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Abstract

The phase diagram of the system CdI2–Bi2O3 is studied by means of X-ray diffraction, differential

thermal analysis and measurements of the density of the material. As a result of the synthetic and

peritectic interactions, two incongruently melting intermediate phases i.e. phase A – CdI2�2Bi2O3

and phase B – CdI2�4Bi2O3 (stable in the temperature interval 370–850°C) are formed.

The phase A exists in two polymorphic forms with a temperature of the phase transition

T���=320–370°C. The unit cell parameters at low temperature modification of �-CdI2�2Bi2O3 were

determined. (a=1.032 nm, b=1.046 nm, c=1.046 nm, �=115.02°, �=109.11° and �=82.04°). The

phases A and B have fields of homogeneity.
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Introduction

The system CdI2–Bi2O3 has not been studied in relation with the phases equilibria in

it and with the possible formation of new crystalline or glassy phases. It is of scien-

tific and practical interest because its building components CdI2 and Bi2O3 (together

or single) are included in the composition of the oxide, oxyhalide, chalco halide and

oxyhalco halide glasses. The stability and the characteristics of these glasses depend

to a great extent of the characters of the initial building and new (intermediate) com-

pounds, which could be formed on their base.

The crystalline CdI2 has a laminar structure [1] and depending on the used

method three polymorphic forms exist, each of which has a hexagonal unit cell. For

example, at the crystallization of water solutions at pressure 400 N m–2 unit cell pa-

rameters are a=0.424 nm and c=0.6835 nm [2].

Bi2O3 crystallizes in some polymorphic forms, two of which � (monoclinic) and

� (cubic-face centered) are stable and three, � (tetragonal), � (cubic-body centered)

and C-phase (cubic-primitive) are metastable [3]. The unit cell parameters in �-phase

are a=0.58486 nm, b=0.8166 nm, c=0.75097 nm and �=113, in �-phase –

a=0.56595 nm.
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CdI2 and Bi2O3 introduced into the composition of different glasses affect their

properties: physical, optical, thermal, electrical, etc. [4, 5]. CdI2 is in the composition

of solid electrolytes and ion-selective membranes [6], and Bi2O3 and Bi2O3-based

crystals find application in the acousto-optics [7–9].

The main goal of this work is the investigation of the phase equilibria in the sys-

tem CdI2–Bi2O3 by means of the conventional differential thermal analysis (DTA)

[10, 11], and X-ray powder diffraction (XRD) [12–14] as well as determining the

limits of the solid solutions and the compositions of the intermediate phases (if such

exist), thus building a base for a further complex investigation.

Experimental

The phase diagram of the system CdI2–Bi2O3 has been studied by means of 17 com-

positions synthesized every 5 or 10 mol% Bi2O3 in a concentration interval from 0 to

100 mol% Bi2O3. CdI2 and Bi2O3 of the Merck Company at a commercial product of

p.a. grade purity have been used as initial components. Samples of the studied system

have been obtained by a direct mono-temperature synthesis [15] at 500–850°C

throughout 0.5–2.0 h depending on the Bi2O3 contents whereupon the melts were

cooled to a room temperature in a furnace switched off regime. The samples were

heat-treated under vacuum 0.133 Pa in quartz ampullas at 280�5° in the course of

240 h. XRD characteristics were used as a criterion for thermodynamic equilibrium

reaching. The obtained samples were crystalline.

The phase transformations in the samples were investigated by means of several

methods as follows: DTA (equipment of the system Paulik–Paulik–Erdey made by

MOM, Hungary) at heating rate of 10°C min–1; reference substance (calcinated

�-Al2O3) and the studied substance weighed 0.3 g and was placed in evacuated and

sealed quartz ampoules at pressure equal to 0.1 Pa; XRD (equipment TUR-M61)

with CuK� radiation and Ni-filter, �=5–40° and measurements of the density of the

samples (hydrostatic technique with toluene as reference liquid [27]).

Results

The data obtained from the X-ray analyses of the sample in the system

(CdI2)100–x(Bi2O3)x, where 0	x	100 are summarized in the schematic diagram in

Fig. 1. The X-ray data of the initial compounds CdI2 and Bi2O3 coincide with that

mentioned in literature, respectively [16] and [17].

Derivatograms were made of the samples of the studied systems in a heating re-

gime. The DTA data are shown in Table 1.

