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ABSTRACT

Stability fields, and crystal structures of six polymorphs of silver iodide have been in

vestigatecl by optical and r-ray techniques employillg a high pressure diamond cell up

to 2000 C. and above 100 kilobars. Two triple points have been fixed; one at 98t2o C.

and 3.1*04 k i lobars and the other at  6.5+2'  C.  and 3.1+0.4 k i lobars The former is  in

close agreement with previous determinations b;'Bridgman; the latter has not been previ-

ously reported. A high pressure phase transformation has been measured at 100+5

kilobars. The o-ray diffraction pattern of the phase above 100 kilobars cannot be indexed

as cubic, suggesting the formation of asymmetric covalent bonding, u'hich is consistent
rvith other lines of evidence.

INrnooucrroN

Studies of atomic arrangements and stabilities of polymorphic forms
of elements and compounds as a function of pressure and temperature
contribute to our fundamental understanding of the nature of bonding
and of phase transformations in crystall ine solids. Silver iodide is of
particular interest since 1) as many as six polymorphic phases are known,
2) the atomic arrangements in some of these phases are common to many
other binarl '  compounds, and 3) substantial information has recently
become availabie for a wide range of pressures and temperatures.

The purpose of this paper is to present new ff-ray diffraction and optical
data on silver iodide, to delineate stabil itv f ields of some of its poly-
morphs as a function of pressure and temperature and to discuss the
changes in atomic arrangements and the nature of bonding, particularly
with increasing pressure. Most of the new data presented here were ob-
tained bv microscopic, spectrophotometric, and r-ray diffraction methods
applied to polycr,vstalline specimens compressed in a diamond anvil cell.

In succeeding discussions in this paper the phases for which crystal
structures are known are designated by the cr1'stal structure names and
those whose crystal structures are not known are named for the lowest
pressure at which thel' are stable at room temperature. Designations
used by other workers are given in Table 1.

PnBvrous Wonr

Silver iodide specimens prepared b-v a variety of methods at room
temperature and one atmosphere pressure have been found to consist
commonly of a mixture of two phases: one having a" sphalerite-type sttuc-
ture and the other having a wurtzite-type structtne. Majumdar and Roy
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This report Roman numerals Greek letters Strukturbericht
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(1959) conducted a systematic study of these two phases by preparing
silver iodide by a number of different methods. Out of eleven methods
they found that eight produced a mixture of the two phases, and three
yielded the wurtzite phase alone. Heating of the mixtures resuited in
conversion oI the sphalerite to the wurtz,ite phase. They, therefore, con-
ciuded that the wurtzite phase is thermodynamically stable and the
sphalerite phase is metastable at one atmosphere pressure and below
147" C. Burley (1963) arrived at a similar conclusion from prolonged
heating of samples just below 147" C. He pointed out, however, that
compressing a mixture of these phases in a die or grinding it in a mortar
and pestle converts it to the sphalerite phase. However, his investigation
did not resolve the question of the stabii ity of the sphalerite phase under
pressure.

At one atmosphere presslrre between 147" C. and 558o C. a high
temperature phase becomes stable. The structure of this phase has been
described by Strock (1934) as consisting of the anions in a body-centered
cubic arr:angement with the cations randomly distributed interstit ially
among the anions. 'fhe electrical conductivity of silver iodide as a func-
tion of temperature has been measured by Turbant and Lorenz (1914)
as a function of temperature and by Lieser as a function of temperature
and pressure. They found that silver iodide is essentially an insulator
up to 147" C. and up to 150 bars. On the other hand, it has a high con-
ductivity above 147o C. which has been attributed to the high mobil ity
of  the s i lver  ions among the iodine ions (Huggins,  1951;L ieser ,  1958).

