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ABSTRACT 1

The dnfrared spectra of a number of aryl tin and aryl le:

compounds have been examined in the 2-50 p. region. The

infrared speectra (2m15‘p°) of these derivatives are the spect:

.of nono-subgtituted benzene derivatives., The specira in the

far infraxed region (15m50‘p,) have been found +to be distinct:
and can be used for the qualitative identification of these
compounds., Frequency assignments are mcde and the spectra a
discussed in terms of struetural features of the organometall.
derivatives. There seems t0 be no evidence to support the
possible existence of Ph3$n¢ and PhBPb+ cations in any of the
derivatives examined. The derivatives with strong electro-
negative groups, i.e. fluorides, fluoroborates, perchlorates,
hexafluoroarsenases, hexafluorocantimonates, nitrates are
consldered as predominently covalent in charactef with polymsg
structures invelving five co-ordinate tin or lead stoms. A
number of new compounds have been prepared during the courss
of this work.

Conductivity measurements have been made on nitromethane
solutions of hexaphenylditin and hexaphenyldilead at varvrying
tenperatures., It has been conclusively shown that there is n
heterolytie dissociation of these conpounds.

The far infrared spectra (153591P4> of a range of aryl
gompounds of Group IVA, VA, VIA and VIIA elements have been
studied. Prequency assignments are made for the stronger ban

Most of the wibratlonal fregquencles occurring in this region



sensiltive to the substituent atom attached to the benzene xin,

Some new salts of the triphenylmethvl carbonium ion have
been prepared and their infrared specira examined.

The carbonium ion dyestuffs (malachite green, brillant
green and erystal violet) form ionic derivatives with fluoro-
borate, perchlorate and heteropoly acid anions. The solution
spectra of these derivatives have been examined in the visibl
region (400-700 m.p.) and the spectra are discussed in terms
of aggregation of the dyestuff cations in solution. Hany
new crystalline compounds have been prepared with fluoroborat
perchlorate and heteropoly acid anions and the infrared and
reflectance spectra discussed.

The cyanide , cyanates, thiocyanate,metaborate and sulph
derivatives of the dyestuffs have been found to be covalent
with & true tetrahedral arrangement aboutthe central carbon
atom,

The dyestuffs give orange-red solutions in strong acids.
The colour is due to the formation of new species by protonat
of the nitrogen atoms of the dyestuff cations. Many new salt
containing these protonated species with anions derived from
heteropoly and Lewle acids have been prepared and examined
spectroscopically.,

The dyestuffs also form complexes with Lewls acide
{(SnCl,, Sb@lg) in non-aqueous soivents. The successlve addi-
of Sb015 has been studied and a number of new coiplexes have

been prepared with crystal violet.



CHAPER T

THE INFRARED AND FAR INFRLSRED SPLCTRA OF

ORGANOTIN COMPOUNDS

Introduection

Many of the observed proﬁerties of the organomecvallis
compounde of the Group IVA elements arve similar. All thess

elements have four valeney electrons with a agpz

configuration
in thelir ground states. The two electrons in the &ubéh@ll
have @@uplgﬁ @pims and in this state only twe unpaired

p electrons should be avallable for bonding. . In the more
usual four eovalent state, one of the s electyons iz promoted
to a higher energy level and tetrahedral sp§ hybridisation

3

oceurs. Because of the sp” hybridisation and the presence

of an octet of electrons, all the organometallic compounds in
their four covalency state are relatively stable and possess
relativelyhlew chemical agtivity. The marked stablility of
Résm (R = alkyl or awryl) compounds over R,Sn type of compounds
demonstrates the effect of increased hybridisation and also
inert gas electronic strueture. However, among these elements
there are also differences whlch in some cases lead to the
rather widely different chemical properties of their organe-
metallic compounds., There is a considerable difference in

electronegativity values of carbon and the other elements of

Group IVA elements. The Pauling electronegativity values

are given in Table 1.
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TABLE I

Element Paullng’s scale of
electronegativities

¢ 2,5
81 1.8
Ge 1.7
Sn : 1.7
Py =

From the decrease in ele@tronegativitiesg the metal=carbon
bonds gx@‘expe@teﬁ t0 have some ionic character. (Luijten ang
Van Der Kerkl)o In compouncs of the type R§MX (R = alkyl,

M = metal, X = halagen) the percentage of ionle character for
the M-X bonds derived from differences in electronegativity

are shown below,

TABLE 2

Bond Difference in % ionie
eleetronegativity

C=C1l 0.9 )
Si“’(}l 1 o 2 30
Ge<=Cl 1.3 35
Smm(ﬂ, 1 o E’? 55
KE=C1l 2.2 70

With decréasing electronegativities (Table I), an increase
in the polar cheracter of the M<X bonds is evident as illustrated

by Teble 2.



The carbon atom is in a special situation within the
gX0ouP. 5ipce-it is a second-period element it cannot expand
ﬁhe‘valeﬁcy shell beyond eight electrons. For silicon and
other elements in the highexr periods such expansion is not
forbidden and may sccount for some of the differences between
the chemistry of these elements and that of carbon. Although
the elements of this group, with the exception of carbon,
show no tendency to form double bonds of the ethylenic type
i:eo pﬁqnpﬁfp there is strong evidence that the d~orbitals of
the elements other than carbon are used for dﬁfuqubonding;
Chatt and Williamsg have studied the thermodynamic dissociation
gongstants of four acids of the type me§M06H4GOOH where M
represenss carbon, silicon, germanium or tin. Carbon is <he
most electronegative of the four elsments and it should enhance
the acid strength to the greatest extent., Aetually the carbon
ecompound shows the lowest acid strength and this is taken to
Indisate that dy -py bonding is operative in thé other three
compounds. A schematie representation of the orbitals forming

the dgy ~pgy bonding of the M-C bond for a silicon compound

aryl
is shown in Figura I. This tyie'of bonding conpensates for

the increaaing inductive effect in going fron silicon to lead.
The infrared and ultraviolet spectra of phenyltin coupounds have
been interpreted {Griffithe and Derwish®) on the basis of the

Sn-Cyypyy bond having some double bond character. These findings
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3 U - Mateculay
orbital,

Plgore T, 77 ~bonding between silicon and an evomatis

-3
ring syestem. Chatt and Williams®,

are further dliscussed by a theoretical predication made by
Oralg, Mageoll, Nyholm, Orgel and Suttenéo Several other
exomples of this type of mulitiple bonding invelving d-orbitedls
are listed in & survey im which the behaviour of silicon is
examined in Getail. (Stone and Seyferth’).

Among the elements of this group there are some propeviies
that are characteristic of one element only. The most unususl

property of the organotin compounds is the lonisation af the

Rﬁsmx and RQSmXQ type of compounds. They are not lonised as

24

Re8n" or R,8n°" but co-ordinated with water es Rgan(032)* ox

RoSn(OH,)S7. The dissoeiation of the orgenotin halides

RBSnGl (where R=alkyl or aryl) in the presence of an electron

doner compound has been generalige§6”7°

R.SpX + ¥ =% R.Sa¥" + X=

3 3

The Rgsnﬁ% specles may or may not underge subsequent reéetion.



808 Proton bransfer if ¥ is HQOs
4 <
The extent of this type of reaction depends on the nature
of both the R and the ¥ group. Similarly, dimethyltin
dichloride dissociates almost conpletely in water8°9q
: P g e =
&Gﬁﬁ)gSnclg 4 nHQO P QGH3EQSn&QH2}n + 203
The wesulting solutions are acidlice due to further
hydrolysls of the cationic specieg formed in the above reactim.
2¢ . > +
(CHz ) ,8n(0H,) " + Ho0 T== (CH,),Sn(0H,), ,0H" + H,

The degree of hydrolysis depends on the concentrution

occ’

of the solution,

In all the above reactions of dissociation and hydrolysis,
it i3 considered that the tin atom is present in pents ox
higher co-ordination state in the organotin cationig species
formed in selution. This characteristie feature of penta
or hexa @o~ordinate tin atom has been shown in several .
previous repoxtalowl4u

Conductivity measurements on alkyliin halides have shown
that theaé gompounds are not true electrolytes in the solid
state, but when dissolved in nethyl or ethyl alcohol, water,
pyridine, ox acetone théy are relatively good_conductors;
vhilet iw benzene, ethyl ether, niftrobenzene or nitromethane
they are poo® eonductors (6,10,15-18)., These ecompounds have
ordinarily b;en looked upon as salts as they exhibit the

above properties whieh are si.dilar to those of salt<like



substances,

Farly workers placed wmore emphasis on synthetic methods
than on physical—chemical‘studies of these cpupouﬂéso This i
reflected by the ébsence of any detailed information on the
infrared spectra of organotin compounds, the only exception

1923 24~26

being tetramethyltin and tetraphenyltin o Within

the last few yeurs, however, spectrd have been reported for a
fairly wide range of alkyl and aryl tin derivativesg?gza’joo
The maln reason for studying the infrared spectra of the
organotin compounds is to obtain information regarding the
gtrugtural features of these compounds. Although

Ph M (M=0, Si, Ge, Sn, Pb) derivatives are well known for M=C.
{See chapier on Carbonium Ions); there have been doubts about
the existence of PhSi¥, PhyGe”, Ph Sn" or Ph P’ ions. The
compound R3Sicl reacts with silver perchlorate to give trialkyl
or triayyl silicon pershlorates but the evidence on the bonding
in these compounds is not comuvlete. They reaet in solvolytile
reactions as if they were ionie but their infrared spectra are
not definitely in favour of either a covalent or an ionic
astructure for these products. However, Ph3Si+ has recently
been reported in the salt PhBSiSbFsg but it could be covalent
as found by Clark and 0'Brien®? for Me SnSbF.. As regards the
tin compounds contradictory statementSBQ“ES .have been made

about the probable existence of Me35n% oxr Ph3Sn+ ions,

The present work was underteken to investigate by infrared



spectroscopy the probable existence of Phasn* iong in the
aryltin compounds. After the compietion of the major part

27+28,30 reported infrared

of this work, 2 numbexr of workers
investigations on the structure of phenyltin derivatives.
Although some ¢f the compounds studied by these workers were
different from those studied here, their results are in
conplete agreement with those of the present work, and they
liave reached the same conclusions. The examihation of the
infrared spectra of these compoﬁnds supports the recent view
29555-55089591 41t the organctin derivatives are covalent
rather than ionilc oompéundso' There is little_evidence for the
existence of Ph38n% oxr Me§Sn¢ cations in any of the known
organotin compounds. The present work includes infrared
studies on a wilde range of phenyltin compounds, and sone
alkyltin .derivatives., ~ 4 few of these compounds are new
neterials .and cthéfé‘were prepared by standard published
proceduvwres, The infrared and far infrared spectra of the
@ompoﬁnds have been examined over the range 5000~200em™
{2-50p.). The absorptions are discussed and assignments are’
maie for the infrared vibrations in#olving the tin atom in
combination with othexr atoms. The struétures of phenylfin

* halides, tetrafluorcborate, perchiorate,‘hydréXide, oxides

and acetates are discussed in detail.



The infrared spectra of arylitin compounds
A1} the phenyliin compounds show quitbe similar infrared
spectra in the sodium chloride region{2-154 ) but beyond
15 M. they are ahara@feristic and this region is particularly
- useful for the qualitative identificétion of these ¢ompounds,
In consldexring the spectra of these abmpoundsj:ther@
are two possible approa@hgso fhe molecule caﬁ be considered
2s a whole and this would lead 40 a very conplex descripiion.
Alternatively, the spectra can be split into Bands which
result from the organic part of the molecule and those which
result from vibrations of the central organometalliec skeleton,
The wost eonplete previous treaﬁment being that of
Kriegsmann and Geiasler3o who have used the latter apvroach
50 explain the spectra of some alkyl and aryl tin derivatives,
Pox & compound of the btype RBMX9 (R=akyl or aryl group,
M=81i, Sn or Pb, X=anlonic group). Kriegsmann and GeisslenO
divide the wvibrational modes into these'ﬁwo types as ab&ve
and this deviee will be followed here., These modes are.-

(1) Yibrations of R (Benzene ring):-~ In the case of phenyl

derivatives, the vibrations are those of mono-substituted
phenyl derivatives,
(11) Skeletsl vibrations of the group_R%rM-sz

Since R is alkyl ox aryl group, these vibrations are formaelly

of the groups 034M~X‘and there are corresponding groups
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GQMKQ and GMX§ for di- and mono-phenyl derivatives respectively.
The M-X vibrations normally occur in the far infrared region
below 400 em™r, The assignements for these nodes are made

by analogy with previously reported M-X vibrations for the

tin compounds,

The Ring Vibrationss-~  The most comprehensive survey of

whe infrared and_Raman.spectxa of mono-substituted phenyl
derivatives is by wniffen3lo

A'man@msubstitu%ed benzene ring is of GZV symmetry and
would have thirty fundamental vibrations i.e. 11 of symme%ry.&l,
M)Bl QEAQQ and 6320

It is more convenlent to discuss these frequencies in
terms of the approximate deseription of thé normal modes
vather than to take each syrmetry class respectively., Three
of the fundamental frequencies are of species Ag type and
hence are forbidden in the infrared spestrum. The remaining
Swenty-seven are infrared active. Of the thirty vibrations
mentioned above, only six appear 10 be sensitive to the nature
of the substituent atom. Five of the fundamental vibrations
of & gimple mono~-substituted benzene occur in the fayx
infrared vegion (650-200 em™*). Although the phenyltin
eompounds are not of overall @2v aymmetfyg the departure of
& phenyl ring aystem £rom va symnatxy is not great. Therefore,
Whilffent o> acsignments for the mono-substituted benzene ring

aystem are acseepted and his noménélature will be followed in



the following discussion., The approximate mode diagrams
(Randle and Whiffen32) for the vibrations of a mono-substituted
benzene group are shown in Figure 2. The assignments for

the fundamental vibrational frequencies of CeHoX(where X =
substituent) are made in Tables (3-6) for all the phenyltin
derivatives studied in the present work, In the first column
of each Table is given Whiffen’s notation for the modes of
vibrations of a mono=-substituted benzene group. A complete
frequency assignment analysis of phenyl group vibrations is
shown in Figure 3 for tetraphenyltin which could be considered
'as a representative member of all the phenyltin derivatives

gtudied in the present work,
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Fundemental vibrations of ¢ _IisX (Whiffen



Discussion

1

The F0T0-1650 em - reglions- Phere sre essentially five

C-H stretching modes for each compound whose frequ@ncies must

lie in the range 2950-3120 em™2

33»

by analogy with other aromatie

C-H frequencies (Bellamy 30

o Kriegsmann and Gelssler”” have

obeerved these modes in the 3070-3010 em ™~ region in the study

of some phenyltin compounds, In all the phenyliin derivatives,

X

8 weal to medium band is observed around 3040 eom — which is

identiflied with Whiffen's °z° band for a stretching vidbration.
In general the spectra are not well resolved in this region as
8 spectrophotometer with high resolving power would be nesded

to get & good wxesolution. The overtones and combination bands

1

of the C=C normal modes occur in the 200-1650 em ~ region as

four te five weak intensity absorption bands,

The region below 1650 em™ s -

The band near 1475 @mﬁlgm This bend hag been agsigned %o a

0-C stretohing mode by @riffiths and Derwish®® for their fouw
phenyltin eompounds., In the purely organie compounds studied
by Katritzky and Lagowski35 the range 1511-1477 en™t was found
for this band and it was noted that with heavier substituents
in the benzene ring, the 1475 cm™> band was found at the lower
frequency end of the range. Ameteé and Golthuﬁ36 have observed
8 band at 1480 cmml in phenyl phosphine derivatives and they
have attributed this absorption to a C-C normal mode and
aasigned it as Whiffen's ‘m° band of the mono-substituted

phenyl group vibrations. A simllar absorptien within the range



1480-1468 em™+

was recorded by Poller®! for a number of
phenyltin derivatives and has been assigned to a C-C stretching
mode. In the present work, & medium to strong intensity band
within the range 1478-1471 em™! was shown by all the phenyltin
compounds. This band is assigned as Whiffen®s ‘m° band for
the mon0naubat1tuted benzene group vibrations.

The band near 142§,cm°% (Whiffen's '‘n' band). A very sharp

intensity vend is recorded in the range 1430-1425 en™t, With

-
]

the exception of the C-H out-of-plane vibrations {(at 750-670cm
this band is the most intense of the benzene ring bands. The
band is assigned to another C=C stretching mode by Griffiths

34
h

and Derwis

at 1435-1434 em

wno have assigned the corresponding absorption

L %o this vibration. Katritzky and Lagowski’s

L

have given the range 1447-1446 cm — for mono-gubstituted

benzenes with a heavy stom substituent. This absorption was

originally recorded at 1429 em™t

by Young et°a1¢37 for phenyl
silicon compounds and it has been shown to occur (Henry and
N01t9958) at the same frequency in the corresponding phenyl
germénium and lead eompounds. In the present work this band
is assigned, as Whiffen’s ‘n’ band, to & €~ stretching mode.

The band near 1370 em ™t A weak intensity band is observed

in the range 1376-1370 @mml in all the compounds except in the

pheﬁyléin acetates {where it is ﬁasked)o An absorption has been

1

reported at 1374 em — for Chlorobenzene and it was assigned to

be a summation frequency (i+y) by Whiffenﬁla The vange of this

L

summation frequenecy has been quoted at 1381=1377em - by

Herzfeld, Ingold, and Pool@Ega By eomparison with the above
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Tehle 3 FPundementel Vibrablional frecusncies
Yede ﬁmwwmﬁmommw frequeney of @@EWMR@@.UHV
Tniffents . A - o
sy w,mm on Doseripbicn wﬁ%& wuwwm@ mswsw Ph-Sn=Ph
B .w.w Y G=H 3040w 3040w 3035w
B 4.V G=C 11755 1h738 1h71is
n By S G=0 1257z Li25vs 1bh25s
1376w 1370w 1370w
o .Y G=C 1332w 1326w 1328w
® B,B G=E 1299w 1295w 1292w
1283y 1252w . 1250w
2 hwm O=K 1176w 1185w =
e mwm C-E 1156w
a B8 O=E 106hm
) &Mm C=H 1015m
o A, ving 99w
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Pable 54
(continued)

KBodw Vibrational frequeansy of @@mwmﬁﬂﬂnwv
Fhiffen's e s ; =Sy =P
Fotetion Basoription Phy Sn P Sn-SnPhy Ph-Sn—Ph

1 B, Y C-F 909w , 829 =
£ mmm G- 728ve 7218
v B.F ¢=C 696vs 6938
3 mwu@. G0 = ~x
g | B, X mens.
% " A4, X sens.

L

=absorptions not observed or obssured.

.
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FThidffan's
notation

n B, Y 6=C
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Fundamental Vibratiomal freouenciss of @@mwm

L.

<

Yivrational frequsney of @wmmﬁﬁaanhw

Wmeﬁﬁ Mme&aw wwmwﬁawm %Wmﬁeww Mwwmﬁw%
30}0m 303%m 30USe 3050m 3030m
1h75m - 2hT3s Lh75s 17le 1728
1298 1b29%9s 1430vs ih2sve 1h26vs
1370w 137w 1376m 1370w 1372w
1332w L330m 1332s 13268 1330s
1300w 1300m 12993 1299w 1299z
1255w 1258w = = 1256w
= 1185w 1390w 1188w 1388w
21h%w 1158w 1162w 1185% 1151w
1076w 1073= 1070ve 10708 1071lvs
1021w 1018m 1018s 101i9m 1018s
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Thiffen's
Hotatlion
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(5}

%

leontinued)

Moda

Desgription

&w ring
B, Y ¢-H
mm Y C=E
B, ¥ C=H
B8 G~C
B, % C=0-C
B X sons.

A X zond.

997w

17w
132v8.72580,
699va
1525 17T,

278e

Ph.SnCl
>

99ks
¢70w
917w .

