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The effect of hydrostatic pressure up to 9 kbar on the electric properties of chromium arsenide is investigated 
in a wide temperature interval, 4.2-350 K. It is found that up to 3.2 kbar the temperature of the 
antiferromagnetism-paramagnetism phase transition shifts toward higher temperatures at a rate 
dT, ldp = - 18 deg/kbar. With further increase of pressure the anomalies on the R (T)/R , curves decrease 
and vanish completely at P > 4.5 kbar. A band model of chromium arsenide is constructed on the basis of the 
experimental data and of the conclusions of the crystal-field theory. The model explains the metallic character 
of the conduction, the helicoidal magnetic ordering in the low-temperature phase, and the effect of pressure 
on the shift of T, in CrAs. In light of this model, a mechanism is proposed for the first-order phase 
transition in this compound. A two-band formula is used to calculate the width of the d-band which 
determines the principal magnetic and electric properties of chromium arsenide, and its variation under 
pressure. 

PACS numbers: 64.70.Kb, 72.15.Eb, 61.50.Em 

1. INTRODUCTION 

Monoarsenides of transition metals have long at- 
tracted the attention of researchers because of a num- 
ber of interesting crystallographic and magnetic prop- 
erties. All have either a nickel arsenide lattice (b8,), 
or crystallize into a structure of the MnP type (B31), 
which differs from that indicated above in having orthor- 
hombic distortions. The character and degree of dis- 
tortion of these compounds a re  responsible for the sin- 
gularities of the magnetic structures. The structural 
transitions B8,= B34 and the magnetic transitions yield 
extensive information on the exchange interactions that 
determine these singularities. 

Chromium arsenide stands out from among these sub- 
stances in that i t  undergoes a first-order magnetic 
phase transition of the antiferromagnetism-para- 
magnetism (AF-PM) type in the 265 K region. This 
transition i s  not accompanied by a change in the sym- 
metry of the crystal lattice. Both before and after the 
transition, CrAs has a B31 structure.' Neutron-dif- 
fraction investigations have shown' that at temperatures 
below 265 K a magnetic structure of the double-helix 
(DH) type i s  realized in CrAs. 

The crystalline and magnetic structures of CrAs were 
investigated in detail in Ref. 2. It was observed that the 
helicoidal magnetic ordering in this substance differs 
from the double helices of other monoarsenides in that 
the angle between the spins of the atoms belonging to 
different helices i s  183.5", i.e., a strong antiferromag- 
netic coupling exists between these atoms and in fact 
determines the antiferromagnetic properties of CrAs. 
In the same paper, the authors investigated the be- 
havior of the magnetic susceptibility and found that above 
the Neel temperature T, i t  i s  practically independent 
of temperature. This i s  evidence that CrAs i s  in this 
region a Pauli paramagnet. 

transition, the transition is accompanied by a large 
jumplike and anisotropic change in the volume of the 
unit cell (AV/V- 3.7O/0). Recognizing that CrAs has a 
magnetic moment 1 . 7 ~ ~  below T, and i s  a Pauli para- 
magnet above T,, they treat  the first-order transition 
in CrAs a s  a transformation accompanying the transi- 
tion of the 3d electrons from a localized to a collecti- 
vized state (LS- CS) transition. Since this transition 
i s  inseparable from a change in the interatomic dis- 
tances, i t  i s  of particular interest to investigate the 
influence of hydrostatic pressure on the properties of 
CrAs. 

In our f i r s t  paper4 we investigated the influence of 
hydrostatic pressure up to 2 kbar on the shift of T,, a s  
determined from measurements of the electric con- 
ductivity and the heat released in the phase transition. 
It was found that T, shifts towards lower temperatures 
with increasing pressure at a rate d ~ , / d ~  = -19.5 deg/ 
kbar. This experimental value agrees well with the 
calculated dT,/dP),,,, = -19 deg/kbar obtained from 
calculations based on the Bean and Rodbell exchange- 
striction model.5 

In our next study6 we observed that under the influence 
of pressure the anomalies of the transition become 
smoothed out on the electric-conductivity curves, and 
a t  P =  4.5 kbar the transition vanishes completely. This 
was attributed to the fact that a t  this pressure the inter- 
atomic distances decrease to a critical value such that 
the interaction of the localized electrons in the low- 
temperature phase no longer satisfies the Friedel cri-  
terion, the 3d electrons become collectivized, and the 
phase transition vanishes. 