Bridgman (1915) studied the compressibil i ty of silver iodide up to 12
kilobars and 200o C. and discovered a volume discontinuity at 2.96
kilobars at 30' C. He proposed a triple point at 2.76 kilobars and 99.4o C.,
where the I (body-centered, cubic), II (uurtzite-sphalerite), III (rock salt)
phases coexist (Fig. 1). The crystal structure of the high pressure phase
was determined by Jacobs (1938a) to be a rock salt structure by means
of r-rav diffraction under pressure. More recently, this determination
has been confirmed bv Piermarini and Weir (1962).

B4
B3
823
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SILVER IODIDE
P H A S E  D I A G R A M
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Fro. 1. The phase diagram for silver iodide. The dashed line indicates

an uncertain boundary.

The polar iz ing microscope was used b) '  Van Valkenburg (1964) to
study silver iodide compressed between two diamond anvils. He ob-
served a new, strongl.v birefringent polymorph at approximately 3 kilo-
bars, separating the wurtzite androck sd.l l phases. Duecker and Lippincott
(1964) found that silver iodide becomes strongiy absorbing to visible
light at 3 kilobars on init ial compression and have suggested that this is
due to electron trapping by silver ions. Davis and Adams (1964) ob-
tained an s-ray diffraction pattern of a pol,vcrystall ine specimen which
was held at a hydrostatic pressure of approximately 3 kilobars in a
beryll ium die. They found that they couid index their pattern as hexa-
gonal, tetragonal, or orthorhombic but favored orthorhombic since its
specific volume falls between those ol the wurtzite and roch salt phases,
if a unit cell is assumed to contain twelve molecules.

Slykhouse and Drickamer (1958) have investigated the effect of pres-
sure on the absorption edge of silver iodide in visible l ight and Riggle-
man and Drickamer (1963) studied the effect of pressure on the electrical
resistance. They found a high pressure phase stable above 97 kilobars
at room temperature (Fig. 1). The same high pressure phase has been
reported by Van Valkenburg (1964) to be birefringent and have higher
refractive indices than the roch salt phase.
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INsrnulrpNr,lrroN

The instrument used in the present study has been modified from a
high pressure cell developed b1. Van Valkenburg (1963) which employs
two diamond anvils of gem quality. The modifications were made to
permit both r-ray diffraction studies and optical observations of a sam-
ple under pressure. Optical examinations make it possible to select a
particular phase or area of a specimen for study by r-ray diffraction. In
addition, an electric resistance heater has been added for high tempera-
ture studies up to 300o C.

The sample in polycrl'stalline form is placed between the polished
faces (0.5 mm. diameter) of two diamonds mounted on the ends of

l t t

G

F

Fro. 2. Diamond anvil high pressure cell. A) Diamond anvils, B) Iorver piston, C)
colimator, D) sleeve, E) lower jaw, F) upper jaw, G) spring, H) screw, I) upper piston, J)
gimbal, K) film cassette, and L) film.

pistons which are guided by a cylindrical sleeve (Fig. 2). This sleeve may
be replaced by a ceramic cylinder which contains a resistance heater for
high temperature studies. The pistons are driven together by a lever,
screw, and spring assembly. A hole in one of the pistons permits a fi.nely
collimated (0.05 mm. diameter) r-ray beam of monochromatized Mo Ka
radiation to pass through one of the diamonds and impinge on the sample.
The collimator is a glass capillarl' tube which passes enough light to per-
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mit visual observations for alignment purposes. The coll imator, however,
must be removed for studies with polarized and monochromatic l ight.
X-rays diffracted by the sample pass through the other diamond, out
through a conical hole in the other piston and are then recorded photo-
graphically on a c1'l indrical f i lm with a 50 mm radius.

