecular + fonic,(SbCl,™ SbF, ") oo g

oF

-»;uaSometime a solid ionie product is obtained directly, fqr;exampleﬁ;

<

f fluorlnation of “BCLg *by AeFé.'éives a. produotzof imperi:3f~?”r@‘la

- which is solid at room temperature and eontains PClu.

A s

[(PF Cl ) ],!; whereas PF3C1 prepared frOm PF3 + Cl2 1saliqu1d.(b@p;:-‘

wBOC)" wibh 'a molecular structure eontainmng trlgonal bipyramidal

(.._éihue* e signiflcanﬁ'feature of-theee'coﬁ§56nds ls thefrrEngtenee
inﬁ-moleouler“end iohio fbrﬁs¢ Th1s can -be regarded as covalent—ionlc

\\\\\

-a' b3

behave likewise.- No mixed pentahalides of blsmuth are knom

Hié'herf "Hel.ides.; of Group VB elgments«'(ep,*As,. Sb_,,_;Bi) ] R )

i Phosphorus 1s .the- only element in thls group whlch exhlblts

S 4

apparent oxidation ‘number more than flve in its halldes. hNg.work*hasa

;eported on higher halides of As, Sb and=Bi,'{put e’ qgmber.:qfh



"higher phosphorus halldes both from single halogen!and mixed halog,ns
jhave been investigated. Biltz end K.- Jeepso observed*in -the 'system
VAPCl -Cl that a phase rieher in ehlodine than phosphorus pentaehloride

;may exist, but’ this has never ‘been. lnvestlgated.

There is ev1denee for PBr7,_;?PBr9- and. PBr171Q"E'?1_

phosphorus tribromide-bromine system.?~Beoause electrical conductivity

¢ :1s high 1n thesetsystems, the results cannot be interpreted 1n terms

fsimple 2 molecular equilibria, , but undoubtedly eleetrolytio

e

:’dlssocietion 1nvolv1ng polybromlde 1onic si
sabeen shown by X-ray analysis to= be PBrful P
J The viscosity,v den51ty and eleetrieal:conductlvity of the system“
-haphosphorus triiodide iodine suggesfrthe possible existenee 0

;higher 1odides ‘of phosphorus, but this has never been=eonfirmed§: .Th

;mixed halides, PC12Br710

?have;

.Fa mixture of PBr5 and PCl3 in the ratio 2 3 is heated to. 40 50

orange crystals of PCl3Bru57'

studies also“ suggest a’ compound POl Br856 but there 1s no further

evidence in support of this.; PCl 158 is obtained by the reaction'

of PCl and odine in CCl4 and has,been shown by X-ray diffraetion to

Ls.
-;—-;be Lo pc1a] [ICl] 5°,f_..,;.

COTOR . R _; 3 o ‘ d _ﬂ::_ »

The system EBr IBr yields the eompound»PBrsI which 1s formulated I
10 4

as [PBPAl] The--,mixed;'
'halldesf po5101 4 bherry réd need i P “_1290) and 901513p63 -

r(yellow m.p. 140 C) have been prepared from he'mlxture of PCl5

are: obtained Viscosity-eomposltionﬁﬁf



i 1 o

In general bromine containing compounds with a high halogen to

phosphorus ratio are unstable and tend to lose bromine readilysu.

Lower halides of Group VB elements

All of the elements of group VB form compounds in which the
formal oxidation state of the element is less than three. The
monohalides, PCl, PBr, and PI are unstable under normal condition and

are detected only in spectral bandb6o. Phosphorus dihalides , PX, are

2
in fact dimeric, Péxu, and are represented by the known compounds

PZFM’ chlu and leu.
5 65
For the other group VB elements only Aszlu é SbZIH and Bialu

are known. These compounds may be prepared either by direct reaction

66

of the elements

260°C
sealed tube ’ASZIM

or by a coupling reaction.

e.8. 2As + 212

reduced pressure

'
e.g. 2PF21 + 2Hg PZFH + nglz.

In the solid state it has been shown that these compounds contain an-

E-E bond. For example P214 has the trans strueture1o

leg
%
1>

P——— Py,

I




Organo $uo$tltuted Group VB Halides

“2=n
has been replaoed by organlc'groups can"peﬁ

f; : The preparation of the compounds R EX (R alkyl ‘or aryl)...in’

¢ whioh halogen atom in EX5

readily achieved by ‘standared’ procedures. It is usual'for the organic@i' p

group to be introdueed at first to an ‘E (III) compound,
’further reaeted w1th halogen, for example.
; EX3 s RMgX -—-—-’ ms:x2 . ng 55 -

followéd by

T i A -“'—'—" * 'l"“ ‘\-
T RMX + X, R MX3 el

—-———————-
R3M+x F— R3Mx2

The RuEX compounds are prepared by a’ quaternlzatlon reactlon¢:{

Similarly,

e.g.

T

Lor by the - reaotion of halogen or hydrochlopic acid >pentaalkylworA

“7fpentaaryl compounds,for example o : e

A 2 - S ‘ s o s ’
PhSSb + X ——————n P, SHX +RX

Ph5Bi i HCl — Ph,BiCl + CH 3 2 B R0

‘Specific examples of compounds prepared thus .are. —:(C6 5)PCl

) ,PCL 68, (CG'HS,)S,PCléGg., (GgH,) P, 70, and (egip) 971_.”"

6 5(2"73;
'compounda' in the series'naxu, R: EX3, R3EX2 RuEX can “be readily

obtained and the number of" such compounds known lS large. A brieff

syrvey of ﬁhe ohemistry of each: compound type follows. qﬁ‘;'o; T =




- 5 =

REX
b, &

The phosphorus compounds RPXM have been described as molecular in
non polar solvents by Rochow et a172, but Van Wazer63 and

Kosolopoff73 have both suggested that the structure is ionic, [RPX3]+

[X]~. The formation of Rpx674’ 75 (rpx.* X;™) from PhPBr,, PhPBr,Cl

3 y 2 72
and halogen supports the ionic structure. There is now firm evidence
for both dionic and molecular compounds of type REXH. The 19F NMR of

the fluorine compounds, RPF4 (R = CH

3 C2H5, n—CuHQ, C6H5) and some
arsenic and antimony analogues suggests that they are covalent
molecular with trigonal bipyramidal struetures33’ 76. An electron

diffraction study of CH3PFu77 also showed that this has the trigonal

bipyramidal structure.

" Me Pher-son78 determined the conductivity of PhPClu in

acetonitrile and his results (/\ = 16.88 Scom? mo1™'; c_ = 0.02884
mol dm-3) indicate that this compound is a weak electrolyte,

PhPCl u‘_"‘____p—__" PhPCl3 + Cl

and therefore probably covalent molecular in the solid. Recently79 NQR-
spectroscopy and 31P NMR spectroscopy have played an important role in

determining the solid state structure of these compounds. Whitehead

80, 81

and coworkers from their 3501 NQR spectra concluded that

PhPClupossess the ionic structure [PhPCl3I+ [C1]”, but in contrast

82

Svergun et al from NQR measurements found for PhPCl)_E a trigonal

bipyramidal structure. Waddington et a179 re-examined the 3501 NQR

spectra of PhPClu and their conclusions were in complete agreement

82 78

with those of Svergun et al and Mc Pherson’'~. Waddington et al79

also studied the 3'P NMR and 3°C1 NQR spectra of PMeCl, and found it

Y
to have an ionic structure of the type [PMeC].3]+ [C1]1” in the solid
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state. These results are in complete agreement with the previous

83, 84

vibrational spectroscopic studies of PMeClu , which showed that

these compounds have ionic structures in the solid state although a

molecular structure for PMeCl4 is possible in solutionsu. 3501 NQR

spectra confirmed trigonal bipyramidal structure for C6F5PC]'I485'

Arsenic compounds of this type are rare and only a few have been
isolated CH3AsC1486, CH3A§I487, (2-CH306H4)AsClu88, (CGHS)AsCluag.
The structure of these compounds is not known with certainty. Smith90
was unable to draw definite conclusions from the infra-red and NMR
spectra of phenylarsenic tetrafluoride, but Muetterties 33 suggested
five coordinate stereochemistry for this compound on the basis of its
1gF NMR spectrum. The vibrational spectrum of PhAsCl,4 suggests that
it has a trigomal bipyramidal structure with an equatorial phenyl
79. The 35

group Cl NQR spectrum of PhAsC:l4 is very similar to that of

the analogous phosphorus compound91’ 79, which suggests that these
compounds may be isostructural with strong similarities in bonding.

No alkylantimony tetrachlorides, tetrabromides or tetraiodides
have been described, although several alkylantimony tetrafluoride392
have been reported. Arylantimony tetrachlorides have been obtained93’
94’ but nothing is known about their structure. There is no report in

the literature concerning the existence of bismuth compounds of type

RBiXu.

Y
5
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Rja EXS

There has been fairly firm evidence produced for both. ionic and
-.covalent forms in the R Ex3' group of compounds. A trigonal.

‘,bipyréx'nida-l structure has been determined for (CH ) PF3,

diffractio 77. R.PX, (R = CZHS,,C

273 3

to form R PX_ which gives oqndtieting" solutions in . polar solventé

25 i
indicating ,a, structurg \(ﬁR'ZvPX.z 3 5] for these compound395 ]
. The conductivity of Ph2201389 in acetonitrile (A"ﬂ‘i =2.54 8 ‘t.m?"
. ) S : s
]

L
mol 3

.ele:_eﬁrolyte" in this;f::solvent -V.a'nd hence: pr-'oba,b,iy mole:c;glar‘in.‘the

solid. ~ The ionic structure for Ph PCl reported by Whi‘tehead and

3
i co-wor'ker's80 ! 81

82

~Sver'gun et al » ‘who have shown that the eompound has av molecular

trigonal blpyr'amldal ‘struetur‘e. Waddlngton et a179 have studied 31

NMR and 3501 NQR spectra for a number of compounds, PMe Cl (1 <-n <

'3), PEt Cl, and PEt.Cl and havg; deduced that they have ionie

&3 3 2.

'structures of the type [PR C1, 1% [Cl]1™ in the solid state. . The

vibrational spectra of PMe‘201383 and PMe’3Cl2
this str-uctur-e. '

The number of arsenic eompounds of type R_.AsX is small -and

S

386, thAsBr397 Ph,AsCly,  (CF

93

includes M§2ASC1 3)2 3

dibenzylaﬁsenic-»triehlomde . Muetterties and eo-workers33’ 76 have

concluded f‘r'om 19F NMR spectra that dlpherwlarsine trif‘luor'lde has- av

s_llghtly» distorted trigonal bipyramidal structur'e in whleh two

fluorine at_dins occupy the axial position. Fig 1

S te R R S

by gle_g‘f;ror_{ 2

H7, and X = Br) reacts with halogen

Cm = 0.02310 mol dn™) suggests that: - Ph,PCl, is & weak

on the basis of 3501 NQR me‘asurements is rejected by

% are in agreement with -

,AsCl 98 dnda




Vibrational spectral' studles have also suggested thatrMe AsCl

20 3=“{
100 with the organic;,_.

LA
A,

-and Ph2A3013 have trigonal blpyramidal struetur-e

.group in< equator'ial positz.ons Fig. 2.

)@——-—;As ﬂ\f
| R

X .

These results are in agr‘e\eilnént with the results”of3 5C.‘»L-. rNQR i

p

Few dialkyl— and diar-yl—antimony tr'ihalides ax"‘éﬂ: known.

101._ and tribromide are unstable at r'oom

102

Dlmethylantimony tr-:.chloride

temperatur'e-.: Dimethylantimohy trlf‘luoride has also been prepar'ed.’

_:These alkyl compounds are very unstable, ln eontrast the few known

1035
3

Ver'y little is known about the str-ucture of these eompounds.
105

;-;‘:f‘aryl derivatives appear' to be mueh more stable e. g.__» ’.(C ) SbCl
10# ‘

Polynova and Por-ai-Koshlt on ‘the ‘basis: of X—ray dlffraction work,_.-'

descr'ibed Ph28b013 ‘as trigoml bipyramidal, but later on, '-Polynova

i and POPal-KOShl ts 106 -

"'formulated .tﬁe"j compound “as a monohydrate (Ph SbCl3

octahedr al geome try A

'=f A

5 % ey i

Kolditz and co-workers' . have carp out cgn§ﬁ§£i§fﬁy" studigs}:dn :

£

r‘e-a,nvestiga-tl-ng its X~ray cr'ysbal str'uct.ure',-.,,-«:

) _w:;fch S



"Ph"A--"SbCl3 and these showed that the oompound is™ ‘& weak electrolyte 1n;
acetonltrlle. “This is in- keeping with the solid belf:-moleculare : :
Dialkyl—or dlaryl-bismuth trlhalldes have not been foun

11terature.

;Of all the oompounds of . type R EX | (n- 0,1,2,3; 4), moSt work
..ti'a\s. been done on those of gener'al f’ormula R3EX2 and the structure " of
.these icompoungs has been" the subJeet of discussion by varlousf
vauthors108"72~;l

From spectroscop:.o studies of . (Me) (X Cl,

-4-.

' been shown that in the solid state ionic: strubtuhé-of“the'tjpe,

109 .

'[Me'PX]' [X] are adopted96 Al ; NMR studies of PhBPBr n Yithe .

solid and in solution (nitr-obenzene) have shown it to be 1onie

1,[Ph§ngj [Brl™; ana- likewise for “isolid Ph3PI2 the. structure 1s

LPh3Pl]f-7[IJ'. The exlstenoe of the halogenotriorganylphosphonium

'oation, [R Px] in the- pentaoovalent R (R Et, Pr, Bu, is amyl,

110, T

3
‘ Cyclohexyl ‘or Ph) is: ‘now well establlshed

i 1ndicatesxthat RyASCL, .(R= Mé} Ph) 1ike ‘the-

phosphorus analogues have a trigonal bipyramidal structure in which‘ _“

A 35¢1 NQR study

all “the - R groups oocupy equatorial p031t10ns and the two ehlorine-

atome are sltuated axially Fig._‘ 3

.Infr'ared113’ 11K, "115 116,

"7 data indicate -that .

and conductiv1ty
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compounds of type R AsX2 (R= Me, Et, PhCH2, 2-thienyl, Ph; X= F, Cl),

112

3

also have trigonal bipyramidal structures. Brill and Long have

studied the NQR spectra of R3EX2 (R= Me, PhCHz, Ph; %= F, Cl, Br, Bz

As, Sb, Bi) and concluded that with the exception of (Me)3AsBr the

2’
compounds have trigonal bipyramidal geometry in the solid state.

118

Subsequently Hursthouse and Steer have shown that (CH3)3AsBr is

2
ionic, [(CH3)3AsBr']+ [Br]™, by an X-ray crystal analysis.

Recently Ferguson and co-workers119 have shown from an X-ray
crystallographic study of Ph3AsF2 that the arsenic atom has near
regular trigonal bipyramidal geometry with the two fluorine atom in
the axial positions. The As~F bond is long (1.83%4 &%) which is usual

for axial E-X bonds in a trigonal bipyramidal structure. In arsenic

120 o
’

pentafluoride for example the As~F (axial) distance is 1.711 A

[As-F (equatorial) = 1.656 A°] and in (CH3)3PF277, P-F (axial) is

1.643 A° [P-F (equatorial) = 1.553 A°.

121 1

Verdonck et al Hand '9F NMR

reported both vibrational and
spectra for the compounds (PhCH2)3EX2 (E= As or Sb and X= F or Cl).
The vibrational spectra (in solid and solution) have been interpreted

in terms of a slightly distorted trigonal bipyramid. This is

consistent with the 3501 NQR studies of Brill and Long112.

From infrared data, molecular weights, and conductivity

measurements122 Ph3BiX2 (X= F, Cl) compounds were reported to be

non-ionic molecular in constitution. The infrared and Raman spectra
of Ph3B1X2123 (X=F, Cl, Br, NCO) in the solid and in benzene have
been recorded and the results are consistent with a trigonal

bipyramidal skeleton for these compounds both in the solid and

solution.
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124
Wells " noted the abnormal length of the Sh-halogen bond in

(Me)3SbX2 and he suggested that it is intermediate between ionic and

125

covalent, Jensen also concluded from the  high atomic

polarisability of the compounds that these Sb-X bonds were very

polar. The As~F bonds in Ph3AsF2119 [1.834 AO] are longer than As-F

distance in ASF3 (1;706 Ao). The Bi~Cl bonds in Ph3BiCl2 are likewise

longer than expected for a covalent Bi-Cl bonds (2.61 N compared

with 2.48 A° for BiCl,).

116, 126

Harris and co-workers have made an extensive study of the

compounds R3EX2 in ionising solvents (acetonitrile and nitrobenzene).
They have shown by conductivity studies in methyl cyanide that the
triphenylphosphorus dihalides (R3PX2) are strong electrolytes and that

the ¢triphenylantimony and ~bismuth dihalides (R3SbX2 and R Bixa) are

3
non-electrolytes; and it is suggested that the solids are respectively

ionic and covalent. These investigations also showed that
triaryl-arsenic dihalides are weak electrolytes and therefore probably
covalent 1in the solid state. From these results they concluded that
covalent tendency increases down the group ie. P < As < Sb < Bi.

Harris et a1117 have studied the ionisation of Ph3A5012 and

Ph3AsBr'2 in acetonitrile and have concluded from quantitative

electrolysis experiments that they ionise as follow.

SPR.ERCL,. st 1* 4+ Ph_AsCl.”
3 s > Ph3AsC + 3As 13

+ -
PhgyAsBry o ESOR 289, 0 Ph3AsBr + Br
This different mode of ionisation of the dichloride and dibromide is
reminiscent of that of phosphorus pentachloride
+ =
——
2P015 PClu + PCl6
and phosphorus pentabromide
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2 i, + -
—_— -
: PBp5 _ FBr, "+ Br
in the same solvent 1272 128
However, in contrast ¢to these resuits the triphenilpheephorus::

129

dihalides have been shown from a: 31P> NMR . study and from their.

reaction w1thf a strong ehIOridé “ion donor (tetramethylammonium

130

ehlorlde) be ionised eompletely in acetonltrlle in the sense; -

Ph3PX2 ;::**-___P_Pthx +x,
and there is no evidence for the alternative

P ————® ph P
2Ph3 Xy, e Ph, x* 4 PhPX,”

Noth and Vetter131 have shown by conductivity measufement in

nitrobenzene that tris(dimethylamino)phoéphine dicploride (Me N)3PX2

(X: cl, Br, I) behave ‘as étrong electrolytes and heﬁe.suggested the

ionic structure ‘[(MGZN)SPX]+ + [X]™ for these combdunds. ‘Harris et

a1132

tris(dimethylamino)phosphine dihalides (X2= CIZ,Bré, 12,

and of the corresponding tris(dimethylamino)arsine in acetonitrile and

have conciuded that the dihalides, with the exception of (MeéN)3AsCi2

and (MeaN)3PClz, behave as strong electrolytes in acetonitrile. The

molar conductivity values of the dichlorides are below. the range .

eiﬁeeted for strong electrolytes. It is well established that the

dichlorides are weaker electrolytes than the dlbromldes in other R EX

F
ystems117, 133

R"EX

Organic derivatives of the type [R E] X~ are .well known for

phosphines and arsines. Trialkyl and trlarylphosphlnes and ar31nes,'

generally react fairly readily with alkyl ‘or aryl halide to form

quaternary salts.

have also recently reported the conductivity s of

IBr and ICl)-
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’ [:+-
RE+RX-———->[R3ER] X

3
Quaternization becomes more difficult with antimony and bismuth,
especially when organic group is electron withdrawing e.g, phenyl or
CF3.

These compounds (RuEX) tend to be high melting, crystalline
solids, soluble in polar solvents in which they give highly conducting
solutions, suggesting therefore that they are ionic both .in the solid
and in solution. A crystal structure analysis of PhuPI70 has

confirmed that the structure 4is built from PhuP+ and I ions.

134

Recently Clark et al have reported that PhuPF can exist in a

molecular, covalent as well as normal dionic form. Harris and
Mitehe11135, with a view to making a conductivity study of this
compound, attempted to prepare PhuPF, but could not obtain it in any
form.

Although the tetraphenylstibonium halides are also generally
regarded as having an ionic structure [Rqu]+ X", Schmidbaur and

136

co=workers suggested a covalent trigonal bipyramidal structure for

MequF and MeHSbOH137. Beauchamp et al138 have determined the crystal
structure of PhquOH139 by X-ray diffraction and shown that the
molecule of this compound is also a trigonal bipyramid with the
hydroxide group occupying an axial position. The axial Sb-C distance
(2.218 Ad) is longer than the equatorial Sb-C distance
(2.116-2.140°4).  This result is consistent with the generally
accepted rule that the more electronegative substituents groups occupy
. axial positions and that the axial bond lengths are greater than the

equatorial ones.,

The only known bismuth compounds of type RREX are the tetraphenyl

compounds. They are obtained by the cleavage reactions involving




_ pentaphenyl bismuth

-Isoxnerism in Pent.acovalent Molecule

e

140

._t 70 §
. >
e PhSBi " Br'2 . . ether Phu

These "'eomgeunds are very labile and-jdeemgpese :at room ;.t‘.jemp"'eift: ture.

BiBr # PhBr.

Their structure is not known. -

3

'geometr'lcal isomer-ism occur'ing in the molecular form of ‘the mixed

‘el.emen_t‘s (P, As, Sb, Bi).. For: example PF_Cl. has three posszble

Because of the non-equiValence of. axial and equatorial pos:.tlons

in ,.j;he ~ trigonal b1pyram1dal structure there is t;he possibility of

pentahalides and organosubst:.t.uted pentahalldes ot‘ the group VB

3-i2

is}einer's.: 3 cl ' : Cl
‘\\\\\\\. F \\\\\\\' F
fa) Peewap Clie=p
V F V F
Cl F
and PClF,1l has two: (b)
F Cl
T ta) ———-—Fli\“‘\F (b) |
Cl | V . r
Fo .o F

However, ’chere l:i-s no example known of‘ a compound be:.ng isolated 1n

e
“ 5

more than one of its forms.

The moleoules PF Br' 2" PR Cl , and,il-f"fF'qu. have C2- symmetry as

3 3 _
t:ed from thel.r vibrational speetr'aw1’ “ 11'2;, and hence their

TR

in‘d:

struetures ar'e-
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E F F
1L.\\\\Q‘.Br ' ‘L,,‘\\\\\\'EL , P‘\\“\“F
F— F— Cl——fsss,
| Ve | YV |V
F Pow F
(a) PE;Br, (b) PF,CL, (c) PF,C1
and PFClu has sz symmetry indicating the structure
F
Cl Fl>“"‘\\tl
| Vel
Cl

All of the structures of pentacovalent compounds of group VB elements

S0 far determined lead to the empirical rule that the most

electronegative ligands always occupy the axial positions1u3’ 1”“.

The mixed pentahalogeno derivatives PanS-n (n= 1-5) show also

ionic~covalent isomerism of the type shown by the simple halides PCl5

and PBrS. For example molecular PF3Cl2 is a gas at room temperature

and is formed in the vapour phase by the reaction

—_—— s
PF3 + 012 PF3Cl2

The isomeric salt-type compound has the structure [PClu]+[PF6]- and

can be prepared quantitatively by the action of AsF, on PCl in

3 5
arsenic trichloride145’ uu. Unlike the gaseous molecular compound,

PF3012, this isomer is a white solid which sublimes at 13500, and is

sparingly soluble in AsCl3.
acetonitrile is highuu, whereas that of molecular PF_Cl in

372
; 27
acetonitrile is low™'.

The conductivity of [PCL,]1T[PF.1” in
4 6

When the compound [PClu]+£PF6]— is sublimed, it changes to the
gaseous covalent compounds, PF5 and PClL llF27' PFC1 M is not stable on
standing and is transformed to the isomeric [PClu]+ F . The ionic

nature of this isomer is shown by its solubility and conductivity in

acefonifﬂle27
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Organosubstituted pentacoordinated halogeno compounds R Px

5..

. Me PF and Me PF each. have a trlgonal blpyramldal framework nd the

3 3
spectra are” best' 1nterpgeted in terms»of 02. and D 145

3h structures Ex

respectively.
F e
‘ I ‘\s\\“Me. | \\\\\Me
(Me ,PF ) (M‘?s?Fz’
(a) ‘ gee N % )

Again, the general rule is*foliowed that'the fludrine-étbmé occupy the’
axial sites of the trigonal bipyramidal structure. iﬁ5CH5PF7fthel
methyl group occuples an equatorial position. Infra-red and Rama,_ &,

%

PCl and CF_ PCl : the

spectra showed that in. ‘the compounds : (CF3)2 R i
146, 14

trifluoromethyl groups occupy axial 81tes The

electronegativ1ty of the CFy group is. gpeater than that of chlorine

3
and lies between that of fluorine and chlorine.‘

Spectr'oseoplo studies of: the compounds, PMe, Cl,~ PMe. Cl PMe Cl ,j
4 3 %3

PMeClu, PEt Cl3, PEt Br3, and Me3PFCl suggest that the eompounds exist

as’ phosphonlum salts of the type [PR x ]+[x]" 83 ,;; However, the

molecular, possibly w1th c v,symmetryé}, ¥

Clark et,~: al hﬁve : f reeently " repovted that-

(_,

tetrak enylfluorophosphorane can exist in three different forms theé 23

1on1‘ form PhuP the moleeular form PhuPF and a" dlmer.'”

Compounds of arsenio;and~entimony age.expeeteqbt0'1show similar
stereochemical properties  but:compared with the phosphﬁﬁusQBQmpﬁundsfi

T
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relatively few experimental results are availableu.

Bonding in Penta~-coordinated Compounds

In the pentacovalent molecular compounds of phosphorus, arsenic,
and antimony the central atom has five bonding pairs of electrons in
its valence shell and the usual trigonal bipyramidal arrangement is
predicted. Structural analysis by 19F, 31P NMR, 3501 NQR, Raman and
infra-red spectroscopy, electron diffraction, X-ray crystal structure
analysis ete; have shown that the trigonal bipyramidal arrangement is
in fact generally adopted by these compounds. In the trigonal
bipyramidal structure different bond lengths are found for the axial
and equatorial E-Halogen bonds. This variation in bond length
inspired the development of theories to explain the nature of bonding
in penta-coordinated compounds and to understand its influence on the
type of geometry adopted.

One of these theories, the Valence Bond approach, describes the
bonding of five coordinated molecules in terms of O -bonds involving
a set of five sp3d hybrid orbitals on the central atom. This
description requires the promotion of an s electron into an empty
d-orbital, mixing of the orbitals, and pairing up of the valence shell
electrons with those of the ligands.

Muetterties and eo-wor'kers76

have proposed a slight variation of
this approach and have suggested that in the trigonal bipyramidal
structure the equatorial groups are bonded by sp2 hybrids and the
axial groups by pd hybrids, and the difference in energy level between
these two sets should reflect the s electron promotion energy. As the

electronegativity of the 1ligands (i.e halogens) increases the

difference in energy of these hybrid orbitals becomes less and this is
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reflected in the relative bond distances e.g.

i (o] e - Q - (o]
P—c1_ = 2.19°, P—cl, = 2.04% \: 0.15%
and

= S s " o v o, T7
P—F = 1.57°% P—F,, = 1.53°% N\= 0.0u43%

It has generally been thought that the high energy and diffuse
nature of d-orbitals would not lead to effective hybridisation with s
and p orbitals and that their diffuse nature would lead to a poor
overlap with neighbouring atoms and hence would contribute only very
slightly towards effective bonding. However D. P. Craig and

148 suggested that when electronegative groups are attached

co-workers
to the central atom, contraction of d-orbital occurs thus allowing
more effective overlap and stronger bonding.

Attempts . have been made to explain the bonding in compounds such
as PX5 (X= halogens) without recourse to d-orbitals. One such attempt

16 that of Rundre’ ‘9w 150

, in his approach the X-P-X axial part of the
molecule is regarded as being held together by a four electron three
centre bond. The three centre bonding system arises from one atomic
p-orbital from each atom giving rise to a bonding, a non~bonding and
an antibonding molecular orbital. The bonding and non-bonding
orbitals each contain a pair of electrons. The equatorial bonds are
normal electron pair bonds and can be regarded as involving sp2 hybrid
orbitals on the central atom.

This scheme have two advantages:
(1) d~orbitals are not dinvolved (it is still very much a
controversial matter as to whether d-orbitals are involved in this
type of molecule

(ii) The longer axial bonds follow as a natural consequence of the

three~centre bond system.
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Effect of the substituent Group R on the properties of RqEX2 Compounds

It has been shown that the molecular/ionic behaviour of the
compounds R3EX2 is dependent on the nature of group R.

Harris and co~workers151’ 152, 153 have widely investigated the
correlation between the nature of group R and the conductivity of
R3EX2 in acetonitrile and nitrobenzene. They observed that R_PX

32

compounds are not always strong electrolytes and R3AsX2 compounds are

not always weak electrolytes. This is because the nature of the

substituent group R plays a part in determining the behaviour of the
compound, Changing the nature of R in RnPXB—n whilst keeping n and x
the same can produce marked changes in conductivity e.g.

Table 3. Molar conductivity at Cm= 0.01 mol dm"3 in acetonitrile

Compound Molar conductivity Compound Molar conductivity
(S cn? mol"1) (S om? mo1™ ")
154 152
(06H5)3PCl2 78.1 (06H5)3A3Br-2 25.0

0.5 154 109.0132

(Cst)qPCl2 (MezN)?AsBr2

They have concluded from these observations that there is a

relationship between the electronegativity of group R in R3EX2 and the

tendency of these compounds to adopt an ionic form. If R pulls

electrons away from the central atom E the tendency to ionic behaviour

is lessened [eg. (C6F5)3P012]: corversely if R pushes electrons on to

E the tendency to ioniec behaviour is increased. Or we can say that

conductivity increases with a decrease in electronegativity of the
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substituent group R and vice versa.
151

Harris and Inglis have made a preliminary study of some R

AsX2

3
compounds in which R is a para substituted phenyl group. Measurgments

of the conductivity of these compounds in methyl cyanide (Table 4)

gave results which are consistent with the above conclusion.

Table 4. Molar conductivity of some R_,AsX, compounds in acetonitrile

BT
at C_ = 0,01 mol dm™>
n
Compound Molar conductivity Molar conductivity
S on™2 mo1™" S on® mo1”"
X = Cl » X = Br
(4-CiCH, )3 AsX, - 3 12
(06H5)3ASX2 12 25
(4=CH, C.H)), AsX, 13 5

It should be noted that the l-chlorophenyl group is slightly more
electronegative than the phenyl group and also that the A4-methylphenyl
group is slightly less electronegative than the phenyl group. Thus
these results support the idea that covalent character of these
compounds increases with increasing electronegativity of the attached
group. Decreasing the electronegativity would seem to weaken the As-X
bond in the covalent molecule, making ionisation easier. It has been

suggested1u8

that the use of d-orbitals in trigonal bipyramidal
structures is favoured by the attachment of electronegative groups to
the central atom. Thus it may be regarded that the more
electronegative the attached 1ligands, the more stable will be the

covalent form of RnEX compound relative to the ionic form.

5=-n




w87 -

The vibrational spectral results for the compounds MenPF
145

5-n’

studied by Schmutzler and Downs are closely correlated with these

observations. On successive replacement of fluorine atoms in PF5

molecule by methyl groups, a definite trend in stretching vibration
frequencies of the axial P-F bonds is observed. These frequehcies
undergo a marked and regular decrease as fluorine atoms in PF5 are
-replaced by methyl groups and this can be taken to indicate a
weakening of the P-F bonds as the strongly electronegative fluorine
g atoms are replaced by the electron releasing methyl groups. For PE5,
; CH,PF, and (CH,)_PF, the electron diffraction results of Bartell and

374 3)2 3

Hansen77 confirmed that the trigonal bipyramidal skeletons are, at

most, only slightly distorted. Moreover, the axial P-F bond distance

increases significantly as the number of methyl groups increases eg.

P-F bond length for PF_ is 1.577°4, CH P, = 1.612%4, (CH,) ,PF =

5 3 3

1.643°4.
From the vibrational spectral studies and calculation of bond
order of axial P-F bonds in (CH3)nPF5_n molecules, Schmutzler and

145

Downs conclude that the replacement of. four fluorine atoms by

methyl groups would result in the formation, not of a five coordinate,

but of an ionic system, viz [(CH3)4P1+ B .

From the above observation one would expect molar conductivity to

increase in the sequence PF,Me < PF.Me < PF2Me due to the

y 32 3
increasing weakening effect of the methyl groups on the P-F bond;
weakening of the P-F bond should favour ionisation. G. S. Harris and

F. Inglis154 have studied the condpctivity of  some
fluoromethylphosphoranes in acetonitrile and have shown t&?t the

results are entirely consistent with this.
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Table 5. Molar conductivity of some (CH.) PF compounds in

3°n " 5=n
acetonitrile at C_ = 0.01 mol am™3"
Compound Am
S co® mol'1
CHSPF,4 3.7
(CH3)2PF3 6.2
(CH3)3PF2 . 9.2

Mahomedy153 has made a conductivity study of the R AsX2 compounds

3

in which R = CH3-CGH4 and has studied the effect the position of the

CH3 group in the phenyl ring (2-, 3-, or 4-) has on the conductivity
behaviour of these compounds in nitrobenzene. The results are
summarised in Table 6.

