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Summary 

Phenylhaloplumbate salts of the type [Et,N][Ph,PbXY] (X or Y = Cl, Br, I), 
[Et,N][Ph,Pb,X,Y] (X or Y = Cl, Br), [Et,N][Ph,PbX,] (X= Cl, Br, I), and 
[Me,N],[Ph,PbX,] (X = Cl, Br) have been prepared and characterised in the solid 
state by infrared and Raman spectroscopy over the range 250-80 cm-‘. Similar 
vibrational data are reported for [Me,N][Ph,PbX,] (X = Cl, Br) and [Me,N]- 
[Ph,PbCl,] as well as new data for Ph,PbX and Ph,PbX, (X = Cl, Br, I). These 
infrared and Raman data are consistent with 5-coordinate, approximately trigonal- 
bipyramidal structures for triphenyllead systems (except Ph,PbI) and 6-coordinate, 
approximately octahedral structures for diphenyllead systems (except Ph,PbI,), the 
required degree of coordination being achieved by halogen bridges where necessary. 
Stretching modes associated with halogen bridges are observed as strong, broad 
infrared bands only weakly Raman active, characteristics which suggest that these 
bonds have high ionic character. 

Introduction 

Arylhaloplumbates have not been as thoroughly examined as have their tin 
analogues [l]. Following the first report of [Me,N][Ph,PbCl,] [2], Huber et al. 
prepared several triaryl- and diaryl-haloplumbates [3,4] as well as a series of 
monophenylplumbates [5], but no structural information has yet appeared. Recently, 
a ‘H NMR spectrum of [Et,N][Ph3PbC1,] was published [6] as part of a study of 
pentacoordinate phenyl compounds of Main Group elements, but no other spectro- 
scopic data of structural significance are available. 

As part of our continuing interest in phenyllead halides and pseudohalides and 
their adducts [7], we now report the synthesis and vibrational spectra (in the skeletal 
region) of a number of tri- and di-phenylhaloplumbates, and these results are 
compared with those obtained recently for the tin analogues [8], following an earlier 
comparison made between hexamethylphosphoramide (HMPA) adducts of phenyl-tin 
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and -lead halides [9]. To assist in the assignment of the spectra reported here, we 
have re-examined the vibrational spectra of several di- and tri-phenyllead halides, 
for some of which the structures are known, i.e. Ph,PbCl, [lo] and Ph,PbX (X = Cl, 
Br) [ll], thereby supplementing the previous spectral study of these compounds [12]. 

Experimental 

All solvents were stored over molecular sieves before use, while tetraalkylam- 
monium halides (Eastman or Aldrich) and triphenyl and diphenyllead chlorides 
(Alfa) were used as received. Triphenyllead bromide and iodide were previous 
preparations [9], while diphenyllead bromide and iodide were prepared from the 
acetate [14]. Other experimental details, e.g., micro-analyses, and Raman and 
far-infrared spectra were as described elsewhere [8], except that far-infrared spectra 
were measured using a 12.5 pm Mylar beam splitter. 

Preparations 

Method A. Equimolar quantities of triphenyllead chloride (1.75 g; 3.7 mmol) 
and tetraethylammonium halide were dissolved in hot acetonitrile (SO-90 ml) and 
the solution evaporated to small bulk (20-30 ml). Adding benzene (30-40 ml) and 
then pentane (40-60 ml) dropwise to the cooled solution gave a flocculent precipi- 
tate which was filtered, washed with ether, and dried in vacua at 65°C for several 
hours; yields 70-90% *. Recrystallisation from acetonitrile/benzene as above gave 
pure samples. 

Method B. Stoichiometric quantities, (l/l or 2/l), of triphenyllead halide 
(1.4-2.0 g; 2.5-3.8 mmol) and tetraethylammonium halide (except for 
[Et,N][Ph,PbBr,] where l/2 ratio was used) were dissolved in sufficient hot 
n-propanol or ethanol (50-100 ml) to give a clear solution. Evaporation of the 
solution followed by cooling in ice gave the crystalline product which was dried as 
above; yields 70-95%. 

