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6. Summary of Accomplishments

document as in Appendix.

6.1 Introduction

The primary purpose of the project was to investigate experimentally the

behavior of various magnetic materials in the vicinity of their magnetic
transitions and to compare these results with existing theoretical predictions.
During the later stages of the investigations the scope of the project was

broadened to include also the manifestations of localized magnetic moments.
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Abstract

The most important accomplishments of this project are

Development of a new method for the determination of critical indices
Determination of critical indices for Europium, Rutetium and Yttrium Iron
Garnets, and nickel-copper alloys
The emergence of a unified correlation between the Néel temperatures and
anomalies in the electrical transport properties of numerous binary
chromium alloys
New studies of the behavior of localized magnetic moment in itinerant
electron antiferromagnetic
Partial mapping of the magnetic phase diagram of the gadolinium-samarium
system
Demonstration of the existence of localized magnetic moments in para-

magnetic nickel and binary nickel alloys at high temperatures
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CRITICAL EXPONENT 38 FOR NICKEL AND NICKEL-COPPER ALLOYS '

E.E.ANDERSCN, S.ARAJS, A.A.STELMACH, B.L.TEHAN and Y.D.YAO
Clarkson College of Technology, Potsdam, New York 13676, USA

Received 20 July 1971

A linear extrapolation of the plot of the square of the applied magnetic field versus break-point tem-
perature is shown to lead to an erroneous Curie temperature, which, in turn, can result in two
values of the critical exponent 3. Careful determinations of Curie temperatures result in a value for
Bof about 0.34 for nickel and nickel-copper alloys.

Some of the difficulties associated with using
the kink-point method for studying the spontane-
ous magnetization near the Curie temperature
have been discussed recently by Arrott [1]. He
suggests that one possible source of error in the
value of the exponent 3 is in the determination of
the break-point temperatures, Tt' because the
breadth of the transition increases as larger ap-
plied fields are used. However, this objection is
not serious because the breaks are quite sharp
for the low-field points which determine the be-
havior of the magnetization in the important tem-

* Work supported by the Office of Naval Research
under grant # N00014-70-A-0311.
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Fig. 1. Applied magnetic field (H,) versus break-point
temperature (7)) for nickel.

perature regime close to T.. A second possible-
source of error cited by Arrott is in the deter-
mination of the Curie point itself, since some
form of extrapolation to zero field must be em-
ployed. Wojtowicz and Rayl, using molecular
field theory, showed that in low applied fields
the break-point temperature should vary linearly
with the square of the applied field [2]. Hence, it
has been our practice to determine 7 by an ex-
trapolation of the best straight line through a plot
of H_¢ versus Tt' However, in our recent
studies of the magnetization of nickel-copper al-
loys [3] we found that these plots were not linear
and, furthermore, that adherence to a straight
line would result in a value of 7 that would be

[ \\
Ni
lzmAT e e LR oW R
‘o
.94.”" il 7__“L; =7
x
400(—
s |
T * 62605520005 \ |
ol i ! . \
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Fig. 2. Square of the applied field versus break point
temperature for nickel.
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Table 2 i
Results for nickel-copper system

Observed range of validity

Cu Concentration o &I
At %) To(°K) B _Te-T
Te
0 626.055 + 0.005 0.346 + 0.007 2.4x10°5% < € <56 x10"3
4.64 575.60 + 0.01 0.34 +0.01 3.0 x1075 < € < 4.7 x 1073
9.31 525.95 + 0,01 0.34 +0.01 6.0x107% c€<2.6 x1073
14.0 475.39 +0.04 0.33 +0.01 3.8x10"4 < €<6.1 x10°3 {
18.8 4249 +0.3 0.33 +0.01 1.9 x1072 < €< 9.2 x 1072 &
I | @&
Table 1
Low-field break points for nickel 1000 T
g H,(Oe) T,(°K) Ni .
T, =626 055 0005 |
3.4 626.053 + 0.005 L - I
10.6 626.045 + 0.005 oo el B=0346:0007 |
14.6 626.040 + 0.005 i
17.4 626.028 + 0.005 ®
21.2 626.011 + 0.005 S
25.0 625.981 + 0.005 x
29.9 625.936 + 0.005 .¢+4 . J S [ e (IR
40.0 625.764 + 0.007
55.0 625.333 + 0.010
70.0 624.653 + 0.050
95.3 622.545 + 0.100

