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Abstract

Reactivity of mixtures of La(III) oxide and Cu(II) oxalate/nitrate in hydrated as well as anhydrous

state was studied using TG, DTA and XRD.

Cu(II) oxide formed in the endothermic decomposition of mixture containing hydrated Cu(II)

nitrate and La(III) oxide could not form La2CuO4 while Cu(II) oxide formed in the exothermic de-

composition of mixture containing hydrated/anhydrous Cu(II) oxalate and La(III) oxide reacts with

La(III) oxide and develops the phases CuLaO3 and La2CuO4.

The maximum reactivity with respect to the formation of La2CuO4 phase was observed in mix-

ture containing anhydrous Cu(II) oxalate.

Keywords: reactivity of La2O3, synthesis of La2CuO4, thermal decomposition of La2O3 and
CuC2O4 or Cu(NO3)2

Introduction

La(III) cuprate containing excess oxygen [1, 2] or alkaline earth metal ions substi-

tuted at sites of La(III) ions [3–5] exhibits superconductivity at temperatures below

38 K. The superconducting ceramics are synthesized adopting different thermal pro-

cedures, (i) by firing and sintering corresponding oxides [6, 7] and (ii) by decompos-

ing the mixtures of hydroxides, nitrates, carbonates, formates, citrates or oxalates of

the corresponding cations, in appropriate proportions and sintering the oxide prod-

ucts at ~1273 K [1, 8, 9]. In these processes, attempts have been made to make a mix-

ture of oxides in situ so that at lower sintering temperature the required compound

can be formed in the single phase.

In the present work the synthesis of La(III) cuprate (La2CuO4 phase) is at-

tempted by decomposing mixtures of La(III) oxide and Cu(II) oxalate/nitrate in hy-

drated as well as anhydrous state, at various temperatures in air and under reduced

pressure. As Cu(II) nitrate/oxalate decomposes to Cu(II) oxide around 823 K [10–15]

a homogeneous mixture of La(III) oxide and Cu(II) oxide will be formed and it is ex-
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pected that there will be reaction between two oxides to form La2CuO4 phase at tem-

perature below 1273 K.

Experimental

Pure crystalline monohydrate Cu(II) oxalate was prepared by mixing aqueous solutions

of Cu(II) nitrate (Analar) and sodium oxalate (BDH). The following mixtures in 1:1 mo-

lar proportion were prepared by mechanical mixing of the appropriate quantities of dried

La(III) oxide (E-Merck) with: (A) hexahydrate Cu(II) nitrate, (B) monohydrate Cu(II)

oxalate and (C) anhydrous Cu(II) oxalate (prepared by degassing under vacuum at

423 K).

As hexahydrate Cu(II) nitrate decomposes to basic Cu(II) nitrate Cu(NO3)2·

2Cu(OH)2 [10–13] during dehydration process it was not possible to prepare a mix-

ture of pure anhydrous Cu(II) nitrate and La(III) oxide.

TG and DTA

TG and DTA traces of mixtures A and B were recorded in dry air at the heating rate

10 K min–1 in the temperature range of 298 to 1273 K on MOM Derivatograph OD

type 102, using 200 mg mixture, α-Al2O3 as a reference material and platinum cruci-

bles. Results are shown in Figs 1 and 3 and tabulated in Table 1.

Mixtures were heated at the rate 10 K min–1 upto 673, 823, 923, 1023, 1173 or

1223 K for 1 h (designated as 6Ht, 8Ht, 9Ht, 10Ht, 11Ht or 12Ht respectively) either in

dry air or under reduced pressure (1.0⋅10–3 torr), rapidly cooled to room temperature and

their X-ray powder diffraction (XRD) patterns were recorded on Rigaku PR-511 using
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Fig. 1 TG-DTA traces of the mixture A



CuKα radiation which are shown in Figs 2 and 4–7. Sample A-6Ht and A-V-6Ht repre-

sent mixture A heated at 673 K for 1 h, in air and under reduced pressure respectively.

Results and discussion

TG and DTA traces of mixture A (Fig. 1 and Table 1) reveal the following reactions

(Table 2) [10–15, 19]:

(i) decomposition of hexahydrate Cu(II) nitrate to trihydrate and water (reaction

(1)) and subsequent reaction of water with La(III) oxide (reaction (2)), resulting in the

formation of La(III) hydroxide, (ii) decomposition of trihydrate to anhydrous Cu(II)

nitrate and its further decomposition to Cu(II) oxide, oxygen and NO2 gases (reac-

tions (3) and (5)) and (iii) decomposition of La(III) hydroxide to La(III) oxide (reac-

tions (4) and (7)).