Method C. Stoichiometric quantities (l/2) of diphenyllead halide (1.0-1.6 g; 
1.9-3.7 mmol) in acetone (100-200 ml) and tetramethylammonium halide in n-pro- 
panol (SO-150 ml) were mixed and the fine precipitate produced was isolated as 
above; yields 85-92%. 

Method D. Equimolar quantities of diphenyllead halide (1.5 g; 3.5-2.5 mmol) 

and tetraethylammonium halide were dissolved in hot acetonitrile (35-100 ml) and 
the clear solution evaporated to - 35 ml. Addition of ethyl acetate (35 ml) to the 
cooled solution gave the solid product; yields 50-90%. 

The following were prepared by literature method [3]: [Me,N][Ph,PbCl,], dec. 
310°C (lit. [3] 301°C); [Me,N][Ph,PbCl,]. m.p. 307-309°C (dec.) (lit. [3] 298°C); 
[Me,N][Ph,PbBr,], m.p. 28O’C (dec.) (lit. [3] 277°C). 

Results 

(a) Preparations 

Since it was reported earlier [13] that no anionic species were detected in a study 

* Yields throughout this paper are based on the amount of phenyllead halide used. 
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of Ph,Pb+/X- equilibria in methanol (containing 0.4% water), it is likely that the 
formation of solid triphenylhaloplumbates from solvents like ethanol or n-propanol 
reflects the stabilisation of a complex anion by ionic lattice formation. In the present 
case, counter-ion size appeared to determine the anion formed. Thus the smaller 
tetramethylammonium ion favoured the formation of Ph,PbX,- (X = Cl, Br), while 
the larger species Ph,Pbl,- and Ph,Pb,Xj- (X = Cl, Br) were produced using the 
tetraethylammonium ion, even in the cases when equimolar quantities of Et ,NX and 
Ph,PbX were used in early experiments. The bromide system is a borderline 

example of these effects since [Et,N][Ph,PbBr,] was obtained using a 2 to 1 ratio of 
Et,NBr to Ph,PbBr in ethanol, but in the chloride system a 10 to 1 ratio of the same 
components still gave the diplumbate ion in the solid state. Recently [6], 
[Et,N][Ph,PbCl,] was prepared using acetonitrile, the high dielectric constant of 
which probably favours complex anion formation in solution. In this connection, the 
reaction products were found to be very soluble in acetonitrile and the solid 
materials could only be isolated by addition of benzene and pentane to the reaction 
mixture. 

The syntheses of diphenylhaloplumbates followed the same trends noted above. 
Thus, reacting stoichiometric quantities of Ph,PbX, in acetone [14] with Me,NX in 
ethanol or n-propanol gave the required products (although we were unable to 
repeat the preparation of [Me,N],[PbzPbI,] [3]). However, the use of tetraethylam- 
monium halides gave products of variable composition, which were deficient in 
nitrogen, i.e., in the Et4N+ ion. By using acetonitrile as the reaction solvent 
followed by the addition of ethyl acetate, [Et,N][Ph,PbX3] (X = Cl, Br, I) was 
obtained. 

The compounds containing Ph,PbX,- and Ph,Pb, X,- ions are crystalline, with 
sharp melting points consistent with weak ionic forces between large, singly charged 
ions. In contrast, the diphenylplumbates are microcrystalline, with the higher 
decomposition temperatures more characteristic of ionic compounds containing ions 
of higher charge, e.g., Ph, PbXd2- and Ph,Pb,X,‘- , or possibly polymeric anions 
(Ph,PbX,),“-. Consistent with this view, the dipenylhaloplumbates are soluble only 
in strong donor solvents, e.g. MeCN or DMF, but triphenylhaloplumbates dissolve 
also in weaker donors such as acetone and alcohols. All the compounds studied here 
are insoluble in non-coordinating solvents such as benzene, hexane, methylene 
chloride, etc., thus precluding molecular weight measurements. 