too high. Thus, Arrott's criticism of the
Wojtowicz-Rayl extrapolation method appears

to be valid (see fig. 2 of ref.[1]). To avoid this
pitfall, we obtained T, for each of the nickel-
copper alloys by a consistent extrapolation (to
zero field) of plots of H,, H,2 and H,3 versus Ty
For each alloy measured, the value of 7 ob-
tained in this manner resulted in a single value
for the critical exponent g of about 0.34 through-
out the temperature range considered.

The results for the nickel-copper alloys
raised a question about our recent value for
for pure nickel [4], which was based upon the
linear extrapolation method of Wojtowicz and
Rayl. Accordingly, we have carefully remea-
sured sphere A of ref.[4] in very low fields (see
table 1). The value of 7, was determined by
plotting both /I, and lla2 versus 7t and extra-
polating to zero field, as shown in figs. 1 and 2.
Although there is still some uncertainty in T,
the value of 626.055°K obtained from these plots
is much more reliable than one obtained from a
linear extrapolation. Moreover, the new value

0010 0100 1000 10000
(T-T) (°K)
Fig. 3. Determination of the critical exponent 3 for
nickel.

of T yields a single value for 8 for nickel, as
in the case of the nickel-copper alloys (see fig.
3). The experimental results are summarized
in table 2. It should be emphasized that while
absolute temperatures are valid to only + 19K,
our relative temperature readings are good to
+0.005°K. Thus, temperature differences are
valid to +0.01°K.
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THE CRITICAL EXPONENTS FOR THE MAGNETIC PROPERTIES OF
EUROPIUM IRON GARNET

A. A. Stelmach, E. E. Anderson, B. L. Tehan, and S. Arajs
Clarkson College of Technology,* Potsdam, New York 13676

and

J. P. Remeika
Bell Telephone Laboratories, Murray Hill, New Jersey OT9ThL

ABSTRACT

The critical exponents for europium iron garnet have been de-
termined from a single crystal grown by the flux method. Magnetic
measurements were made with a vibrating sample magnetometer on a
spherical specimen about 1/8 inch in diameter. A Neel temperature
of 562.380 * 0.005 °K was obtained by plotting epplied magnetic
field versus break-point temperature. This value was confirmed by
application of the Kouvel-Fisher method in the temperature region
directly above and below T.. The experimental values of the criti-
cal exponents are: 8 = 0.391 + 0.001, y = 1.32 + 0,01, and & = L.4O
+ 0.0%. These values satisfy the scaling law, g(8-1) = y.

INTRODUCTION

A study of the magnetic properties of europium iron garnet
(EuIC) has been carried out in the critical regime. The sample used
in this study was a single crystal grown by the flux method. Mag-~
netic measurements were made using the kink-point method for a
spherical specimen of aporoximately 1/8 inch in diameter in con-
Junction with a vibrating sample magnetometer, as described else-
where.l»2 The critical exponents B, §, and y were determined and
compared with the scaling prediction, 8(8-1) = y. A test of the
validity of the value for the N€el temperature, obtained by plotting
epplied magnetic field as e function of break-point temperature, has
been made by application of the Kouvel-Fisher method.

EXPERIMENTAL RESULTS

In the vicinity of the Neel temperature, T,, a direct study of
the critical exponent 8 has been made for EulG by use of the defin-
ing equation

o(T) » e®, for e > 0 (1)

where o(T) is the zero-field mass magnetization, and ¢ = (r.-T)/T.
In the case of EulG, the break-point temperatures obtained from

the magnetizaticn-temperature plots were for values of the applied

field between 0.9-74.2 Oe. For applied fields larger than Th.2 Oe,

* VWork supported by the Office of liaval Kesearch under grant
number NCOOLL-70-A-0311.
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MAGNETIZATION OF LUTETIUM IRON GARNET
NEAR THE CRITICAL POINT*

