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Abstract Phase diagram for the system CuBr–LiBr was

determined by differential scanning calorimetry and X-ray

powder diffraction. The system exhibits a significant solid

solubility of the components, especially LiBr in the

respective polymorphic modifications of CuBr. Another

feature of the system CuBr–LiBr is the occurrence of five

invariant three-phase equilibria, which have been assigned

to one eutectic (684 K), one peritectoid (668 K), and three

eutectoids (679, 645, and 521 K). From the experimental

results, formation of a compound LiCuBr2, at 521 K is

discerned.
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Introduction

Studies of phase equilibria in the systems involving cop-

per(I) halides are interesting, because chemical compounds

with high electrical conductivity can be formed in these

systems. High ionic conductivities of some solid phases

found in the systems involving copper(I) halides and alkali-

metal halides [1–13]. Several practical devices like solid

state batteries, fuel cells, display panels, memory devices

have been prepared and used [14]. In other hand, lithium is

the lightest metal and has one of the highest standard

reduction potentials with theoretical specific capacity of

3,860 Ah kg-1 in comparison with 820 Ah kg-1 for zinc

and 260 Ah kg-1 for lead [15]. Since the standard reduc-

tion potential of lithium [16] is more negative than -3.0 V,

the metal is thermodynamically unstable in protic solvents

such as water, and the realization of practical lithium cells

had to await the development of suitable non-aqueous

electrolyte systems. It seems that it is a good idea to

looking for new materials, stable at room temperature.

However, polymorphism of the pure copper(I) halides

[17–19] and their susceptibility to oxidation [20] are likely

to make such investigations difficult. To our knowledge, no

information on full phase diagram of the system copper(I)

bromide–lithium bromide has been reported. Some pre-

liminary results on phase equilibria were found in article

[21]. Both components are difficult to operate, the former

being sensitive to oxidation and the latter to traces of

humidity. In this work, we present full results on phase

diagram in the CuBr–LiBr system, based on experiments

performed under vacuum or in an inert and exsiccated

atmosphere.

Experimental

High purity CuBr and LiBr (Sigma Aldrich, 99.999%) were

used, without further purification. Mixtures of salts were

prepared by weighing appropriate quantities of CuBr and

LiBr and put into flat, polished bottom ampoules, used

afterwards for differential scanning calorimetry (DSC)

measurements. Their outer diameter and height (after

sealing) were 6 and 14 mm, respectively. All operations

were prepared in a glove box containing argon (Labmaster

130 MBraun). Composition of mixtures was taken at

intervals of 2–3 mol% or less. The accuracy of the com-

position determination was on the average 1 K and
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0.1 mol.%. The total weight of sample was 20–100 mg.

The phases diagram was determined by DSC using Mettler

Toledo DCS 25 measuring cell with TC15 Ta Controller.

Samples for DSC measurements were heated beforehand

under vacuum to a temperature 50 K above the corre-

sponding melting point and then were homogenized at

Table 1 Temperature of phase transitions (DSC heating curves)

Sample xCuBr xLiBr Temperature/K

1 0.0000 1.0000 823

2 0.0074 0.9926 822

3 0.0115 0.9885 820

4 0.0251 0.9749 817

5 0.0311 0.9689 815

6 0.0383 0.9617 814

7 0.0434 0.9566 813

8 0.0740 0.9260 807 683 679 667

9 0.0900 0.9100 803 683 679 667

10 0.1118 0.8882 797 682 679 668 520

11 0.1307 0.8693 789 683 679 667 523

12 0.1502 0.8498 783 679 668 519

13 0.1650 0.8350 784 684 680 669 524

14 0.1844 0.8156 774 684 680 668 522

15 0.2035 0.7965 772 684 679 668 520

16 0.2288 0.7712 767 683 679 668 523

17 0.2386 0.7614 760 684 679 668 523

18 0.2674 0.7326 751 684 680 669 526

19 0.2909 0.7091 748 679 668 521

20 0.3165 0.6835 741 687 679 668 522

21 0.3528 0.6472 731 683 679 668 519

22 0.3754 0.6246 721 684 680 669 519

23 0.4391 0.5609 712 684 679 668 519

24 0.4797 0.5203 699 684 679 668 520

25 0.5039 0.4961 683 677 668 520

26 0.5262 0.4738 684 680 669 519

27 0.5618 0.4382 684 680 668 521

28 0.5726 0.4274 686 680 669 519

29 0.6161 0.3839 692 683 523 661

30 0.6681 0.3319 696 687 659 528

31 0.7370 0.2630 708 653 593

32 0.7525 0.2475 710 649 619

33 0.7998 0.2002 713 647 624

34 0.8515 0.1485 718 644 634

35 0.8718 0.1282 730 722 645

36 0.9053 0.0947 736 725 648

37 0.9060 0.0940 735 726 646

38 0.9284 0.0716 742 729 649

39 0.9497 0.0503 746 731 651

40 0.9618 0.0382 751 735 653

41 0.9746 0.0254 752 736 654

42 0.9876 0.0124 754 737 654

43 1.0000 0.0000 759 740 657
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about 400 K before experiment. All the homogenized