Analytical data and the preparative methods used for all new compounds are 
given in Table 1. 

(6) Vibrational spectra 
Raman and infrared peaks assigned to skeletal modes are listed in Tables 2 to 4. 

Weak to medium peaks in the 200-120 cm-’ range assigned to phenyl group (u) and 
(x) modes [15] have been omitted, as have unassigned deformation and/or lattice 
modes below 100 cm-’ *. 

(i) Diphenyllead halide systems (Table 2) Data for diphenyllead iodide are very 

similar to those reported earlier [12] and the sharp infrared and Raman active 
v(Pb-I) bands are consistent with strongly covalent lead-iodine bonds with the 
Ph,PbI, molecules relatively weakly associated in the solid state. In contrast, our 

* Complete spectral data may be obtained by wnting to the authors of this paper. 
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TABLE 1 

ANALYTICAL DATA 

Compound Method U Colour M.p. (“C) 

[Et,N][Ph,PbCl,] 

jEt,N]{Ph,PbBrCl] 

[Et,N][Ph,PbClI] 

[Et,N][Ph,PbBr,] 

[Et,N][PhsPbBrI] 

[Et,W’h~PbI,l 

tEt,W’h,PW1,I 

[Et,N][Ph,Pb,C12Br] 

lEt,N][Ph,Pb,CIBrz] 

tJ%W%PW~,l 

W4N1,1%PbC~,1 

PW%ff%PbBd 

[Et,N][Ph2PbCl,] 

lEt,N][Ph,PbBr,] 

[Et,W’h~PbI,l 

A 

A 

white 

white 

B 

B 

white 

white 

cream 

pale- 
yellow 

white 

whrte 

white 

white 

needles 
white 

white 

white 

white 

yellow 

157-158 h 

149-150 

176-179 

174-175 

1955197 

198-200 

181-183 

173-177 

168-171 

160-162 

380 

370-380 

(dec.) 

222-223 
(dec.) 

224-225 

(dec.) 
329-330 

(dec.) 

Analysis (Found (calcd.) (8)) 

c 

48 9 

(48.8) 

45 75 

(45 65) 
41.7 

(42.7) 

43.5 
(42.9) 

39.9 
(40.3) 

38.0 

(38.0) 

47.3 

(47.4) 

45.4 

(45.6) 

43.8 
(43.95) 

42.1 
(42.4) 

34.9 

(36.9) 

28.2 
(29.0) 

39.4 

(40.2) 
32.85 

(32.8) 

26.5 

(27 5) 

I-I 

5.3 

15.5) 
5.0 

(5.2) 
5.05 

(4.8) 
4.9 

(4.8) 
4.6 

(4.55) 

4.5 

(4.3) 
4.6 

(4.6) 
4.4 

(4.35) 

4.2 

(4.2) 
4.2 

(4.1) 
5.0 

(5.3) 
4.0 

(4.1) 
4.9 

(5.1) 
4.3 

(4.1) 
3.2 

(3.5) 

U These are given in the experimental section. ’ Lit. [6], 158-159°C. 

N 

2.1 

(2.2) 
2.0 

(2.05) 
2.3 

(1.9) 
1.9 

(1.9) 
1.75 

(1.8) 
1.65 

(1.7) 
1.1 

(1.3) 
1.2 

(1.2) 
1.15 

(1.2) 
1 .os 

(1.1) 
5.1 

(4.3) 
34 

(3.4) 
2.15 

(2.3) 
1.9 

(1.9) 
1.4 

(1.6) 
- 

infrared data for Ph,PbX, (X = Cl, Br) which differ considerably from those 
previously reported [12] show the halogen-dependent absorption to be a very strong, 
broad, low frequency band which is not Raman active. This is consistent with the 
structure of the chloride [IO] having chains of Ph,Pb units linked by pairs of 
chlorine atoms forming symmetric bridges, while the long lead-chlorine bonds 
(dfPb-Cl) 2.80 A) show them to have low covalent character. Thus, broad, low- 
frequency, strongly infrared but very weakly Raman active lead-halogen modes may 
be taken as diagnostic for bridging Pb-X-Pb (X = Cl or Br), with the bonds having 
high ionic character. 

