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The structure of the hexagonal phase with lattice spacings a = 13.48 and c = 8.49 A in the
Ag-Te system was studied in thin films. By using the method of three dimensions of q,2

and q, series it was shown that the unit cell of this phase contained five molecules of Ag7Te4'
The Ag and Te atoms occupy the following positions in the D~h space group: 12 Agr - 12 (q)
with x = 0.454 and y = 0.120, 12 Agn - 12 (0) with x = 0.237 and z = 0.181, 6 Agm - 6 (1) with
x = 0.125, 3 AglV - 3 (f), 2 AgV - 2 (e) with z = 0.181, 12 Tel -12 (n) with x = 0.330 and z =
0.181, 6 Ten - 6 (k) with x = 0.217, 2Tem - 2 (c).

For determining the structure of the hexagonal
phase in the Ag-Te system, we used electron-dif-
fraction photographs obtained by Chou Ching-liang.

According to the phase diagram [1], the Ag-Te
system contains one high -temperature form (3-
Ag2Te and at least two or possibly three low-tem-
perature forms. Rahlfs obtained [2] a face-centered
cubic structure with lattice spacing a = 6.572 A for

the high-temperature phase (3-Ag2Te; the space
group was Fm3m-05h' The basis of the structure
is a face-centered lattice of Te atoms. The silver
atoms are disposed in disorder over several (tetra-
hedral and octahedral) positions. Contradictory
data exist regarding the crystal system and unit
cells of the low -temperature phases. According to
Rowland and Berry [3] the low-temperature phase
QI-Ag2Te belongs to the rhombic system with lattice
spacings a = 16.28, b = 26.68, c = 7.55 A and space
group lmmm. These data disagree with those of

Koern [4] and Tokody [5]. According to Koern
QI-Ag2Te also belongs to the rhombic system, butwith
different spacings, namely a = 13.0, b = 12.7, c =
12.2 A. Tokody considers that the low-temper-
ature phase QI-Ag2Te must be monoclinic, with
spacings a = 6.57, b = 6.14, c =6.10A, (3=61°15',
and space group Pm, P2, or P2/m. A complete
structural determination of the low-temperature
phase of Ag2Te was given by A. J. Frueh [6]. Ac-
cording to this author, the structure of QI-Ag2Te
constitutes an ordered phase and has a unit cell

with spacings a = 8.09, b = 4.48, c = 8.96 A, (3 =
123°20'. The number of molecules per cell is Z = 4,
and the symmetry P21/c. All the atoms lie in gen-
eral, four-fold positions. An electron-diffraction
study of the structure of QI-Ag2Te [7] confirmed the
x-ray structural data for large-scale samples of the
monoclinic phase Ag2Te for thin layers.

On analyzing the published data, we come to the
conclusion that a hexagonal phase (or several phases)
also exists in the Ag - Te system at room temperature.

Thus Peacock [8] studied the compound Ag2-xTe1+X
(where 0.1 < x < 0.5) and assigned it a hexagonal
symmetry with spacings a = 13.49 and c = 8.480 A,
associated with space group D~h' Koern [4] gives
hexagonal spacings for QI-Ag12Te7: a = 13.456 and
c = 8.468 A, with space group D~h' Chou Ching-
liang studied thin films in the Ag-Te system by
electron diffraction [9] and also established the exist-
ence of a hexagonal phase with spacings very close
to those given in [4] and [8]; he also showed that a
hexagonal phase of the Ag-Te system was always
formed in the presence of excess Te.

Most reliably of all,a lamellar texture of hexa-
gonal-phase crystallites was obtained on the sur-
face of rocksalt crystals. Oblique photographs of
these films (Fig. 1) in the presence of standard
NH4Cllines gave the lattice spacings of this phase:
a = 13.48 :!: 0.05 and c = 8.49 :!: 0.05 A, which are
close to those of the hexagonal phases obtained by
Peacock [8] and Koern for alloys with formulas
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Fig. 1. Electron-diffraction photograph of the hexagonal phase Ag7Te4'

Ag2-xTe1+X and Ag12Te7 respectively. With this
unit cell we were able to index electron -diffraction
photographs of the Fig. 1 type completely and es-
tablish the absence of any extinctions, which sup-
ports Koern's proposed space group P6/mmm-D~h.
In addition to the centrosymmetric space group D~h,
however, the same condition is satisfied by other
space groups, both centrosymmetric and noncentro-
symmetric.