Optical observation of the sample can be made with a petrographic
microscope by passing l ight through the diamonds. As the diamonds are
driven together sample extrudes from between the faces unti l fr iction

Frc. 3. Photomicrograph of silver iodide under pressure as viewed through the upper
diamond. The pressure at the center of the sample area is approximately 15 kilobars and
grades to 1 bar at the periphery. The central area has the roch soll structure, the thin
ring is the 3 kilobor phase and the surrounding area has the spltolerite structure. The
diarneter of the octagonal area is 0..5 millimeter.

prevents further extrusion. As a result a pressure gradient exists from a
maximum at the center of the sample area to essentiall.v 1 bar at the
periphery. As force is applied a high pressure phase appears at the center
of the sample area and spreads outward. This pressure gradient permits
the observation of several phases simultaneousiy (Figs. 3-7). Different
phases are usually distinguishable b1'differences in refractive index and
often bv differences in color.
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I' 'tc.4. The same as Fig.3 between crossed polars. The dark cross results from strain on
the diamond anvils. The 3 hilobar phase shows strong birefringence.

X-ray diffraction patterns can be made of any phase by adjusting the
pressure so that the phase appears in the center of the sample area where
the r-ray beam passes through.

Tnn Por,vlroRpHs oF Srr,vrr Loorle

Wurtzite and Sphalerite Phases.Investigations of previous workers such
as Majumdar and Roy (1959) and Burley (1963) have led to the conclu-
sion that thewurtzite is the therrnodynamically stable phase below 147o C
at one atmosphere pressure. On the other hand, it has been reported
(Burley, 1963) that the wurtzite phase may be readily and reproducibll'
converted to the sphalerite phase when ground by mortar and pestle or
compressed to a pellet in a die under pressures over 100 bars. Such ob-
servations pose a question concerning the possible existence of a stabil ity
field for the sphalerite phase at high pressures. Visual observations in the
diamond anvil cell make it possible to study the stability ol the sphaler'ite
phase under various pressure-temperature conditions.

In a polycrystalline specimen consisting of a mixture of the wurtzite
and sphaler'i.le phases, the wurtzite phase occurs as birefringent needles
(Fig. 8). If such a mixture is compressed so that no extrusion takes place,

1.581
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Frc. 5. Photomicrograph of silver iodide with a central pressure of 100 kilobars. Darkened

areas may be seen at approximately 40 and 70-100 kilobars in the rock salt phase. The
phases seen in Figs. 3 and 4 are crowded toward the periphery in this photograph.

wurtzite needies persist up to the 3 kilobar phase boundary. However, if
extrusion takes place, thewurtzite needles are destroyed and the sample
becomes nearly isotropic. An r-ray diffraction pattern of this material
indicates that it is predominantly the sphalerite phase. Thus, strong
shearing accompanying extrusion appears to favor the formation of the
sphalerite phase in preference to the wurtzil.e phase. Grinding in a mortar
and pestle and compaction in a die almost certainly produce shear which
ma-u: be responsibie for the formation oI the sphalerite phase reported by
others. Birefringent needles of the wurtzi.te phase reappear when the
sphaleril,e phase is heated above 55o C. at pressures below the 3 kilobar
phase transformation. Higher temperatures favor the formation of the
wurtzite phase which persists indefinitely when cooled to room tempera-
ture. The boundaries separating the two phases are sharp indicating that
thewurtzitephase is a discrete, non-cubic rather than distorted cubic phase.

Therefore, wurtzite probably is the thermodynamically stable phase
over the temperature pressure range in which both can be found. Sphal-
er'ite is probably metastable and may have no stability field. This conclu-
sion is consistent with those of Majamdar and Roy (1959) and Burley
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Fto. 6. The same as Fig. 5 between crossed polars. The 100 kil,obar phase appears as a
fine grained birefringent area. 'Ihe greater strain causes the diamotids to be more aniso-
tropic than Figure 4.

(1963, 1964). The ease with which silver iodide can pass from one of these
phases to the other over qlange of pressure-temperature conditions sug-
gests that the free energy diffe@ce between the two is very small over
that range and may be easily influenced by the free energies originating
in lattice defects and surface conditions.

Boily-centered, Cubic Phase. The body-centereil cubic phase appears as a
lemon yellow area at temperatures above !47" C. when no pressure is
applied and at 98o C. where the sample is at approximately 3 kiiobars. It
appears as a ring separating Lhe uurtzite arrd rock soll phases at tempera-
tures between 98" C. and 147" C. (Fig. 7). The stabil ity f ield of this phase
has been well established by Bridgman (1915) (Fig. 1).