Among the monoarsenides of transition metals, con- 
stant attention i s  being paid to MnAs, the singularities 
of the magnetic, crystallographic, and other properties 
of which a re  the subject of numerous theoretical and 

Boller and  alle el^ carried out x-ray diffraction and experimental papers. In particular, a model of the band 
neutron-diffraction investigations of the phase transi- structure of MnAs was proposed in Ref. 7 and explains 
tion in CrAs. It turned out that even though the sym- the magnetic and electric properties of this compound 
metry of the crystal lattice i s  not altered by the phase on the basis of the crystal-field theory. We attempted 
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to ascertain the character of the first-order phase tran- 
sition in CrAs, a s  well a s  i t s  magnetic and electric 
properties, by using this model for the construction of 
the band scheme of CrAs. 

Since the change of the electric properties of a sub- 
stance is inseparably connected with a restructuring of 
the electron spectrum, and the analysis of the electric 
,,,lductivity curves a s  functions of the temperature 
yields information on the state of the 3d electrons, we 
have undertaken in the present study a new investigation 
of the electric conductivity of CrAs in a large tempera- 
ture interval 4.2 - 350 K, under the action of a high 
hydrostatic pressure up to 9 kbar. 

2. PREPARATION OF SAMPLES AND EXPERIMENTAL 
PROCEDURE 

The CrAs samples were made of chromium and a r -  
senic of high purity. To prevent oxidation we weighted 
the components and mixed and ground them in a special 
vacuum box in the atmosphere purified argon. The 
mixture was placed in quartz ampoules, evacuated to 
lo-' Torr,  and sintered for 10 days a t  1100 "C. The 
temperature was raised slowly (10 - 15 deg/hr), to pre- 
vent bursting of the ampoules a s  a result of the intense 
sublimation of the arsenic. After sintering, the samples 
were ground and annealed again under the same con- 
ditions, to increase their homogeneity. 

The obtained samples were too brittle to measure the 
electric properties and crumbled in the first-order 
phase transition because of the large change in volume. 
They were therefore melted in an induction furnace in 
evacuated quartz ampoules at T - 1200" C, and then an- 
nealed for 50 hours a t  T - 900 "C. The finished samples 
were checked by x-ray structure analysis. 

The electric resistance was measured by a four- 
contact method. The hydrostatic compression was 
effected in a high-pressure container with inside di- 
ameter 8.5 mm. The container was placed in a helium 
cryostat, which could change the temperature of the 
sample in a wide range, 4.2 - 350 K. The sample was 
cooled or heated slowly (at a rate 2.5 deg/min) in view 
of i t s  cracking in the transition. 

3. EXPERIMENTAL RESULTS 

Figure 1 shows plots of R(T)/R,, where R, is the 
resistance a t  1' = 350 K, plotted a t  various hydrostatic 
pressures. As seen from the figure, the pressure shifts 
the transition temperature T, towards lower tempera- 
tures. Up to 3.2 kbar, the shift of ?', has a practically 
linear dependence on the pressure, and the temperature 
hysteresis - 10 K remains unchanged. At P = 4 kbar the 
anomalies on the curves become smoothed out, and a t  
P = 4.75 kbar they a r e  too small to determine from them 
the transition temperature. Nonetheless, with increasing 
pressure the temperature hysteresis increases to 
25 K at P=4.75 kbar. At higher pressures,  up to 
9 kbar, no anomalies have been observed on the R(T)/ 
R, plots, which were linear in the entire investigated 
temperature interval. 