For further examination of the structure, the
hexagonal phase had to be identified. We had no
data on the exact composition of this phase. As
mentioned earlier, however, hexagonal crystallites
were obtained in the presence of excess Te. A de-
viation from the stoichiometric composition of Ag2Te
is also confirmed by the ratio of the unit-cell vol-
umes of the hexagonal and monoclinic phases:

nhex Inmon '" 1330/271.4'" 4.89 < 5. Thus it would
appear that the unit cell contains less than 20 mole-
cules of Ag2Te. As indicated earlier, Peacock as-
signed this phase the composition Ag2-xTe1+X and
Koern Ag12Te7'. Other compositions are given in
[1]: Ag3T~ and AgiTe4' There are no experimen-
tal data, however, to support the existence of the
compound Ag3Te2' Compounds Ag7Te4 and Ag12Te7
differ by only 0.15 at.% Te; points in favor of the
former include the simpler atomic ratio and the
fact that the x-ray data which suggested the exist-
ence of compound Ag12Te7 are not entirely reliable.
Thus at the very beginning of our study of the hexa-
gonal phase we may assume that its composition cor-
responds to the formula Ag7Te4 and that the unit
cell contains five molecules of this composition,
although the final composition of the phase can only

be ascertained by analyzing the heights of the poten-
tial peaks.

The reflection intensities on the electron -dif-
fraction picture of the hexagonal phase were deter-
mined visually, the intensities of the hkO reflections
[texture axis (0001)] as measured on an MF-4 micro-
photometer serving as standards. The intensities
were translated into experimental structure am-
plitudes by the kinematic -theory formula q,

'"
(I /pdhkodhkl)V2. Altogether some 400 reflections

were measured on the diffraction photograph of
Fig. 1. In some of these, however, two or some-
times three reflections were merged together. In
these cases the experimental intensity values were
divided by two (or three), allowing for the repeti-
tion factor of the reflections. In this way values of
q,~xp were obtained for around 450 reflections (up
to sin B/A

""
0.72 A-1). Statistical analysis of the

experimental intensities gave no convincing evidence
in favor 'of either centrosymmetric or noncentro-
symmetric space groups. Even the first stage in
the structural investigation, however, viz., the pro-
jection of the q,2 series P(xy), the Harker sections
P(xyO), p(xyl/2), and the one-dimensional sections
p[1/30Z], pe/3 %z], p[1%0 2%0 z], p[l%OOz], etc.,
convinced us of the existence of a center of sym-
metry.

Figure 2 shows the projection of the q,2 series
along the c axis, calculated from 68 hkO reflections.
Characteristics of this projection include maxima
at the points (1/3' 0), (%, 113), (14;60' 2%0) and cer-

tain others (13/60,0), e.%o, 15/60), (28/60' %0)' etc.
We see from Fig. 2 that this projection is insuffi-
cient to determine the structure of the hexagonal
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Fig. 4. Section of three-d' 11l1ensional <]>2 .senes, p(xyl/2)'
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phase. The picture is complicated by the fact that
the silver and tellurium atoms are not very different
in atomic number (47 and 52 respectively). One-
dimensional sections of the q,2 series were con-
structed from almost all the observed maxima of
Fig. 2. The one-dimensional section p[1/30Z],
p[1%02%oz] gave peaks for z = 0.185. The sec-
tions p[7.%0' 1%0' z], p[1/20Z], and also p[1/3%Z]
gave no maxima apart from the peak at zero. As
regards the sections p[1%0 Oz] and p[2%0 %0 z],

these gave a peak at z = 0.500.
We may thus suppose that the silver and tel-

lurium atoms are disposed in planes perpendic-
ular to the c axis with the following z values: 0.000,
0.185, 0.500, 0.815. Accordingly, we calculated the
three-dimensional sections of the q,2 series, P(xyO),
p(xy1f2), as shown in Figs. 3 and 4. Figure 3 shows

t . t . t (7.5/ 15,/ ) (15,/ 7.5/ )S rong maxIma a pOin s 60' 60' 60' /60'
etc., associated with the six-fold position of the atoms
in one of the following space groups: D~d, DJ, and

D1h' Maxima at (1;3' %) and (1/2, 0) apparently cor-
respond to the two- and three-fold position in the
same space groups. In Fig. 4 strong maxima are
found at (13/60, 0), (1%0,13/60), etc. These may also
be related to the six-fold position in one of the space
groups mentioned. The maxima at (28/60, 8/60), e%o,
20/60), etc., apparently correspond to the twelve-
fold position: x, y, 1/2; y, x-y, 1/2; y-x, x, 1/2; x-y,
y, 1/2; x, Y -x, 1/2; y, x, 1/2; x, y, 1/2; y, y-x, 1/2; y,
x, 1/2; x-y, x, 1/2; x, x-y, 1/2; y-x, y, 1/2, Of all
the space groups mentioned earlier, only D1h has
such a 12 (q) position. Thus, we are left with only
one space group, D1h, with which to describe the
phase in question.