3 K'i lobar Phose. This phase occurs between approximately 3 and 4 kilo-
bars as a thin ring (Fig. 3). It is characterized by 1) a high birefringence
(Fig. a) ,2) a darker yellow color than the phases a-t pressures just above
and below due to a sharp absorption edge at 4760 4,3) refractive indices
which are higher than those ol the sphalerite andwurtzite phases and lower
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than the rock salt phase, and 4) a complex r-ray powder diffraction pat-
tern which cannot be uniquely indexed. The diffraction patterns ob-
tained in the course of this investigation agree with the data reported by
Davis and Adams (1964). However, identif ication of the structure has not
been possible.

Optical and r-ray observations reveal that during a period of approxi-
mately an hour after compression, the 3 ki, lobar phase becomes coarsely
crystali ine with weli defined single crvstal domains (Figs.3 and 4). The
coarsely crvstall ine nature of the phase causes the r-ray diffraction pat-
terns to be spotty.

The 3 kilobar phase exhibits an unusual relationship with the low pres-
sure phases. When a mixture of. wurtzite and sphalerile phases is com-
pressed above 3 kilobars, both are transformed into the 3 kilobar phase.
Ilowever, with decreasing pressure, it transforms into the sphalerite but
not the wurtzite phase. Under the microscope the outl ine of a domain of
the 3 kilobar phase ma1. be seen after being converted back to the sphal-
eritephase by lowering the pressure. When the pressure on a portion of the
sample is repeatedly raised and lowered across the 3 kilobar transforma-

Fro. 7. Photomicrograph of silver iodide 'u'ith a central pressure of approximately 15

kilobars and a temperature of approximately 120o C. The central phase is rock sall, lhe

ling is bod.y-centererl cubic, and the outer portion is wurtzite pl,ts spltalu'ite.
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Frc. 8. Photomicrograph of silver iodide betrveen crossed polars. Central pressure is 3
kilobars and the temperature has been raised to 1200 c. and lowered to 25o c. A mixture of
wuvtzite (birefringent needles) and sfhoJerite (isotropic matrix) phases results from this
treatnlent.

tion, single crystal domains of the 3 kilobar phase always reappear in the
same places. This indicates that the sphalerite phase has a ',memory,' for
the single crystai domains of the -? h,ilobar phase. This behavior suggests
that the transformation between the 3 kitobar phase and the uurtzite and
sphalerite phases is displacive rather than reconstructive. On the other
hand, there is no such "memory" relationship between the 3 kilobar and
rock salt phases. This implies that this transformation is reconstructive.

The pressures of the upper and lower phase boundaries of the,? kilobar
phase at 25" C. have been estimated by visual comparisons of the bound-
aries with a known phase transformation. For this purpose rubidium
chloride was selected since it has a distinct phase transformation at
5.3 + 0.4 kilobars at 25" C. (Pistorius, 1964). Figure 9 shows silver iodide
and rubidium choride samples placed side by side in the diamond anvil
press. The pressures in the silver iodide may be estimated by assuming 1)
the pressure at the edge of the diamond cell is 1 bar, 2) the pressure dis-
tribution within the rubidium chloride and silver iodide is the same, 3)
the pressure gradient is l inear in the region of the phase boundaries, and
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4) the optical discontinuity in the rubidium chloride represents the 5.3

kilobar phase transformation. The second asssumption is yet to be sub-

stantiated; the third has been demonstrated b-v Lippincott and Duecker
(1964) for sttbstances that go through no phase transformation. Where

there is a phase transformation, substances as plastic as rubidium

chloride and silver iodide probably have nearly linear gradients. The first

and fourth are generally accepted. By this technique the upper and I ower

boundaries of the 3 kilobar phase have been estimated to be 4.0*0.4

kilobars and 3.110.4 kilobars at 25" C. respectively.
Bridgman (1915) reported that silver iodide exhibits a sharp phase

transformation frorn phase II (wurtzite and sphalerila) to phase III (rock

salt) at 2.96 kilobars and 30o C. with a region of indifference of 0.06 kilo-

bars. It is quite unlikell- that his instrument lacked the resolution neces-

sary to detect the 3 kilobar phase. There are two possible explanations

fol his missing it: 1) the volume difference across one of the phase bound-

aries may be too smali for him to have detected, or 2) the sample may

not have had the necessarl- t ime f or the 3 kilobar phase to form.