Chromium arsenide has metallic conductivity in the 

FIG. 1. Plots of R (  T)/a, at various pressures P, kbar: 1-0; 
2-0.75; 3-1.4; 4-2.2; 5-3.2; 6-4.3; 7-4.9; 8-9.0. 

entire range of pressures and temperatures. In order 
not to clutter up Fig. 1, the low-temperature parts of 
the R(T)/R, plots a t  pressures up to 3.2 kbar a re  not 
shown. All a re  linear, starting with 30 K, but their 
slopes do not remain constant when the pressure i s  
varied. At atmospheric pressure ~ ( R / R , ) / ~ T  = 0.0044 
deg" and a t  P = 3.2 kbar d ( ~ / ~ , l / d T  = 0.0038 deg-', With 
increasing pressure, the derivative decreases gradually 
and finally d(R/Ro)/d~ = 0.0028 deg-I at P = 9 kbar. In 
the high-temperature region the slopes of the curves, 
on the contrary, increase from 0.0020 deg-' at atmos- 
pheric pressure to a value ~ ( R / R , ) / ~ T  = 0.0028 deg-' at 
P = 9 kbar. This behavior of the linear sections of the 
R(T)/R, plots yields additional information on the state 
of the 3d electrons in CrAs, and their analysis will be 
presented below (sec. 4B). 

The measured temperature dependences of the elec- 
t r ic  resistance were used to plot the P - T phase dia- 
gram of CrAs (Fig. 2). It i s  seen from this figure that 
T, up to P = 3.5 kbar depends linearly on the pressure, 
with dT,/dP= -18 deg/kbar, after which the slope 
changes, and above 3.5 kbar we have d T d d P =  -47 deg/ 
kbar. Despite the small value and diffuse character of 
the anomalies on curves 6 and 7 of Fig. 1, they cannot 
offer evidence that the LS- CS transition becomes of 

ptkt"dr 

FIG. 2. P-T phase diagram of chromium arsenide obtained 
from measurements of the electric resistance. The experi- 
mental points of the upper curve correspond to the transition 
temperature T, when the sample i s  heated, and the points of 
the lower curve correspond to cooling; LS-region of localized 
state of the electrons, CS-region of collectivized state of the 
electrons. 
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second order, since the temperature hysteresis not only 
fails to vanish with increasing pressure, but even in- 
creases somewhat. Obviously we a re  dealing with a 
closed helicoidal magnetic phase bounded by ametastable 
region, and at P = 4.5 kbar this phase vanishes, again 
via a first-order phase transition. At this pressure we 
find ourselves a t  the boundary of the LS phase and, a s  
will be shown below (sec. 4B), the anomalies on the 
curves 6 and 7 a r e  connected with the redistribution of 
the collectivized electrons with the d bands of CrAs. 
Therefore the phase-diagram points obtained from these 
curves a r e  connected by dashed curves. 

4. DISCUSSION OF RESULTS 

A. Band model of chromium arsenide 

As indicated in Sec. 1, the aggregate of the electric 
and magnetic properties of CrAs allows us to assume 
that a t  265 K a phase transition of the 3d electrons from 
the LS to the CS takes place. Boller and Kalle13 were 
the first  to suggest a qualitative band scheme for the 
low-temperature (LT) and the high-temperature (HT) 
phases of CrAs at atmospheric pressure. The scheme 
was based on the crystal-field theory was subsequently 
developed by Goodenough to explain the magnetic prop- 
ert ies of transition-metal oxides and of manganese 
arsenide and pho~phide.~- l~  We have attempted to con- 
struct the band scheme of CrAs in light of the same 
model concepts, but with account taken of direct (elec- 
tric, magnetic, etc.) experimental data. 

The band scheme must take into account the following: 
a) the matallic character of the electric conductivity 
of C r b s  in the LT and HT phases; b) the presence in 
the LT phase of a localized magnetic moment 1.7b, per 
chromium atom and the helicoidal magnetic ordering 
in this phase; c) the large anisotropic change of the 
interatomic distances in CrAs under first-order phase 
transitions. In addition, taking all  these singularities 
into account, we postulate for the first-order phase 
transition in CrAs a mechanism connected with the re- 
structuring of i ts  electron structure. 

