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The electrical conductivity of Ag.HgT, is primarily ionic above the order-disorder transition temperature 
of 50·C. Delow this critical temperature, there is an appreciable electronic component. The elTect of pressure, 
at a~l temperatures, is initially to increase the conductivity. However, the conductivity passes through a 
~axlmum and d~creases between 4000 and 6000 kg/cmt. This unusual pressure behavior is not explicable 
In terms of any sImple mode!. A new phase, which is presumably an analog of that ocurring in AgI, appears 
above about 6000 kg/cm'. The conductivity in this phase is primarily electronic even at high temperatures. 
The data ~Iso suggest the possible existence of still another new phase between 4000 and 6000 kg/em'. Despite 
the comphcated pressure dependence, the temperature dependence has a simple activation energy at aU 
pressures except in the immediate vicinity of the transition point. 

I. INTRODUCTION 

THE original purpose of the investigation reported 
here was to carry out a more extensive experimental 

comparison of the electrical behavior of Ag2HgI4 and 
CU2HgI. in an efTort to ascertain the role of the mono­
valent cation. 

These systems, originaIly studied by Ketelaarl are 
ordered at low temperatures and disordered somewhat 
above room temperature. Each divalent cation in the 
structure is associated with a vacancy in order to 
preserve its electrical neutrality. Above the disordering 
temperature Tr , both cations and the vacancy are 
randomly distributed on the cation sites; below Tt , 

they have specific ordererl sites within the unit cell. 
A great many interesting phenomena are associated 

with the order-disorder process. The following proper­
ties have been studied: specific heat,2 phase diagram,a 
structure,4-0 electrical conductivity as a function of 
temperature,ID-12 and cation difTusion.13 Most of the 
later measurements refer only to Ag2HgI., and suggest 
that Ketelaar's original model is oversimplified. 

The experiments undertaken by us revealed such 
complex behavior that the original purpose was 
abandoned and concentration was focused on the silver 
salt alone. Although many of our measurements agree 

in broad outline with previous results, where overlap 
occurs, they disagree in one major respect. Our results 
indicate that the conductivity in the low-temperature 
phase of Ag2HgI4 has a major electronic component, 
and hence cast doubt on previous theoretical discus­
sions. Secondly, our data indicate that the '.pressure 
dependence of the electrical conductivity is rather 
complex, suggesting the existence of at least one and 
possibly two new phases. 

The bulk of the work reported in the succeeding 
sections relate to these discrepancies. In Sec. II, we 
describe the experimental procedures. In Sec. III, 
we present the data on the temperature and pressure 
dependence of the electrical conductivity. In Sec. IV, 
we report some transport experiments. In Sec. V, some 
measurements on the thermal expansion of Ag2HgI. 
are described. Finally, in Sec. VI, we give a brief sum­
mary of our results. 

II. EXPERIMENTAL PROCEDURE 

The Ag2HgI4 was made in the manner previously 
described by Ketelaarl by coprecipitating it from a 
solution of Hgt2 in KI and AgNOa. The powder was 
dried by leaving it 24 h under high vacuum at room 
temperature. X rays were used to establish that the 
resulting material had the known structure of the 

t The work reported here was supported by the Office of Naval desired compound. 
Research and the U. S. Atomic Energy Commission. P II t" l' d d btl' thO k d e C " , '2 111 . o . . an a ou '" 111. IC, were presse 

I]. A. A. Ketelaar, Z. Krist. 80. 190 (1931). . 
I J. A. A. Ketclaar, Z. Physik Chem. 30B, 53 (1935). In a steel die to about 10000 kg/ cm