The one-dimensional sections p[1/30Z], p[1%0,
28/60, z], etc., show that the maxima at (1/3' 0, 0.185),
etc., and at (14;60' 28/60, 0.185), etc., correspond to
two twelve-fold positions, 12(n) and 12(0) in the
space group D1h. Thus,of the 55 silver and telluri-
um atoms (supposing that the cell contains five
Kg7Te4 molecules) we have fixed the positions of 53.
The two remaining atoms may be placed in the two-
fold position 2(e) with z

""
0.185.

It was further necessary to distinguish the
positions occupied by the Ag and Te atoms. We
started with the following: the Te atoms in the
monoclinic form of a-Ag2Te lying in planes with y=
0.159, Y = 0.841, Y = 0.659, Y = 0.341 form an ap-
proximately hexagonal pattern with side a ~ 8.09-

8.96 A. The b spacing of the monoclinic phase of
a-Ag2Te is 4.48 A and the c spacing of the hexagonal
phase,8.49 A, i.e., chex

"" 2bmon «(3 = 123°20'). On
this basis, we placed Te atoms in positions 12(n)
and 6(k). The silver atoms were placed in positions

12(q), 12(0), 6(l), and 3(f). From crystal-chemical
considerations we placed two Te atoms in 2(c): if
we put silver atoms in the position, we obtain a
trihedral prism of Ag atoms with a silver atom
inside, which is not very probable. We regard the
2(e) position as silver-occupied. For this arrange-

ment of Ag and Te atoms in the structure of the
hexagonal phase, the interatomic distances, Ag- Ag~
2.80, Ag-Te ~ 2.70, and Te-Te ~ 2.8 to 3.2 A, as
well as the coordination of the Ag atoms relative
to the Te and vice versa, are in good agreement with
published data [10, 11].

Thus, on the basis of q,2 series, geometrical
analysis, and crystal-chemical considerations, we
came to the conclusion that the atoms in the struc-
ture of the hexagonal phase Ag7Te4 occupied the
following positions in the space group D~h: 12AgI-
12(q) with x

""
28/60 and y

"" %0'
12AgU - 12 (0)

with x
""

1%0 and z = 0.185, 6AgUI - 6(l) with x""
7.5/60, 3Agrv - 3(f), 2Agv - 2(e) with z

""
0.185,

12TeI - 12(n) with X"" 1/3 and z ""
0.185, 6TeU-

6(k) with x
""

13/60, 2Tem - 2(c).
On the basis of this model we calculated the

theoretical structure amplitudes for the hkO re-
flections. As mentioned earlier, in the first stage
of the structural investigation the intensities of
overlapping reflections were divided in a ratio al-
lowing for the repetition factor. After calculating
the q,calc' the intensities of these reflections were
also divided in a ratio determined by theoretical
calculation of the corresponding pair of amplitudes.

Comparison between q,g~~ and q,g~~c gave sat-
isfactory results (R ~ 359P. The coordinates of
the atoms on the projection of the q, series along the
c direction only differed slightly from those of the
model just derived. After four refinement cycles
the R factor for the hkO reflections fell to 29%. We
also calculated q,ealc for the hOl reflections and
compared with q,exp (R ~ 34%). Five refinement
cycles of the q;(xz) projection reduced the H factor

for the hOl reflections to 28%. The Ag and Te atoms
in the q, series projection q;(xz) were in fact dis-
posed at z = 0, z = :f:0.183, z = 0.500. Many atoms,
however, overlapped in this projection. For exact
determinations of the horizontal coordinates, we
then calculated the three-dimensional q,-series
sections q;(xyO), q;(xy1/2). The silver and tellurium

atoms in these sections had almost the same co-
ordinates as in q,-series projection q;(xy). In order
to refine the z parameters of the Ag and Te atoms
we constructed the one-dimens'ional sections q;[OOz],
q;[0.237, 0.474, z], q;[0.330, 0, z] (Fig. 5). The final
coordinates of Ag and Te in the Ag7Te4 structure
are given in Table 1.



Coordinates of atoms Coordinates of atoms

Atoms Atoms
.\:./tl y'b I zie x/a i Ylb zle

Ag1 0.4;)4 0.120 0.5/);) A.~v 0 u 0.181
i\<';ll 11:!:,7 (J 0.181 Ter 0.:;:30 U 0.181
Al!rrr II I:!;; II II Tel! 0.217 U 0.5JO

A"JV 11.5:11) iI (I Ter!! 1j:J 2/3 0
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TABLE 1

Fig. 5. One -dimensional sections of the <Pseries:

",[OOz], ",[0.330, 0, z], ",[0.237, 0.474, z].

