
SOUTHERN BRAZILIAN JOURNAL OF CHEMISTRY 

SOUTH. BRAZ. J. CHEM., Vol.4 N°4, 1996 45 

THE ELECIRICAL BEHAVIOUR OF THE MxHgl4 

INORGANIC COMBINATION AND SOME STRUCTURAL 

ALTERATIONS VERSUS THE PRESSURE 

TudorROSu*, Lidia PARUTA .. and Anca EMANDI• 

• Faculty ofChemimy, Bucluirest University, 70609 Buclulrt>.t, Romania 

*"rmtitute of Phyaical Chemmry of Romanian Academy, Splaiul Independentei 202, 77208 
Bucharest, Romania 

ABSTRACT 

In this paper the structural changes of the MxHg14 - type 

combinations (M =Ag\ Cu+, Tl+, plJ2+, Cd2+ and x = 1,2) which occur due to 
pressure (5 - 30 MPa) applied on the powder of these complexes are presented. 

These alterations were confirmed by the X - ray diffraction spectra 
and by electrital conductibility measurements. 

RESUMO 

Este trabalho trata de mudan~as estruturais que 
acontecem quando po de compl~xos do tipo MxHgI~ onde 
(M =Ag+, cu+, Tl+, Pb2+, Cd+ ex= 1,2) esta sujeito 
a pressoes de 5 a 30 MPa. 

Estas altera~oes estruturais foram confirmadas por 
espectra de difra~ao de raios-X e medidas de condutibili
dade eletrica. 
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INTRODUCTION 

The structure of the a. and 13 crystalline phases of the AgzHgl4 and CuzHgI4 

compounds has been known from the papers initiated by Ketelaar in 1931 - 19381-5 
and studies continued in the fifties and sixties by Frevel6, Suchov 7, Halm8, Ott:uba et 
al.9 

Some relationships between the structure and the electrical conductibility, 
versus either the temperature or the pressure or both of them sinmltaneously, within the 
inorganic M,.HgI4 (where M = Ag+, cu+)lO,ll combinations class were established in 
the period of 1964 - 1974. 

Between 1974 and 1975, Kasper and Browalll2,13 determined the structure of 
the Ag2HgI4 monocrystals both for the low temperature crystalline phase - f3 (ordered) 

and for the high temperature crystalline phase - a.( disordered). 
Olson and Harrisl4 also perfonned these determinations on polycrystalline 

species. In 1982, the relationship structure - electrical conductibility versus the 
temperature and pressure for the inorganic TI2Zn14 combination was studied using 

Raman Spectra, by McOmber - et allS. 
Another paper, elaborated by Brightwell and Buckley in 198416, presents the 

equilibrium phase diagram for the AgI-Cdlz system compared to the Ag2HgI4 and 
Ag2Zn14 compounds. 

In this paper the structural modifications of the M,.HgI4 inorganic combinations 

versus the nature of the metallic :tv.[n+ ion, were studied using the X - ray diffi'action and 
electrical conductibility measurements. The paper also established the structural lattice 
chsnges of the respective compounds and the effucts on the electrical conductibility, 
when the microcxystalline powders are exposed to some certain pressure (5-30 l\1Pa) 
for definite periods. 

EXPERIMENTAL PART 

An X·ray diffi:action type TUR-M-62 apparatus equipped with a HZG-3 
diffractometer operating with CuKa radiation was used. The X-ray excitation was 
performed at 30 kV and 30 mA. The moving rate of the counter arm of the 
diffractometer was 0.5° Bragg/min; range was 1.5-25° Bragg. The intensity scale 
expressed in qpm ( quants/min) was selected so that the most intense diffraction line 
was totally included into the diffi:actogramme. The measuring of the diffraction lines 
precision was ±0.0050 Bragg. 

The electrical conductibility measurements were performed through the "four 
wells" methodl7 using a "Coucusai" French type apparatus. The wells used in 
performing the determination are made of wolfram and they are fixed using some 
sapphire bearings. The bearings are positioned collinearly, the distance between them 
being Imm. 

After being obtained through wet synthesis, the MxHgI4 compound were 
filtered, washed with alcohol and then dried with P20 5. The microcrystalline powders 
were used for further determinations, as follows: 
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• in order to perform the diffractometric study, microcrystalline powders 
samples and pellets (cylindrical samples), were obtained from the powder, using a DP-
36 (.D.R.G.) press. at the following values: I; S; 10; IS; 20 and 30 MPa; 

- in order to study the electrical conductibility, cr , pellets obtained at the 
above partial pressures were used for all the five M,!IgI4 compounds studied. X-ray 
diffraction data and electrical conductibilities were obtained at room temperature. 

RESULTS AND DISCUSSION 

The results obtained through the detennination of the electrical conductibility, 
cr, for all the M,,HgI4 compounds studied. 