728vs

&9hvy

995a
970w
910w
T26ve
8908

u5kb.
278=m

PnSnCl, Ph.SnBr
o 2
998a 2978
= S70w
913w 919w

2676 (Sn=-Br)
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Table & £ _¥h.8n0H and @m.wmwwmwa
(continueg)
Hode Absorpiion freguencies om ™t
i e o Description PhoSnOR Ph,Sn-0-SuPh,
3610w (V_om)®
b &, BC-H 1020m 1020m
P Ay ring 995m 9903
4 , ¥ C-H 979w, 953w -
i B, ¥ C=8 909m ,
898a (208)% 77hve (Y, _Sn-0-5n)%
£ B, ¥ G-H
- B, G0=C
8 By ®C=C=C 615w - |
v B, X sens., gmmu?@@mm%www% rmmmwmwﬁmuwa@mmmauwww
% 4y X sens. 2705, 268%,

52 These assignments are made according %o Kriegsmenn and m&wmmwm%woo
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velues, thip bend is assigned as a summation freguency.

Tue 1340-1250 reglons— There are three weak to medium intensliy

bands whielhh are observed in almost all cases im the 13%40-13%25,
1500-1202 and 1258-1250 cm” > ranges. . Howevex, it is difficul:
t0 quote with cerbeainty the corresponding ranges observed by
Griffiths and Derwish’® becsuse they used & very high resolutiocn
intrument and they have also detected other weal bands in this
reglon. The ranges for their compounds are probably 1337-=133%4,
1305=1304 and 1267-1262 @mmlo No mention is made by Bell&myﬁﬁ
oxy by Katritsky and Lagowski§5 of Yenzene ring absorptions in
this region. Pollerg7 has observed thiree bands, wealk o
medlium intensity, around 1300 et in the study of infrared
spectra of vhenyltin compounds. He has asgsigned these banda
as banzeune ring absorptions, In the present work the bands

at 1350 @ﬂml end at 1300 @mml are assigned as Whiffen's

"0° (1C=-C) snd e’ (p C~H) bands of the phenyl groups. Laek of
any strong evidence, however, prevents the assignment of the
band ot 1255 em™% o p C-H.

The 1200w1100@m51 regions= There are two bands usually of

weak intensity which occur in this region at 1190m1176@m®1 and
at 1162~1149 @ﬁélo These bands are masked in phenyltin tri-
fluoroacetates because ¢f the O«-F absorptiom bands, Of the
compounds exemined by Katritzky and Lagowski55 generally only
those compounds with electron donating substituents in the
benzene ring absorbed in this region, and the ranges quoted

1 1

are 1181-1070 om”* and 1160-1150 em™ ., Both of these bands

ave asslgned to pO0-H in-plene deformation medes by Randle and



Whiffenﬁgo According. to Amster and G@lthup36 for phenyl

phosphine compounds, the absorptions at ea 1180 @mwl

1157 @mﬁl

ang at
are assigned as Whiffen's 'a’ and ¢’ bands
assoclated with #GmH vibrations, Thus by analogy, in the
present work, the bands near 1185, 1155 on”t are identified
as PC-H vibrations and they.are assigned as Whiffen's %8’ and
‘ec? bands respectively.

The 1070 em"" bands~ (Whiffen's d' band). This is e very
1

sharp band ocecuring in the range 1076-1064 cm =~ in all the
goupounds. This band has been observed in the speectra of mono-
substituted benzenes by a number of worker932954 and assigned
to & pC=H in-plane deformation‘vibrationo The absorption is
much more intense when the substituent in the benzene ring is

38 have examined the spectra of

a metal atom. Henry and Noltes
some ﬁhenylng phenylallyl~ and phenyl-vinyltin compounds and
they héve shown that 2 band at 1065 en™t is characteristic for
the'phenyltin group and it undergoes displacement in the
analogous silicon, germanium and lead compounds. These
frequency shifts as recorded in the present work, are shown in
table 7.

The band is believed to be a perturbed phenyl vibration,
probably a C-H in-plane deformation vibration (whiffen31)‘which
shifts to lower frequency with the increasing atomic weight of
the central atom. Thus, this band haé‘Bsen found to be of
great value in recognising the phenyl derivatives'of Group IV

elements, The present work shows that substituents on the -
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Table 7
Compoind Absorption frequency em™*
Tetraphenylsilane 1100
Tetraphenylgermans 1080
Tetraphenyltin 10645
Hexaphenylditin 1065
Diphsnyltin 1064
Tetraphenyl lead 1052

tin ator ean alsoc cause slight variations in the frequenay
of this band but overlapping with the phenylgermanium band
(1080em™ ) and %he phenyllead band {1052 em™) is not likely

to occur. The charvscteristic phenyltin band (1065 am“lﬁ

shows
g remarkable decrease im intensity in the case of the acetatas
and trifluoro-acetateg and this could lead to difficulties iu
using the band to identify a phenyltin derivative.

A =1, . -
The 1025-900 cm reglions- Three or sometvimes four bands.

usnally of weak or medium intensity, occur in this reglon. &1Ll
the compounds show a mediuwm intensity band in the range of
1025=1.014 @mwl which is assigned to a gC-H in-plane deformation

22,34

mode » Another strong to medium intenstity band is shown

within a unarrow range 999&996 c::mmEL by all the aryliin compouuds
This band is assigned as Whiffen's 'p' band associated with the
gymmetrie wring mode, TI% should be noted here that this
absorption was not shown by all the compounds examined by
Katritzky and Lagowskigs and they have reported a much grester
. variation iu the sbsorption frequency of this band (100?m990&ﬁ£§

than s found in the present worlk.



1

Phe remalning two sbsorptions at ca 980 em >~ and at

19 which are éelatively-much weaker in intensity and

010 cm
somedimes aré notk @baerved>in the speetra of some of these
compounds, are assigned as Whiffenba °j“3and '1? bands for

¥ 6=-H modes of vibration. The assignmenﬁs fox the latter two
absoxptions are ih-agreeﬁen% with the élréady reporte&

IR 934

values 3

where these weak absorpitions at 986=960 em~
and at 925-900 et (both bands often split) have beexn
attributed to C-H out-of--plane deformation modes,

The T790-670 regions- There are two véry strong bands centred

avound 730 and 700 @mmla In a number of cases, splitting of

one or other of these bands 1s observed and this together
with smaller diffewvences in the frequencies, intensity and .
shape of the abgorpition peaks could be used for disﬁinguishing
between different vhenyltin dervivatives. According to

Sharp and Sheppard®C these wibrations are G-H out-of-plane
deformation modes., These authors have cbserved significani
shifts (%0 sa T90 @mml, 704@m§1)'in the spectre of triphenyle
carbonive ion eompounds. These higher frequency shifits wers
consistent with the lowver avaiiablity of electrons'in triphenyl
carbonium cations. As there are ne such changes to higher
frequeney in the out-of-plane G-H frequencies in the spectira
of any of the phenyltin compounds, it is not likely that
Ph33n* cations aré.presenﬁ or, if present they have s very

differéhﬁ eleectronie strueture %han in the Ph30+ gations., This

27

concslusion is further supvorted by Poller®’ and Kriegsmenn



and G@isslerﬁg

who have likewise not observed any frequency
shifts 1n these O=H out-of-plane frequencies.

The Band nsax 615 @m@l,’§Whiffen°$ 's' mode) This is a

very weak absorption which is only observed in a few sompounds.
it is o 31 ¢lass in-plane ring deformation mod@3ln - The .
vibratlon does not involve the substituent fo any extent and
it'i@'not sensitive $0 the substituent. The absorption is
pssigned ms Vhiffen's "s" band whenever the phenylein

" derivatives show absorption in this regilon.

The 455-4%37 ot reglong— (Whiffen“é 'y? band), This 18 &
B, class ‘A-sensitive! vibration.Randle and Waiffen 2
described this vibration as an out-of=plane deformation mods

have

and the freguency depends upon the mass of the substituent

1

atom with o limiting value of 43% em ~ for an infinite mass.

¥n the present work, thlis band hag been observed over a widew

L

range between 455=437 cm — in the spectra of all the phenylﬁim

gompounds. The band is of very strong intensity and has oflew

Pbaen Fouwnd splid.

1

The 278-260 em -~ ranges- (Whiffen's ‘%' band) . This iw

g substituent-sensitve vibration of symmeiry Al and 1% oceurs
betweon $20<-2606 @mcl in the infraved speetra of halambenzenegg%
ALl the phenylﬁim eompounrds show a medium to strong intensity
handhim the region 2§0m260 @mmlq The absorption is usually
broad or Giffuse in shapen Phe band has been found to be gquite
usefyl in idemt;fying the Ph-¥ linkage as it involves

&ppre@i&blg G=X sitretehing and the frequency shows remarkable

shift %0 lower frequency region with the inoreasing mass’ of



the substituent atom.

In addition to the hensene ring absorptions as digcussed
above, there are certain weak and broaé‘bana@ of uncexrtain
orlgin. Such absoxrptions are obsérved in the fay infrared
reglon and no sssigaments ere made foyxr these bands.

Infraxed spechra of speeific compounds.

Spectre of Ph Sn0H, (Ph.Sn).0 and (n-Bu.8n).0.
e D~ o] s [~

Tripheﬁyltin hydroxide shows & very wealk absoxp%icn at
3610 o (see Table %) which is assigned to an OH vibration

by anology with the sssignasnt of Kriegsmann and GeisslerBO

X

who have observed a medium intensity band at 3620 em — in

the spectyrum of triphenyltin hydroxide, These workers have

recorded the same band at 3636 om™"

1

in earbon disulphide
golution and at 3650 ew © in cearbon teitrachloride solution and
have susigned 1t as an OH streteh. Other workers (West ana

Beney™) have observed this band et 3647 em

in the spegitrum
of teiphenyltin hydroxide whieh they have deseribed as a free
O stretching {requeney.

Priphenyléin hydroxide shows a strong doublet at 909 and
808 on”* whieh ig completely absent in bis—(triphenyltin) oxide.
Theoe bands appear to be from an O-f deformation frequencies and
sdmilar bands are observed by Kriegemann and @eisslerﬁgo

Bands gssosiated with the Sn-0 grown. %o obtain aw

approximate value for the Sn-0 stretching frequency am

estinate of the forece constant was made &Pollerzv)

42

using
Gordy's xule”™ and the esleuwlations gave a stretching vibration

of 570 em=%, Although this figure must be regarded as an



spproximation, it has been found %o be in agreement with the

rihge of absorpition reported by Brown, Okawara and Rochow45

who observed the absorption in the 643-580 om=*

region, for
methyltin compounds containing the Sn-0-8n group. However,
Vyshenkii and Rudnevskii44 examined the spectrum of bis-
(triethyltin) oxide and assigned the frequeney of an intense’

1

absorption band at 788em - to the asymmetrical Sn-0-Su

gtretehing vibration in agreement with the work of Kriegsmann

20 who observed & strong sbsorption at 775 @m“l in

and Geilssler
bis~( triphenyltin) oxide. The symmetric stretching of the
Sn--0=-Hn group is expected to be infrared inactive in the
RBSanmSnﬂﬁ‘@gmpaunds and this absorption has been recorded atb
240 om™t by Reman spectroscopy for bis-(triphenyltin) oxideBOq
in the present work, the spectra of bis-(triphenyltin)
oxide and bis-(tri-n-butyltin)oxide show strong intensity
bands at 774 om~* and at 755 em™* respectively and these bands
are assigned to the Sn-0~5n asyﬁmetrio gstretch. 1In the case
of analogous simple disiloxanes the asymmetric $1-0-51
stretching frequency has been found to occur in theijl.110=1000cm"1
range (Smith45) and the results were interpreted in terms of
dg—pgy bonding being present in orgsnosiloxanes.

The infrared spectra of triphenyltin hydroxide and hexa-
phenyldistannoxane are quite distinective and ¢sn easily be
distinguished from one another by examination of the reglon
below 1000 @m“ln The existensge of the.charé@teristic strong

intensity peaks at 744‘@mm1 for hexaphenyldiéta~ndxane and at
\
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909 and 898 em™*

for triphenyliin hydroxide are experimentally
very useful (as shown in-Figuré 4) fox 1dentification

purposes since thesg compounds have similar melting points

and are weadlly interconvertable., In addition to the analytieal

1

dats the abgence of any absorpiion at 774 en™™ in the spectium

of triphenyltin hydroxide can be used to show that‘th@ material
is free Lrom the di’s‘tannozr;aneo ( @ef- West, Baney and E@wcall%
who concluded that their specimens of the hyarokide contained
conslderable quantities of hexaphenyldistannoxene).

The helidess:e e structure of organotin halides has been

discusged by different workers who have each given conflieting
statements regarding the nature (covalent or ionie) of these
@0mpoundsa A large number of oféénotin compounds which could
possibly contain alkyltin cations have been studied by various
workersgggﬁlmsge. | | | .

The high melting point and low volatility of trimethyltin
fluoride (decomposes ~~ 360 C withous melting) is ' taken %o
indicate’® & salt-like consitution (Meﬁsn*F“) for this éompoun&;
On the basis of infrared spectroscopic studies (Okawara, VWebstex
and‘Ro@howﬁl), trimethyltinfluoride has been considered to be
an ioniec ecompound. The infrared and Raman specfra of the
trimethyltin halides have been taken to indicate that only the
fluoride has an ionic lattice and the other halides i.e,
chloride, bromide and lodide were associated through halogen
bridging (Kriegsmann and Piachtschansaﬁu The tin atous

probably are five co-ordinate,
Recently, the crysial structure of trimethyliin fluorids

wag studied by Clark, 0'Brien and Trot@@r53°54‘wh@ showed the
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presence of bridging fluorine atoms similar to the structures
postulated by Kriegsmann and Pischtsohan52 for other halides.
The two possible structures of trimethyltin fluoride are shown
in Figure 5. They consist of chains of trimethyltin groups
and fluorine atoms along an axis t'a' with only weak Van Der

Waals forces between the chains.

"f"i »n

Fig. 5 Possible structures of trimethyl/fluoride

(Clark, O'Brien and TrottersB’Su).




It has been concluded that the strueture is not that of &
purely iomie solid as the non-linear Sn —-<F— Sn arrangement
is a definite indication of covalent interaction. Moreover,
each fluorine atom is not equidistant from the two tin atons
80 that there is some tendency towards the formation of
discrete molecules. The apparent lack of planarity of tﬁe
trimethylitin group in structure I should have produced an

infrared sbsorption at ca 500 e~

due to the Sn-C symmetrie
stretching wvibration, Although this had not bheen previously
reported, it was observed by Clark etoa1g55 ag o weak Iintensity
band at 51% @mﬁl in the infrared specitrum of very @oncantratéd
Nujol mulls. However, this freguency could just be a
forbidden transition of low intensity arising from a planaw
MQESn group,.

In the seeond sirueture LI, the M@§Sﬂ groups are planayr
and are tilted alternatively with respect to the 'a’ axis.

Triphenyltin fluoride shows properties which are similax
to trimethyltin fluoride. Iun view of the properties of low
golubility and infusability, triphenyltin fluoride was once

described as an lonic compound, but Beattie and Gilson56

have
shown t1at, for trisubgstituted tin fluorides, a polymeric
structure containing give co-ordinate tim and brideging fluorine
atoms may be preferred.

In the present work, the infrared spectrum of triphenyl-
tin fluoride has been found to be guite similar to other

phenyltin derivatives. This indicates that the symmetry of



triphenyltin group has not been altered in the fluoride.

(ef. infrared changes‘in the spectra of triphenylmethyl group
and triphenylmethyl ion940?o Moreoverg by analogy with the
structure of trimethyltin fluoride (PFig.5), the structure of
triphenyltin fluoride is suggested as polymeric with bridging
fluorine atoms between the triphenyltin grbupso The Sn-F

band absorbs at 350 omn~*

in the spectrum of trichenyltin
fluoride,

On the basils of resemblance with the spectra of other
phenyltin'deiivatives, triphenyltin chloride, bromide and
diphenyltindichloride and phenyltin trichloride are concluded
as covalent in nature with bridging halogen atons similar o
the strvetures postulated by Kriegsmann and EPJ'.S.ch'tschamg’2

for the analogous alkyl tin halides.

The tin-halogen group frequenciess— The far infrared specira

(15-504) of phenyltin halides and some of the alkyltin fluorides
are recorded and the tin-heslogen group vibrations, which occur
below 400 @mml9 may be assigned as foilows. These absorptions
are broad and diffuse.in shape. I'rom the values quoted in

Table 8, it seems that the $n~F and Sn-Cl absorption fregquencies
lie vecry close to each other but in praetice the absorption
bands axe characteristic and can easily be identified as shown

in Figures 6-8,

The Sn-F frequency:- The spectrum of triphenyltin fluoride
shows a broad band at ca 350 cm™* and all other bands are
similar to those of tetraphenyltin (see Pigure 6) and are

assigned to wibrations of 38 mono-substituted bhenzcons groug
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Table 8 41

1

Compound tin-halogen frequency (em ™)
Ph§SnF 350

(Céﬁﬁ)ﬁﬁnﬁ 328

HWBMESHF 330

anEQSnFE 350

Ph§SnGl ~ 330

Ph28n012 ~ 3T0=-312

PuSnCl, 340

PhESnBr 267

{(see table 4), Tt is considered that this sxtrs absorption
band at 350 em~t L8 from a SneF stretehing mode. Similar
bands are found in the speeira of triSmQpenﬁafluar@phenyl)tim
fluoride (328 @mml)g ﬁriém{mmbuﬁyl)tin fluoride (330 @mml) and
di-{n-propyl)tin diflueride (330 @mwl)g Iin the spectra of sll
%hésg compounds (Fluorides) there is no other assignnent that
can be made; except that these absorpiion bands ér@ on=§
vibrations, It is not possible to make a direct ccmparison
with the frequenclies of 8n-F bonds in other tin conmpounds,
since there is no certainty that the same co-ordination
arrangement about the tin atom is present in the compounds

deseribed in the present work. XKrisgsmann and Kessler57 repord
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the following values of Sn-F frequencles,

Yable 9

=1
Sn-F fr@quﬁggi@s (@gg )
D

San 478 552
SnFQ 457 552

Su-01 valence vibrations (YsSn-(1l) have been revorted for
a variety of tin compounds, The literasture frequenciles are
given below in Table 10, It can be segen that the BSn-Cl

Trequem@ieag for the phenyltin derivatives, examined in the

Present work, arvxe in falr agreement with those in the
Literature. The absorption fregquencles of phenylitin chlorides
lie close %o those of trimethylitin ehloride and stamnie

ehloride, suggesting a similar co=ordinate arrangement sasboutd
the tin atom, in phenylitin chlorides. The assignment for

the Sn-Br vibration in PhﬁﬁnBr is made on the baslis that the
aompound shows a very strong intensity band at ea 265 @mwi andg
the other phenyltin halides do not absord in .this region.