Table 6. Molar conductivity of R_AsX_. in nitrobenzene at

32 ]
C, = 0.01 mol du™> st
Compound A - Compound Am 2
S en® mol” S on® mol~!
(2-0H306H4) 3AsCl2 6.73 (2-CH3C6Hu)3AsBr'2 14.30
(3'CH3C6HIL)3ASC12 0.72 (3-CH3C6H4)3AsBr2 5.57
(1&-01-13061*14)3ASCI2 1.12 (ll-CH?,C6H,4)3Br'2 5.02
(CGHS).%AsCl2 0.38 (CGHS)?ASBI'Z 2.67
It is noted that introduction of a CH, group in the phenyl ring

3
enhances molar conductivity relative to the triphenylarsine compounds

and that this enhancement is very much greater in the case of the
h-substituted compound. Mahomedy puts this down to a steric ef'fect of

the ortho position.
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OBJECTIVES OF THE RESEARCH

The work described in this thesis is concerned with the reaction
of triary;arsine and triarylstibine with halogens. The aryl groups
are in the main monosubstituted phenyl (2-, 3=-, and }4-~) and were
chosen to cover the range from electron releasing to electron
withdrawing. It was thought to be of interest to examine the
reactions of halogens with these arsines and stibines in order to
determine the extent to which the course of the reactions, the adducts
formed, and the electrolytic conductivity of the adducts were
influenced by the substituent in the phenyl ring. It was of speecial
interest to look at the effect on the conductivity properties of the
dihalides (R3EX2) of

(a) the mature of the substituent (electron withdrawing or
electron releasing)
and

{b) the position of the substituent in the ring (2=, 3=, 4«).

The research comprised three main parts:

I. A Study of some R, As-Halogen Systems

3

This part is concerned with,

(a) A conductometric titration study of the (YCBHM)sAs-halogen systems
to find out what adducts are formed in these systems and if the extent
and ease of formation of adducts is affected by the nature of Y.

(b) Attempts to isolate adducts indicated by conductometric titration.
(c) An electrolytic conductivity study of the dihalides (Y06H4)3A5X2

in acetonitrile to determine the effect of group Y on the tendency. of
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these compounds to ionise in solution.

ILs A Study of some RBSb-Halogen systems

The object of +this study is to gain dinformation on the

electrolytic conductivity of a series of ortho substituted phenyl
compounds, (YC6Hu)3SbX2. The parent phenyl compounds (06H5)3be2
being non-electrolytes, it was thought that 2~substitution of the
phenyl ring might favour partial ionisation in a suitable solvent. It
was believed that a conductometric titration study along with molar

conductivity measurements would throw light on this problem.

III. A Study of the Electrolytic Conductivity of

Tetraphenylstibonium Halides, Rusbx

In view of the observed covalent molecular nature of

triphenylstibine dihalides (Ph SbCl2 and Ph SbBrz) and the -fact that

3 3
tetraphenylstibonium hydroxide (PhquOH) and tetramethylstibonium
hydroxide and fluoride (MequOH, MequF) are also reported to be
covalent molecular it was decided to carry out a preliminary

conductivity study of the tetraphenylstibonium halides Ph,SbX (X = F,

Yy
C1, Br) in acetonitrile solution to gain insight into the nature

(ionic=covalent) of these compounds.




RESULT AND DISCUSSION
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REACTIONS OF TRIARYL-ARSINES AND STIBINES WITH HALOGENS AND

INTERHALOGEN

Conductometric titration in good ionisihg solvents proved to be a
very useful technique for studying the reactions of
triphenyl-phosphine, -arsine and stibine, with halogens and
interhalogens. Information can be obtained on both the stoichiometry
and electrolytic behaviour of the reaction products. The course of
the reactions of other triaryl-arsines and -stibines has now been
studied by this technique using acetonitrile (dielectric consﬁant =
38.8 at 20°) as the solvent.

Strong 1:1 electrolytes have molar conductivity of about 100-150

S em2 mol-1 and weak electrolytes have a molar conductivity of about

1 3

5=25 S em2 mol~ ' at concentration of about 0.01 mol dm ° which is the

concentration used in the present work.

1. REACTIONS OF THE TRIMETHYLPHENYL~ARSINES WITH HALOGENS AND

INTERHALOGEN

(a) Reactions with bromine

The results of the conductometric  titrations of
tri(2-methylphenyl)arsine, tri(3-methylphenyl)arsine, and
tri(4~-methylphenyl)arsine with bromine in acetonitrile are illustrated
graphically in Fig. 4 (curves A, B, and C respectively).

In these three titrations, as bromine reacted with
tri(methylphenyl)arsine the conductivity rose up to the 1:1 mole ratio

after which a change in slope occurred but the conductivity continued
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to rise until the 2:1* ratio was reached. Further addition of bromine
resulted in a gentle decrease in conductivity. Thus distinet 1:1 and
2:1 breaks in the titration graphs occur in each case suggesting the
formation in solution of 1:1 and 2:1 adducts (RBAsBr2 and R3AsBru).
In parallel with the conductivity changes during the titrations,
distinct colour changes were observed; the solution remained
colourless up to the 1:1 break but thereafter became yellow.
Examination of the ultraviolet spectrum of the solution at selected

points during the titration showed that tribromide ion (Br3f, was

present after 1:1 ratio (strong broad peak with A\ maximum at 269

m) .
Molar conductivity values at 1:1 and 2:1 ratio are given in Table

7
Table 7
System j\m_(1:1)/s cn® mo1”! /\m (2:1)/8 cn® mol™"
(2-CH3CGHH)3AS—BP2 96.6 137.7

(¢, = 0.009006)" (C, = 0.0006234)
(3—CH3C6H4)3AS—Br2 51.5 131.7

(C, = 0.005626) (C, = 0.008265)
(H-CH3C6H4)3AS-Br2 51.5 121.0

(C, = 0.009708) (¢, = 0.008265)

* units of molar concentration (Cm) are mol dm'3

¥ All ratios refer to the halogen : triarylarsine ratios
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These values suggest that all of +the 2:1 adducts are strong
electrolytes and that the 1:1 adducts are medium electrolytes
(although it is noted that for (2-CH306H4)3ASBP2
approaches that for a strong electrolyte). These dibromides are much

the value of A .

more highly conducting than the parent triphenylarsine dibromide and-

tetrabromide (Ph3AsBr2, Am = 16.6 S em2 mol_‘I at Cm = 0.0250 mol
an™3, and Ph AsBr,, A = 104.2 S on® mo1™" at C_ = 0.027 mol dum™3)
and the unexpectedly high conductivity of (2-CH306H")3A3B1‘2 may

indicate that an ortho steric effect may be operating.

From the foregoing evidence it is suggested that for each of the
systems two consecutive reactions occur and these may be represented
0: {emee—— 1:1 ratio

R_As + Brz———bR

3 AsBr,, (@=* R_AsBr' + Br7)

3 3

colourless
18 | 22 1 ratio

AsBr™ + Br.") S

R_AsBr_. + Br, ———————— R A.ezBr'u (—— R3 3

3 2 2 3
Yellow

(b) Reactions of the tri(methylphenyl)arsine with iodine

.The results of the conductometric titrations of
tri(2-methylphenyl)arsine, tri(3-methylphenyl)arsine and
tri(Y4=-methylphenyl)arsine with iodine in acetonitrile are illustrated
graphically in Fig. 5 (curves A, B and C respectively).

All these three graphs are similar and resemble that for the
triphenylarsine-iodine system. In these systems the iodine reacted
with the tri(methylphenyl)arsine and the conductivity rose steadily,

without inflection to the 2:1 mole ratio. On further addition of
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iodine solution the conductivity gently decreased giving a 2:1 break
in each titration graph, which suggests that the 2:1 adduct, R3A3Iu’
is the only reaction product present in acetonitrile solution. The
strong colour (brown) of the trihalide ion appeared after the first
addition of iodine solution to tri(methylphenyl)arsine and the
ultraviolet épectrum of the solution showed that triiodide ion (13-)
(strong broad peak, Amaximum at 292 nyx) was present from the start of

the reaction.

Molar conductivity values at the 2:1 ratios are given in Table 8.

Table 8

s A (2 2 mo1 1 . -3
ystem m»(2.1)/8 cm” mol CmA' mol dm
(2—CH306HM)3AS-—12 101.0 (cm = 0.0063647
(3-CH306H4)3A3-IZ 104.2 (cm = 0.006188)
(u-ca3c6n_lL)3As-12 114.4 (cm = 0.005357)

These values suggest that all of the 2:1 adducts are strong
electrolytes in acetonitrile, therefore the reactions occurring may be
regarded as follows
0:1—— 2:1 mole ratio

RoAS + 2I,———ss R ASI) (~—w R3AsI* + 1:3')

5 2 3

(¢) Reactions of tri(methylphenyl)arsine with iodine bromide

The results of the conductometric titrations of
tri(2-methylphenyl)arsine, tri(3-methylphenyl)arsine and
tri(4-methylphenyl)arsine with iodine bromide in acetonitrile are
illustrated graphically in Fig. 6 (curves A, B, and C respectively).

In these three titrations, as the iodine bromide solution was

added to the tri(methylphenyl)arsine solution the conductivity rose
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sharply up to the 2:1 mole ratio without any break at the 1:1 ratio.
The conductivity decreased gently on further addition of IBr
solution, Thus there was a distinct break at 2:1 ratio showing that
R3AsBr2I2 was the only compound in the solution in each case up to
that point. During the titrations distinet colour changes were
observed; the colour of the solution turned red on the first addition
of iodine bromide and progressively darkened as the titration
proceeded. Examination of the ultraviolet spectrum of the solution
showed that trihalide ion (IzBr-) (medium broad peak with Amaximum at

275 mu) was present from the start of the reaction.

Molar conductivity values at the 2:1 ratio are given in Table 9.

Table 9

Systen A (2:1)/8 cn® mo1~"! C = mol dm 3
m "' m

(2-CH306HM)3AB-IBr 124.1 (cln = 0.007678)

(3-CH3CGHM)3AS-IBI' 115.6 (c:m = 0.01045)

(h—CH?CGHu)qu—IBr‘ 113.0 (E,zgf 0.006901)

These values suggest that all the 2:1 adducts are strong
electrolytes and the evidence supports the idea that in these
reactions the 2:1 adduct is formed from the beginning without the
intermediate formation of a dihalide. The reaction ocecurring is
0:1—— 2:1 ratio

RyAs + 2IBr———= R ASI Br, (R3AsBp+ + LBr").
It is evident therefore that the systems involving IBr are parallel to

those involving iodine.

il
=
L
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2. REACTIONS OF TRI(DIMETHYLPHENYL)ARSINE WITH HALOGENS  AND

INTERHALOGEN

Tri(dimethylphenyl)arsine was chosen for study to see if the
anomalously high molar conductivity for the dihalides was sustained or
even enhanced by the presence of two methyl groups in the ortho
position thus lending strong evidence for a steric influence on the
tendency of these compounds to ionise in solution.

i

(a) Reaction with bromine

The result of the conductometric titration of
tri(2,6-dimethylphenyl)arsine with bromine in acetonitrile is
illustrated graphically in Fig. T curve A.

During the titration, as bromine reacted with the
tri(dimethylphenyl)arsine the conductivity rose sharply up to the 1:1
mole ratio; it then remained steady until the 2:1 ratio was reached.
Further addition of bromine resulted in a sharp increase in
conductivity (unlike other triarylarsine-bromine systems) until the
3:1 ratio was reached. After this ratio the conductivity dropped
gently when more bromine solution was added. From these three
distinet breaks in the titration graph (1:1, 2:1 and 3:1) the
formation of adducts RBASBPZ, R3AsBr4, and R3AsBr6 is indicated.
Colour changes were observed; the solution remained colourless up to
the 1:1 ratio but thereafter became yellow. The ultraviolet spectrum

of the solution during the titration showed that the tribromide ion

( Amax = 269 qp) was present from the 1:1 ratio omward.
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Molar conductivity values at different ratios are as follow

Mole ratio A /8 en? #l™' ¢ = ol am S
m m

151 94,5 0.0069608

2:1 130.5 0.0057 443

3:1 186.0 0.0048917

These values suggest that the 1:1, 2:1 and 3:1 adducts are strong
electrolytes, although the value for the 1:1 adduct is at the lower
limit of the values expected for a strong (1:1) electrolytes and the
value for 3:1 adduct is much higher than previously observed for any
adduct. The dimethyl steric influence on ionisation can be clearly

observed from the conductivity value of the following compounds in

acetonitrile at C_ = 0.01 mol’ dm™3
CH
3 2 -1
( )3AsBr'2 j\m = 124.5 S ecm~ mol
CH,
(@—)3AsBr-2 Am = 108.5 S cm2 mol"‘l
A -

From the above evidence it is suggested that the reaction
ocecurring in the first two stages of this system may be represented:
O: 11— 1:1 ratio

R3As + Br-z---b R3AsBr2 (= R3AsBr‘+ + Br)

colourless
1: 17— 2:1 ratio
RoAsBr, + Br,——=# R AsBr, (B R3Aser~+ + Bz-3")
light yellow
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An unexpected feature of this system and one that has not

previously been observed in any R_As-halogen system is the steep

3
increase in conductivity after the 2:1 ratio leading to a break at the

3:1 ratio. A highly conducting adduct of composition R_AsBr, is

3 6
therefore indicated. Two modes of ionisation are possible for a

compound of this composition

o+ -
R3ASBP6—-—-—-—-———.R3ASBI‘ + Br'5 ------ I

or

R ASBr —————t> R 165F 4By e e e II

3 3 3
If ionisation I was present it does not seem to be very likely that an

increase in conductivity would occur on going from the 2:1 to 3:1

ratio in the conductometric titration. This is because the number of

ions does not change and the ionic mobility of Brs_ would almost

certainly be 1less than that of the smaller Br3- ion (present at the

2:1 ratio). The very high molar conductivity at the 3:1 ratio lends

support to ionisation II which regards R AsBr'6 as ionising as a (2:1)

3
electrolyte. Further supporting evidence comes from a quantitative

ultraviolet spectral study of solutions at the 3:1 mole ratio. The

solutions absorb strongly at A269 ma ( Brg")117 and using the known

value of extinction coefficient for the tribromide ion, it is
concluded that there are two Br.~ ions per mole of adduct present as

3
in the following Table 10.

Table 10

Io - N -3
C, (RjAsBre)  Log —— EBr,”, at h269 m1) C (Br;”) mol dm
0.0000187 87 1.01 53900 0.000037402
0.0000093936  0.56 53900 0.0000207377

The third stage of the reaction may therefore be described as follows
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2: = 3:1 ratio

2+ -
RsAsBr']4 + Brz—————b R3AsBr6 (—-—-—DR3As + 2B1r'3 M
R3A82+ has not been reported previously but R3Sb2+ 157 is generally #
accepted.
(b) Reaction with iodine
The result of the conductometric titration of

tri(2,6-dimethylphenyl)arsine with iodine in acetonitrile is
illustrated graphically in Fig. 7 (curve B).

The graph is similar to other triaryl- (phenyl and tolyl)
arsine~iodine systems, showing only one break, at the 2:1 mole ratio.

The colour of the solution changed from colourless to 1light brown

3
( Amax = 262, 362 mu) in the ultraviolet spectrum of the solution was

after the first addition of iodine solution and absorption due to I

observed.

The molar conductivity at the 2:1 ratio (/\m = 84.7 S cm2 mol—1
at Cm = 0.005309 mol dm—3) suggests that this 2:1 adduct is a strong
electrolyte like the other known tetrahalides of triarylarsines.

From the foregoing evidence it is suggested that for the above
system the reaction occurring may be represented by the following

equation

0: ]=—— 1:1 ratio

+ -
B . 2] .
R3As + 2I2 R3AsIu (--—.R3ASI .'[3 )
(e) Reaction with iodine bromide
The result of the conductometric titration of

tri(2,6-dimethylphenyl)arsine with iodine bromide in acetonitrile is
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illustrated graphically in Fig. 7 (curve C).

This titration follows exactly the same pattern as the
tri(methylphenyl)arsine-icdine bromide system. The conductivity rose
sharply as iodine bromide solution was added to the
tri(2,6~dimethylphenyl)arsine solution giving only a 2:1 break in the
titration graph. Further addition of iodine bromide solution resulted
in a gentle decrease in conductivity. The adduct R3AsBr212 is
suggested by the distinet 2:1 break in the graph. The colour of the
solution turned red at the beginning of the reaction and the
ultraviolet spectrum of the solution showed absorption due to
trihalide ion IzBr" ( Amax = 257 mu) from the start of the titration.

The molar conductivity value at the 2:1 ratio was /\m = 117.5 S
en® mol™ at C_ = 0.0060422 mol dm™>. The above A value showed that
the adduct is a strong electrolyte in acetonitrile solution, thus: the
reaction may be written as

O:1—4 2:1 ratio

R.As + 2IBr———————= R AsBr'212 (—= R

+ -
3 3 AsBr  «+ IzBr ).

3

3. REACTIONS OF THE TRI(FLUOROPHENYL)ARSINES WITH HALOGENS AND

INTERHALOGEN

Having studied (in the previous two chapters) the effect of
electron releasing substituents in the phenyl ring of the arsine
(YCGHu)3As‘ on the formation of halogen adducts it was decided to loock
into the effect of the presence of an electron withdrawing group on
the phenyl ring. For this purpose the tri(fluorophenyl)arsines were

chosen and the results are described below.
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(a) Reaction with bromine

The result of the conductometric titrations of
tri(2-fluorophenyl)arsine, tri{3-fluorophenyl)arsine and
tri(4=fluorophenyl)arsine with bromine in acetonitrile are illustrated
graphically in Fig. 8 (curves A, B, and C respectively).

Unlike the tri(methylphenyl)arsine-bromine titrations, the
tri( fluorophenyl)arsine-bromine titrations do not give graphs of the
same form. The reaction of tri(2-fluorophenyl)arsine with bromine
gave only a slight increase in conductivity; this rose gently up to
the 2:1 mole ratio after which the conductivity remained steady thus
giving a rather indefinite 2:1 break in the graph. The solution
assumed a light yellow colour from the start of the titration and the
ul traviolet spectrum showed that tribromide ion Amax = 269 mu) was
present from the start of the titration. '

In the titrations of tri(3-fluorophenyl)arsine and -
tri(4-fluorophenyl)arsine with bromine the conductivity increased only
slightly up to the 1:1 mole ratio but thereafter the conductivity rose
sharply and a distinct break was observed at the 2:1 ratio. Thus, in
these two systems 1:1 and 2:1 breaks were observed suggesting the
formation of 1:1 and 2:1 adducts (R3AsBr and R_AsBr

2 1 4888y,)
solution. In conjunction with the conductivity changes, distinct

in the

colour changes were observed during the titrations; the solution
remained colourless up to the 1:1 ratio but thereafter became yellow,
and the ultraviolet spectrum of the solution at selected points during
the titrations showed that Br.  ion was present after the 1:1 ratio

3
(strong broad peak with Amax = at 269 ma) .
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Molar conductivity values at the 1:1 and 2:1 ratios are given in

Table 11.
Table 11
2 -1 2 -1
System Am (1:1)/8 em® mol /\m (2:1)/8 cm® mol
(2-F06H4)3A3-Br2 — 66.2
(cm = 0.0022358)*

(cm = 0.0075014) (cm = 0.0066815)
(14-1~‘06Hu)3;l\‘s-Br-2 16.8 112.1

(cm= 0.0098268) (cm = 0.0083853)

* C_ = mol dn™
These values suggest that all the 1:1 adducts are weak
electrolytes and that the 2:1 adducts in the case of the
3-fluorophenyl and U-fluorophenyl isomers are strong electrolytes.
" The molar conductivity and shape of the conductometric titration graph
for the (2-fluorophenyl)arsine compound is suggesting an equilibrium.
From the above observation it is suggested that with
tri(2~fluorophenyl)arsine the reaction proceeds directly to the
tetrabromide adduct thus,
0: l—— 2: 1 ratio
AsBr*Br_7).

3 3
With tri(3~fluorophenyl)arsine and tri(i4-fluorophenyl)arsine the

R3As + 2Br, "‘”:_::_"R3ASBP1‘ (—e R

stepwise reaction may be represented by the following equations.
0! le—— 1:1 ratio
oy + -
R3As + B e R3AsBr2 (S R3AsBr Br )
1: le———» 2:1 ratio

+ -
R3AsBr2 + Brz————b R3AsBr'u (———e R3ASBP Br'3 ).
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(b) Reaction with iodine

The result of the conductometric titrations of
tri(2-fluorophenyl)arsine, tri(3=fluorophenyl)arsine and
tri(li-fluorophenyl)arsine with iodine in acetonitrile are illustrated
in Fig. 9 (curves A, B, and C respectively).

The conductivity did not rise significantly when iodine was added
to the tri(2-fluorophenyl)arsine, the colour of the solution changed
to brown from the start of the iodine addition and a weak absorption
due to I3' ( Amax = 292, and 362 qp) was observed in the ultraviolet
spectrum of the solution. The presence mainly of molecular iodine is
indicated and it is concluded from these results that no reaction
oceurs, In the other two titrations [tri(3-fluorophenyl)arsine and
tri(4-fluorophenyl)arsine] the conductivity rose steeply giving a
break at the 2:1 ratio. The solution, (originally the solution was
colourless), assumed a brown colour after the first addition of
iodine. The ultraviolet spectrum at selected points showed that
triiodide ion ( Amax = 292, 362 mn) was present from the start of the
reaction.

Molar conductivity values at the 2:1 mole ratio are given in

Table 12.

Table 12

System A (2178 om® mol™! c_ = mol dm™3
(3-FCgH,) o1, 68.8 0.0066815
(ll-FCsHu)g-IZ 4.2 0.0058585

These values show that the 2:1 adducts are medium electrolytes in
acetonitrile. These molar conductivity values, considered in

conjunction with the fact that the conductometric titration breaks are
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rather blunt, as in the case of the (2-F06H4)3A8-Br system, suggest

2
that the reaction does not go to completion at the 2:1 ratio; or in
other words the product of reaction is dissociating in acetonitrile

solution., The reaction occurring is therefore represented as follows

e —— + -
R3As + 2L, q— R3ASII; (= R3AsI 13 s
(e¢) Reaction with iodine bromide
The result of the conductometric titrations of
tri(2-fluorophenyl)arsine, tri(3~-fluorophenyl)arsine and

tri(Y4-fluorophenyl)arsine with iodine bromide in acetonitrile are
illustrated in Fig. 10 (curves A, B, and C respectively).

All these titration graphs are similar to each other but
different from other triarylarsine-iodine bromide systems. The
conductivity rose steadily when the IBr solution was added to the
tri(fluorophenyl)arsine solution, but no distinet breaks were
displayed on the graphs although the conductivity rise tended to slow
down near the 3:1 mole ratio. The colour of the solution tgrned light
brown at the start of each titration and became progressively darker
as the titration proceeded. The ultraviolet spectrum of the solution
taken at selected ratios showed absorption due to the IBrz' ion Amax
= 257 mu. [This is different from what was expected in this system
since other triarylarsine~iodine bromide systems previously studied

gave a distinet 2:1 break and showed absorption due to IzBr_ at Amax

= 275 and 351 mu]l. The presence of IBr

2' in solution suggests that a

3:1 reaction is occurring:

R As + 3IBr g—*® R_AsIBr, (—s R

+ -
3 3 3 AsBr +IBr'2 p A

+

I

3
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However the absence of a sharp break at the 3:1 ratio implies
that the reaction has not gone to completion at this point and must
therefore be represented as an equilibrium.

Values of molar conductivity at the 3:1 ratio are given in Table

13.

Table 13

System AJL (3:1)/S om® mol™] c, = mol am™3
(3-F06Hu)3As-IBP 146.9 0.0054463
(4—F06H4)3AS-IBI' 79.2 0.0080753

It is worth noting that the reactions of iodine bromide with
these arsines differ from the other arsines studied; the latter
invariable give a sharp 2:1 titration break and show the presence of
IaBr- ion indicating that in these cases the reaction is

R_As + 2IBr———e R AsIZBr2 (———a R

+ -
3 3 AsBr  + IzBr' Yoo

3

y, REACTIONS OF TRIS(TRIFLUOROMETHYLPHENYL)ARSINES WITH HALOGENS

AND INTERHALOGEN

To complete our study on the effect of different substituents (Y)
in the aryl arsine (YCGHM)BAS on halogen adduct formation by these
compounds, it was thought of interest to look at the reactions of the
tris(trifluoromethylphenyl)arsine. The CF3 group is a strongly
electron-withdrawing group and is also a much bigger group than the

fluorine atom. Hence the combined effect of bulk and of
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electron-withdrawing power in the same group attached to the phenyl

ring in (YC6H4)3A3 may be observed.

(a) Reactions with bromine

The result of the conductometric titrations of tris(2-trifluoro~
methylphenyl)arsine, tris(3-trifluoromethylphenyl)arsine, and
tris(l4=trifluoromethylphenyl)arsine with bromine in acetonitrile are
illustrated graphically in Fig. 11 (curves A, B, and C
respectively).

These three titrations give graphs similar to those of the
tri(fluorophenyl)arsine~bromine systems except that in the
tris(2-trifluoromethylphenyl)arsine-bromine titration, bromine reacted
with the arsine and the conductivity rose sharply up to the 2:1 mole
ratio without any break at the 1:1 ratio. Further addition of bromine
resulted in a decrease in conductivity, giving a break in the graph at
the 2:1 ratio suggesting the formation of R3AsBrn. The colour of the
solution changed from colourless to yellow after the first addition of
bromine solution, and the ultraviolet spectrum of the solution showed
absorption for Brs' ( Amax = 269 qp) from the start of the reaction.

In the titrations of tris(3-trifluoromethylphenyl)arsine and
tris(4-trifluoromethylphenyl)arsine with bromine the conductivity
increased only slightly up to the 1:1 mole ratio but thereafter it
rose sharply to the 2:1 ratio thus, in these two systems 1:1 and 2:1
breaks were observed suggesting the formation of 1:1 and 2:1 adducts
(R3AsBr2 and R3AsBru). The solution remained colourless up to the 1:1
break but thereafter became yellow, and the ultraviolet spectrum of
the solution showed that the trihalide ion Br_~ ( Amax = 269 qp) was

3
present from the start of the reaction.
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]

1] 271

Mole ratio, Br2: R3As

Fig. 11.  Conductometric titration of R3As with bromine

)3
(B)  (3-CF4CH, )y As-Br,

(C) (A—EF3 C6H4)3 As - Br2
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Molar conductivity values at 1:1 and 2:1 ratios are given in

Table 14.
Table 14
2 -1 2 -1
System [\m (1:1)/S em“ mol Am (2:1)/S em® mol
(2-CF306H4)3AS-Br2 121.1
%
(Cm = 0.005282)

(3-CF306H4)3A3—BP2 9.6 109.1

(c, = 0.0062099) (C, = 0.0046956)
(R-CF306H4)3AS—BP2 3.9 118.9

(Cm = 0.0062677) (Cm = 0.0051715) ﬁ

* mol dm™3

These conductivity values suggest that all of the 2:1 adducts are
strong electrolytes in aegtonitrile. It is of interest to note that
for the 1:1 adducts the molar conductivity values are very much lower
than those of the corresponding 1:1 adducts of
tri(methylphenyl)arsine. This point will be discussed in chapter D).

From the foregoing evidence it is suggested that for
(.2-CF306H1‘)3As-Br‘2 the reaction leads straight away to 2:1 ratio and
is represented:
0: 1——2:1 ratio

R,As + 2Br ~——= R AsBr) (—e R AsBr® + Br.7).

3 2 3 3 3

and in the case of (3—CF306H4)3A3-B1'2 and (li—CF3C6Hu)?’As—Bx"2 systems

the reaction is in two stages
0: {e——1:1 ratio

RoAs + Br,——————=8 R AsBr, (4% RSAsBr* + Br)
1: 1———p2:1 ratio

+ -
R3AsBr2 + Bra—-—-—-. R3A.str'14 (—— R3AsBr + Br-3 ).




B

(b) Reactions with iodine

The result of the conductometric titrations of
tris(2-trifluoromethylphenyl)arsine,
tris(3=-trifluoromethylphenyl)arsine and tris(l4~tri-
fluoromethylphenyl)arsine with iodine in acetonitrile are illustrated
in Fig. 12 (curves A, B, and C respectively).

The titration graph of tris(2-trifluoromethylphenyl)arsine~iodine
is different from the other two graphs; the conductivity did not rise
significantly when iodine was added to the
tris(2-trifluoromethylphenyl)arsine. The solution turned brown in
colour from the start of the titration (due to iodine) and a very weak
absorption due to the triiodide ion was present in the ultraviolet
spectrum of the titration mixture (a solution of iodine itself in
acetonitrile contains a small amount of tri-iodide ion). The above
observations imply that there is no reaction occurring between iodine
and (2~CF306H4)3AS in acetonitrile. No adduct was obtained as a solid
crystalline compound.

The titration graphs of tris(3-trifluoromethylphenyl)arsine, and
tris(l-trifluoromethlphenyl)arsine with iodine are similar with each
other and resemble those of the tri(3-, and
4-fluorophenyl)arsine-iodine-systems. The conductivity rose gently as
iodine was added but there was no break at any mole ratio in the range
0:1=4:1. The colour of the solution became brown after the first
addition of 1iodine solution and the ultraviolet spectrum of the
solution showed absorption due to triiodide ion ( Amax = 292 and 362
ma). The rise in conductivity during titration to fairly high values

is indicative of a reaction occurring to provide ionic species. The
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Mole ratio, 12: R3As

Fig. 12.  Conductometric ftitration of R3As with
iodine

As--I2 (B) (3-CFC.H )3As—I

(A} (2-CF,C.H,) U

376 43 2

(C) (lr—l:F3 C6HA)3AS~12
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presence of 13" from the start of the titration suggests that the

reaction is

+ -
R3As + 212-—-———9 R3 3AsI + I3 )

but the lack of sharp break at 2:1 points to this being essentially an

ASIN (=g R

equilibrium system,
-
R3As + 212‘___.._....4. R3AsIu
or alternatively one could say that the 2:1 adduct is strongly

dissociated to the starting compounds. The 2:1 adduct RBASIH was

isolated as a crystalline solid (chapter C) and, surprisingly, the
1:1 adduct R3A512 was also obtained. This emphasises the complexity
of this system and shows that the equilibrium

—
R3As + Iaqk__ R3AsI2

must be present to a small extent.

(c) Reactions with iodine bromide

The results of the conductometric titrations of tris(2-trifluoro-
methylphenyl)arsine, tris(3-trifluoromethylphenyl)arsine and
tris(Ud=trifluoromethylphenyl)arsine with iodine bromide in
acetonitrile are illustrated in Fig. 13 (curves A, B, and C
respectively).

These three titrations follow the same course of reaction as the
tri(fluorophenyl)arsine~iodine bromide reactions described in the
previous section. The conductivity rises as iodine bromide is added
to the arsine solution but no distinet break is observed in the
graphs. The colour of the solution turned 1light brown from the
beginning of the titrations, and the ultraviolet spectrum of the
solution showed that IBr. ion ( Anmx-= 257 mu) was present from the

2
start of each titration.
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Mole ratio, IBr:R3As

Fg. 13 Conductometric titration of R3As with
iodine bromide

{C) [(4-CE C6Hh)3As—IBr



- 54 -

The molar conductivity values are given in the following Table.

Table 15

System AL(?’”)/S om? mol~! CA;. mol dm™> s
(3—CF306H4)3AS-IBr 171.2 0.0041474

(4-CF,CH, ) ,As-IBr 159.0 0.003488

The above observations suggest that the reactions may be

represented by the following equation:

R3As + 3IBr 4_—___.___’ R3As,IB1~3 (—— R3AsBr+ + IBr)
+

I

Rt
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SUMMARY OF RESULTS

(1) R3 As—Br'a

(a) The conductometric titrations of tri(2-, 3~-, and
j-methylphenyl)arsine with bromine are identical with each other and
similar to the triphenylarsine-bromine titration. In all the systems
breaks were observed at the 1:1 and 2:1 mole ratios which suggests the

formation of the adducts R3AsBr'2 and RuAsBru. These adducts are weak

and strong electrolytes respectively in acetonitrile, with the
exception of (2-CH306Hu)3AsBr2 which behaves as a strong electrolyte.
Its high electrolytic conductivity is attributed to the presence of

the ortho CH3 group. The reactions are

0:1 =/ 1:1 mole ratio

+ -
—
R3As + Br'2 —_—— R3AsBr2 (= R3AsBr + Br )

and
121 = 2:1 mole ratio

sy + -
R3ASBP2 + Br2 —— R3ASB”4 (= R3AsBr Br3 )

(b) A 3:1 mole ratio break was observed in the reaction of
tri{dimethylphenyl)arsine with bromine which suggests the formation of

an adduct of formula R3AsBr6; this 1is a strong electrolyte in

acetonitrile and quantitative measurements indicated that the

ionisation is

[(CH,) CcH ] AsBr, ————a [(CHy) C(H,] as®t & 2Br.".

267373 26 3°3 3
(e) The substitution of strongly electron withdrawing groups such as

F or CF3 on the phenyl ring of the arsines R3As has two effects on the

behaviour of the systems R As-Br2

3
(1) If these groups are present in the ortho position, reaction
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between R_As and Br2 tends to give a break only at the 2:1 mole ratio

3
in the conductometric titration suggesting that a 1:1 adduect is not

forming in the solution. Thus the reaction occurring is

RiAs + 2Br, —————=# RoAsBr, (R3A3Br+ * Bp3')

(ii) If these groups are present in the meta or para position then

the reactions are similar to Ph3As-Br2 system.

