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La2CuO4 samples have been treated under pure fluorine gas at 
temperatures mranginq from 20°C to 300°C. For T~2=300OC, the starting 
oxide is completely decomposed in a mixture of LaF 

3 
and CuF 

i' 
whereas 

for TF .Q3O~C the resulting product crystallizes In an 
distortson of the K NiF 

or horhombic 
-type structure as La2Cu04 starting oxide. 

After the fluorinatios p&ass, the weight uptake of the material, the 
elemental analysis and a noticeable change of the unit cell parameters 
corroborate the incorporation of fluorine atoms inside the La CuO 
lattice. These oxyfluorides are superconductors below T = 4O*lZ an3 
exhibit a metallic behaviour above T . On the other hand the 
three-dimensional antiferromagnetic orderfng observed in starting oxide 
near TN =250 K appears to be destroyed by the fluorine-gas treatment. 

1. INTRODUCTION 

At room temperature, La2CUO 4 oxide crystallizes in an orthorhombic 

distortion of the tetragonal K2NiF4-type structure. Its structural and 

physical properties are greatly dependent on the method of sample 

preparation, therefore suggesting the presence of various anionic defects in 

the materiall. For instance the orthorhombic-to-tetraqonal structural 

transition, which occurs near 450K when the sample is annealed under 42 bar 

of 0 
2 

at SOOOC, takes place at 550K for vacuum-annealed samples. Moreover, 

the presence of a sharp peak at TN E 250R in the temperature dependence of 

the magnetic susceptibility is the signature of the three-dimensional 

antiferromagnetic orderinga. 

Single crystals of La2Cu0 
4 

annealed in nitrogen at about 600°C exhibit 

a semiconducting behaviour down to lowest temperatures 3 . On the other hand 

this same oxide annealed under a flow of oxygen gas at 45OOC shows a 

filamentary superconductivity below Tc=40K with a semiconducting behaviour 

above Tc 4'5. The superconducting fraction of the sample increases when the 

annealing is carried out under high oxygen pressures and this effect has 
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been correlated to a" incorporation of oxygen species into the 

structure4'5'6. It was reported that below 320K these oxygen-enriched 

materials consist of a mixture of two orthorhombic phases : the first has a 

stoichiometry close to La2Cu0 
4 

and the second, which is responsible for the 

superconducting properties, contains a" excess of oxygen and has been 

formulated La2Cu0 
6 

4+Y 
withy=0,13 . Let us note that these samples display 

both a superconducting behaviour below Tc = 40K and a" antiferromagnetic 

ordering "ear T 
7 

N 
=250K . 

The replacement of lanthanum by strontium or barium allows to 

synthesize the superconducting oxides ~a 
2-x"xCuo4 

(M=Sr,Ba) which 

crystallize in the tetragonal K2NiF4-type structure*'? These compounds 

exhibit a metallic behaviour above the superconducting transition tempera- 

ture. In the meantime the three-dimensional antiferromagnetic ordering of 

the Cu 
2+ 2 

ions vanishes in these oxides . 

Recently, we have reported the incorporation of fluorine atoms in 

La2Cu0 
10 

4 
oxide by a fluorine gas treatment at T 

F2 
= 2oooc . The resulting 

compound is superconducting at T = 40K. An extension of this work is 
c 

presented here, particularly the influence of the fluorination temperature 

T 
F2 

on the structural, electrical and magnetic properties of the resulting 

compound. We compare also the characteristics of these oxyfluorides with 

those of La2Cuo4 samples annealed in high pressure oxygen gas. 

2. EXPERIMENTAL DETAILS 

La2Cu0 4 oxide has been prepared as powders or pellets by thermal 

treatments as previously described 
10 . The fluorination process has been 

carried out under 1,3 bar of pure F2-gas for 20°C < T 
F2 

< 300°C and for 

duration times of about 20h. Phase analysis has been performed using X-ray 

powder diffractometry (CuKe). Lattice parameters have been determined by 

least-square refinement, based on SN-silicon as a" internal standard. 

Magnetic susceptibilities have been measured between 4,2 and 300K using 

a SQUID magnetometer. Electrical resistivity measurements have been carried 

out between 4,2 and 300K using a standard four-probe dc technique. 

3. RESULTS AND DISCUSSION 

3.1. Fluorination process 

The reaction between La2CuO 4 powdered samples and F2-gas is strongly 

dependent on the fluorination temperature T 
F2. 