The perchlorates.—= Trimethylitin perchlorate has been prepared

in an anhydrous form by Clark and-O“Brien550 The perchlorate
gublimed at low temperature and melted in a sealed tube at 125-
-127000 These physical properties are not consistent with an
sonie strueture for this compound. The infrared spectrum of

crlmethyltin perchlorate has extensively



4%

Table 10 Sn-C1 absorpiion frequencies
Compound Sn=Cl frequency Reference
(em™)
368 58
Snﬁlh 366 59
SnC1s” 3L 60
(N0) ,8nCL, 310 . 61
Oxyatal violew 317 62

Me ., SnCGl 331 52
kS 236 i

Ph.SnCl 328 20 ‘ )
= 330 present work

Phﬂﬁnﬁlz ~ 370=312% present work
s

PhsnCl., 340 present work

been investiguted by Clark and O!Brien bo The infrared
avsorption for the perchlorate group was found to bhe in
favour of a covalent structure as postulated by Rﬁsség and

Hothaway and Underhillégn Thus on the infrared evidence, i%



Gt

has bheen concluded that trimethyltin pewrchlorate is composad
of plenayr trimethyltin groups bridged by partially covalent

perchlorate groups to form chaing as shown in Structure (III)

00
\/ .
s a1 Oy
"'QWSE‘laO Omngz’%r:;- -
/ "CHy ! .y
Cﬂ?, - GH3
III

In the present work, it was pyoposed that if there is
any possibility of oblaining an o'nium 8alt, that could
contaln 3 trxiphenyltin cation, 1%t would contalin an anionia
group derived from o very strong scid. Thus in order fo gain
further information on the structure of trlorgunotin comprnunis,
teioheaylitin perchlorate was obtsined by vreaoting triphenyltin
ehlioride with anhydrous silver pexchiorate in ethev under
completely anhydrouﬁ condivions. The infrared spectrum ig the
same as observed for other phenyltin fevivatives and is
definively not in favour of & new PhBSm+ entity. The

"L vegion. The

perchloxrate group absorbs in the 910=1200 cm
peaks are split, are of high intensity snd are similar to the
bands reported For trimethyltin perchlorate (Clark and O'Brien
55) being explicable by the peré'lorate group acting as &
videntate bridge of symmetry Choo By enalogy with the

suggaested structure of trimethyltin pewehlorate, it is

suggested that the strueture of triphenyliin perchlovate



involves planar triphenyvliin groupes bridged by perchlorat@
groups and that the tin stom is penta co~=ordinate, most
likely with & trigonal bipyramidal structure as in trimethyl-
tin fluoride (Claxk ,0'Brien and Tfottergggsh) and in
M@ESHCXPy {Beattie, MeQuillan and ﬁulm@lR)n

The presentlpickura of the structure of triphenyltin
perchlorste ig8 in agreement with Giark“ﬁ most regent private
comnumication. He has also prepared this compound and his
jinfrared sbtudies have been found to support the sanme
gonclusiocn as derived abova.
The fluoroboxatess - Trimethyltin tevralfluoroborste has

56,
Y bv tha

recently been prepared (Hathaway and Wehster
veagtion of trimethyltin chlovide with silver tetrafluozoborate
in methyl syanide solution. This compound has been reported
(Burg and Spi@lm&nnég) as & white amorphous hygroscoplc solid
and it has melting point 30°C. Hathaway and Webste; % have
interpreted, the infrared spectrum of trinmethylitin tetra-
fluoroborate, by assuning a covalent structure with bridging
whrough two of the fluorine atoms of the tetraflnvoroborate
group. JIn the previocus 1iteratur967 the tetrafluoroborate

ion has genewrsily been considered to be & non-complexing

anion &8 tho required co-ordinution, for complexing, of two
for the fluorine atom is rave.

The BFZ ion has Td symmetyy and there are nine vibratiomal

degrees of freedom distributed between Tour normal modes of



vibwation of which only two {$3 an@@& )} are infrared active
(Greemwooﬁég)o In the infrared spestrum of trimethylitin
tetralfluoroborate, the Vg yvibration has been Ffound split into
three somponenets, {Hathaway and Hnd@rhilloh} apd this
splitting is taken to indicute a lowering of symmetry of the
anlon beegasuse two of the fluorine atéms are acting as bridging
between the two organotin groups. On this evidencs, the

ghructu of trimethyltin tetrafluoroborate hus been

3
@

formulated ag & chaln atructure with tetrafluoroborats groups

forming brldges between separate trimethyliin groups.

Priphenyltin tetrafluoroborate hes not been rsvorited
previously. The Tirst preparation of this compound was

2’

! IR .1 T . o .
attempted {(Sherp and Wlﬂf}@ld“}} by reacting boron trifluorids

3! -

with tetraphenyltin at 1100 by analogy with the tebramebthyl -

e

tin reaction (Burg and Spielmamégﬁo A ﬁroduct that éemompqs@ﬁ
at 90°C, on attempted sublimation, was formulated as
twiphenyltin fluoroborate., In the present work ?hgsnBFu was
prepared by reacting triphenyliin chleride with &r equivalent
quantity of silver flubroborat@ in ethereal ox benzene
golution. Silver chloride precipitated out and the removal

of the snlvent gave an oily or gummy material. The compound
showed & very strong interaction with the solvent and it was
imposscible to remove final traces of solvent from the weaction

product. Becausa of the extremesly bygroscopic nature of
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PhBSmﬁﬁhg it has nqt proven possible to obstain a crystalline
‘sampl@ for enalysis,

The iﬂfrafed spectrum of PhBSnEF& ghows bands character=
istic of a momosubstituted bengene group (similur to other
phenyltin derivatives) and & broad absorption split inmto Hwo

vands at 1072 and 1020 cm —

in the B-F absorption region, The
aplitting of the $3 frequency intc two or three componenets
indicates lowering of symmetvry of the tetrafluoroborate ion.
The lowexring of symmetry wmost probably arises from a sirong
interaction of fluorine atowms with triphenylitin groups. Thus
by amalogy with the suggested structure of trimethyltin
fluoroborate (Hathaway and W@bateﬁé@}g it seems wpoat likely
tvhats triphenyltin fluoroborate has & covalent structure with
bridging tetrafluoroborate groups, and the tin atom is
present in & five co=ordinate state.
Structure of some other related organotin compoundss-=

On the basis of infrared spectrum, trimethyltin nitrate
has been postulated (Clark and OGBriengs) to contain unidentata
nitfato group linked to 2 non=planar trimethyltin group. |
Similarly, more recent work (Addison, Simpson and Walker70) on
the infrared spectrum of dimethyliin ﬁinitrutég has shown thet
the compound éomtaina unidentate nitrute groups Q=ONO£)

attached covalently to the alkyltin group,
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Gren the compounds containing the strongest electro=

B

negative anions (e.g. MFg type) show strong interaction

with the organo=tin groups. The 1nfﬁ.rem spectras of
trinethylt in hexafluoroarsenste and hexafluoroantimonate
{Clark and OGBTiengg} show gplitting of the hexalluoroarsenats
and hexsfluorcantimonate. group absorptions wheveas the free
ions ehould show (Pemcock and Shaf§?1} only a single absorpiion
hand iw the regions studied, This splitéing indiciked =

ey s LS

Lowvering oFf symaetry of the hexsfluoro anions and has bhesy
waken to indicate that theses derivatlves are polymeric in
gtructure, similar to the organotiyn perchlorate and fluowro-

borate as desceribed in the present work.

..!:

£5 has not been posgivie to obtain any 1 St St¥eligslasrielil

in which there exisbted & free R%Sﬂﬁ ione Inm all cusges the i
atom is essenvially five co—ordineta.

Hiscellaneous Topicms~  During the course of the vork &
number of reactions were afttempted with phenyltin derivatives,
These are not conveniently clasgifiied eleswhere and ure dealt
with here.

Reaction of itxiphenyliin filuoride Wlth boron triflucride

S Gaamon T DT I

Triphenyltin fluoride was reacted with boron trifluoride
in 8 bomb, liquid sulphur dioxide being used as & solvent.
It wag expected thut a reuction would occur and the ﬁBSnBFh

would bhe the reaction product. The infrared spectrum of the
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regultant product was found to be identical with the
spectrum of trivhenyltin fluoride and there was no absorption
in the B=PF weglomn. In another attempt Itriphenylitin fluorids
wag reacted with boronm trifluoride in bengene solution butb
the resction product 1803d ed was agaln characterised as
Ph@SnFe From these axperiments 1t is coancluded thasg
tyinhenvlitin fluoride does not rea ct with boron trifluoride.
This lack of reactivity of triphenyltin fluoride is atiribuied
to the high lattie energy of the comnound. This unveastivivy
of organobin fluorides has also been reported by Giarﬁwg W o
hag attempted the preneration of RECﬁPE& by weaeting RESﬂ?

e ddentifled

=
®

sompounds with PFeo The produsta isolated

a8 .50 and not as hexafluorophosphateg,

Py

w&@_@mg tx:.‘iwom‘i@-‘avn < f’

et

triphenvitin fluoride with, BB bkx

o wt

The unreactive nature of triphenyltin fluoride was

further substantiated by the attemvted reactlion with hexa-
Tluorobut=2=yne, wvhen a simple addition product CEE(Phgsm)Gﬁ
‘GFGFE or-CFB(PhBSn)CF%GF(?HBSR)GFE was expected. Triphenylsin
fluoride was recoveraed unchanged from the reaction wmixture.
Such addition reactlons are shown by other organotin
derivatives. Por instance, the addition reauctions of organo-
tin hydrides to olefines and acetylenes have been studied by

Kerk and Noltea?ao



(1) PhoSnH + HOZECR = Pl SnOH=CHR

. [
EhESncHsCHR'+ PhySnll ~ PhaSuCH,=CHR SnPh

3 3"

{(11) (Ghﬁg)aSan + 2CP,= Cﬁg-mm%-(Chﬁgngn(GﬁémﬁFgﬂ)g

It has been suggested that organotiy radicals or cations
may be present as reactive intermediates in these yreactlons.

The Acetates:= The preparation of PhESnOOGH.g PhBSnOOCCF3

and PhESn(OOGCER)E has been ¢arried out by reacting the

corresponding organotin chlorides or bromides with equivalent
proportions of allver acetnte or itrifluorcacetate in
anhydrous ether, while shaking the reacvion wixiures
avernighﬁo Thils 1s a new procedure for preparing these

derivatives., ?h‘SnOOCCF3 and Pthn(OOCCF3}9 are new

3
conpounds. The preparation of these phenyltin acetvatves has

alao been atvtempied by the procedure described by Andersonﬁg
who revnorted dealkylation of tetralkyltins by refluxing
with metallic acetates or trifluoroacetates. Triphenyltin
acetate was prepared by refluxing equivalent proportions of
tetraphenyltin and silver acetate in toluene. Attempts were
made to prepare PhQSn(OO(;CH'B)2 by using two equivalents of
silver acetate but the rea?tion product was found to be

Phasn(OOGCH3}o Even the use of an excess of silver acetate

yielded only the mono-acetate,
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The cleavage of the Sn-C bond by eleetrophllliie reagents

g™ ) .
has bheen dlscussed by many authar&7§ Clo Inn the present work,

it seems that the clsavage of the @aggg"an bond depends upon

the elesetronegativity of the aﬁta@king aeid anion as the
attempts to prepare Pthn(OOCCH5$ﬂ from tetraphenyltin gave
only & mono-scetate whereas Ehgﬁn(OOGGF§)2 was obtained
without any diffieulty. It could, however, alsce be due to the
different solubility of diphenyliin dlscetate or the different
the acetate group when one acetate group is

gubatituted to form a monc-agesate

)
&,

82 , .
From infrared studies (Freeman “3 Qkawars, Webster and

5L

Rochow" "3 Okawarsa and Sate” of methyltin estvers, it was

gy )

inferred that the carboxyleate group was lonle and the

QJ

dimetayltin eand trimethyltin groups exist

-

Similarly from a consideration of infrared sps

as cavlionsg.
8@3

f.‘

etra (Qlah
P the compounds. M@ﬁﬁiOOCﬂﬁﬁp,E@mSi( Oﬁfﬁwnwg Me ‘:(OOCCHT))Q
Si(OOCGH%)%Q M@%SﬂOQCGHEQ Haﬁsmﬂouﬁp MeySn ehloroscetates,
Negﬁﬂﬁﬂﬁﬁmﬂgo Meﬁﬁn halides, Megﬁn(OOCGH5)29 M@ESH(QOQH)EQ
Me,%n dihalides, Medn trihslides 1t has been concluded that
the gilicon derlvatives are covalent but that the tin compounds
gontain methyltin cations. However, Beattie and Gilsongs
and Van Der Kerk and @@aworker386”87 have proposed that the

spectroseople evidence on acetate groupings may equally well be



he

intevreoreted in verms ofF either bridging or chelated acetats
grouns, or simple acetate lons. If the former is the true
ploture, ﬂeaSnOOCHW would contain planav M@"m groupas linked
by bwridging asetate groups as described by Van Der Kerk,
Luljten and Janssen 86“ The tin stom would uwe penta-go-ordinste
28 nostulated for other organctin compounds.

Teiphenylitin acetete and triphenyltin trifluorcacetats
have relatively low melting points and are soluble in ether and
agthar orgaunie geolvents. These properiies favour covalent

ratheyr than lonic structures Tfor vhese compounds., and the

infrared spectra ars ir agreement with this as discusssd below.

r—-a

The slgunificance i the degres of separvation ¢f the twe

AL mtyemt sl e medoas W - wd S meum. b 4e -
Oy mthretehing wmodes Y. sym. and Y, asym.} in phenyl

asarbogylaves and in other related compounds has begen discussen
) 27:51,91-83 . , -
by various woerkaers™ 777 3'0 fccording o Nakamotno, Tujita.

_ _ oy . , _
Tenaks and chﬂyashﬁg the separation of the two -0 siretching
frequencies has been found te increase when the metal-oxygen
bond becomes atronger and the twoe =0 bonds of the scetate ioun

become uneven as shown below.

Mo----

\4/ | \g/
!

GH"% il

v s
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Ont the other hand Okawars, Webster and Rochow have assocliated

z

the band separvatlon with the strength of the carboxylic acid.

A pilot of the C-0 band separations taken from Okawara's paper

againat ﬁi values for the csrboxylic acids gave a straight line
I'y(f{

for 211 the compounds except trimethyltin formate (Pollep™ )

We have now studied {(Pable 11) the -0 band separations

Qvﬁw?_* in sriphenyltin acetate -nd the phenvitin dtrifliucro

acetates. 'The absorviions for triphenylacetais are similar e
U % A e e

those obtained by Ckaware st.al 77 for a nuaber of alkyitin

acethaten. 1% ia clesr that the differences bhatwesg tha

agymmetris and symmetrie C-U gitvetehing wmodes for alkyliin

)

o o
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those bstween the worresponding sodium salts of the carboxy.ic

G

&
25 A ] R S Y N N PR R
poids The band separation | QQF~¥a, increages with the

increasing acidic gstrengith of the carbeoexylaite group-

o . o - 94 .
Before the completion of the present work Clark” " vy JENSSsEn.

Luijten, and Van Der Ker Kg@ and Cuummins and Dumngl reporved
infrarad atudies on some other triaikvitin acetates, the
conclugsions are sinilar to those reported here.
The spectvral changes with changes of témperaturegl and
ith increasing concentration of orgnmotin aceta%e894 have
been teken to indicate that the scetates are present in

monomeric ester-like covalent form in molten state and in

dilute solutions. In the s0lid state and in concentrated
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solutions {2»5@2} the acetates exist as chelated covalent
compounds with symmetrical acetate groups bridging between
two ovganotin groups. Thus from the available gvidence, Lt is
aconcluded that alkyl and aryl tin carboxylates or halogenated

L e

acetates are predominatvely covilent compounds and thedlw

gtructures, as deduced from infrared spectroescopy. are shown

below
R §
§ i
P Retinn=0- Q“—‘GE{? Rt
h &4 o RN
R GH.,
.
‘ -
R ¥ R
POl i
LA
‘b S ) T AN 0 5 S
:i T 3 ; ’ 'E?
E‘ 1S R ab
R o= alkyl or aryl.
ta! Monomerice cowalent structure of triorganctin acevaites

present in dilute sclution or in the molten stats.

{h) Polymeric chelated covalent structure of crgancitiun
carboxylates in econcentrated solution or in solid
gtate.

The C=F vibrationgs— The C-F frequency assignments for the

5
phenyltin trifluoroacetates are made after Randle and Whiffengf
who have studied the characteristic C=F stretehing vibrations

of the CFE group. They have assigned these yodes near llBO@mwl

and near 1140 o~ L,
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The Structure

of diphenyltin:-

gsigoned am ring vibrations

o

orted”

ey

=y

he compoundsg of SBrn

by ana 1o gb’ W -L 1—‘ 4 h(."

TE are

usuvally colourlegs but dlvhenyltin is reported (Ruiwila et.al

") .
95) with various colours, to be monomeric ox polymeric, to

be highly alr sensitive or =2ir stable and to have & rangs of
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b

golubilities., Phe molecular weights neve vsen found to be

~

variable. Magnetice susceptibility measurements on this
s . E g b 8 &, B B L
compound have shown {(Krause and Fﬁhlaﬂd93§ thaet diphenylsi

sent as o radical and the low dipols moment of the

7

noeT wre

i

monomeric and poiymerie forms indicate (Jensen and Jlauson-

2y 1.@{) A 5.7 2 . . PR K - v “y ™
Ko i othat the compound is naed polaw.
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the exgected bond angle would be spproximately 8¢ for
- b
ERRs -

for a7 p bonding. Elevtron diffrastion measurements {Lia
and Sutvon” 7Y on Sall chlovide in the wapour vhasse have
shown that the molecule is sngular. As the cential tla at

in steuetures VI or VIT has only six valency electiroas,

polymexrisation is expected to ccenr in order to obtalin s

fer

o

stable ootet configuration., Inghaw, [Sanders, Rosenberg and

LO4

G lmaw have suggestved the polymerisatiom of diphenyitin

s followss--
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Phdn: + :8nPh ——p Ph%ﬁ = SnPh — higher polymers.

| ,

Ph ) P Ph
Sueh polymerisation will make the tin atom four co-ordinate
and %he strueture 1ls in agreement with the infrared datas

e X R A o 1

reporved by Neumann and Xonlig o

In the present work the infrared spectrum of diphenyltin

wags compared with those of the Sn{IV) compounds and was fFfound

to be alwost identical with the suectrum of tetraphenyltin.
From this evidence it ls suggested that diphenyliin and
tetraphenyltin have a very similar arrangement for the
@cmerdiﬁ&tian about the tin atom. A& structure for diphenyltin
in whish a phenyl group is acting as a bridge between tin atoms
wouwld show & different infrared spectrum and hence this

giructure can be ruled out.

Dissociation of compounds of the type Ph3MwMEh5
An investigatlion was made of the dissoclation of

derivatives of the type PhEMmMPhg {where M=Sn, Pb}. The date
on the dissociation of the compounds are scattered throughout
the litersture and far from complete. The extent to which
these phenyl derivatives dissociate has been the subjeet of
several conflieting statementsc‘

It has long been known that hexaphenylethane dissociates
homolytically in solution to form triphenylmethyl radicals

112,
1£>6

( Gomberg Subsequently, it was found that a triphenyl-

methyl radiecal can either lose or gain one electron to give
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a charges triphenyimetshyloation {Fh36}+ or an anlon (Ph?ﬂi}k

In hexaphenylethane the steriec repulslon ensrgy of ths Two
halves is estimated to de about 36 keal/mole and the snthalpy of
Aimsceistion ls about 15,5 keal/mole (E&ulimggé&}u This sxplains
the easy diassociatlion of hexaphenylethene. Howeveyr. it has besn

pointed out (B0,96k,113¢ that there would be steric hindersnas

in the tfiph@nylmethyi cation oy radical wnd that the wvssul

2
-
-
o
Lode
bt
ard
s

Lo twipheaylmethyl entity could be wrelievud by votation
af the prenyl groups .

& .
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The hexaphenyldiwlilanes do not aprear to be dissociated 1

T
” (3%
B PR N g P e, P ey o A e gy, My e e e Feov s A .:’.-
gotutior and no free yadicale can be deteoted (Didge ok :
-
}e f
o cryig P o AL T o 2 o oy oo e T N -3 T ¥R
Petro and Suyth ( Iv ds however, postulated that Pl gl

radicals are present asg reactive intermediates in redila

indueged reactlons of Ph Sﬁdo From ebullioscoplic measurements,

117

Morgan and Drew thC con@luéeu that hexaphenyldigernane does

not show a recognisable tendency to dissoclation in diilute

benzens solution. Hexaphenylditin is 2 colourless substance,

Boeseken and Rutgerall&

have carried out molecular weight
determinations on solutions of several distannanes and they

have shown that these compounds in concentrations of a few pewr



sent have normal molecular weights, whereas in concentrations
of a few tenths of a per cent, they apreared almost completely
dissociated. TFor example hexuphenylditin showed 50%
dissociation in 0.87% benzene solution &t 5°C. However, these
observations are not im agreement with the magnetic suscepti-
biliﬁy atudiss 6n hexaphenylditin by Morris, Byerly and
Selw00@119vwho have rulcd out the presence of free radicals,
The only othexr possiblity for dissociation of such compounds is

the heterolytic dissociation.