(2) RRAS-Izlsystem

(a) The reactions of tri(methylphenyl}arsine and

tri(dimethylphenyl)arsine with iodine are similar to the
triphenylarsine-iodine system; a sharp increase in the conductivity up
to the 2:1 mole ratio and a distinet break at this ratio suggest the
formation of a 2:1 addduct only which is a strong electrolyte [R3AsIu

= R_AsI' 13"].

3
(b) There is no conductivity rise in the systems (2-FC6HH)3AS-—I2 and
(2-CF306HM)3AS~I2. It appears that no reaction occurs in these
cases.

(e¢) The reactions of (3-, and u'FCGH4>3AS and (3-, h-CF306Hu)3As
with iodine are similar but different from other triarylarsine-~iodine
systems; a rise in conductivity occurs but there is no distinct break

at any mole ratio. It is suggested that the reaction product is

dissociating in the solution.

R.As + 21, @————%®R_AsI

3 e R 4
(3) RaAs-IBr
(a) The reactions of tri(methylphenyl)arsines and

tri(dimethylphenyl)arsine with iodine bromide are similar with the

triphenylarsine-iodine bromide system; a 2:1 break was observed in
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each case suggesting the formation of R AsIzBr'2 (=R AsBr™ IzBr-).

3 3

The reaction occurring is

r———
R3As + 2IBr R3A812Br'2 (> R3

(b) The reactions of tri(fluorophenyl)arsines and

AsBrt + IBr")

tris(trifluoromethylphenyl)arsines with iodine bromide resemble one
another but are different from the previously studied
triarylarsine-iodinebromide systems. There was no break in the
conductometric titration graph at the 2:1 mole ratio but the observed

rise in conductivity slowed down af the 3:1 mole ratio. The ion IBrz-

was detected from the beginning of the titrations and it is suggested
that the reaction occurring is

AsBr* 4+ 1Br.”)

R,As + 3IBr g——* R 3 5

3 (—= R

3

AsIBr
+ 3

L
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B. AN ALTERNATIVE METHOD FOR PREPARING 2:1 ADDUCTS BY THE REACTION

OF A TRIARYLARSINE DIHALIDES WITH HALOGEN OR INTERHALOGENS

The 2:1 adducts obtained from the reactions of triarylarsine with
bromine, iodine, or iodine bromide have been shown to be ionic and the

cation present is a halotriarylarsonium ion either R3AsBr+ or

R3AsI+. To investigate the possibility of preparing 2:1 adducts

containing the chlorotriaryl cation, R3AsCl+, the reactions of

triarylarsine dichlorides and iodine chloride have been studied These
reactions would be expected to lead to 2:1 adducts of composition

R3A31013 which are likely to exist as R3AsCl+IClz-.

Another reason for studying this type of reaction concerns the

fact that the adducts of type R3ASIBr3 has been shown to be formed in

certain R3As-IBr systems [eg (F06H4)3AS-IBr and (CF306Hu)3As-IBr].

Adducts of this stoichiometry should arise directly from the reaction
—_——
RBASBP2 + IBr R3AsIBr3

(a) The reactions of trilarylarsine dichlorides with iodine chloride

The results of the conductometric titrations of
tri(2-methylphenyl)arsine dichloride, tri(3-methylphenyl)arsine
dichloride, tri(4-methylphenyl)arsine dichloride and

tris(dimethylphenwl)arsine dichloride with iodine <chloride in
acetonitrile are illustrated in Fig. 14 (curves A, B, C, and D
respectively) .

All these four titrations yield graphs of the same general shape
and they are similar to ihe graphs for the reaction of triphenylarsine
dichloride with iodine ehloride159. When iodine chloride was added to

the triarylarsine dichloride solution the conductivity rose sharply

wesd
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Fig.
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14,

131 2:1

Mole ratio, ICl :R3A5Cl2

Coductomefric titration of triarylarsine—

dichloride with iodine chloride

(A) (2—CH3C6HA )BAS Clz—ICl

(B) (3*CH3C6HL’ )3As Cl2 ~ICL

(€] “"EH3C6H4)3 As Clz—ICl

(D) [2,6"(CH3)2 C‘SH3]3AsCl2 -I1Cl
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until the 1:1 mole ratio was reached. Addition of IClL solution beyond
thi; ratio resulted in a gradual decrease in conductivity. Thus a
distinet 1:1 break was obtained in each titration confirming the
formation of the tetrahalide adduct (R3AsICl3) in the solution in each
case. The colour of the solution turned yellow (the original solution
was colourless) when iCl was added to the arsine solution and the
ultraviolet spectrum of the solution taken at different points showed
that the ICl2- ion ( Amax = 227 qp) was present from the beginning of
each reaction.

molar conductivity values at the 1:1 mole ratio are given in the

Table 16.

Table 16.

System /\ELEJ:1)/S en® mo1” ! Cm»= mol dm™3
(2—CH306Hu)3ASClZ-ICl 131.5 0.002326
(3—CH3CGHR)3ASCIZ-ICI_ 123.8 0.0031903
(U-CH3CGH4)3A8012-IC1 122.7 0.0074166
[(CHg)QCGHR)qASClg-ICl 125.6 0.00604787

These conductivity values indicate that all of these adducts are
strong electrolytes in acetonitrile.
The above evidence confirms that the reaction occurring is
0: 1= 1:1 ratio
R_ASCL, + ICL——s R_ASICl, (—R AsCl* + IC1.7).

3 2 3 3 3 2

That is ionic adducts containing chlorotriarylarsonium ion, R3AsC1+,

are found in solution, and they have also been obtained (see

Experimental section) as unstable crystalline solids.
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(b) The reaction of tri(dimethylphenyl)arsine dibromide with

iodine bromide

The result of the conductometric titration of
tri(dimethylphenyl)arsine dibromide with iodine bromide in
acetonitrile is illustrated in Fig. 15 curve A,

The conductivity rose uniformly from the start of the titration and
gave a sharp break at the 1:1 mole ratio; it decreased on the further
addition of iodine bromide. The colour of the solution (which was
originally colourless) turned light brown when IBr was added and the
ultraviolet spectrum of the solution showed absorption due to the
IBra- ion (strong broad peak with Amaximum at 257 mi). The 1:1 ratio
break in the titration graph indicates the formation of the
tetrahalide RSASBrSI and the molar conductivity value at this ratio

corresponded with a strong electrolyte in acetonitrile (I\m (1:1) =

140.00 S cm®

mo1™" at C_ = 0.0027489 mol dm™3).

From the above'observations we may represent the reaction by the
equation
0:1=—= 1:1 ratio

RoASBr, + IBf————#> R ASBr, I (——>R3Assr* + IBr,).

A conductometric titration of R3AsIBr with Brz gave graph B in
Fig. 15. The colour of the solution changed to light brown from the
start of the titration and the ultraviolet spectrum showed absorption

due to IBr, ion suggesting that the reaction is

2
+ ~
R3Asmr + Br2 e R3AsIBr3 (—a R3AsBr + IBr2 Y
Thus by both of the above conductometric titrations R_AsIBr_, has been

3 3
shown to exist as a stable adduct in acetonitrile and it has been

obtained so0lid from the stoichiometric quantities of R3AsBr2 and IBr
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Fig. 15. Conductometric fitration of tri(dimethylphenyl)arsine
dihalides with iodine bromide and bromine

(A) [(CH3)2C6H3]3A5802 ~-IBr
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in acetonitrile.

Summary of results

(a) Both R3AsC13I and R3AsBr3I have been shown to exist in

acetonitrile solution and these adducts can be obtained as solids from

R3AsCl2 + IClL and R3

electrolytic conductivity in methyl cyanide solution.

AsBr2 + IBr respectively. They have high

(b) In adducts containing two different halogens the halogen of

lower atomic number always resides in the cation (R3A5013I = R3AsCl+

- sl + -
1012 and R3AsBr3I = R3AsBr IBr'2 )e
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c. PREPARATION OF ADDUCTS

Triarylarsine dihalides (1:1 adducts)

Conductometric titrations were not carried out for the reaction

of the triarylarsines with chlorine. Hence direct evidence for

chlorine adducts of the arsine studied has not been obtained.

However, 1:1 chlorine adducts, RBASCIZ, are well known for other

triarylarsines and trialkylarsines. Attempts were therefore made to

prepare these dichlorides for the conductivity studies described in

chapter D.

In the triarylarsine-bomine, -~iodine, and =~iodine bromide systems

the conductometric titration studies provide evidence for numerous

adducts formed in solution. Attempts were made to prepare these as
solid crystalline compounds, by mixing the constituents in the correct
molar ratio in acetonitrile. Isolation of the solids was generally

achieved by one of the following:

(i) direct precipitation on mixing the reagents

(ii) by addition of ether to the mixture

it

(iii) by freeze drying of the mixture.

In most, but not all, cases a solid adduct was obtained
corresponding in composition to a break in the appropriate
conductometric titration graph.

In some cases attempts were made to prepare an adduct even though
there was no conductometric titration evidence for its existence in
acetonitrile. It is worth noting that this was possible in a few
cases [eg. R A812 where R = CH,C_H, or 4~CF_.C_H, and R' AsIBr where

3 3764 3764 3

R = CH3C6H4 or (CH3)206H3].

It was also possible in some instances to obtain unindicated (by

conductometric titration) adducts by using another solvent (eg
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benzene, petroleum ether).

The results of these preparative studies are given in the

following sections.

(a) Dichlorides

All of the triarylarsine dichlorides mentioned in this Thesis
have been prepared by passing dry chlorine gas, diluted in a stream of
dry nitrogen, through a cooled solution of triarylarsine in a suitable
solvent wuntil the solution assumed a green-yellow colour. The
dichlorides were obtained either by freeze drying of the solution or
by adding dry ether to the solution. All of these dichloride
derivativesA are moisture sensitive{ white crystalline solids. Their
detailed preparation has been given in the Experimental Part, and the

properties of the adducts are given in the following table.

Table 17

Compound Colour M.p/°C
(2-CH,CgH,) JAsCl, White 184-185
(3-CH,CgH,) JASCL, White 1T4-177
(4-CH CoH) ) SASCL, White 220-224
[ (CHy) C4H,13A8C1,.0.25 CHCL, White 210-220
[ (CHy) CH,13AsCL,.0.25 CCL, White 214
(2-FCgH,) JAsCL, Light yellow  190-200
(3-FCgH,) jAsCl,, White 156-160
(4-FCgH,) JASCL, White 206-208
(2~CFCgH,) 3ASC1,.0.5 CHCl, Pale yellow  214-216
(3-CFCH,) JAsCl White 166-168

(u-CFgc6Hu)gAscl2 White 214-216
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The compounds [(CH3)2C6H3]3AsCl2 and (2-0F306Hu)3A8012 were
obtained from chloroform in the solvated form. The presence of
ch%oroform of solvation was confirmed from elemental analysis and from
the infrared spectrum of the compound. Attempts were made to isolate

[(CH3)206H3]3A5012 from carbon tetrachloride in an attempt to obtain

the unsolvated, but again the solid isolated contained CClu of

solvation.




(b) Dibromides

The triarylarsine
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dibromides whose

existence was shown by the

conductometric titrations are given in the folliowing Table.

Table 18. Triarylarsine~bromine adducts indicated by the

conductome tric titration of R, As~Br

in acetonitrile

3
Systen Mole ratio (break) Indicated halide
(2—CH3CGH4)3ASBP2 1:1 sh. (2—CH3C6H4)3ASBr2
2:1 sh. (2—CH3C6H4)3ASBru
(3-CH306H4)3AS-Br2 1:1 sh. (2-CH306H4)3ASBr2
2:1 sh. (3—CH306H4)3ASBru
(4-CH,C¢H,) ;As-Br, 1: 1 sh. (4-CH,C(H, ) AsBr,
2:1 sh. (M-CH3CGH4)3ASBP4
[(CH;) CcHyl As~Br, 131 sh. [(CH,) ,CH 1 AsBr,
2:1 sh. [(CH3)206H3]3ASBPu
3:1 n.sh. [(CH3)2C6H3]3AsBr6
(2—F06Hu)3As-Br2 No break No compound indicated
(3-F06Hu)3As-Br2 1: 1 sh. (3—F06H4)3A8BP2
2:1 n.sh, (3-F06H4)3AsBru
(N-F06H4)3As-Br2 131 sh. (4—F06H4)3AsBr2
2: 1 sh. (4-F06H4)3A3Bru
(E—CFBCGHR)3AS-BP2 No break No compound indicated
(3-CF306Hu)3As-Br2 1:1 =h. (3—CFBC6HH)3AsBr-2
2:1 n.sh. (3-CF,CcH)) ;AsBr)
(4-CF,CeH,) JAs-Br, 1:1 sh. (4-CF,CcH, ) ;AsBr,
2:1 n.sh. (4-CF,C H,) AsBr

n

sh = Sharp n.sh = not sharp
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All these dibromide adducts have been obtained as crystalline
solids by freeze drying an acetonitrile solution containing a 1:1
molar ratio of bromine and triarylarsine. The compounds were
characterised by elemental analysis (C, H and Br). (see Experimental
Part). Their properties are given in Table 19.

Table 19 Properties of R_AsBr

3 2
Compound Colour M.p/°C
(2-CH306H4)3ASBP2 Pale yellow 192~1903
(3-CH306H4)3A3Br2 White 186-188
(H—CH3C6H4)3ASBP2 White 236-238
[(CH3)206H3]3ASBP2 Pale yellow 204-205
(decomposed)
White 169-171
(3-F06Hu)3AsBr2
(#-FCsHu)sAsBP2 White 224-246
(decomposed)
(3—CF3C6H4)3ASBP2 Pale yellow 171=172
(H-CF306H4)3AsBr2 White 210-212
(decomposed)

The existence of (2-F06Hu)3AsBr and of (Z-CF3C6H4)3ASBP2 was not

2
suggested by the conductometric titrations of the arsine with bromine
and attempts to isolate them as solids from acetonitrile containing

Ehe stoichiometric quantities of bromine and the arsine were not

successful.

(c) Tetrabromides

It has been found that when the 2:1 conductometric titration
break is sharp it is strong evidence that the tetrabromide is stable

and readily obtained as a crystalline solid. Those of the arsines
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(Z-CHBCSHR)3AS’ (3-CH3C6Hu)3As, and (M-CH3C6Hu)3As have already been

isolated by A. Y. Mahomedy153 and their properties are shown in

Table 20.

Table 20. Properties of RSASBPM adducts

Compound Colour M.p/oc

(2—CH3C6H4)3AsBru bright yellow 154

(3-CH306H4)3AsBru bright yellow 65

(ll-CH3CGHu)3AsBrLl dark orange 120-121

[(CH3)2C6H3]3AsBru yellow 194-198
(decomposed)

In addition to these attempts were made to prepare only a selected
number of 2:1 bromine adducts- those of [(CH3)206H3]3AS, (2_F06Hu)3AS’
(2—CF306Hn)3As, and (H-CF3C6
by a sharp break in the conductometric titration graph of the

Hu)3As. The first of these was indicated

[(CH3)206H3]3AS-Br system and was obtained readily (Table 20). In

2
the remaining systems the 2:1 break in the conductometric titration
graph was not sharp and attempts to prepare the adducts were not
successful. There is evidence to suggest that when the R groups are

strongly electronegative adducts formation is more difficu1t155' 156

(d) A hexabromide

Although no 3:1 adducts of triarylarsine have been reported
previously,. [(CH3)2CGH3]3AsBr6, which was shown by the 3:1 mole ratio
break in the graph of the conductometric titration
bromine~tri(dimethylphenyl)arsine (Téble 18), has been prepared by
freeze drying the 3:1 molar (Br'2 : R3As) mixture in acetonitrile. It

is an unstable orange colour solid (losing bromine on standing),
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melting at 192-194°C (decomposed).

(e) Diiodides
The conductometric titrations of iodine with triarylarsines did
not indicate the existence of any 1:1 adducts (R3AsIZ) in acetonitrile

(see Table 21).

Table 21. Adducts indicated by the conductometric titrations of

R_As-I_. in acetonitrile

3 2
System Mole ratio (break) Indicated adduct
(2-CH3C6Hu)3As—I2 No 1:1 break No compound indicated
2:1 (2-CH306H4)3A814
(3-CH306H4)3AS-12 No 1:1 break No compound indicated
2:1 sh. (3_CH3C6HM)3ASIM
(M-CH306H4)3AS-12 No 1:1 break No compound indicated
2:1 sh. (u-CH3C6HH)3ASIU
[(CH3)206H3]3AS-12 No 1:1 break No compound indicated
2:1 sh. [(CH3)206H3]3AsIu
*
(F06H4)3As-12 No break No compound indicated
*
(CF306H4)3AS—12 No break No compound indicated
sh. = sharp
*

n

all of the systems (2-, 3-, and 4~ position)
It was possible however to obtain a number of these diiodide
adducts as crystalline solids using petroleum ether as the solvent or

by freeze drying the 1:1 mixture of 12 and R_As in acetonitrile.

3
Their properties are given in Table 22.
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Table 22. Properties of R_AsI, compounds

3 2

Compound Colour M.p/°C

(2-CH306H4)3ASI2 dark brown 163-168
(3-CH306H4)3A812 light brown 185-186
(u-cu3ceﬂu)3As12 rust 166-167
(ll-CF3C6Hu)3AsI2 dark brown 116-118

(decomposed)
Attempts to prepare [(CH3)206H3]3A8I2 and (4-F06H4)3A312 gave

dark coloured unstable solids which lost iodine readily.

(f) Tetraiodides

All the triarylarsine tetraiodides whose existence was shown
(Table 21) were obtained by adding ether to the concentrated
acetonitrile solution containing a 2:1 molar ratio of iodine and
triarylarsine. Although there was no 2:1 distinct break in any of the
(CFBC6H4)3AS'I2 systems the solid crystalline adduct (ll-CF,_,).CGHM)311.3114
was obtained by freeze drying the acetonitrile solution containing a
2:1 molar ratio of iodine and tris(4-trifluoromethylphenyl)arsine. It

is an unstable compound and tends to lose iodine. The properties of

these tetrahalide adducts are given in the following table.
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Table 23. Properties of RBAsIlL

Compound Colour M.p/OC
(2-CH306H4)3ASIM* brown black 114
(3-CH3C6Hu)3AsIu* dark brown 152-153
(4=CH,CGE,) AsT," dark violet  101=102
[(CH3)206H3]3AsIu dark red 138-240
(H—CF?CSHu)quI dark violet 118~119

I

¥ First described by A. Y. Mahomedy153

(g) Bromide iodides

As with the R_As~I

formation of 1:1 adducts (R3AsIBr) in the conductometric titrations of

R, As-IB
3 s-IBr

composition R

(Table

3

were obtained from a

triarylarsine in acetonitrile.

ASIBI" (R = 2",

2

page T1).

1:1 molar mixture of

titrations,

However

there was

3=, or 4d-methylphenyl or dimethylphenyl)

iodine

Their properties are given in the

Table 24.

Table 24. Properties of RgAsIBr

Compound Colour M.p/OC
(2-CH3CGHH)3AaIBr rust 162-163
(3-CH3CGHH)3ASIBr bright yellow 136
(&—CH3CGHu)3AsIBr bright yellow 149-151
[(CH3)2C6H3]3ASIBP rust 169-170

(decomposed)

sign of the

crystalline

bromide and
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(h) Dibromide di-iodide adducts

The possible existence of R3AsBr212 adducts is clear from the

conductometric titrations of R3As-IBr systems summarised in the

following table 25.

Table 25. Indicated R AsBr212 adducts by the systems

3
RgAs-IBr in acetonitrile

System Mole ratio (break) Indicated adducts
(2-CH3C6HM)3AS-IBr 2:1 (2-CH306H4)3AsBr212
(3-CH306H4)3AS-IBr 2:1 (3—CH3C6H4)3ASBP212
(M-CH306H4)3AS-IBr 2:1 (h-CH3C6Hu)3AsBr212
[(CH3)2C6H3]3AS—IBr 231 [(CH3)206Hu]3ASBP212
(FCGH4)3AS—IBr No break No compound indicated
(QEBPBHM?Bés_IBP No break No compound indicated

All these adducts were obtained as stablq crystalline solids by
adding ether to the concentrated solution of iodine bromide and
triarylarsine (2:1 molar ratio), or by freeze drying the solution.

The properties of the compounds are given in Table 26.

Table 26. Properties of RBASBrzlz adducts prepared
in acetonitrile

Compound Colour M.p/°C

(2-CH306H4)3ASBP212' rust 149-150

(3-CH306H4)3AsBr212* red brown 102

(H—CH306H4)3AsBr212* chocolate brown 132-133

[(CH?)2§6HH]2ASBP2;2, orange 166-168

¥ first described by A. Y. Mahomedy153
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(1)  trichloride jodide

Al though the existence of R3A30131 was shown by all

conductometric titrations of the systems R AsC12-101, the preparation

3
of the adducts as solids was successful only in cases where R was

CH3C6H)4 or (CH3)2CGH3. These R3A5013I were obtained by freeze drying

the acetonitrile solution containing R3A3012 and IC1 ina 1:1 molar
ratio. They are unstable compounds and lose ICl readily. Their
properties are given in the following table:

Table 27. Properties of Rqumq

Compound Colour M.p./%
(2-CH3C6H4)3A50131 yellow 40 (decomposed)
(3-CH3C6H4)3A3C13I yellow room temperature
(M—CﬂchHu)3A8013I yellow low melting solid
[(Cﬂg)ggﬁﬂq]quc13I yellow 215-218

Attempts to prepare (2-CF HH)3A301 I and (H-CF3C6H4)3AsCl I in

3 3
A5012 instead. It would seem

3%

acetonitrile yielded the dihalides R3

that the presence of the strongly electronegative substituent (CF3)

confers instability on the above tetrahalides.
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D. CONDUCTIVITY STUDY

Conductivity study of the 1:1 adducts (R%Asxz)

Measurement of the conductivity of acetonitrile or nitrobenzene
solutions of compounds of type Ph3EX2 (E=P, As, Sb and Bi) and

calculation of molar conductivity values has been found previously126’

17 130 133, to provide useful information on the nature and behaviour
of these compounds. In particular the triphenylarsenic dihalides,
Ph3AsX2 (X = Br, Cl), were shown to behave as weak electrolytes in
acetonitrile
PhoAsX, g———= Ph3Asx+ x ¥

The arylarsenic compounds, R3Asx2, should therefore be
particularly suitable for a study of the effect of small variations in
R on the tendency of R3EX2 compounds to ionise since, in the weak
electrolyte case, changes in the equilibrium system will lead to
higher or lower values of molar conductivity (compared with
triphenylarsine dihalides).

Values of conductivity were obtained for solutions of each
compound at several concentrations (solubility permitting, in the
range 0.0005-0.015 mol dm_3). Concentrations less than about 0.0005

mol dm™>

were avoided because at these very low concentrations the
values of conductivity of the hydrolytically unstable compounds under
investigation were thought to be unreliable. The molar conductivity
values are recorded in the Experimental section. For a given compound
a plot of molar conductivity against square root of concentration gave
a slightly concave curve of gentle slope as expected for a weak

electrolyte at these concentrations. In illustration the graphs for

(06H5)3As012, (3-CH3c6Hu)3Asc:12, and (M-CH306H4)3A8012 are shown in

~3
S

!
i
i
M
|
|
i
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Figure 16. Since most of the conductivity studies of these compounds
were carried out at concentrations round about 0.01 M, this éépresents
a suitable concentration at which to compare molar conductivity
values and hence to obtain some idea of the relative tendencies of the
compounds to ionise in solution. The molar conductivity values for
all of the dihalides studied are given in Tables 28, 29 and 30.

Table 28. Molar conductivity of the triarylarsine dichlorides

in acetonitrile at Qm = 0.01 mol dm~3

Compound 1\ﬂ1/ S om® mol™"
(C6H5)3ASCI2 3.0

(2-CH3CeH,) ) JASCL, 39.5
(3-CH3C6H4)3A3C12 4.8
(H-CH3C6H4)3A8012 5.3
(2—FC6Hu)3AsCI2 not soluble in acetonitrile
(3-FC6Hu)3AsCl2 1.2
(4'F06H4)3ASC12 2.6
(2-CF3C6HM)3ASCIZ O.BCHCl3 T.2
(3-CF3C6HI;)3ASCI2 0.9
(4-CFCeH,) JASCL, 0.5

(06F5)2A3012 0.7
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Table 29. Molar conductivities of the triarylarsine dibromides

in acetonitrile at C_ = 0.01 mol du™3
Compound /\m(S em® mol™ !
(CgH,) JAsBr,, 25.3
(2-CH306H4)3AsBr2 ' 108.5
(3-CH306HM)3ASBP2 46.5
(4—0H3C6Hu)3AsBr2 58.5
(3-F06Hu)3AsBr2 9.5
(4-FCcH,) AsBr, 20.5
(3—CF306H4)3AsBr2 4.8
(4-CF.C H)) AsBr, 2.8

Note: (2-F06Hu)3AsBr2

Table 30. Molar conductivities of other triarylarsine dihalides

in acetonitrile at C_ = 0.01 mol. dm™3.

n
Compound I\E{S om® mo1™!
[2,6—(CH3)2C6H3]3ASIBP 66.0
()-I-CFqCGHu)qASI2 33.5

Comments on the Molar Conductivity Values

(a) The 3= and U-substituted compounds

The molar conductivity values are low and with only two

exceptions lie in the range 0-20 S cm2 mol—1. The compounds must

therefore be regarded as weak electrolytes in acetonitrile solution
RoAsX, goo== e R3Asx+ + X
and from this it may be inferred that in the so0lid state these

and (2—CF3CGHu)3AsBr2 were not obtained as solids.
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compounds are more than likely to possess covalent molecular
structures.

It is clear from the data that monosubstitution of the phenyl
ring influences the molar conduotivity of the dihalides. Relative to
the unsubstituted phenyl compounds, the introduction of an
electron-releasing group raises the conductivity whereas an
electron-withdrawing group lowers the conductivity. It is instructive
to compare the molar conductivities of the dihalides (YCGHM)BAsxz’
with the acid strengths of the corresponding substituted benzoic acids
YC6H4000H. In the latter it is well known that the nature of Y
affects the equilibrium

YC(H,COOH G====="=# YC H C00" + H
and hence the pK of the acid. The comparison is made, pictorially, in
Figs. 17 and 18, The molar conductivity values at 0.01 M in

2
and (3-Y06Hu)3AsBr2] are given in Tables 31 and 32

acetonitrile for [(R-YCGHu)3AsCI and (3—YC6H4)3A8012] and

[H-YCGHH)3AsBr2

respectively.
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Explanation

pKa values in red

Am values in blue'
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The pK values of substituted benzoic acids 4-~YC

- Y

HuCOOH and 3-YC_H,COOH

6 64

are given in Table 33.

Table 31. Molar conductivity values (at Cm = 0.01 mol dm_3
for (H-YCGHu)quCl2 and (3—Y06Hn)3AsCl2
i A -i
Y /\J&,(n isomer) » (3=-isomer)
H 4.0 4.0
CH3 5.3 4.8
F 2.6 1.2
CF‘,_l 0.5 0.9
Table 32. Molar conductivity values (at C_ = 0.01 mol dm™3)
for (M-Ycﬁ§u33ﬁsBr2_and (3"YC6H4)%ASBr2
i A -
Y /\EL(M isomer) EVEB isomer)
H 25.3 25.3
CH3 58.5 46 .5
F 20.5 9.5
CFq 2.8 4.8
Table 33. pK values of substituted benzoic acids R-YCGHMCOOH
and 3—YC6HMCOOH A
Y pK (l4=isomer) pK (3-isomer)
H u.zo 4020
CH3 4.37 y,.27
F 4,14 3.87
CFg 3.66 3.T7

From these diagrams there is clearly a noticeable correlation
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between molar conductivity of (YCGHH)3ASXZ and pK of YCGHHCOOH and
from this it 1is deduced that the electron-withdrawing/releasing
properties of group Y which are responsible for the variation in pK of
benzoic acids are also responsible for the variation in molar
conductivities of the compounds (YC6HH)3ASX2.

A useful measure of the electron-withdrawing/releasing power of
an organic group is the Hammett Substituent Constant (CT)158. This

constant 1is derived from the dissociation constants of substituted

benzoic acids and is numerically equal to the ratio
K(YCGHHCOOH)/K(CGHSCOOH)158. Properties (eg. rate constant of
reactions) of organic molecules which depend on the

electron~withdrawing/releasing properties of a group within the
molecule are frequently found to vary systematically with (¢~ and this
is usually demonstrated by a correlation diagram in which the property
or its logarithm is plotted against O™ or log10CT'. Figs. 19 and 20
shows a plot of molar conductivity (/\m) against & and Figs. 21 and
22 shows a plot of log10/\m against O . In the latter case it can be
seen that the points of the graphs lie approximately on straight lines
hence the relationship between log1o/\m and O~ would appear to be
linear. The equations for the lines are

dichlorides : log, /A = 1.150% + 0.78

dibromides : log, A = 2.260" + 1.54

These results establish the rule that for the 4=, and 3-,
substituted compounds, (YC6Hu)3AsX2, the greater the electron
releasing properties of Y then the greater is the molar conductivity
of the compound. That is, the nature of the substituent affects the
tendency of (YC6H4)3ASX2 to ionise in acetonitrile solution. There

are two possible ways in which this can happen

oF
G
5
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(i) Electron release may weaken the As-X bond thus facilitating
ionisation
(YCH)) JAsX, @ ==—=—® (Y06H4)3Asx* X

Supporting evidence for this comes from the series of phosphorus
compounds (CH3)nPF5_n in which it has been found that increasing n
results in weakening of the axial P-F bonds161. That is, increasing
electron release to the central atom of the trigonal bipyramidal
molecule weakens the phosphorus halogen bonds.

(ii) In the ion (YCGHM)3A8X+ electron release from the organic group

will help to spread the positive charge and hence enhance the

stability of the cation.

(b) The 2-substituted compounds

The molar conductivity data for the 2-substituted compounds are

limited because of the insolubility of (2-FC A3012 and of the

61y 3
non~existence of the solid adducts (2-F06Hu)3AsBr2 and

( 2-CF3C 6H ,4) 3AsBp2.

The tolyl compounds

Considering the tolyl compounds, the most significant feature is
the much higher values for molar conductivity obtained for the
2-substituted compounds as compared with the 3-, and l-substituted
compounds (Table 28 and 29 page 74 and 75). The molar conductivity
value for (2_CH3CGH4)3A5012 is in the medium electrolyte range and
that of (2—CH3C6HH)3AsBr2 is in the strong electrolyte range. These
enhanced values of molar conductivity cannot be attributed solely to
an enhanced electronic (inductive) effect occurring when  the

substituent is in the 2-position. It would seem to be a clear

e




example of the ortho effeet.* It is well known that 2-substituted
benzene derivatives often behave differently from the corresponding
3=, or l-substituted compounds and this effect is of'ten called the
"ortho effect". An important structural factor which contributes to
the "ortho effect"™ is the "steric hindrance" of the group in the
2-position. It is believed that this is in fact the reason for the
anomalously high molar conductivity values of the
tri(2-methylphenyl)arsine dihalides since steric crowding in the
5-coordinate trigonal bipyramidal neutral molecule (2-CH306H4)3A3X2
will be greater than in Y-coordinate tetrahedral cation
(2-CH3C6H4)3A3X+. Consequently in the ionisation equilibrium
(2-CH,CcH,) AsX, S———g (2-(:}13%%)31\.331+ e ai

the right side will be favoured. Thus an enhanced presence of ions
will lead to higher molar con&uetivity values.

Further support for this conclusion is given by the molar
conductivity values of acetonitrile solutions of
tri(2,6~dimethylphenyl)arsine dichloride and dibromide (Table 34).

3

Table 34, Molar conductivity values at Cm = 0.01 mol dm

for [(C§3) AsX2

L6z l3
Compound A m/ S cm

2 1

mol”~

[(CH3)206H3]3A8012 0.25 CHCl3 91.5

[(CHB)ZCGHB]?ASBP2 124.5

¥ (Older nomenclature ortho 2-substitution

meta 3-substitution

para J-substitution
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Because of the presence of two ortho methyl groups, the steric
hindrance in these compounds would be expected to be greater than in
the corresponding tri(2-methylphenyl)arsine dihalides. This is borne
out by the molar conductivities which are in keeping with these

dihalides behaving as strong electrolytes.

(2-FC6H4)2A8012

The relative insolubility of this isomer in acetonitrile made it
impossible to obtain solutions of concentration around 0.01 mol dm-3,
nor was it possible to obtain solutions near enough to concentration
0.01 mol dm_3 for the molar conductivity of the compound at this
concentration to be obtained by extrapolation.