A. A. STELMACH, E. E. ANDERSON and S. ARAJS
Clarkson College of Technology, Potsdam, N.Y. 13676, U.S.A.

(Received 19 October 1972; in revised form 20 December 1972)

Abstract — A study has been made of the critical magnelic properties of lutetium iron gamet. Values of
the critical exponents, 8, 8 and y were seen to fulfill the scaling relation, (8 — 1) = v, within the limits
of experimental error. The critical temperature, obtained from the kink-point plot of applied magnetic
field vs break-point temperature, was reaflirmed through utilization of the Kouvel-Fisher analysis.

1. INTRODUCTION
MEASUREMENTS of the magnetic properties
of lutetium iron garnet (LulG) have been
made in the vicinity of the Néel temperature.
The critical exponents B8, & and y, which
serve to give a description of the behavior of
the magnetization, field, and susceptibility,
respectively, in the critical region, were evalu-
ated and compared with the scaling theory
prediction, B(8— 1) ==vy. Through utilization
of the Kouvel-Fisher analysis, it is shown that
an accurate method in which to determine the
critical temperature involves a plot of applied
magnetic field vs break-point temperature
whereby the resulting curve is then extra-
polated to the zero applied field axis.

2. EXPERIMENTAL RESULTS
To investigate the magnetic behavior of
LulG, measurements were made with a vibra-
ting sample magnetometer on a spherically
shaped polycrystalline specimen. The study of
the critical exponents was carried out by
using the defining equations
o(€,0) ~ €, for €e>0;/,=0, (N
o(0,H) ~ HY5, for e=0;H,#0, (2)
and

Xo (¢, 0) ~ —(€), for e<O;H,=0, (3)

*Work supported by the Office of Naval Rescarch
under Grant No, NOOO14-70-A-000(03).

where o (e, 0) and x,(e, 0) are the zero-field
magnetization and susceptibility, respectively,
H; is the internal magnetic field, and € is the
reduced temperature, defined by €= (T.—
T)/Tr.

For temperatures immediately below the
Néel temperature, T, the spontaneous mag-
netization (see equation (1)) follows a power
law behavior. In order to determine this
quantity, and hence the critical exponent g,
use was made of the kink-point method[1, 2.
In this method, Rayl and Wojtowicz showed
that for a given value of the applied field H,,a
magnetic system will undergo a long-range
order phase transformation from a state of non-
uniform to uniform magnetization. To observe
such a thermodynamic phase transformation,
one usually takes note of the fact that in a
magnetization-temperature plot (at constant
applied field), there occurs a kink in the mag-
netization curve at a temperature denoted by
T, the break-point temperature. At this tem-
perature, the internal magnetic field vanishes,
such that the applied magnetic field is equal to
the demagnetization field[3]. Combining this
result with equation (1), then leads to an
expression of the form

Ilu(Tt)"'f"' f()r €>0;I’.:'-0, (4)

The variation of the breuk-point tempera-
ture with applied magnetic field for LulG is
shown in Fig. 1. Extrapolation of this curve to
the zero applied field axis resulted in a value of

[RER}
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Fig. 1. Applied magnetic field vs break-point temperature for LulG.

T.= 529679 +0-005 K for the Néel tempera-

ture. Here the error serves to give an indica-
tion of the relative temperature uncertainty in
our readings. From a log-log plot of H, vs
(T.—T), a least-square fitted value of
B =0-309+0-002 was obtained in which the
linearity of the corresponding curve was valid
in the range from 1-70X107% < € < 937X
10-2(Fig. 2).

For the case of e=0; H, # 0, the mag-
netization is associated with the critical index
8, through the functional relationship of equa-
tion (2). In a log-log plot, this expression
yielded a least-square value of 5:35 - 0-06 for
the critical exponent 8.

