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The ‘*‘I and ‘291 Miissbauer spectra of lead(H) iodide are characterized by single resonances showing 
no measurable quadrupole coupling and with chemical isomer shifts within the range expected for ionic 
iodides. The iz71 Mossbauer spectrum of lead oxyiodide also shows a single line typical of an ionic 
iodide. No evidence was found for the presence of intercalated iodine in a compound of composition 
Pb”OI nor for the existence of iodate in a compound of formula [Pl90]2+01-I-. The Miissbauer 
spectrum is consistent with a mixed-valence lead oxyiodide of composition Pb&XPb~vO&(l < x < 2) 
with a Pb404C12-type structure. 

Introduction set-I), chemical isomer shifts which are ap- 
proximately three times those of 1271 (81291/ 

The 127I Mossbauer spectra of single- #“I = -2.9), and quadrupole coupling con- 
crystal and polycrystalline samples of stants which are comparable to those of 1271 
lead(I1) iodide recorded at 4.2K with a Zn (e2qQ ‘29Z/e2qQ 127Z = 0.701). We have 
lnmTe source have been reported (I) to therefore reinvestigated lead(I1) iodide by 
show significant quadrupole couplings con- remeasuring the 127I Mossbauer spectrum 
sistent with appreciable covalent character and, in order to achieve a more accurate 
in the bonding. However, the layered struc- interpretation of the quadrupole coupling 
ture of lead(I1) iodide resembles that of cad- and isomer shift data, have recorded the 129I 
mium(I1) iodide (2) with metal to iodine Miissbauer spectrum of Pb 12912. 
bond lengths comparable to the sum of the We also report here on an investigation 
ionic radii which might reasonably be con- of the recently reported (4) lead oxyiodide 
sidered as being indicative of appreciable to clarify uncertainty over the nature of io- 
ionic properties. The use of 129I Miissbauer dine in the material. 
spectroscopy is a potentially more sensitive 
means by which such uncertainty may be 
clariIied. The 1291 Mossbauer resonance (3) Experimental 

has an intrinsically narrower linewidth Lead(I1) iodide was prepared by the addi- 
(0.59 mm see-i) than that of L27I (2.54 mm tion of sodium iodide to lead ion in aqueous 
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solution. Pb12912 was prepared by a similar 
method from Na12912. 

Lead oxyiodide was prepared by stirring 
the yellow orthorhombic high-temperature 
variation of lead(I1) oxide, massicot, with 
iodine in water (4). The solid was air-dried 
at room temperature. 

Miissbauer spectra were recorded with a 
conventional constant acceleration spec- 
trometer using Zn127mTe and Zn129mTe 
sources with both source and absorber at 
4.2K. The spectra were computer fitted to 
Lorentzian peaks. 1271 and 1291 Miissbauer 
spectra of potassium iodide and K1291 were 
recorded for standardization purposes. 

Results and Discussion 

Lead( ZZ) Iodide 

The 1271 Miissbauer spectrum of lead(U) 
iodide (Fig. 1) showed a single, rather 
broad line which did not exhibit a measur- 
able quadrupole coupling. The lz91 Moss- 
bauer spectrum (Fig. 2) also yielded a single 
line and gave no evidence for quadrupole 
hyperfme interaction. The 127I and 1291 
Mossbauer parameters are given in Table I. 
The ratios of the 1291 and 1271 chemical iso- 

VELOCITY IMM/SECl 

FIG. 1. ‘271 Miissbauer spectrum of lead(I1) iodide. 

TABLE I 

‘q AND lzsI M~SSBAUER DATA FOR LEAD(II) IODIDE 

AND LEAD OXYIODIDE 

wia ‘WY r 
(mm set-1) 

erpt. 
(mm set-I) (mm set-I) 

ICI 0.12 * 0.05 3.9 2 0.2 
-0.46 a 0.01 1.07 f 0.05 

P”IZ -0.02 f 0.03 4.6 k 0.2 
0.24 ” 0.02 1.04 f 0.05 

pbp_ZW’od~ 0.01 f 0.06 4.5 2 0.2 

a S with respect to ZnTe in both cases, source and absorbers 
at 4.2K. 

mer shifts (61291/61271) for both lead(H) io- 
dide and potassium iodide are, within the 
rather large errors, consistent with the re- 
ported (3) ratio of -2.9 in which the nega- 
tive sign arises from the difference in sign 
of the change in nuclear radius in the Miiss- 
bauer transition for the two isotopes. 

The 1271 chemical isomer shift for lead(I1) 
iodide (6 = -0.02 mm set-l) is more posi- 
tive than that recorded (6 = -0.20 and 
-0.28 mm sect) during the previous (I) 
investigation. Furthermore, while the 
earlier work (I) reported a significant 127I 
quadrupole coupling of 776 to 799 MHz, 
no quadrupole hyperfine interaction was 
observed in either the 127I or 129I Mossbauer 
spectra recorded during this investigation. 
We are unable therefore to confirm the 
earlier results (I) and their interpretation 
in terms of significant covalent character in 
lead(I1) iodide. Indeed, the chemical iso- 
mer shift data recorded here clearly fall 
within the general area reported for ionic 
halides (3) and, together with the lack of 
spectral evidence for quadrupole coupling, 
are consistent with a predominantly ionic 
formulation for lead(I1) iodide. It must 
be acknowledged, however, that the 129I 
chemical isomer shift for Pb12912 (6 = +0.24 
mm set-I) is more positive than that ob- 
served for K1291 and might reasonably be 
associated with deshielding of the iodine 
5s2 electrons from the iodine nucleus as a 
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FIG. 2. ‘291 Miissbauer spectrum of lead(H) iodide. 

result of covalency involving the iodine 
5p orbitals. Such effects may be evalu- 
ated, albeit approximately, by assum- 
ing the 5s2 electrons to be localized on the 
iodine and relating (5) the *29I Mossbauer 
chemical isomer shift to the number of 5p 
electrons, hp, removed from the iodide 
5 s25 p6 configuration using the expression 

6 = 1.5h, - 0.54. 

