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The first results are reported of neutron diffraction studies of the magnetic P, T phase diagram of 
chromium telluride in the in te~a l  7-300 K and pressures up to 35 kbar. It is established that the 
magnetic contribution to the nuclear reflection disappean at high pressures. At low temperatures at small 
scattering angles there is a weak antiferromagnetic peak which is stable over the entire pressure range 
investigated. The results confirm the existence of a magnetic phase transition at high pressures, as 
established earlier in chromium telluride by means of electron paramagnetic resonance. 

PAC3 numbers: 75.25. + 4 75.30.K~ 

INTRODUCTION 

The magnetic properties of chromium telluride a re  
very sensitive to change of the interatomic distances' 
and to the smallest distortion of the crystal 
Investigations have that quenched, disordered 
Cr-Te alloys (in the concentration range from 50 to 54 
at.% Te) have a hexagonal crystal structure of the NiAs 
type (space group P6,/mmc) and a Curie temperature T, 
=340 K. Under the influence of high pressure the Curie 
point is greatly depressed, d ~ , / d P  = -6 deg/kbar,' and 
a t  pressures 25-30kbar and T = 100 K ferromagnetism 
disappears in chromium telluride, a s  indicated by ex- 
periments on electron magnetic resonance.' 

The nature of the magnetic transition arising in 
chromium telluride a t  high pressures is not clear. It 
may be a first-order magnetic phase transition, from 
the ferromagnetic to the paramagnetic state (F/P) or a 
transition due to a change of the magnetic structure from 
the ferromagnetic to the antiferromagnetic state (F/AF). 
According to the thermodynamic theory of Bean and 
~ o d b e l l , ' . ~  the cause of such magnetic transformations 
is a strong dependence of the exchange integral on the 
interatomic distances. However, there a r e  also good 
reasons to suppose that part of the 3d electrons of 
chromium telluride a re  in a collectivized state, since 
CrTe is a semimetal, and in this case a magnetic trans- 
formation in the region 25-30 kbar may be due to modi- 
fication of the band ferrornagnet i~m.~ 

Consequently it is of interest to carry  out studies of 
the P, T phase diagram of chromium telluride by means 
of neutron diffraction, in order to determine the mag- 
netic structure of CrTe at high pressures and low tem- 
peratures. In the present work we report the first  re-  
sults of such studies, which were carried out at the 
Laue-Langevin Institute and the Institute of Strong Fields 
a t  Grenoble. 

PREPARATION OF ALLOYS AND METHOD OF 
MEASUREMENT 

All measurements were made in powdered polycrys- 
talline samples of the alloy CrTe (50 at.'?( Te) prepared 
in the following manner: finely ground, well mixed 
powders of the initial chemically pure elements C r  and 
Te were pressed in the form of blocks 6 x 5 x 30 mm and 
heated to 1000°C in evacuated double quartz ampoules. 
The temperature was raised slowly for a period of 29 
hours, held at 1000°C for 29 hours, and the sample then 
quenched in water. The alloy obtained was powdered, 
again carefully mixed, pressed, and subjected to'homo- 
genizing annealing (24 hours) in vacuum at  1000°C with 
subsequent quenching in water. X-ray diffraction and 
microstructure phase analyses showed that in addition 
to the main CrTe phase there is also C r  in very small 
quanities. All diffraction lines in the diffraction pat- 
terns taken at room temperature were indexed on the 
basis of a hexagonal lattice of the NiAs type with the 
unit cell parameters a= 4.000 * 0.005 and c =6.240 
*0.007 A. 

To carry  out neutron-diffraction studies at high pres- 
sures  we used a portable apparatus (weight 4.5 kg and 
outer diameter 68 mm) wh.ich has been described by 
Bloch et aLg The high-pressure cell is made of high- 
strength aluminum oxide, a material rather transparent 
for thermal neutrons. Its inner diameter was 5 mm, 
outer diameter 20 mm, and height 26 mm. The pres- 
su re  inside the cell was determined by measurement of 
the lattice parameters of sodium chloride, which simul- 
taneously served a s  the medium transmitting the pres- 
su re  to the sample under study. For this purpose the 
CrTe sample in the form of a powder was placed be- 
tween the two lightly pressed disks of sodium chloride. 
In order to avoid extrusion of the sample through the 
cracks which a r e  formed in the high-pressure cell in 
the compression process, the sample and the NaCl were 
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placed inside a thin-walled tube of high-strength alum- 
inum alloy. A piston of tungsten carbide entered the cell 
through a channel with a small  gap. Extrusion of the 
sample into the gap was avoided by two ring gaskets with 
cadmium covering. 