LulG
71529679 ¢ 0005°K
[ T T “____{
° /
;; /

B +0309°0002

10'}— .-_,./ TR SRS TS

n
o)

J
" TN SRR ClYiS rall

10 10 10 10 10
(7~ T,)(°K)

Fig. 2. Determination of the critical exponent g for LulG,

In the temperature region directly above the
critical temperature, the magnetic property of
interest is the zero-field susceptibility, xo To
determine x, measurements of the magnetiza-
tion were made as a function of both field and
temperature. The data were then graphed in
the form of a ¢® vs H /o plot in which values
of x,™! were obtained by extrapolation of the
isotherms to the H /o axis. From a log-log
plot of x,™' vs (T—T,.), equation (3) was
seen to be satisfied for a least-square value of
y = 13220-01.

Utilizing the assumption of homogeneity in
the Gibbs free free energy. scaling theory
[4-6] has been able to show that the critical
magnetic exponents B3, 8 and y are correlated
by an expression of the form

B(B—1) =1y. 5

From the experimentaiiy determined values of
B and §, the above relation predicts a value of
y = 13400 Thus, in the case of LulG, the
value of y = 1:32£0-01 is seen to fullfill this
scaling requirement within the limits of cxperi-
mental uncertainty.

To test the validity of the value for 7.
obtained by use of the kink-point approach,
our data was reexamined in terms of a scheme
developed by Kouvel and Fisher[7]. A similar
analysis has been applied in the case of the

0
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europium iron garnet and nickel-copper alloy
systems [8-9]. In this technique, a determina-
tion is made of the quantities 7+(7,) and T*
(T) by use of the defining equations

(1) = [Hgp (] S T<T. ©

]

and
T*(T) = [xoa%(x.,“)]-|,for T>T. (1)

On assuming equations (1) and (3) to give an
accurate description of the behavior for the

. magnetization and susceptibility in the critical

regime and by considering the limiting cases of
T,and T approaching T, these equations then
reduce to the functional forms, namely

T+(T) =%(Tc—m,rorr <T. @®

while
T*(T) = —};(T—T,).for T>T. O

Using a computer-differentiation program,
which consisted of taking a least squares
polynomial fit (of second and third order) on
sets of 3-5 adjacent experimental points in
order to calculate an average derivative, a
determination was made of T7+(T,) and T* (T)
from plots of H,™ vs T, and x,' vs T. As
seen in Figs. 3 and 4, a value of T, = 529-7K
was obtained by extrapolating the linear
curves to the zero T*(T,) and T*(T) axes in
the plots of T*(7,) vs T, and T* (T) vs T.
The value of T, is seen to be in good accord
with the result obtained from the kink-point
plotof H,vs T,

3. SUMMARY AND CONCLUSIONS

The critical exponents for LulG were mea-
sured and found to have the values 3 = 0-309+
0-002, 86=5-35+0-06, and y=1-32+0-0l.
Within experimental uncertainty, the values
of the indices are consistent with the scaling
equation, B(6—1) =1y.

MAGNETIZATION OF LUTETIUM IRON GARNET NEAR THE CRITICAL POINT

-~

LulG

6 —— S 1 — 4
T 5297 °K

T'(°)

{

|
a
I

(o]
5240 5260 5280 5300 5320 5340
7,0

Fig. 3. T*(T) vs break-point temperature for LulG.

A Néel temperature of 529-679 +0-005 K
for LulG was obtained by application of the
kink-point method. Confirmation of this value,
made by utilizing the Kouvel-Fisher tech-
nique, showed that (1) for the temperature
regions immediately below and above T,
the behavior for the zero-field magnetization

[:1o) S—

60— —-

T*(°K)

20t

00L SIS i

5270 8300 T Tem0 5400
T (°K)

Fig. 4. T* (T') vs temperature for LulG.
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and susceptibility. respectively, is appro-
priately described by the power law relations
of equations (1) and (3); (2) the value of 7T,
obtained from the Kouvel-Fisher plots of
T*(T,) and T*(T) vs temperature, is in
excellent agreement with the result obtained
by the kink-point method.
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SHORT COMMUNICATIONS

The Critical Exponents g and & of Yttrium Iron Garnet

S. ARAIJS, A. A. STELMACH, and E. E. ANDERSON
Department of Physics, Clarkson College of Technology, Potsdam, New York 13676
(Received January 23, 1973)

The critical exponents 8= 0.390 4+ 0.007 and & - 4.46 + 0.03 have been determined for a single crystal of yttrium
iron garnet using magnetization data obtained by means of a vibrating sample magnctometer. The Kadanoff scaling
law y =~ B(é -~ 1) predicts that y = 1.35 & 0.04, which is in good agreement with the measured values of y by several

investigators.