All these isomers are however soluble in nitrobenzene and values of

molar conductivity at Cm = 0.01 mol dm'3 have been obtained using this

solvent. These are as follows:

Compound f\m{S om® mo1™!
(2-FC6H)4)3A3012 2.3
(u-Fcﬁnu)BAscl2 0.4

From these values it can be said that all three compounds are
weak electrolytes in niftrobenzene (for a strong electrolyte in
nitrobenzene molar conductivity for a solution of concentration 0.01

2

mol dm™> 1lie in the range 20-25 S cm mol_1) but again it is noted

that the 2-isomer has a much higher conductivity than the others.
If only the strong electron withdrawing inductive effect of the

fluorine atom were considered then this would be greatest in the

o

g
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2-position and hence should lead to a very low value of molar
conductivity. However a mesomeric effect is possible in the 2-, and
JY-substituted ‘fluoro- compounds leading to electron release towards

the central arsenic atom

el e bl sty As/
$¢f o P LA \ B *\\\\\

IF ]

2—isomer - J-isomer

This effect would be expected to be greatest in the 2-isomer but it is
not thought likely that the large difference in conductivity between
this isomer and the others can be accounted for by this effect alone.
Thus it would seem that the steric effect of the fluorine atom in the

2=-position must play an important role in determining the extent of

ionisation and hence conductivity of this compound.

(2-CF?CGH4)398012

The molar conductivity of this compound is considerably higher
than that of the corresponding 3-, or 4~ substituted compounds. It
seems clear that a steric effect of the trifluoromethyl group is in
action here, as in the case of the methyl compounds, thus offsetting
the strong electron withdrawing‘effect of the trifluoromethyl group

which would be expected to be at its maximum in the 2- position.

(¢) Dichlorides and dibromides

It is noted from the values given in Table 28 and 29, pages T4

and 75 that for compounds of general formula R_AsX molar

3 2°
conductivity of the dibromides is always much higher than that of the

dichlorides. This can be attributed to the relative magnitudes of the
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bond enthalpies of the As-X bond (As-Cl:DH = 317 kJ mol'1; As-Br:QO\H
= 243 kJ mol-1).

It is also possible that a steric factor [as mentioned in (b)]

plays a part since the bromine atom is larger than the chlorine atom.

(d) The molar conductivity of tri(2-methylphenyl)arsine dichloride

and dibromide

The unexpected observation has been made that at very low
concentrations in both acetonitrile and nitrobenzene (£ ca. 5::10_3
mol dm—3) the conductivity of the 2-substituted compounds
(2-CH3C6HH)3AsCl2 and (2-CHBC6H4)3AsBr2 decreases with decreasing
concentration Fig. 23 curve A and Fig. 24 curve A respectively.
Thus the Am v$rsus \/BC—m graph displays a maximum in the vicinity of \/.Em
= 0.07 moli d&iz. This contrasts with the behaviour of the
corresponding 3-, and U~ substituted compounds which behave as
expected for weak electrolytes over the whole concentration range
studied.

At concentrations above the maximum in the graph the compounds
display normal weak electrolyte behaviour. That is, molar
conductivity dincreases with decreasing concentration, reflecting
increasing ionisation [i.e. equilibrium (I) moves to the right as

concentration decreases]

R AsX, % R3Asx* S o (1)

At concentrations below the maximum the molar conductivity
diminishes as the concentration decreases thus suggesting that the
proportion of current carriers is becoming less. To explain this it

is necessary to postulate a second equilibrium in addition to

equilibrium (I), namely
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R3AsX+ + X" S5 R.AS 4 Xyemeee——e(IT)

and that this equilibrium becomes more predominant at the lower
concentration, Because the products of equilibrium II are molecular
and non-conducting then a fall in molar conductivity would result as
this equilibrium comes more into play.

As molar concentration decreases the ionisation equilibrium I
moves to the right. That is, there is an increasing concentration of
ions (R3Asx+ + X7) and this will have the effect of moving equilibrium
II to the right which implies a higher concentration of non-conducting
molecular species.

A piece of qualitative evidence in support of these two
equilibria is the observation that a very small amount of tribromide
ion is present in acetonitrile solutions of (2-CH3C6Hu)3AsBr2. This
would be a natural consequence of the interaction of Br  ions
[produced in equilibrium (I)] and Br, molecules [produced in

2
equilibrium II].

(e) Other Dihalides -~di-iodides and bromide iodides

Al though conductometric titration in acetonitrile shows that

triarylar-siné diiodides, R,AsI and bromide iodides R_AsIBr do not

3 2’ 3
exist in acetonitrile, some have been obtained as crystalline solids.
Mahomedy 153 reported the tolyl compounds (CH306H4)3ASI2 and
(CH306HH)3ASIBr and in the present work [(2,6—(CH3)206H3]3ASIBp and

(H-CF3CGH4)3A512 have been obtained as crystalline compounds.

The molar conductivity values of these compounds in acetonitrile
(at Cm = 0.01 mol dm_3) have been noted in Table 30 page 75. The
values are high but are not real values for these compounds because

the latter undergo disproportionation in the solvent. The solutions
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are strongly coloured and their ultraviolet spectra show the presence

of a high concentration of trihalide ion, I3', and I2BF—

respectively. The disproportionation may be represented generally as

1 1 + -
R3ASX2 2R3As + 2R3AsX X3 o

Thus the observed high conductivities arise from the strong

electrolytic 2:1 adducts R3AsX+ X3- (at Cm = 0.005 mol dm-3 leading to
2

mol'1 respectively). Similar behaviour has been

A =132 and 67 S cm

m
observed for the tolyl compounds mentioned above and for the

corresponding phenyl eompounds117.

(f) Coductivity of 2:1 adducts (RgAsX
117’ 153,

4)
159 have concluded that all the

Previous workers
tetrahalide adducts of triphenylarsine and trimethylphenylarsine are
strong electrolytes both in acetonitrile and nitrobenzene.

The molar conductivity of R Asxu whose preparation is mentioned

3
in this Thesis (Experimental Part) have been measured in acetonitrile
at different concentrations. These values were plotted against the
square root of molar eoncentrationS‘fE; and the molar conductivities
at Cm = 0.01 M were obtained by interpolation. These values are given
in the following Table.

Table 35. Molar conductivity values of R Asxu in acetonitrile at

3

C_ = 0.01 mol dm™>

o
Compound A m/S om® ruol"1
(2—CH306H4)3ASCI3I 134.0
(3-CH3C6HH)3ASCl3I 139.0
(47CH306HM)3ASC13I 141.0
[(CH3)206H3]3ASCI3I 141.5



le con
[(CH3)206H3]3ASBru 138.0
[(CH3) 2CGH3]3AsBr212 134.0
[(CHy) CgH 1 AsBr T 132.0
[(CH3)2C6H3]3AsIu 106.5
(”‘°F3¢5Hu)3ASIu 58.4

Conductivity values suggest that all these compounds, except

(M-CFscaHu)3AsIu, are strong electrolytes like the previously studied

R3Aqu compounds,

+ -
R3Asxu L R3Asx + X3

The low value for the molar conductivity of (4~CF3C6H4)3A314

coupled with the absence of a sharp break at the 2:1 mole ratio in the

graph of the conductometric titration of I, versus (4-CF_C

suggests the following behaviour

( 4~CF CGH4)3AS + 212 *S—az (4-CF

3 3

+
CGH4)3ASIH e B (M—CF306HH)3ASI

-+ -
-CF_C
[(4 33 6H4)3Asl 13 ]
The nature of the trihalide ion (X3') present in these compounds

has been confirmed in each case from the ultraviolet spectrum of their

solutions in acetonitrile. Th

}

s shows that they ionise in the

following way:

raraca— + -
R3AsClBI o R3ASC1 ICl2
— + -
R3AsBru jo— R3AsBr Br3
+ -
R3AsBr3I —_— R3AsBr IBr'2
-+ -
R3AsBr212 R R3AsBr I2Br
N 5 -
R3ASIR — R3AsI I3
The above mode of ionisation is consistent with the other R3Asxu
compounds (R = Ph or CH306H4); in the mixed halogen adducts the

2 3CeHy) 3hs -
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halogen 1in the halogenotriarylarsonium cation is always the one of

lower atomic number.

(g) Conductivity study of [(CH )EFGHRJ AsBr6
The xylyl compound [(CH )2 6 3] AsBr is the only compound of
such stoichiometry obtained from triarylarsine~halogens or

interhalogen systems. Its molar conductivity at Cm = 0,01 mol dm"3

(169.0 S em2 mol-1) in acetonitrile is higher than that found for any
other triarylarsine halogen adduct. The ultraviolet spectrum of a
solution of this compound in acetonitrile shows the presence of
tribromide ion and using the value 53900 cm_1 for the extinction
3' M7 it is estimated that there are two Brg ions
(see page 42) per mole of compound. This suggests for the ionisation

coefficient for Br

of the compound

R, ASBr, ~——— R:As%* + 2Bp.~

3 3 3
Although dipositive ions of the type R3As2+ have not previously been
reported, the analogous antimony containing ions, R Sb2+ are believed

3

to be present in R Sb(NO3)2 160 compounds.

3
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A. REACTIONS OF THE TRIARYLSTIBINES WITH HALOGENS AND INTERHALOGEN

1. REACTIONS OF THE TRI(METHYLPHENYL)STIBINES WITH HALOGENS

AND INTERHALOGEN

(a) Reaction with bromine

The results of the conductometric titrations of
tri(2-methylphenylstibine, tri(3-methylphenyl)stibihe and tri(l4-methyl-
phenyl)stibine were identical and are represented by one graph in
Fig. 25.

A1l these three titrations are similar to each other and they
resemble the triphenylstibine bromine system126. There was no
significant rise in the conductivity when bromine was added to the
tri(methylphenyl)stibine until the 1:1 mole ratio was reached, but
thereafter the conductivity increased only slightly thus giving a
break at the 1:1 ratio (see note* at the end of this section). There
was no further break in the graph. The solution remained colourless
to the 1:1 mole ratio but then it acquired a yellow colour as further
bromine was added into it. The ultraviolet spectrum of the solution
showed a weak absorption due to the Br3" ion ( Amax = 269 qp) after

the 1:1 mole ratio.

Molar conductivity values are given in the Table 36.

Table . 36

s A " 2 -1 i -3
ystem m(1.1)/S em™ mol Cm = mol dm
(2-CH3C6I-I”)3Sb-Br'2 1.5 0.00588
(3-CH306HM)3Sb-Br2 0.4 0.0044416
(H-CHSCGHM)BSb-BP2 0.9 0.00499

The titration results indicate the formation of 1:1 adducts only
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Fig. 25. Conductometric fitration of tri{methylphenyl)—

sfibine with bromine
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and the molar conductivity values suggest that these 1:1 adducts
(R3$bBr2) are probably molecular (or at most very weak electrolytes)
in acetonitrile, like triphenyl stibine dibromide126. The reaction
may be represented as

0: 1= 1:1 ratio

e——
R3Sb + Brz R SbBr‘2

3
* A blank conductometric titration (bromine in acetonitrile against
bure acetonitrile) gave a graph in which conductivity rose at a very
slow rate, comparable with that observed after the 1:1 ratio in the
(CH306H4)3Sb-Br2 systems. It is also noted that dilute solutions of
bromine in acetonitrile show weak absorption at )\269 qp, attributable
to a trace of tribromide ion. These observations indicate that
bromine itself ionises to a small extent in acetonitrile:

2Br, + XCH_CN g———=--® Br'+(CH3CN)x + Br.~

2 3 3

(b) Reaction with iodine

The ‘resul ts of the conductometric titrations of
tri(E;methylphenwl)stibine,. tri(3~methylphenyl)stibine ~ and
tri(Y-methylphenyl)stibine with iodine in acetonitrile are illustrated
in Fig. 26 (curves A, B, and C respectively).

It can be seen that these titration graphs are different from
those observed in the titrations with bromine; also, the systems
(3-CH306H4)3Sb-I2 and (4-‘-CH3CGHH)3Sb--I2 have similar graphs but that
of the (2—CH306H4)3Sb-I2 system is different in pattern.

(2—CH306H4)qu—I2 systen. In this titration the conductivity rose

sharply from the beginning and gave only one break, in the graph, at

2:1 ratio. The solution being titrated assumed a light brown colour
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Z2:1

Mole ratio, 12: R3 Sb

Fig. 26. Conductomefric titration of trilmethylphenyl)stibine

with iodine
(A) (2-CH3C61~14):_3Sb—I2 (B) (3-CH3C6HA)BSb—12

(C) (lr-CH3 CéHh)BSb-IZ




from the beginning of the titration and the ultraviolet spectrum of

the solution showed that 13- ion ( Amax = 293, 362 mp) was present

from the start of the reaction. Thus, the evidence suggests the

formation of R3Sblu (== R3SbI+ 13-) in the acetonitrile solution and

there is no evidence for the formation of the diiodide R3Sb12.

(3—CH3QBH4)SSb-12 and (H-CHRCSHA)QSD—I systems. The conductometric

2

titration graphs for these systems are similar and resemble that of

the triphenylstibine~iodine system. In both cases the conductivity
did not increase significantly on the addition of iocdine to the
stibine solution until the 1:1 mole ratio was reached, but thepe#fter
it increased sharply to the 2:1 mole ratio and then levelled off.
Thus), two distinct breaks in the titration graphs indicate the
formation of 1:1 and 2:1 adducts (R3SbI2 and RBSqu) in solution. A
pale yellow colour appeared in the solution just before the 1:1 ratio,
coinciding with a slight rise in conductivity and as the titration
progressed beyond the 1:1 ratio the colour of the solution became
progressively  darker (brown). The ultraviolet spectrum of the
solution confirmed the presence of tri-iodide ion ( Amax = 292, 362
mp)

The molar conductivity values at different breaks in these

systems are given in the following table.
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Table 37.
2 =1 2 -1
System Am (1:1)/8 em“ mol Am (2:1)/S cm® mol
(2-CH306H4)3Sb-12 No break 101.3
C =0 00525)*
(c, = 0.
(3—CH306H4)3Sb-I2 T b 82.5
(Cm = 0.006389) (Cln = 0.005759)
(u-CH3CGH4)3Sb-IZ 11.6 116.5
(Cl_l; = 0.005181) (C;g = 0.004547)

% mol dm >

The reactions occurring in these three systems may be represented

as follows

( 2-CH306H4) 38b-12

0: =~ 2:1 ratio

-+ -
R3$b +2I, ———e R3St>I,4 (— R3SbI 13 )
(3-CH3C6H4)3Sb-I2 and (N-CHBCGHu)?)Sb-IZ

0:1 =~ 1:1 ratio
BB T e BSBL. 1 i & * o AT
R3§b + 12 e R3‘SbI2 (== 3 R3Sb + 2R38bI + 2I3 )
t:1 ——e 2:1 ratio
+ -
———
R3$b12 + 12 R3§qu (— RBSbI I3 )
The appearance of triiodide ion in the solution slightly before
the 1:1 ratio is interpreted as showing that the 1:1 compound is

undergoing slight disproportionation. Further evidence for this will

be given in the Conductivity study section.
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(c) Reactions with iodine bromide

(i) (3~, and H-CH3CGHu)qu-IBr systems

The results of the conductometric titrations of
tri(3-methylphenyl)stibine and tri(l4-methylphenyl)stibine with iodine
bromide in acetonitrile are illustrated in Fig. 27 (curves B, and C
respectively).

The graphs obtained are closely similar to each other and
resemble the graph of the triphenylstibine-iodine bromide system.
There was no significant rise in the conductivity when iodine bromide
was added to the stibine solution until the 1:1 mole ratio was
reached. Further addition of IBr increased the conductivity which
reached a maximum at about the 1.5:1 ratio, then steadily dropped to
the 2:1 mole fatio at which point it increased gently when more IBr
was added to the solution and levelled off just after the 3:1 mole
ratio. Thus three (at the 1:1, 1.5:1 and 2:1 ratios) distinct breaks
were present in the conductometric titration graphs. The solution
remained colourless to the 1:1 mole ratio but thereafter it became
yellow énd progressively darkened as further IBr was added to the
solution. The ultraviolet spectrum of the solution showed absorption
due to I.” ion ( Amax = 293,363 mp) between the 1:1 and 2:1 mole

3

ratios and IBrz' ion (A max = 256 qp) was present after the 2:1 mole

ratio.

The molar conductivity values at these breaks are given in Table 38.
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Fig. 27. Conductometric titration of tri(methylphenyl)stibine

with iodine bromide
(A) (2~EH3C6HI+)BSb~IBr (B) (B-CH3E6HL)3Sb~IBr

(C) (lvrCH3 C6Hl+ )BSb-IBr
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Table 38. Molar conductivity values (Am = S cm mol_1) at different

breaks in the conductometric titration of the system (R%Sb-IBr')

System AL(1:1) AQJM”) Al(zm)

(3-CH306Hu)3Sb-IBr' 2.3 27.2 4.9
(o.oou399*) (0.004221) (0.004056)

(4-CH,CcH,) Sb~IBr 2.6 30.5 10.8
(0.005798) (0.0054148) (0.005079)

* C, = mol am™3

These values suggest that the adducts forming at the 1:1 and 2:1
mole ratios are weak electrolytes in acetonitrile and this suggests
that they may be stibine dihalides: in support of this the adducts

R3SbIBr' and 113SbB1°2 héve been recovered from solutions containing IBr

‘

and the stibine at these ratios. The adduct formed at the 1.5:1 mole

ratio is thought to be R SbBri = R3SbBr*13'). The evidence

supporting this is the solutions strong brown colour, its high

conductivity and the observed absorption due to I3- ion. However
attempts to prepare R3SbBr13 as a solid adduct were not successful.
The reaction occurring in solution is ' believed to be the following
0:1 — 1:1 ratio

R3Sb + I.Br'. —_— R3SbIBr'
11 ~——p 1.5:1 ratio

1 1 1 o -
R3$bIBr + 2IBr' —_— > R3SbBr2 + 2R3SbBr 13
1.5:1 ——a=2:1 ratio
1 1 o
3 R3$bBr2 + 21%3SbB1f' I3 + 2IBr' ——n R3SbBr'2 + 12

Although a sharp break was not seen in the conductometric

titration graph at the 3:1 ratio it is suggested, in view of the




presence of I'Brz- ion at this ratio and the increase in conductivity
between the 2:1 and 3:1 ratios, that the following reaction occurs

2:1 = 3:1 ratio

R.SbBr_ + IBr sg——® R_SbBr.I (-~ R, SbBr' IBr ")
g B i ShE 3 2
I I
(ii) (Z-CH;«}CGHR)BSb'IBr system |
The result of the conductometric titration of

tri(2-methylphenyl)-stibine with iodine bromide in acetonitrile is
illustrated in Fig. 27 curve A. It differs from the previous two
graphs 1in that at the 1:1 break the conductivity of the solution is
higher compared with the 3-, and 4- isomers. The graph displayed
three breaks - at the 1:1, 1.5:1 and 2:1 mole ratios.

The colour of the solution was pale yellow between the 0:1 and 1:1
ratio at which point it turned brown. The ultraviolet spectrum of the
solution showed trace of I, ion between 0:1 and 1:1 ratio but after

3

the 1:1 ratio absorption due to I3

strong. ]Bra- ion (Amax = 257 ugx) was observed in the ultraviolet

~ (Amax = 292, and 363 mp) became

spectrum of the solution after the 2:1 mole ratio. The above

observation supports the formation of R3SbIBr, R3SbBr'I3

SbBr+:L3—) and R_SbBr_, at mole ratio 1:1, 1.5:1 and 2:1

(=R 3 >

3
respectively.

The molar conductivity of the solution at these ratios is:

2 wo1™" at C_ = 0.0075316 mol du™

1

R,SbIBr ( A_ (1:1) = 13.9 S cn 3

3
. g 2 "
R3§bBrI3 (./\m (1.5:1) = 42.3 S em“ mol
2 1

R3§bBr2 ( Am (2:1) = 10.9 S em at C_

at C_ = 0.005976 mol dm™3 and

mol”™ 0.005976 mol dm™.
The reactions occurring in this system appear to be similar to

those in the other (CH306Hu)3Sb-IBr systems, i.e.
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0:1 -~ 1:1 ratio

R.Sb + IBr —————— R_SbIBr

3 3
11 =————w1.5:1 ratio

1 1 1 + o=
RySbIBr + SIBr ——— ZR.SbBr, + ZR_SbBr’ I,

1.5:1 ————gw» 2:1 ratio

1 1 + - 1
-2-R3SbBr2 + ZRSSbBP I3 + 2]Br' —ee R:aSbBr'2 + 12

and 2:1 =————p» 3:1 ratio

RySbBr, + IBr g———% R SbBr.I (~—w R3SbBr+ Jjar-z").
+ +
1, I

2. REACTION OF THE TRI(DIMETHYLPHENYL)STIBINE WITH HALOGENS AND

INTERHALOGEN

(a) Reaction with bromine

The result of the conductometric titration of
tri(dimethylphenyl)stibine with bromine in acetonitrile is illustrated
in Fig. 28 curve A.

There was no significant rise in conductivity when bromine was
added to the stibine solution until the 1:1 mole ratio was reached,
but thereafter the conductivity increased steadily up to the 2:1 ratio
after which it levelled off thus, giving a broad break at the 2:1
ratio (this kind of behaviour has not been observed in any other
triarylstibine~bromine system; in these there is no significant
conductivity rise during the titration). The solution turned yellow
after the 1:71 mole ratio and the ultraviolet spectrum of the yellow
solution showed absorption due to Br'3_ ion ( Amax = 269mp) .

The molar conductivity at 1:1 and 2:1 mole ratio was (Am st =

1.6 S om? mpl-1 a

3

at C_ = 0.008506 mol dn™3 and A 2:1=%.65 en

dm

respectively) suggesting that the 1:1 adduct (RSSbBr'?_) is a weak
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Fig. 28. Conductometric tiftration of 'rri(dimethylphenyl)—:f
stibine with bromine, iodine and. iodine bromide ?'
(A) [(CH3 )2 C6H3]3Sb ~Br,
(B) l(CHB )2 C6H3]35b - 12
. [(CH3 )2 C6H3]3Sb—IBr
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. éleetrolyte and the 2:1 adduct (R3SbBru) is a medium electrolyte. In
. fact no compound of the latter composition (R3SbBru) has been obtained
from the 2:1 molar mixture of bromine énd
tri(2,6-dimethylphenyl)stibine. This may explain the absence of a
distinet break at 2:1 ratio in the titration graph. It is suggested
that the product of the reaction is dissociating in acetonitrile
solution. From the above observations the reactions appear to be:

0:1 =—— 1:1 ratio

R3Sb + Br‘2 — RBS!:)BP2
1:1 w22 1 ratio
R,SbBr,, + Br, <————— R SbBr, (%% R SbBr'Br.”).

3 2 3 3 3

(b) Reaction with iodine

The result of the conductometric titration of
tri(dimethylphenyl)stibine with iodine in acetonitrile is illustrated
in Fig. 28 curve B.

This titration graph is similar to the condpctometric titration
graph of the tri(2-methylphenyl)stibine~iodine titration but different
froﬁ other triarylstibine- iodine systems. When iodine was added to
the tri(dimethylphenyl)stibine solution, the conductivity increased
sharply until the 2:1 mole ratio was reached. Further addition of
iodine resulted in a decrease in conductivity , thus giving a sharp
2:1 break in the titration graph; this suggesfs the formation of
R §qu at this point. The solution turned brown from the start of the

3
titration and the ultraviolet spectrum showed absorption due to I

3
ion ( Amax = 292, 362 mu) from the beginning of the reaction.

2 1

The molar conductivity at the 2:1 ratio (Am = 116.2 S em” mol” ',

at Cm = 0.006973 mol dm“a) is in keeping with the presence of the
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triiodide which is a strong electrolyte.
Thus, the reaction may be represented by the following equation
0:1 = 2:1 ratio
+ -
R3$b + 212 —— R3 y (—o R3SbI I3 ).
The resemblance between this system and the tri(2-methylphenyl)-

SbI

stibine~iodine system strongly suggest that the presence of the ortho

CH3 group affects the stability of R3Sb12 in these systems.

(e¢) Reaction with iodine bromide

The result of the conductometric titration of
tri(dimethylphenyl)stibine with iodine bromide in acetonitrile is
illustrated in Fig. 28 curve C.

This reaction is different from the previously studied
triarylstibine-iodine brimide systemg in the sense that the
conductivity rose sharply when iodine bromide was added to the
tri(dimethylphenyl)stibine solution giving the first break at the
1.5:1 ratio. [In other triarylstibine~iodine bromide systems the
initial conductivity is either negligible or gentle and a break is
obtained at the 1:1 ratio eg. tri(2-methylphenyl)stibine~ iodine
bromide]. The conductivity then dropped to the 2:1 mole ratio then it
rose again to give a final sharp break at the 3:1 ratio. The solution
became yellow after the first addition of IBr getting darker on
further IBr addition. The 13- ion ( Amax = 292, 364 mp) was shown by
its wultraviolet spectrum to be present in the solution between the
ratios 0:1 to 2:1 but beyond the 2:1 ratio the ultraviolet spectrum
showed that IBr,” ( Amax = 257 mu) was present.

2

The absence of a break at the 1:1 ratio indicated that RSSbIBr is

not forming in the solution (it was a not obtained as a solid adduct
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from the acetonitrile solution either).
The reactions occurring in this system are thought to be:
0:1 == 1.5:1 ratio
3 1 1 ok
R3Sb + ZIBP — e 2R3SbB1r*2 + 2R3SbBr 13
1.6: 1 —~————=» 2:1 ratio
1 1 +o o= 1
5 R3SbB1r'2 + 2R38bBr I3 + ZIBr' — R3SbBr2 + I2
2:1 ——g» 3:1 ratio

R, SbBr, + IBr —————s R_SbBr, I (—e R SbBr™ IBr N

2

3 " 2 3 + 3 3 2'_
12 12
{[(CH3)206H3]3SbBr'3I is the only solid adduct of stoichiometry
RBSbBr'3I obtained in such systems. It was prepared from a 1:1 mole
ratio of R, SbBr and IBr in acetonitrile. (see Experimental

3
section)}.

3. REACTIONS OF THE TRIS(TRIFLUOROMETHYLPHENYL)STIBINES WITH

HALOGENS AND INTERHALOGEN

(a) Reactions with bromine

The results of the conductometric titrations of tris(2-trifluorome-
thylphenyl)stibine and tris(4-trifluoromethylphenyl)stibine with bromine in '

acetonitrile are illustrated in Fig. 29 (curves A and B respectively).

The titration graphs in these two systems are similar to that of
the triphenylstibine-bromine =system. The conductivity remained
constant at a very low value until the 1:1 mole ratio was reached, and
then increased only very slowly when further bromine was added. The
solution remained colourless up to the 1:1 ratio at which point it

turned 1light yellow thus confirming the occurrence of a 1:1 reaction.

There was no absorption shown in the ultraviolet spectrum of the

solution before the 1:1 ratio but after this ratio a trace of Br3_ was
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Fig. 29. Conductometric titration of tris(trifluoromethyt-

phenyl )stibine with bromine

(A) (2 CF3C6HL,) Sb—Br‘2

(B) (&-CE C6Hlp)35b*Br2
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detected 1in the spectrum. This can be assumed to arise from the
presence of free bromine in the solution. The above observations
favour the formation of molecular 1:1 adducts, R3SbBr2, only in these
systems in acetonitrile.

R3Sb + Br2 —— R3SbBr2

(b) Reactions with iodine

The results of the conductometric titrations of tris(2-trifluorome-
thylphenyl)stibine and tris(Y4-trifluoromethylphenyl)stibine with iodine
in acetonitrile are illustrated graphically in Fig. 30 (curves A and B
respectively).

The graphs of these two titrations differ slightly from each
other and from the triphenylstibine~iodine system.

(E-CF%C6H413Sb-IZ' The conductivity increased very slightly during the

course of this titration and there was no break in the graph to
suggest adduct formation at any ratio. The solution acquired a brown

colour from the start of the titration, and the ultraviolet spectrum

of the solution showed weak absorption due to 13- ion (Knmx = 202,
363 mp) after the first addition of 12 to the solution. This and the
low conductivity (/\n1(1:1) = 2.4 S om? mol™! at Cm = 0.005925 mol

2 1

dn™3 and A‘m (2:1) = 4.4 S em” mol™ ' at C, = 0.005218 mol dn™3) can be
attributed to the added iodine itself. These results are therefore
consistent with there being no reaction occurring between iodine and
tris(2-trifluoromethylphenyl)stibine. Additional evidence, recorded
later, is the - fact that neither a solid crystalline diiodide nor a
tetraiodide adduct could be isolated from an acetonitrile or

nitrobenzene solution containing the reagents in a 1:1 or 2:1 molar

ratio.
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Fig. 30. Conductomefric titration of tris(trifluoromethyl-

phenyl)stibine with iodine
(A) (2-CF3C6HA)35b —IZ

(B) (leF3 C6H4)3 Sb—-12
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(H-CF306HM) 3Sb-IZ. In the tris(l-trifluoromethylphenyl)stibine-iodine

syst.em the conductivity rose gently up to the 2:1 mole ratio when
iodine was added to the stibine solution and then levelled off near
the 2:1 ratio. Thus there were no sharp breaks at any ratio although
the graph may be interpreted as exhibiting very indistinct breaks at
the 1:1 and 2:1 ratios. The solution acquired a brown colour from the
beginning of the titration and the ultraviolet spectrum of the
solution showed absorption due to I,  ion at Amax = 292, 362 mu from

3
the start of the reaction. The molar conductivity values at these

ratios were (/\m Cled) = 1118 om> mol-1 at C = 0.005828 mol dn™> and

A_ (2:1) =36.15 om” mol~! at C, = 0.004898 mol dn~3). The rise in

conductivity during titration indicates the occurrence of a
reaction(s) but the lack of any distinet break suggests incomplete
reaction(s) or alternatively that the reaction products are

dissociating in acetonitrile solution (1:1 and 2:1 adducts, R SbI2 and

3

R3_SbI.u were obtained as solid from the acetonitrile solution). The

reactions may be represented by the following equations.
0:1 =——— 1:1 mole ratio

RBSb + I, . < |
131 —~—————p2:1 ratio

SbIZ(-.'lR Sb + 1p sbrt 1.7)

3 273 23 3

R,SDI, + L, q———® R,SbI, (—eR,SbI" I.7).

3 3777y 3 3
(c¢) Reactions with iodine bromide
The results of the conductometric titrations of
tris(2-trifluoromethylphenyl)stibine and
tris(4~trifiuoromethylphenyl)stibjne with iodine bromide in

acetonitrile are illustrated graphically in Fig. 31 (curves A and B
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Fig. 31. Conductometric fitration of fris(i‘rifluorome’rhylé
phenyl)stibine with iodine bromide ?

(A) (2 -CF3 C6HA )BSb—-IBr
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respectively).

(2—CF3Q6HH)38b~IBr The reaction of

tris(2-trifluoromethylphenyl)stibine is different from previously
studied ¢triarylstibine iodine bromide systems. The conductivity rose
gradually and without inflection up to the 2:1 mole ratio at which
point a break in the graph occurred and the conductivity of the
solution increased more rapidly. The solution acquired a yellow-
brown colour from the start of the reaction, Thus the titration graph
displayed only one distinct break, at the 2:1 ratio, and unlike any
other triarylstibine titration with iodine bromide, did not display a
hump 1like feature with maximum at ratio 1.5:1. It would appear that

the reaction leads straight away to the dibromide (2-CF306HH)3SbBr2

without intermediate formation of the iodine bromide

( 2—0F3c6nu) 3SbIBr:

(2—CF3C6HR)3Sb + 2IBr i (2-CF3C6H‘4)BSbBr'2 + 12

This is supported by the relatively low molar conductivity at the 2:1

ratio

2 1 3

Am (2:1) = 8.8 S cm” mol~ C, = 0.00339 mol dm~

2 1

C_ = 0.0030374 mol dm™>

m

mol”

A, (3:1) = 48.4 S cm

and by the isolation of (2—CF306H4)38bBr2 as a solid from an

acetonitrile solution containing IBr and (CF3C6H4)3Sb in the 2:1
ratio. The increase in conductivity after the 2:1 ratio, coupled with

the presence of IBrz- ion, suggests the reaction

2
but the lack of a sharp break at the 3:1 ratio indicates that this

VoK _——— i +
(2 CF306Hu)3SbBr2 # IBP e (2 CF3C6HH)38bBr‘ + IBr

reaction is not complete at the stoichiometric point; also the

5 ion slightly before the 2:1 end point would

suggest that the second reaction begins slightly before the 2:1

observed presence of IBr
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ratio.

It is worth noting that the reaction of the ortho compound
(2-CF306H4)38b with iodine or iodine bromide does not give evidence of
any 1:1 adduects involving iodine. i.e. (2—C§‘306
(2—CF3C6H4)BSbIBr are not formed. This is presumably due either to a

Hu)3SbI2 and

steric effect of the relatively large ortho or to the strong electron

withdrawing effect of the ortho CF3 group. In the latter connection

it has been observed161 that (CF3)3Sb does not form the diiodide
F_.).S %

(0.3)3 bI,

(H-CFBCGHH)BSb—IBr this systen is different from the

(2-CF3CGH4)3Sb-IBr system but resembles the (2-CH306HM)3Sb-IBr systenm
(see page 94). The conductivity rose gently up to the 1.5:1 mole
ratio when IBr was added to the stibine solution but then it decreased
slowly to the 2:1 ratio and only a slight increase was observed beyond
this ratio. The graph therefore has two breaks at 1.5:1 (maximum in
the graph) and 2:1 mole ratios. The solution became light brown in
colour from the start of the titration and its ultraviolet spectrum
showed 13- jon ( Amax = 292, 363 ma) between the 1:1 and 2:1 ratios.
A trace of this ion (13') was observed in the u.v. spectrum of the

solution before the 1:1 ratio and of the IBrz' ion after the 2:1

ratio. The molar conductivity values at 1.5:1and 2:1 ratios were;

A, (1.5:1) = 12.6 S o mol™! C, = 0.0049106 mol am™3
and A (2:1) =3.5 8 om® mo1™! C_ = 0.0045114 mol am™3.