The Figures la • 2a present the electrical conductibility, cr, versus the pressure, 
P. It can be observed that the electrical conductibility for the Ag:zligl4, CuzHgI4 
compounds exhibits maxima at a 15 MPa and 20 MPa, respectively. These maxima are 
in accordance with the determinations performed by R. Well and coworkerslO for 
Ag2HgI4, by S. Shibata et al.11 forCnzHgI4 and by McOmber et a!.15 for both of these 
compounds. Moreover, a second maximum of the electrical conductibility was found 
for the Ag2HgI4 compound, at 2S MPa The TizHgI4 and PbHgI4 compounds exhibit a 
decrease of electrical conductibility with increasing pressure (Fig. 3a and 4a), and the 
Cu2Hg4 compound exhibits maximum values of the electrical conductibility at 30 MPa 
(Fig. Sa). 

The diffraction spectra performed on the MxHgI4 compounds do not confum 
this supposition. Thus, the diffractogrammes obtained on the respective samples 
(Tables 1-S), at different pressure, did not lead to the conclusion of a phase 
transfonnations, with a change of the diffraction spectrum. 

All these detenninations are in accordance with the observations made by the 
Omber and coworkers15 and Greig and collaborators19. They didn't observe any 
changes in the Raman spectra of the Ag2Hg4 , Cu2HgI4 compounds as a function of 
pressure in the range of the pressure values mentioned above. This confumed that a 
new crystalline phase didn't appear. dJtld values sets resulted from the 
diffractogmmmes obtained on the powders and <lphld values sets were obtained from 
the diffi:actogmmmes on the same compounds pressed under different pressures. The 
experimental values IAdhkll = <lphld - dJtld (axial parameter refening to the distance 
between two atomic planes) were calculated using these values sets and graphic 
represented versus the pressing pressure (Fig. lb-Sb). 
Figures la,b-5a,b. 

These Figures are different for dllfurent compounds, but are similar for the same 
compounds and can be compared to the la-Sa Figures. Therefore, it can be assumed 
that the electrical conductibility alteration is detennined by some order • disorder 
phenomena, in relation with the reticulate czystalline planes. (i.e. the number of atoms 
and holes, within the respective planes, without an alteration of the respective cell unit) 

The diffraction spectra of the samples at different pressure are presented in 
Tables l·S. It can be appreciated that some alterations of the crystalline lattice appear 
with the increasing pressure, meaning the appearance or the disappeareance of same 
spaces, towards which the metallic ions can move or not, detennining an increase or a 
decrease of the total conductibility. The qualitative assumptions regarding to the 



48 

SOUTH. BRAZ. J. CHEM., Vol.4 N°4, 1996 

Strwturnl Alterations of MdfgI4 

10 ....--------------..., 

>-
I-
~ 

...J 
~ 

"" ~ 
I-

9 -

8 .. 

7 ~ 

~ .:-- 6 -
~·E 
0 0 5 u.- -•q 
...J .._, 

;:; b:> 4 -
~ 

::: 3 -
u 
w 
...J 2 -w 

l"Hr -· 
a. 

I 
I 

I 
I 

l' I 
I \ I 
I \ ~-, I 
I \ , 
I \ / 'J 

\ / 
'-' 

. . . • • 
5 10 15 20 25 

PRESSURE P {MPa) 

Fig. la· The elecirical conductibility versus pressure for ihe Ag2HgI4 compo1md. 

0,03 

0,02 

0,00 

b. 
10 15 20 25 

PRESSURE P(MPa) 

Fig. lb-The !MlA)I parameter versus pressure for ihe Ag2Hgl4 compow1d. 



~ 

0:: 
1-
u 
w 

SOUTH. BRAZ. J. CHEM., Vol.4 N°4, 1996. 

T. Rosu, [,, Paruta & A. Emandi 

5..--------------

·2 I-

_, 
w. 1 i<1Q51-

Q. • . I I ' 

5 10 15 20 25 
PRESSURE P ( MFb) 

49 

Fig.2a·The electrical conductibility versus pressure for the Cu:#IgI4 compowid. 
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Fig.2b-The !b.d(A)I parameter versus pressure for the Cu2HgI4 compound. 
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TABLE 4 - X-Ray diffraction data for the powder - PbHgI
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TABLE 5 - X-Ray difiraction data for the powder - CdHgl4 compound 
. and powder under pressure cflect 
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explanation of the electrical conduction within the inorganic type MJ:IgI4 combinations 

consider the metallic ion mobilityl8 and also the preferential tendency of increasing of 
the crystalline cell-unit reticulate pammeters, both on "a" or "c" direction. 

P-Ag2HgI4 and P- CuiHgI4 phases are structurally identical in accordance with 
the literature data. A similarity between the shapes of the electrical conductibility 
versus pressure diagrams and the shapes of the jt.d(hk.1)1 diagrams can be noticed. The 
diagrams in Figures la,b-5a,b show a correlation between the electrical conductibility 
and the jt.d(hk.1)1 values, leading to the conclusions that the appearance or 
disappearance of some spaces within the crystalline lattice can contribute to the 
alteration of the electrical conductibility. 
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