INTRODUCTION

A set of critical phenomena, which has received
considerable theoretical and experimental attention,
is the behaviour of the static magnetization below
and above the critical point, T.. The following
power laws describe such magnetic behaviour:

0,(T)= Ae* 1)
xo(T) = Be™? Q)
o(H,, T.)=CH,}'?, 3)

where o,(T) is the spontaneous mass magnetization,
xo(T) is the initial mass magnetic susceptibility, T
the absolute temperature, and o(f{;, T_) is the mass
magnetization at T,. The quantity /{; is the internal
magnetic field:

H,=H,— Dp(T)o(H,, T), )
where H, is the applied magnetic field, D the
demagnetizing factor, p(T) the density, and a(H;, T)
the mass magnetization at 7. The quantities 4, B,
and C are constants. The symbol ¢ is defined by

=1 -T/T,|, )
and B, 8, y arc exponents which according to
Kadanoff! should satisfy the equation

y=p(6-1). 6
The purpose of this paper is to present new
magnetization measurements on yttrium iron garnet
(YIG) in order to determine f and é and hence to
calculate the exponent y, which has been measured
experimentally by different investigators.?=*

EXPERIMENTAL CONSIDERATIONS

The YIG sample used in this study was a sphere of
about 1/8 inch in diameter. The magnetization
mcasurements were made by means of a vibrating
sample magnetometer using techniques desceribed
before.®

RESULTS AND DISCUSSION

The critical exponent 8 of YIG was determined by
using equation (1) in conjunction with the kink-
point locus approach.”-® For applied field values
between 2.1 and 80.1 Oe, corresponding break-point
temperatures were obtained from magnetization

0}
40
S
=
x
20
55049420005
<
o AL
54900 54950 55000 55050

T

FIGURE 1 Applied magnctic field versus break-point
temperature for YIG.

versus temperature plots. From a graph of H, vs T,
(Figure 1), where T; is the break-point temperature,

the Néel temperature 7, = 550.494 + 0.005 K was
obtained by extrapolation of this ficld curve to the
zero applicd ficld axis. This value of T is correct only
in the relative sense. From an absolute viewpoint,
the value of 7, must be reported as §50.49 + 0.03 K,
which is in excellent agreement with 7, 550.4]

0.02 K determined recently by Berkner and Litster,®
who used the Faraday rotation of laser light to
measure the magnetization of a single crystal of
YIG. A log-log plot of H,vs (T, - T,) was found to
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1000 e e e e e - i
YIG
T+550494 10005 K
B 03900007
100
N
e
=
10 :
1 — R
0001 0010 0100 1000 10000
(Y -T)(K)

FIGURE 2 Dectermination of the critical exponent g for
YIG.

be lincar in the range of 2.36 x 107% < ¢ < 4.32 x
1072, giving f=0.390 + 0.007 (Figurc *2). It is
believed now that the previously observed® two
values of 3, namely # - 0.47 close to T, (within 1 K)
and f -- 0.36 for the temperature region from 1 to
120 K below T, resulted from an improper applica-
tion of the kink-point method to the experimentai
data. This subject has been recently discussed with

YIG J

$:4461003

H,(Oe)

o(H,\T)

FIGURE 3 Determination of the critical exponent o for

YIG.

respect to f3 for nickel.'® The other previous determi-
nations of f arc all single-valued. According to
Ohbayashi and lida,® who used a vibrating sample
magnetometer for their magnetization  studics,
B —=0.35 + 0.02 for a single crystal of YIG. A more
recent investigation by Miyatani and Yoshikawa,?
also on a single crystal sample and employing the
vibrating sample magnetometer technique, gave
B == 0.380 + 0.005.