PhgSn ~ SoPh, == Ph,Sn’ + Ph,Sn :
This has been questioned (Coate@laa) on the basis that PhESn+
cation would be expected to be coloured by analogy with the
colouxr of Ph38+ @ationg but this reasnning does not seem to be
valid as the orbitals which would be used in forming the
Ph38n+ cation would be very different from those usea in forming
the Ph36$ eation. The solvation of the cation should also
gause s losg of colouw. - it maey be suggested that hexaphenylditin
derivativea are solvated by a charge transfer mechanism between
solvent benzene and the phenyl groupso' Such solvation would
explain the. anomolous molecular weights of these compounds.
Hexaphenyldilead is yellowish in colour and -it shows changes
in colour with chunge in temperature in bengene or nitromethane

solution. The cryoscopic ueasurements on this compound in
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benzene solution showed the same degree of dissociation as in
the case of the corrvesponding distannanes (Xrause and Reiszaus
121)0 Howév&rg the molecular weight determinations (Malatesta
128y pave shown that hexaphenyldileed did not dissociste in
nelting n@ﬁhthalen@o Similerly from megnetic measurementg on
hexaphenyldilead(112,123), it was concluded that there was no
recognisable dissococation of this compound,

In view of this contradictory situation, it was prOposed
o examine the conduetitities of hexaphenylditin and hexaphenyl=
dilead. The results of conductivity measurements are shown in
the following Table. The measurements were carried out in
nitromethane solution.

The ie@ults of the conductivity measurements show that
hexaphenylditin and diphenyldilead do not dissociate heterolyb-=
leally and the extent of their dissociation is not detectable
sr.d is certainly less than 1%.

It seems that in considering the dissociation of R3M=MR3
compounds, resonance, steric hinderance and the nmetal-=metal bond
strength all play an important part. The easy dissociation of
hexaphenylethans is probubly due to the first two of the above
factors and it seems cé%éin thut the distannanes and diplumbanes

do not dissociate because of the stronger metal-metal bonds.
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Xable 13

Solution Gonduétivity in milli ‘mhos?
. at differens temperatures

20156 8¢ 3076 407¢
Hexphenylditin - 000492 - 000516
LO1H
Hexaphenyldilead - 00033 » 0003k -00036
- 0L6M
Sodium iodide 035

Wotes= Hexaphenyldilead did not give a clear solution.
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Experimental

Preparation of silver tetrafluoroborates-

Thias compound was prepared using the following two
methods s~
(1) By'rea@ting dry silver borate with browine trifluoride
in .a silica tube (Sharpelzs)o
(i1) Silver fluoride was prepared by reacting silver carbonate
with agueous hydrofluoric acid in a platinum dish (Anderson,
Bak and Hillbert127)o Then silver tetrafluproborate was
obtained by reacting silver fluoride with boron trifluoride
using sulphur dioxide as the solvent., (Russell and Sharp126}a

From the two methods used for the preparation of silver
fluoroborate9 the first method is convenient when smaller
quantities of the material are required and the second
procedure is useful for obﬁaining larger quantities of silver

tetrafluoroborate.

Purification of silver pexrchlorates- The compound was

recrystallised from anhydrous ether. The recrystallised
compound was dried in wvacuo and stored over phosphorous
‘pentoxide in a desiceator.

Preparation of silver trifluoroacetates~ Silver carbonate

was dissolved in trifluoroacetic acid, the solution filtered

off and silvexr trifluoroacetate was obtained by evaporating
the filtrate. The compoﬁnd was recrystallised from anhydrous

ether. The final product was dried in vacuo and kept over
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phosphorous pentoxide in a desiccator. The absence of
moisture was confirmed by its infrared spectrum.

Preparation of organo-tin compounds:-= All the known compounds

were prepared by standard procedures. The reactions were
carvied out under strictly anhydrous conditions wheprever
necessary. ‘The compounds were characterised by carbon nnd
hydrogen analysis and thé melting points found were in
agreement with the previously reported values. The details

Ay

of analysis are given in Table 14,

4
Pure Chemicals Ltd.) and was recrystallied from benwmene. This

Tetraphenylsin (Ph,Sn) was of the commercial grade (from

gompound was used as a starting material for the preparation

of most of the other aryltin derivatives.

Triphenyltin hydroxide (PhSSnOH) was prepared according %0 the

‘method of Kraus and Pohlandr+9,

3

Bis-(%riphenyltin) oxide (P, $n-0-5nPh
| Triphenyltinhydroxide was heated at 90n106 ¢ for four

hours in wvacuo. The product was recrystallised from aceto-

nitrile. The infrared spectrum of tlhie product did not show

1

a strong absorption at 909m, 898s em™ which is characteristic

for triphenyltin hydroxide. The disappéarence of this
absorption and appearence of an other strong intensity band
at 774 em™+ (Sn-0-Sn) copfirmed the complete convertion of
the hydroxide into the oxidéau

Attempts were also made to preﬁaré bis;(friﬁhenyltin)

oxide by the method described by Kushlefsky, Simmons and.



Rosgl28 bui the method gave only tetraphenyltin.

Bis-(tri-n-butyltin) oxide (BuESn)QQ was prepared by shaking

an ethereal solution of tri-n-butyltin chloride with agueous
potassium hydroxide (ILuijten and Van Derx Kerklzg)o After
evaporating off- the ether, an oily liguid was obtained which
was heated at 80-90 G for about eight hours in vecuo to give
bis-( tri-n-butyltin) oxide.

Triphenyltin fluoride (PhESnF)°

As compared with other phenyltin halides, the fluoride

has e very low solubility (Goatealzo)o

It was prepared by
adding aqueous hydrofluoric acid to a hot alcoholic solution
of triphenyliin chloride in & polythene container. The
fluoride precipitated out. The precipitate was washed with

slcohol and dried under vacuum,.

Triphenyltin chloride (Ph38n01)
(Kozesehkow, Nadj, and Alexandrowl30)°
A mixture of .445 mole tetraphenyltin and .148 mole
stannic chloride was heated at 205»21500 in an oil bath for
three hours and subsequently at 180—19090 for three hours.

The reaction product was recrystallised from anhydrous ether.

Triphenyltin tetrafluorobor:te (PhSnBR ).

Priphenyltin chlbride was reacted with an equivalent
proportion of silver fluoroborate in ethereal or benzene
solution, On mixing the two solutions, silver chloride was
precipitated and was filtered off in a dry box. Thelremoval

of the solvent gave an oily or gummy material which showed
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absorptions in the B-F reglon. The infrared spectrum also
showed characteristic absorptions for mono-substituted phenyl
groups as do all phenyltin derivatives. Thus it is certain
that the product is PhySnBF,, but it has not been possible

$o0 obtain a erystalline sample for analysis as the product
showed a very strong interaction with the solvent or moisture
and it was impossible to remove final traces of the solvent fror
this compound.

Attempted preparation ¢f triphenyltin fluoroborgte by

regcting triphenyltin fluoride with boron trifluoride,

This reaction was carried out in a stainless steel bomb

(from Baskerville and DLindsay Itd.) of 25 ml. capacity.
Triphenyltin fluoride (about 1 gm.) was placed in the bomb
which was evacuated and about 3-4 ml. of sulbhur dioxide

was condensed into the bembg_followed by an excess of boron
trifluoride. The charging of sﬁlphur dioxide and boron
trifluoride was carriéd out on a vacuum line. The bomb was
rocked overnight at room temperature. The  excess sulphur
dioxide and boron trifluoride wereAallowea to escape and

the product left in the bomb was pumped bn forxabout two hours,
the bomb was opened in the dry box and the infrared specitrum
of the solid product was found to be identical with the starting

material.,
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In another attempt triphenyltin fluvoride was reacted with
boron $trifluoride in bvenzene, but the attempt o prepare
triphenyltin tetrafluorcborate was again unsuccsssful and tri-=
phenyltin fluoride was isolated.

Bachion of trivhenylitin Lluowride with hexafluorobut-g-yne

Hexafluorobub-2-yne was prepared by weacting 1,1l,1l.hl ke
hexafluoro~-2,2,3,3=tetrachlorobutane with gince dust in acetie
anhydwide (Krespan, Harder and Drygdal@lae)o

Abou®t one gram of triphenyltin fluoride was reacted with
an excess of hexafluorobut=2-=yne in & stainiess steel bomb. The
bomb was heated et about 100°¢ for 12 hours. Affer pumping out
the unrescted gas, the reaction produst was handled in & dry
box., The infrared sreetrum éid not show absorption im the
G-P reglion and the spectrum was identieal with the infrared
apegtrur of twivhenyltin fluorids.
Eiégiig_gh@gﬁgzgmgﬁg;qh;LgaﬁﬁAﬁﬁlgém‘iﬁl@g@‘) was prepared by the sams
procedure es used for PhBSnBFaQ The product was gummy and ths
infrered spectrum showed the charasteristic absorption for the
perchlorate group as well as for the momosubstitubted phenyl
groups. Thieg evidence imdicates the formation of this compounéd
but anslyticald results could not be obtained as the attempts te
prepare a egryatalline sample ware not successful,

Rivhenyltin dichloride §Ph2§§§;22_wés prepared according tc the
method of K@Z@SthQWlBla Bauivalent quantities of tetraphenyltin

and stannic chloride were heated at 220°C for 13 hours. The

reaction product was reerystaellised frowm light petroleum.



Phenyliin ﬁrigglpriigmggg§ggég)was prepared by reacwing
tetraphenyltin with‘stanni@ chloride eccording to the method of
Kozesehk@wlgln 0,05 mole of t@tr&ph&nyﬁ%in and 0,15 mole of
stannic chloride were heated av 2L0-220°C fox two hours. The
reaction was earyied out under completvely anhydrous conditions.
The veaction product was awn oily liguid. Phenylitin trichloride
was fractionated under vacuum. The lanfyrared spectrum confirmed
the absencse of moisture and of hydrolysis produsts.

FPound bePo 1h0=1h.3°¢C

Lit, bope  1h2=113°C

Tripehnyliin bromide {Eh3SnBr)o This compound wag prepared by
mild bromination of tetraphenyltin by the pyridine-bromine
addition compound at =18°C (Krauslgg)q The product was
recrystallised from anhydrous ebthers

Lriphenviiin seebate. (Ph,S000CCH,)

The preparation of this comnound has deen revoxied 133,13k
by the meactlon of triphenyltin hydroxide with glacisl scetie
acid. In the present work, two new methods of preparation for
this compound have been developed.

(1) ZBguivalent proportions of triphenyltin chlovide and
gilvey acetate were reacted in anhydrous sther solutiom., The
reaction mixbture was shaken overnight. Silver chloride
précipiﬁa@eﬁ out and wes filtered off in a 8ry box. The cruds

product obtained Ifrom the ether solution wes recrystallised from

petroleun ether. The infrared spectrumef this product showed the

exnected C=) absorptlons and bands for monosubstitubted benzens



groups.

- §11) In another experiment, triphenyltin acetate was
prepared by refluxing equivalent quantities of tetraphenyltin
and silver acetate in toluene for eight hours. Metallie
silver separate& out and the acetate was isolated from
the toluene solution. The reaction product was recrystallised
* from ether. This procedure was followed from Anderson's
method?3 for the preparation of a variety of alkyltin
derivatives by the reaction of metallic acetates with tetra-
organoting., 1% was found that the cleavage of the first
C=Snjbqndnﬁas easy, following which there was no subsequent
clesvage of the C-Sn bonds. ~Attempts were made to prepare
diphenyltin diacetate using an excess of silver acetate butd

the product obtained was the mono-acetate.

Analysis Found - Calc, for Ph,Sn00CCH,
¢ = 60,18 . 58,72
H = 4066 4 o 41

T?ipheng}%in trifluoroacetate (PhESnOOCCF3l was prepared by

reacting triphenyltin chloride with an equivalent quantity of

silver trifluoroacétate in anhydrous ether. The reaction

mixture was shaken for 24 hours, silver chloride precipitated
out and was filtered off in a dry box. The filtrate was
evaporated on a vacuum line and the crude product was

purified by recrystallisation from ether.
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Diggggyltig@ﬁ&g;&ﬁ&ii&gggg@ggﬁgﬁg&mgg@§aigggggﬁlg W?S

preparéd by refluxing .Lli2 gm. tetraphenyltin and Ll2 gm. silver
trifilnovoacetate in toluene. The reaction mixture was heated

for eight hours. Metallic silver sepurated out and the trie
fluoroacotato was isolated from the toluene molution. The product
was recrystallised from anhyﬁroua ether,

Diphenyltin. (Ph-Sn-Ph) (Kreus and Becker™ °)

Phenylmagnesium bromide was nrevered by reacting 2.5 gm. of
magnesium turnings with 15.7 gm. bromobeénzene in anhydrous ether
(for details ses Gattermanlg7)o

Stannous chloride was made anhydrous by heating it at 100°C
in vecuo for four hours. 9.5 gn. of the anhydrous stannous
chloride was added n small portiong ipﬁg the phenylmegnesium
bromide solution with continuous stixﬁiggo The colour of the
reaction mizture changed to yellow gp& divhenyltin separated ou%o
The yellow ovroduct was filtered amd extracted with anhydrous
benzene and the solution was dried over anhydrous sodium sulphate.
The solution was poured inté an excess of absolute alcohol when
diphenyltin precipitated out as yellow crystalline product. The
compound wg@‘ﬁiitersd under an atmosvhere of nitrogen and dried
in _yvacuo.

Found mep. ~ 200°C dédomposed

R m.p. ~ 205=6°C déecomposed
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Hexaphenylditin §233§Q~SnP@3) was prepared according to the

mathod of Kraus and Becker>

by reacting triphenyltin chloride
in xylene with sodium metal suspended in boiling xylene. The
reaction was carried out in an atmosphere of nitrogen and under
completely anhydrous conditions. Hexaphenylditin was recrystall-
ined from anhydrous ether.

Conductivity meesurements were carried out using a Wayne-Ksyy
Universal conductivity bridge. The solutions of hexephenylditin
and hexsvhenyldilead were made up in nitromethane and measurementss
were mede at different temperatures.

Pris(pentafluvorophenyliin) flverids, (gﬁgglﬁggg (Sharp and

Winfield™ ", ixi-p-butyliin fluoride, Bu,Sal (Shurp and Kemmits -
: . 133)

138

dg Pr,SuP,, (Sharp and Winfield
were prepared by reacting sulphur tetrafluoride with tetrakis-
pentaflusreophenyltin at 120°C, tetra~-n-butyltin at room
temperature and tetra-n-propyltin at Foom Semperatbure respectively.

ALl the reactions were carried out in & steinless stseel bonb.

tin (GéFS)hSm was a g‘lfﬁ £ronm
Dy. R.D. Peacock of the University of Birmingham.
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Infrared measurements:- The spectra in the sodium chloride

region (2m15'p) were recorded using a Perxkin-Elmer Infracord
or a Grubb Parsons Type 54 spectrophotometer, Thé spectra
were obtained in Nujol and hexachlorobutadiene mulls, except
for phenyltin trichloride and tetra-n-butylitin which were
examined as liquid films. Spectra were taken between sodium
¢thloride plates. Mulls were prepared under yrigid "drybox’
conditions.

The range 650-200 cm”l was recorded ag Nujol mulls on a
Grubb Parsons Model DM2 spectrophetometer fitted with caesium
1odide optics. The samples were held between caesium iodide
cr polythene plates.

1

All figures are in cm — and letters have their usual

significance.



CHAPTER TY

PHE INFRARED SPLCTRA OF SQME PHENYLLEAD COMPOUNDS .

The worik discussed 1n this chapter is a continuation ofF
the work described in the preceding chapter. The owganolead
compounds prepared in the course of the present work are
analogous with the corresponding organotin dexivatives., Qe
electronie configuration of lead issimilar to that of Tin.
Both +these elements form organometallic compounds with

covalencies of two and fours the latter being mere Ifreguents

]

than the former. DBecause of these similarities tin and lesad
form simllisr alkyl and aryl compounds. The organclead
compounds &re, however, more reactive than tThe organoitin
compounds and are thevmally less stable as i8 expected froix
the increasing weakness and polarity of the Pb-C bond. Tha
Pauling electronegatvivitles of the Group IVA elements are
given in Chapter 1 and Pb-0 and Po-halogen bonds are expested
t0o have some lonic character.

The purpose of The present investigations was 0 1y o
establish the exigtence of aryl ov alkyl lead cations.

In compounds of the type RﬁPbg the lead has =&
tetrahedral arrangement. The structure of these compounds
has been confirwmed by physico-chemical data. Elecivon
diffraction dnvestigations (Brockway and JenkinslAl) have
shown that the tetramethyl derivatives of lead possess gz
tetrahedral symmetry. Other wo:c*kces:'8142@1/}*;{:L have determined
the erystalline strueture of tetraphenyllead by means of

A=ray diffraetion., In each of these cases the results sgree



-
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with the tetrahedral configuration and the bond distances
correspond to covalent bonds., Electron diffraction meagure-
ments (Skinner and Sutton'*) on 1iquid (CHy),Pb-Pb(CHg),
agree with the following parameters:-
Pb-Pb = 2.88 ﬁ; Pb-C = 2.25 Aj . ZC=-Po-Pb = 109059
These caleulations give probably the most accurate value
for the covalent radius of lead. From the above discussion
it 1s concluded that the organo-lead compounds are typically
covalent compounds with a true tetrahedral configuration round
the lead atom.

Organolead compounds, in which lead forms a bond with a
highly electfonegative or electropositive element or group
are reportedlo% in the previous literature, to be ionic salts,

For example, the lead atom has been thought to be either in

the cationic or in an anionic foim in the following compounds:

- : = + * 3 - .
| (cgﬁs)jP%cl o (06H5)3Ph Li". The compounds containing Ph3Pb

anions have not been isolated in crystalline forms, although
they may be present as reaction intermediates in solution.
cheverg.fhere are many compounds whieh are reported to contein
RBPb+ cations. Tor instance, dipole moment measurements of

the organclead halides have been found in the region expected

for inorganic salis-e.g. Nalg'4093(62H5)3PbBr940883 PhBPb01,

4.%3 PhﬁPb02H5,0081 - indicating that the halogen-lead honds

. 1
are largely ionic in nature. (Malatesta, and Pizzottl 47)0

148

More recently, Barbieri et.al. have postulated the existence

+2

of (02H5)3Ph+ and (Ogﬂﬁ)ng cations in chloro complexes,
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These workers have interpreted the ultraviolet spectrum of
Ph3Pb (oxinate) in terms of = salt-like structure containing
PhSPb+ gcations. However, the present work has shqwn that the
phenyl lead compounds are covalent in nature. If the orgéno«
lead cations did exist in some of the organolezd derivatives,

a planar configuration would be equcted about the lead aton.
It would be expected that the infpared spectrum would show

s;me noteworthy changes, when & covalent organolead compound
with & tetrahedral structure is converted into an organolead
cation having a planar configuration. f{cf. the spectral changes
between Ph4c and PhEC* cation40)o In the course of the present
work & variety of phenyllead derivatives have been prepared

and their spectra examined. The infrared-spectra of all these
gompounds are quite similar and are the characteristic spectra
of & mono-substituted benzene group. The spedtra of the
phenyllead compounds are very similar to those of the analogous
tin compounds and the spectra will be discussed in terms of
separate phenyl and C,MX or C,MX, groups. The Pb-X vibrations
occur in the very far infrared region and such vibrations have
only been recorded in the spectrﬁm of diphenyllead difluoride.