CuBr ? LiBr samples were first measured at the heating

rate 1 K min-1 from about 300 K to melting and then

cooled back with the same rate. Besides the above runs,

other heating and cooling rates: (0.5, 5, 7.5, 10 K min-1)

were also used when needed. For the X-ray diffraction

experiments, a STOE powder diffraction system was used

(CuKa radiation, 10� B 2h B 90�, step scan mode with a

step size of 0.02� and counting time of 15 s per data point).

Mixtures were prepared in a glove box containing argon

and then sealed under vacuum, heated to melting and

homogenized. After homogenization, samples were loaded
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Fig. 1 Phase diagram of the CuBr–LiBr system
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Fig. 4 a DSC heating curves for x(CuBr) = 0.5262, 0.6161, and

0.6681 in the higher temperature range. b DSC heating curves for

x(CuBr) = 0.5262, 0.6161, and 0.6681 in the lower temperature range
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into glass capillaries of 1 mm diameter and 30 mm length,

in the glove box. The composition of 0, 5, 7.5, 20, 33, 50,

77, 80, 88, 100 mol.% CuBr were taken. X-ray powder

diffraction patterns were obtained at room temperature.

Results and discussion

The results of the DSC experiments of all samples are

summarized in Table 1. DSC curves for cooling runs

showed appreciable supercooling effects and hence only

the heating curves were analyzed to gather data. The

accuracy of the temperature and the composition determi-

nation was on the average 1 K.

The phase equilibrium diagram of the CuBr–LiBr sys-

tem determined in this study is presented in Fig. 1.

Examples of DSC heating and cooling curves, which have

been essential for the construction of the phase diagram of

the CuBr–LiBr system, are given in Fig. 2, 3, 4, 5, 6. X-ray

diffraction patterns are presented in Fig. 7a, b.

The DSC curves obtained for pure components show

endothermic peaks corresponding to the melting of the pure

phases and two peaks corresponding to the phase transition

for pure CuBr. For the samples of compositions less than

x(CuBr) \ 0.0740, only one peak was observed. For the

mixture with higher concentration CuBr, DSC curves

show more endothermic peaks (Fig. 2). It seems that the

solid solution of CuBr in LiBr (d) does not exceed

x(CuBr) = 0.077 at room temperature. It shows a little

increase in the range of composition with decreasing

temperature. The X-ray diffraction analysis of the samples

x(CuBr) \ 0.008 at room temperature after homogeniza-

tion, showed the presence of only LiBr (Fig. 7a). Similar

solid solution was reported for the CuCl–LiCl system [22].
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Fig. 5 DSC heating curves for x(CuBr) = 0.7370
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Fig. 6 a DSC heating curves for x(CuBr) = 0.9876 (1), 0.9746 (2),

0.9618 (3), 0.9494 (4), 0.9284 (5), 0.9053 (6), 0.8718 (7), 0.8515 (8),

0.7998 (9). b DSC cooling curves for x(CuBr) = 0.9876 (1), 0.9746

(2), 0.9618 (3), 0.9494 (4), 0.9284 (5), 0.9053 (6), 0.8718 (7), 0.8515

(8), 0.7998 (9)
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In the system CuBr–LiBr, there are five invariant three-

phase equilibria, which have been assigned to one eutectic

(684 K), one peritectoid (668 K), and three eutectoids

(679, 645, and 521 K). DSC curves obtained for samples of

composition x(CuBr) = 0.4391, 0.4797, 0.5262, at the

range temperature 610–720 K are shown in Fig. 3. Three

endothermic peaks are observed. The thermal effect with a

highest temperature (684 K) represents an eutectic reac-

tion. The Tamman method [23] shows that the maximum

value of the thermal effect at 684 K (for all samples with

this peak) is given for the mixture with concentration CuBr

about x = 0.53. The eutectic thermal effect goes to zero for

compositions corresponding to x(CuBr) = 0.06. This may

indicate some solid solubility.