The low value observed at the 2:1 ratio is suggestive of a dihalide
adduct. The reactions occurring in this system are believed to be
0:1 =———e 1.5:1 ratio
3 1 1
2 ————l
R3Sb + 2IBr’ 2R3SbBr'2 + 2R
1.5:1 = 2:1 ratio

SbBr+I3"

3




BSbBr' + §R3SbBr‘ I3

2:1 =—— 3:1 ratio

RBSbE}:'2 + IBr

I
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+ %IBI‘ ———— R3

SbBr’ + I

v e + -
- R3SbBr' IBr'2

+

I

2
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SUMMARY OF RESULTS

(1) RSSb—Br'2

(a) The reactions of tri(methylphenyl)stibine and
tris(trifluoromethylphenyl)stibine with bromine are identical and
similar to the triphenylstibine-bromine system. There is no sign of
the formation of a 2:1 adduct but a 1:1 molecular adduct is indicated
each time. The reaction is:

e ——
R3Sb + Brz R3SbBr'2

(b) A 1:1 and 2:1 adduct is indicated in the conductometric

titration of tri(2,6~dimethylphenyl)stibine with bromine.

(2) R3Sb—IE

(a) The reaction goes straight up to the 2:1 mole ratio (without any

1:1 break) in the systems (2=~CH and [(CH,) .C.H.].Sb~I

Hu)3Sb—I 3/ 2C6H3 13 o*

3% 2

The reaction occurring is:
o+ -
S—— .
R3Sb + 212 R3Squ (— RBSbI '[3 )
But with the tri(3-, and Y-methylphenyl)stibine the reaction is

similar to the ¢triphenylstibine~iodine system and gives 1:1 and 2:1

ratio breaks. The reactions occurring are:

—| 1 + 1, -
——e > - - -
R3Sb + 12 H3SbI2 (T 2R3Sb + 2R38bI + 213 )
+ -
e e e R o
R3Sb12 + 12 H3$bI4 (vt R3SbI + 13 )
(b) When the CF3 group is present in the ortho position on the

phenyl ring then there is no reaction between the triarylstibine and
iodine but when this group is present on the para position then the

reaction does take place between the reactants.
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(3). R3Sb—IBr systems

(a) The reactions of (3-, and u-CHBC6H4)3Sb with IBr are similar to

that of the Ph3Sb-IBr system; a hump-shaped curve with three breaks

(1:1, 1.5:1 and 2:1) is observed suggesting the formation of R_SbIBr,

3

R.SbBrI (=R SbBr+ 13-) and R SbBr2 respectively. The reaction may

3 3 3

be represented as:

3

0: 1 131

R3Sb + IBr —~———————gg RSSbIBr

10 i 1.5: 1

1 i 1 -
— B e I3 -
RBSbIBI‘ + 2IBI" 3 R3SbBI‘2 + 2 RBSbBP I3

% HE
RySbBr, + ZR,SbBr” I.” + 5 IBP ————— R SbBr, + I,.

(b) In the conductometric titration of [(CH3)206H3]3Sb with IBr
there is no 1:1 break but breaks occur at the 1.5:1, 2:1 and 3:1
ratios. The reactions occurring are believed to be

R.Sb + SIBP ——————s LR _SbBr, + 1§R3SbBr+ ; i

3 2 - 3
%R3Sb13r-2 + 1_2'33Sb3r* 13" + 151131" = B SHBr, + I,
RBSEBra + IBp — o Rssber3 (= H3SbBr+ Br,")

L I

(c) The reaction of (2-CF H4)3Sb with IBr is different from the

3%

other R3Sb—IBr reactions; there is no hump-like feature at the 1.5:1

mole ratio but only one break at the 2:1 mole ratio is indicated.
Thus this system gives no evidence for the 1:1 adduct (HBSbIBr). The
reaction therefore is

R3Sb + 2IBI e RBSbBPZ + 12

The reaction of (M-CF306H4)3Sb with IBr is similar to that of the

(2-CF306H4)3Sb—IBr system.
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B. PREPARATION OF ADDUCTS

Triarylstibine dihalides (1:1) adducts

The dichlorides R3Sb012, were readily prepared by the direct

reaction of chlorine and the appropriate stibine in a suitable
solvent; all of the triarylstibine dibromides, diiodides, and iodides
bromides whose existence was shown by the conductometric titrations of

R3Sb with Brz, 12 and IBr in acetonitrile were obtained as crystalline

solids from acetonitrile containing the triarylstibine and the halogen

in a 1:1 molar ratio. A few compounds [(2—CH306H4)38b12,

(2~-CH céu )..SbIBr, [(CH3) C _H.] CGH4)3Sb12] whose

376743 26 373 3
existence was not predicted by conductometric titration were also

SbI2 and (4-CF

obtained as unstable . crystalline solids. Their preparations
were carried out by the methods described above. Detailed
descriptions of the preparations are given in the Experimental Part

and the results are summarised in the following sections.

(a) Dichlorides

All of the R3SbCl2 compounds mentioned in Table 39, were
obtained as crystalline solids by passing dry chlorine gas, diluted in
a stream of dry nitrogen, through a cooled solution of triarylstibine
in chloroform. The compounds were obtained as solids by freeze drying

the solution or by adding ether to the solution. Their properties are

given in Table 39.

Py
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Table 39. Properties of R3Sb012

Compound Colour M.p / °
(2-CH,C(H)) JSbCL, White 224226
(3=CH5C(H)) SbCL, White 137-138
(4-CH CcH,) SSbCL, White 154-155
[(CH,) ,CgH,158bC1, White 250~252
(2-CF306Hu)3Sb012 White 215-216
(4-CF_C H)),SbC1, White 118-119

(b) Dibromides
The existence of triarylstibine dibromides was shown by breaks
at the 1:1 mole ratio in all the conductometric titrations graphs of

the reactions carried out between R, Sb and bromine. The adducts have

3

been obtained as crystalline solids by freeze drying an acetonitrile

solution containing a 1:1 molar ratio of bromine and triarylstibine.

Their properties are shown in the Table 40.

o
Wpiel
Whis =
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Table 40. Properties of RquBrz

Compound olour  M.p 7 °C
(2-CH,C(H)) ,SbBr, White  230-232
(3-CH,CGH,) SbBr, White 106-107
(4=CH,CH,) ,SbBr, White 206

[ (CH,) ,C4Hy1,8bBr, White  192-194
(2-CF,C¢H,) ,SbBr, White  190-192
(4=CF_CH,) SbBr., White  140-142

(e) Di~iodides
Not all of the triarylstibine systems studied gave evidence of
the existence of di-iodides. A summary of the predictions of the

conductometric titrations is given in the following Table.

Table 41. Systens R3Sb-12: Observations and conclusions

regarding 1:1 adduct formation

System Cond. Titn. Graph Adducts indicated
1:1 break

(2—CH3CGH4)3Sb--I2 absent

(3-CH306H4)3Sb-I2 present (3-CH306HH)3SDI2
(R-CH3C6H4)3Sb-12 present ("'CH306HH)3SbI2
[(CH3)2C6H3]38b—12 absent

(2-CF306H4)3Sb-I2 absent

(M-CE3C6Hu)3Sb-12 absent

All the R3SbI2 compounds which are indicated in the above table were

obtained by freeze drying an acetonitrile solution of triarylstibine
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and iodine in a 1:1 molar ratio.

[(2-CH,C

376 2°6°3"3

Three more adducts

Hu)3SbIZ’ [(CH3) C.H,] SbI, and (h-CF3C6Hn)BSb12] were also

obtained by the same method in spite of the fact that conductometric

titrations did not give evidence for their existence in solution. The

properties of the R_SbI, adducts are given in the following Table

32
42,
Table 42. Properties of RSSbIZ_
Compound Colour M.p / ¢
(2-CH3C6H4)3SbI2 pale yellow 127-129
(3--CH3CGH4)3SbI2 pale yellow 138-140
(ll-CH3CﬁH u) 3Sb12 light brown 189
[(CH3)206H3]3SbI2 brown 133-136
(#-CF306Hu)33bI2 brown 119-120

An attempt to prepare (2-CF3

procedure.

(da) Iodide bromides

3

C6H4)38bI2 as a solid adduct was not

successful; iodine was lost readily during the normal isolation

Only two adducts of type R.SbIBr were indicated by the

conductometric titrations of RBSb with IBr (Table 43).
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Table 43, Systems R_Sb-IBr : Observations and conclusions regarding

3
1:1 adduct formation in acetonitrile
System Con. Titn. Graph Adduct indicated
1:1 break '
(2—CH3C6H4)38b-IBr absent
(3-CH3CGHu)38b-IBr present (3-CH3CGHu)3SbIBP
(M-CH3CGHu)3Sb-IBr present (H-CH3C6H4)3SbIBr
[(CH3)2C6H3]38b—IBr absent
(2-CF3C6HR)3Sb—IBr absent
" (U=CF,C(H,,) ,Sb-TBr absent

The two adducts indicated were isolated as unstable (by loosing

12 or IBr) crystalline solids by freeze drying an acetonitrile

solution containing the stoichiometric quantities of the reagents

(R3Sb and IBr). Attempts to obtain the other R3SbIBr adducts (i.e.

those which were not indicated by conductometric titration (see Table

43) were successful only in the case of (2-CH Hu)ssbIBr.CH CN which

3% 3
could only be obtained solvated. (it is also unstable and loses
halogen). In all the other cases R3SbBr'2 was obtained as the reaction
product.

Their properties are given in Table 44.

Table 44%. Properties of R, SbIBr adducts

3
Compound Colour M.p / °c
(2—CH306H4)38bIBr.CH3CN light yellow 163-165
(3~CH306H4)3SbIBr yellow 129—122

(H-CHQC6Hu)quIBr yellow 206-208
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Tetrahalides

Previous attempts to make triphenylstibine tetrahalides have been

unsuccessful126 in spite of their existence in acetonitrile solution

being shown by conductometric titration of the appropriate R Sb-ﬁx2

3
system. For the purpose of carring out a conductivity study of a series
of tetrahalides RBSqu, further attempts have been made to isolate
.such‘oompounds from acetonitrile. The results are summarised in the
following section and their preparative methods are given in detail in

the Experimental Part.

(e) Tetra-iodides

The compounds of type R3Sb1u, whose existence was shown by
the conductometric titration of R3Sb with iodine are given in the
following Table 45.

Table U45. Systems R3Sb—I2 : Observations énd conclusions

regarding 2:1 adduct formation

System- Cond. Titn. Graph Adduct indicated
2:1 break

(06H5)3Sb-I2 present (CGHH)3SbIR
(2-CH306H}4)3$b-I2 present (2-0H3C6H4)38blu
(3-CH306H4)éSb-I2 present (3-CH3CGHu)3Squ
(4-CH306H4)33b-12 present (H-CH306H4)3Squ
[(CH3)2C6H3]3Sb-I2 present [(CH3)206H3]3Squ
(2—CF306HM)3Sb—I2 absent

(4-CF.C(H)) ,Sb-1, absent

Attempts were made to obtain all of the R3Sb14 compounds from I

2
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and RBSb (2:1 mole ratio) in acetonitrile. Success was obtained only
in few cases including (M—CF3C6H4)3Squ (which was not indicated by
the related system). The properties of the adducts prepared are given

in the following Table.

Table 46. Properties of RRSbIH adducts

Compound Colour M.p / ¢
(06H5)33b14 dark violet sticky, wax-like
(3-CH306H4) 3Squ dark violet 130-132
[(CH3)206H3]38qu dark brown 144~-145
(h-CF306H4)3Squ dark violet 118=120

All these tetrahalides decompose at their melting points and they

-

are unstable, losing iodine during pumping to dryness. Attempts to

make (2-CH )3Sb14 always gave a compound of composition R SbI2

3%ty
which is dark brown in colour and melts at 108—110°c.
107

3

Dialkylstibine trichloride and trifluoride have been prepared

previously, but no dialkyl- or diarylstibine triiodide has been

reported to date.

() Todide tribromides

Evidence was obtained for the formation in acetonitrile solution

of compounds of formula R3SbIBr3 in each R3Sb—IBr system studied.

Also, in the conductome tric titration of the system

[(CH3)206H3]3SbBr2-IBr (graph 34 page 126) a very sharp break at the

1:1 mole ratio provided strong evidence for the adduct

[(CH3)206H3]3SbIBr3. The solid adduct was in fact obtained by freeze

drying the 1:1 mixture of [(CH,),C.H,]

372763
It is an unstable brown solid which melts at 181-182 ¢, No other

3SbBr'2 and IBr in acetonitrile.
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adduct of this composition (R3SbIBr3) has been obtained as a solid.

Other tetrahalides Attempts were made in some cases to make the

remaining types of tetrahalide of triarylstibine. These were
[(CH3)2C6H3)38bBru, [(CHB)ECBHS]BSbBrzzz, (M-CH3CGH4)3SbBr212 and

Ph3SbBrI3, but the attempts were not successful.
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C. CONDUCTIVITY STUDY 5

(a) Conductivity study of the triarylstibine dihalides (RquXZ}

(i) R3SbCl2 and R3SbBr'2

It has been s.zhown126 that the molar conductivity of the compounds

Ph3EX2 (E =P, As, Sb and X = C1 or Br) decreases with increasing the
size of E. Also, it has been shown (Part I of this Thesis) that the
monosubstitution of electron releasing groups on the phenyl ring in
the R3AsX2 adducts, increases the molar conductivity of such adducts
compared with that of the triphenyl compounds and the presence of
electron withdrawing groups has the reverce effect. Also, it has been
found that the position of the substituent (2-, 3-, or 4-) on the
phenyl ring affects the conductivity behaviour of the compounds. A
further observation is that the molar conductivity of R_AsBr is

3 2

always much higher than the R_AsCl, in acetonitrile.

3 2
Considering the above observations noted in the case of the

arsenic compounds R Asxz, a conductivity study has been made of

3
analogous antimony halides, R bez. Conductivity measurements in

3
acetonitrile were made on solutions of concentrations in the range
0.0005-0.01 M. The value, of molar conductivity ( /\m), all of which
were very low, were plotted against the square root of molar
concentration, \/-E;] , for each compound. The molar conductivity value,

at 0.01 M were obtained by interpolation, and these are given in Table

y7.
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Table A47. j\m values of R3SbCl2 and R3SbBr2 at

Cy = 0.01 mol dm~3 in acetonitrile
Compound A m* Compound Aﬁm_
(2—CH306HH)3Sb012 0.08 (2-CH306HH)3SbBr2 0.10
(3-CH;C¢H,) 5SbCL, 0.15 (3-CH;CgH)) ;SbBr, 0.14
(u-CH306H4)3Sb012 0.17 (u_CH3C6H4)BSbBr2 0.23
[(CH3)206H3]3SbCl2 0.96 [(CH3)2C6H3]3SbBr2 0.77
(2-CF3C6Hu)BSbCl2 0.03 (2-CF306Hn)3SbBr2 0.20
(4-CF3CeH)) oSbCL, 0.16 (4-CF5CcH)) 5SbBr, 0.12

-

* value is /S cm” mol .

From the above table it is clear that the molar conductivity

2

values for R,SbCl, and R mol-1) compared

3 3

with the R3A3012 and R3AsBr2 analogues(see page T4 and 75). This

‘suggests that these compounds are behaving as non-electrolytes in

SbBr'2 are very low (<1 S cm

acetonitrile at this concentration; their behaviour thus parallels
that of triphenylstibine dichloride and dibromide. Thus these
compounds must be regarded as molecular in the =solid and in
acetonitrile solution.

The substitution of electron releasing/withdrawing groups on the
phenyl ring in such compounds obviously does not have a sufficient
effect to influence the molar conductivity. Also, the observed
differences 1in molar conductivity, when these groups are substituted
on different positions (2-, 3-, or U4-) on the phenyl ring are
negligible. It is particularly significant that an "ortho effect™" is
not observed in the antimony compounds (compare the arsenic compounds

-Part I of the Thesis) A further significant point is that values of
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molar conductivity for R SbCl2 and R SbBr'2 are all <1 thus 1lending

3 3
support for the suggestion that these compounds are non-electrolytes.

(ii) l}BSbI2 and RquIBr

During the conductivity measurement of these adducts in

acetonitrile it was obéerved that the conductivity increased with time
and the solution darkened in colour (yellow to brown). To standardise
the molar conductivity measurements for these compounds a fresh
solution was made for each concentration. On adding the solute to the
solvent a stop clock was started and the conductivity measured (at
25°C) as soon as solution was complete. Values of conductivity were
measured at 5 minutes intervals and a graph of conductivity versus
time plotted. From this, by extrapolation, the value of conductivity
at zero time was obtained and this value was used to calculate the
molar conductivity of the compound. The values of molar conductivity

are given in the following table 48.

Table 48. Molar conductivity values of R3Sb12 and R3SbIBr in

acetonitrile at C_ = 0.01 mol am™3

Compound /\mr Compound /\BL_*,
.(2-CH3C6Hu)38p12 47.0 (2—CH306H4)3SbIBr 10.4
(3-CH306H4)BSbI2 3.0 (3-CH3C6HM)3SbIBr 1.0
(M-CH306H4)3SbI2 8.0 (M-CH3C6HM)3SbIBr 4.0
[(CH3)206H3]3SbI2 70.0
(4-CF,CcH,) ST, 15.5
=1

% /S em” mol

These molar conductivity values are much higher than those

obtained for the dibromides and dichlorides and are probably not
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"pegal® values for the compounds since solutions of these compounds in

acetonitrile are complicated by the occurrence of a disproportionation

reaction
4 1 1 O B
1113SbI2 PRt 2113Sb + 2RBSbI I3
- 1 1 1 g
R3SbIBr - = 3l’i3Sb + 311’3SbBr'2 + 3R38bBr I3
The ultraviolet spectrum of acetonitrile solutions of both R_SbI

3 2
and R.,SbIBr indicates the presence of I, ion.

3 3

The extent [(X] to which the above disproportionation takes place
for each compound was determined spectroscopically after equilibrium
had been reached (no further rise in conductivity). The concentration
of tri-iodide present in solution was determined using the observed
absorbance and the literature value of extinction coefficient for 13"

[57,700; 31,000]117. Values of CX are given in table 49
Table 49. Degree of disproportionation for the 1:1 adducts of

type RBSbI2 and R,SbIBr in acetonitrile

3

Adducts =% C_=mol dn™>

(2-CH,CH,) ,SbI, 80.0  0.000215 15671
(3-CH,C4H,) 3SbI, 32.5  0.000103 5039

(4=CH C(H,) oSBT, 6.0  0.000521 3437

[(CHy) CcH, 1,801, 88.9  0.000142 13775
(4-CF,CgH,) 5SbI, 65.0  0.000709 10154

(2-CH,C(H,) SHIBr 48.2  0.0009078 3984

(3-CH,CyH,) o SbIBr 13.9  0.000375 1438

(4=CH,CcH,) SbIBr 58.9  0.00008306 6085

It is seen that disproportionation as depicted above is extensive
and the molar conductivity values obtained do not reflect simple
ionisation of R3SbI2 and R3SbIBr (which would be expected to be weak
electrolytes) alone but arise mainly from the presence of the strong
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o - F_ -
= = R_SbBr I~
electrolytes R38b14 ( R3SbI 13 ) and RssbBrI3 R3 bBr 3 )

respectively.
The fact that the j\m values at zero time for the compounds

R3SbI2 and R3SbIBr are higher than might have been expected and that

there is a spread values 1=70 S cm2 mol-1 suggests that the

disproportionation may even be occurring at or close to zero time in

certain cases. For example (2-CH.C_H,) SbI and [(CH )G

37643 26" 33
2 -1

have high l\m values 47.0 and 70.0 S cm mol respectively and

] Sb12

these values parallel a high ultimate degree of disproportionation 80%
and 88.9% respectively, in each case. It was noted that there was
little variation in A _ with time for solutions of these two
compounds. Thus the attempts to standardise j\m as described would
not appear to be leading to ™"true values" of molar conductivity
(representing simple ionisation R bez;;::::it R,SbX*X™) for these

3 3

compounds.

(b) <Conductivity study of 2:1 adducts (RSSqu)

The molar conductivity of the 2:1 adducts R3be4’ whose
preparation was mentioned in the previous section page 112 have been
measured in acetonitrile at different concentrations. The molar

conductivity values at Cm = 0.01 mol dm-3 were obtained by

interpolation of the /\m versus J?af These values are given in the

following table,
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Table 50. Molar conductivity values of R bel! in acetonitrile at

3
C_ = 0.01 mol du™
Compound A oS em? mol™!
[(CHy) ,CH, 1 SbBr T 106.0
(06H5)3Squ 82.0
(3-CHyCH,) ST, 78.0
[(CHy) CqH, 1,SbT, 141.0
(4-03306Hu)33b14 29.0

These values suggest that with the exception of (H-CF3C6H4)3SDIH

the compounds behave as strong electrolytes in acetonitrile. The low

molar conductivity of (N-CF306HM)3Squ, coupled with the absence of a

break at the 2:1 ratio in the conductometric titration . of 12 versus

(u-CF3C6Hu)3Sb, suggests that the solid when dissolved does not behave

as (4-CF

c i
36 3
molecular addition compound, RBSb.212, which on solution sets up an

equilibrium leading to partial production of ions:

H4)3SbI+ 5 It may be that the solid is a simple

SE DT B i o - -
R,Sb.21, > RSbI" + I

Alternatively, the compound may be behaving like its arsine analogue

(H-CF306H4)3ASIA [= (li-CF306H4)AaI+ I3_] (see page 86) and becoming

involved in molecular dissociation as well as partial ionisation
. g -« ) -« ) + o
(Y CF306H1‘)3Sb + 212 = (4 CF3C6H4):3SbIM—.(H CF306H2‘)3SbI +I3
= (4-CF_C oy A
[ (4 3 6H4)3Sb1 I3 1
The ions (I3- or IBrz-) has been confirmed from the ultraviolet
spectrum of acetonitrile solutions of the compounds which therefore

ionise as follows:

+ -
RBSbBr'3I = R3SbBr‘ ZEBr'2

-
R3Squ R3SbI I3 .

I
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These modes of dionisation are similar to those observed in
triarylarsenic tetrahalides where it is also found that the halogen
with lower atomic weight resides in the cation.

(e) Conductivity of (2-CH C6Hu)2SbI The molar conductivity of

3 3
this compound was measured in acetonitrile and the value of /\m at

0.01 M was obtained by extrapolation as before. /\m (0.01M) was
97.0 S em® mol~! indicating that the adduct is a strong electrolyte.
The only previous report of the conductivity of a compound of this
stoiehiometry refers to Ph28b013107'which is a weak electrolyte in

acetonitrile. The ultraviolet spectrum of acetonitrile solutions of

(2-0H336H4)28bI3 showed absorption due to 13- ion and the mode of
ionisation

R.SbI. —— iR SbI + iR SbI " + 11~

2 3 2 22 2 273

is suggested. This is analogous to the disproportionation proposed for

the di-iodides, R,SbI,.

CONCLUSIONS

(1) The low conductivities of R Sb012 and R SbBr2 (/\m<1), indicate

3 3
that these compounds are non-electrolytes or very weak electrolytes in

acetonitrile.

(2) The high molar conductivity values found for R.SbI, and R_SbIBr

3 2 3
arise from disproportionation of these compounds in acetonitrile.

(3) All of the tetrahalides (R3beu) are strong electrolytes.
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D. REACTIONS OF THE TRIARYLANTIMONY DIHALIDES WITH INTERHALOGENS

AND ANTIMONY PENTACHLORIDE

The evidence provided by the conductometric titrations of various

triarylantimony compounds, R3Sb, with Brz, I2 and IBr suggests that

ionic halogenotriarylantimony compounds (RBSbX+ X~ and R_Sbx”* X'3) are

3
less readily formed than their phosphorus and arsenic counterparts.

To investigate further the possible formation of the
halotriarylantimony cation, the reactions of triarylantimony
dichlorides with the halide ion acceptors, iodine chloride and
antimqnx pentachloride have been studied by conductometric titrations

in ‘acetonitrile. Antimony pentachloride was chosen because of its

strong chloride ion acceptor properties162. Also, since the

presence of the bromotriarylantimony cation, RSSbBr+, was indicated

by the conductometric titrations of the R_Sb~IBr systems, the direct

3

reactions of some RBSbBr*2 {R = [2,6=(CH SbBr and

3) o063 13S0Br,
(2-CF3C6H4)3SbBr2} with IBr were studied with a view to confirming the

existence of the bromotriarylantimony cation, R3Sbe+. The results

are given in the following pages.

(a) Reactions with iodine chloride

The results of the conductometric titrations of R_SbCl, (R = Ph,

3 2
2=, 3=, 4-CH3C6HN’ (CH3)2C6H3, 2-, or }4-CF_,C Hu] with IC1L in

376
acetonitrile are all very similar and they have been exemplified by

curve A (ICl : Ph SbCla) and curve B (ICl : (2-CH

3 Hu)SbClz) in Fig.

3%
32-
The main feature of all of these reactions is the small rise in

conductivity and in this respect these systems are unlike the

triarylarsine dichloride-iodine chloride systems. The slight increase
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in conductivity observed when ICl was added to the R3Sb012 is

attributed to the added ICl itself. In each case the solution changed
from colourless to light yellow from the start of the reaction
(acetonitrile solutions of ICl are light yellow in colour) and the
1012- ion was shown not to be present by the ultravioclet spectra of
the solutions. It is concluded that there is no reaction between ICl
and R

SbCl, in acetonitrile.

3 2

(b) Reactions of antimony pentachloride with triarylantimony

dichlorides

The results of the conductometric titrations of antimony
pentachloride with triarylantimony dichlorides in acetonitrile give
two types of graphs which are shown in Fig. 32. curve C and D,

Curve C  (3-CH )3SbC12--SbCI5 system exemplifies the graphs

3CqHy

obtained in the conductometric titrations of R38b012 with SbCl5

3]. Al) these titrations are similar

[R =
Ph, 3-, 4-CH,CcH, or (CH3) CcH

with each other. The conductivity rose sharply up to the 2:1 mole
ratio when antimony pentachloride was added to the triarylantimonf

dichloride. Further addition of SbCl_ to the solution did not

5
increase the conductivity, thus giving a distinct break in the graph

at the 2:1 ratio.
Curve D [(M-CFBCGHH)3SbClz-Sb01ssystem] is an example of the type of
graph obtained in the conductometric titrations of R SbCl2 (where R =

3
2-CH306H4, 2=, oOr u-CFscGHH) with SbCl5 in acetonitrile. All the
reactions are similar to each other but different from those mentioned
above (curve C case), in the sense that there was no sharp break at

the 2:1 mole ratio. Thus if there is a 2:1 reaction occurring in

these cases it does not go to completion at the stoichiometric point.
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None of the graphs show a break at the 1:1 mole ratio thus

suggesting that no adduct of composition R3SbClz.Sb015 = R3SbCl+
SbClG-) is forming in the solution. However the breaks at 2:1 ratio
suggest the formation of an adduct R3SbC12.ZSbClS.

The molar conductivity values at the 2:1 ratio are given in the
following Table.
Table 51. Molar conductivity at the 2:1 breaks in the systems

Rgstl2 - SbCl

5
System I\m(2:1)/s om® mol™" CE:= mol dm™>
PhSbCL,-SbC1 192.1 0.003019
(2—CH3C6H4)3Sb012-Sb015 189.4 0.003378
(3-CHyCgH)) JSCL ~SbC1 196.4 0.003121
(4=CH3CgH)) 3SbCL ,=SbCl, 189.8 0.0041101
[(CH3)2C6H3]3$bC12-Sb015 205.4 0.0030668
(2—CE306H4)3Sb012—Sb015 172.6 0.002925
(4-CF,C H),) oSbC ,=SbC1 192.8 0.003008

To confirm the absence of a 1:1 break in the systems
R3$b012—8b015 and to make sure that the presence of any break at this
ratio is not being obscured by the high conductivity of the titrant,
[SbCl;  (28bCl === SbCl," SbCl;") is a strong conductor in
acetonitrile and its conductivity increases with dilution] the above
reactions were studied conductometrically the other way round using
the non-conducting (or weakly conducting) R38b012 solution as titrant
(burette solution) and adding this to the SbCl_. solution in the

5
reaction vessel. The results are described in the following section

(e).
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(ec) Reactions of triarylantimony dichlorides with antimony

pentachloride

The conductometric titrations of the triarylantimony dichlorides
with antimony pentachloride in acetonitrile are all similar (the only
> system which will be

discussed later on in the section); the titration graphs are

exception is the SbCls—[(CH3)206H3]3Sb01

exemplified by curves A and B in Fig. 33.
The conductivity rose sharply up to the 0.5:1 mole ratio when

R38b012 was added to the SbCl5 solution. On further addition of

R38b012 to the solution the conductivity dropped sharply (probably due

to the dilution effect of the poorly conducting R SbCl2 solution).

3
Thus a distinct break at the 0.5:1 mole ratio was indicated in each
titration graph.
SbCls-[(CH3)206H3] SbCl2 system

Because of the low solubility of [(CH

3)206H3]3Sb012 in

acetonitrile this titration was performed by adding small weighed

quantities of the [(CH3)2C6H3]38bCl2 to the SbCl5 solution. As in the

other SbCls-R3$bClz titrations the conductivity increased sharply up
to the 2:1 mole ratio then stayed steady on the further addition of
tri(2,6~dimethylphenyl)stibine dichloride to the solution. Thus again
a distinect break at the 0.5:1 ruezt:io"t was observed in the graph.

Again there was no break observed at the 1:1 mole ratio in any of

the systems graph, confirming the absence of the formation of a 1:1

¥ the 0.5:1 ratio in the titrations is equivalent to the 2:1 break in

the previous titration [section (b)] in which the SbCl5 solution was

added to the R SbCl2 solution

3
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adduct (R3Sb012.Sb015) in solution: the 0.5:1 break represents the
formation of adducts of stoichiometry (Sb015)2R38b012 and these
titrations confirm the formation of these adducts by every system
studied. Thus it is clear that in the previous titrations (SbCl5
added to R3$bC12) the 2:1 break was less sharp in some cases (graph D,
Fig. 32) due to the highly conducting nature of the titrant
solution.

" The molar conductivity values at the 0.5:1 break are given in the

following table

Table 52. /\m values at 0.5:1 ratio break in the system SbCls-Rqu012
System [\m/S en® mol™! C, = mol am™3
SbCls-—Ph3SbCl2 218.0 0.003366
SbCls—(2-CH306H1‘)3SbCl2 211.9 0.002830
SbClS-(3-CH306Hu)3$bCl2 206.1 0.002847
SbClS-(4-0H306Hu)3$bCl2 198.7 0.003095
SbClS-[(CH3)206H3]3$bCl2 . 235.9 0.002754
SbCls-(2—CF C6H4)3$bCl2 203.5 0.002825
SbCls.--(ll-CFBCGHu),_ngCl2 193.2 0.002147

Although 1:1 adducts R3SbCl2.SbCI5 appear not to exist in
acetonitrile =solution, they have been prepared as solids from
acetonitrile solutions containing stoichiometric quantities of the
R3SbCl2 and SbClS.

The conductometric titrations and the conductivity values show
that the adducts R3§b012.(Sb015)2 form highly conducting solutions in
acetonitrile and it is therefore clear that they are ionic adducts.

Concerning the nature of the ions present, there would seem to be two
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possibilities,
2+ -
ey R.SbT (ShCl., )  ewammmommes
R3$b012 (SbC15)2 R38b (SbCl6 )2 I
+ —
—eeels R_SDCl Sb, Cl ., =meccc—aam.
or R3$bC12 (SbC15)2 RBSbCl-szCl11 II
molar conductivity values for the adducts in acetonitrile, at
concentration 0.01 mol dm>, are in the range 100-140 S en® mol "
8
[Ph SbCL ,(SbCL) , J\In = 116 S em” mol™ ';
. g 2 =i
(2-CH,CcH,) 58bCL,(SbCLy) , /\m- 168 S em” mol™ ']

These -values are more in keeping with strong 1:1 rather than 2:1

electrolyte behaviour and hence favour ionisation mode II. Also it is
162

noted that Sowereby et al from an infra-red spectral study of
+ - 4
Ph3Sb012(§b015)2 suggested that Ph3$b01 szcl11 was more likely than
2+ -
Ph3Sb (SbCl6 )2.

There 1is in fact no previous report of any compound containing the
Ph38b2+ ion but it should be mentioned that the Raman spectrum of an
aqueous trimethylstibine dinitrate [Me3Sb(NO3)2] has been interpreted
in terms of the presence of either the solvated Me Sb2+ ion,

3
[MeSSb(0H2)2]2+, or the unipositive ion [Me33b(on)ou2)]+ 163,

(a) Reactions of triarylantimony dibromide with iodine bromide

The results of the conductometric t;trations of
tri(2,6-dimethylphenyl)antimony~dibromide and
tris(2-trifluoromethylphenyl)antimony-dibromide with iodine bromide in
acetonitrile are illustrated graphically in Fig. 34 (curves A and B
respectively).

In the [(CH3)2C6H3]BSbBr2—IBr system the conductivity increased
sharply up to the 1:1 mole ratio but thereafter it remained steady
when further IBr was added to the solution. A definite 1:1 break in

the titration graph was thus obtained. The solution became yellow in

T S WGV A s
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colour from the start of the titration and the ultraviolet spectrum of
the solution showed absorption due to the IBPZ- ion ( Amax = 257
m) .