Rock Sall, Phase. This phase, stable between 4 and 100 kilobars at room

temperature, ranges in color from yeliow at 4 kilobars to reddish-brown

at 100 kilobars. This change in color is due to a shift in the absorption

edge from about 5200 A to about 6700 A (Slykhouse and Drickamer,

19s8) .
At pressures between approximately 70 to 100 kilobars the rock salt

phase becomes very dark over a period of severai hours especially when

exposed to an intense light source. Absorption b1' this darkened area

takes place over the whole visible spectrum. In the sample shown in Fig.

5 the darkening can be seen as a ring close to the 100 kilobar boundary.

When pressure is decreased, the darkened area remains as a reddish

stain which fades over a period of hours if preserved as the rock soll struc-

ture or in a few minutes if the pressure is completell 'released' Riggleman

and Drickamer (1963) reported greater eiectrical conductivity between

70 and 100 kilobars than wouid be expected from their optical absorption

measurements. These observations are similar to those made by Duecker

and Lippincott (1964) who found that the darkened sampie at about 3

kilobars absorbs in the visible and infrared and measured an electrical

conductivity which is 380 times as great as the conductivitl' of silver

iodide at room temperature and 1 bar pressure. The,v conclude that the

darkening ma-v be due to electron trapping by silver ions to produce

metali ic silver. A similar process may be taking place at the higher pres-

sures,
A similar darkening also occurs at approximatel.v 40 kilobars in the
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rock salt phase (Fig. 5). It too seems to be i ight sensitive but does not be-
come as dark as the 3 and 70-100 kilobar regions. Details of the mecha-
nisms involved are not understood.

100 Kilobar Phase. At 100+ 5 kiiobars silver iodide goes through another
phase transformation to a phase which has a higher refractive index and
is birefringent (Figs.5 and 6). The pressure of this transforrnation was
calculated from the unit ceil dimensions of sodium chloride mixed with
the silver iodide and is in good agreement with the value of 97 kilobars
reported by Riggleman and Drickamer (1963).

X-ray diffraction patterns of the high-pressure area show it to be a
mixture oI the rock soll phase plus some other phase. Even when the force
is increased unti l the 100 hilobar phase boundary spreads out almost to
the edges of the anvil faces, the roch salt phase continues to be present in
the center of the sample area. When the sample is retained b1. a brass
gasket so that it cannot flow outward, the r-rav diffraction pattern shows
no lines oI the rock soll phase at pressures above the phase transforma-
tion. This situation would arise if the shear strength of the new phase is
so low that it is unable to sustain a pressure gradient. The r-rav diffrac-
tion pattern oI the 100 kilobar phase (Table 2) is not that of a cubic sub-
stance. Attempts to index it uniquely in one of the other systems were not
successful.

Srerrr,rry FrBros oF THE Por,yuonpns

Triple points and boundaries of stability fields can be determined by
visual observations with the high pressure diamond cell. The movement
of a phase boundary toward the center of the sample area with increasing

Trnlr 2. X-nev Dare roR TrrE 100 Krlorer Pnesr or Srr,vBn Ionrop

I/Iro d(A)