Around 853 K mixture A decomposes to oxides of Cu(II) and La(III). Except the

exothermic (exo-) reaction (2) all the rest of reactions are endothermic (endo-). As La(III)
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Fig. 2 XRD pattern of the sample A-12Ht

Fig. 3 TG-DTA traces of the mixture B
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Table 1 Thermal analysis data of decomposition of binary mixtures of (A) Cu(NO3)2·6H2O+La2O3 and (B) CuC2O4·H2O+La2O3

Composition of
mixture*

TG DTA

Tstep/K
Mass loss/%

mol** Composition*** Peakendo/K Peakexo/K
Reactions
correlatedobs. theor

Cu(NO3)2·6H2O+
La2O3

Step-I
298–533

10.2 8.7 –3H2O
Anhydrous
Cu(NO3)2,
2La(OH)3

~363
~453

~313 (1), (2), (3)

Step-II
533–793

23.3 23.22
–H2O
–2HNO3

2LaO(OH),
CuO

~573
~643
~663

(4)
(5)
(6)

Step-III
793–1003

5.11 5.8 –2H2O
La2O3,
CuO

~753
broad
~823
broad

(7)

(7)

Total loss 38.61 37.72
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Table 1 Continued

Composition of
mixture*

TG DTA

Tstep/K
Mass loss/%

mol** Composition*** Peakendo/K Peakexo/K
Reactions
correlatedobs. theor.

CuC2O4·H2O
+La2O3

1:1

Step-I
303–533

1.22 0.91 –0.25H2O

Anhydrous
CuC2O4,
0.75La2O3,
0.5La(OH)3

CuO

~313 (8), (2)

Step-II
533–593

8.58 7.88
–1.25CO2

+0.5O2

0.75La2O2CO3,
0.5La(OH)3

CuO
~568

(10)
(9)

Step-III
593–683

6.1 5.35
–0.5CO2

–0.25H2O
0.25La2(OH)4CO3,
0.75La2O3

~673 (4), (11),
(12)

Step-IV
and
Step-V

4.9 4.04
–0.25CO2

–0.5H2O
La2O3,
CuO

~803
~848
~883
~1043

(12), (13)

793–893
893–1093

~1143
CuLaO3

[20]

Total loss 20.80 18.18

* Mole proportion 1:1
** Loss (–) and uptake (+) of species, mol
*** Composition at step end
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Table 2 Reactions involved in the thermal decomposition of mixtures A, B and C

Reactions References

Cu(NO3)2·6H2O endothermic Cu(NO3)2·3H2O+3H2O (1) [10]

La2O3+3H2O exothermic 2La(OH)3 (2) [19]

Cu(NO3)2·3H2O endothermic Cu(NO3)2+3H2O (3) [12, 13]

La(OH)3 endothermic LaO(OH)+H2O (4) [19]

2Cu(NO3)2 endothermic 2CuO+4NO2+O2 (5) [11, 12]

4NO2+O2+2H2O 4HNO3 (6)

2LaO(OH) endothermic La2O3+H2O (7) [19]

CuC2O4H2O endothermic CuC2O4+H2O (8)

2CuC2O4+O2 exothermic 2CuO+4CO2 (9) [14, 15]

La2O3+CO2 exothermic La2O2CO3 (10) [20]

La(OH)3+LaO(OH)+CO2 La2(OH)4CO3 (11) [19]

La2O2CO3 endothermic La2O3+CO2 (12) [19]

La2(OH)4CO3 endothermic La2O2CO3+2H2O (13) [19]

CuO+La2O3 endothermic La2CuO4 (14) [1, 23]



lines of predominant phase of CuO. Therefore, oxides of Cu(II) and La(III) do not react.

The thermal analysis of mixture B (Fig. 3 and Table 1) reveals the following re-

actions (Table 2):

(i) dehydration of Cu(II) oxalate (reaction (8)) and reaction of evolved water

with 0.25 moles of La(III) oxide to produce 0.5 moles of La(III) hydroxide (reaction

(2)), (ii) at 568 K exothermic decomposition of Cu(II) oxalate to Cu(II) oxide and

CO2 gas (reaction (9)) and carbonation of the remaining 0.75 moles of La(III) oxide

(reaction (10)) [17] to form 0.75 moles of La2O2CO3 phase, (iii) at ~673 K decompo-

sition of La(III) oxycarbonate to La(III) oxide (reaction (12)) and carbonation of

La(III) hydroxide to yield La2(OH)4CO3 compound (reactions (4) and (11)), (iv) at

1093 K complete decomposition of La2(OH)4CO3 in reactions (13) and (12) to La(III)

oxide and (v) around 1143 K reaction between oxides of Cu(II) and La(III) to develop

the phase CuLaO3 [21].