2
. Spring loaded 

I A. Steger, Z. Physik Chern. 43, 593 (1903). electrodes of either Ag or Pt foil were used. 
• J. A. A. Ketc1aar, Z. Krist. 87,436 (1934). The conductivity of the samples was measured on 
I H. Hahn, G. Frank, and W. Kingler, Z. Anorg. Al1gern. Chem. 279,271 (1955). ESI model 2S0C1 ac bridge driven at 1000 cps by a 
I L. K. Frevel and P. P. North, J. App!. Phys. 21, 1038 (1950). Hewlett- Packard Model 202C audio oscillator. Bridge 
7 C,. E. Ols~n, ".Structur~ o,f Crystalhne Ag2HgJ.," Ph.D. rlis- balance was detected by a Tektronix oscilloscope 

sertatlon, Umverslty of MichIgan, 1959. 
I C. E. Olsen and P. M. Harris, U. S. Department of Commerce Model 310A coupled to a Tektronix Type 1121 pre-

PB Report 156, 106 (1959); Phys. Rev. 86, 651 (1952). 'amplifier to improve sensitivity. 
. • S. Hoshino, J. Phys. Soc. Japan 10, 197 (1955). Th I d d I . 

10 J. A. A. KeteJaar, Z. Physik Chern. 26B, 327 (1934). e samp e was mounte insi e a pressure vesse 111 

~ J. A. A. Ketelaar, Trans. Faraday Soc. 34, 874 (1938). Dow-Corning 200 silicone (3 centistoke) which could 
L. Suchow and G. R. Pond, J. Am. Chern. Soc. 75, 5242 be pumped to a pressure of 8000 kg/cm2 by an intensi­

(1953) . 
II K. E. Zimen, G. Johansson, and M. Hillert, J. Chern. Soc. fier and a Hydraulic Engineering Company air pump, 

1949, Supp!. 2, 5-392. Model SC 10-600-30. The temperature of the pressure 

832 



8JJ ELECTRICAL CONDUCTIVITY OF AglllgI. 

vessel was raised by an external resistance furnace. The 
temperature was measured by a Chromel- Alumcl 
thermocouple placed inside the pressure vessel. The 
pressure was determined by the resistance change of a 
spool of manganin wire, calibrated by the freezing 
point of mercury. 

The thermal expansion measurements were made on 
powdered samples mounted on a glass slide with stop­
cock grease. A General Electric XRD-5 diffractometer 
was used. The sample was heated by a carbon resistance 
painted on the back of the slide. The temperature 
was measured by a point contact thermocouple im­
mersed in the matrix containing the sample. 

Two types of transport measurements were carried 
out. The first type was a standard Tubandt techniCJue 
in which three pellets were clamped in series between a 
silver anode ancl a platinum cathode. After the passage 
of a given amount of charge, the electrodes and the 
individual pellcts were weighcd. This procedure is 
fraught with difficulty. As the current passes through 
the sample, heating occurs and the sample disorders. 
It was impractical to limit the current because of thc 
time rCCJuired to obtain a sensible change in weight in 
the various components of the cell. As an alternate 
method of estimating the electronic componcnt in the 
current, a sample was clamped between a platinum and 
a silver electrode and the change in current was ob­
served when the voltage across the sample was re­
versed. In addition, the same technique was employcd 
with graphite replacing the platinum. 

m. TEMPERATURE AND PRESSURE DEPENDENCE 
OF THE ELECTRICAL CONDUCTIVITY 

The determination of the conductance of Ag2HgI. is 
beset by a number of difficulties associated with hy-
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FlO. 1. The at conductivity of Ag,H~I. as a function of reciprocal 
temperature at atmospheric pressure (solid line) and 5000 kg/em' 
(dotted line). 
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FlO. 2. Thc ac conductivity of Ag2HgT. as a function of pressure 
at four different temperatures spanning the order-disorder transi-
tion temperature at 50°C. . 