Frequency assignments of the mono-substituted benzene groups

X and the results are shown in

are made according to whiffen
Tables l-=4, A complete analysis for the abosrption frequencies
of the infrared spectrum of a representative member'(tetraphen@

yllead) is shown in Pigure I. The bands derived from the
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phenyl groups are discussed belowi=

The vibrational frequencies of a mono-substituted benzene
group sre discusséd in the introductory part of the preceding
‘ ehap%@ro A weak to medium Intensity band is observed near
3040 @mwl in the é@estr& of all the compounds ana is identified
with Whiffen's ‘2" band for a O-H atretéhing_qugf The over~
tones and combination bands of the normel C~C modes are
ohserved as four to five weak intensity bands in the 2000-
1650 em”* region. The absorption bands near 1563, 1470, 1425
and 1320 @mml are identified as Whiffen's 'k, "'m', "n® and
‘o' vibrations arising from C-C vibrations of the phenyl groups.
There are relatively stronger bands near 129%, 1170, 1150,

1

105%, 1016 om ~ which are assigned té C-H vibratvtions and

Whiffen's "e’, 'a’, '¢’','d’ and "b' modes.

L 146

The band near 1055 cm — has been reported to be
characteristic of phenyllead derivativgso ~We have noticed
that the position of the band'is iittle affected by different
aubstituentston the lead atom. However, the intensity of this
band decreases markedly in the speetra of the phenyllead
acetates and trifluornacéta%esa The corresponding band near
1070 cn™! in the spectra of phenyltin acetates and trifluoro-
ncetates showed a similar behaviour. The above observations
are in agreement with the results obtained by Henry“g9 who
has reported a similar decrease in the intensity of this band
in the spectra of aryllead acétates,,aryllead arsonates and

aryltin arsonates. From the above observations, it cambe
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said that, in general, a decrease in the intensity of the
band is noticed where there are Pb-0 or Sn-0 bonds in organo-
metallic_compoundso

The symmetric ring vibration (Whiffen®s °‘p° mode} is
readily assigned near 995 em™*., Tne absorption bend is sharp
in inﬁensi%y and is shown by all the phenyllead derivatives,
The atrong intensity bands around 730 and 700 em™t are
assigned to the out-of-plane C-H deformation modes (whiffen's
£ .gnd 'v' bands ). Splitting of one or other of these bhands
has been observed in the spectra of some of the aryllead
compounds. {(ef. the spectra of aryltin compounds)}. The
shape of these absorption peaks may be used for distvinguishing
between different phenyllead derivatives. The splitting of

_these bands in the spectra of solid dexrivatives 3§s probably due

to crystal effects either the situation of the molecule on

the lattice sites of low symmetry, or the interaction of the
molecule in the unit cell.

The band near 615 cmml

is assigned as Whiffen's ‘s’ band
and is an in-plane ring deformation mode, The vibration does
not involve the substituent to amy large extent. The abosrp-
ﬁion is usually of a very weak intensity and is only observed
when the spectra are recordcd in concentrated mulls,

Whiffen has recorded four substituent~-sensitive

vibrations (t,y,u,x) in the far infrared spectra of the
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halobenzenes. The assignments for these frequencies in the
spectre of phenyllead compounds are mede on the basis of
oomparigon with the assipuments for the halobenzenes, The

'Lt and 5y“ vibrations ocour neay 500 @mml when the substii-~
uents aye. lighter elemenis. Phe '%° band has been observed
ag a broad diffuse absorption neaxr 220 @mmlg the band was nog
obsexrved in some cases where the band has shifted to slightly
lower frequency because of the effect of electronegative groups
attached %o the lead atom and is out of the range of the
spectrophotoneter wged in the present work.

The ‘y' band was observed as a strong band near AQOQmml
in all the phenyllead derivatives. The band was offten gplis,
or had & shoulder and resembled the spectra of other aryllead
derivatives situdied by Harwrah @toaloase

From the comparison with the results of Raman spectros-
copy; Whiffen's 'x' and 'u' bands are ex.ected %o occuwr below
200 @mﬁz £or the phenyl dexivatives of the heavier elemenis.
Hence these vibration were not detvected in the region
exemined for the phenylliead compounds.

Apart from the etrong bands that have been ldentified,
the compounds showed & number of week invensity bands whose
origin is uvnknown. These absorptlonsare presumably derived

from combinetion modes of the monosubsiituted benzene ring

vibrations o¢r of the G=Pb skeletal nodes.
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Structure of Specific Compoundst-

Hexaphenyldilead, Phsrb—PbPh3:~

The reactivity of R3Pb-PbR3 type of compounds is well
known. Hexaphenyldilead addslso t0 the double bond in
maleic anhydride to form an addition compound. Similarly,
hexaphenyldilead is easily cleaved by phenyl lithium in ether
to ’producel51 Ph3Pijo The halogens and hydrogen halidés react
with organolead compounds containing Pb-Pb bonds and form
R:PbX, R

3 2
hexacyclohexyldilead has been found

PbX2 and PbX2 products. The auto-oxidation of
152 +5 oceur photochemically
under the influence of U.V., light. These properties show that
Pb-Pb bond is relatively weaker than the Pb-C bond and the
behaviour of th.s type of compound is similar to those of the
solutions of triphenylmethyls. In view of these properties it
was proposedl53 that R6Pb2 type of compounds were highly
dissociated in dilute solutions to form frece radicals of the
type R3Pb'o However magnetic susceptibility measurements made
on various compounds of this type did not show 122,125
paramagnetism, According to Malatest&24, organolead compoundai
showed no indication of dissociatiqn in high melting solvents. !
In order to confirm the heterolytic dissociation of
hexaphenyldilead, it was advisable to carry out conductivity
measurements on this cdmpounda In the present work, the
measurements were carried out in nitromethane solution a$

varying temperatures. The conductivity results are shown in
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the preceding chapter. It is concluded that the compound
did not show any measurable héterolytic dissociation into ioms.
The infraved spectrum of solid hexaphenyldilead is
identical with that of tetraphenyllead, This inq;cates that
hexaphenyldilead is a covalent compound and the pale yellow
colour of the compound may be due to the presence of slight
impurity of diphenyllead which may have been formed as & result
of a disproportionation process.

The halides:-

The aryllead halides possees similar properties as the
analogous tin compounds. For inst:nce, the fluorides behave
as ionic salts as they posséss relatively low solubility and
nigh melting points and some decompose without melting. The
other halides are soluble in non-polar solvents and appear to
be covalent in character. |

In the present work, the infrared spectra of diphenyllead
difluoride, triphenyllead cliloride, diphenyllead dichloride,
trivhenyllead bromide and triphenyllead iodide have been
examined., The spectra are similar to the spectrum of tetra-
phenyllead and are characteristic for the monosubstituted
benzene ring vibrafipnso While discussing the infrared
spectrum and crystal structur354 of trimethyltin fluoride,
in Chapter I, it was concluded that the spectras are in favour
of a covalent model in which the three methyl groups lie in

a single plane ~nd are tilted with respect to Sn-F-S8n axis.



The tin atoms are five coordinate in this polynmeric chain
structure. From the similarities between the infrared spectra
of organotin and organole.d fluorides, it is suggested that
the organolead fluorides also possess a predominently covalent
structugs and the structure involves five co-ordinate lead
atong.. As regards. the structure of the other halides, the
spectra do not show any remarkable changes and are s8imilar to
that of the fluoride. Thus polymeric structures involving

five co-ordinate lead atoms are preferred for the organolead
chlorides, bromide and iodide.

The Pb-X wvibrations:- These absorptions are expected to

occur in the far infrared region. In the case of diphenyllead
difluoride, a broad band is observed at 350-320 em™t,  The
absorption is assigned to a Pb-I vibration as no absorption
in this regionis observed in all the other phenyl lead
halides. There has been no previous report of a Pb=F
absorption in organolead compounds.

No extra absorption bands were observed in the spectra
of the compounds containing Pb-~Cl, Pb-Br and Pb-~-1 groups.
Such vibrations would presumably occur below 200 om™t

outside the range of the present spectrophotometer.

Triphenyllead perchlorate:- This 1s a new compound and was

obtained by reacting triphenyllead bromide with silver
perchlorate in benzene solution. It was considered that since

the perchlorate group is s very strong electronegative, there
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would ve & good chance of the formation of Phgﬁaions in this
derivative. The product showed a strong interaction with the
solvent or moisture and was not obitained in -a crystalline form.
The infrared spectrum showed absorptions characteristic of
triphenyllead group and sitrong bands at 1200~910 en™t for the

perchlorate group. The absorptions of the perchlorate group

are in favour of a bridging covalent structure, rather than

an ioniec strueture similar to the organotin perchlorates.

Triphenyllead hydroxides- The organolead hydroxides are

frequently soluble both in organic solvents and in water,
Trialkyllead hydroxides are fairly strongly basic in aqueous
solution and such sciutions are sufficiently alkaline to
absorb carbvon dioxide frowm alr to form carbonates. Triethyl-

lead bydroxide has been'repor%elel

as an ionie compound
containing iczﬁs)ﬁPb¢ cations. Triphenyllead hydroxide is
not water-soluble and is less basic in nature. If the
hydroxide is ionic or Phan* cations are formed by hydrolysis

there should be changes in the spectrumas compared with the
speetra of covalent aryllead compounds. In the present work,

the infrared spectrum of triphenyllead hydroxide has been
found sinmilar to t'at of tetraphenyllead, and triphenyllead
hydroxide is considered to be a covalent in the solid state.
The spectrum of the hydroxide did not, however, show any
absorption for an OH group. This is in agreement154 with the

absence of 0OH stretceching vibrations in the hydroxldes of the
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heavier elements of Group IVA elements. The spectrum shows

4 which is nov observed in other

absorption at about 3%0 om
phenyllead derivatives snd is assigned to a Pﬁwo vibration,

The acetatess~ Phenyllead acetates and trifluoroacetates are

soluble in organic solvents which probably indicates that the
gompounds are covalent in chaveaster. The (=0 absorptions of
the ascetaten are similar to thoss of the coxresponding aryltin
acetates. As discussed in the previouvus chapter, the C=0
frequenclies are expeosed to be similar to thrt of an ilonic
aseetats s.g. sodinm gostate when a (-0 group 1s present as =»
bildge between two organom@télli@ groups. The C-0 absorpition
fr@qu@ﬁﬁiaag as wegorded in the present work, are shown in

Table §,

Table 5 0-0 strebehine frequencies em -,
Compound Agym, gtrevoh Sym. stretoh
PhﬁPhOOGCEB 156%sh, 15%6vs 1408s
Pthb(OOOGH3)2 1578sh, 1545ve 14068
AgOOGCP3 1640s *
PthbOOGcﬁﬁ 1667sh, 1l635vs i3
Phan(OOGﬂﬂg)g 1656sh, 1615vs *

* pbsorption masked by Nujol or other bands.
Ia the trifluorcacetates, the C=0 stretohing freguencies
are similar to those of silver trifluorcacetate which is @
. 155 ,
covalont bridgeﬂigg gom-ound. Thus from infrared evidence, the

structures of phenyllead acetates and vrifluoroacetates are
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suggested as similar to those of the analogous phenyltin
derivatives. The compounds are covalent in nature and
carboxylate groups are probably present as bridges.

The C-I' yibrationsgs- The assigaments for the C=-F vibraitions

of the phenyllead frifluoroacetateg are made according to
Randle and Whiffen95 who have studied the characteristie
C=F gtretching modes of the GFE group. They have observed
the C=P sbsorptions near 1180 em™t and mear 1140 e~ Y, The
corresponding C=F absorptions for the trifluorcacetates

prepared in the present work are shown in Table 6.

Pable 6

U-F atretching frequencies om™r,
Gampounﬁ.
Ag0000F3 1198vs, 11508, 855s, 8008, T54s,
Ph3PBOOGCF3 11928, 11558, 848w, 800w, 794w,
Pthb(OOCCF3)2 1190vs 11608, 1148s, 844m, 794m,

Migeellaneous reasctiongs-

. Reactlon of triphenyllead bromide with squeous Hydrofluorie

gold or sodium Tluorlde.

The organcometallic fluorides are relatively less soluble
than the other halides. As described in the pr@#icus chapter,
tpiphenyltin fluoride was easily obtalned by veamcting
triphenyltin chloride with agneous hydrofluorie acid. The
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preparation of tripheéenylliead fluoride was abtiempied by
reacting aqueous hydrofluoric acid wi#h triphenyli@ad bromide
in an éle@holi@ gsolution,but the veactiocn product was
charecsericed as diphenyllead difluoride and ﬁo% &8s the
expected triphanylleaﬁ.fluoridao In & Durther attenpd,
triphenyllead.bromidé was veacted wiﬁh.@n&ium flu@rid@ ia
ethanol solution, but the @r@du@% obtained. was again
characterised as diphenyllead difiuvoxride.

The foxmation of the Aifluweride eowld wvesuly from o
disproporvionasion reactior of the mong-Cluoride foxmed in the
eourse of the reagtlon or as & wvegult of further atiack of

hydvofluorie acid on triphenyllead fluoxide,

Reactione oX Phenyliead hallides with silver aceiete ox

. trlflnroroacetata.

in the course of present wovrk, & new sechunigue has been
~developed for the preparation of phenyllaaa acetates and
trifivoroagsaetates by working in aon-agueouns solvents. The
aryllead helides (other then the fivorides) react with the
pllver acetate or trifluorocacetate and the organclead acetates
aud trifluoroscetates are obtained in good ylelds.
Triphenyllead trifluorcacoiate and diphenyllead blg-trifluoro-
poetate are ﬁew compounds. The compounda were charscterised

by infrared spoctroscopy ond enalysis,
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Dxperinental

ALl the @féviously Imown compounds wers prepared by the
literature methods. The raa@tions.wére carried out under
anhydrous conditions wherever necessery. The compounds wers
characterised by carbon and hydrogen analysis and by melting
point determinations. Tetraphenyllsad waus used as & starting
material for most of the phenyllead derivatives and was obtalned
from Light and Co. Ltd., and wes recrystallised from bengene
before usse

Hexaphenvidilead o PQBthghBhB was prepered sccording to the

wethod of Gllman and Bailli@l56

by rescting triphenyllead ilodide
with sodiume. The product was recrystallised from benzens and
dried imn vacuo. Found m.p. the compound decomposed at aboud

150 € without melting.

Analysim .
- Pound Cale for Ehéﬁbg
C = h8.h3% . 19,27%
Hao 3.68% 31129
Conduetdvity. meapurements_on Hexavhenvldilead  were mede as

deseribed in the preceding chapter.
| ggiQgggy;&gg@ngggggiggénggggggl wag preyared by reacting tetra=
phenyllead with hydrogen chloride gas in cliloroform (Gilman and
Robinson®® 1) 4
Pound m.p. 20h=206°C
| Id%. Mo Po 2068
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Analysis.
Pound Cale., for Ph39b01
C = j6.35 45 .60
H= 3.25 3.16

-ERoEbCL,
Thig compound was prepared by the same method as described
for triphenyllead chlorideo
Pound m.p. decomposed without melting.
Iit., m.p. decomposes at 284~=286°C without melting.
Analysiso

Found Calec. for Pha]?bclg
¢ = 33,29 33,11
H = 8@6@ 2633‘

N£3£h§£ae wag prepsered by slow addition
of bromine in pyridine %o tetraphenyllead suspended ln pyridine,
both reagents being cooled to =50°C (Gruttnerlsa)

The product was reerystallised from benzene.

Found Cale., for PthbBr
¢ = j2,10 h1.69
H= 3,27 3.00
Triphenvilead jodide. PQBEQL was prepared by rescting tetra-

phenyllead with lodine (Gilman and Bailliels@)o



The compound was r@arystalliae& from benzene.
Found m.Dp. 135-137 ¢
Tit, Mops  13%8-139 G

Anglysis

Found Gale, for PhﬁPbl
g = 38,26 58,2%
H= 3.0 2,57

Diphenyllead difluoride, Phg?bF@sm Triphenyllead bromide

wag dissolved in warm alcohol and an excess of agueous
hydrofluoric acld wasg added to the aleoholic solution, On
keeping the solution overnight a erystalline product was
obtained whieh analysed o diphenyllead difludride.

In another attempt, triphenyllead icodide was reached wiﬁﬁ
sodium fluoride in alcoholic solution. The insoluble produect
obtained was identified as diphenyllead difluoride,

m.p. The compound decomposed before melting.

Analysis | |
Pound Cale for PhanFg
¢ = 37.11 36,07
H= 2,52 2,51 ' )

Triphenyllead perchlorate Ph,PbCl0O
-

4
Triphenyllead bromide was reacted with an equivalent

proportion of anhydrous sllver perchloréte in benzene solutlion
Silver chloride preéipitated out and was filtered off in =z

dry box. The filtrate was evaporated under vacuum and an

olly product was cbtained. The compound was not obtained in

prearect 2T ey P and was not shernctericed by analvsig,
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Anivhenyilend hvdroxide Phﬂgbgﬁ was obbeined by hydrolysis of

R el

N . s 4 . . . . 5Q
triphonyllend ciloride with potassivm hydreoxide, (Bahe 7).

Tha produet was reerystallised fyom alcohol and dried under

TELWG.
Analysis )
Pound Gale, for (ﬁgﬁg}BPbaﬂ
C = }7.83 Tol3
e 3.93 3052

Eﬁﬁﬂﬁﬁﬁﬁiﬂﬁ%ﬂﬁwtﬁiﬂh@nﬁll@adwgﬂﬂﬁgﬁﬁn_(ﬂglgl,gbgggﬁﬁgs@

B K Pl ‘.o-@ e a2

Pho prepevatlion of this compound has been reported (Ausbin
135) by the weaction of acebic acid on tvriphenyllead bydroxide.
In the present work, equivalent proportions of twiphenyllesd
bromlde and silver acetate were reacted inm an aleoholic solutien.
The solution was shaken overmight. Silver chloride precipitated
ouy and was filtered off and the solutlon evaporated to obtain
the acebate which was yescrystelliged from ethanol. Found m.p.

205=207°0, Tit. mep. 206=207°C,

FPound Calso for PhgybGGCGﬁg
¢ o 38,01 .27
Ha 3,86 3,65

Diphenyilond dlgectate PhaPh(000CH)

Tho compound was prepared uwsing 2 similar mnethod as used
for the preparetion of triphenyllesd aeetate.

1532 gme. of diphenylliead dichleride was reacted with
3.3 gme of milver acebtate in ethenol solution. The reaction

solution warp sheken fox 12 hours. Silver chlovide was

separated out which was filtered ofif end the discetate was
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obtained by evaporating the filtrate. The product was
recrystallised fyrom ether, |

Found mo.p. 195 C

Tit., W.p. 200-201 C

Analysis
Pound Cale. for Phafb(OOCCH3)2
¢ = 40.39 40,08
H= 3.57 3.37

8 o

Triphenyllead trifluorocacetate th?bOOCCF3
<A4T4 gm, of‘triphenyllead chloride was reacted with .221gm.
of silver %rifluéroacetate in ether solution. The reaction
nixture was shaken overnight and then the insoluble silver
chleoride was filtered off, The filtrate was evaporated under
vacuur and the erude preduct was recrystallised from ether.

The compound decomposed before melting. -

Analysis
Found Cale. for Ph3PbOOCCF3
C = 44.53 43.55
H= 2,75 2.72

Diphenyllead bis-gtrifluoroaoetate!sthPb QQCCEF o
4.31 go (0043 mole) divhenyllead dichloride and 4.42g.

(.0088 mole) silver trifluoroacetate were reacted in ether
gsolution while the reaction mixture was shaken overnight.

Silver chloride seporated out and the trifluoroscetate was



isolated from the ether solution. The produet was reerysgoc-
allised by dissolving in ether and adding sn excess of

petroleum ether. The @6mpoun& wag dried iy vacuo.

Anslysig:—

Found Gale., for ?hzﬁb(OOGGFBBQ
C = 32,68 52,69
Eg &= 1566 10?0

Infrared measuremnentss The infrared spectre were recorded

ag described in the preceding chapier.



CHAPTER I1L

THE PAR INFRARED SPECTRA OF SOME PHENYIL DERIVATIVES OF GROUP
iVA, VA, VIA AWD VIIA DBLEMENTS.

The vibrational speetra of mono-substituted phenyl
devivatives have beon extensively 1nve@%igaﬁ@dzg”§191609161
but 1ittle has been reported on the far infrared (650 to
200 @mm§§ gpectra of these compounds. In the present work,
noxre complete speetral data on a geries of vhenyl dervivatives
of gvoups IVA to VIIA elements are presented. The spectrs
are interpreted in detail amd eomplet@ agsignments are made
for the strongesr bands.