The results of measuring the system (CdI2)100–x�(Bi2O3)x samples at equilibrium

density (the preciseness of d is �5%) are shown in Fig. 2. The density values of the

initial components CdI2 and Bi2O3 are in appropriate correspondence with the litera-

ture values of 5.3 and 8.5 g cm–3, respectively [6].

J. Therm. Anal. Cal., 78, 2004

982 VASSILEV et al.: CdI2–Bi2O3 SYSTEM



J. Therm. Anal. Cal., 78, 2004

VASSILEV et al.: CdI2–Bi2O3 SYSTEM 983

T
a

b
le

1
E

n
d

o
th

er
m

al
ef

fe
ct

ex
tr

em
u

m
s

d
u

ri
n

g
h

ea
ti

n
g

th
e

sa
m

p
le

s
o

f
th

e
C

d
I 2

–
B

i 2
O

3
sy

st
em

N
o
.

C
o

m
p

o
si

ti
o

n
/m

o
l%

E
n

d
o

th
er

m
al

ef
fe

ct
ex

tr
em

u
m

s/
°C

C
d
I 2

B
i 2

O
3

1
2

3
4

5
6

7
8

9
1
0

1
1
0
0

0
3
8
5

2
9
5

5
3
3
0

3
8
0

3
9
0

1
0

3
3
0

4
8
0

2
0

3
2
5

3
8
0

5
3
5

5
7
5

2
5

3
3
0

3
7
5

6
0
0

6
7
0

3
0

3
2
5

3
8
0

6
8
0

7
6

6
.7

3
3

.3
3

7
5

7
2
0

8
6
0

4
0

3
3
0

3
8
0

7
5
0

9
5
0

5
0

3
3
0

3
7
5

7
9
5

1
0

4
0

6
0

3
3
0

3
8
0

8
5
5

8
5
5

1
1

3
3

.3
6

6
.7

3
7

0
3

7
0

8
6

0
9

2
0

1
2

3
0

7
0

3
5
0

3
5
0

8
4
5

8
6
0

9
5
5

1
3

2
5

7
5

3
2
0

8
4
5

8
6
0

9
4
5

1
4

2
0

8
0

3
2
0

3
7
5

8
1
5

9
3
5

1
5

1
0

9
0

3
2
0

3
7
5

7
7
0

8
3
5

8
4
5

8
6
0

8
6
0

1
6

5
9
5

3
2
0

7
2
0

7
9
0

8
3
5

8
3
5

1
7

0
1
0
0

7
2
0

8
3
0



Some new lines appear in the diffraction pattern for the compositions (Fig. 1) con-

taining between 20 and 95 mol% Bi2O3, which do not belong to the initial components

CdI2 and Bi2O3. They are related to the existence of a new (intermediate) phase A.

When the contents of Bi2O3 in the alloys is increased from 20 to 60 mol% Bi2O3 the in-
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Fig. 1 A strich-diagram of the (CdI2)100–x(Bi2O3)x system

Fig. 2 DTA curves of the (CdI2)100–x(Bi2O3)x system



tensity (d040=0.2375 nm and d410=0.2338 nm) of the lines characteristic of the new

phase A increases too, and the intensity of the lines characteristic of the compound

CdI2 is reduced (with x>60 these lines completely disappear). The sample received is

one-phase at a component ratio CdI2:Bi2O3=1:2, and some characteristic lines of the

new phase A (Table 2) can be observed on the schematic diagram of the X-ray diffrac-

tion. What can also be observed in the concentration interval between 66.7

and 70 mol% Bi2O3 is a shift of the phase A lines towards reduction of the plane spac-

ing, i.e. the existence of phase A-based solid solutions can be positively presumed. The

presence of horizontal lines with T
380°C on the left of the composition for which
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Table 2 Data from indexing of low-temperature phase �-CdI2.2Bi2O3