To carry  out the experiments at low temperatures, 
the high-pressure chamber was placed in a cryostat 
with inner diameter 70 mm. The temperature in the 
cryostat was controlled by a flow of gaseous helium and 
monitored by means of a GaAs diode placed in thermal 
contact with one cell. 

Neutron diffraction patterns were taken with a D2 
diffraction camera a t  the Laue-Langevin Institute in 
Grenoble, France. The number of monitor readings was 
2 x lo5. A copper monochromator with reflection from 
the (11 1) plane was used, with a neutron wavelength 
1.22Ii. 

RESULTS AND DISCUSSION 

Neutron diffraction patterns were obtained at pres- 
sures of 1, 15, and 35 kbar and temperatures 7-9, 75, 
and 298 K for each of the pressures. A typical diffrac- 
tion pattern for P = 3 5  kbar and T = 9  K is shown in Fig. 
1, where reflections arising from the chamber material 
(A1,03), from NaC1, and from the CrTe sample studied 
a r e  visible. 

The weak intensities of the reflections from chromium 
telluride, resulting from the small size of the sample, 
of weight 1 gram, and also the partial superposition of 
the spectra of the chamber material and CrTe, did not 
permit determination of the magnetic moments of 
chromium telluride at high pressures. Accordingly, to 
obtain a diffraction pattern only of the CrTe sample 
(without the chamber) we took neutron diffraction pat- 
terns at atmospheric pressure a t  the Grenoble Nuclear 
Center (C.E.N.-G) with use of large amounts of chromi- 
um telluride powder of weight up to 10 grams. Here the 
neutron wavelength was X = 1.15 A. 