The critical exponent 8 for our sample of YIG
was determined from a log-log of H, vs ¢ (11,,T,) as
shown in Figure 3. A least-square analysis gave
6 :-4.46 1 0.03 which should be compared with the
previous measurements by Ohbayashi and lida®
(0=4.640.2), Miyatani and Yoshikawa* (=
4.42 + 0.05), and Berkner and Litster® (& - 4.65 =
0.10).

Assuming the applicability of the scaling law
given by equation (6), we can calculate y from our
measurements of f# and §. We find that y = 1.35 :
0.04. This valuc is in good accord with previously
determined values of y: 1.30 - 0.03 (Ref. 2), 1.32 -
0.04 (Ref. 3), 1.312 4 0.008 (Ref. 4), 1.35:0.02
(Ref. 5). Thus, it appears that the KadanofT scaling
cquation is satisficd by the experimental data of
YIG.

ACKNOWLEDGEMENT

The authors are grateful to the Office of Naval Rescarch for
their financial support which made this work possible

REFERENCES

1. L. P. Kadanoff, Physics 2, 263 (1966).
2. K. P. Belov, E. V. Talalacva, and G. A. Yarkho, Sovier
Phys. JETP 25, 989 (1967).
3. K. Ohbayashi and S. lida, J. Phys. Soc. Japan 25, 1187
(1968).
4. K. Miyatani and K. Yoshikawa, J. Appl. Phys. 41, 1272
(1970).
5. D. D. Berkner and J. D. Litster, Proc. 18th Magnctism
Conference, Denver, 1972,
6. S. Arajs, B. L. Tchan, E. E. Anderson, and A. A,
Stelmach, Phys. Stat. Sol. 41, 639 (1970).
7. P.J. Wojtowicz and M. Rayl, Phys. Rev. Letrers 20, 1489
(1968).
8. M. Rayl and P. J. Wojtowicz, Phys. Letrers 28\, 142
(1968).
9. E. 1. Anderson, H.J. Munson, S. Arajs, AL A Stehmach,
and B. L. Vchan, J. Appl. Plys. 41, 1274 (1970)
10. . k. Anderson, S, Arags, A AL Stelmach, B Tehan,
and Y. D. Yao, Phys. Letters 36A, 173 (1971)




. B NI e RN 1 s AN OO 5 s 00 R 5B B

de G55 e AP R \ S ST R R
W23 Avpet, 1473, Doscow, USSIZ Vit L '\.z\q (ruu_.\,u,z

Wowat. Meune o'y Doseps, USSB,!'{)#) 417,
NEEL TEMPERATURES AND ANOMALIES IN ELECTRICAL TRANSPORT PROPERTIES OF

ANTIFERROMAGNETIC BINARY CHROMIUM ALLOYS
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During the last eight years w; have extensively studied the electrical
resistivity and, to some extent, the thermopower of binary Cr alloys containing
elements which can be dissolved in Cr in amounts of at least 0.5 at.%. The
motivation for such investigations stems from the uniqueness of the itinerant
electron antiferromagnetism in these metallic systems.

Pure Cr below the Néel temperature (TN = 312 K), possesses a spin-density
wave structure which is believed to result from the peculiar shapes of the
electron and hole Fermi surfaces. When the electron surface is shifted by a wave
vector of magnitude (%f? (0.95,0,0) at absolute zero, where a is the lattice
constant of Cr, considerable nesting occurs between large portions of the electron
and hole Fermi surfaces. The Coulomb interaction between the electrons and holes
associated with this almost perfect nesting is the major cause of the anti-~
ferromagnetism of chromium. It can be expected that the Fermi surface structure
would change when some other element is dissolved in the Cr lattice. Changes in 4
the Fermi surface should result in changes in various physical properties. Since
the electrical resistivity and the thermopower of Cr are quite sensivitve to its
magnetic state, those physical quantities are convenient variables to measure as
a Tunction of temperature and composition in order to gain further information %
on the properties of chromium alloys. ]