Plylewlé@ hag suggested that there should be elght
theorevically possible modes of vibrations for a mono-
substituted benzene ring whichk would be expected to give
gbsorptions in the reglon 050150 cmwla He recorded the
infreved spectra of a number of halobenzenes and alkyl
éub@%ituﬁ@d benzenes in the 15«40 m» region. The maximum
number of absorption bands, observed in the spectra of these
eomppum&gg wag five =2nud some of these absop?tion bands wers

Raman active, Some other workewsgg9319161

have also obgerved
that vhe nunber of observed absorption bands for a mono-
pubgtcitizted vengene group in the far infrared region is mueh
lower then expected fvom simple theoxry. The total number of
obgerved infrared bands should depend on the complexity and

overall symmetry of the moleeu1@162m164o
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The most comprehensive study of the infrared and Raman
spectra of monosubstituted benzene derivatives is by
Whiffanﬁl@ He has described various modes of wibration for
& monosuwbgtituted beungene group and his nomenclature is
folloved in discussing {the results obtained in the present
work. %The infraved spectra of most of the compounds reported
in this worlk, have apparently been recorded by Harrah et.al,
28 pui they have only published the results graphically and
daevalled frequency asslignments are not given.

Eﬁaquen@y.assignments are made aceording to Whiffen31
and the position of bands are recorded zccording 1o

vibrational assignments in the Tables 1-5, The compounds
are designated by the symbol of the atom attached to the

benzene rings.

Pable T Whiffen's 's’ yibratilon

3 Gl By I
630 614 614 618

0 & Se

6L 606 610

3] P As Sb Bi
615 615 61T 617 621
¢ S1i Ge Sn P

625 618 618 618 615
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Table 2 Whiffen's 't' vibration

N AT AT ARSI

1y cl. Br I

518 417 312 [266R]

0 S . Be

562 406 321

N P As Sb B

512 shouldex 429,418 311,305 272,267 232,220

G 93 Ge el Pb
521 431, 325 256 222
Table 3 Whiffen's °y' wibratlon
® Cl1 Br L
495 467 455 448
0 S Se
495,476 518,465 479,454
N P As Sb Bi
500 510,494 470 451 450,437
¢ o Ge Sn Pb

490 510 460 455,448 448



Table 4

DR LT T MRS ERRAR T

Jabids §

.

Whiffen's 'u’

07

i bration

g

7 G1
404 302,295

o 8

394 260{ very broad)
W P

431,405 249,242

¢ i
412 268,255,216

Whiffen's 'x¢

By I
244 219
He

244(vexry broad)

Ag Sh Bi
Ge Sn h

269,222 - -

5 o1
24% j}gﬁﬁ]

{ S

241 -
G S hil

240,253 -

vibration
Br L
[181R] -
De

Ap Sh Bi

Fe Sn Pb
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1 and are those recorded in

A1l freguency values are in em’
the present investigation except those wvalues placed within
parenthesis., In these latter cases sbsorption bands are nob
observed, and the values reported in this work are from

Whiffen§l° The frequencies, recorded for halobenzenes, ars

in complete agreement wilth those collected by Whiffenglo In
the present work, for the phenyl derivatives other than
halobenzenes, vibrational assignments are made for all the
observed bands by comparison with the speectras ¢f halobenzenes;
thaetv is, treating all the compounds as derivatives of mono-
gubstituted benzene rings and negleéting the vibrations due
e the ecentral skeleton of the molecule., Descon and @reeml65
have also reached the same conclusion from a detailed situdy
of the Infrared and Raman spectra of the phenyl derivatives
of Group VA elements.

In the reglon studled, execept for a possible complics
ation in the speotra of diphenyl oxide and itriphenylamine,
there is a straightforward one to one correlation between the
bands observed in the infrared spectra of the halobenzenes
and the bands observed in the infrared spectra of the other
bhenyl derivatives of Groups IVA, VA and VIA elements.

To explain the anamolous features in the spectra of diphenyl-
oxide and triphenylamine, it is suggested that vibratlonal

coupling between the different phenyl groups attached

to the ‘central’ atom is most likely to occur when +he
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egentral® atvtom is light and there is conjugation between the
phenyl groups  &Cross the ‘central atom. Such conjugation
involves & lone pair of electronson the "ecentral’ atom

and the TT-electvron systems of the benzene rings and is

postulaﬁe&162a164ﬂl669167 for

diphenyloxide and triphenyl-
amine, The effegts of this type of conjugation are reflected
in the far infrared spectra of diphenyloxide and triphenyle
amine as they show slightly anomolous features. Such
conjugatlon regults in a frequency shift or band intensity
cehange as described in the following discussion.

There should be five fundamental vibrations in the
far infrared region { 650200 @mmlﬁ of a simpls mong-

31y

substituted benzene (Whiffen”"). The highest frequency
pocurs ot about 620 em™t {(Whiffen's 's’ band) and is a
B, clase in-plane ring deformation mode (Whiffen's symmetry
classifications refer to idealised mono-phenyl derivatives).
This absorption varies in intensity in the spectra of
different compounds. In lighter elements the absorption

is sharp or medium intensity while the phenyl derivatives
of heavier elements normally show a weak intensity band

and in some cases the band is only observed in & concentrated
mull, %The vibration does not involve the substituent to
any extent and the frequeney of this absorption is not atv

2ll sensitive to the substituent.
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Vhiffen records a substitvwent-sensitive vibration of
symmetry A, %o occur between 520 and 266 cm™* in the
infrared spectva of the halobenzenes (vibration °'t°).
Following these assignments the corresponding vibrations
may be identified in the spectra of the other phenyl
derivatives as shown 1un Table 2, Fcr the lighter elements
both the "&° and °y? vibrations occur with frequencies near
o 500 @m“lo In the spectra of the halobengenes the intenaiity
of the "%° vibration is mueh less than that of the 'y*'
vibrgtion and hence the assignments have been made on the
basis of intensisty. This assignment gives an unexpectedly
high frequency for the °%' wvibration (observed at 562 emml}

in diphenyl oxide and this wmay be associated with the

interaction between the lone pair of elecitrons on the
oxygen stom and the 77 -electron system of the phenyl

ringst02-164,166,167

In the case of triphenylamine there
ig also 2 strong interaction between the lone pair of
electrons on the nitrogen atom and the Ji-electron systems
of the phenyl groups but the position of band (at 512 cm“l)
ies a8 exmpected for other compounds,

The‘assignment of other bands observed in the infrared
spactra is quite straightforwaxrd and has been made on the

basis of comparison with the spectra and assignments of the

halabenzenego Whiffen's "y’ band occurs between 500 and
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437 cmml and is from a B? eclass vibration. This band is often
split and the spread of values follows closely the graph of

]
Harrah e%aalohao Whiffen®s "u® vibration of class B

i
ée@urs between 430 and 206 emmlo Thé#band is often split and
broadened and could not always be identified in the spectra

of derivatives of the heavier elements., Whiffen's 'x°
vibration of class Bg was observed for the carbon, nitrogen,
oxygen and Fluorine derivetives at 240, 241, 244 and 24% om™*
respaatively. The sbsorption at 241 emal in the case of
teiphenylamine ds of exceptionally strong inbtensity as
epmpared o those of other compounds. The anomolous
behaviour of trivhenylamine may be explained on the basis of
& strong interaction between the lone palr of electyrons ow
nitrogen and fr-elestrons of the phenyl groups. Chlore-
bengena and bromebensene were found to show 'x' wibrations

at 196 and 181 em™t ag Raman active bands, Thus by comparxison
with the results from Raman speclbroscopy, this vibration

would be expected to oceur below 200 @mml

for the phenyl
Aevivavives of heavier elements.

Im most ¢gages, the infrared bands show the marked
siitting vhich hes also been observed by previous workers.
The spllitiing of bends occur in the speetra of solid
dewvivatives and it is concluded that 1t arises from the
aryotal effectr, elther the situation of the molecules on
iattice sites of low gymmetry ox interaction of the

moleoules in the wnit cell. Apart from the strong bands thas

have been identified as oviginating from fundamental
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- vibrationa, each gpectrum contained a number of minor peaks,

that appéaf to be derived from combination modes. WNo assignuents

have been attempted for these bands.
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EXPERINENTAL

Most of the compounds were obtained from commercial
eourees aud vere reoxystallised or redistilled before situdy,
gggggggggggggmggﬁgﬁg)'wa@ obtained by thernal degomposition of
bangone diszoniws fluoroborate which wag prepared according
%o the wethod of Nuttall and Sharp S,

15 go. of £freshly distilled aniline was dissolved in
18 mil, concentrated sulphurie acid, %he solutlon was
gooledl by dlee and o slurry was obtained., A solutlion of
13 g. sodium nitrite in %0 ml. water was added to the above
gluorry wish comtinuveous gtirving. To avold diazo-amine
soupling the reastion Tlasgk was cooled wo 0' ¢ and cracked
ioe was added 4o the slurry. ~After diazotlzation, the
amine went into solution. The fluoroborate was obtained
by adding the diszovised golution, in sulphurie acld, to
0% agueons fluoroboric asid. The fluoroborate was
preclpitated and was filtered and dxied., The fluoroboraie
was deconposed by heating it in o glass tube fitted with a
U srap., Flurobenzeae, formed ps g decomposition proeduct
of the Lluoroborate, wes colleeted in the trap cooled by
20lid coxbon dloxide and seetone mimture, Fluorebenzene
wae fuvsher purified by distillation wader vacuum,

Tetraphenyimethone, (Ph,0) was prepared according %o the

method of Gomberg and Q@n@ié@ by reacting phenylmegnesium
bonide with triphenylehloromethans., The reaction produet
ves & mixture of triphenyimethene, triphenylesrbinol,

triphenylimethyl peroxide and tvetraphenylmethana. The first
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two compounds are soluble in ether while the peroxlde and
tetraphenyluethane separated outv as lasoluble products.

The erystelline product was filtered off and tetraphenyi-
methane was exitracted with bengene., The yield of the produce
obtained was as low as 57 because of the side reactions aud

8,z

aleo the stverie factors involved in the vrepavation of thig
compound o
Q9
Found MoPo 282=-284 C,

Tit.  mep. 285 G,

Analysis
Found Theory for Phéﬁ
C = 62,95 95,75
H o= 6.42 6.25

E@%rﬁp@@ﬂﬁlgerman@ (Ehﬁgﬁj wag indly donated by Organiscn
Chemisch Institut T H.0., Utrecht, Helland., The compouns
waas recrystallised from btenzene before use,

Pound nm.po 23306

Lit. WoPo QEEOJ’GC

Fetraphenvisilane (Ph%Si) wag kindly donated by Hobel

Division of Imperial Chemical Industries Ltd., The compounc
was recrystallised from bensgens and dried im vecuo.
=}
Found ®m.p. 235-2%6 ¢

1w
Lit  mep. 235-237 O

Apalysis
Found 8ale. Tor Ehﬂﬁi
¢ = 85,01 85.65
B = &.186 5.95
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GHAPTER IV

SPECYROSCOVLC STUDLIES ON TRIARYL CARBONTUM TON COMPOUNDS: AND
ZHELR_COMPLEILES

Ao Gonersl Introduction

The existence of trlarylcarbonium lons in solutioﬁ as well
ag 1n spolld salts is at present a firmly established fact. One
methoagﬁ of preporing such compounds is through the reactions

APEGGI + AgK ~p» AgCL + ﬁEBGX

where X is an asion of & vepry strong acid. The factors whicgh
influence the ionisation of an AEQOX tity are as follows., The
progess e

Av., CsX

3]
3
|
{
4
=
ot
<
A
e,
el
=
b

The reacslion willl be favoured if the =X bond is weak. Thus
ionisation will ocour more resdlly in ilodides (C-1 bond strength
7. koeale) then in fluorides {G=F bond sitrength 105.l k.cals).
Paulingg&(&}o Thne value of the C<X bond strength is greatly
d@p@md@mtl?@ uponn the presence of eleetvon attracting or electron
repelling grouns subsituted into the aryl wings. Hence the
ionle or covalent naturs of the ArBGX molecule will depend upon
the substituents present in the xing system. The effect of
gubstitrendts is also allied to the stability of the trisryl-
caxrbenivm ionsy in genevral, electron releasing substltuents,
8o8e &1kgﬂ groups, tend to stebilise the carbonium lons &8s

in the ecasge of triphenylcarbénium ion dyestuffs., The presence

of an electron withdrawing substituent is expected to stablliae
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the covalent model. The anion will also effect the ionisation
of the A?EGK moleculs through 1t8 basicity. Anions derived
from strong acids will favour the ionisation whereas anions
from weak acids will fevour & more covalent struciure, The
final deeision as to whether sriphenylmethyl derivatives are
covalent o¥ ionic is & balance of all the factors discussed
abova. Triphenylchlovromethane is covealent but on guecessive
substitubtions of electron-releasing p-methoxy groups in the
rings, the compound becomes lonie on the substitution of the

fourth methoxy group (Tuna* Ty,

Tri-p-methoxy phenylchloro-
methane is covalent but if the bagiceity of the anion is
sliéhtly deereased by the formation of Hﬁlg ion, an ionic
devivabive is Fformedt (2 The present work was designed o
provide further evidence on the actuwal factors which det@éﬁin@
the boundry between ionle and covalent compounds.

Struchure ggmiggggx;g%gﬁggggmhggéﬁﬂ Organic compounds with-é
“four corordinate carbon atom have the tetrahedral arranggmenﬁ
.of valencies assoclated with gpfghybridisationo Carbonium ions
can be regarded as dewivatives of a cearbon atom which has given
up one of the valency elscitrons and the remaining electrbna;&f@:

present as hybrids of the Bpg

type with a ﬁlanar trigonal
dispositiont of the bonds attached to the 'central! carbon atom.
The most steble carbonium ions are obteined where the 4f—orbitals
of the ovganic groups attached to the ‘eentral?’ éarbon ato@wﬁor@

an ovexlap with the vacant p-orbital on the carbon atom.

e
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Exsmples of such ions with an increasing ovder of stability

0+

are (CH, & CH = cﬁé)*dzzyhﬂﬁa+é::Phgcﬁf and <TPh,

(Botholl end Goldr30).
The $riarylecarbonium ions can be visualised to exist in
a quither of resonance forms in whieh the "ecentral’ carbon atom

bagomes doubly bvonded.

8tCo

FNEN e

The m@ﬁémaxi@ stabilisation of a conjugated system is wost
effected when 4ll tha.¢ﬁbdnﬁs lie in the same plane QD@W&PE?S)O
A1L cf'tha benzene ringa;éTev therefore, requi¥ed to be
coplaneyr in oxder to geﬁ_%h@ maximum resonance stabilisatione
The molecular orbival apﬁroxima%ion mekes the same prediction
(L@fﬁlerl?m)o' The vacant p-orbital of the 'central’ carbon

- atom im psependicular %0 the plane of the the three spg bonding
orbitalp snd el 1 the b@ngen@‘rimgs have to be coplaner if the
leentra) ' p~orbital is vo oweriaﬁi%d;&h& naxinum extent with
the m-orbitals of the adjacent fiﬁgQ? Caléulaﬁions based on
known bond lenghbhs and Vend Der Wasl radfi indicate that in &

0

planar gonfiguration of the triphéhylcarbohiuﬁ ion,steric

S . . 1 . N ]
mterferance would cceour betwesn the orvho-hydrogen atoms on
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adjacent phenyl groups. The strueture of erystal violet

eation is shown below.

IXT HH i

+

P
]

R = CH

The atomiec distances are approximately to scale. Because
of the steric interference of the ortho=hydrogens, Lewis,

175

Magel and Lipkin proposed a structure in which each of the
benzene ring is twisted out of the plane which contains the
three bonds to the °‘central’ cerbon atom. Denc, Jaruzelskil

176 have estimated the angle of twist

. and Sechrieshein
required by this model as high as about 50° . It is possible
that the ion exists in two isomeric forms, one corresponding
to a symmetrical propeller and the other %o a propeller

in which one of the benzene rings has been tilted the wrong
way. ©OSueh isomerism was predicted by lLewis, Magel and
Lipkinl?S who interpreted the absorption speetrum af crystal
violet lon in terms of these two structures. It was founél?f
however, that there was no evidence for such isomerism in
the speetrum of triphenylmethyl free radiecal. The infrared
studies {Sharp and Sheppard4o) of crystalline triphenyl-

carbonium comvlexes have provided a strong support for a

propeller-1like structure of PhBC% ion. The authors have



120

ruled owy the unsymma%r&eal strusture 6 the cation and ths
poncizned pieture of the twiphonylmethyl eevbounliuvww den i
chown 4n Stwrueture IV in vhich all the three phenyd gwavrpo

are twisted in & gymneitzical Foshion.

Simple molecular orbital ealeoulations on the wWeelectron
nergies of triphenylearbonium iom have demonstrated i78
that $the mresonance invelves all vings and twisting of +the
rings does not reduce the resonance energy to a large exteuntd-
The above conclusion is slao cousistent with the iLonissation
measurements of gompounds of the type shown in Sivucture V,
in which $two of the phenyl groups are consgityvained to
approximate coplanarity (E&r%lei%gfg} and in which the
vesonance energy of the carboniwm lom could be higher than

in a propeller shaped 1om.

Bie
G
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The present work includes a study of three carbonium
ion dysstuff compouvnds.
Malachite sreen, phenyl bis-~p-N=dimethylaminophenylme thyls
Brilliant green, phenyl bis-p=N-ethylaminophenylmethyl;
Crystal violet, tris-p-N-dimethylaminophenylmethyl.
These dyestuffs are normally obtained in the form of their
chliorides which are highly ecoloured and contain triphenyl-
carbonium ions. The crystal violet cation 1s symmetrical
in shape (See structure IIL) while the malachite green angd
brilllant green cations are unsymmetrical and are shown

below.

Malachite

green o1

¥I

Brilliant

reen =
g o1

VIX
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B, Duectral

dyestuffs and their cgomplexes in agueous solution.

The relationship between eolour and constituion of

triphenylmethyl carbonium lon dyes has been discugsed by

175,180-182 181

various workers o Accéxding to Lewls and Calvin
the abgorption spectirum 6f a substance with a planar ovx
almost planar molecule should consist of bands corresponding
to eleetronie oscillations along three perpendiculsr axes
of the molecule. The shorter the axis, the shorter the
wavelength of its absorption. This suggesﬁion'was supported
by Lewis and Bigeléisenm3 by studies on several basic dyes.
In the ion of erystal violet (Structure III) which has a
gentre of symmetry, polarizability is the same in all
aire@tions of the plane, so that the 'x' and 'y' bands
coincide and only one absorption band is observed at %max
598 m. . in the visible region. No band is observed for the
'z axis. On the other hand, malachite green and brillian%
green cations (structures VI and VII) are unsymmetrical and
there are two well defined bands in the visible region a%
%max 430, 620.mguo'and %méx 433, 628 m.m. respectively.
If 1% is assumed that the major band in the crystal violet
cation is due to an electronic oscillation in one direction,
it may be stated that roughly 93 of the positive cha;ge wiil
be available for the uniaxial oseillation, while greater
eharge will be avallable for the corresvonding oscillations

in the malachite green and brilliant green cations., This

@xplains the absorption spectra of triphenylearbonium

9
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dyestuffs in general,
The major absorption bands in the spectra of these
dyes show remarkable changes with the changes in concentration

184-“’180? on the

or temperature. This has been explained
basis of aggregation of the dye cations in solution. In
the visible spectra of these salt-like dyestuffs, the major
band is associated with a shoulder which has been attributed
to the presence of agsoclated aggregates. Schubert and
L@'fe}r:i.:n@1’8':j have polstulated a qualitative theory of meta-
chﬁoma@y and the dye solutions are suggested to be a setdof
equilibyris of several cationi¢ species, e.go

2= Dyt e Dy e D) ete o
The proporitions of different polymeric forms depend upon the
dye concentration., IHowever, the monomeric species is
predominantly present in dilute molutlions and with the
inerease of concentration, the dimeric species is formed. It
has been suggested that the dye catlons are packed face-ito-
face with a layer of water molecules between each pair. Thie
phenomenon of aggregation of the dye cations has recently

188

been shown to exist even in solvents of low polarity.