In Fig. 2 we have shown the chromium telluride neu- 
tron diffraction patterns obtained at atmospheric pres- 
sure  and temperatures T =298 and 4.2 K, where in addi- 
tion to the (loo), (002), and (011) reflections, which 
were indexed on the basis of a hexagonal lattice of the 

~~~~~f rel. units 

101 I I I I 
5' lb 15' ZIP 25' 3b0 

28 

FIG. 1. Neutron diffraction pattern of chromium telluride 
taken at P=35 kbar and T=9 K ,  A=1.22 A. The (100) re- 
flection from CrTe is  superimposed on the spectrum of the 
high-pressure cell (Al2O3). The (101) reflection i s  given in 
the indices of the antiferromagnetic unit cell. 

1.10-f rel. units 

FIG. 2. Neutron diffraction patterns of chromium telluride 
obtained at atmospheric pressure and T= 298 K (below) and 
4.2 K (above), h= 1.15 A. The indexing of the nuclear re- 
flections (loo), (0021, and (011) is given in the hexagonal 
indices; the antiferromagnetic reflection (101) is given in the 
orthorhombic indices with the parameters at=  3'I2a; b'= b ,  
C' = c. - 

NiAs type, a t  T =4.2 K we can observe an antiferromag- 
netic reflection which can be indexed in the orthorhom- 
bic indices (101) with unit cell parameters a' = 31'2a, 
b' = b, and c' =c. In addition, a t  small  angles 20 = 11.5" 
a weak (001) line is observed. This reflection is forbid- 
den for a hexagonal structure of the NiAs type and may 
be due to a superstructure of ordered vacancies, a s  
has already been noted elsewhere.2p3 

Comparison of the neutron diffraction patterns ob- 
tained at T = 298 and 4.2 K indicates a large ferromag- 
netic contribution to the intensity of the (100) reflection. 
Thus, at atmospheric pressure and low temperatures 
there appears a coexistence of ferromagnetism and a 
weak antiferromagnetic mode (101). 

Separation of the ferromagnetic contribution to the 
(100) reflection at high pressures was carried out by 
comparison of diffraction patterns obtained a t  room 
temperature and at low temperatures. These data a r e  
given in the Table. The difference in intensities, due 
to thermal factors in the temperature interval 7-300 K, 
is 550 relative units. Thus, the magnetic contribution 
Z,,to the intensity of the (100) reflection a t  15 kbar 
amounts to 7200 relative units, and at 35 kbar this con- 
tribution in zero (within the e r r o r  of our experiments), 
which enables us to conclude that ferromagnetism dis- 
appears a t  high pressures. The intensity of the (101) 
reflection a t  low temperatures does not change with in- 
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T D L E  I. Integrated intensity of the (100) 
reflection from CrTe and from Alzg at  
various temperatures and P =  15 and 35 kbar. 

Intensity Error 

creasing pressure  and in the interval 15-35 kbar it is 
Iuo0 = 1350* 500 relative units. 

It should be noted that the presence of the antiferro- 
magnetic (101) component in neutron diffraction patterns 
of chromium telluride at T  =4.2 K and atmospheric pres-  
s u r e  was f i r s t  observed by Cox, Chirane, and Takei,l0 
who associated it with the noncollinear canted magnetic 
structure predicted theoretically by de Gennes on the 
basis  of a double exchange mechanism. l1 Cox et al.1° 
noted that at T,= 150 K the (101) reflection disappears 
as a result  of conversion of the noncollinear structure 
into a ferromagnetic structure. This transition is easily 
observed in Cr-Te alloys with a distorted crystal  s truc-  
ture  of the NiAs type on the basis  of curves of the tem- 
perature dependence of the magnetization, which have a 
maximum at the point T,. It was shown earlierL2 that T ,  
increases considerably with increase of pressure: 
d ~ , / d P  = 6.2 i 0.2 deg/kbar, which indicates an increase 
of the energy of antiferromagnetic exchange with de- 
c rease  of the interatomic distances. 

Our results  indicate that at low temperature the anti- 
ferromagnetic component is almost independent of pres-  
sure. Thus, the two magnetic modes behave differently: 
the ferromagnetic component drops off at high pressure ,  
and the antiferromagnetic component does not depend on 
pressure  within the e r r o r  of our experiments. These 
data, it appears to us, deserve attention, since the sta- 
bility of noncollinear magnetic structures in the frame- 
work of the de Gennes double-exchange model is at the 
present time under discussion. Fo r  example, it has 
been shown13*14 that in alloys with a narrow 3d band and 
a sufficient concentration of electr ical  cur rent  ca r r i e r s ,  
noncollinear magnetic s t ruc tures  are unstable, and in- 
stead of them an inhomogeneous ferromagnetic and anti- 
ferromagnetic state of the crystal  is realized. 

CONCLUSION 

On the basis of the experimental resu l t s  we can con- 
clude that in chromium telluride at pressures  above 30 
kbar a magnetic phase transition occurs, in agreement 
with data on electron magnetic resonance. This transi- 
tion involves disappearance of ferromagnetism without 

appearance of any new antiferromagnetic structure. 
Such a new phase could be expected according to the 
model of Bean and Rodbell. However, for  a final con- 
clusion regarding the magnetic s t ruc ture  of C r T e  at 
high pressures  and low temperatures,  further neutron 
d y r a c t i o n  studies in single crystals  are necessary. 
The present  experiments do not permit  us  to determine 
accurately the value of the magnetic moment. However, 
the large magnetic contribution to the (100) reflection 
at P< 30 kbar indicates the existence of a localized mo- 
ment (approximately -1.5 p,). This indicates that in 
chromium telluride there  are both localized and collec- 
tivized 3d states. 

The authors express  their s incere gratitude to Pro- 
fessor  D. Bloch for  his  interest  in this work and fo r  
helpful advice, and a lso  to Dr. G. Par iso t  and Dr. M. 
Wintenberger for assistance in carrying out the present 
investigation. 
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