Recently [1] we have determined TN of Cr alloys containing A%, Co, Ge, Ir, ?
Fe, Mo, Ni, No, Os, Ru, Si, Ta, Ti, W, and V using the dp/dt method. These
results show that certain solutes can either increase or decrease 'I‘N of pure Cr
considerably. According to the available experimental information, Ti decreases

TN more effectively than any other solute (n172 K/at.%). On the other hand,
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small concentrations (below 1 at.%) of Os and Ru in Cr rapidly increase T
These particular observations are consistent with predictions based on the simple
theory of Fedders and Martin [2]. Other solute$ used by us which behave more
or less as expected from this viewpoint are Mo, Nb, Ta, W, V, and possibly Si
and Ge. The solute Ir exhibits an anomaly, i.e., the TN VS. C curve possesses
& small minimum somewhere below 0.5 at.’ level. Higher Ir concentrations,
however, produce a normal increase in TN' The effect of AL on TN is also
complicated, giving rise to a minimum at V1.2 at.%. The effect of Co is even
more complicated in that a minimum at 51.5 at.? is followed by a broad maximum
at ~3.1 at.%. The influence of Fe, Co, and Ni is also anomalous because these
metals decrease TN in spite of the increased electron-atom ratio. Other con-
siderations (existence of localized moments, etc.) not included in the Fedders-
Martin theory may be the cause for these deviations.

In general, when a transition métal, other than Fe, Co, and Ni, is dissolved

-in Cr, the change in p and also the absolute thermopower, S, can be understood

from the following considerations. For pure Cr the small increase in p, vwhen
the antiferromagnetic state is reached, results from the combined effects of
annihilation of mutually pésted electron and hole surfaces and the associated
increase in the scattering rel;xation time. Since these changes give opposite
effects on p, the resulting increase in p is small. If the transition element
added to Cr lattice is on the right hand side of Cr in the periodic chart of
atoms, the incommensurable structure is eventually destroyed with increasing
solute content giving rise to a commensurable antiferromagnetic state. Accord-
ing to our transport property studies, it appears that when Cr alloys possess
this structure the magnetic superzone boundaries have the dominating effect on
the nature of p below TN' The resulting p anomaly is large. Experimental data
with Ru, Os, eand Ir clearly support this idea. For example, the onset of
commensurable antiferromagnetism in Cr-8.3 at.% Ru alloy increases p by ~ST%.
On the other hand, if transition metals from the left hand side of Cr are added
to Cr lattice, the incommensurable structure is retained, and, in general, the
anomalies in p are much smaller.

The effects due to nontransition elements such as Si, Ge, and AL are quite
different from those described above. For example, AL behaves as a transition
metal on the right hand side of Cr because of the existence of a commensurable
state above ~1.5 at.? conteant. However, the associated anomalies in p at TN are
extremely small. The role of Fe and Co, and to some extent Ni, on p of Cr is
also considerably more complicated than that due to the other transition metals.

In general, large (small) changes in p at Ty are accompanied by large (small)

changes in S. This is approximately true for dilute (up to ~3 at.%) Cr alloys
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containing the following solutes studied so far: Fe, Mo, Ru, Si, V. Higher
concentrations cause a deviation in this correlation, i.e., the effects on S

diminish much faster than on p. A useful quantity for characterizing the effect

of the onset of a particular antiferromagnetic state on S is AS, which is the
difference between the maximum value of S in the antiferromagnetic regidn (where
the antiferromagnetic ordering is nearly complete) and the extrapolated thermo-

power value from the paramagnetic region at the same temperature. "Similarly,

we can define a qﬁantity Ap which represents the electrical resistivity change
dQue to the transition to antiferromagnetism. We find that our data for AS and ' ff

Ap gpproximately satisfy the equation

et
where p is the total electrical fesistivity at the absolute temperature T, K is
the Boltzmann constan}, e the electric change, and Eg the value of the.energy.
gap formed due to the antiferromagnetic state. We find that the gaps for the
commensurable binary chromium alloys are larger (0.4 eV or less) than those for-
the incommensurable alloys (v0.1 eV) in good agreement with the direct experi-

mental determinations by Barker and Ditzenberger [3], and Bos et al.[k].
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A sharp, first-order change in the magnetic susceptibility of Cr—1.37 at% Si has been found at 238 + 2 K. It is
suggested that this temperature is the Néel temperature and that the transition is from the paramagnetic to the
commensurate antiferromagnetic state.