We recall that CrAs has a B31 crystal lattice that i s  
a distorted B8, hexagonal close packed structure. The 
cation sublattice of i ts  unit cell, with the indicated dis- 
tances between the chromium atoms, according to the 
data of Boller and  alle el,^ is shown in Fig. 3. It was on 
the basis of these x-ray data that we constructed the 
band scheme of CrAs (Figs. 4a and 4b). 

FIG. 3. Cation sublattice of unit 
accordance with Ref. 3. 

cell chromium arsenide 

The outer 4s electrons of chromium, a s  well a s  the 
4s and 4p electrons of arsenic, form on account of the 
strong covalent band a broad filled valence band (bind- 
ing states) and an unfilled conduction band (antibinding 
states). The energy gap between these bands i s  large 
enough to prevent even a semiconducting conduction 
mechanism (according to the data of Ref. 11, for MnAs, 
which is close in i t s  electronegativity, the width of this 
forbidden band i s  3 eV). Thus, the outer s and elec- 
trons cannot participate in the electric conductivity of 
CrAs. 

We assume that the chromium ion in the investigated 
compound i s  trivalent, since 2d electrons "go off" to 
form a band with the p electrons of the arsenic. This 
leaves three 3d electrons per atom of chromium and at 
this configuration the crystal field of cubic symmetry 
0, splits the fivefold degenerate (disregarding spin 
degeneracy) level of the free atom of chromium into 
two: a deadly degenerate level of symmetry e,, and 
triply degenerate level of symmetry t,,. The single- 
electron wave functions of symmetry e,(d,, and d,z_,z) 
a r e  directed towards the anion atoms and form a suf- 
ficiently broad band because of the strong covalent bond 
and because of hybridization with the s and p states 
(band a,+a, on Fig. 4a). On going from the cubic to the 
trigonal ligand-field symmetry U,,, which i s  a property 
of the B8, structure, these bands remain practically 
unchanged. In the B31 lattice, however, the orthor- 
hombic distortions take place in such a way (Fig. 3) that 
one can speak of two crystal sublattices compared with 
the more symmetrical structure of the B8, type. Such 
a distortion of the ligand octahedron splits the e, bands 
into two bands shifted relative to each other. Since 
these bands a re  not filled and play no important role 
in the properties of CrAs, they a r e  represented in our 
bands scheme by a single broad band a, + a,. 

A much greater influence i s  exerted by the orthor- 
hombic distortions on the t, levels. The wave functions 
of these states have symmetries d,, d,,, and d,,. The 
d,, lobes a r e  directed towards the neighboring chro- 
mium atoms along the a axis, the distance between which 
in the LT phase i s  2.836 A. Since the Mott critical dis- 
tance', R, for the LS an! CS of the 3d electrons in chro- 
mium amounts to3 3.18 A, a strong covalent bond should 
exist between the indicated cations, and they should 
form a broad band of collectivized electrons (a, on Fig. 
4a). 

The interatomic distances between the nearest cations 
along the c ?is and the LT phase (3.014 A)  a re  close 
to R, = 3.18 A ,  and therefore the weak overlap of the 
wave functions of the atoms in this direction produces 
a very narrow band (a,). The lowering of the symmetry 
of the ligand field in the B31 lattice compared with B8, 
manifests itself in the fact that the bands a, and a, a r e  
split into subbands of binding and antibinding states 
(the latter a r e  designated a: and a:). The high state 
density in the narrow bands a, and a,* and the high cor- 
relation energy of the electrons in them can lead t~ a 
spontaneous band magnetismg and then i t  i s  precisely 
these bands which a re  responsible for the experimentally 
obtained localized magnetic moment 1 . 7 ~ ~  per chro- 
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Conduction band 

FIG. 4. Band scheme of chromium arsenide: a) low-temper- 
ature helicoidal magnetic phase (LS); b) high-temperature 
paramagnetic phase (CS). AE,-splitting due to the crystal 
field; AE,,-exchange splitting. The arrows mark the direc- 
tions of the spins in the left and right parts of the scheme. 

mium atom. If this i s  so, the presence of this magnetic 
moment leads to additional liftingof the level degeneracy 
in the spin direction. On the band scheme this is mani- 
fest in the fact that the right-hand and left-hand parts 
of Fig. 4a are  shifted by an amount equal to the intra- 
atomic exchange energy AEexc. 