No dexp/� 100(I/Imax)/% Q=1/d2 h k l dc/�

1 9.703 27 0.0106 1 0 0 9.751

2 9.485 16 0.0111 0 1 0 9.478

3 9.076 4 0.0121 0 0 1 9.043

4 8.473 9 0.0139 0 1 1 8.469

5 6.788 28 0.0217 1 1 0 , 1 1 0 6.797

6 5.528 3 0.0327 0 1 1 5.524

7 4.854 3 0.0424 2 0 0 4.876

8 3.398 18 0.0866 2 2 0 3.398

9 3.060 31 0.1068 2 3 2 3.050

10 3.012 19 0.1102 0 0 3 3.014

11 2.803 7 0.1273 1 2 2 2.795

12 2.507 4 0.1592 3 3 3 2.508

13 2.375 100 0.1772 0 4 0 2.370

14 2.338 28 0.1830 4 1 0 2.361

15 2.329 30 0.1844 3 0 2 2.329

16 2.119 5 0.2227 2 4 0 2.131

17 2.089 5 0.2291 1 2 5 2.073

18 1.997 4 0.2507 5 2 2 1.997

19 1.936 4 0.2669 5 2 1 1.936

20 1.819 7 0.3023 3 4 1 1.819

21 1.712 11 0.3412 1 5 1 1.712

22 1.671 6 0.3581 3 5 1 1.670

23 1.528 4 0.4281 4 3 2 1.528

24 1.477 12 0.4581 5 1 3 1.478

25 1.391 6 0.5171 5 1 3 1.394

26 1.332 6 0.5633 5 2 4 1.332

27 1.328 5 0.5669 5 1 4 1.328



x=66.7 mol% Bi2O3 and with T
320°C on the right x=75 mol% Bi2O3 is proving the

existence of two polymorphic forms of the intermediate compound A (�-A and ß-A).

The crossing of these horizontal lines for a second time indicates the existence of a

range of homogeneity of the phase A. Upon X-rays analyses the lines of both the initial

Bi2O3 and the transitional phase A can be observed between 75 and 90 mol% Bi2O3

whereas with increasing the contents of Bi2O3 in the samples, the intensity of the Bi2O3

lines increases too, and the intensity of CdI2 decreases. The peculiarities observed in

the diffraction pattern for the system CdI2–Bi2O3 give us reasons to assume that the

most likely composition of the new phase A is CdI2�2Bi2O3. The unit-cell parameters at

low temperature modification of CdI2�2Bi2O3 (�-CdI2�2Bi2O3) are determined by the

Ito method [18]: a=1.032 nm, b=1.046 nm and c=1.046 nm; �=115.02°, �=109.11°

and �=82.04°. The X-ray data of this phase is presented in Table 2. All diffraction pat-

terns were taken into account when determining the unit cell parameters of

�-CdI2�2Bi2O3, and on Fig. 1 only the strong patterns were marked.

The endothermal effect at 330°C (column 1 of Table 1) observed with the composi-

tions containing up to 60 mol% Bi2O3 is most likely due to the appearance of a liquid

phase and corresponds to the temperature of the eutectic equilibrium L 330�� 
�C CdI2+�-A.

The other two endothermal effects are well represented as the first one does not

depend on the composition (at T�380°C, column 2 of Table 1) and this is more likely

due to the reversible polymorphic transition of the hypothetical new phase A. The

temperature of the second effect (column 10 of Table 1) is strongly dependent on the

alloys composition and corresponds to the temperature of the liquidus line.

A series of non-variant equilibria have been registered in the high temperature field

with compositions rich in Bi2O3 that are most probably connected with the polymor-

phism of Bi2O3 and the current heterogeneous interactions. As a result of the interactions

two transitional phases are formed one of which (phase A) was already mentioned during

the analysis of the X-ray diffraction results. Obtaining more than one intermediate phase

with variable compositions, varying in wide concentration limits, some of which do not

exist at a room temperature, seems to be typical of the binary systems having Bi2O3 as a

component. In most of the cases intermediate phases are obtained by means of peritectic

and peritectoidal, eutectic and eutectoidal, synthectic and other reactions and melt

mainly incongruently or decompose over the solid phase [8, 19–24].

The effects at 860°C (column 9 of Table 1) are most probably connected to the

syntactic interaction resulting in the formation of the intermediate phase A

CdI2�2Bi2O3) L1+L2
860�� 
��C �-A, which is evidenced by the reduction of these

endoeffects area on the left and the right side of the point corresponding to

composition x=66.7 mol% Bi2O3.