10
3
z

1
A

1
2
2
I
1
3
3

2 . 8 7 9
2.656
2 . 4 7 1
2  - 3 3 7
2 . r 1 2
1 . 9 8 3
1 .668
t .442
1 .4165
1 3235
1.2925
1 . 1 7 9 2
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temperature indicates an increase of transformation pressure with in-
creasing temperature, i.e. a positive siope of the boundary plotted on a
pressure-temperature plane. Outward motion of a boundarf in the sample
indicates a negative slope. When a triple point is reached, a third phase is
seen to appear or disappear at the boundary between two other phases,

Lower-Triple Point. The temperature of the triple point where the wurt-
zite,3 kilobar, antd rock sall phases coexist has been determined with the
present technique by measuring the temperature of the appearance and
disappearance of the 3 ki, lobar phase as the temperature was raised and
lowered. It was found that the appearance and disappearance of the 3
hilobar phase could be made to occur more promptll '  by rapid cycling of
the pressure as the temperature was slowly changed. 'Ihis technique has

1-ielded a mean temperature of 65 * 2" C. The uncertaintr. for the indi-
vidr.rai determinations of temperature is better than *0.3'C. and the
remainder o{ the uncertainty resuits from the spread of determinations.
This determination is in good agreement with Duecker's value of 63" C.
obtaincd by holding the temperature for periods of hours (pers. comm.).

The phase boundary between the uurtzite and 3 kilobar stabil ity f ields
has been determined to be parallel to the temperature axis between 25" C.
and 65o C. The lower triple point, therefore, occurs at the same pressure
as the phase trans{ormation at 25o C. which in turn has been determined
to be 3.1*0.4 kilobars. The phase boundary between the 3 kilobar and
roch salt phases has a negative slope and extends from 4.0 * 0.4 kilobars at
25o C.  to the lower t r ip le point  (F ig.  1) .

LIpper Triple Point. The temperature of the upper triple point at which
lhe uurtzite, roch salt, and body-centered cubi,c phases coexist has been de-
termined by the same technique and the value obtained is 98 * 2" C. The
phase boundarv between the wurtzite and roch sall phases has been deter-
mined to be parallel to the temperature axis between 65o C. and 98o C.
The upper triple point, therefore, occurs at the same pressure as the lower
triple point which in turn has been determined to be 3.1t 0.4 kilobars.
These values for the temperature and pressure of the upper triple point
are in good agreement with those of Bridgman (i915) at99.4" C. and2.76
kilobars.

Lieser (1958) examined the effect of pressure on the boundarv between
the wwrtzite and body-cenLered cubi,c phases up to 70 atmosphere pressure
b1' eiectric resistivity and obtained a value of - 15.2" C./Kb. Majumdar
and Roy (1959), on the other hand, obtained a value oI - 14.7" C./Kb b1'
means of differential thermal analysis techniques under pressure. If the
phase boundarl. is a straight l ine between the transformation tempera-
ture at atmospheric pressure and the triple point, the resuits of the present
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Fro. 9. Silver iodide (left) and lubidiurn chloride (right) placed side b1' side in the
diamond cell. 

'Ihe 
oPtical discontinuitl, in rubidium chloride represenls the 5.3 kilobar

transforrnation On the left the 3 kilobor phase of silver iodide is seen as a dark ring.

studv would yield a value of -15.5" C./Kb, which is in fair agreement
with the previous determinations. However, the slight discrepancy may
be caused b1. a slight curvature of the phase boundary.

100 Kilobar Phase Bowndary. ̂ fhe 100 kilobar phase boundarv appears to
be parallel to the temperature axis, but this cannot be stated with cer-
taint-v because of the sluggish response of the phase boundary to changes
rn pressure.

ErpBcr oF PRESSURE oN TrrE LamrcB DrupNsroxs AND INTTIR-
ATOMTC DrSr.q.lrcos

The effect of pressure on the lattice dimensions, interatornic distances
and molar volumes of various polymorphs of silver iodide are of cr1-stailo-
chemical and thermodvnamic interest since the volume change is directlr.
related to the Gibbs free energy. The molar volume of a substance under
given temperature-pressure conditions can be calculated from the lattice
dimensions when its crystal structure is known.

