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Abstract 
Enthalpy of formation of Y2Cu2O5 (Y is Yttrium) was calculated by solution calorimetry with the help of high-

temperature Calvet calorimeter (T<1400 K). Dissolution experiments were performed in molten bismuth 

borate at 1033 K. The heat content of Y2Cu2O5was also measured in temperature range 298 and 1033 K. The 

equation for the enthalpy of formation of Y2Cu2O5versus the temperature was established. A coherent 

agreement was observed with all our measures in this work and with the literature values.  
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1. Introduction 
Phase diagram of Y2O3-CuOx system seems to be relatively simple; nevertheless, the existence of some 

compound is still being discussed. According to Konetzki et al. [1] and Watson el al. [2], this phase diagram 

(Figure 1) exhibits only one stochiometric compound Y2Cu2O5 which seems to be unstable at room 

temperature. Several temperatures of formation were proposed between 640 and 955 K. According to Kale el 

al. [3], Y2Cu2O5 is transformed, at 1388 K, into YCuO2 which decomposes peritectically at 1400 K. This 

transitionis not observed by most authors who propose a melting temperature of Y2CuO5 close to that of 

YCuO2. 

The thermodynamic properties of Y2Cu2O5 (202) have been determined by potentiometric methods [3-16] in 

the range 850-1340 K and by calorimetric measurements. The enthalpy of formation was determined by 

solution calorimetry in different acid baths at 298,15K such as HCl (1M) [17];HClO4 (1.53M) [18]; HCl (6M) 

[19] ; HCl(6M) [20] at 323 K;  HNO3 (4M) [21] and by drop solution calorimetry in molten lead borate at 975 

K [22] and at 977 K [23].  In our previous work [22], at room temperature, the enthalpy of formation of 

compound 202 was determined from the enthalpies of solution in HNO3 (4M) using the Calsol calorimeter 

[24].The obtained formation enthalpy value (15.3  6.5 kJ/mol) of Y2Cu2O5 at room temperature is in good 

agreement with those determined in baths of different acids [18, 20]. This value is also in good agreement with 

that deducted by drop solution calorimetry [22; 23]. Some authors [17, 19] suggest a negative enthalpy that 

may be explained by incomplete dissolution in acid bath. 

 

2. Apparatus and method 
Several samples of the compound of 202 were prepared by solid state reaction and pelletization of the pure 

constituents in the L.M.P.G. –Grenoble –France.  

The molar enthalpy of reaction of compound Y2Cu2O5 was measured by solution calorimetry with the help of 

high-temperature Calvet calorimeter (T<1400 K). It was deduced from the molar enthalpy of dissolution of 

compound, in suitable bath of oxide 0.6B2O3-0.4Bi2O3, following chemical equation described below: 

 

Y2O3 𝑠; 1033 𝐾 + 2𝐶𝑢𝑂 𝑠, 1033 𝐾 
∆𝑟𝐻𝑚

° (𝑌2𝐶𝑢2𝑂5)
            𝑌2𝐶𝑢2𝑂5(𝑠; 1033 𝐾) 
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The molar enthalpy of formation ∆𝑟𝐻𝑚
° (𝐴𝑎𝐵𝑏) is given by the following relation: 

 

∆𝑟𝐻𝑚
°  𝑌2𝐶𝑢2𝑂5; 1033 𝐾 = ∆𝑠𝑜𝑙𝐻𝑚

∞  Y2O3 + 2∆𝑠𝑜𝑙𝐻𝑚
∞ 𝐶𝑢𝑂 − ∆𝑠𝑜𝑙𝐻𝑚

∞  𝑌2𝐶𝑢2𝑂5  
 

where ∆𝑠𝑜𝑙𝐻𝑚
∞  represent the molar enthalpy  of solution at infinite dilution. 