The nature of forces that are responsible for the
assoclation of the charged dye cations of the same sign

has not been finally eluecidated. According to some authors

184”;899 the assoclation is brought about by forxrces of

Van Der Waals type while othex workermlgo"lg1 consider that

hydrogen bonding brings about the aggregrtion. It secems



more likely, however, that polymerisation involves the

T -electrons of the combining dye ca#ions, imposing
constraints such that the energy differemce between the
ground state and the first excited state is successively
greater for the dimeric specles and-for each polynexic form.
The heteropoly acids of tungsten and molybdenum form |
@ompléxes with the dyes and the specitra are changed and 1%
appears ‘that aggregation or another process producing &
gimilar electronic effect has become muech more imporitant in
the dyestuff salts of the heteropoly acids. The following

heteropoly acid anions were used in the present work:

[ P10q0,40) 70 [Py 5040 770 [82Wy50,0] %70 [ Petry 50,0 77 ena

=

[Zﬂwlgoddi o The ostahedral: groups Mo()6 or WO6 are
linked together by sharing oxygen atoms to forxhh a polyhedral

closed bagket like sﬁructurelgg

and the four triply shared
oxygen atoms are placed at the corners of a ceniral
tetrahedron, The hetero atom site in the centre of thie
tetrahedron in the heteropoly lons,

Astempte to study the stoichiometry of the dye-hetexro-
poly a@iﬁ complexes were nade spe@ﬁfephotometriaally in
dilute solutlions using Job’s method of continueous variations.
The complexes precipliated out when the dyestuff and the
aeid were mixed in propoxtions of the charges of the
heteropoly acid anions and the dye cation.

The solution spectra of the dyestuff-heteropoly acid

complexes are almost of the same pattern as those of the



dyes in concentrated solutions. The absorption peaks awe
nuch broader and arve of mueh lower intensity as.compazod
with those of the parent dyestuff solutions. The detoilo
of the solution speatrs ¢f these dyes and whoir eCmpLuHon

are shown in Table I. One significent feasure of tho

spectra of erystal vioclet complexes is the shilfs oF thoe
major pesalk from the phosphomolybdete eomplex %o the
tungstozinecate complex i.e@., the greater $he charge on the
countver anion, the shorter the wavelengih snd the greatewm
the energy difference beidtween the grovnd and firvst excited
level, The speetra of erysielviolei-heteropolyacid
complexes are shown in Figure 1. Since, the heteropoly
enione are of large size and caryy negative charges (-5 %o
=6), it seems likely that the dyestuff catiouns will send %o
lie along the surface of the anions. Thus a progressive
increage inlcharge density on the surfecs of sthe anion will
hav@ an dncreased offect ou the ﬁfabéndimg systenm OF whoe
dyestuff cations which woulé result in the progrespiva

shifting of %h absorption. Sueh shifitas ave notv ebserved

ax
in the spectra of malachite green .and brillient green
complexes. Most probably these shifts nay b@'magkﬁﬁg as she

absorption peaks are diffuse and nuch broader in shope.
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Crystal Violetd

(i) Chloride
(11)Phosphomolybdaie
(111)Phosphotungstato
(iv) Silicotungstate
(v) Pungstoferrete
(vi)Pungatozineete

Percentage Abzorption.

Wavelength (m.u.) \‘Cf\N
/ A ! 0 i 3 ) ; ‘“ \\ N s
60 Lo 20 600 70 50 30 510 90 70 50 h30

Fig. Yo Absorption gpectra of Crystal violet-heteropoly acid
Compleras in aqueous solutions.
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Ixperimental

Purification of dyestuffs:= The dyes were obtained from

commereial sources and weré recrystallised three times from
?ﬁ v/v ethanol-water mixture; after two reerystallisations
the apparent molar extinction coefficients did not increase,

and this was taken to indiecate complete removal of impurities.

Heteropolvacidss- Phosphomolybhdic acid, phosphotungsti@ acid
and silieco tungstic acid were obtained as commercial products
in a pure form and tuwgstoferrle acid and tungstozincle scid
were prepared by Dr, D.H, Brown, The latter two acids were
recrystallised from water before use.

Speetrophotometylic measurements were carried out using an

Optiea ox Hilger spectrophotometer. The solutions were

made in distiiled water. The spectra of the dyes were
recovded in different known concentrations and the spectra of
the dyesituff derivatives were obtained by mixing 3% ml lOmQM
dye solution with 9 ml or excess of 10-%M KBF 4 OT heteropoly
goid solution., For Job's plot determinations, mixtures were
made with variable compositions and pHd was adjusted to be the

sane for each composition.



8. Solid carbonium ion salts of dyvesiufi compounds.

When eoncentrated solutions of the dyestuifs are
mixed with concentvated solutions of sodium or potessium
fluorohorate, perchlorate or heteropoly acide, sparingly
soluble saliss of the dysstuff cations separaie out.,. &
serdes of insoluble salis of malachite green, brilliant
green and crysval violet have been prepared with anlons of
different charges. The stoichiometry of the dyestufs
complesies precipitated from agueous soluitions was
determined by analysis., The detoils of the analysis of
these products are given in Table %, The composition of
the heteropoly acid complexes does not correspond to that
of the complexes situdied in dilute solutions, The
gstoichiometry of the solid complexes seems to depend on
the size and charge of the heteropoly snions., Some water
of erystallisation has always been found agssociated with
these compounds,. ‘The golid derivatives are sparingly
soluble in acetone and comtain the parent dyestuff cations
a3 determined by spectroscopic measuvements of these
golutions., The veflectance speetra of the solid
derivatives are recorded in the visible region (400 -~ ?903@1

The speetra of the fluorocborates and perchlorate axc

g

aimllayxy to % .ose of the parent dyesvuffs. In heteropoly
agid complexes the absorption peaks are broader and it is
often difficult %o discriminate between the major pealk
and the shoulder. The speetra seem %o be determined by

the stoiehlometry. From Table 3, it can be seen that the
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heteropoly scid complexes do not conform to a uniform
patvern of composition. In the caée of phosphomolybdates all
three dyesituifs form 531 complexes and the reflectance
gpesire resemble those of the parent dyes and thelr
flvoroborates or perchlorates, wﬁefe complexes are formed
with different compositions, some'sﬁeéfral changes are
recorded (See Table 2). | |

The infrarved spectra of all'the dyestuff derivatives
show & very close resemblance to the speetra of the parent
dyegtuffe, the specfra being characteristic of the dye
eations. Thus the ifonic nature bf these e¢ompounds has been
demonstrated. The details of the spectra are given below and
the bands orxriginating from %hé anions are written within
bracketso |

Experimantal

The compounds were prepared by mixing the congentrated
solutions of the dyestuffs and the complexing agents in
agueous solution. On mixing the two solutions, highly
coloured products separated out, and these were filtered
aad dried under wvacuum. |
Roflectance spectra were recorded on a Hilger spectro-
photometer fitted with a reflectance-attachment. The
gsompounds were dlluted by grinding them with anhydrous

magnesiun oxide or potassium chloride.

Egtimatiqn of non=volatile components - A known weight of

the complex was ignited in a weighed éruciblee The residue
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\

agaln. The phosphomolybdates were decomposed at SDOwSSOaG

in & muffle furnace.

The infraraet sposirg

were reeorded in Mijol and hexachloro-

butediene melle ueing 2 Grubb Parsons speatrophotomeser,
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Tufraxed speeirs of malachite green and its derivatives:-

o
Abgorpitions due to traces of moisture

Compound Avsorption frequencies om .
}:}

Dyeasuds 3448w, 1724w, 1587w, 1485w, 1450w,

(Onlowide) 13808, 1220w, 1170m, 940m, 900w, 830w,
750w, 7258, TOOw.

Pluorohorate 1616sh, 15858, 1470w, 1440w, 1355s,

' 1220w, 1170a, 1055-1030b (BF}), 940,

902w, 830w, 750w, T30s, 700w,

Pevchlorate 1616sh, 158%s, 1475w, 1448w, 13603,
1220w, 11708, 1188b .(CLO ), 943w,
905w, 83%bw, T50w, 725m, 69%9w.

Phosphonolybdate 1610sh, 1590m, 1470w, 1445w, 13%65n,
1170m, 1055m, 950m, 885bw, BOOw,720m,

silieotungstabe 3509w, 16158k, 1585w, 1440w, 13358,
1330w, 11708, 1010m, 968s, 920vs,
880w, T95vs, 725m, 700w,

?h@@ph@tumg@ta%@ 1610sh, 1580vs, 14Tiw, 1441w, 1366vs,

1212w, 1168s, 1075s, 9758, 938w,
8938, 812sb, 725m, 699w,




Infrered speetre of malachite green and its derivativess—

ﬁAbaﬁrptions due 0 traces of moisiture.

Conpound

Absorption fxequencies.cmél

Pexritungetate

3448w, 1613gh, 15T7s, 147iw, 1441w,
13641, 1212w, 1165s, 950m, 8778, 7T70sb,
T25m,

Zincitungstate

3450w, 2899w, 1610sh, 15778, 147lw,
1433w, 136lvs, 1215w, 1166m, 940m,
8778, T52b, 725w,

Brdllisnt green and its derivaiives

Compound Absorption freguencies em™ L,
Dyesbuls 16208h,1%708, 14308, 14008, 13%2&,
chloride 12658, 11808, 11508, 1065m, 996m, 920m,

8853119 840@9 ?98“?9 TGSWQ' ‘750“!9 700@9

Fluoreb rate

15908k, 1570s, 1476m, 1400w, 13%50m,
1260m, 1212w, 11868, 11508, 1065-1025b
(BF;), 990m , 960w, 920m, 885m, 840m,
826w, 798m, 765w, 750w, 7008,




Belllisnt green and its derivatives

T

i
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Gompovnd

Absorption frequencies cm™

1

Poreblerce

15878, 1480w, 1370s, 135lm, 1275m,
1220w, 1190s, 1156s, 1085m, 1070s
(010239 1000w, 935w, 909w, 890w, 840m,
800w, T25w,

ey

Phosphomnolybhdate

5448w,
1389w,
1150m,

1615w, 156%m, 1460m,
133Tm, 1266w, 1220m,

1408w,
1180m,

10508, 9548, 872m, 7988, Tl5w,

Phosphotungstate

1709w,
1389m,
11638,

1618w, 1585ves, 1449w, 1412s,

13428, 12698, 1220w,
1082vs, 980vs, 900s,

Ti5m, T04w,

1190vs,
820b, 750w,

Silicotungstate

3520W,
1400w,
1178m,
Q1l5vam,

3020w, 1600w, 1560m,
1372w, 1330m, 1255w,
1150w, 1065w, 1005mnm,
885w, 795b,

1430w,
1205w,
9658,

Ferri tungstate

3448w,
1471w,
1220w,

952vs,

3030w, 2703w, 1613%m,
1429m, 1390w, 1350m,
1190s, 11558, 1075m,

8TFvs, T70b, T20w,

1610s,
1282m,
1010m,
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Brillisnt greén and its derivatives

Conpound Absorption frequencies om™ %,

L

Zinel tungstate 3448w, 2994w, 1613w, 1587s, 1449w,
1408w, 1389w, 1342w, 1275w, 1220w,
1190m, 1150m, 1075w, 1015w, 943s,
8778, T58b, 704w,

Crystal violet and its derivatlves

L

Compound Absorption frequencies em™ ~,

Dyestulf 157Tm, 1470w, 1351im, 1273w, 1219w,

{ehloridae) 1162m, 1000b, 938m, 909w, 830w, Ti%m,
695w,

Pluoroboraite 15878, 1485w, 13628, 1278w, 1221w,

11698, 10526 (BF,), 938m, 909m, 833m,
T5%w, 740w, TliO9m, 695w,

Perehlorata 2865w, 15828, 1471w, 13558, 1290w,
1220w, 1176m, 108Tm, 940w, 908w, B33w,
719 .
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Crypbal violet and its derivatives

Gompound

S ety

Avsorption frequencies em™,

Thosphomolybdate

3448w, 1585m, 1470w, 1351lm, 1220w,
1173%m, 1062m, 956s, 88im, 787b, T2lw,

Phoophosungstate

2899w, 1695w, 1536vs, 1506w, 147lm,
1344vs, 12828, 1220w, 1156vs, 1070m,
07ls, 9%5m, 890s, 826s, 806vs, T4lw,
7198,

3440w, 1612w, 1579m, 1470w, 1570m,
1220w, 1165m, 1010m, 917s, 88lsh,

Perri tungstate

2940w, 1695w, 158Tvs, 1470w, 1360s,
1290w, 1220w, 11l75s, 1060w, 943s,
910m, 870s, 830w, 794s, T40w, 719m,

Zined tungstate

(S50 S

1700w, 1563vs, 1515w, 1471w, 135ls,

1282m, 1220w, 1163vs, 940m, 909w, 87Tm

830w, T93%m, T55b, 719m,
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Do Preparation of some covalent derivatives of carbonium

ion dvestufes.

1% has already been mentioned at the beginning of
this shapter, that the nature of triphenylmethyl derivatives
depends upon the substituents in the phenyl groups and the
basielty of the anions. Priphenylmethyl ehloride is &
colouxrless compound and is covalent, while the triphenyl-
nethyl dyestuff chlorides are lionic because of the eleetron-
releasing Ne=alkyl substitvuents. The dyestuf® deriveotives
(e described in section C) of the heteropoly acid anions
and other anions derived from strong acids, have boen shown
0o be salt-like compounds and contain tri-henylmethyl cations.
The anions of weaker acids have a tendeﬂcy to form covalent

compounds . According %o Leffler174g the order of ionic

chéra@ter for a given carbonium ion ie as followss
hydroxide, alkoxide, and carboxylate 7cyanide
tlocyanate < ferrocy nide < azide < chloride
bromide -« sulohate snd verchlorate. According to the
kinetic and equilibrium stu‘ies of Cigen et.a1.297719% e
carbonium ion dyestuff cations aré represented by a set of
equilibris between colourless and coloured forms. The
addition of an appropriate anion may change the equilibrium
towards colourless or éoloured species., For example, an
agueous solution of malachite green is répidly decoiouriéed

when it is mixed with = borate solution. The decolourisation

of the dye solution is due to the complex formation, and the
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triphonyinethyl cation is changed into & covalent structure.
Gryatal violet and malachkite green derivatives with cyanide,
borata and sulphide anionag have boem E@poﬁtedl7§ to be
govalors in sheraster and to contaln pyramidal structures.
Prom tho above exeumples, it was propossd to prepare a series
of covalont dowivatives with enions of weaker scids and to
confizm thoir obrusture by comparing theolyr infrared spsctra
with thosae of $he leuco bases of the serboniuvm ion dyestufis,
Thesae arc oovalemnt compounds heving &2 true tetyrahedral
arrangement of phenyl groups about the ‘central?! carbon
2% oo

Cyanides, cyanate, thiocyanate, agide, metaborate, and
sulphide dexivatives were prepared and their infrared spectra
ereminedo
The Infzsred éy@@tg@ of all these dyestuff derivatives with
anione of weals sclids show close resemblance to the spectra of
the leuco bases of these dyestuffs. The compounds particularly

roesembled &% o 2900 and 2800 @mdl

and the obsexved bands

are from C=H vibrations of the N-alkyl groups., From infrared
gvidenea, it ds concluded that the derivatives are covalent
with o totranedral. arrangement about tho fcentrel’ carbon atom.
The &ntaile of infrered data axs given as follows.
Dotedls of imfraved svecive, |

Moo = HMalachite green.

B.G, = Brillient green.
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Crystal violet,

2 = Absorptincns due Vo moisture.
Splid peaks are underlined.
M.G. louco base:- 2875s, 27958, 1880w, 1610vs, 1515vs,

1475w, 184%m, 1345ves, 1295w, 1250w, 1220s, 1200w,

1185w, 1165w, 1125w, 1058m, 1025w, 945s, 860w, 820w, 8live,
780w, 758w, T40m, Tl5m, 700s.

M.G. cyenide:- 287%s, 27958, 2245w(C-N str.)}, 1890w, 1610vs,

1560w9 1515vs, 148%m, 14458, 135lvs, 1325sh, 1299w, 1220n,
120%m, 1179w, 1165m, 1124w, 10%8m, 1029w, 945s, 895w, 8livs,
764m, T58m, T40s, 725w, 699%vs.

M.G, cyanates— 3448%. 2865m, 279%m, 1606s, 1575z, 1515s,
1472w, 1445m, 1350s, 1215w, 1162m, 1124sh, 1055w, 1010w,
942w, 812s, T63m, 720m, 697m.

M.G, thiocvanate:- 3280%, 2890s, 279%s, 2273w, 1895w,

16108, 1580sh, 151l4s, 1473w, 14458, 1350vs, 1215-1225m,

1056m, 1015w, 1010w, 985w, 943%m, 812vs, 762s, 735m, T721lm,
6958,
MG, mzides= 2880m, 2793m, 1905w, 1610y, 15828, 1513%s,

1475w, 1445m, 13508, 1215w, 1163s, 1125w, 1053w, 1010w,
943m, 813s, 763m, T38sh, 723m, 698m,

M.6, metaborates- 2365m9 2793nm, 2041w, 1953w, 1600s, 1575ah,

1515vs, 3475w, 1440m, 1350s, 1312w, 1466m, 1225s, 1125,

100%s, 9%lm, 943m, 930w, 913w, 810s, 790w, 763w, 731lm, 719w,
694m,
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M.G. sulphides— 33905 2872m, 279%m, 1600s, 1575, 15lla,
1470w, 143%39m, 1351ls, 1214w, 1043%s, 1121w9 1053w, 1030w, 940s,
900w, 812m, 797m, 76lw, T48w, T22m, 69Tm.

B.G, leveo basaes- 29088, 2825m, 1916w, 1610vs, 1563w, 1513vs,
148%g, 1460w, 1435w, 1389m9 1355m, 13%340m, 1266s, 1194n,

1155w, 1428w, 1384m, 1%52w, 1336w, 1263m, 1193%w, 1154m,

1080m, 1010w, 8lém, 7%9m, 725m, 699m.

B, 8. cysmides- 2900vs, 2820s, 2240w (C-N str.), 1850w,

1618vs, 1565w, 1%20vs, 1490vs, 1450w, 1425m, 13808, 1350m,
1335m, 1260s, 1192m, 1154m, 1078m, 1010w, 980w, 815s, 759m
724m, TOOm.

¢,¥. leucobases~ 29053, 279%m, 1595m, 15158, 1473w, 144Llw,

13458, 1280w, 1220m,1220w, 1160m, 1090w, 1054w, 1018w, 965w,
35w, 812m, 699m.,
C.V. evanides- 2898s, 2793m, 2260w (C-¥ str.), 1590m, 1508s,

1474w, LidSw, 1351ls, 1282w, 1225w, 1204w, 1156m, 1092w,
1055w, 1020w, 963w, 938w, 809m, 715m,

Experimental

Preparation of 1eueé_basesg

Malashite green leuco bsse QEHEGHQ06H4NMe2)29 was obhained

gecording to the method of Gattermanl3? by fusing together
zine chloride, dimethylaniline and benzaldehyde on a water
bath. The leuco base was crystallised from alcohol.

Brillignt green leuco base G6H5CH(G6H4NE%2)29 was prepared

by a proeedure similar to that described for the preparation
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of malaéhite green leuco base. The proportional amounts of
diethylamine and benzaldehyde were reacted at 100 C in the
presence of chl2 or eénco HCl, The product was recryst-
2llised fron alcqhdlq

Cryotal wiolet leuco-base, CH(CSQ NMegl

4 3°
{Gattermann and Schnitzspahm197)o Sesquichlorohydrate

of hydroeyanic acid (2HCN+3HCLl) was obtained by passing dry
H61 gas through hydrogen cyanide cooled at -15 C. HCN was
@?@@&E@é’by reacting sodium cyanide with cone. sulphurie
acid, Oun reacting with HClL, a crystalline product was
geparated ouv and was dried, and was heated with dimethyl-
aniline at 1206130000 The product was crystallised from
agueous aleohol.

