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ABsrRAcr

From small single crystals of petzite found intimately intergrown with hessite (Ag:Te)

from B6tes, Transylvania, the space group was determined to be cubic, 1 4132 with a cell

edge of 10.38 A. Thete are S(Ag:AuTez) per cell and the atoms are located on the following

spec ia l pos i t i ons :24s i l ve ra tomson r ,0 ,  l , e t c  w i t h r : . 365 ;8go lda tomson | , | , | , e t c . ;
16 tellurium atoms on r, x, x, etc. with x: 266.

The powder difiraction record of a high temperature form of petzite was obtained, and

the material was observed to return to the low form upon rapid cooling. Heating experi-

ments indicate some hessite-oetzite solid solubilitv above 250' C.

INtnoouctrox

While investigating the crystailography of hessite, AgzTe, it was dis-

covered that the small single crystals of that mineral from B6tes, Tran-

sylvania, obtained from the Harvard University Nluseum (fr99348) and

from the U. S National Museum (U.S.N.M. #R9556) all contained small

amounts of an additional phase. The r-ray powder diffraction pattern of
this phase proved to be identical with the pattern ol petzite, Ag3AuTe2,
synthesized from the elements and described by Thompson (1948, 1949).
This pattern could be successfully indexed on the basis of a body-
centered cubic cell of o:10.38 A. Table I compares the d spacings re-
ported by Thompson with the calculated values and with those measured
from the B6tes samples.

The petzite appeared as irreguiar-shaped blebs within the small single

crystals of hessite (Fig. a). By fracturing the hessite at l iquid nitrogen

temperature, a minute, irregular-shaped fragment ol petzite was ob-

tained from which single crystal data could be gathered.

Crystal Structwre

From Buerger precession data, using Mo Ka radiation, the space group

was unequivocally determined as I 432 and the edge of the body-
centered cubic cell was found to be 10.38 A as previously determined
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CRYSTALLOGRAPHY OF PETZITE 695

from the powder record. From the density oI 8.7-9.4 the number of

formula weights per cell was determined as Z: 8. This yields a theoretical

*-ray density of.8.74.
Intensity data for the o axis zero through fifth level were gathered by

an equi-inclination Geiger-counter spectrometer using Cu Ka radiation.

The data were corrected for Lorentz and polarization factors by the ac-

cepted method (Buerger and Klein, 1945).
The constancy of the chemical composition listed in Doelter (1926) and

in the Dana system (Palache, Berman and Frondel ,1941), as well as the

Frc. 1. Patterson projection of petzite on (001).

work of Thompson (1948, 1949) indicate that petzite is a compound with

a definite silver-to-gold ratio which would suggest distinct ordered posi-

tions for the gold and silver atoms. The symmetry of the space group

requires that the 8 gold atoms be located on one of the two special posi-

tions 8o or 86 (notation used is that of the International Tables ior X-ray

Crystallography, 1952). As the two positions are centrosymmetrically
related, the position 8o, with a gold atom at +, +, +, etc., was arbitrari ly
chosen. The 16 tellurium atoms then must be located on the 16e special
positions at fr, f i , r, etc. This means that the interatomic distance vector

between gold and tellurium as seen in projection on the Patterson pro-
jection (001), must l ie along the body-diagonal in vector space. Such a
peak is easily discernible on this Patterson projection (Fig. 1), and an

approximate parameter (r:.275) for tellurium was obtained.
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With a knowledge of the gold and tellurium locations, the Patterson
could be easily interpreted to yield a reasonable silver parameter utiliz-
ing specia l  posi t ion 24f  or  r ,0 ,  | ;  e tc . ;  wi th r : .375.

An electron density projection on (001) from the observed data and
from signs calculated from these assumed positions confirmed the validity
of the assumptions (Fig.2). The tellurium and silver parameters were
further refined by the electron density map and by means of a (Fo-Fc)
synthesis. The final parameters are as follows: 8 gold atoms at |, f , f , etc.;

Frc. 2. Electron density projection of petzite on (001).

24 s i lver  atoms at  n,O,  L,  etc . ,  wi th r :0.365;  16 te l lur ium atoms at
xc, Jc, tc, etc., with *:O.266.