The molar conductivity value at the break ( ﬁ\m(1:1) = 106.2 S
cm2 mol"1 at Cm = 0.0063057 mol dm"3) suggests that the adduct is a

strong electrolyte and the reaction may be represented as:

0:1 ==—wweep» 1:1 ratio

+ -—
R3§bBr2 + IBr ————— R3$bIBr3 (et R3SbBr I[Br'2 )
The adduct R3SbIBr'3 was obtained as a solid from acetonitrile
solution.

The other R3$bBr2-IBr systems (R = 2-, 3-, A-CH3C6HA, 2-, and

H-CF3CGH4) are similar with each other and they are exemplified by the

reaction of (2-CF306H4)3SbBr2-IBr. In the (2-CF3C6H4)3SbBr2—IBr

system (curve B Fig. 34) the conductivity rose as IBr was added to

the (2—CF306H24)3SbBr'2 but the titration graph did not give a distinct

break at any mole ratio. The reaction is obviously not complete at
the 1:1 stoichiometric point. The solution was yellow from the start

of the titration and its ultraviolet spectrum showed absorption due to

the IBr2- ion. The /\m value at the 1:1 mole ratio was 42.2 S om?

mol (Cm = 0.00003508 mol dm~3). The reaction occurring may be

represented as

RySbBr, + IBr S—— RBSbBr+ + IBr,”

The [(CH3)2CGH3]3SbIBr-3 is the only solid adduct of such

composition (R3beu) for the triarylstibine tetrahalides.
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CONCLUSIONS

(1) Formation of cations of type R3be+ are not very common. R3SbCI+

can only be formed when halide acceptor is Sb015 and the complexes

have composition R Sb012.28b015 (==r,sbc1*.sbC1,.7).

3 3 271

(2) Evidence for the R3SbBr+ cation is obtained from the

conductometric titration of [(CH3) CGH ] SbBrz-IBr and from the

2033

formation of the solid adduct [(CH3)206H3]3SbBr3I

(=[(CHy)

+ -
3 206H3]3SbBr IBr2 ).

Adducts of composition, R SbClz.SbCl

3 5
The conductometric titrations of triarylstibine dichloride with

antimony pentachloride do not give any indication of the formation of

a 1:1 adduet, but the solvated adduct, PhBSbClz.SbCls.CH3CN, was

obtained as a crystalline solid from the mixture (1:1) of Ph3SbCl2 and

Sb015 in acetonitrile., It is an off-white solid, extremely moisture

sensitive, and melts at 40°¢c.

Adducts of composition, R SbClz.zstl

3 2

The existence of these 2:1 adducts was shown by the

conductometric titrations of R3SbCl2 with SbCl5 and vice versa. (see

page 122 and 124 ),
The preparation of two adducts of this type was attempted. These

were Ph3Sb012.2$b015 and (2—CH3C6H4)3Sb012.ZSbCl5 and they were

obtained readily from the mixture of one moles of R38b012 and two

moles of SbCl5 in acetonitrile. Their properties are given in the

following Table.
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Table 53. Properties of R3SbC12.ZSbCl

5
Compound Colour M.p / e
(CGH5)3Sb012.2SbCl5 light yellow ,~room temp.
(2—CH3C6H4)ngClz.ZSbCls.ZCHSCN light yellow 84~ 86

Conductivity study of the 1:1 adduct Ph

SbClZ.SbCI

3 5

Sowerby et al162 have suggested an ionic formulation

{Ph3Sb01]+[Sb016]- for this compound on the basis of X-ray analysis.
To gain information on the behaviour of this adduet in solution
conductivity measurements were made on the acetonitrile solution of
the compound at different concentrations. The molar conductivity A

at C_=0.01Mwas found to be 113.0 S cn” mol™'. This high value
suggest that the adduct is a strong electrolyte in acetonitrile. Its

solution behaviour is therefore in keeping with its solid state

structure.

Conductivity study of 2:1 adducts R SbClz.ZSbCl

3 5

[R = Ph and 2-0H3p5HuJ

The molar conductivity of the two compounds (R = Ph and

Z-CH306HM) whose preparation was mentioned in Table 53 was measured in

acetonitrile and values at Cm = 0.01 M were found to be

_ 2 -1 - -3
Ph3SbClz.$b015 (/\m = 116.0 S ecm”™ mol , Cm = 0.01 mol dm
- .. 2 -1 » -3
(2—CH306HH)3Sb012.$b015 (/\m = 168.0 S em™ mol , Cm = 0.01 mol dm ~.
The A values suggest that the adducts are strong 1:1

m

electrolytes in acetonitrile and again this accords with Sowereby

suggestion that compounds of this type are ionic in the solid state

+ -
[RaSbCl .Sb2C111l-
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TETRAPHENYLSTIBONIUM HALIDES.AND TRIHAL IDES

A PREPARATION OF ADDUCTS

(a) Halides (PhquX)

Although a number of preparative methods have been
deseribed163’ 164, 165, 167, 168; these stibonium halides have been
conveniently prepared in good yield from the reaction of hydrogen
halide with aqueous tetraplienylstibonium hydroxide (PhquOH), which
was obtained by treating an aqueous solution of tetraphenylstibonium
bromide with aqueous ammonia. A full description of the preparations
is given in the Experimental Part.

All these stibonium halides are crystalline solids. Their

properties are shown in the following table.

Table 54. Properties of the Ph,_LSbX compounds

Compound Colour M.p /°C
(CgHg) SHF . White 153-155
(c6n5) ySbCl White 200-204
(CGHS) HSbBr White 202-208
(Cs‘Hs) L}SbI Pale yellow 209-211
(b) Trihalides (Phl;Sin) Tetraphenylstibonium trihalides whose

existenoe was shown by the conductometric titrations of Phqux with

halqgen and interhalogens in acetonitrile are given in table 55.
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Table 55.

System Break in graph at Indicated adduct
mole ratio

(06H5) nSbBr-Brz 121 (C6H5)4 SbBr'3

(CGHS) waBr-IBr 1:1 (06H5)4SbIBr-2

(CgHy) ) SbCL-1ICL 121 (CgH,) ,SbICL,

For the purposes of carrying out conductivity studies on these

trihalides to confirm their strong electrolyte nature (CGHS)RSbBr3’

(06H5) quICl2 and (06H5) )_leIBP2 have been prepared by the reaction of

one mole of stibonium halide with one mole of halogen or interhalogen

in acetonitrile. The compounds were obtained as crystalline solids

and their properties are:

o
(C6H5)48b3r3 orange yellow m.p. 112=114°C
(06H5) qumra orange yellow m.p. 148-150°C
0
(C6H5)4\SbICl2 pale yellow m.p. 116-119°C
(B) Conductivity study of tetraphenylstibonium halides

and =-trihalides

Very little work has been reported on the structure of

113 113

tetraphenylstibonium halides. (CGH ), SbC1 and (CGHS)HSbe are

5° 4
thought to be ionic on the basis of their infra-red spectra. On the

other hand X-ray diffraction has shown that the hydroxy derivative

(C6'I-15)1‘SbOH138 is covalent and possesses a trigonal bipyramidal

structure; the same molecular structure is suggested by Schidbaur et

a1 136 for (cH ,SbF and (CHB)quOHB?.

3)
To investigate the nature of tetraphenylstibonium halides in

solution, we have carried out a conductivity study of these compdunds
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in acetonitrile. The results are reported in the following section.

(a) halides (PthbX) [X =F, Cl1, Br or I]

The conductivity of the adducts in acetonitrile at 25°C was
measuréd over a range of concentrations and the molar conductivity
calculated. A plot of molar eonductivity,(/\m) against the square
root of molar concentration @fﬁ;) was constructed for each compound
(Fig. 35). For the purpose of comparison, values of f\m at Cm =
0.01 mol dm'3 were obtained from the graphs and these are given in the

Table 56.

Table 56. A values at Cm = 0.01 mol dm-3 in acetonitrile

Compound /\m/S on® xnol"1
(cﬁus) usb? 1.8

(CGHS) ySbCl . 15.0

(CGHS) quBr 70.0

(C6H5) ySbI 119.0

The molar conductivity of (C6H5)quF is very low indicating that
the adduct is virtually a non-electrolyte in aeetonitrilg. This
suggests that this compound is very likely to be covaledb molecular in
the solid state. The values of molar conductivity for (CGHS)MSbCl and
(CGHS)u§bBr lie between those expected for a strong electrolyte and a
weak-electrolyte in acetonitrile; thus they must be regarded as weak
electrolytes:

(CgH,) ,SbX g===== =% (Csns))_‘Sb"' + X"
(X = C1,Br)
It may therefore be deduced that the bromide and chloride like the
flouride are covalent molecular in the solid and ionises only to a
certain extent under the influence of the strongly ionising solvent.

The value for (C6H5)quI from the above table suggests that this
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compound is a strong electrolyte in acetonitrile solution and the
possibility of an ionic structure for this compound in the solid state
is 1likely. The behaviour of this compound is thus analogous to

70,
(C6H5)uPI :

}8bT &+ T

—_—————
(CGHS)quI (06H5 "

(b) trihalides (PhquXB)

The molar conductivity values for tetraphenylstibonium trihalides
in acetonitrile have been obtained by the same procedure as for
tetraphenylstibonium halides (described previously). The values
obtained are shown in the following table 57.

Table 57. Molar conductivity of (C6H5)qux in

3
acetonitrile at C = 0.01 mol dm™3
Compound A /s e mc»l"1
(CgHg) ,SbBry 131.0
(CgH;) ,SbIBr, 110.0
(C¢H,) ,SbICL, 118.0

These high values gre typical of strong electrolytes in

acetonitrile.

+
5)qu + Br3

—_————
(C6H5)4SbBr3 (06H
o+ -
-—-—_.
(cGHS)usbIBr2 (CGHS)qu + IBr-2
-+ -
B e
(C6H5)quIClz (CGHS)qu + IC1,
The trihalide ion has been confirmed from the ultraviolet spectrum of

the solutions.
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The molar conductivity of the tetraphenylstibonium halides
follows the sequence (C6H5)4$bE < (CGHB)RSbCl < (CGHS)quBP <
(CGHs)MSbI' This follows a pattern observed in other systems such as
R3ASX2. For example the molar conductivity of (C6H5)3Asﬁi<KC6H5)3AsCIZ
< ‘(CGHs)BASBrz' This trend is likely to be due to the bond strength

variation Sb=F > Sb-Cl1> Sb-Br > Sb-I and electronegativity effect.

(C) Conductometric titrations of the tetraphenylstibonium halige

with Halogen, and Interhaloggns

(a) Reaction of tetraphenylstibonium bromide with bromine

The result of theﬂconduptometric titrafion of PhnSbBr with Br2
in acetonitrile is illustrated in Fig. 36 curve A.

The conductivity increased steadily up to the 1:1 mole ratio when
bromine was added to the tetraphenylstibonium bromide. Further
addition of bromine to the solution resulted in a decrease of the
conductivity. Thus a distinet 1:1 mole ratio break was observed in
the titration graph, indicating the formation of a 1:1 adduct
(PhquBr3) in solution. The colour of the solution went yellow from
the start of the titration and its ultraviolet spectrum showed that
tribromide ion (»Br3' at Amax = 269 mu) was present. The molar
conductivity value at the. 1:1 mole ratio was 125.9 S cm2 mol"1 (Cm =
0.004293 mol dm'3) indicating that the adduct is a strong electrolyte
in acetonitrile. The reaction occurring is:

0:1 —— 1:1 mole ratio

Sha ot -
-———-——’ o—
Ph 4sm?m + Br, Ph quBrs Phqu Br3 )

et
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(b) Reaction of tetraphenylstibonium bromide with iodine bromide

The result of the conductometric titration of PhHSbBr with IBr in
acetonitrile is illustrated graphically in Fig. 36 curve B.

It is seen that the graph is very similar to that of the
PhusbBr-Br2 system and displays a break at the 1:1 ratio. The
originally colourless solution turned yellow after the first addition
of IBr solution and the ultraviolet spectrum of the solution showed
the presence of the IBrz' ion (Anmx = 257 mp). The molar
2 1

m()l- ’ (C -

conductivity value at the 1:1 mole ratio was 123.0 S cm -

0.0039109 mol dm-3) indicating that the adduct PhquBr.IBr is a strong
electrolyte. The reaction may be represented:
-+ -
Ph)SbBr + IBr —————— Ph,SbIBr, == Ph,Sb" IBr, )

(e) Reaction of tetraphenylstibonium chloride with iodine chloride

The result of the conductometric titration of Phqu01 with ICl in
acetonitrile is illustrated graphically in Fig. 36. Curve C.

Again a distinet 1:1 break was observed in the conductometric
titration graph of this system showing that an adduct of stoichiometry
PhquCl.ICl is forming in solution. The solution acquired a light
yellow c;lour from the beginning of the reaction and its ultraviolet

spectrum showed absorption due to the ICl, ion (N max = 227 mu). The

1

2
molar conductivity [f&m (1:1) = 102.6 S em® mol”! at Cm = 0.005554 mol
dm"3] indicates that the adduct ‘is a strong electrolyte in
acetonitrile. The reaction occurring is
0:1 = 1:1 mole ratio
—_—— =
PhQSbC1 + IC1 PhquClZI Ph

+ -
qu 1012 )
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I General Tehniques

(a) Handling of Materials

Because the compounds studied in this work were hydrolytically
unstable, strict precautions were taken to ensure the absence of
moisture at all times. This was made possible by the extensive use of
a nitrogen-filled drybox kept dry by the passage of a stream of dry
nitrogen through it. Commercial oxygen-free nitrogen, dried by
passage through a column of molecular sieve (AE1-Birlec Ltd, absorber
type AB 12.5) was used. The box also contained two trays of
phosphorus pentoxide. Certain manipulations, chiefly removal of
solvents, were carried out in a vacuum line, thus avoiding exposure of
the sensitive halide to both atmospheric moisture and elevated
temperature. Compounds so handled were stored in sample tubes with

ground-glass joint stoppers and kept in a desiccator over silica gel.

(b) Vacuum System

The vacuum system used in this work was simple, made up of a
pumping unit connected via protective sludge traps to a main line from
which there were branches to various sub-sections designed for special

operations (such as freeze-drying).

(¢) Conductometric Titrations

conductometric titrations were carried out in acetonitrile which
has been extensively employed as a solvent by Harris et al 151, 152
since it has a high dielectric constant (36.7 at 25 °). Acetonitrile

is a good solvent for the type of compound under investigation and in
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it strong electrolyte exhibit high molar conductivity; Consequently it
is easy to distinguish be tween non-electrolytes and weak

electrolytes. The conductivity of purified acetonitrile was less than

7 1

10" S em ' at 25 °c. The resistance bridge used was the Philips(Type

PR 9500). The apparatus used for the conductometric titrations was of
special design allowing the titration to be carried out in a dry

atmosphere126.

(d) Conductivity Measurement

Conductivity measurements were made at 25 °c in a sealed cell. A
standard pair of smooth platinum dipping electrodes were used. The
cell constant was determined using standard potassium chloride
solution and was checked from time to time. Solutions of known
concentration were prepared in the dry box, by adding a weighed amount
of the solid compound to the cell which contained a known weight of
the solvent. When the solution was complete, the cell was placed in a
thermostat bath at 25 °C and the conductivity was measured using a
Philips PR 9500 resistance bridge. For higher concentrations,
successive additions of known weights of compound were made to the
solution in the cell; operations were carried out inside the dry-box.
Molar conductivity values were then calculated and plotted against

square=-root of molar concentration.

(e) Ultra-Violet Spectra

Ultra~violet spectra were recorded on a Unicam SP 800 B

UV/Visible recording spectrophotometer. Stoppered quartz cells of 0.5

cm or 0.01 cm path length were used, measurement being made at room

temperature (ca. 20 oC).
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(f) Infra-red Spectra

Infrared spectra were recorded on a Perkin~Elmer 1310 Infrared

Spectrophotometer.

(g) Analyses

Microanalyses for carbon, hydrogen and nitrogen were performed in
the chemistry department of St.Andrews University on a Perkin~Elmer
Model 240 Elemental Analyser and a CARLO ERBA  STRUMENTAZ IONE
MOD,. 1106. Halogen analysis was carried out Potentiometrically using
an adoptation of the method described by Lingane169. A description of
the method is as follows: Approximately 30 mg of sample was accurately
weighed into a preweighed sample bottle and transferred into a
Quickfit conical flask (100 ml) in tbe dry-box. The sample was then
hydrolysed with 20 ml of 2 M sodium hydroxide solution. The resultant
solution or suspension was left to stand for twenty minutes before
boiling for a minimum of fifteen minutes in the case of the arsenic
derivative and thirty minutes for the antimony compounds to ensure
complete hydrolysis. It was then cooled and made just acidic with 6 M
sulphuric acid before immediately bubbling sulphur dioxide gas through
the soiution, for two minutes to reduce any hypohalite ion present,
Further boiling was necessary both to drive off excess sulphur dioxide
and to reduce the bulk of the solution. After cooling, the solution
was neutralised with concentrated ammonia. It was then thoroughly
washed with distilled water into a 100 ml volumetric flask and made up
to the mark. A 50 ml portion of this solution was pipetted into a 250
ml beaker and 2.5°g Analar barium nitrate added followed by 10 ml of

Analar acetone and 3-5 dops of 6 M nitric acid, before titrating with
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0.05 M silver nitrate. The solution was stirred throughout the
titration using a magnetic stirrer. A silver wire was used as the
indicator electrode and a saturated calomel electrode as reference
electrode, with a salt bridge containing 3 M ammonium nitrate
solution. The other half of the solution was treated in the same way
and titrated to give duplicate analysis. The barium nitrate was added
to remove sulphate ion present and also to help prevent adsorption of
halide ion, especially in the case of iodide, on the silver halide
precipitate. The acetone reduces the solubility'of the silver halide
being precipitated and results in sharper end-points. Finally it was
found especially in the case of iodide, that addition of more than a
few drops of 6 M nitric acid resulted in the oxidation of halide to
halogen, giving low results.

The electrode potential (mv) of the initial halide solution was
determined, and corresponding measurements taken at 0.1 ml intervals
of silver nitrate until a point near the end-point. This was detected
by a more rapid increase in the change in potential. When this was
observed the burette additions were reduced to 0.02 ml. A graph of mV
readings against ml of silver nitrate added was plotted, the point of
inflection being taken as the end-point of the titration. Before each
titration the silver wire indicator electrode was cleaned by immersing
in 50% nitric acid for one minute, washing with distilléd water, then
immersing in concentrated ammonia for two minutes before a final

thorough washing with distilled water.

(h) Column Chromatography

The compound was dissolved in benzene and applied to an alumina

or silica gel column (36 inches in length 1 inch diameter) prepared
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with petroleum-ether (40-60 °C). It was eluted in turn with the
following solvents: Petroleum-ether (40-60 °C)
5% benzene-95%petroleum-ether, 10% benzene-90%petroleum-ether,

20% benzene 80%petroleum~ether and benzene.

II Solvents and Purification of Materials

(a) Solvents

(i) Methyl cyanide

Pure anhydrous methyl cyanide suitable for conductivity studies
was prepared by a modification of the method describe by Smith andv
Witten17o. The commercial (BDH) material was allowed to stand for at .
lgast one week over potassium hydroxide pellets, with ocassional
vigorous stirring to remove acid impurities. It was then filtered and
distilled into a flask containing calcium chloride (114-29 mesh) and
allowed to stand for one week to remove ammonia and water. It was
filtered again and distilled on to phosphorus pentoxide. This
procedufe was repeated until the phosphorus pentoxide did not cake and
turn ‘yellow but formed a fine suspension in the liquid. Finally,
before use it was refluxed and distilled using a nine inch column ’of
glass helices (which had been oven dried), into another flask
containing fresh phosphorus pentoxide., Then it was stored in a

tightly stoppered round bottom flask kept in a large desiccator. The

dry solvent was distilled on the vacuum line as required to remove any

traces of phosphorus pentoxide. The conductivity of methyl cyanide
1

purified by this method was always ca. 10°7s em™' at 25°%. The

boiling range was 81-82 °c.
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(b) Chloroform171 2

The .commereial grade solveﬁt was washed with a large volume of
water to remove ethanol, dried over anhydrous calcium chloride for at
least 24 hours, then filtered and distilled on to féesh ph;sphorus’
pentoxide 2-3 times. This pure dry chloroform was stored in the dark
to avoid photochemical formation of phosgene. Before use the pure
chloroform was distilled on the vacuum 1line to remove traces of
phosphorus pentoxide. The boiling range was 61-62 .

(iii) Diethyl ether171 R

Diethyl ether was first dried over anhydrous calcium ehloride gnd
filtered before sodium wire was added. After.standing over the éodium
wire for several days it was refluxed for one hour, distille< gnd
fresh sodium wire added. The ether was distilled off before use; the

boiling range was 34—35°C.
{(b) Reagents

(i) Chlorine Chlorine, obtained from a cylinder, was dried by
passage through two Drechsel bottles containing silica gel and one
containing concentrated sulphuric acid. It was® diluted with dry

By

nitrogen for synthetie use.

(ii) Bromine

Analar bromine was first kept over anhydrous calcium bromide for
2-3 days. It was then filtered into a small round bottom flask under

nitrogen. After brief direct pumping on the vacuum system to remove




the more volatile impurities, it was distilled in vacuo.
(iii) Iodine
Analar grade iodine was resublimed and stored in a desiccator

over phosphorus pentoxide.

(iv) Iodine monobromide

Iodine monobromide was always freshly prepared from a 1:1 molar

mixture of purified bromine and iodine.

(v) Iodine monochloride

Commercial iodine monochloride (BDH) was purified by distillation on

the vacuum line.
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STARTING MATERIALS

Preparation of Triarylarsines and Triarylstibines

(i) Tris(2,6-dimethylphenyl)arsine was prepared by reacting the

Grignard reagent of 2-bromo-m-xylene with arsenic trichloride in
diethyl ether. The mixture was refluxed. for two hours and decomposed
with dilute sulphuric acid (100 ml). The ether layer was separated
and dried over sodium sulphate. After evaporation of the solvent a
brown solid was obtained. This was recrystallised from ethanol to
give a white crystalline solid. m.p. 130-13200. Found: C, 73.39; H,

6.95% calculated for C As: C, 73.84: H, 6.97%.

2yfloy

(ii) Tri(2-fluorophenyl)arsine was prepared by reacting the

Grignard reagent of 2-bromofluorobenzene with arsenic trichloride in
diethyl ether. The mixture was refluxed for two hours and decomposed
with dilute sulphuric acid (100 ml). The ether layer was separated
and dried over anhydrous sodium sulphate. After removing the solvent
a brown  solid was obtained, which was recrystallised from
benzene/pet-ether (40-6000). An off-white crystalline solid was
obtained. m.p. 220-225°C (decomposed). Found: C, 60.37; H, 3.34%
calculated for C18H12F3As: C, 60.02; H, 3.35%.

(iii) Tri(3~fluorophenyl)arsine was prepared by exactly the same

method as for tri(2-fluorophenyl)arsine. After the solvent was
removed, an oily yellow liquid was obtained. Attempts were made to
obtain c¢rystals by treating the oil with benzene pet-ether (u0-60°C).

These were unsuccessful and a light yellow oily liquid was recovered.
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This was found to crystallise slowly over a period of days giving pale
yellow crystals of low m.p, 40-42°C. Found: C, 60.87; H, 3.43%

calculated for C As C, 60.02; H, 3.35%.

18812%3

(iv) Tri(4=fluorophenyl)arsine was prepared by the same reaction as

that used for tri(2-fluorophenyl)arsine. After removing the solvent
on the rotary evaporator a yellow oily liquid was obtained, which was
passed through a silica gel column using benzene 20% pet-ether
(40-6000) 80%. When the solvent was removed, a clear viscous liquid
was obtained. This solidified on standing and gave a white powdery
solid. m.p. 75-77°C. Found: C, 60.56; H, 3.41% calculated for
C18H12F9As C, 60.02; H, 3.35%.

(v) Tris(2-trifluoromethylphenyl)arsine. The compound 2-CF CGHHLi was

3
made by the reaction of 2-~bromobenzotrifluoride with'nrbutyl lithium

in dry ether under a nitrogen atmosphere. A solution of arsenic
trichloride in ether was then added dropwise with eonstént stirring,
keeping the temperature of the reaction mixture at 0-5°C. After the
arsenic trichloride solution was added the mixture was stirred for
three hours and finally hydrolysed with dilute hydrochloric acid (100
mL). The mixture was allowed to warm up to room temperature and the
ether layer was separated and dried over anhydrous sodium sulphate.
The solvent was completely removed, and a crude product containing
tris(2-trifluoromethylphenyl)arsine and some by-product was obéained.
This was passed through a silica gel column using benzene 20%~pet
ether  80% (40-6000) as eluent. The product obtained was
recrystallised from a water/ethanol mixture and dried on the vacuum

line. m.p. 134-13500. Found: C, 50.19% H, 2.45% calculated for
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c,,H, F.As: C, 49.43: H, 2.37%.

2171279

(vi) Tris(3-trifluoromethylphenyl)arsine was prepared by exactly the

same reaction as was used for tris(2-trifluoromethylphenyl)arsine. A
dark brown oily liquid was obtained when the solvent was removed
completely. This was passed through a silica gel column using benzene
104 pet-ether (40-60°C) 90%. The product was a light yellow liquid

which did not solidify. Found: C, 50.86; H, 3.01% C As requires

21812F g
C, 49.43; H, 2.37%.

(vii) Tris(y-trifluoromethylphenyl)arsine was made by an analogous

reaction to that used for tris(2-trifluoromethylphenyl)arsine. The
product was passed through a silica gel column using benzene 20% pet
ether 80% (40-60°C) as eluent. The brown solid obtained was

recrystallized from water/ethanol. This gave a pale yellow
crystalline product which lost colour on exposure to 1light. m. P.
81-83°C.  Found: €, 50.53; H, 2.60% calculated for C_ H,_.F As:C,

21712°9
49.43; H, 2.37%

(viii) Triphenylstibine Commercially available triphenylstibine (Fluka

AG, chem, Fabric CH-9470 Buchs) was used as such.

(ix) Tri{2-methylphenyl)stibine was prepared by reacting the

Grignard reagent of 1-bromo-2-methylbenzene with antimony trichloride
in dry diethyl ether. The mixture was refluxed for two hours and
hydrolysed with dilute sulphuric acid (100 ml). The ether was
distilled off and the residue extracted with chloroform. After drying

over anhydrous sodium sulphate, the solvent was completely removed on
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the rotary evaporator giving a brown product Recrystallization from
ethanol gave a white c¢rystalline solid. m.p. 100-102°C. Found: C,

63.19; H, 5.40% calculated for C Sb: C, 63.83; H, 5.36%

21821

(x) Tri(3-methylphenyl)stibine was prepared exactly as for

tris(2-methylphenyl)stibine. After the chloroform was removed
completely a yellow oily product was obtained, which after standing
for two  hours in the fridge gave white crystals of
tris(3-methylphenyl)stibine. m.p. 62-64°C. Found: C, 63.69; H,

5.13% calculated for C Sb: C, 63.83; H, 5.36%.

21821

(xi) Tri(4-methylphenyl)stibine was prepared by reacting the Grignard

reagent of 1-bromo—}4-methylbenzene with antimony trichloride in
diethyl ether. The product was hydrolysed with dilute sulphuric acid

(100 ml). After removal of the ether by distillation the product was
extracted with chloroform. The solvent was completely removed on a
rotary evaporator leaving behind a brownish coloured product.
Recrystallization of this solid from ethanol gave white crystals of
the compound. m.p. 119—12100. Found: C, 63.T4; H, 5.35% calculated
for 021H21Sb: c, 63.83; H, 5.36%.

(xii) Tri(2,6=-dimethylphenyl)stibine was prepared by reacting the

Grignard reagent of 2-bromo~m-xylene and antimony trichloride in
diethyl ether. After the reaction was complete the mnmixture was
refluxed for three hours, cooled, and hydrolysed with sulphuric acid
(100 mi). The product was extracted with chloroform and dried over
anhydrous sodium sulphate twice. The solvent was completely removed

on the rotary evaporator leaving behind an oily brown product which

o

gen
oA
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solidified on standing in the fridge for 48 hours. It was
recrystallised form ethanol giving a white product m.p. 99—102°C.
Fouﬁd: C, 65.24; H, 6.23% calculated for 021H2qu: c, 65.93; H,
6.22%.

(xiii) Tris(2-trifluoromethylphenyl)stibine. The lithium derivative,

2—CF306HuLi, was prepared by the reaction of 2-bromobenzotrifluoride
(10.90 ml)in dry ether with n-butyllithium (47.00 ml, 1.6 M) in the
same solvent under a nitrogen atmosphere. The temperature was kept at
0-5°C during the reaction. The n-butyl lithium was added dropwise by
syringing through a rubber septum and the mixture was stirred
continuously. The colour of the solution changed from red to brown
during the addition of the n—butyl lithium solution. The mixture was
stirred for forty minutes. The 2-CF3C6HuLi formed was then reacted
with antimony trichloride (5.70 g in ether (50 ml) added dropwise,
keeping the temperature below 5°C. The yellow turbid solution was
stirrea for three hours and finally hydrolysed with dilute
hydrochloric acid (100 ml). The ether layer was separated and twice
dried over anhydrous sodium sulphate, filtered and the solvent was
removed on a rotary evaporator. A brown solid was obtained which
after recrystallization from an ethanol/water mixture gave white
crystalline tris(2-trifluoromethylphenyl)stibine. m. p. 1314-135°C.
Found: C, 45.30; H, 2.13% calculated for C, H, .F Sb: C, 45.28; H,

21712° 9
2.17%.

(xiv) Tris(4=-trifluoromethylphenyl)stibine was made by a similar

method to that used for tris(2~trifluoromethylphenyl)stibine. The

brown reaction product was recrystallised using ethanol/water. This
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llght-brown crystalline product: "m.p.“'l25312690. ‘Found: ¢,

2 20% calculated for C 12F9.Sb C 45 '28; H, 2.17%. . This ¢

"was .then passed through a silica. gel column using benzene 20% .-

'pet—ether ' 80% (40 60 C) finally .u;ecrystalllzed from ‘dn

ethanol/water mixture. 3»A buff coloured crystalline product wasf

\

: ,obtainedz m. p 125-127 C Found~-~C, 44.34; Hhﬂ2.16ﬁ« ,calculated

,for 021H12F98b C 45 28; H, 2 17%

Attempted preparation of* tris(2-trifluoromethylphenyl)stibine u31ng &

v r’,‘. ’

;'Grignard reaction

A solution of antimony trichloride (no 27 g) in dry ether (50: ml)

’ (

was added dropw1se with continuous stirring to the Grignardxreagent of

2= bromobenzotrifluoride.;, No heat was evolved. The . mixture was xﬁ

refluxed for three hours, cooled and then the ether was - <d1$t°’
off.” The solid’ was decomposed by dilute sulphuric acid (

Chloroform (50 ml) was added to extract the product. The two layers

‘were separated and- - the chloroform layer was dried over anhydrous i

sodium sulphate. The solvent-was completely removed on a. rotary

evaporator leaving behind a black solid, which was passed through a’

silica gel column using benzene 50% pet—ether (MO 60 C) 50% After

removing the solvent a dark brown solid was: obtained which was soluble;
. "z

in’ chlorofonm5‘ acetone, methylene chloride and benzene.;. It ~was

recrystallised once from benzene /pet—ether(ﬂo 60 ‘€) and’ tw1ce w1th

Wi .
@

meliylene chloride/pet—ether (40 60 c),: but still ‘the colour rema ned.y'5

brownf mep. 220-222 c (decomposed): Found: C, 52;37:;; 2 961”

calculated for C21H12F98b c, 45 28‘ H, 2.11%, The reaction was:

s repeated but” . no success nfinas achieved: in ° obtaining

‘tris(2—trif1uoromethy1phenyl)stibine.‘r

Vg
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PART i,

Halogen adducts of Tri(2-methylphenyl)arsine

(1) (2-CH306H4)3ASC12

Tri(2~methylphenyl)arsine. (1.20 g, 3.44 mmol) was dissolved in

chloroform (50 ml) and dry chlorine gas, diluted in a stream of dry
nitrogen, was passed until the solvent assumed a yellow-green colour.
Cooling was necessary during the reaction. The volume of the solvent
was now reduced to the minimum on the vacuum line before adding ether
to produce white crystals of 'tri(2—methylphenyl)arsine dichloride.
The product was filtered, washed with ether, and dried in vacuo.
m.p. 184-185°C (lits  200-206°C)'°3 Found: C, 59.62; H, 4.85; C1,

16.70% . AsCl requires: C, 60.15; H, 5.05; C1, 16.90%.

21 21

(2) (2-CH.C Hu) AsBr,

376
Bromine (0.3287 g, 2.056 mmol) in acetonitrile (15 ml) was added

dropwise with shaking to a solution of tri(2-methylphenyl)arsine
(2.056 mmol) in acetonitrile (50 ml). The solvent was completely
removed on the vacuum line, m.p. 192-193°C (lit: 92°C prepared in
CClu). Found: c, 50.17; H, 4.33; Br, 31.73%.