Thermoeffects outlining the binodal curve over this balance are very slight. At

845°C a peritectic reaction takes place as a result of which second intermediate phase B

is generated with expected composition CdI2�4Bi2O3 (�-A+L 845�� 
��C B). At 835°C (col-

umn 7 of Table 1) a second peritectic reaction takes place under the B+L 835�� 
��C �-Bi2O3

(s. s.) diagram. As a rule solid solutions of the base �-Bi2O3 are formed by a certain

non-variant reaction: peritectic – as is the case, and also literature [19], eutectic [25],

eutectoidal [20, 21, 26], etc. Other authors [19, 22–24, 28] also refer to a similar phase
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with such features in the system Bi2O3–TeO2. As the borders of these intermediate phase

B are localized with 4 points only, its contours are outlined with a dotted line. The phase

B is stable in the temperature interval 375–845°C. At 375°C it decomposes in a

eutectoidal reaction: B 375�� 
��C �-A+�-Bi2O3. At 720°C it is reasonable that a second

eutectoidal equilibrium of the type exists (degenerated eutectoide shown on Fig. 3 in the

circle): �-Bi2O3
720�� 
��C B+�-Bi2O3. It is worth noting that in the concentration interval

between 65 and 75 mol% Bi2O3 (in the low temperature field of the system) the tempera-

ture of the polymorphic transition of the intermediate phase depends on the composition

(columns 2 and 3 of Table 1), i.e. this phase has asymmetrical field of homogeneity fac-

ing the side rich in Bi2O3 that narrows to 0 mol% Bi2O3 when the temperature rises to

T=860°C. This phase is to be written as CdI2(2+�)Bi2O3 (0	 � 	1) at room temperature.

The complex physical-chemical interactions taking place in liquid and solid-state

lead to the formation of intermediate phases CdI2�2Bi2O3 and CdI2�4Bi2O3, as well as to

the non-linear progress of the dependency d(x) within the limits from 0 to 66.7 and

from 75 to 100 mol% Bi2O3. The characteristic feature observed with x=66.7 (Fig. 2)

confirms the hypothesis that an intermediate phase (phase A) is CdI2�2Bi2O3.

On the base of the data of DTA, X-ray diffraction and the measurement of den-

sity a phase diagram of the system CdI2–Bi2O3 is studied Fig. 3.

The phase diagram of the system CdI2–Bi2O3 has a complex type and it is char-

acterized with the following features:

1. Six non-variant equilibria exist: one of them is eutectic at 330°C, one-synthetic

at 860°C, two-peritectic respectively at 845 and 835°C and two-eutectoidal, respec-

tively, at 720 and 375°C.
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Fig. 3 Dependence d(x) for samples of the (CdI2)100–x(Bi2O3)x system



2. Two new phases with changeable composition are formed in the system. The

first one is with composition CdI2(2+�)Bi2O3, where 0	�	1. It exists in two poly-

morphic forms � 320 380– �� 
���C � and melts incongruently at 860�5°C. The other is in the

range rich of Bi2O3. It melts incongruently at 845�5°C and exists from 375 to 845°C.

Conclusions

By the means of three independent methods the diagram of the system CdI2–Bi2O3 is

constructed (Fig. 4). As a result of complex physico-chemical processes in solid and

liquid-state, two intermediate phases with compositions CdI2�2Bi2O3 (phase A) and

CdI2�4Bi2O3 (phase B) are formed. They together with the initial compounds CdI2

and Bi2O3, polymorphism of Bi2O3 and phase A form 19 phase fields, five of which

are mono-phasic (I, IV, VII, X and XVIII) and the rest of them – two-phasic.

* * *
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Fig. 4 Phase diagram of the CdI2–Bi2O3 system. I – Liquid (melt-L); II – L1+L2;
III – L+�-CdI2�2Bi2O3 ; IV – �-CdI2�2Bi2O3 (phase �-A); V – �-CdI2�2Bi2O3+L;
VI – �-CdI2�2Bi2O3+CdI2�4Bi2O3; VII – CdI2�4Bi2O3 (phase B);
VIII – CdI2�4Bi2O3+L; IX – CdI2�4Bi2O3+�-Bi2O3 ; X– �-Bi2O3 ;
XI – L+�-Bi2O3 ; XII– �-Bi2O3+�-Bi2O3 ; XIII – CdI2�4Bi2O3+�-Bi2O3;
XIV – CdI2+L; XV – L+�-CdI2�2Bi2O3; XVI – �-CdI2�2Bi2O3+�-Bi2O3;
XVII – CdI2+�-CdI2�2Bi2O3; XVIII – �-CdI2�2Bi2O3 (phase �-A);
XIX – �-CdI2�2Bi2O3+�-Bi2O3
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