steresis and polarization effects. If the sample is heatcd 
above the disordering temperature of 50°C and subse­
quently recoolcd, many hours must be waited before 
reproducible data can be obtained in the ordered phase. 
Firstly, an equilibrium amount of order must be estab­
lished through difTusion. Secondly, a small amount of 
AgI appears to bc formed upon cooling through the 
transformation owing to small deviations from perfect 
stoichiometry. This possibility is suggested by the 
known phase diagram and is confirmed by x-ray studies 
as desnibed in Sec. II. Part of the hysteresis observed 
on freshly prepared samples undoubtedly is connected 
with the fact, rcported by Olsen and Harris,8 that the 
room-tcmperature crystal structure of virgin precipi­
tate difTers from that of material cyclcd through the 
disordering temperature. As a result of these effects, 
the base resistance at room temperature decreases as a 
function of the number of thermal and pressure cycles 
through the transition temperature and the time 
subsequent to thc last cycle. For this reason, care must 
be exercised in comparing various isobars. It has been 
our practice to normalize the base resistance at room 
temperature by interpolation to corresponding points 
in the history of the sample. Consequently, the abso­
lute values are considerably more uncertain than the 
relative values on a given curve . 

Figure 1 shows the absolute electrical conductivity 
of Ag2HgI t as a function of temperature at atmospheric 
pressure and 5000 kg/cm2

• This data is in substantial 
agreement with that of Suchow and Pond,12 which 
differ appreciably from that of Ketelaar. The activation 
energy above the 50°C transition is 12.1 kcal/mole as 
compared to the value of 10.2 kcal/mole obtained by 
Suchow and Pond. 

Figure 2 exhibits the pressure dependence of the 
normalized resistance of AgJlgI4 as a function of 
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FIG. 3. A tentative phase diagram for Ag2HgI. in the P-T plane. 
The triangles represent the boundary of the clearly defined hi~h­
pressure phase. The circles represent the maxima in conductivity 
as a function of pressure, which may delineate another phase 
boundary. The crosses represent the locus of the order- disorder 
transformation. 

pressure at four different temperatures. Three different 
regimes are evident. In the first of these, extending up 
to about 4000 kg/ cm2, the electrical conductivity 
increases. This observation is consistent with previous 
data obtained by Wagener14 up to about 150 kg/cm2 

on doped Agl. In the second regime, extending up to 
about 6000 kg/cm2, the conductivity decreases, re­
turning to about its initial value at room pressure. 
In the third regime, above 6000 kg/cm2, the conduc­
tivity jumps to either higher or lower values, depending 
on whether the temperature is either below or above 
50°C. Above this abrupt transition the conductivity 
decreases with increasing pressure in a normal manner. 
To avoid fatigue effects observed after pressure cycling, 
all samples were annealed at RSoC betwecn each 
pressure run. 

The anomalous behavior of the conductivity is 
strong evidence for a phase transition at approxi­
mately 6000 kg/cm2• Presumably, this transition is 
analogous to that occurring at 3000 kg/cm2 in pure1& 

AgI which is known to transform from a ZnS struc­
ture to a NaCl structure. Local attempts to verify this 
surmise with respect to the mixed salt by x-ray diffrac­
tion have proved inconclusive. 

The maximum in conductivity at approximately 
4000 kg/cm2, observed at all temperaturcs, is also 
suggestive of a phase transition. In fig. 3, we have 
plotted the discontinuities in conductivity at 6000 
kg/cm2 and the maximum in conductivity at 4000 
kg/cm2 as a tentative phase diagram. We have super­
imposed the order-disorder transition observed as a 
function of temperature as a dotted line which we have 

UK. Wagener, Z. Physik. Chern. 23, 305 (1960). 
II R. B. Jacobs, Phys. Rev. 54, 325 (1938). 

extrapolated linearly to its intersection with the 
higher-pressure phase boundary. 

The large decrease in conductivity observed at the 
higher-pressure phase boundary for high t'f I ' • " r'" t 11 res 
as comparcc\ to the increase at lowrr " 
(below 50°C) suggest that the high I 1 '. • 

above 6000 kg/cm2 is ordered. 
Owing to the peculiar dependence of the resistance 

on pressure, it is impossible to assign an unambiguous 
value to an activation volume. As we show in the 
ncxt section, the conductivity of the salt has an ap­
preciable electronic component at low pressures and 
becomes almost complctely electronic in the high­
pressure phase. for this reason it docs not seem 
profitable to attach any particular signifi r~" ~~ to the 
activation volume. 