21 21A8BP requires: C, 49.63; H, 4.17; Br, 31.45%

(3) (2-cn3c:6 3

‘Todine chloride (0.1160 g, 0.7T14Y4 mmol) dissolved in methyl

HR)BASICI

cyanide (10 ml) was added dropwise to a solution of
tri(2-methylphenyl)arsine dichloride (0.2990 g, 0.T7144 mmol) in

methjl cyanide (15 ml). A clear yellow coloured solution was obtained
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which did not give any solid adduct on the addition of ether. After
freeze~-drying a viscous yellow oil was obtained. This was pumped on
the vacuum system to remove last traces of solvent but it was found
that halogen (12 or ICl) was removed under these conditions. Found:
C, 46.07; H, 4.10; I, 17.99; C1, 19.47% C, H_,AsICl, requires: C,

2121 3
43.37; H, 3.64; I, 21.82; C1, 18.28%

(b) Halogen adducts of Tri(3-methylphenyl)arsine

(1) (3-CH3C6H4)3A3012

Tri(3-methylphenyl)arsine dichloride was prepared in exactly the

same manner as tri(2-methylphenyl)arsine dichloride. White crystals
were obtained. m.p. 17&-17700 (Lit: 173-17500). Found: C, 59.84; H,
5.47y ¢l, 17.33%. 021 21A8012 requires: C, 60.15; H, 5.05; C1,
16.90%.

(2) (3-CH ¢ Hu) AsBr,

Bromine (0.2972 g, 1.8596 mmol) dissolved in acetonitrile (10 ml)
‘ was added dropwise with shaking to a solution of tri(3-methylphenyl)
arsine (0.6486 g, 1.8596 mmol) in acetonitrile (40 ml). The solvent
was completely removed on the vacuum line léaving behind a white
crystalline solid. This was dried under vacuum. m.p. 186-188°C (Lit:
185-186°C). Found: G,  49.57; H,  4.23;  Br,  30.80%.
21 21AsBr requires: C, 49.63; H, 4.17; Br, 31.45%.

(3) (3—CH3C Hu)3AsICls

Iodine chloride (0.1387 g, 0.8543 mmol) dissolved in methyl cyanide

was added dropwise to a suspension of tri(3-methylphenyl)arsine
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dichloride (0.3581 g, 0.8542 mmol) in methyl cyanide (30 ml).
Reaction occurred giving a clear yellow solution, which on
freeze-drying gave a viscous yellow o0il as in the case of the
(2*0H306Hu)3AsClZ-ICI reaction. The oil was unstable losing halogen
(12 or IC1) in the vacuum system. Found: C, 45.41; H, 4.07; I, 17.90;
Cil, 17.29% 021H21ASICI3 requires: C, 43.37; H, 3.64; I, 21.82; C1,
18.28%.

(¢c) Halogen adducts of Tri(l-methylphenyl)arsine

(1) (H-CH306H4)3A8012

Tri(4=-methylphenyl)arsine dichloride was prepared in exactly the

same manner as tri(2-methylphenyl)arsine dichloride. The product was

a white crystalline solid. m.p. 220-220°C (lit: 240-242°¢)153+

Found: C, 59.76; H, 5.40; C1, 17.04% 021H21A5012 requires: C, 60.15;

H, 5.05; Cl, 16.90%

(2) (ll-CH3C6

Bromine (0.2510 g, 1.5705 mmol) dissolved in methyl cyanide

HM)3ASBP2

(15 ml) was added dropwise to a suspension of
tri(4-methylphenyl)arsine (0.5456 g, 1.5664 mmol) in the same solvent
(20 ml). The arsine reacted with bromine, a clear and colourless
solution resulted on complete addition of the bromine solution.
Standing for 10 min. Gave white crystals of tri(4-methylphenyl)arsine
dibromide. These were filtered, washed and dried on the vacuum line.
m.p. 235-238°C (decomposed) (lit: 236-238°C). Found; C, 50.47; H,

4.03; Br, 31.06% C AsBr_ requires: C, 49.63; H, 4.17; Br, 31.45%.

21H21 2
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(3) (4-CH

306H4)3ASI013

Iodine chloride (0.1001 g, 0.0616 mmol) dissolved in methyl

cyanide (15 ml) ‘was added dropwise to a solution of
tri(4-methylphenyl)arsine dichloride (0.2583 g, 0.0616 mmol) in the
same solvent (30 ml). A clear yellow solution was formed, which after
freeze-drying gave a yellow oil. The distillate from freeze-drying
was slightly yellow indicating a slight loss of halogen. The oil was
therefore not pumped further, Found: C, 44.,32; H, 3.93; I, 20.31; Cl,

18.05% 021H21AsICl3 requires: C, 43.37; H, 3.64 I, 21.82; Cl,

18.28%.

(d) Halogen adducts of Tri(2,6~dimethylphenyl)arsine

(1? [2,6-(CH3)206H AsCl,.CHC]

%]3 3

Chlorine gas, diluted in a stream of dry nitrogen was passed

through a solution of tri(2,6-dimethylphenyl)arsine (1.000 g, 2.6616
mmol) in chloroform (30 ml) until the solution assumed a yellow-green
colour. Cooling was necessary during the reaction. The solvent was
removed on the vacuum line by the method of freeze-drying. A white
crystalline solid was obtained. m.p. 210°C (decomposed). Found: C,
58.49; H, 5.72; C1L (hydrolysable) 14.00% C

AsClz.CHCl requires:

2ytlaq 3
C, 58.67; H, 5.91; Cl, (hydrolysable) 13.85%. The compound was found
to be in a solvated form and even after very long pumping it could not
be obtained un-soclvated. The presence of CHCl3was confirmed from the

infra-red spectrum. Attempts to make the unsolvated compound in

carbon tetrachloride were not successful.
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(2) [2,6-(CH3)2F6H3]3AsBr

2
Bromine (0.232 g, 1.4516 mml) dissolved in acetonitrile (10 ml)

was added dropwise with shaking to a solution of
tri(2,6-dimethylphenyl)arsine (0.6667 g, 1.4616 mmol) in the same
solvent (30 ml). Pale yellow crystals precipitated out during the
addition of bromine solution. The crystals were filtered off and
dried on the vacuum line. m.p. 204-205°C. Found: C, 52.77; H, 4.94;

Br, 29.24% C AsBr2 requires: C, 52.39: H, 4.94; Br, 29.04%.

247

(3) [2,6—(CH3)ZC6H3]3ASIBr

A solution of iodine bromide (12, 0.1206 g, O0.4751 mmol + Br

2’
0.0759 g, O0.4749 mmol) in acetonitrile was added with shaking to a

solution of tri(2,6-dimethylphenyl)arsine (0.3710 g, 0.9503 mmol) in
the same solvent (30 ml). After the addition of the iodine bromide
solution was completed, the solution was freeze dried. A rust
coloured so0lid was obtained and dried in vacuo. m. p. 169-170°C
(decomposed). Found: C, 47.62; H, 4.76; Br, 13.32; I, 20.19%

CzuH27AsIBr requires: C, 48.27; H, 4.55; Br,13.38; I, 21.25%.

(4) [2’6'(°H3)205H3]3ASB"4

Bromine (0.2716 g, 1.6994 mmol) dissolved in methyl cyanide (16
ml) was added dropwise with shaking to a solution of
tri(2,6~dimethylphenyl)arsine (0.3316 g, 0.8494 mmol) in the same
solvent (30 ml)., After the bromine solution was added the solution
was freeze~dried, and the light-yellow crystals were filtered off and

dried on the vacuum line:. m.p. 194—19800 (decomposed). Found: C,

41.32; H, 3.82; Br, 44.95% CZMH27ASBru requires: C, 40.59; H, 3.83;
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Br, 45.01%.

(5) [2,6-(CH3)206H3]3ASBP3I

A 1:3 molar nixture of iodine\and bromine (12,0.1205 g, 0.4747

mmol + Br2, 0.2277 g, 1.4247 mmol) in methyl cyanide (20 ml) was
added dropwise with shaking to a solution of
tri(2,6~dimethylphenyl)arsine (0.4038 g, 1.0343 mmol) in the same
solvent (30 ml). The solvent was completely removed on the vacuum
line. m.p. 198-200°C. Found: C, 39.02; H, 3.60; Br, 31.56; I,
16.70% C,yHypAsBroI requires: C, 38.07; H, 3.59; Br, 31.66; I,
16.76%.

(6) [2,6-(CH,) C H_ I AsBr,I

3)2,6 3°3 272
A 1:1 molar mixture of iodine and bromine (12, 0.2188 g, 0.8620

mmol + Br2, 0.1378 g, 0.8622 mmol) in acetonitrile (20 ml) was added
dropwise with continuous stirring to a solution of
tri(2,6-dimethylphenyl)arsine (0.3367 g, 0.8623 mmol) in the same
solvent (25'ml). The solvent was removed on the vacuum line leaving
behind orange coloured crystals, which were pumped further on the
vacuum line. m.p. 166-168°C. Found: C, 35.45; H, 3.42; I, 31.06;
Br, 19.55% 024H27A3Br212_requires: ¢, 35.85, H, 3.38; Br, 19.88; I,
31.57%.

(7 [2,6-(CH3)2§5H3]3AsIu

Todine (0.2962 g, 1.1670 mmol) dissolved in acetonitrile (15 ml)
was added dropwise with shaking to a solution of
tri(2,6-dimethylphenyl)arsine (0.2278 g, 0.5835 mmol) in the same

solvent (20 ml). The bulk of the solvent was reduced on the vacuum

ki




- 155 =

line. No solid was obtained on adding ether, so the solvent was
completely removed by freeze-drying leaving a black crystalline
solid. This was pumped on the vacuum line m.p. 138—1&000

(decomposed). Eound: t, 31.55¢ B, 3013 I, B56.T1% 024H27Aslu

requires: C, 32.10; H, 3.03; I, 56.52%.

(8) [2,6-(CH3)2C6 ASBP6

Halg
Bromine (0.3370 g, 2.1086 mmol) dissolved in acetonitrile (15 ml)

was added dropwise with shaking to a solution of
tri(2,6-dimethylphenyl)arsine (0.2744 g, 0.7028 mmol) in the same
solvent (20 ml). During the. addition of bromine solution the
tri(2,6~dimethylphenyl)arsine dibromide started forming but
redissolved on the further addition of bromine solution The solution
af'ter freeze~drying gave bright orange colour crystals of
[2,6-(CH3)C6H3]3AsBr6 During pumping to remove lost traces of solvent,
bromine was last. m.p. 192-194°C (decomposed). Found: C, 31.69; H,
3.39; Br, 50.64, N, 0.65% C_ H AsBr6 requires: C, 33.14; H, 3.13; Br,

24727
55.12% .

(9) [2,6-(cng)zgﬁﬂg]3As1013

Iodine chloride (0.1219 g, 0.7508 mmol) dissolved in acetonitrile

(10 ml) was added dropwise with shaking to a suspension of
tri(2,6-dimethylphenyl)arsine dichloride (0.3413 g, 0.7508 mmol) in
the same solvent (20 ml). A clear yellow solution was obtained which
afer freeze-drying gave yellow crystals. m.p. 215-21800 Found: c,

47.10; H, 4.54; Cl, 16.44; I, 19.61% C AsICl, requires: C, 46.22;

247 3

H, 4.36; C1, 17.05; I, 20.35%.




Haieéen adducts oﬁ;Tﬁf(flupn6phepv1)arsines

' (J) (2-FC % AsCl

6743

Dry ﬁchlorine gas, dlluted in a stream of dry nitrogen, was.

passea -through a solution ofltri(Z-fluorophenvl)arsine in chloroform“

(20" ml) until the solution assumed sa yellow-green eolour.‘ ;The-

¢

ﬁSQiQ.ion was freeze-dried.u WA yellow solld was’ obtained whleh wasf
:'ﬁby. This solld slowly melt w1th deoomp031t10n at aboutf‘

200 C : Found' C 49 425 H, 2. 89;aCl 16 10% C.J AsCl requires.é

18 12 3
c,50. 15, H, 2.80; CL, 16. 45%.

-5
00

(2 ) (3—FCGH“) AsClzlsx

73Tri(3-f1uorophenyl)ar31ne diohloride was prepared as -a, white .

crystalllne solid % by the same - method - 3ﬁe; was used
tri(2-fluorophenyl)arsine_iqyehIOEide" It melts at 156 160" ,

49 99,,¥ s 75, ,,16.33% 018H12F3AsCl requi?eef.C,- y
“2.:80; CI, 16 us%

v

_(3) (3—FC 4)3ASBP

Bngm;ne (O 5201 g, 3. 25“3 mmol) dlssolved in acetonitrile:;(10“
'wee added 1 dropW1se w1th -shaking :to 'e_ ﬁsolubion .of_

tri(3 fluorophenyl)ar81ne (1 1723 g, 3.2544 mmol) in the same solvent

RN

The solutlon was freeze drled. A white ngstalIih,fépliqﬁ.
was obtalned whlch was.- dried on. the vaeuum line. m.p._ R169=T71QC

Found c u1 50 H, 2. 24 BP, 30 26% c AsBr requ;res. c, 41 57,'

18" 12F3
H, 2. 32 Br, 30. 73% 1 s SR
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@) (l:l-FCG}I)‘l)BCl2 was prepared by the same method as was used for

tri(2-fluorophenyl)arsine dichloride. It is a white solid, m.p.
o

206-208"C, Found. C, 49.23; H, 2.72; €Ci, 17.04% C18H12F3_A8012

requires: C, 50.15; H, 2.80; ClL, 16.45%.

(5) (4—FC6H4)3AsBr2 was made by the same method as for

(3-F06Ha)3AsBr2. It is a white crystalline solid. m. p. 244-246°C
(decomposed). Found: C, 42.45; H, 2.36; Br, 30.40% C18H12‘i~‘3AsBr'.2
requires: C, 41.57; H, 2.32; Br, 30.73%.

(f) Halogen adducts of Tris(2-trifluoromethylphenyl)arsine

(1 (2-CF

3C6H4)3ASC12. CHCl3

Chlorine gas, diluted in a stream of dry nitrogen, was passed

through a solution of tris(2-trifluoromethylphenyl)arsine (0.50 g,
0.9799 mmol) in chloroform (30 ml) until the solution assumed a
yellow-green colour. On addition of ether a white crystalline solid
was obtained. This was filtered off and dried on the vacuum line.
m.p. 216-218°C. Found: C, 40.73; H, 2.13; Cl, (hydrolysable) 12.47%
021H12F9A3012.CH013 requires: C, 41.83; H, 2.39; Cl, (hydrolyseable)
11.22%. The presence of chloroform of solvation was confirmed from

the infra-red spectrum of the compound.

(g) Halogen adducts of Tris(3-trifluoromethylphenyl)arsine

(1) (3-CF

3C6H4) 3ASCJ.2

Chlorine gas diluted in a stream of dry nitrogen, was passed

through a solution of tris(3-trifluoromethylphenyl)arsine (1.5 g,
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2.9397 mmol) in chloroform (20 ml) for 10 minutes. After freeze
drying, the solution gave a light yellow solid. m.p. 166-168°C.

Found: C, 43.66; H, 2.25; Cl, 11.57% 021H12F9ASC12 requires: C, 43.40;

H, 2.08; C1, 12.20%.

(2) (3-CF306H4)3AsBr2

Bromine (0.3227 g, 2.0192 mmol) in acetonitrile (10 ml) was

added dropwise with shaking to a solution of
tris(3-trifluoromethylphenyl)arsine (1.030% g, 2.0194 mmol) in the
same solvent (20 ml). The solution was freeze dried. A white
crystalline solid was obtained and this was dried on the vacuum line.
m.p. 172-174°C. Found: C, 38.64; H, 1.88; Br, 23.17% C, H, F_AsBr

! 2171279 2
requires: C, 37.64; H, 1.80; Br, 23.85%.

(h) Halogen adducts of Tris(4-trifluoromethylphenyl)arsine

(1) (R-CF306H4)3A8012

Chlorine gas, diluted in a stream of dry nitrogen, was passed
through a solution of tris(4~trifluoromethylphenyl)arsine (0.70 g,
1.3719 mmol) in chloroform (30 ml) until the solution assumed a
yellow-green colour. Cooling was necessary during the reaction. No
solid was obtained when ether was added. The solvent was completely
removed on the vacuum line giving a white crystalline solid which was
dried under vacuum, m.p. 214-216°C. Found: C, 43.39; H, 2.14; Cl,
12.47% Q21H12F9ASC12 requires: C, 43.40; H, 2.08; Cl, 12.20%.

(2) (H-CE3C6HH)3AsBr2

Bromine (0.1792 g, 1.1213 mmol) dissolved in acetonitrile (10
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ml) was added dropwise with shaking to a solution of
tris(4~trifluoromethylphenyl)arsine (0.5722 g, 1.1214 mmol) in the
same solvent (20 ml). After the addition of bromine solution was
completed, the solvent was completely removed on the vacuum line. The
white crystalline solid obtained was dried under vacuum, m. p.
210-212°c.  Found: C, 38.20; H, 1.84; Br, 23.44% C_ H F.AsBr

2171279 2
requires: C, 37.64; H, 1.80; Br, 23.85%.

(3) (N-C?3C6H4)3ASIZ

Todine (0.2763 g, 1.0886 mmol) dissolved in acetonitrile (10 ml)
was added dropwise with shaking to a solution of

tris(4-trifluoromethylphenyl)arsine (0.5555 g, 1.0886 mmol) in the

same solvent (20 ml). The solution was freeze dried. A brown black
solid was obtained. Last traces of solvent were removed by pumping on
the vacuum system. During this process it was noted that a trace of
iodine condensed in the cold trap. m.p. 116-118°C (decomposed).

Found: C, 33.79; H, 1.67; I, 33.04% C AsI2 requires: C, 33.01;

21H1ZF9
H, 1.58; I, 33.21.

(4) (u-cr3c654)3AsIn

Tris(l4-trifluoromethylphenyl)arsine (0.4801 g, 0.9409 mmol) in

acetonitrile (10 ml) was added dropwise with shaking to a solution of
iodine (0.4776 g, 1.8817 mmol) in the same solvent. The solution was
freeze dried. A black crystalline solid was obtained. (the solid
lost some iodine during the pumping) m.p. 118-119%¢ (decomposed).

Found: C, 25.93; H, 1.30; I, 50.76% C

21H12F9As1u requires: C, 24,78;

H, 1.19; I, 56.97%.
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ATTEMPTED PREPARATIONS

(1) [2,6—(CH3)206H3]3A512

From a 1:1 mixture of iodine and tri(2,6-dimethylphenyl)arsine
in acetonitrile, a dark brown solid was obtained; this was unstable
and lost iodine during pumping. m.p. 134—13600 (decomposed). Found:

aytloy

(2) (2-F06Hu)3AsBru

Bromine (0.3209 g, 2.0079 mmol) dissolved in acetonitrile (10 ml)
was added dropwise with shaking to a suspension of
tri(2-fluorophenyl)arsine (0.3617 g, 1.0040 mmol) in the =same
solvent. The solution was shaken for one hour, but some starting
material [(2—F06Hu)3As] remained undissolved. Therefore  the
supernatant clear yellow solution was carefully decanted and freeze
dried. A yellow solid was obtained which lost some bromine during
pumping to dryness. m.p. 184-186° (decomposed). Found: C, 45.80; H,
2.50% C18H12F3A8Bru requires: ¢C, 31.80; H, 1.78%. On further pumping

on the vacuum line it lost bromine and the analysis obtained was close

to the starting material.

(3) (u-Fceﬂn)3As12 Iodine (0.2076 g, 0.8179 mmol) dissolved in

acetonitrile (10 ml) was added dropwise with shaking to a solution of
tri(Y4-fluorophenyl)arsine (0.2924 g, 0.8117 mmol) in the same
solvent. A brown solid was obtained which 1lost iodine readily.

Found: C, 31.90; H, 1.75% C AsI2 requires C, 35.21; H, 1.97%.

18M12F3
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€)) (2-CF Hu)3AsIC1

3% 3
Todine chloride (0.0670 g, 0.4126 mmol) dissolved din

acetonitrile (10 ml) was added dropwise with continuous shaking to a
solution of tris(2-trifluoromethylphenyl)arsine dichloride. A clear
yellow solution was obtained which was freeze dried. The yellow solid
obtained lost iodine during the pumping. m.p. 129—13000. Found: C,
35.10; H, 1.79% 021H12F9ASIC13 requires: C, 33.90; H, 1.62%.

(5) (2~c?306H4)3AsBr2

A 1:1 molar mixture of bromine and

tris(2-trifluoromethylphenyl)arsine was prepared in acetonitrile.
When the solution was freeze dried, it left behind an orange solid
which was unstable and lost bromine readily during pumping. m.p.
147-149°C (decomposed). Found: C, 41.06; H, 2.09% C..H, F AsBr,,

21712 9
requires: C, 37.64; H, 1.80%.

(6) (2-CE3CGHM)3AsBru

Bromine (0.2113 g, 1.3221 mmol) dissolved in acetonitrile (10
ml) was added dropwise to - a solution  of
tris(2-trifluoromethylphenyl)arsine (0.3373 g, 0.6610 mmol) in the
same solvent (20 ml). The solution was freeze diﬂied. A dark brown
sticky solid was obtained, which lost bromine during pumping. Found:
C, 36.51; H, 2.05; N, 0.37% 021H12F9A8Br4 requires: C, 30.19; H,
1.45%. From the analytical data it was thought that the compound
obtained was the dibromide contaminated with solvent
(2-CF C6H4)3AsBr2.CH CN. Io get rid of last traces of solvent the

3 3
compound was pumped on the vacuum line, but this resulted in further




loss of bromine. Found: C, 40.79; H, 2.06% N, 0.15% 021H12F9AsBr2

requires: C, 37.64; H, 1.80%.

(7 (M-CF3CGH4)3A31013

When iodine chloride and tris(4-trifluoromethylphenyl)arsine

dichloride (in a 1:1 molar mixture) were mixed in methyl cyanide, a
brown crystalline solid was obtained after the solution was freeze
dried. The product was unstable, losing iodine chloride during
pumping to dryness. After long pumping the final product was white
crystalline tris(4-trifluoromethylphenyl)arsine dichloride. m,p.
219-220°c.  Found: <€, 42.76; H, 2.04%. (C,.H . F.AsCl. m.p.

21712° 9 2

214-216°C. requires: C, 43.40; H, 2.08%). AsICl, requires:

CoqllyoF ghsICly

C, 33.92; H, 1.62%.
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PART II

(a) Halogen adducts of Triphenylstibine

(1) (C6H5)2§b012

Dry chlorine gas, diluted in a stream of dry nitrogen, was passed
through the solution of triphenylstibine (2.900 g, 6.840 mmol) in
(20 ml) chloroform until the solvent assumed a yellow-green colour .
After freeze-drying a white crystalline adduct was obtained. The
adduct was washed with dried ether and then pumped dry. m.p.134—136°0

172

(1it: 13°c.)""* Found: ¢, 51.53; H, 3.58; Cl, 20.28% C, H, SbCl

18715 2
requires: C, 50.99; H, 3.56; Cl1, 21.20%.

(2) (CGHS)RSbBrZ

Bromine (0.6819 g, 4.266 mmol) in acetonitrile (10 ml) was added
dropwise, with shaking to a solution of triphenylstibine (1.5065 g,
4,266 mmol) in acetonitrile (20 ml), white crystals precipitated out
during the addition of the bromine solution, these were filtered,
washed with ether and dried on the vacuum line. m.p, 214-216°C (lit:

172

214-215°¢) "2, Found: ¢, 42.29; H, 2.83; Br, 30.70%. C,4Hy5SDBr,

requires: C, 42.15; H, 2.95; Br, 31.20%.

(3) (CgHg),SbI, |

Iodine (0.9864 g, 3.886, mmol) in acetonitrile (20 ml) was added
dropwise with shaking to a solution of triphenylstibine (1.3722 g,
3.886, mmol) in acetonitrile (20 ml). This resulted in the formation
of a pale yellow crystalline solid. The solid was filtered and pumped

on the vacuum line. m.p. 168-170°C (decomposed). Found: C, 35.82; H,
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2.41; I, 41.25%. 018H15Sb12 requires: C, 35.62 ; H, 2.49; I, 41.82%.

(4) (CgHy)SbI,

Triphenylstibine (0.8206 g, 2.324 mmol) in acetonitrile (10 ml)
was added dropwise with continuous shaking to a solution of iodine
(1.1799 g, 4.648,mmol) in acetonitrile (20 ml). A black coloured
solution formed, which after freeze-drying gave a black, sticky
solid. Loss of iodine was observed during the pumping to dryness.
m.p, 138-140°C. Found: C, 26.73; H, 1.83; I, 57.45%. C, H _SbI

18715774
requires: C, 25.12; H, 1.75; I, 58.98%.

(5) (CGHB)?SDIBr

Iodine bromide (0.7757 g, 3.750 mmol) in acetonitrile (15 ml) was
added dropwise to a solution of triphenylstibine (1.3242 g,
3.750 mmol) in the same solvent (10 ml). After the complete addition
of the iodine bromide solution a white solid precipitated out; this
was filtered off, washed with ether and dried on the vacuum line.
m.p. 194-196°C (decomposed). Found: C, 38.73; H, 2.66; Br, 14.30; I,
22.60%. C18H158bIBP requires: 'C, 38.61; H, 2.70; Br, 14.27; I,
22.66%.

(b) Halogen Adduct of Tri(2-methylphenyl)stibine

(1 (2-CH,CcH,))

Tri(2-methylphenyl)stibine dichloride was prepared in exactly the

SbCl2

same manner as triphenylstibine dichloride. The product was a white

crystalline solid. m.p. 224-226°C. Found: C, 54.44; H, 4.61; C1,
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15.46; C SbCl2 requires: C, 54.12; H, 4.54; Cl, 15.21%.

21H21

(2) (2-CHQC6Hu)quBr2

Bromine (0.2770 g, 1.733 mmol) in acetonitrile (7 ml) was added
dropwise with shaking to a solution of tri(2-methylphenyl)stibine
(0.6850 g 1.733 mmol) in acetonitrile (25 ml). On reducing the volume
of the solvent on the vacuum line, a white crystalline solid
appeared. This was filtered off and dried on the vacuum line. m.p,
230—23é°c. found: C, 45.21; H, 3.60; Br, 28.72; C,..H SbBr requires:

2121
C, 45.45; H, 3.81; Br, 28.72%.

(3) (2-CH 2CgH u) SbI,

Iodine (0.3952 g, 1.557 mmol) dissolved in acetonitrile (5 ml)
was added dropwise to a suspension -of tri(2-methylphenyl)stibine
(0.6152 g, 1.577 mmol) in the same solvent (20 ml). The clear dark
coloured solution was put in the fridge for one hour, after which pale
yellow crystals appeared. These were filtered and dried under
vacuum. m. p. 127-129°C. Found: C, 38.94; H, 3.26; I, 37.92%

21 21SbI requires. C, 38.87: B, 3.26; I, 38.13%.

(u) (2-CH CH ) SbI

Iodine (0.5676 g, 2.236 mmol) in acetonitrile (10 ml) was added
dropwise with shaking to a solution of tri(2-methylphenyl)stibine
(0.4402 g, 1.118 mmol) in acetonitrile (20 ml). This resulted in the
formation of a dark coloured solution.The volume of the solution was
reduced by freeze-drying. The black solid formed was femoved by
filtration, washed with dry ether and dried on the vacuum line.

Found: C, 25.52; H, 2.13; I, 55.52; Sb, 17.38% C1uH1kaI requires: C,

3
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G, 24.55; H, 2.06; I, 55.59; Sb, 17.78%., Attempts to prepare

(2-CH Hu)3Squ using benzene as solvent gave the same compound.

3%

(5) (2—CH3C6Hu)3SbIBr.CH3CN

Iodine bromide (0.311 g, 1.503 mmol) in acetonitrile (10 ml) was

added dropwise to a solution of tri(2-methylphenyl)stibine (0.5939 g,
1.503 mmol) in the same solvent (10 ml), resulting in the formation of
a clear yellow solution, The volume of the solution was reduced on
the vacuum line producing a brown solid which was filtered off, washed
with ether and pumped dry on the vacuum line., The elemental analysis
showed that a monosolvated adduct had been formed. m.p. 163-165°C

(decomposed). Found: C, 43.20; H, 3.76; Br, 12.79; I, 19.17; N, 2.17%

C SbI1Br.CH,CN requires: C, 42,90; H, 3.76; Br, 12.42; I, 19.73; N,

21721 3

2.17%. Attempts to prepare the unsolvated adduct were made using
benzene as solvent, but this did not result in the formation of a pure
compound; it appeared that a mixture of the iodide bromide and
dibromide adduet crystallised from the benzene solution. (Found: C,

42.,76; H, 3.50; I, 17.83; Br, 14.68% C SbIBr requires: C, 41.90;

21H21
H, 3.52; I, 21.08; Br, 13.26%)

(e) Halogen Adducts of Tri(3-methylphenyl)stibine

(1) (3-CH,CCH)),

Tri(3-methylphenyl)stibine dichloride was prepared in an identiecal

SbCl2

manner to triphenylstibine dichloride. The product was a white
crystalline solid. m.p, 137-138°C Found: C, 54.48; H, 4.57; Cl, 16.20%

H,,SbCl, requires: C, 54.12; H, 4.54; C1, 15.21%.

o1

21
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(2) (3-CH,CH,) SbBr,

Bromine (0.2894 g, 1.8100 mmol) in acetonitrile (10 ml) was added
dropwise with shaking to a solution of tri(3-methylphenyl)stibine
(0.7148 g, 1.810 mmol) in the same solvent (20 ml). The solution was
freeze dried and a white crystalline adducet was obtained. m. p,
106-107°C. Found: C, 45.44; H, 3.74; Br, 28.80; C,,H, SbBr, requires:
C, 45.45; H, 3.81; Br, 28.72%.

(3) (3-CH306Hu)quI2

Jodine (0.3900 g, 1.536 mmol) dissolved in benzene (5 ml) was
added to a solution of tri(3-methylphenyl)stibine (0.6073 g, 1.536
mmol) in benzene (20 ml). The solution was freeze dried and a light
yellow coloured solid was obtained. m.p.140—142°0. Found: C, 38.98;

H, 3.24; I, 38.45% C Sb12 requires: C, 38.87; H, 3.26; I, 39.13%.

21121

This unsolvated compound could not be obtained from acetonitrile.

() (3-CH,CcH) ) SbI,

Iodine (0.5780 g, 2.277 mmol) dissolved in acetonitrile (10'ml)

was added dropwise to a solution of tri(3-methylphenyl)stibine (0.4499
g, 1.138 mmol) in acetonitrile (20 ml). A clear dark brown coloured
solution was obtained. The dark violet solid obtained was pumped free
of solvent on the vacuum line. During this process iodine was
observed to condense in the cold trap. m. p. 130-132°C (decomp) .

Found: C, 29.27; H, 2.43; I, 53.18% C Squ requires: C, 27.93; H,

21821
2.34; I, 56.23%. The observed low percentage of iodine and high
percentage of carbon are in keeping with the loss of iodine during

pumping.
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(5) (3—03306Hu)23b13r

Iodine bromide (0.3427 g, 1.657 mmol) in acetonitrile (10 ml) was
added dropwise to a solution of tri(3-methylphenyl)stibine (0.6548 g,
1.657 mmol) in acetonitrile (20 ml). A yellow crystalline solid was
obtained after complete removal of solvent on the vacuum line m.p,
120-122°C. Found: C, 41.75; H, 3.54; Br, 12.51; I, 22.14% C_ H.. SbIBr

21721
requires: C, 41.83; H, 3.51; Br, 13.25; I, 21.05%

(d) Halogen Adducts of Tri(X4-methylphenyl)stibine

(1) (M-CHBQ6H4)%SbClZ

Tri(4-methylphenyl)stibine dichloride was prepared in exactly the
same manner as triphenylstibine dichloride. The product was a white
crystalline solid. m.p. 154-155°C. Found: C, 54.05; H, 4.52; C1,

14.58%. 021H21Sb012 require: C, 54.12; H, 4.54; Cl, 15.21%

(2).(4—033P6Hu)§SbBr2

Bromine (0.2757 g, 1.725 mmol) dissolved in acetonitrile (7 ml)
was added dropwise to a solutioﬁ of tri(4-methylphenyl)stibine (0.6818
g, 1.725 mmol) in the same solvent (20 ml). A white crystalline solid
formed readily during the bromine addition. This was filtered, washed
with ether and dried on the vacuum line.- m.p.224—225°C. Found: c,
45.45; H, 3.78; Br, 29.51% C,.H SbBr2 requires: C, 45.45; H, 3.81;

21 21
Br, 28.72%.




(3) (4-0H306H4%Fb12

Iodine (0.3901 g, 1.537 mmol) dissolved in acetonitrile (10 ml)
was added dropwise with shaking to a solution of
tri(Y4-methylphenyl)stibine (0.6070 g, 1.536 mmol) in acetonitrile (20
ml). During the addition of the iodine solution a pale yellow solid
was precipitated; this was filtered and washed with dry ether. m.p.
189°C (decomposed). Found: C, 39.3% H, 3.2% I, 38.91% C.H SbI,

2121
requires: C, 38.87; H, 2.26; I, 39.13%.