Sodium chloride mixed with the sample serves as a pressure internal
standard. The pressure dependency of its molar volume has been ac-
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curately determined by Bridgman (19a5) up to 40 kilobars and by
Christian (1957) up to 200 kilobars at 25" C. The pressure to which the
silver iodide is subjected can be calculated from the molar volume of the
sodium chloride.

For the accurate determinations of the lattice dimensions as a function
of pressure, the geometry of the r-ray camera must not change due to
mechanical deformation of the parts under pressure. The sample-to-fi lm
distances are reproducible to within 0.3 per cent before and after a series
of runs including ones over 100 kilobars (Bassett and Takahashi, 1965).
The effect of elastic deformation of the anvils and other parts on the
sample-to-fi lm distance is probablv negligible. The over all accuracy of

ln terotomic
drs l  o nc e

(A)

S ILVER IODIDE

o t  2 5 " C

R o c k
6 r o

6.OO

5 9 0

5 8 0

5 7 0

Pressure

Frc. 10. The unit cell edge (o) and the Ag+ to I- distance in the roch soll phase of silver
iodide as a function of pressure at. 25o C. An empirical equation for the curve is given.

the present data is * 0.3 per cent in the lattice dimensions, * 1 per cent
in the molar volumes, and * 5 per cent in the pressure measurements.

The lattice dimension ol the roch sall phase of siiver iodide has been
determined at 25" C. as a function of pressure within its stabil ity f ield
between 4 and 100 kilobars. It decreases from 6.07 A at 4 kilobars to
5.67 A at 100 kilobars (Figure 10), and may be expressed b-v an empirical
equat ion:  a (A) :6.095 (1-8.05X10-4 P+1.0X10-u P2),  where P is  in
kilobars and 4(P(100 kilobars. In the roch salt structure, the inter-
atomic distance of the nearest neighbors is equal to haif of the lattice
dimension, and is also plotted in Fig. 10. Jacobs (1938a) obtained 6.070 A
at 3.3 kilobars and room temperature and Piermarini and Weir (1962)

O .  =  5  0 9 5  (  |  - B  0 5 x  l O - 4  P +  t O r 1 0 - 6  p z )



SILVER IODIDE POLYMORPHS 1591

obtained 6.067 under the same conditions. The present results at 4 kilo-
bars are in good agreement r'vith those of the previous workers.

The efiect of pressure on the molar volume can readil l,- be obtained
from the lattice dimension, Avogadro's number and the number of atoms
per uni t  ce l l :  V:34.09 (1 -2.4X10-3 P+5 X 10-0 P2),  where V is  in  cubic

v (cMTMoLE)

Br idgmon  (1945 )

too Kb
Pre ssure

Frc, 11. The molar volume of tlnerock sall phase of silver iodide as a function of pres-

sure at 25o C. An empirical equation for the curve is given. Bridgman's values which are

corrected according to Kennedy and LaMori (1961) are plotted for comparison.

centimeters per mole, P in kilobars, and 4 <P < 100 kilobars. The molar
volume decreases from 33.80 cm3/mole at 4 kilobars to 27 .60 cm3/mole at
100 kilobars. The results are plotted in Figure 11 along with the data of
Bridgman (1945), which were corrected according to the revised pressure
scale of Kennedy and LaMori (1961). The molar volumes obtained by
Bridgman appear to be consistently 0.9 per cent higher than the results of
this work, whereas the slopes of the compression curves are in good
agreement.