Preparation of dyestuff derivatives:- The carbonium ion

dyestuffs were dissolved in water and mixed with sodium orx
potassium salts of anions of the wesakly basic acids. On
mixing the two salu%ions almost colourless products were .
gseparated ouv, and these were filtered off and dried under
vacuum, JIn a few cases gummy materials were obtainéd and i¢
was found difficult to obtain these produets in eolourless
and orystalline forms., The cyanide derivatives were obtained
in eolourless forms by repeated recrystallisations as
deseribed by Calvert and Reehenlgéo The ¢ and ¥ analyses are
shown in the following table,



Table 4

s SR Y

Gonpound

.G, leuso bhase
Ho.G, eyanide

H.G, cyznate

H. &, meteborate
BoG. eyanida
GV, louvco base

¢.¥, cyanlide

Found
¢/
84..49

81..28

1735
78.61
7710

6.5

80.28
T7.19
77.08

Analysis results

HY
046

6,82

6.7l
8,97
6,90

715
To4%
9,32
7.96

Caleoulated

o] "/

8%.064 6.66
81,13 T.04
70,88 6,906
T4.2% 6,72
81.75 8,02
76.72 8.50
78,19 T.5%

Ligh,

Dye cations
anion

18l

-
B pe

1:1
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B, Dyestuff complexes precipitated from concentrated

hydrochlorie aeid,

Malaechite green, brilliant green and ecrystal violet give
orange~red solutions in conc, HCL and it has been concluded
183,198 from uwltraviolet and visidle absorption speetra that
earbonium dyestuffs are protonated in acid solutions. The
changes in colour can be explained by successive protonation
of the N=a2lkyl groups of the dye cations, this protonation
ties down the lone paiy of electrons on the nitrogen atoms.
Por example the crystal wiclet solution changes to green with
the addition of a few drops of hydrochloric acid. The green
polont i3 due to the protonation of one of the NmMeg groups
and the cation becomes simllar to malachite green cation
{Structure VI)., When protonated a second time the crystal
violet cation becomes orange coloured. The sudcessive
protonation has tied down the lone pair of electrons on iwo

nitrogen atome giving a structure analogous to the malachite

green cation and %o the orange cation of formula.

N 202
VITE e, B80Tt

ool

Puoochsondimethylimmonivm ion
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An attempt was made to isolate complexes of these
protonated dye cations. Such complexes are precipitated
as orange-red producis from conme. HCL solutions. In some
eases, the colour of these compounds has been observed to
ehange 4o brown and wltinately to dark green on keeping the
dried complexes for a long itime. We attribute these changes
to Rogs of hydrogen chlovide. The complexes are decomposed
by moistbure, acedone and alcohol.

Abtempss to prepare protonated dye ehlorides, by
reacting the dyestuflf with anhydrous HCL on & vacuum line,
werve neh successful. The dyestuff partially dissolved in
llquid hydrogen ehloride giving an orange solution but on
removael of excess of hydrogen chloride the starting dyestufs
was obtained., The uustadbllity of the protonated dyestuff
ehlorides is possibly because of the aniown {HGlg} being not
of strongly acidic charaster. Two types of the dyestuff
complexesr were prepared in the ¢ourse of the present work-

(4} Heteropoly acid complexes

(%) Lewis acid complexes.

(1) Hetercpoly acid complexes were obtained as orangs-
red procipitates by mixing the solutions of the dyestuffs
end heveropoly scids in about 68 hydrochloric acid. The
Produeds gave a negligible test for chlorine, The

determinations of non-volatile rcsidue (See Table 7) in the
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heteropoly acld complexes show that all of these compounds
gontain 251 vatio of protonated dye catlion to heteropoly
anion. However, as the products were rapidly decomposed
by moisture, relisble carbon and hydrogen analysis could
not be obvained 4o confirm the stoichiometvric composition
of these compounds.

Refleusoncs spectas- The absorption spectra of carbonium

ions in acid solutions has previously been studied by hewis

and ﬁig@l@i@eﬁlﬁg 181, 1990

and other workers The erystal
violet ion absorbs at max. 590 mom. in the visible reglon
snd on gradual addition of an acld the ehief absorption

{when one of the NMeg group is protonated) first moves
towards the red( “max. 630 melts ) and then {when second

NM@g 1z proitonated) towards the violet paxrt of the spectrunm.
In the preasence of excess of aeld; the earbonium lon dyestulfs

&hg)wl 81,183

a broad absorption band at shortver wavelengith,
Por axemple, doubly protonated erystal violet cation absorbs
at 470 mopo (L. strusture VIIL),

Tae reflestance spestra of the solid heteropoly acid
complones precipitated from'eoncenérated'hydroehlori@ acld

ara ghowr in Table §.

(31) Lewls seid complexess- Triphenyl carbonium ion
complexes of a series of complex halo—anions have been

atnded®0C 4n sceto-nitrile solutions. New derivetives of

malachite green, brilliant green and crystal violet have
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been found, in the presentv work, to be formed by regaﬁion
between the dyestuff chloride and Lewis acid in concentrated
hydrvochlexic aeid, Orange-yellow producis were obitained
with Sm@lQQ Sb31§9 Pb@l4 and E@Glﬁo These compounds are
almoet iasoluble in concentrated hydrochloric acid but are
apparehtly soluble in the pressence of excess of complex halo
geilds. Prom the lufrared and wisible absoxption spectra,

it i eoncluded what all these salts contain protonated dye
pations, similay %o the h@%er@p&ly acid complexes precipitated
Tvom goneentrated hydrochlowric acid, and complex haloanions
of tha type Sﬂ@iggg Sb@lglg Pbclzgg FQGIZ%, The complexes
cgive 2 blua solution in seetone which ig probably due ©o &
reversible species formed due to parvial solvation of the
nulticharged dye cations, as the évaporation of the solvens
agalin gave yellov aoloured prolducts. Aftempds were made o
prgpax& the dyestuff ealts with Alﬁlﬁ& Egclgg @icl4 and

Zr@ié bt no complex was precipitated out from acid solutlons
provably due wo tﬁé more easily hydrelysable nature of the

gonpler halo—-anlons.

ggﬁiggﬁgmggmgaggtx@sw The reflectanece spectras of the
prosonatod dye cotion with the complexn halomanien are
characberistic for protonated dyestuff cations. (ef,
reflegtonce speetsva of heteropolyacid @omplexes) The

details of the spectra are given in Table 6,
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Tabla © Reflectance speotra of heteropoly acld complexes
precipitaied from cone, HO1.

Proionated Malachite Brilliant® Crystal

Dyestuly Greon Green violet

Silicovungetate 475k, 640 4700 ,640 475b,655

Rorwituwngatate 470b,645 475,645 460b,660

Hinelivagssate 475b,640 475b,640 4650 ,655

Hajor peaks are wderlined,

i E e

Table & Refloctanes spestra (400-700 m.p,)

Protonated Malachite Brilliant Crystal
Dyestuls Green Green violet
SnGl, complex 4600,640 465,645 450b, 645
Sb@1% somplex 480b,630 474,650 490,640
E@QA% complex 440,620

&

0¥ the comp,

SN lexes precipivated .
aoneeniraved hy dxognl@ri@ agiaq

Iagrercl 5NOG

e opoetrn of the protonated dyestuff complexes with
heteropely coldo ond conples hal@aniong are similay to the
spostro 0F woprotonasefl corbonivm ion dyestuffs except fowr
nine Qa0 GUo B0 Provonavion @f the nitrogen atoms of

' %he dyestuff catiom. Hrom the infrared evidence, it is
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soneluded that protonation does not change the overall

pyanetry of the dye cationg.

.m- R AT

Iead betweebloride vwas prepared by dissolving lead dioxids

==
&
Sudo
@
@
:??J

hydroehlorie asid. The solution was filtered
and uwoed 28 such for furthey weactions. The yellow
saduntion contalning Pb@lgg ions.

Osher ehomleals vweed were laboratory reagents and
vare vged withous any further purifiecation.

Peoparevion of,@ggﬁlegggsm The earbonium dyesturfs and

hetevopoly aeslds or the other metallie chlorides were
digasolved in concentrated hydrochloric acid and the
solutione weve mixed after Tilldration. On mixing the

two selutions, orvange-yellow or orange-yved products
geporated out and were filtered off and dried under vacuum-.

Fotdimesion of non-=volsatile components was carried out

by igaition s described in seetion € of this chapter,

Batluation of Ghloxines- The dyestuff salts of complex

halo-gnions wvere decomposed by bolling with sodium
nydzounide golution. The golution was filtered and shlorine

v cgtionted ag AgBl by the usuwal prosedure.

Yo eovhon and hydrogen anelyses and perceniage of
non=volotile somponenis are given im Table 7 for the

protonated Ayestufl complexes with heteropoly acids., For
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the somplex halo-anrion @omplexesg'ﬁh@ chloxine analysis
vag ecavelied ont immediately after preparing the complexes
and the stoichliometries derdved from these results are given

im Wable O,

farzaved spaotrg were recorded in Nujol and hexachloro-

briadiens mulis,

Protvonaced
Dyespudd

Gomplexn Found Glz Cale. €LY Dyecationzanion
Ho.G, SW0L. 40,98 40,55 182
2 83.@ o 38
B. G, ﬁh@lg 39,96 18,92 12
? 59,40
98,52
GV, SEQE% é?oéﬁ 45,51 185
- 45,75

40,65



Po Prenarstion of some Lewls acid-dyesituff complexes.
The phonomenon of the addition of Lewis acids (similar
4o Bednoted selds) vo basie dyestuffs has been known since

& 4 .
0 Abd '5 :}L 8 v
LGOS, ﬁ@y@ygg showed that basiec dyestuffs give the sanme

\

Lo
L

nhaorpiion oopeotra when dissolved in concentrated sulphuric
oasd 0% in o solution of gtannie ehloride in chloroform.

T dhe fivet eose B is added o the basie group of the

2
o
Fie)
ot
kil
o
!

gyestnsy ond in the second case a Sncl4 molecule is added

185 studied the

to the dyesbuff. Ioter Lewis and Bigeleisen
absorption spectra of methylene blue in a methyl cyanide
solution of 0,1M stennic chloride and in 3M sulphurie acid.
In both cases, the spectra were found to be the same. They
attributed this similarity to the formation of Dl(8n014)+
and EE(H%}* cations. The formation of Dl(SnGl4)+ was not
PrOven, 28 o slight bydrolysis of Sn014 will produce HC1
audl the obperved spectra may be due o the formation of

Dy (") sations inetead of D,(8061,)" ions (ef, formation
oF 31(H¢) sations in cone. sulphuric acid). It was later
f@mn@lgg thnt even if thoe greater part of stannie chloride
had boon converted imto hydrochlorie ameoid, there would not
bo onongh of tho latter to change D7 into DI(H*)*9 as 1t
woauison ob Leaot IM hydrochloric acid in methyl cyanide
aolution 4o oliminate the DY band and to form the DE(H*)%
cation,

202

More recently, Gutmann has shown that the absorptiomn
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speetre of crystal wviolet iu P001sare the mame in the
prdaonee of 8aCL, ov SbClg. The colour chenges with addition
of Tewls " aelds were atiributed o the sueccessive addition
of the é@@@@%ex chloride moleoules to -Nis, groupsp Ihe
fivat addition gives a green colour and the second addition
produces an orange yellow solution (ef Colour changes of
sryotal violet im hydroehlorie seid).

In the presant work 1V was proposed $0 prepare a new
series of the dyesituff derivsitives with Sn01£ and Sb615 by
vorking in o non agueous medium, Malachite green, brilliantg
green and orystal violet react with lewis acids (Snclﬁ and
Sbﬁlg} in anhydrous methylene chloride and ovange red adducts
are precipitated ous, These products give blue ox green
golutions in acevone which give orange red producits on
removal of the solvent and are slowly decomposed by moisture-
Some of the produets are slighily soiuble in methylene
ghloride and solution speeitra were recorded. The details of
the abgorpiion date are as follows in Table 9.

The solution spectra show that the absorption bands are
@imilaﬁ 0 those of the reflectance speetra of the dyestufl
complexes propaved in eoneentrated hydrochloric acid (see
Table 5). This olose sinilavrity indicates complex formation

at the nitrogen atom.

The enalysis results were Ilnconsistent and it is



Teble 9 Solution spectra of Lewis acld complexes in

methylene chloride (400-700 m.m.).

Dyrap by Malachite Brilliaut Crystal
green sraen violet
S0l , 468 s ingoluble

COmH LS

%hﬁi% 265,622 6456 ,6%0 ingoluble
sOmpLes

apparant that there arve diffeving smounss of Lewis acid
ao-grdination and these products are mixtures of different

183 have determined the

ghecics. Lewis and Bigeleisen
ratlios of different provoneted species Tormed with hydrochi-
orle goid and stanmmie ehloride in methyl eyanide solutions.

The ratios are

(D = Capri Blue)

DAntL,) . 34
p(28a01 )"

Te ip edeny that in the latsver sase the ratio is mueh largew
ol Bhe pwonswtion of the lowey gpeclies foxmed in ‘the easw
o Bowio oaid  le gereater then 1w the protonated complexes.
{pa vi6w of bthese difficuléies 1t was proposed o0 prepare
gompounds wivth different setoichiométrie @oﬁpositions by

reagting equivalent proporivions of lewls aclds and the
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dyestuffs in methylene chloxide solution in order to isolate
diserete sdduets. Crystal wiolet complexes with different
gquantities of entimony pentachloride were prepared and the

reflestance spectra were recorded as shown in Table 10.

Zoble 10
Reflsectonce speetra of erystal violet-antimony

pentachloride complexes.(400-700 m.pz.)

Compound Golouxr Absorption bends in M.p.
Crysial violetd viotel 600 broad

ehlovide

00¥038b61§

131 ' violet 600 broad

13d.5 dark green 450, 595 broead

132 gEreen 440, 495, 650

Complex orange 420 broad 640

pregipitated in red
excess of SbGlS

The ebsorpitlon speetrum of the L3l complex is ldentical
with that of the parent dyestuff. It seems that the first
addision of Sb@1§ molecule forms a complex halo-anion. 7The

renetlon vwoy be represented as follows,



o -+
[&MSQNE“ "‘)59] CL < Sbcl5m»§!§M@2N&ﬁ
violet - ViOIB‘&
Smex 600 Mo)io *max 600 Moo

The formation of Sbﬂlg ion has been confirmed by studying
the far infrared spectra of the Ll:l adduct and other |
complexaes. These compounds show a strong intensity band_ at
340 ¢n"* whieh hes been attributed to SbCls dom,
[@fq wo* Sb0l; absorbs at 345 @m“1(6lﬂ

The gpectrum of 1:1.% complex indicates the appearence
of a weak band at 450 m.t. This shows that the crystal
violet ecation has been partially converted o the malachite
green like sitructure as one of %he-wNM@g groups 1is

co=0rdinated with SbGl5o In 132 complex the formation of

the eation X ls expected to be formed by a

L

easd

T, SkClg s

(CH ...
o — L.

XX X

>\ma3§04'§0 9 625m°}1 o 18§ ?\maxo 44'0 9 4‘95 9 650m<>)}. o



~\‘i€(%
ﬁsi}. =

E ) ¥
(€E§§g N

{31‘3‘ ] E s 3 . 2 C) 4?.
{ 5>2 }maxo¢jfp635m%n

gH
(o8 ).

sinple reaction.
G,V Vel 4 28hGl§«MM¢> GOE(Shﬂlg}% §b€1;

X
The appearence of a new peak at 495 mo.u. in compound X

guggests that another species is formed which probably
involves co-ordination with the second Nﬂag group of ths
oF: Rrk Ry} g The structures IX and XI are given for comparisar
of thelr absorption dabta with that of the Structure X.

The abscrption band at 420 m.u. in the spectrum of the
ovange=red produet prepared in an excess of SHCL. indlcaves
the formation of G.V, &Sb015)§ * cation, as the other cation:

with slimilar s¥ructures absorb in the same reglon.

;Q; e
- A “1' 3 qex T
Gyl m@gx@(sm%)%ﬁh\
@é,ﬁi‘%;-—m; C HogN (81Che) Gyl —— ©
G Hg T
9&34 i B E(i@i‘}“ Sb 'L(u' ﬁé& B{! J
ALY ' JLEX
ﬁ?iph@mvl@a“bonéum iom fully eo-ordineted erysial
}§yn4m UZER Mo “@30 A wiolet lone

‘Bi‘maz gog&gg,g blOmop.
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™ i
MQENH66H4
3M@2NH66H4 |
ATV

Pully protvonated erystal
violet ion.

Mg, A23mog

204

The presence of the weak band at. 640m.m. indicates that
pther species containing a lesser numbexr of SbGlSmoleculeEg
for exasnple speciegs X, are also present in this produet.
These Tindings are in agreement with the recent work of

202

Gutmann™ 5 who has described the formation of GOVQQSbcl%)g

cation (structure XIII) by a reversible reaction in POCL,

golution in presence of excess of the Lewis acid,

Experimental

Antinony pentachloride was freshly distilled befores use

and was handled in a dry box.

Methylene chloride was distilled over actlivated molecular

selve and wes stored under dry conditions.

The dyestuff complexes were prepared by mixing the

proportional amounts of the dyestuff and antimoney venta-
¢hloride in methylene chloride solutions. The reactions

were ocarried out in a dry box. After mixing the reactants,

the solvent was removed on a vacuum line and chloride
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analyais were earried oud immediately after preparing the

complexos. The ehlorine dnalysis are given velowv.

Cdmplen

crystal violet s b0l Found ©1% Cale.CLP
15l 30,114 30,137
13109 36,85 35,23
122 39,02 38.82

infrared gyecira. All the compounds with different
proportionsof dyeatuff//5h015 complexes show similar speetra
in the 2-%0 n. reglon., The spectra are characteristic of
the grysital violet cation., With the increasing proportion of
Sb01§ in these somplexes, the infrared spectra showed slight
changes, ¢epscially in the complex precipitated in an excass
of Sb@lﬁﬁ These changes are attributed %o the co-ordinatlon
of the lhewils acid to the wﬁMee groups of the dye cation.
Prow the c¢lose resemblances, shown by complexes of differesnt
ratios, it ie concluded that the overall structure of the
dyestuff cation remains the same. The absorption band at
540@@?1 has been assigned to ShGlZ ion. The speetra were
regovded dw Injol and hexachlorobutadiene mulls. Details

of the indrarzed date are shown belows



Comples Absorption frequencies em .
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i

Cryawnl vigle%sSbclg

131

QD

Complex preecipliated

in excess of Sbclq

15858, 147lm, 135ls, 1290w, lzfﬁwg
1190sh, 1ll64s, 1Ll24sh, 1064w, 9433,
0171, 83%3%s, 800w, 763m, T46m, T29s,
613w, 5%5m, 513%s, 420s, 340vs,b.
(SbCig).

15878, 148lm, 135%ls, 1295w, 1232w,
11908k, 1l64vs, 11l24sh, 1022w, 943s,
916s, 8338, 793w, 763w, 746w, 7258,
614w, 555w, 526w, 417s, 335vs.b.
(8o0ig) .

1587s, 1481m, 1408w, 1360s, 1221w,
11908k, 1175vs, 1136w, L020w, %43n,
010s, 8%3s, 793w, 763w, 740sh, 7228,

4340w, 16138, 15728, 1504w, 1453m,
1418w, 1570w, 1310w, 1252w, 1212m,

1060w, 11%6m, ll24m, 1042m, 1010w,
970w, 940w, 885w, 840s, 787Tm, 769w,
T3%w, Ta0m,
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4n

6o
7o
8o
Do

10,
1l.
12,
13,
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