The local level E, i s  connected with cations a!ranged 
along the b axis and spaced so far apart (3.573 A )  that 
their wave functions of the 3d electrons do not overlap. 
The Fermi level E ,  should lie between the valence band 
and the conduction band, and we have placed i t  in such 
a way that i t  passes over the bands a$+ and a , + .  This 
placement of E ,  makes i t  possible to distribute the 
electrons and the bands in the following manner: 
nq, =0.5; n,n =0.5; na3 =l;n:2, =0.35, and rial, =0.65. 
If we recognize that in the n, band the electron spin 
direction i s  opposite to that in the other bands, then 
the combined magnetic moment of the three 3d elec- 
trons of the chromium atom i s  1.7@, a s  i s  in fact ob- 
served in experiment. In addition, the narrow band 
a$+, which i s  responsible for the presence of the mag- 
netic moment, i s  less  than half-filled. This should lead 
to an antiferromagnetic coupling between the cations 
that a re  arranged along the c axis.', This was precisely 
the coupling observed in the investigation of the mag- 
netic structure of the DH of C r ~ s . '  Partial filling of the 
bands a:+ and a,, explains also the experimentally ob- 
served metallic character of the electric conductivity 
of CrAs, the mechanism of which will be considered in 
greater detail below (see sec. 4B). 

We call attention to the fact that in the LT phase the 
local level a,+ is filled, and the distances between the 
cations along the b axis a re  so  large that the only in- 
teraction between their electron shells can be electro- 
static repulsion. With increasing temperature, this 
distance decreasesS because of the additional distortions 
of the unit cell due to heating. The energy of the electro- 
static repulsion then increases, and the energy of the 

level a,, increases correspondingly, bringing this level 
closer to the bottom of the a,*, band. At the tempera- 
ture T, the gap between the bands n,*t and a,, decreases 
to such an extent that thermal transfer of the electron 
from band a,, to band a$ i s  possible. As soon a s  the 
level a,, becomes free, the causes of the repulsion of 
the atoms along the h axis disappear and the distance 
between them shortens abruptly to 3.445 A .  This leads 
to a lattice distortion such that the distances Fetween 
the atoms along the c axis decrease to 3.010 A<<R,, the 
a$ band broadens, the electrons in this band become 
collectivized, AE,,, drops abruptly, and the compound 
goes over into the state of Pauli paramagnetized via 
a first-order phase transition. The band picture cor- 
responding to this state i s  shown in Fig. 4b. This, in 
our opinion, i s  the mechanism of the first-order phase 
transition in CrAs. 

It should be noted that although this band scheme is 
quite approximate, i t  i s  based on conclusions of the 
crystal-field theory and explains adequately practically 
all the experimental data a t  our disposal. In parti- 
cular,14 the compressibility in the LT phase of CrAs 
i s  practically isotropic and positive, and at T: T, it i s  
patently anisotropic also along the h axis and has the 
largest value, K ,  = + (2.8 t 0.08) x lo-'' cm2/dyn. In 
light of our band model, this phenomenon may be due 
to the fact that in the HT phase the fact that the o, level 
i s  not filled and that there i s  no electrostatic repulsion 
between the corresponding atoms allows the unit cell 
to be easily compressed in this direction. 

Taking the foregoing into account, we shall use here- 
after this band scheme to explain our experimental 
results. 

When hydrostatic pressure i s  applied, the overlap of 
the 3d wave functions increases, broadening thereby 
all  the d bands. The broadening of the n:, band, and 
correspondingly the decrease of the state density on 
the Fermi level in this band, leads to collectivization 
of the electrons and to a decrease of AE,,,. As a result, 
the magnetic-ordering temperature should shift under 
pressure towards lower temperatures, in agreement 
with our experimental data. 

