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Electrical measurements have been carried out on a 4N5 Cr single crystal in multi-Q and single-Q domains. 
It was found that the N6el temperature depends neither on the direction of current, nor on the existence 
of a magnetic field. In the multi-Q domains, the transverse magnetoresistance G changes according to 
G = AH". The magnetoresistance decreases with increasing temperature showing an anomaly at 40°C. 
For the single-Q domain specimen, measurements with H _1_ Q showed in the antiferromagnetic state the 
existence of saturation in the curve G = G(H). In the paramagnetic state, the transverse magnetoresistance 
is an increasing function of the magnetic field. Measurements with H IIQ showed that G increases ac- 
cording to G = AH", and this is ascribed to the existence of open orbits along the direction of polarization. 

Introduction 

Chromium is an antiferromagnetic material at room 
temperature, becoming paramagnetic at a somewhat 
higher temperature. The transition is known as the 
N6el point and has been found in the region between 
35 and 43"5°C (Corliss, Hastings & Weiss, 1959; 
Marcinkowski & Lipsit, 1961; Koumelis, 1973). 

Cr has kept the interest of many investigators be- 
cause of the anomalous properties near the N6el tem- 
perature, e.g. the specific heat, elastic constants, Debye 
temperature. Of special interest are the anomalies of 
the electrical properties. 

Marcinkowski & Lipsit (1961) measured the re- 
sistivity of polycrystalline Cr for various temperatures 
and found a minimum at 35+__2°C. Arajs & Dunmyre 
(1965) found this minimum at 40°C, while Sabine & 
Svenson (1968) found it at 37 °C. Muir & St6rm-Olsen 
(1971) measured the resistance of single-Q and multi-Q 
Cr versus temperature; all their curves showed a 
minimum at 39 °C, and a common linear part above 
it. Bastow & Street (1964) measured the temperature 
dependence of the magnetoresistance for an annealed 
specimen and found two linear parts that intersected 
at 38 °C. 

Arco, Marcus & Reed (1968) found at 4.2°K, that 
a single-QIl[100] specimen with the current per- 
pendicular to Q, showed a twofold symmetry of the 
magnetoresistance when the field was rotated around 
the direction of the current. For single-QIl[001] and 
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ilIQ, the magnetoresistance showed a fourfold sym- 
metry upon rotation of the field around the direction 
of current. 

In the present work, the resistance of multi-Q and 
single-Q Cr was measured versus temperature for a 
variety of directions of current and magnetic field. 

B 

Fig. 1. The heating chamber with the crystal and the electric contacts. 
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Experimental details ~°3C 
2 8 -  

A single crystal of Cr, 4N5 purity, in the form of a 2~- 
disc of 8mm diameter and 4mm height, was obtained 24- 
from Metal Research Ltd, England. The crystal was ~z- 
held between two brass contacts (a, b) on an insulating e0- 

18 - 
slab B (Fig. 1). Spring S assured a good contact. The ~e- 
slab was inserted into the chamber Ch with double ~_: 
walls through which circulated water from a thermo- ~ _- 
stat. The external diameter of the heating chamber was ~0- 
28 mm. The DC electric current passing through the e-- 
crystal was measured with the ammeter A. The voltage e - 
between the point contacts (d, d) was measured with a ~ -- 
Keithley 150B microvoltometer. The temperature of ~-- 
the crystal was measured by a thermocouple. The 0 
heating chamber was inserted between the poles of a 
magnet giving Hmax = 19"5 kG. 
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Fig. 4. The magnetoresistance v e r s u s  angle [H, Q]. 
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Fig. 2. The resistance R v e r s u s  temperature 0. 
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Fig. 3. The magnetoresistance v e r s u s  temperature for various direc- 
tions of current and in a magnetic field (H = 15.6 kG). 
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Fig. 5. The magnetoresistance v e r s u s  magnetic field for H ± Q  in the 
antiferromagnetic state. 

Measurements and results 

A. Mult i -Q domains 
1. Measurement of  the resistance versus temperature 0 

For a current along [ l i0 ] ,  the resistance of the crys- 
tal was measured from 15 to 80°C. The two families 
of points (Fig. 2) correspond to heating and cooling. 
The two curves show a common minimum at TN= 
40°C. This minimum does not agree with the value, 
43.5_+0.5°C, found for the same crystal by X-ray 
Debye-temperature measurements (Koumelis, 1973; 
Florias & Koumelis, 1974), suggesting that the elastic 
constants do not have their anomaly at exactly the 
same temperature as the conductivity. As the dotted 
and crossed points show, an antiferromagnetic memory 
seems to exist, which vanishes above 60°C. 

The measurements were repeated for various direc- 
tions of current. It was concluded that the N6el tem- 
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perature does not depend on the direction of the cur- 
rent. 

2. Measurements in a magnetic field 
The resistance of the crystal was measured versus 

temperature in a 15.6 kG magnetic field for various 
combinations of current and field directions. All the 
curves showed a minimum at 40°C. Fig. 3 shows the 
magnetoresistance versus temperature for H = 15.6 kG. 
The number of combinations of current and field 
directions was limited by the apparatus. All the curves 
at temperatures far from TN become straight lines 
with different slopes for the antiferromagnetic and 
paramagnetic states. 

B. Single-Q domain 
1. Creation of  the single-Q domain 

If we apply a strong magnetic field to a heated crystal 
along one of the spontaneous (100) spin directions, 
and then cool the crystal in the field, the crystal will 
consist of only one Q domain (Akiba & Mitsui, 1972). 