For 20°C< T 
F2 

< 150°C, the 

X-ray powder pattern of the F2-treated compound is identical to that of the 

starting oxide and without any noticeable weight uptake. On the other hand, 
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a weight uptake Am/m < 3% is observed when the treatment is carried out at 

150°C <T 
R2 

\<230°C. The resulting compound has been identified as a single 

phase and crystallizes in an orthorhombic distortion of the K2NiF4-type 

structure. The enhancement of the distortion relative to that of the 

untreated oxide is shown in Fig.l-a and b. For 230°C< T 
K2 

< 250"C,hm/m 

increases drastically and the X-ray analysis shows that the resulting 

product is not a pure phase anymore. For instance with &m/m c 8% , the x-ray 

pattern shows, beside remaining lines of the orthorhombic oxyfluoride the 

presence of a new phase deriving from the K2NiF4-type structure (Fig.l-c). 

This latter phase can be indexed in the tetragonal symmetry with a = 4,03: 
n 

and c =13,07n as unit cell parameters. Above T 
F2 

= 250°C the presence of LaF3 

I (bl 

~~ 

10 30 f?O 50 61 

Angh C26) 

FIGURE 1 

x-ray powder pattern of La2Cu04 untreated faf and treated (b) at TF2 = 200°C 

(b) and 23O'C (cl (the lines corresponding to remaining orthorhombic 

oxyfluoride are noted by ). 



835 

can be systematically observed. At T 
F2 

=3OOoC the starting oxide is 

completely decomposed into a mixture of LaF 
3 

and CuF 
2' 

At this fluorination 

temperature, the weight uptake (Am/m = 20.4%) is close to the theoretical 

value (Am/m = 21.7%) calculated for the complete fluorination mechanism : 

La2Cu04 + 4F2 t 2LaF3 + CuF2 + 20: 

The T 
F2 

-dependence of the unit cell parameters of the oxyfluorides 

obtained for T 
F2 
(230°C is given in Fig.2. The unit cell volume increases 

with T 
F2.o 

For T 
F2 

= 220°C, the unit cell constants are a = 5.334; , 
b = 5.448A, and c = 13.21;, which corresponds to an enlargement of the unit 

cell volume AV/Vo = 0.55% (V. = unit cell volume of the starting oxide). 

These results corroborate the incorporation of fluorine atoms in La2Cu04_ 

The elemental analysis of the F2-treated sample at TF = 200°C, for which a 
2 

weight uptake of 1.95% has been observed, gives the following experimental 

atomic percentages : La 66.35% , Cu 14.95% , 0 15.05% and F 2.55%. These 

values correspond to the chemical composition La Cu 
2 0.98°3.96F0.55' which ls 

close to that determined from the weigth uptake, i.e. 
La2Cuo4F0.41' 

The 

number of anions (O+F) per formula unit is greater than 4 as observed for 

oxygen atoms (0) in samples annealed under strongly oxidizing conditions6. 
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FIGURE 2 

TF2 - dependence of the unit cell 
constants of F2-treated La2Cu0 
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FIGURE 3 
Temperature dependence of the resis- 
tivity of La2Cu0 
(a) or O2 (b) or i2yrzEd zd;;O:; 
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3.2. Resistivity properties 

Figure 3 shows the temperature dependence of the reduced resistivity of 

an La2Cu0 4 pellet annealed under a flow of argon gas at 600°C (a), then 

treated either under 1 bar of oxygen gas at 450°C (b), or under 1.3 bar of 

pure F2-gas at 200°C (c). The starting oxide has a semiconducting behaviour 

at any temperatures above 4.2K. A zero resistance is observed at 25-30K for 

the 02- or F2- treated compound. But only the fluorinated sample exhibits a 

metallic behaviour above 40K, whereas the 0 
2 

- annealed compound has a 

semiconducting dependence. This last result is in good agreement with pre- 

vious works concerning the effect of oxygen-pressure on La2CuO 4,5 
4 

. The 

metallic behaviour of the F2- treated sample is similar to that observed for 

the substituted superconducting oxides La2_xMxCu04 (M=Sr,Ba) 889 . 