For Ph,PbXz-, the halogen-dependent modes are observed as strong, broad 
infrared absorptions which are only Raman active in the spectrum of the bromo- 
complex. While the v(PbX) values are somewhat lower than those found for 
Ph, PbX, - 2HMPA species [9], the spectra are generally consistent with a six-coordi- 
nated trans-Ph2Pb structure, with the four equatorial lead-halogen bonds having 



249 

more ionic character than in the neutral HMPA adduct. In addition, the Raman and 
infrared intensities in the lead-phenyl stretch region agree with the ions being fairly 
~entrosymmetric, although some correlation splitting may be present. 

Vibrational data for [R,N][Ph,PbX,] (X = Cl, Br) show the terminal and bridg- 
ing lead-halogen bonds which are formed by the breaking of only half the Pb-X-Pb 
units in Ph,PbCl, and Ph,PbBr,. However, as found for Ph,PbX, - HMPA [9], the 
data do not permit the two possible six-coordinated anionic structures, Ia or Ib, to 
be distinguished. Clearly X-ray diffraction studies are required to resolve this 
question. Although infrared data for [Et,N][PhzPbI,] are consistent with the 

presence of a strong lead-iodine bridge similar to the other Ph,PbX,- ions in 
contrast to the situation found with Ph,PbI,, the Raman spectrum of this com- 
pound could not be obtained; thus, the assignment in Table 2 must be considered 
tentative. 

Inspection of vibrational data for Ph,PbX,, Ph,PbX,2-, Ph,PbX,-, Pb,PbX,* 
2HMPA [9], and Ph,PbX, - HMPA [9] suggests an unperturbed pS(Ph2Pb) value of 
194-198 cm-’ for the linear ~phenyllead moiety. For Ph,PbCl,‘- and Ph,PbCl,- 
higher values (- 210 cm-‘) are observed, presumably caused by the interaction of 
symmetric v(Ph,Pb) and v(PbC1,) modes, as was suggested earlier for the analogous 
tin systems IS]. 

(ii) Triphenyllead halide systems (Tables 3 and 4). Infrared and Raman data for 
triphenyllead iodide are very similar to those reported earlier [12]. The strong sharp 
lead-iodine stretching mode which is both Raman and infrared active shows that this 
compound is only weakly associated in the solid state and has a mainly covalent 
lead-iodine bond. In contrast, our improved infrared spectra for Ph,PbCl and 
Ph,PbBr show strong, broad halogen-dependent absorptions which are only very 
weakly Raman active, while in the lead-phenyl stretching region (190-240 cm-‘) the 
spectra of both chloride and bromide are very similar. These results are consistent 
with the structures of these compounds as determined by X-ray diffraction [ll], that 
is, they are isomorphous with chains of distorted t~gon~-plane Ph,Pb groups 
joined by slightly asymmetric halogen bridges, the lead-halogen bonds having low 
covalent-bond character. 

The splitting of vas(Ph,Pb) and v,(Ph,Pb) is consistent with vibrational coupling 
between adjacent Ph,Pb units in each unit cell, but since this also occurs with 
Ph,PbI, the effect clearly does not depend on the nature of the interaction between 
Ph,Pb units in the same unit cell. 