(%) (H-03306H4)3Sb13r

Iodine bromide (0.3685 g, 1.781 mmol) in benzene (15 ml) was added
dropwise to a solution of tri(A4-methylphenyl)stibine (0.7040 g, 1.781
mmol) in the samelsolvent (15 ml), a light yellow clear solution was
formed, af'ter freeze-drying a white crystalline compound was
obtained. m.p 204-206°C (decomposed). Found: C, 41.48; H, 3.45; Br,
13.84; I, 20.74%. 021H21SbIBr requires: C, 41.83; H, 3.51; Br, 13.25;
I, 21.05%. An attempt to prepare this compound in acetonitrile gave a

product with a low percentage of bromine and iodine.

Halogen Adducts Of Tri{2,6-dimethylphenyl)stibine

(1) [(2,6-(033)29634]3Sb012

Chlorine gas, diluted in a stream of dry nitrogen gas was passed

through the solution of tri(2,6-dimethylphenyl)stibine (1.8 g, 4.1168
mmol) in chloroform (20ml) until the solution turned yellow. On
freeze-drying a white crystalline adduct was obtained. The adduct was

washed with ether and vacuum dried. m,p. 250-25200 (decomposed).
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Found: C, 56.44; H, 5.32; Cl1, 14.83%. Sb012 requires C, 56.73;

Coyllny
H, 5.35; Cl, 15.95%.

(2) [(2,6-(CH ) LeHa1,SbBr,

]3
Bromine (0.2542 g, 1.5905 mmol) dissolved in acetonitrile (10 ml)

was added dropwise, with shaking, to a solution of
tri(2,6-dimethylphenyl)stibine (0.6954 g, 1.5905 mmol)in acetonitrile
(20 ml). A white solid formed. This was filtered and vacuum dried.
m,p. 192-194°C. Found: C, A48.27; H, 4.56; Br, 26.31%. C_,H SbBr

24727
requires: C, 48.28; H, 4.56; Br, 26.77%.

(3)[(2,6-(CH3)206Hq]38b;2

Iodine (0.3773 g, 1.4865mmol) dissolved in acetonitrile (10 ml)

was added dropwise, with shaking, to a solution of
tri(2,6-dimethylphenyl)stibine (0.65 g, 1.4866 mmol) in the same
solvent (20 ml). During the addition of the iodine solution a bright
red solid formed. The solid was filtered and vacuum dried. M. pP.
133-136°C  (decomposed). Found C, 41.98; H, 3.93; I, 35.57%..
C,yHypSbI, requires: C, 41.21; H, 3.94; I,36.73%.

(4) L(2,6- (CH ).C SbI

Lelizly
Tri(2,6-dimethylphenyl)stibine (0.5871 g, 1.3427 mmol) dissolved

in acetonitrile (20 ml) was added dropwise, with shaking, to a
solution of iodine (0.6816 g, 2.685 mmol) in the same solvent
(10 m1). A black crystalline solid formed and this was filtered and
dried on the vacuum line. m.p. 142-145°C Found: C, 30.49; H, 2.83;

I, 53.11%. CZH 27Squ requires: C, 31.51; H, 2.88; I, 53.72%.
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(5) [(2,6-(CH3)2505H3)]3SbIB;3

Iodine bromide (0.1941 g, 0.9384 mmol) dissolved in acetonitrile

(10 mL) was added, with  shaking, to a suspension of
tri(2,6~dimethylphenyl)stibine dibromide (0.5604 g, 0.9386 mmol) in
acetonitrile (30 ml) . A yellow solution formed which gave a brown
compound after freeze-drying. A brown condensate (iodine or iodine
bromide) appeared in the trap whilst drying in the vacuum system.
This indicated that this adduct is not stable. m.p. 181-18°C
(decomposed). Found: €, 37.10; H, 3.50; Br, 30.66; I, 15.24%.

024H27SbIBP3 requires: C, 38.86; H, 3.38; Br, 29.82; I, 15.79%.

(f) Halogen Adducts Of Tris(2-trifluoromethylphenyl)stibine

(1)(2-CF306H413SbCl2

Chlorine gas, diluted in a stream of dry nitrogen, was passed

through a solution of tris(2-trifluoromethylphenyl)stibine (2.2 g,
3.9493 mmol) in chloroform (25 ml) until the =solution became slightly
yellow. After freeze-drying a white compound was obtained which was
very soluble in ether. The compound was pumped dry. m.p. 215-216o
C. Found: C, 40.50; H, 2.32; ClL, 12.23%. C, H, . F Sb012 requires: C,

2171279
%0.16; H, 1.93; Cl, 11.29%.

(2) (2~CF ) ;SbBr

3C6y 2
Bromine (0.2229 g, 1.3947 mmol) dissolved in acetonitrile (10 ml)

was added to a solution of tris(2-trifluoromethylphenyl)stibine
(0.7770 g, 1.3948 mmol) in acetonitrile (10 ml). A clear and
colourless solution was obtained which gave a white crystalline adduct

when freeze-dried. m.p. 190-192°C. Found: €, 35.03; H, 1.69; Br,
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21.93%. 021H12F98bBr2 requires: C, 35.18; H, 1.69; Br, 22.29%.

(g) Halogen Adducts Of Tris(4-trifluoromethylphenyl)stibine

(1) (4—CF3C6H413§b012

Chlorine gas, diluted in a stream of dry nitrogen, was passed

through the solution of tris(i4-trifluoromethylphenyl)stibine (2.0 g,
3.5903 mmol) in chloroform (30 ml) until the solution became slightly
yellow. After freeze-drying a white crystalline compound was
obtained. m.P. 118-119°C. The compound was very soluble in ether.

Found: €, 40.22; H, 2.01; Cl, 11.87%. C Sb012 requires: C,

21812F g
%.16; H, 1.93; Cl, 12.29%.

(2) (u4-C CcH ) .SbBr

- L el - el
Bromine (0.2167 g, 1.3597 mmol) dissolved in acetonitrile (5 ml)

was added dropwise to a solution of tris(4-~trifluoromethylphenyl)-
stibine (0.7547 g, 1.3547 mmol) in the same solvent (15 ml). A
slightly yellow solution was formed which gave a white crystalline
adduct after freeze-drying. m.p. 140-142°C. Found: C, 34.77; H,

1.62; Br, 22.26%. F SbBr'2 requires: C, 35.03; H, 1.69; Br,

Co1lyoFyg
22.29%.

(3) (u-CF3 06H4)38b12

Iodine (0.313 g, 1.2331 mmol) dissolved in acetonitrile (10 ml)
was added dropwise to a solution of tris(R—t;ifluoromethylphenyl)
stibine (0.6869 g, 1.2331 mmol) in acetonitrile (10 ml). A dark brown
coloured solution was formed. On freeze~drying a pale yellow solid

was obtained; the distillate was observed to be brown in colour,
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suggesting the presence of iodine. The solid was vacuum dried,

Found; C, 30.44; H, 1.51; I, 29.48%. SbI2 requires: C, 31.10;

Co1Hiafg
H, 1.49; I, 31.30%. This adduet was found to decompose at 100°C.

ATTEMPTED PREPARATIONS

(1) (2—CH306Hu)quIu

Iodine (0.5582 g, 2.1993 mmol) dissolved in acetonitrile (15 ml)

was added dropwise with shaking to a solution of
tri(2-methylphenyl)stibine (0.43% g, 1.0998 mmol) in the same solvent
(10 mi). No solid was appeared when ether was added. The solution
was freeze dried and it gave a dark brown solid which was washed with
ether and dried on the vacuum line. m. p. 108-110°C. Found: c,
21.49; H, 2.01%. C,.H Squ requires: C, 27.93; H, 2.34%. The

21 21

analysis result suggests that the solid is (2"CH3C6H4)ZSbI3

(CwHMSbI3 requires: C, 24.,55; H, 2.06%). An attempt was made to

obtain the adduct from benzene but again (2-CH

3C6H4)2SbI3 was
recovered.
(2) (u-C§306Hu}38bBr2;2
A 2:1 molar mixture of iodine bromide and

tri{4-methylphenyl)stibine in acetonitrile gave a pale yellow

crystalline solid which was recognised as (H-CH3C6H4)3SbIBr.

m.p. 204°C (decomposed). Found: C, 42.49; H, 33.58% 021H21SbIBr

requires: C, 41.90; H, 3.52%.
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(3) (H-CH306Hu)quBr13

When the correct stoichiometric quantities of

tri(4-methylphenyl)stibine, bromine and iodine were mixed in
acetonitrile, a dark coloured solution was obtained. After this
solution was freeze dried, a light yellow solid was obtained. The
analytical data suggested that the product was mainly

() [(033)29633]3SbIBr

Iodine bromide (12, 0.2447 g, 0.9641 mmol + Br2 0.1540 g, 0.9636
mmol) dissolved in acetonitrile (10 ml) was added dropwise to a
solution of tx'i(2,6-—dimethy1pherwl)s£ib1ne (0.8421 g, 1.9259 mmol) in
the same solvent (30 ml). When the iodine bromide solution was added
completely, light yellow crystals were obtained on standing for one
hour. These were filtered and dried in vacuo. m.p. 138°%C

(decomposed). Found: C, 46.60; H, 4.33% C SbIBr requires: C,

ayflor

44.76; H, 4.23%. The analysis is also close to C SbBr2 which

2yfla7
requires: C, 48.28; H, 4.56% suggesting that the product is probably a

mixture of 024H27SbIBr and 02MH27SbBr2.

(5) [(CH3)2C6H3]3SbBr2I2

A 2:1 molar mixture of iodine bromide and

tri(2,6-dimethylphenyl)stibine in acetonitrile solution gave, after

freeze drying, a dark brown solid which lost iodine during pumping to
o

dryness. m.p. 186~-188"C. Found: C, 48.04; H, 4.50% CzuHZ,?SbBer2

requires: C, 33.88; H, 3.20%. The analysis is close to that required

for C2MH27SbBr2 but the colour of the product suggests the presence of
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iodine.

(6) [(CH3)206H 1 SbBru

From a 2:1 molar mixture of bromine and
tri(2,6-dimethylphenyl)stibine in acetonitrile, a pale yellow solid
was obtained. m.p. 183-186°C. Found: C, 47.69; H, 4.45; Br, 27.28%

CzuH27SbBru requires: C, 38.09; H, 3.59; Br, 42.23%. The analysis of

the solid corresponds with the formula CZHH27SbBr but the colour of
the solid suggests the presence of excess of bromine.

(7) (2-CF306H ) Sb12

An equimolar mixture of iodine and

tris(2~trifluoromethylphenyl)stibine in acetonitrile gave a light
yeilow crystalline solid. The solid lost iodine during pumping to
dryness and a white solid was left. m.p. 130-132°C. Analysis (found
C, 45,013 H, 2.18%) suggests the solid is the starting material
021H128b (requires: C, 45.30;H, 2.13%).

(8) (2—CF3CGHn?ngBr212

A 11 molar mixture of bromine, iodine and

tris(2~trifluoromethylphenyl)stibine in acetonitrile gave a dark
coloured solid after it was freeze dried. The solid lost iodine during

pumping leaving behind white crystalline product. m.p. 187-188°C.

Found: C, 35.16; H, 1.70% 021 12 9AsBr 12 requires: C, 25.98; H,
1.25%. The compound was identified as C 1 ZFQSbBr' which requires:

C, 35.18; H, 1.69%.




(9) (u-CFBCGH lL) BSbIBr-

A 1:1 molar mixture of iodine bromide and

tris(4-trifluoromethylphenyl)stibine in acetonitrile gave a dark brown
solid. On freeze drying the solid lost iodine. m.p. 139-140°C.
Found: C, 42.54; H, 2.04% 021H21F98bIBr- requires: C, 32.74; H, 1.61%.

The solid is probably a mixture of the starting material and

021H1 2F98bBr’2.




Prepeﬁetidﬂfof.Te%raphenxlstipohium_Heiidee

: wes prepared by.adding en.ereess hydorfluorio aeid;*

fESZT;E__;dueous solubion&of Ph;SbOH A white erystalline solid'

was ﬁformed This was filtered, and dried in a desieeator.
;153-155 G, (literature “m. p. 1u5-160 0)165. F&@nq:fﬁc, 640

5. "5% Czu 20

7P

SbF requires- C, 64 17, H, 4 49%

A olear sol tion Was formed. Thervolume of the solution wasA

'“this“rwas filtered and pumped to dryness. map.; 200-204 C'(literature

200-206 C) Found d;' 61. 75, ‘Hy, 4. 26% C SbCl requires. C,

20
61 91, H, . 33%.

;;,-.

(35 (565§”h$b§ri 5 A @iﬁﬁure of triﬁéenylsiibiﬁgi:i10“bgé, 28 323.
mﬁoléif—:gg:ffse;éene (4.50 g, 28.659 mmolf, and anhydrous alumini m%
vtrichloride (10 00 g, 74 985 ‘mmol) was heated to 230 C A black:
mi ture was formed Whlch ‘was poured into water._wThe solution was
?bo led. until a- small black deposit remained, charcoal was added and:
th solution was filtered hot. Potassium ‘bromide (20 00 g, 168&19§
lmmol)was Rdded 1 o thexﬂ; filtrate.' White~a crystels of'i;”
tetraphedylstibohium bromide were obtained when the ,soldtlon was‘

oooled. . It was filtered and dried on ‘the vacuum- 1ine (yleld 85%)
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3.88% C SbBr requires: C, 56.51; H, 3.95%.,

24820
The compound was also prepared by adding excess HBr to a

suspension of PhquOH in water. Found: C, 57.05; H, 3.93%.

(4) (CGHS)MSbI was made by adding concentrated hydroiodic acid to

an aqueous suspension of PhquOH until tpe solution was acidic. The

solution was then heated and filtered. On cooling an-off white
crystalline solid was formed. This was filtered off. After

recrystallisation from water colourless needle-like crystals of Ph,SbI

4

were obtained. m.p. 209-211°C. Found: C, 51.88; H, 3.58% C, 0 SbI

requires: C, 51.74; H, 3.62%.

(5) (C6H5)quOH was obtained in excellent yield by adding ammonia
solutiszr-7;r;fﬁsf solution of PhnSbBr in water. Upon cooling the
solution gave a white solid. This was filtered and dried in a
desiceator. m.p. 216~224°C Found: C, 64.23; H, 4.62% C_,H,, SbO

24721
requires: C, 64.46; H, 4.73%.

oI Jodine chloride 0.1499 g, 0.9235 mmol) in

acetonitrile (7.0 ml) was added dropwise with shaking to a solution of

(6) (06H5)q$b01

tetraphenylstibonium chloride (0.4300 g, 0.9235 mmol) in the same

solvent (20 ml). A clear yellow solution was formed which gave a
yellow powdery solid after freeze drying; this was pumped on the
vacuum line. m.p. 116-119°C. Found: C, 46.85; H, 3.23; Cl, 11.14;

I, 19.94% C Sb0121 requires: C, 45.90; H, 3.21; C1, 11.29; I, V%

2o
20.21%.
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(7 (Cﬁﬂs)quBr3

Bromine (0.2775 g, 1.7363 mmol) in acetonitrile (10 ml) was
added dropwise to a solution of PhquBr (0.8858 g, 1.7365 mmol) in 15
ml acetonitrile. After freeze drying the solution, an orange-yellow
solid was obtained. m;p. 112-114°C. Found: C, 42.55; H, 2.93; Br,
35.65%. CzuH208b3r3 requires: C, 43.03; H, 3.01; Br, 35.78%.

(8) (06H5)quIBr2

Bromine (0.1300 g, 0.8134 mmol) in acetonitrile (15 ml) was
added to the solid PhquI (0.45 g, 0,8100 mmol). A clear light yellow
solution was formed. On freeze drying it gave an orange coloured
crystalline solid. m.p. 148—15000. Found: C, 40.16; H, 2.73; Br,
22.02; I, 17.10%. C_,H SbIBr2 requires: C, 40.21; H, 2.81; Br,

24720
22.29; I, 17.70%.




~180 ~

Experimental Data
Table 57. Conductivity of R3A5012 Adducts in Acetonitrile at 25°C
Compound Cm JEE 104K Am
Jd «3 i &
mol dm™3 mol dm? S om™! S em” mol
(2'—CH3CGH4)3A3012 0.001482 0.0385 0.5897 39.8
0.01 0.10 39.8
0.017559 0.1325 6.3013 35.9
0.026517 0.1628 8.0701 30.4
(3-CH306H)')3A'8012 0.00260 0.0510 0.2570 9.9
0.006840 0.0820 0.3964 5.9
0.01 0.10 4.8
0.01057 0.1028 0.4999 4.7
(H-CH306HH)3A8012 0.003433 0.0586 0.3150 9.2
0.0065205 0.0807 0.4423 6.8
0.01 0.10 5.2
0.01317 0.1148 0.6301 4.8
[(CH3)206H3]3A3012 0.000323 0.0180 0.3802 117.0
0.001246 0.0353 1.2994 104.2
«0.25CHC1 0.002068 0.0469 2.2660 102.7
0.01 0.10 91.5
(3-FC6Hu)3AsC].2 0.000594 0.0243 0.0346 5.8
0.004159 0.0645 0.0848 2.0
0.010 0.10 1.2
0.01424 0.1193 0.1484 1.0
(M-FC6HH)3A8012 0.0011284 0.0336 0.0855 7.6
0.004867 0.0697 0.1885 3.9
0.010 0.10 2.5
0.020824 0.1443 0.4182 2.0
(2"CFBC6HM)3ASCIZ 0.0014559 0.0381 0.1790 12.3
0.005035 0.0709 0.4259 4.8
.0.5CHC1 0.010 0.10 7.2
0.010247 0.1012 0.6970 6.7
(3-CF306H4)3A8012 0.000543 1 0.0233 0.0220 4.0
' 0.003234 0.0568 0.0504 1.6
0.010 0.10 0.9
0.01185 0.1088 0.10M 0.9
(M—CF306HN)3A8C12 0.00061118 0.0250 0.0151 2.4
0.002619 0.0544 0.0270 0.9
0.006884 0.0830 0.0400 0.6
0.010 0.10 0.4
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Table 58. Conductivity of (F06H4)3AsCl2 Adducts in
Nitrobenzene at 25 °C
Compound _Cm ¥ Cm 104K Am
a8

mol dm™> olldm? 5 om ) 3 om* mol™1

(2-FC6HM)3AsCl2 0.000596 0.0244 0.0139 2.3
0.002609 0.0511 0.0584 2.2
0.007709 0.0880 0.1811 2.3
0.01 0.10 2.3

(3=FC Hu) AsCl 0.000848 0.0291 0.00407 0.5
0.003818 0.0618 0.00684 0.2
0.010 0.10 0.1
0.015487 0.1244 0.0113 0.1

(R-FCBHu)3As012 0.0008901 0.0298 0.0063 0.7
0.005238 0.0724 0.0311 0.6
0.010 0.10 0.4
0.012196 0.1104 0.0328 0.4

Table 59. Conductivity of RBASBr Adducts in Acetonitrile at 25°C

2
Compound _Cm VCm 10"K Am
; L S, T3 TR | T
mol dm™3 nolZdn? § ca ! S cn® mor”!
(2'CH3C6HR)3ASBr2 0.002347 - 0.0484 2.8220 120.2
0.005638 0.0751 6.3623 112.8
0.008722 0.0934 9.5832 109.9
0.010 0.10 108.5
(_3-CH3 6 4) ASBP 0.001281 0.0360 1.1616 90.7
0.003805 0.0620 2.4865 65.3
0.007238 0.0851 3.6800 50.8
0.010 0.10 46 .5
(N-CHSC H4)3ASBP2 0.003580 0.0598 2.8571 79.8 ,E
0.006087 0.0780  4.1441 68.1
0.006940 0.0833 61.0 s
0.010 0.10 58.5
[(CH )2 6 3]3AsBr 0.0001795 0.0134 0.3651 203.3
0.0004739 0.0217 0.6571 138.6
0.0016085 0.0401 2.3834 148.0
0.003324 0.0576 4,3809 131.8
0.010 0.10 124.5
(3-FC Hu) AsBr2 0.000829 0.0290 0.2350 28.3
0.003190 0.0560 0.4730 14.8
0.007370 0.0860 10.300 10.3
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Table cont
(M-F06H4)3A83r2 0.001290 0.0360 0.6060 47.0
0.003210 0.0570 1.0630 33.1
0.006350 0.0800 1.5610 24.6
0.010 0.10 20.5
(3-CF306H4)3AsBr2 0.0004247 0.0206 0.0886 20.9
: 0.00338 0.0581 0.2659 7.9
0.010 0.10 4.8
0.01277 0.1130 0.5610 4.4
(u-CF3csnu)3AsBr2 0.0009063 0.0282 0.0630 7.8
0.003226 0.0568 0.1377 4.3
0.007658 0.0875 0.2160 2.8
0.010 0.10 2.8
Table 60. Conductivity of R3A312 and RSASIBP Adducts
in Acetonitrile at 25°C
Compound Cm YCm . 104K i Am
-3 1 -3 -1
mol dm mol2 dm2 S cm S cm
(u-CF306Hn)3As12 0.0003156 0.0180 0.1415 uy.7
- 0.001939 0.04%0 0.7221 37.2
0.009519 0.0975 3.2394 34,0
0.010 0.10 33.5
4 [(CH3)206H3]3ASIBr 0.000669 0.0191 0.3006 81.9
4 0.001571 0.039 1.2043 76.6
; 0.005234 0.0723 3.6800 70.3
L 0.010 0.10 66.0
B
i Table 61. Conductivity of R3AsBrn16_n (n = 6,5,4,3,2,1)
' Adducts in Acetonitrile at 25°C
i Compound Cm V Cm 10K Ay
i -3 1 -3 -1
mol dm moll dm? S ecm S _cm
[(CH3)206H3]3AsBru -0.000191 0.01382 0.4182 218.6
0.000799 0.0282 1.9166 239.8
0.001892 0.0435 3.7096 196.0
0.010 0.10 138.0
[(CH3)206H3]3AsBr6 0.000307 0.0175 0.7088 230.2 5
0.001414 0.0376  3.043  215.3 g
0.005088 0.0713 9.4650 186.0 ‘
0.010 0.10 169.0

[
'r";
|




'*[(ca:)zc6H3JSAsBr Izn. 0.000252 0.0160 0. 4182 < 1657 b
: ' -0.001578" 0.0400  2.6136 . “165.6. -
0:005299 0.0730 7.8365 T147.9 -

0.010%" 0.10° * ' 1340

13hsBr 1 0.000413 10,0203 106970 168:T ©
' 0.003334 . 00577  5.0550  151.6°
| 0.006516. © . 0.0810. :9.0900  139.5
0.010: =" D0 7 =% 132:0

[(CH )2 6 3

L(cu3)206ﬂ3]§Asxu 0.0002578 -+ -0.0112"  0.0799 63.5

“ e Wz 00008175 0:0286 . -0.7395 ~..90.% .
‘ 0. 002662 .. 0.0516 - 2.6136: 98, 1. ¥
0.010° OG5 7 T s 106 5

0.000779 040282+ 04381 ‘55,4—
0.003466 0.0600.  1.7490 504 -
0.010551 0.1027+ -5.1110 " .. 48.4

T H0G 010 : 010, e ¥ UBIB. T %

(u-CF (o} Hu)agsx

376 4

"Table. 62. Conductivity of R,

mélfdﬁﬁ

(2 'H3c Hy) A50131 0. 001816 ©0x0826 @ 2. 7060: 148.6

~ ' 0:006836 ©0.0520° © 3.8332  142.8 -
0.003867 .  .:0.0622 5.8972 _ 152.5° ¢
0.010 -. Ry Co 13k0

(3-CH c6 u> AsC13I 0.001321. ¢ 0.0363 2 3000 By 7, B VRO

w07 10;008827 050940 12,6026 - PT42.T. .
' - 0.009139 T 0.0956° 12.7742 ° 139.7

0. 010 . -t 50010 . g . 5x139¥0 %
-=(4-cu °6H4) 3AsCl,T o O 002289 wi 00478, 336800°  160LT, i .
- 0.0064Y " 0.0802  10.4305"% +*161.9° <

T 0,01150° . . 0.10f2; "+16.1970 .\ 140vT° :

0.010 204, ts ‘

3

‘ 14 © 0.8646 -
0.00290% 0.0540 . 409997 1o
10.008272 0.0910  12.0736 145759
0,010 T o 0004 ;

[(cn )206H3]3A3C131 0..0004569
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Table- 63. Conductivity of R,.SbCl, Adducts in Acetonitrile at 25°C

T gy
Compound Cm fan 1 OuK A m
-3 iy -1 LY
mol dm mol2dm2 S cm S cm” mol
(2-CH,C,H)) 5SBCL 0.00292 0.0540  0.004% 0.15
0.00706 0.0841  0.0058 0.08
0.010 0.10 0.08
0.01223 0.1106  0:0009 0.01
(3-CHyC{H,) ,SbCL, 0.001714 0.0414  0.0032 0.18
0.00469 0.0685  0.00707 0.15
0.00911 0.0956  0.0137 0.15
0.010 0.10 0.15
(4-CH CgH) oSbCL 0.00211 0.0460  0.0034 0.16
0.00468 0.0680  0.007% 0.16
0.00755 0.0869  0.0130 0.17
0.010 0.10 0.17
[(CHy) ,CgH,1,8bC1, 0.00109 0.0331  0.0065 0.59
0.00511 0.0715  0.0520 1.0
0.010 0.10 0.96
0.01035 0.1017  0.054 0.96
(2-CF,C¢H,) SbCL, 0.001891 0.0435  0.0022 0.11
0.00572 0.0756  0.0027 0.05
; 0.010 0.10 0.03
. 0.01092 0.104  0.0034 0.03
(4-CF5CeH,) 5SbCL, 0.00205 0.0452  0.004% 0.21
0.000559 0.0750  0.0096 0.17
0.010 0.10 0.15
0.01248 0.1120  0.0190 0.15

Table 64. Conductivity of R SbBr'2 Adducts in Acetonitrile at 25°C

3
Compound Cm \/’E; 1 OuK A m
1 = 1 2
mol dm™3 mol2 dm2 S em” S em® mol”
(2-CH30 u)SSbBr‘z 0.0027¢9 0.0528 0.0079 0.28
0.00539 0.0734 0.00974 0.18
0.010 0.10 0.18
(3-CH3-CGH4)3SbBr‘2 0.00328 0.0573 0.0320 0.30
0.00734 0.0856 0.04237 0.18
0.010 0.10 0.15
0.0112 0.1058 0.05025 0.14
(4= CH3C 4)3SbBr‘2 0.000965 0.0310 0.0135 1.39
0.002375 0,0487 0.014Y4 0.60
0.00503 0.0709 0.0209 0.41

0.010 0.100 0.10
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Table 64 t
[(CH3)206H3]3SbBr2 0.00138 0.0371 0.0208 1.50
0.003423 0.0585 0.0307 0.89
0.006043 0.0777 0.0511 0.84
0.010 0.10 0.50
(Z'CF3C6HM)BSbBr2 0.001198 0.0346 0.0460 0.38
: 0.002682 0.0518 0.0575 0.21
0.003702 0.0608 0.0793 0.21
0.01 0.10 0.20
(R-CF306H4)3SDBP2 0.001297 0.036 0.0059 0.46
0.0034189 0.0584 0.0065 0.19
0.0062282 0.0795 0.0075 0.12
0.010 0.10 0.09

Table 65. Conductivity

of R,SbI, Adducts in Acetonitrile at 25°¢

3
Compound Cm Y Cm 10uK Am ”
-3 5. = =1 2 -1
mol dm molldm?2 S em S cm” mol
(2-CH3C6HH)3SbIZ 0.002675 0.0517 1.3731 51.32
0.002812 0.0530 1.3731 48.82
0.003676 0.0606 1.8032 49,04
0.010 0.10 47.00
(3-CH306H1‘)3SbI2 0.00330 0.0574 0.0979 2.96
0.0057 0.0755 0.1714 3.00
0.0103 0.1015 0.3152 3.06
0.010 0.10 3.05
(M-CH306H4)3SDI2 0.00083 © 0.0288 0.06003 T7.23
0.00234 0.0484 0.1990 8.5
0.00383 0.0619  0.3172 8.28
0.010 0.10 8.60
[(CH3)206H3]3SbI2 0.001261 0.0355 1.0042 79.63
0.001597 0.0399 1.2920 80.90
0.002996 0.0547 2.3000 T6.77
0.010 0.10 70.00
(M-CF306H4)3SbI2 0.001543 0.0393 0.2555 16.56
0.002631 0.0512 0.5050 19.20
0.003538 0.0595 0.5860 16.53
0.010 0.10 15.50
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Table 66. Conductivity of RBSbIBr Adducts in Acetonitrile at 25°C %
Compound Cm Vcn 10% Ay ;
1l -3 3 =

mol dn™> . (Z ym2 Som ' S cm? mel”!
(C6H5)33bIBr 0.0049314 0.0702 0.1307 2.65

0.010. 0.10 2.20

0.013606 0.1166 0.2893 2.13

0.022384 0.1500 0.3108 1.39
(2—CH306H4)38bIBP 0.0018829 0.0433 0.3710 19.70

0.002504 0.0500 0.5225 20,84

0.005017 0.0708 0.7682 15.30

0.010 0.10 10.40
(3-CH306H4)3SDIBr 0.00375 0.0612 0.0514 1.37

0.00731 0.0612 0.0811 1.00

0.10 0.10 1.07

0.0129 0.1136 0.1352 1.00
(N-CH3C6H4)3SbIBr 0.00141 0.0375 0.0531 3.76

0.001934 0.0440 0.0684 3.53

0.002253 0.0474 0.0920 4.08

0.010 0.10 4.00

Table 67. Conductivity of R3SbenIu-n Adducts (n = 4,3,2,1and 0)
in acetonitrile at 2500
Compound Cm V Cm 10uK Am
1 3 1 2 1
_mol_dm3 mol? dm2__ S em_ S om® mol”"
(06H5)38b14 0.0023045 0.0480 1.8326 79.50
_ 0.0049367 0.0703 4,0350 81.70
0.008559 0.0925 7.0334 82.17
0.010 0.10 83.00
(3-CH306H4)3Squ 0.00443 0.0665 3.8560 87.04 i
0.010 0.10 78.32 :
0.0109 0.1044 8.5370 78.00
[(CH3)206H3]3SbI4 0.000704 0.0264 1.1330 161.76
0.001428 0.0378 2.2330 156.37
0.001849 0.0430 2.8750 155.49
0.010 0.10 141.00
[(CH3)206H3]BSbBr3I 0.0005757 0.0239 0.7187 124.82
0.0008197 0.0286 1.1057 134.88 o

0.010 0.10 106.00
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Table 67. (cont)

(H-CF306Hu)3Squ 0.001333 0.0365 0.3833 28.75
0.0034316 0.0586 1.1300 32.93
0.0034200 0.0585 1.0978 32.10
0.010 0.10 29.0

(2—CH3C6Hu)28bI3 0.00222 0.0471 2.3957 107.80
0.004025 0.0634 4.2591 105.81
0,00558 0.0747 5.6097 100.51
0.010 0.10 97.00

Table 68. Conductivity of Ph SbClz.SbCI and R SbCla.2SbCl

3 5 3 5
Adducts in Acetonitrile at 25°C
Compound Cm Y Cm 104K ) /\m
-3 I A 2w
mol dm molZ dm 2 S em S cm” mol
Ph3SbCJ.2.SbCl5 0.001693 0.0410 2.4340 143.80
0.005254 0.0720 6.0680 115.50
0.009466 0.0973 10.7980 114.10
0.010 0.10 113.00
(06H5)3SbC12.2Sb015 0.001092 0.0300 2,4200 221.60
0.0039126 0.0620 7.0600 180.40
0.0119 0.109 11.50 96.64
0.010 0.10 116.00
‘(2-CH306HH)3Sb012.28bC12 0.00126 0.0350 2.3470 186.20
0.001977 0.0440 5.5300 279.60
0.004506 0.0670 8.0300 178.19

0.010 0.10 168.00

#
X
o

=
k:
¥
%
5
¥




Table 69. Conductivity of Ph
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SbX and Ph_SbX_ in acetonitrile at 25°C

3 3 3
Compound Cm JEE 104K Am
-3 I+ -3 -1 -1
mol dm molZ2 dm2 S om S em” mol
(0635) ySbF 0.0005456 0.0230 0.0065 1.2
0.002893 0.0540 0.0830 2.8
0.007857 0.8800 1.0500 1.9
0.010 0.10 1.8
(C6H5)u$bCl 0.001108 0.0230 0.4340 39.2
0.002875 0.0620 0.8720 22.5
0.010 0.10 15.0
0.011839 0.1080 1.5640 13.21
(CGHS)HSbBP 0.002198 0.0460 2.4080 109.55
0.00411 0.0640 3.8980 94,80
0.010 0.10 70.00
0.01346 0.1160 8.1970 60.9
(C6H5)quI 0.002256 0.0470 3.4850 154.5
0.006886 0.0830 8.9650 130.2
0.010 0.10 119.0
0.0113 0.1060 13.1050 115.9
(C6H5)quBr'3 0.002717 0.0520 4,3390 159.6
0.007947 0.0890 10.900 137.2
0.010 0.10 131.0
0,013687 0.1160 17.164 125.4
(C6H5)quBrZI 0.000927 0.0096 1.5430 166.5
0.006756 0.0259 8.7119 128.9
0.010 0.10 110.0
0.01689 0.0411 20.4440 121.0
(CGH5)48b0121 0.0009628 0.0310 1.5180 157.6
0.002623 0.0510 3.8330 146.1
0.007592 0.0870 9.3870 123.6
0.010 0.10 118.0
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