IV. TRANSPORT MEASUREMENTS 

As explained in Sec. II, below 50°C it was impossible 
to carry out a Tubandt experiment in a reasonable 
period of time without overheating the sample so that, 
at least part of the time, the sample was in the high­
temperature disordered phase. Partial success was 
obtained in a few experiments, which indicated that at 
least some of the transport of charge was via electrons. 

To confirm this result, an asymmetricfl.l cell was con­
structed with one silver and one platinum electrode. 
The dc resistance was alternately measured with the 
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FIG. 4. The dc conductivity as a function of the reciprocal tem­
perature. The solid line represents the total instantaneous con­
ductivity measured with the platinum electrode as cathode. The 
dashed line represents the electronic contribution measured with 
the platinum electrode as anode. 
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platinum electrode as cathode and as anode . H 1 he 
assumption is made that the platinum electrode hlocks 
all of the Ag+ ion transport, the resistance with the 
platinum as anode determines the electronic COIll­

ponent of the conductivity, while the resistance with 
the platinum as cathode determines the tot :d COIl­

ductivity. The two conductivities are plol ted :lS a 
function of temperature at atmospheric pressure in 
Fig. 4 and, as a function of pressure, at two uifTl'rent 
temperatures in Fig. 5. Note the large electronic ("0 111-

ponent in the low-temperature phase at atmospheric 
pressure. This component becomes negligible ahove 
the disordering temperature compared to the ion ic 
conductivity, in agreement with the transport data of 
Ketelaar. It is somewhat surprising that the gelleral 
dependence of the conductivity on pressure below 
6000 kg/cm2 is the same despite ditTerence in rrl :lI ive 
proportions of the electronic and ionic components. 

The general features of the dc conductivity measure­
ments reflect those of the ac measurements very well. 
However, they are only semiquantita tive owing to 
progressive changes in the samples as a funClion of 
time. Some of these changes arising from polarir.:, tion 
effects are reversible; some are permanent due to 
silver dendrite formation and other more obscure 
sources of hysteresis s·uch as temporary segregation in 
the salt. It was found that the electronic component 
of the conductivity was dependent on the voltage 
difference applied across the electrodes, becoming 
smaller, the smaller the applied voltage. In all the 
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FIG. 5. The total and electronic dc conductivity as a function 
of pressure at 25' and 80'C. 
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Flc;, 6. The lattice parameter of A~Hgr. as determined from 
the (220) renections with increasing and decreasing temperature 
in the neighborhood of the transition temperature at atmospheric 
pressure. 

data reported here, the conductivity is that observed 
ini tially upon application of the voltage because sec­
ondary polarization effects change the observed current 
as a function of time. In the high-temperature phase, if 
the dc voltage is maintained or a period of the order 
of an hour or more, silver is deposited at the cathode 
and Hgl2 and h are formed at the anode. This reaction 
results in a large drop in both the ionic and electronic 
components. Simultaneously, the cell is converted to a 
baltery with an emf of 0.6 V. This emf gradually 
disappears over the period of a day if the cell is short 
circuited. The resistance of the cell is permanently 
changed owing to the loss of 12. 

Because of the possibility that the platinum may 
actually go into solution as its potential is increased, 
the experiments were repeated with a graphite electrode 
replacing the platinum. The resulting data were in 
substantial agreement with those reported here, except 
that the electronic component was no longer dependent 
on applied voltage, lending credence to our general 
interpretation of the transport experiments. Our 
assumption of blocking of the Ag+ ion by the platinum 
electrode is further supported by ac conductance 
measurements on a sample with two platinum elec­
trodes. In this case, the conductance is strongly fre­
quency dependent and there is a large capacity between 
the electrodes suggesting a large · accumulation of 
charge at the boundaries. These effects wer~ not pre-
sent when silver electrodes were used. . 