The spectra of [Me,N][Ph,PbX,] (X = Cl, Br) and [Et,N][Ph,PbX,] (X = Cl, Br, 
I) suggest that the anions, like the corresponding tin species [8], are trigonal-bi- 
pyramidal with axial lead-halogen bonds. However, the extensive splitting of the 
lead-phenyl stretching modes indicates that the Ph,Pb unit has lower symmetry than 
trigonal-planar, as was found in the t~phenyllead halides. While spectra of both 
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Ph,PbBr,- salts are very similar, those for the corresponding chloro-anions show 
some differences. In particular, infrared absorptions for [Et,N][Ph,PbCl,] at 195 
and 134 cm-’ are much more intense than expected for (u) and (x) modes; indeed, 
that at 195 cm-’ is as strong as Vas(PbC12) at 174 cm-‘. Thus, we assign these peaks 
to v,,(PbC12) and G(PbCl,), respectively for a second, structurally distinct 
Ph,PbCl,- ion in the unit cell, with vs(PbC1,) for this species coincident with the 
strong Raman band at 217 cm-‘. 

Raman and infrared data for [Et,N][Ph,PbXY] (Table 4) show that these 
compounds contain true mixed halo-anions. Of particular interest is the lack of 
Raman activity of the lead-halogen stretching modes. Presumably, the fact that both 
v(Pb-X) modes require movement of the central-lead atom reduces their similarity 
to v,(PbX,) in Ph,PbX,- species. 

Most triphenyldihaloplumbate spectra show correlation splitting in the lead-phenyl 
stretching region. The effect appears to depend on cation-anion sizes, i.e., being 
smallest when the ions are perhaps of similar size, e.g., [Me,N][Ph,PbCl,] and 
[Et,N][Ph,PbI,], and greatest when they are more disparate, e.g., [Et,N][Ph,PbX,] 
(X = Cl, Br). 

The Raman and infrared spectra of [Et,N][Ph,Pb,Xs] (X = Cl, Br) are consistent 
with the structure II, derived from that of Ph,PbX (X = Cl, Br) by the replacement 
of each alternate halogen bridge with a coordinating halide ion. Thus both 
Ph,Pb,Cl,- and Ph,Pb,Br,- spectra have relatively sharp, higher frequency in- 
frared and Raman bands indicative of terminal Pb-X bonds and the broad, lower 
frequency infrared absorptions required for a Pb-X-Pb bridge. However, an X-ray 

diffraction study is required to show whether the halogen bridge is symmetric or 
asymmetric. The spectra of [Et,N][Ph,Pb,Cl,Br] show this to be a true mixed 
halo-species. The existence of v,(Pb-Cl) and v,(PbBrPb) modes with corresponding 
lack of peaks assigned to v,(Pb-Br) and v,(PbClPb) suggests that the anion has a 
bridging bromine and terminal chlorine atoms (II; X = Cl, Y = Br). In contrast, the 
data for [Et,N][Ph,Pb,ClBr,] are more consistent with a double salt containing 
equal numbers of (Ph,Pb,Br,)- and (Ph,Pb,Cl,Br)- ions. The doubling of lead- 
phenyl stretching modes, particularly vs(Ph,Pb), is also consistent with vibrational 
coupling between pairs of strongly connected triphenyllead moieties. 

Raman data for Ph,PbX, Ph,PbX,-, Ph,Pb,X,-, and Ph,PbX. HMPA [9] 
suggest 195-200 cm-’ as the range for an unperturbed vs(Ph,Pb) mode, but for 
Ph,PbCl,- and Ph,Pb,Cl,- values are shifted to significantly higher frequency, up 
to 217 cm-‘. Although the effect is less pronounced than that observed for the 
Ph,SnX,- species [8], the reason is presumably the same, i.e., interaction of modes 
with the same symmetry and similar frequency values, vs(PbC1,) and v,(Ph,Pb), 
causes vs(Ph,Pb) to be shifted from its unperturbed value. 
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Discussion 

The effects of adduct formation on lead-halogen bonding as shown by changes in 
v(Pb-X) values are evident in Table 5 which lists root-mean-square (RMS) lead- 
halogen stretching frequencies for the phenyllead halide systems reported here and 
earlier [9]. Although in some cases the data are incomplete, we believe the overall 
trends are sufficiently clear for the qualitative discussion in this paper. 