3.3. Magnetic properties 

Above 6K no diamagnetic signal was detected on our La2Cu04 starting 

oxide (Fig.4). On the other hand, for materials F2- treated at 150°C< TF < 

230°C, the magnetic susceptibility becomes negative below 40K, confirm&g 

the superconducting behaviour of these oxyfluorides. 

Tempw~tut~ CKI 
20 40 
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.;A +o 

l * bA 
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+o 
+* 
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TfS2 f 150-c X 

18O’C A 
ooO+ 2oo’C + 

+ 
+ 220% 0 

+ H = 0.1 kOe 230% . 

FIGURE 4 
Temperature dependence of the magnetic susceptibility of La2Cu04 samples 
treated at various T 

F2 
temperatures. 
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The 6K-susceptibility increases with increasing T 
F2 

for 150°C$T 
S2 

X 

200°C, then decreases in the 200°C<TF s230°C fluorination temperature range. 

For the compound treated at T 
F2 

= 200°C the 6~- susceptibility 

M/H = -0.95 10 -3 emu/g at 6~ corresponds to a fraction of 8% to the 

theoretical value M/H = -l/4 x. 

For the La2CuO 4 starting oxide, the M/H = f(T) ~ufve shows a maximum 

around 250X (Fig.5). This behaviour indicates that the compound develops a 

three-dimensional antiferromagnetic ordering below this temperature2. The 

magnetic ordering has been shown simultaneously with the superconducting 

properties in La2Cu04 samples treated under 400-500 bar of oxygen gas'. 

Concerning the susceptibility of the F2- treated compound, a monotonic 

decrease is observed above 40K, without any distinguishable anomaly up to 

300K. This behaviour is similar to that observed in the La2_xSrxCu04 oxides 

with x=0.024 - 0.028, where the three-dimensional antiferromagnetic ordering 
11 

also disappears . 

I- * H=JOkOs 
l * . 

FIGURE 5 
Influence of the F2-treatment on the M/H=f(T) curve. 
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3.4, Thermal annealings 

A mass-spectrometry study of superconducting La2CuO F 
4Y 

oxyfluoride has 

shown that the material started to loose oxygen under vacuum at about 

250-3OOOC. No trace of superconductivity is observed in the resulting 

product, which still crystallizes in an ortborhombic distortion of the 

K2NiF4-type structure. However a structural change is associated with the 
0 

oxygen loss :a = 5.334A, b = 5,448;; and c = 13.21A0, before the vacuum 

annealing and a = 5.369;, b = 5,459; and c = 13.18i after. These last 

values are different to those determined for the La2CuO 4 starting oxide and 

indicate that fluorine atoms are still present in the vacuum annealed 

compound. Finally the La2CuO F 
4Y 

oxyfluoride decomposes into a mixture of 

La2CuO4 and LaOF for treatments in argon flow at 600°C. 

We have tried to prepare these oxyfluorides by a solid state synthesis 

method using powdered mixtures of La2CuO 
4 

and CuF 2 for molar ratios ranging 

from 9/l to l/l. The experiments have been performed at 200-300°C for ten 

hours in sealed platinum tubes. A noticeable change in the unit-cell 

constants of La2Cu0 
4 

is observed after the reaction and the resulting 

samples may exhibit superconducting properties below 40K depending on both 

the chemical composition and the reaction temperature. It can be also 

pointed out the presence in the X-ray patterns of small amounts of CUO for 

all compositions and of other phases deriving from the K2NiF4-type, 

especially for molar ratios close to l/l. A detailed study concerning this 
12 

fluorination process has been proposed elsewhere . 

4. CONCLUSIONS 

A fluorine-gas treatment of La2CuO 
4 

at 15O*C < T 6 230% allows to 
F2 

obtain La2Cu0 F 
4Y 

oxyfluorides isostructural with the starting oxide. The 

incorporation of fluorine atoms leads to both an enlargement of the unit 

cell volume and an increase of the orthorhombic distortion. These compounds 

are superconductors at Tc * 40K and exhibit a metallic behaviour above Tc. In 

addition, no three-dimensional antiferromagnetic ordering can be detected 

below 300K. These materials loose small amounts of oxygen at‘250-300V under 

vacuum, with a consequent disappearance of the superconductivity. The 

possibility to incorporate extra anionic species in the K2NiF4-type 

structure has been therefore confirmed by the fluorine-gas treatments of 

Ia2Cu04 oxide. 
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