B. Conduction mechanism and calculation of the width 
of the CrAs band 

As noted in Sec. 3, the dependence of the electric 
resistance of CrAs on the temperature i s  metallic both 
before and after the transition a t  al l  pressures. Our 
band scheme explains this behavior of the R(T)/R, 
plots. 

In the LT phase (Fig. 4a), the Fermi level E ,  lies in 
the overlapping bands a$ and a,,. Since the width of the 
o*,, band i s  much less than that of n,,, it can be assumed 
in analogy with the Mott s-d conductivity15 that the d 
electrons of the n,, band occupy under the influence of 
the electric field not only states above E ,  in their own 
band, but also numerous free states of the band n:, with 
high state density. 

In the HT phase (Fig. 4b), the bands a:, n,, and a, 
overlap, and the Fermi level E ,  i s  located inside this 
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broad band, ensuring again metallic conduction. Just  
a s  in the LT phase, the state density in the band a, i s  
much higher than in the band a:, therefore the mech- 
anism of the conduction at high temperatures similar 
to that in the LT phase. In other words, since m,* 
>> w,* (where m,* and m 2 a re  the effective masses of the 
d electrons of the a, and a: bands), the 'light" d elec- 
trons of band a: a re  scattered by the "heavy" holes of 
band a,. 

The Mott s-d scattering plays an important role only 
for paramagnetic-metal conduction electrons, while 
in the region where the material has magnetic order 
there i s  additional scattering by the magnetic spin 
structure. Therefore in the arguments and calculations 
that follow we shall use the notation of Fig. 4b, which 
shows the band scheme of chromium arsenide in the 
paramagnetic state. 

If we accept the discribed mechanism of conduction 
in CrAs, we can use the two-band formula 

where 7, and T, a re  the relaxation times, and a and P 
a r e  the relative numbers of the conduction electrons in 
bands a, and a:, respectively. In both bands there i s  a 
total of n electrons per cm3. Since m,* >> me*, the first  
term in the parentheses can be neglected. In addition, 
recognizing that the conduction i s  produced by the elec- 
trons located in a narrow energy interval near E,, while 
the state density of band a, is much higher than that of 
a:, we see that 1/r6 is proportional only to the state 
density on the Fermi level (w(E,)/~E in the band a,. 
In analogy with the Mott s-d  scattering we obtain for 
the temperature dependence of the relaxation time 7, 
(Ref. 15) 

Here A, is a coefficient inversely proportional to 
dN(EF)/d~ in the a, band, and kT, = E,- E, i s  the energy 
difference between E ,  and the bottom E, of this band. 
Neglecting the fact that in the derivation of this equation 
we used a parabolic state-density function, we can ap- 
proximately assume that 2kT, gives the value of the width 
of the band a,. 

Figure 5 shows the plots of aT/a, against T2 for the 
LT region. As indicated above, Eq. (5) i s  valid only for 
the paramagnetic state of CrAs. In fact, we could cal- 
culate the width of the a, band only starting with a cer-  
tain pressure a t  which the magnetic order vanishes. 
This pressure turned out to be  P = 4.3 kbar , and a t  
lower pressures the derivatives d(uT/a,)/dT2 were 
negative and could not be used in the calculations inas- 
much a s  expression (5) lost i t s  physical meaning. As 
seen from Fig. 5, the linear sections obtained from the 
experimental curves increase with increasing pressure, 
and a t  P =  9 kbar the function i s  linear in practically the 
entire temperature interval. Analogous functions were 
applied also for the HT phase a t  al l  pressures. 

With the aid of (5) we calculated from the straight 
lines of Fig. 5 the band width AE, The results of this 
calculation a re  shown in Fig. 6, where curve 1 gives 
the change of the width of this band under pressure in 
the HT region, while curve 2 gives the change of the 
width AE, at low temperatures. It i s  seen that these 
curves a r e  quite different. 

In the HT phase (curve 1 of Fig. 6), where CrAs is 
paramagnetic at low pressures, A&, remains practi- 
cally unchanged up to 2 kbar, and with further increase 
of pressure i t  increases and reaches the value 0.16 
eV at  P = 9  kbar. This corresponds to the usual in- 
fluence of pressure on a Pauli paramagnet, i.e., the 
a,-band width due to the overlap of the wave functions 
of the 3d electrons along the c axis increases smoothly 
with decreasing distance between the atoms in this di- 
rection. 