The measurements of the magnetoresistance were 
taken for Q[[[100] and Q i [ 0 0 1 ] .  The crystal was 
heated to 75°C in a field of H=27 .5  kG, and then 
cooled to 25 °C in two hours. 
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Fig. 6. The magnetoresistance for 0 = 34 °C for a field slightly deviat- 
ing from normal to Q. 
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Fig. 7. The magnetoresistance for 0 = 45 °C for a field slightly deviat- 
ing from normal  to Q. 
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Fig. 8. The curve G = G(H) for H 11Q H [100] in the antiferromagnetic 
state. The statistical error is too small to be shown. 
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Fig. 9. The curve G=G(H) for illQIl[001] and HII[100]. The sta- 

tistical error is too small to be shown. 

2. Measurements for  iA-Q[][100] 
(i) Rotation diagram of  the magnetoresistance 

Fig. 4 shows the magnetoresistance versus angle 
[H, Q]. The magnetoresistance becomes a maximum 
for HI[Q and exceedingly small for H i Q .  This is the 
criterion for the existence of a single-Q domain (Arco, 
Marcus & Reed, 1968). 

(ii) Measurements o f  the magnetoresistance 
(a) Measurements for  H I  Q II [ 100] 

The transverse magnetoresistance versus H for 30 °C 
is seen in Fig. 5. The error is large because the magne- 
toresistance for HA-Q is only about 0.7 % o. This curve 
shows a sat.uration which has been explained theoretic- 
ally (Jones & March, 1974); it is well known from other 
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experiments and is ascribed to the existence of open 
orbits. 

(b) Measurements for H almost perpendicular to 
OII1-100] 

Because of the large errors when H_LQ, the measure- 
ments were repeated for [-H, Q] = 85 °, at various tem- 
peratures, both in the antiferromagnetic and para- 
magnetic states. Figs. 6 and 7 give the magnetore- 
sistance for 0 = 34 and 45 °C respectively. The satura- 
tion is clearly visible in the antiferromagnetic state. 

(c) Measurements for HIIQ[[[-100] 
The curves of Fig. 8 show the magnetoresistance for 

a magnetic field parallel to Q, both above and below 
the N6el point. It has been shown (Arco, Marcus & 
Reed, 1968; Falicov & Zuckerman, 1967) that in this 
case no saturation should occur in the antiferro- 
magnetic state. 

3. Measurements for i [I Q l[ [001-] 
A change in the choice of the single-Q orientation 

allows measurements with illQ, as is shown in an 
insert to Fig. 9, which shows G versus H when H_I_Q 
for the two states. For this situation no saturation 
appears in the antiferromagnetic state. 

4. Calculation of the coefficients A, n 
All magnetoresistance curves not showing satura- 

tion follow the general expression: 

G = AH" 
o r  

log G = log A + n log H .  

From this equation, the coefficients A, n have been 
calculated by the least-squares method. The results 
are shown in Table 1. The coefficient n is the same in 
the antiferromagnetic and paramagnetic states. The 
coefficient A seems to decrease with increasing tem- 
perature at least for the combination illQll[001] and 
HI]1-100-]. The values of n in the present work are 
larger than n = 1"47, 1-58 (Bastow & Street, 1964), and 
n = 1"9 (Arco, Marcus & Reed, 1968), for low tempera- 
tures. 

Table 1. Values of A and n calculated by the 
least-squares method 

ill[001-] 
QII [001]-l-nil [100] QII [100] II H 

0 A n A 
(°C) [10 5 • (kG)-"] [10 5 • (kG)-"] 

34.0 6.7+0.6 2.11 -t-0.04 5.5+ 1.6 
38.5 5.9+0.6 2.16+0-04 8-8+1.3 
41-0 5.1+1-1 2.20+0.09 6.3+0.6 
45.0 3.7+0.7 2-31+0.07 6.5+1.4 

2"19-t-0"12 
2"03 ___ 0"06 
2"15+0.04 
2-13-t-0.09 

Summary and conclusions 

1. Multi-Q domains 
The electrical measurements show that the N6el 

temperature has the value 40 + 0.2 °C for various cur- 
rent and field directions. This differs from the value, 
43"3 +0.5 °C, found on the same Cr single crystal by 
X-ray lattice-constant determination and Debye-tem- 
perature measurements. The specimen shows anti- 
ferromagnetic memory. Measurements of the magneto- 
resistance versus temperature in a magnetic field 
showed an anomaly in the region of the N6el tempera- 
ture. In all cases the magnetoresistance was positive. 

2. Single-Q domain 
Because of the narrow temperature range, the lattice 

constant was practically unchanged, and therefore the 
observed changes in the magnetoresistance must be due 
to the Fermi-surface changes. In no case was negative 
magnetoresistance observed. 

For i.LQ, a twofold symmetry of the magnetoresis- 
tance was observed. This orthorhombic symmetry is 
due to the presence of spin density waves. In this 
case, and for H_I_Q, the observed saturation of the 
magnetoresistance versus H in the antiferromagnetic 
state is explained by the existence of open orbits along 
the direction of Q. The unlimited increase of the 
magnetoresistance in the antiferromagnetic state for 
i_l_Q and H[IQ can be ascribed to the open orbits 
along the direction of Q. The absence of saturation 
when i[IQ is due to the open orbits along the current 
direction. For the curves not showing saturation, the 
analytical expression is explained by the existence of 
compensation. 
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