V. THERMAL EXPANSION 

The crystal structure of Ag2HgI. is open to discussion. 
Hahn, Frank, and Klinger5 report that it belongs to the 
spacl! group S.2 in contradistinction to the copper salt 
which belongs to the space group D7Jjll. Olsen and 
Harris report that the silver salt also belongs to the 
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same space group as the copper salt, although ap­
parently its structure is a function of prior chemi( al and 
thermal history. Both sels of authors are agrced tha t it 
is pseudocubic, the former reporting the tetragonal 
dimensions as a = 6.3..JOkxj c=12.608k:t j c/ a= 2.000. 
This cell is twice that originally reported hy Ketelaar. 
For our purposes, it suffices to treat the ("e ll a:-; cubic 
as we are only interested in ascertainillg a linear 
expansion coefficient. 

Figure 6 shows the Jattice dimension as recorded by 
observing the diffraction maximum from the (220) 
planes. Below the transformation, the sample c:-- pands 
linearly with increasing temperature, corresponding to 
a constant linear thermal expansion coefficient of 
19.2X lO- G;oC. At the 50°C transformation, there is a 
discontinuity in volume corresponding to 1.27 cc/ mole. 
Above the transition, the value of the linear thermal 
coefficient of expansion is larger, namely 41 . '~X lO- r./oC. 
As the temperature is now decreased through the 
transformation, a certain amount of hysteresis occurs, 
similar to that reported by other authon;.'6 Below the 
transformation a new phase appears which we have 
tentatively identified as Agl. This phase gradually 
disappears as a function of time when the temperature 
is lowered below the transformation. Such a result 
is not surprising in view of the known phase diagramS 
and the possible deviation of our samples from ideal 
chemical stoichiometry. 

The purpose of this experiment was to establish the 
sign of the thermal expansion coefficient of Ag2HgI4 in 
view of the increase in conductance observed with 
increasing pressure. It has been suggested17

•
18 that 

such a pressure dependence of the conductivity, if 
ionic, would be associated with a negative thermal 
expansion coefficient. The experiments reported here 
do not support this model. The thermal expansion 

I. D. G. Thomas, L. A. K. Staveley, and A. F. Cullis, J. Chern. 
Soc. 1952, 1727. 

11 A. W. Lawson, S. A. Rice, R. D. Comeliussen, and N. H. 
Nachtrieb,). Chern. Phys. 32, 447 (1960). 

II A. W. Lawson and R. T. Payne, J. Chern. Phys. 34, 2201 
(1961). 
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coeflicient is positive in a region where the ionic con­
ductivity predominates and is increasing with pressure, 
e.g., at 80°C~belween 0 and 4000 kg/ cm2

• 

Finally, it is of interest to compare the directly 
obse rved shift in di~ord ring tcmpcrntur with pr II­

sure with that calculated from the Clapeyron equation. 
Ketelaar reports a latent heat at the transition of 
1.135 kcal/mole. The observed change in volume from 
the x-ray data is 0.875 cc/mole. These values corre­
spond to a value of dP/dT=3.95 caVcc °C. The experi­
mental value is 3.9 caVcc 0C. The agreement is proba­
bly fortuitous considering the experimental errors 
involved in accurately estimating the latent heat 
and change in volume at the transition and the slope 
of the rather nonlinear transition line. 

VI. SUMMARY 

The principal conclusions drawn from the experi­
ments described above arc as follows: 

(1) The initial effect of pressure is to increase the 
conductivity of Ag2HgI •. 

(2) The Jow-temperature, I<?w-pressure phase has a 
large electronic component to the electrical con­
ductivity. 

(3) A new phase appears at pressures above 6000 
kg/cm2 in which the conductivity is primarily elec­
tronic. 

(4) The data suggest the possibility of still another 
new phase at pressures between 4000 and 6000 kg/cm2• 

(5) The observed shift of the order-disorder transi­
tion pressure is in agreement with that calculated from 
the Clapeyron equation. 

(6) The anomalous dependence of the cond;.:tctivity 
on pressure is at variance with the models which 
suggest that such a dependence is only possible if the 
thermal expansion coefficient is negative. 
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