Apart from the eutectic reaction at 684 K, clearly

marked invariances at 668 K and 521 K were found and

interpreted as solid-state reactions resulting in the forma-

tion and decomposition of a new phase, stable only

between 521 and 668 K. X-ray diffraction experiments also

show that this intermediate phase cannot be quenched to

room temperature (Fig. 7a, b). The maximal thermal effect

of both reactions occurred at the same composition, about

x(CuBr) = 0.50 (Fig. 8), indicating the formula LiCuBr2.

However, a variable composition of the compound,

stretching to the CuBr side, cannot be excluded since

thermal events corresponding to the eutectoid reaction at

645 K are not shown by DSC curves between

x(CuBr) = 0.50 and x(CuBr) = 0.75. This is rather unex-

pected since 1:1 compounds rarely appear in the copper(I)

halide–alkali halide systems [24].
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Fig. 7 a X-ray powder diffraction patterns of pure components

(c-CuBr, LiBr) and their mixtures quenched to room temperature.

b X-ray powder diffraction patterns of pure components (c-CuBr,

LiBr)and their mixtures quenched to room temperature
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Differential scanning calorimetry heating curves for

x(CuBr) = 0.5262, 0.6161, and 0.6681 are shown in

Fig. 4a, b. It seems that thermal effect at temperature

512 K is not observed for the sample with concentration

x(CuBr) = 0.6681. The temperature of a peak is about

10 K higher and the value of effect is higher than for

samples with lower concentration CuBr. The X-ray dif-

fraction analysis of the sample x(CuBr) = 0.80 at room

temperature, after homogenization, showed the presence of

only CuBr and for sample x(CuBr) = 0.77 showed the

presence of CuBr and LiBr (Fig. 7b). The solid solubility

of LiBr in c-CuBr is formed with a limit at room temper-

ature about x(CuBr) = 0.78 and it increases to maximum

value about x(CuBr) = 0.67 in temperature 521 K.

Figure 5 shows a DSC curve obtained for sample with

concentration x(CuBr) = 0.7370. The first small thermal

effect is appeared at temperature about 600 K (equilibrium

c-CuBr with two phases LiCuBr2 ? c-CuBr). The next

one, there is in temperature about 650 K. It was indicated

as a c-CuBr = b-CuBr transition. The last peak (tempera-

ture 708 K) consists more then one thermal effect, proba-

bly, with small difference of temperature. The DSC traces

obtained for composition between x(CuBr) = 0.7998 and

x(CuBr) = 0.9876, in the high-temperature range (Fig. 6a,

b) shown 3–4 near thermal effects. Hence, at the eutectic

temperature of 684 K, the liquid mixture is in equilibrium

with two solid solutions: CuBr in LiBr and the solid

solution of LiBr in a-CuBr. The latter decomposes eutec-

toidally at 679 K into the solid solution CuBr in LiBr and

the solid solution of LiBr in b-CuBr. The limits of the solid

solubility of LiBr in a-CuBr and b-CuBr were estimated to

be x(CuBr) = 0.60 and x(CuBr) = 0.65, and a range for

the temperature for the existence of high-temperature a and

b superionic phases was found to stretch to 679 and 645 K,

respectively, i.e., 60 and 95 K below the a/b phase tran-

sition in pure CuBr. Similar wide solid solutions based on

CuBr modifications were reported for the CuBr–AgBr

system [25]. The extended solid solutions formed in the

CuBr–LiBr system are no surprise since the effective radii

of Cu? and Li? were often considered as being close to

each other, both having a value of about 0.5 Å [26, 27].

Conclusions

The phase diagram for CuBr–LiBr system is constructed

based on DSC studies and XRD data on samples of various

compositions of CuBr and LiBr. Due to susceptibility to

oxidation of CuBr and high hygroscopicity of LiBr sample

preparation and experiment required special conditions.

The comprehensive studies have shown that there are not

stable compounds at room temperature. From the experi-

mental results, formation of a compound LiCuBr2, at

521 K is discerned. This is rather unexpected since 1:1

compounds rarely appear in the copper(I) halide–alkali

halide systems [24]. The system exhibits solid solution at

both the terminal compositions, especially LiBr in the

respective polymorphic modifications of CuBr. Due to

polymorphism of the pure CuBr, the phase diagram is

complicated. Five invariant three-phase equilibria have

been determined: one eutectic (684 K), one peritectoid

(668 K), and three eutectoids (679, 645, and 521 K).
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