The situation i s  more complicated in the case of the 
LT phase (curve 2 of Fig. 6). A s  shown above (Fig. I), 
the highest pressure at which an abrupt first-order tran- 
sition can be seen is 3.5 kbar. Obviously, a t  lower 
pressures AE,,  i s  very small and changes little with 
pressure, a s  shown in Fig. 6 by the dashed line. When 
the pressure increases to 4.3 kbar, A E ,  i s  0.015 eV. 
It i s  seen that this i s  the critical value of the width of 
the a:, band (Fig. 4a) a t  which the Friedel criterion is 
not satisfied, the 3d electrons become collectivized, 
and the first-order magnetic phase transition vanishes. 
It i s  precisely this pressure (or at this critical band 

Combining (2) and (I), we obtain 

oT=-aneaA, ( i+- iiy)/mQ-. (3) @ T / a , , K  

Since we have measured the relative resistance, we 
obtain, dividing both sides of (3) by u, = u (224 K) 

260 - 
/ 

From the experimental R(T)/R, curves we plot aT/ 
a, against T2, and the intercepts of the obtained straight 
lines with the aT/u, axis yields the value of C, for each 

I Z J Y 5 6  8 
pressure. We then get from (3) 710-*e K' 

FIG. 5. Plots of uT,bO against T' obtained for the LT region 
T.= [--- ""' I". (4) from the experimental plots of L( T ) B  at various pressures P, 

o (ISTO"-'C,-'-1) ' kbar: 1-4.3; 2-5.5; 3-6.4; 4-7.5; 5-9.0. 
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FIG. 6. Dependence of the width of band a2 on the pressure in 
the high temperature (1) and in the low temperature (2) phases. 

width) that we go from the helicoidal magnetic state of 
CrAs shown in Fig. 4a to the paramagnetic state (Fig. 
4b), and the a:, band i s  correspondingly transformed 
into the a, band. 

Notwithstanding the collectivization of the d electrons 
in the a, band, at this pressure the local level a, i s  filled 
and is located below the Fermi level. With increasing 
temperature, i ts  energy increases because of the rep- 
ulsion of the atoms along the b axis, and at T - 170 K 
it crosses E, ,  causing a redistribution of the electrons 
in the bands a,  and a: and structural distortions, just 
a s  indicated above in the description of the spontaneous 
first-order transition at atmospheric pressure (Sec. 
4a). This i s  precisely the reason why a t  P=4.3  kbar the 
band width AELT changes with increasing temperature 
from 0.015 eV in the LT region to 0.14 eV at high tem- 
peratures, a s  seen in Fig. 6, while curves 6 and 7 of 
Fig. 1 show gently sloping anomalies. The abrupt in- 
crease of A F u ,  i s  due to the increase of the overlap of 
the wave functions of the d electrons along the c axis 
when higher pressures a r e  applied. At P = 6 kbar, 
4, i s  close to AE,,, in the anomalies on the R(T)/K, 
curves vanish completely. At this pressure the level 
a, occupies a t  low temperatures a position higher than 
the Fermi level E,, a s  shown in Fig. 4b, and no al- 
terationof the band structure takes place with increasing 
temperature. With further increase of the pressure, 

AELT tends asymptotically to the linear function AE, (P)  
and a t  P = 7 kbar we already have AE,, = AE,,= 0.16 
eV. 

Even though this interpretation of our experimental 
data i s  quite approximate, i t  does explain the nature of 
the first-order phase transition in CrAs and the anom- 
alous behavior of R(T)/R, under hydrostatic pressure. 
~ e r n e r ' '  et al., in an investigation of the optical re- 
flection spectra in MnAs found that the widths of the 
narrow d bands fluctuate between 0.5 and 0.1 eV. This 
range, taking into account the proximity of the MnAs 
and CrAs crystal structures, i s  quite compatible with 
our results. 
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