XRD pattern of B-6Ht sample (Fig. 4a) shows lines of CuO, Cu2O, La2O2CO3

and La(OH)3 phases while that of B-11Ht sample (Fig. 4b) reveals lines of CuLaO3

phase along with phases of unreacted oxides and lines of CuLaO2 phase [22] with

weak intensities.

It is found that although CuO phase appears at ~568 K (reaction (9)) La(III) oxide is

not available free to react with it as during carbonation the phase of La(III) oxide is com-

pletely used up (reaction (10)) (Fig. 4a). On further heating at 1143 K both the oxides

partially react to develop the phase CuLaO3 (Fig. 4b) and probably the phase La2CuO4

will be developed at temperature greater than 1273 K. It appears that the presence of de-

composition products CO2 gas and water vapours (reactions (4), (8), (9), (12) and (13)) in

between the surfaces of both the oxide particles, hinders the formation of La2CuO4 phase

(reaction (14)). If it is assumed that CO2 gas and water vapours are expelled out during

heating of mixture B under reduced pressure (1.0×10–3 torr) there will be predominant

phase formation of La2CuO4. On the contrary XRD patterns of B-V-6Ht and B-V-11Ht

samples (Fig. 5a and b) show lines of La(OH)3, La2O2CO3 and CuO phases and those of

weak intensities of La2CuO4 [1, 23].
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Fig. 4 XRD patterns of samples a – B-6Ht and b – B-11Ht



As the XRD pattern of C-8Ht sample (Fig. 6a) shows lines of La2O2CO3, CuO

and CuLaO2 phases it appears that there is carbonation of La(III) oxide with CO2 gas

evolved in the decomposition of anhydrous Cu(II) oxalate (reaction (9)) and hence at

~823 K no reaction of Cu(II) oxide with La(III) oxide is observed. On further heating

oxycarbonate will decompose to La(III) oxide (reaction (12)) which will react with

Cu(II) oxide and develop the phase La2CuO4 and indeed XRD pattern of C-9Ht sam-

ple (Fig. 6b) shows lines of well developed phase of La2CuO4 and other compounds

viz. Cu2O [14, 15] and La2O3 while pattern of C-10Ht exhibits lines of single phase of

La2CuO4 (Fig. 6c). It is observed that the temperature at which La2CuO4 phase forms

in the previous sintering processes [6, 7] is shifted by 250 K towards lower tempera-

ture side in the case of mixture C, i.e. from 1273 to 1023 K.

In order to avoid carbonation, the mixture C was heated under reduced pressure

(1.0×10–3 torr) and it was expected that the phase La2CuO4 will form at ~823 K. On

J. Therm. Anal. Cal., 62, 2000
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Fig. 5 XRD patterns of samples a – B-V-6Ht and b – B-V-11Ht

Fig. 6 XRD patterns of samples a – C-8Ht, b – C-9Ht and c – C-10Ht



the contrary the XRD pattern of C-V-10Ht sample (Fig. 7a) shows lines of predomi-

nant phase La2O2CO3. Therefore, it can be visualized that the carbonation occurs im-

mediately after decomposition of Cu(II) oxalate to form La2O2CO3 phase which is not

decomposing upto ~1023 K. As the XRD pattern of C-V-12Ht sample (Fig. 7b)

shows lines of La2CuO4, CuLaO3 and Cu phases the thermal treatment of mixture C

under reduced pressure is not useful to obtain single phase of La2CuO4.

It was found that while cooling unreacted La(III) oxide reacts with residual

moisture and CO2 gas present in the reaction cell in all mixtures and forms La(III) hy-

droxide and La(III) oxycarbonate [19, 20] in trace amounts as seen in Figs 2, 4b, 5b,

6c and 7b.

Considering all the results shown in Figs 1–7 and tabulated in Table 1 it can be

concluded that the mixture of anhydrous Cu(II) oxalate and dried La(II) oxide shows

highest reactivity with respect to the formation of La2CuO4 phase.

* * *
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