Naturally, other variants of the atomic posi-
tions of Ag and Te are possible. Thus, for example,
we could put the Te atoms in position 12(0) and the
Ag in.12(n), and so on. It should be emphasized,
however, that the lowest value of the R factor, and
also satisfactory agreement with the Ag- Ag and
Ag-Te interatomic distances already published
[10, 11], were obtained from our preferred model.
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ZII

III

The slight difference in the potential-peak heights
of the Ag and Te atoms in the Fourier syntheses
also indicated the correctness of our model.

The final values of the R factors for the hOl
and hkO reflections were 23% (Fig. 6) and 24% (Fig.
7) respectively; for all the reflections observed on
the electron-diffraction photographs (~450. allow-
ing for reflections with zero indices), it was 23.2%.
All these R factors were calculated with due allow-
ance for the temperature factor (B = 1.3 A2).

Thus our structural study of the hexagonal
phase leads to the composition Ag7Te4' with five
molecules in the unit cell. On considering the
structure of Ag7Te4' we find an extremely compli-
cated coordination of the Ag and Te atoms. We see
from Fig. 8 that the Ten atoms form Ag2Te mole-
cules with the Agr (Ag - Te distance 2.765 A), lying
in a plane perpendicular to the c axis at z = %. The
Ag - Te - Ag bond angle is of the order of 610. This
layer of atoms is, as it were, isolated from the Ag
and Te atoms in other planes. Figure 9 shows a
projection of three layers of the Ag7Te4 structure
on the (0001) plane with the following z values: 0,
0.181, -0.181. We see from this figure that the

II
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'~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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Fig. 6. Comparison between <Pcalc and <Pexp for hOI reflections; broken line
gi yes <Pexp'
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Fig. 7. Comparison between <Peale and <Pexp for hOk reflections; broken line

gives <Pexp'

Fig. 8. Disposition of Ag and Te atOms in the plane z = 0.500,

TABLE 2. InteratOmic Distances in A

Compound
I

I

Ag3AuTe. I

AgAuTe.
I

(Ag, Au) Te,!

(Ag. Au) Te-,Il
I

I
Ct-Ag.To I

i

Ag - Ag

Agr - Agr : 2.81,
2.88,

Agnr- Agru: 2.92,
Agn - Agur:J.04,
Agr - Agu: 3.U8,
Agm -Agy::J.:{O,
AgII - Agu: 3.90,

I
I

---I

I
i

:1. ,S;), 0.1;.,

:~.!l~)

::.08, :3. :2R,
:L.)L. :{.;,'l

Ag
- Te 'l'e-Te

~-----_._--

2.~)O, 2.n:;
2.(;$1, 2.$1[:, :1.20
2.1i8, ~U}4
21i:J, 2.()(;, 2.(;7,
2.87, 2.\14, 2.~);),
:L04, :{.1.), :L~~
2.8,), 2.nO, 2.~1.),
::LUl, 2.87, 2.\11,
2.n'), 3.04

AgII - TOr: 2.72,
Agrv - TOr: 2.7,),

Agr - TeIl: 2.7(;;),

Agii -Ter : 2.81,
Agru-Tcr: 2.87,
Agr-Ter: 3.16,

Agy
- Teu: 3.95

:L ~Il
2.87,
:L I~I.
;:.U:2,
:L ;~-1,

More than 4.2(:

'1'011- T0Il: .\)2,

TCr - TCII: .11,
TCr - Tcr: ,4;),
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Tel atoms are surrounded by five silver atoms:
2Agm, 2Agn, AgIV (Ag - Te distances 2.87, 2.92,
2.75 A, respectively). The Agm are surrounded
by 4TeI and 2Agm (Ag - Te and Ag - Ag distances
2.87 and 2.92 A). As regards the AgIV atoms, these
lie in the center of a rectangle formed by Tel atoms,
with Ag - Te distance 2.75 A. The remaining
Ag - Ag, Ag - Te, and Te - Te interatomic distances
are shown in Table 2. The Ag - Te distances in the
Ag7Te4 structure are in good agreement with those
in the structures of a-Ag2Te, Ag:0-uTe2' AgAuTe4'
The mean Ag - Te distance in Ag7Te4 is 3.00 A;
that in the other structures is 2.95 A. The
Te - Te distances in Ag7Te4 are 2.92 and 3.11 A.
These quantities are comparable with the corre-
sponding distances within the molecules in the
structure of Te (2.87 A), but smaller than the
Te - Te distances between molecules (3.74 A).

On comparing the structure of our Ag7Te4 phase
with that of a-A~Te, we notice first of all a hexa-
gonal pattern of Te atoms in both structures. More-
over, the Ag and Te atoms in a-Ag2Te also (to a
first approximation) form Ag2Te molecules with
Ag-Te distances of 2.85 and 2.87 A.
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