Adduct formation by monomeric Ph,PbX (X = Cl, Br, I) and Ph,PbI, shows the 
lower v(PbX) values caused by the increase in coordination from 4 to 5, as was 
observed earlier with adducts of phenyltin halide [8]. When HMPA replaces a halide 
in a linear X-Pb-X unit, increased v(PbX) values show that the trans-influence of 
HMPA strengthens the lead-halogen bond opposite. It is of equal if not greater 
interest to consider adduct formation by polymeric Ph,PbX and Ph, PbX, (X = Cl. 

X 
Br) in terms of the breaking of mainly ionic Pb ’ ’ Pb units and the formation of 

the more covalent lead-halogen terminal bonds with no change in coordination 
number. For Ph,Pb2X3-, half the bridging units in solid Ph,PbX have been broken 
with the halogen bridges remaining relatively unaffected, while the terminal bonds 
appear to be stronger than in Ph,PbX,-. 

When all bridges in Ph, PbX, (X = Cl, Br) are broken to form Ph z PbX,‘- , the 
terminal lead-halogen bonds appear to retain considerable ionic character, perhaps 
because steric or interionic repulsions between chlorine atoms in a square planar 

arrangement cause the Pb-X bonds to be longer than those in Ph,PbX,- In 

TABLE 5 

RMS STRETCHING FREQUENCIES (cm-’ ) v(Pb-X) (1 FOR VARIOUS PHENYLLEAD HALIDE 
SYSTEMS 

Ph,PbX(solution)’ 

Ph;PbX(sohd) 
Ph,PbX,- 

Ph,PbX.HMPA 

Ph,Pb*X,- 

terminal 

bridgmg 

Ph,PbX,(solution) b 

Ph,PbX,(solid) 

Ph,PbX,2- 

Ph,PbX,.2HMPA 

Ph,PbX,- 

termmal 

bndging 

Pb,PbX,.HMPA 

terminal 

bridging 

x = Cl X = Br x=1 

291 191 150 

141 112 123 

183 115 90 

217 140 108 

201 

139 

99 

152 

211 

140 

109 
_ 

87 

108 

140 

_ 
156 

130 
_ 

114 

193 143 131 

152 101 83 

_ 156 129 
121 loo 

a Values from this work and ref. 9; values for some species are estimates since not all v(Pb-X) bands 

required for a given species may be Identified or only one broad band is observed. h Benzene solution 

data [12]. 
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contrast, Pb-X bonds in Ph,PbX, .2HMPA appear to resemble those in Ph,PbX . 
HMPA, in both cases HMPA is truns to a halogen. Presumably the small oxygen 

donor atom in HMPA reduces steric crowding in the di-adduct, and we note that 
Ph,PbI, . ZHMPA is easily prepared, but all our attempts to prepare 
[Me,N],[Ph,PbI,] have failed. When half the bridges in Ph,PbX, are broken to 
form Ph,PbX,-, the remaining bridging units have similar v(PbX) values to those 
found for Ph,Pb,X3-, but it would be premature to suggest this supports the 

X 
polymeric structure Ib with single Pb’ ‘Pb units for Ph,PbX,- compounds. 

When a terminal halogen is replaced by HMPA to form Ph,PbX, . HMPA, both 
terminal and bridging v(Pb-X) values increase, as would be expected from either 
structure Ia or Ib. Clearly, the wide range of v(Pb-X) values for lead-halogen bonds 
show that these bonds vary greatly in the nature of their bonding, and it is 
unfortunate that organolead halide compounds have received much less attention 
from X-ray crystallographers than have the corresponding organotin species. In this 
respect, we hope that some of the compounds reported will be the subject of X-ray 
diffraction studies in the near future. 
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