 

 
Figure 1: Phase Diagram of the Y2O3-CuOx System (T1200K) [1-2] 

 

The heat content of the compound 202 was measured with respect to temperature from 298 to 1033 K. The 

heat enthalpy was deduced from the heat effects corresponding to the drop of small quantities of 𝑌2𝐶𝑢2𝑂5 at 

room temperature (To =298 K) in alumina crucible at the bottom of calorimeter cell at temperature Tc: 

 

𝑌2𝐶𝑢2𝑂5 𝑠; 298 𝐾 ⟶ 𝑌2𝐶𝑢2𝑂5 𝑠; 𝑇𝑐  
 

The measurement of heat content was made at four temperatures (413, 701, 838 and 1032 K). Then, this 

measurement was repeated about ten times for each temperature. At each temperature, the calorimeter was 

calibrated from the heat effects which produce the heating of small pieces of -alumina from To  to Tc . The 

corresponding enthalpy is well known [25]. 

 

3. Results and discussion 
3.1. Enthalpy of formation of Y2Cu2O5 at 1033 K 

The enthalpy of formation of the compound 202 at 1033 K was determined in two manners: first by measuring 

the heat of dissolution of both oxides,Y2O3 and CuO, separately, then dissolving a mixture of both oxide in the 

proportion 1:2 corresponding to the Y2Cu2O5 compound. In the case of dissolution of a mixture of both oxides, 

the analysis X, shows that the compound 202 does not appear during the annealing of the mixture in 1033 K 

during four hours corresponding to the time required for the stabilization of the calorimeter. The compounds 

Y2O3; CuO and Y2Cu2O5 and the mixing (Y2O3 + 2CuO) were dissolved separately in the bath of oxide 

0.6B2O3-0.4Bi2O3 at 1033 K for various dilutions. Optical measurements showed that CuO oxide dissolves in 

the bath without stirring. For Y2O3 compound the agitation is imperative; its dissolution is difficult and 

becomes complete when it is dried and finely ground. The Y2Cu2O5 compound dissolves quickly, however the 

agitation is necessary. 

For each compound and each composition, four measurements of solution enthalpy were performed. The 

average value of the measures was carried according to the molar fraction as illustrated in figures 2, 3, 4 and 5. 

The enthalpy of solution at infinite dilution of compounds is deducted by extrapolation at zero molar fraction 

of the enthalpy of solution curve. The uncertainty attributed is obtained by extrapolation, at zero concentration, 

of fitted curves of the upper and lower points of uncertainty segments. 

The results of the enthalpy of solution of compounds at 1033 K in 0.6B2O3-0.4Bi2O3 bath and the enthalpy of 

formation ( 
mr H ) of Y2Cu2O5 deducted are listed in table 1. 
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Molar fraction of CuO 

 

 
Molar fraction of 𝑌2𝑂3 

 

Figure 2: Enthalpy of solution in 0.6B2O3-0.4Bi2O3 

at 1033 K versus molar fraction CuO 
 

Figure 3: Enthalpy of solution in 0.6B2O3-0.4Bi2O3 

at 1033 K versus molar fraction Y2O3 

 

 
Molar fractionof  𝑌2𝑂3 + 2𝐶𝑢𝑂  

 

 
Molar fraction of 𝑌2𝐶𝑢2𝑂5 

 

Figure 4: Enthalpy of solution in 0.6B2O3-0.4Bi2O3 

at 1033 K versus molar fraction 𝑌2𝑂3 + 2𝐶𝑢𝑂 
 

Figure 5:  Enthalpy of solution in 0.6B2O3-0.4Bi2O3 

at 1033 K versus molar fraction of 𝑌2𝐶𝑢2𝑂5 
 

 

Table 1: Enthalpy of solution at 1033 K in 0.6B2O3-0.4Bi2O3 and enthalpy of formation of Y2Cu2O5 
(a)

  Calculated by considering the different dissolutions made on simple oxides Y2O3 and CuO. 
(b)

  Calculated by using the enthalpy of solution of the mixture (Y2O3+ 2 CuO). 