These values yield a standard discrepancy factor R:.14 for the zero
level reflections and an R: .25 for all observed reflections. The intensities
for all reflections as calculated from these parameters are compared with
those observed (Table II).

The structure is i l lustrated in Figs. 3a and D. Each gold atom has two
close tellurium neighbors at a distance of 2.53 A. tne silver atoms are
tetrah^edrally surrounded by Te atoms, with two of the Te atoms at
2.90 L and two at 2.95 A. ttte Te-Ag-Te bond angles are 108o and
1400 respectively. The tellurium atoms are each surrounded by six silver
atoms, one gold atom, and one close tellurium atom in the following
manner. If one considers an axis with a tellurium atom at the center and
a gold atom 2.53 A u*ay at one pole of the axis, then at the other pole
3.91 A away from the central tellurium another tellurium atom is located.

'*bxd*'
3'@XfX@@;
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Frc. 3. (a) Oblique drawing of petzite. (b) Projection of petzite on (001).
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The six silver atoms are fairly evenly distributed, three a l itt le above and
three a l itt le below the plane which is perpendicular to this axis and
passes through the central tellurium. This axis is always parallel to one
of the body-diagonals of the unit cell.

The Au-Te distance of 2.53 A is somewhat closer than that of the
closest Au-Te distance (2.63 A) found in the gold-silver ditellurides
(Tunell & Pauling, 1952). At the same time the Te-Te distance of 3.91 A
is a l itt ie greater than the greatest distance (3.65 A) found in the gold-
silver ditellurides. If one adjusted the parameter (x, x, r) of tellurium
to x:.273, one would increase the Au-Te distance to 2.66 A while de-
creasing the Te-Te distance to J.65 A. Ho*e.re., where intensities are
computed after any change in r is made, the R factor from the zero level
is observed to increase. The minimum R value of .14 is obtained when
the parameters are as originally stated above. Until better data are ob-
tained from a crystal for which absorption and temperature corrections
can be made, these parameters and interatomic distances must be ac-
cepted.

An expianation of the closer Au-Te distance may rest in the fact that
in the ditellurides the gold atoms are bonded to six fairly close tellurium
atoms, while in petzite the gold has only two close neighbors. A similar
expianation can be ofiered for the larger Te-Te distance. In the ditellu-
rides the tellurium is bonded to three gold or silver atoms and three other
tellurium atoms, while in petzite the tellurium atoms are bonded to six
silver, one gold, and one tellurium atom.

Hrcn ToITpBRATURE BBravron

As noted above, the petzite was found intimately intergrown with
hessite. Attempts were made to see if these intergrowths would form a
single phase at higher temperatures. Several specimens, similar to and
including that i l lustrated in Fig. 4o, of irregular-shaped pieces of petzite
surrounded by hessite were heated in sealed evacuated pyrex tubes to
150' C. and held for 72 hours. This temperature is slightly above that
at which hessite inverts to a high temperature phase (Rahlfs, 1936).
No change was apparent in the shape or character of the inclusions after
this treatment.

The same samples were then raised to 250' C. and held for 72 hours.
After this treatment the surface of both the hessite and the petzite had a
similar tarnished appearance and further polishing was necessary to
distinguish the petzite (Fig. ab). The petzite appeared to become smaller
in extent and its outl ines less sharp. Some of the change may be due to
the fact that a slightly different cross section is viewed every time this
rather soft material is given an additional polish. However, as the several



700 ALFRED J. FRUEH, JR.

Frc. 4. (a) Polished section of petzite surrounded by hessite.
(b) Same section after heat treatment. 70X

specimens observed appeared to undergo a similar change, a slight in-

crease in the solubility of gold in hessite with increasing temperature can
be assumed. No transformation twinning such as that described by

Stil lwell (1931) was observed on any of the heat-treated samples.
Petzite itself undersoes a rapid and reversible transformation between

Frc. 5. (a) Powder photograph of petzite at room

(b) Powder photograph of petzite at 250"
temperature.

L .
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150o-250o C.* The powder diffraction record of the high form taken with
Cu Ka is i l lustrated in Fig. 5D in conjunction with the room temperature
form (Fig. 5a). Table III l ists the d spacings and estimated intensities ol
the high form. No attempt has been made to index the pattern.
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