Pn,lsB TnaNsronlrArroNs AND CRysrAL STRUCTURES

Since Bridgman's pioneering work on the volumetric and electrical
resistance determinations of pressure-induced polymorphs, the crystal
structures of a number of the high pressure polymorphs of elements and
compounds originally studied b-v- him have been determined by r-ray
diffraction technioues. The binarv compounds of ionic nature such as

4 0
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potassium iodide, rubidium chloride, rubidium iodide, rubidium fluoride
and sodium chloride which have the roch soll structure transform to the
cesium chlorid.e structure under high pressures as determined by Jacobs
(1938b), Guegant and Vodar (1954), Jamieson (1957), Piermarini and
Weir (1962, 1964) and Evdokimova and Vereshchagin (1963). On the
other hand, binar-v compounds with non-ionic bonding such as lead sul-
fide. selenide. and telluride which have the rock solt stnlcture transform
under high pressure to the tin sulJide (distorted rock salt) structure with
orthorhombic symmetrv (Takahashi et al., 1964). Apparentlv, therefore,
binary compounds with the rock salt structure at atmospheric conditions
transform to lhe cesium, chloride structure at high pressures, if the nature
of their bonding is ionic, but may transform to a complex structure if the
bonding is non-ionic. Mayer (1933) evaluated the lattice energ\r of siiver
iodide assuming ionic bonding with a van der Waals potential, and con-
cluded that the bonding in silver iodide is not purely ionic but that ap-
proximately 10 per cent of the lattice energy is due to covalent bonding.
Both Jacobs (1938b) and Huggins (1951) reached a similar conclusion bv
using more refined data on the polymorphic transformation and lattice
parameter. Pauling's evaluation of the electronegativit ies of silver and
iodine (1.9 and 2.5 respectively) indicates extensive covalent bonding in
silver iodide. In silver iodide the rock salt phase does not transform to a
phase having the cesium chloride structure above 100 kilobars at room
temperature. Instead, it transforms to a phase giving a complex non-
cubic r-ray diffraction pattern. This may be due to unequal bond
strengths in contrast to the bonding in ionic compounds. These findings
are consistent with the other indications that the bonding in silver iodide
is covalent.

A number of theoretical studies (an excelient review by Tosi, 1964)
have been made to explain andfor postulate the stabil it ies of various
poiymorphs of AX type metai halides including silver iodide b.v estimat-
ing the lattice energies for the sphalerite, rock salt, and cesiwm chloride
t! 'pe structures. However, in spite of those theoretical efiorts, all at-
tempts have failed to account for the observed pressure-temperature
stabil ity f ields for polymorphs in even simple ionic crystals (e.g. Born
and I{uang, 1954, p. 162). Further knowledge of the stabil ity range of
polymorphs, iattice dimensions, crystal structures, and compressibil i t ies
would obviouslv contribute to the better understanding of the funda-
men ta l  na tu re  o [  bond ing .

Sulrlr.q,nvlNo C oNclusrorvs

A diamond anvil cell has been used for the study of the phase relations,
crystal structures and compressibil i t ies of pol1'morphs of silver iodide
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under pressure-temperature conditions exceeding 100 kilobars and 200o C.
The techniques described ma1'be widely applicable to the determinations
of stabil ity f ields of polymorphs of many other compounds. The conclu-
sions are summarized as follows.

1) The sphalerite phase appears to have no thermodynamic stabil ity
field over the pressure-temperature range of the present investiga-
tron.

2) The stabil itv f ield of the 3 kilobar phase has been determined. The
tripie point at which the 3 kilobor, wurtzile, and rock soll phases co-
exis t  l ies at  3.1*  0.4 k i lobars and 65 + 2o C.

3) At 25' C. the rock salt phase is stable between 4.0+0.4 kilobars and
100+5 kilobars. Its lattice dimension decreases from 6.07 A at 4
kilobars to 5.67 A at 100 kilobars, and the molar volume from 33.80
cm3/mole at 4 kilobars to 27 .60 cm3/mole. Empirical equations for
the effect of pressure on those parameters have been derived.

4) At 100+5 kilobars and 25o C., the rock solt phase transfor-ms to
sti l l  another high pressure form. Although a clear r-rav diffraction
pattern of the 100 kilobar phase has been obtained, it cannot be
indexed as a cubic srruc[ure.

5) The lattice energv and lattice dimension ol the rock soll phase calcu-
iated b1' assuming ionic bonding difier considerably from the ex-
perimental values, indicating the covalent nature of the bonding.
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