Compound )/( molkJHmsol
  )/( molkJHmr

  

CuO 19.69   0.29 
 

Y2O3 -101.83   7.15 

Y2O3+2 CuO -64.17  2.08 

Y2Cu2O5 -80.84    0.8 
18.40   8.5

(a) 

16.70  2.9
(b)

 
 

The value of enthalpy calculated according to (b) is included in the field of precision of that calculated 

according to (a) with a three times lesser uncertainty. The enthalpy value calculated in the manner (b) is more 

accurate as we consider only two measurement uncertainties. The calculation of the enthalpy of formation, 

using Y2O3 dissolution enthalpy which has a very important uncertainty was then avoided. The positive value 

of the enthalpy of formation shows that this compound is stabilized by entropic effect. 
 

3.2. Heat content of Y2Cu2O5 between 298 K and 1033 K 

The heat content data of the compound Y2Cu2O5 are consigned in table 2 and shown in Figure 6. This result 

agrees well with the literature data of heat content of Y2Cu2O5 at 975 K [22] and 977 K [23] and calorific 

capacity measurements [26-27]. The heat enthalpy of Y2Cu2O5 between 298 K and 1033 K can be fitted 

according to the following equation: 
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∆𝑇𝑜
𝑇 𝐻(𝑘𝐽/𝑚𝑜𝑙) =  −50.29 ±1.01 + 0.154 (±0.003)𝑇 + 5 10−5𝑇2   

 

Table 2: Heat content of Y2Cu2O5 versus temperature 

TEMPERATURE (K) ∆𝑇𝑜
𝑇 𝐻(𝑘𝐽/𝑚𝑜𝑙) 

413 22.4 ± 0.4 

701 79.4 ± 2.1 

838 115.5  ± 1.9 

1032 159.6 ± 3.5 

 

 
Figure 6: Variation of heat content of Y2Cu2O5versus the temperature 

:This study,   : [22],    : [23],        : [26],        :[27] 

 

3.3. Variation of the enthalpy of formation of Y2Cu2O5 versus the temperature 

The expression of the enthalpy of formation of 202 according to the temperature can be thus, established from 

the results of heat content (Equation 1) and the value obtained from the enthalpy of formation of 202 at 298.15 

K in our previous work
 
[21]. 

The enthalpy of formation of 202 according to the temperature between 298 and 1033 K can be represented by 

the following equation: 

∆𝑟𝐻202 (𝑘𝐽/𝑚𝑜𝑙) = 22.29 ±7.01 − 0.029(±0.003) 𝑇 + 2 10−5𝑇2       
 

All results obtained for the compound Y2Cu2O5 at 298,15K in the previous work; and at high temperature are 

consigned in table 3 and represented in figure 7. 

 

Table 3:  Enthalpy of formation of Y2Cu2O5with reference to oxides 

 
T (K) )/( molkJHmr

  Reference 

298 15.4  6.5 [21] 

 16.7  2.9
(a) This study 

1033 18.4   8.5
(b) This study 

 13.8   8 

(equation (2) 

This study 

975 6.6 2.9 [22] 

977 5.1 2.7 [23] 

 
By taking into account the uncertainty of each measure,  a good agreement exists between our three 

independent measures: enthalpy of formation at 298.15K and 1033K and the heat content obtained in the case 

of 202 compound.  

Values of enthalpy of 202 established by Navrotskyand et al. at 975K [22] and Zhou et al. at 977 K [23] 
belong to the domain of uncertainty obtained in this study. 
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Figure 7: The enthalpy of formation of Y2Cu2O5 versus the temperature 

:This worka,     : this workb,     : [21], 

: [22],       : [23], + : [18],     : [19 

               : Variation the enthalpy of formation versus temperature (this work) 

              : Uncertainty of measure. 

 

Conclusion 
The enthalpy of formation and the heat enthalpy of Y2Cu2O5 have been determined using a high-temperature 

Calvet calorimeter (T<1400 K).The measurements performed in this work agree with those of literature. The 

positive value of the enthalpy of formation shows that this compound is stabilized by entropic effect. 
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