Hence the 129I chemical isomer shift of 
+0.24 mm sect recorded from Pb12912 cor- 
responds to an h,, value of ca. 0.5. On the 
other hand, the absence of a quadrupole 
coupling is indicative of equal population of 
the iodine 5p orbitals. In resolving these 
observations it must be noted that the cad- 
mium(I1) iodide structure of lead(I1) iodide 
involves the pyramidal coordination of the 
halogen by three lead atoms such that equal 
population of the iodine 5p orbitals would 
occur even with some covalency in the lat- 
tice. Hence we conclude that the 12’1 and 
usI Miissbauer data are consistent with a 
predominantly ionic lead(I1) iodide in 
which the degree of covalency is small. In 
this respect it is relevant to note that while 

lead(I1) iodide is an intensely yellow solid it 
dissolves in hot water to give a colorless 
solution containing PV+ and I- ions. 

Although our results and their interpreta- 
tion may be readily related to the properties 
of lead(I1) iodide, we believe it pertinent to 
comment on our failure to observe a quad- 
rupole coupling in both the 12’1 and lz91 
Miissbauer spectra which is in sharp con- 
trast to the relatively large coupling re- 
ported earlier (I). In this respect we find it 
relevant to note that the previous study (1) 
did not report a spectrum for a single-line 
standard absorber such as potassium io- 
dide. Hence it is not impossible that the 
quadrupole coupling recorded earlier arose 
from the source rather than the lead(I1) io- 
dide under investigation. 

Lead Oxyiodide 

A recent investigation of the reaction be- 
tween yellow orthorhombic lead(U) oxide, 
iodine, and water reported (4) the isolation 
of a mixed-valence lead oxyiodide of vari- 
able composition Pb&L,Pb!vO&, (1 c x 
< 2). It might be presumed that such a com- 
pound would be somewhat analogous to the 
tetragonal bismuth oxyiodide BiOI (6) 
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having a crystal structure of the general 
PbFCl type containing a mixture of Pb2+ 
and Pb4+ ions in random distribution over 
the metal ion positions of the PbFCl lattice. 
Such random mixing of PW+ and Pb4+ 
ions in the outer layers Pb,, of each 
(Pbn02,,Pb,) sandwich could be envisaged 
in a material in which n = 2, i.e., a com- 
pound of formula Pb(II)Pb(IV)0212. How- 
ever, X-ray investigations (4) suggested 
that the oxyiodide was more likely to cor- 
respond with the composition Pb(II)3Pb 
(IV)0412, i.e., x = 1, and be analogous to 
the lead oxychloride Pb404C12 (7). Such a 
structural proposal agrees well with earlier 
extensive studies (8, 9) on a large group 
of structurally related compounds. Among 
these, two simple types of structures 
“Xi” and “X2” were identified in which 
the iodide ions were said to be pres- 
ent, respectively, in single and double 
layers alternating with the metal oxide 
sandwiches (20). The lead oxyiodide of ap- 
proximate composition Pb40412 was re- 
ported (4) to represent the Xi structure but, 
like Pb404C12, to exhibit considerable varia- 
tion in chemical composition as indicated 
by the general formula Pb&L,Pb$‘O& (1 < 
x < 2). 

Alternative models of the lead oxyiodide 
requiring the presence of only Pb(IV) in a 
material of composition Pb4+ (e)02-I- con- 
taining the electron in a conduction band 
were discounted (4) on the grounds of the 
small electrical conductivity of the mate- 
rial. Another formulation involving only the 
presence of Pb(I1) in a material Pb2+02-I 
containing iodine intercalated between the 
sandwich type lead(I1) oxide layers at the 
positions of the Cl- ions in the PbFCl struc- 
ture is, however, worthy of consideration 
despite the failure of the compound to give 
an ESR signal (4). Moreover, the formula- 
tion [Pb$tO]2+Ol-I-, which would also be 
compatible with a material in which lead is 
present only in the oxidation state of two 
and in which iodine has undergone dispro- 

g 4-- ‘I .90 LO.74 c 3.58 -3.58 -10.7u ’ I -17.90 
VELOCITY lMM/SECl 

FIG. 3. lz71 Massbauer spectrum of lead oxyiodide. 

portionation to iodate and iodide, has not 
been previously considered. 

The i2’I Miissbauer spectrum of the lead 
oxyiodide was characterized by a single 
line with a chemical isomer shift compara- 
ble to that of lead(I1) iodide (Fig. 3). It 
seems, therefore, that the formulation of 
the lead oxyiodide as Pl#-,Pb!vOJ2~ is cor- 
rect and that the iodine is present as the 
iodide ion. Certainly the presence of inter- 
calated iodine or iodate ion in either of the 
alternative formulations would have been 
expected to yield a significant quadrupole 
hyperline interaction. 
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