Previous electrical resistivity (o) [1], and thermo-
electric power (S) [2] studies on Cr-rich Cr-Si alloys »-
have clearly indicated that the effect of Si on the mag- so}- ; =
netic phase transition of Cr is quite unusual in compar-
ison with the transition metal solutes. Small (up to 1
at %) additions of Si to chromium cause a rapid
(~ 84 K/at%) decrease of the Néel temperature (Ty)
of chromium. The associated behaviour of p in the 4OL-
neighbourhood of Ty in these solid solutions is of the
conventional chromium type. However, when the Si
concentration slightly exceeds ~ 1 at% level interest-
ing abrupt changes show up in the corresponding p
versus T and S versus T curves. Specifically, the alloy 30l
containing 1.37 at% Si possesses two anomalies in the
p versus T curve: one of the Cr-type at 110K and an-
other step-type anomaly at 240K. The alloys with
1.85 and 2.74 at% Si concentrations also exhibit simi-
lar abrupt changes in the p versus T curves but show
no evidence for any Cr-type anomalies in the transi-
tions. Up to this time the origin of the step-type
anomalies in the electrical transport property curves - O INCREASING TEMP
of Cr—Si alloys have not been understood. Because ¥ DECREASING TEMP.
of the unusual behaviour of Si in the chromium lat-
tice, we decided to investigate the nature of these
transitions further. Specifically, it seemed to be of
interest to explore the magnetic properties in the tem-
perature region where the above mentioned step-type
anomalies have been observed. In this letter we report
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surements on Cr—1.37 at% Si alloy between 225 and 230 240 250
245K.
* Visiting Professor, Department of Physics, Clarkson College, Fig. 1. Changes in the magnetic susceptibility of Cr 137 at™
of Technology, Potsdam, N.Y., USA. Si., between 225 and 245 K.
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The sample of mass 0.3 g, whose x was measured,
was cut from the same ingot which was used for the
previous electrical transport property studies [1, 2].
The x measurements were made by the Faraday meth-
od (HH' = 11.04 X 106 Oc2/cm), using the Cahn RG
automatic electrobalance. In order to obtain the data
with a high relative precision, which in our case is of
the order of 1 part in 10000 (0 0.1 %), the suscepti-
bility data were taken as a function of temperature
keeping the magnetic field constant, the procedure
being repeated for different fields. This method elimi-
nates the uncertainties involved in the conventional
way of measuring X as a function of field at fixed tem-
peratures. The quantity x was measured with increas-
ing and decreasing temperatures using the rate of
~ 1 K/min, in both cases. The experimental results
presented as changes Ay, in the x with respect to the
X value at the beginning of the warming run at 225 K.
are shown in fig. 1. One can clearly see from this plot
that there is a sharp change in x at 238 + 2K. The
small hysteresis effects, associated with the warming
and cooling processes are of the same type and magni-
tude as those seen in the p studies. These x measure-
ments clearly confirm that this transition in the
Cr—1.37 at% Si sample is of magnetic origin and
strongly suggest that the phase transition is of the first
order. It is interesting to note that the over-all behavi-
our of Ax versus T of this alloy is very similar to the
recently measured first-order change in x of MnO at
its Ty = 115K [3]. Thus our x studies on Cr—1.37 at%
Si sample imply that the phase transition of 238+ 2K
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.is a first-order transformation from the paramagnetic

state to the commensurable antiferromagnetic state.

In the light of the present investigation, we would
like to suggest that the lower temperature anomaly in
the p versus T curve (1) for the Cr—1.37 at % Si sample
at 110K is possibly associated with a transition from
the commensurate antiferromagnetic to the transverse
spin density wave structure.

Much more extensive work on new alloys using
magnetic and electrical transport studies are needed
for a complete elucidation of the magnetic phase dia-
gram of Cr-rich Cr-Si alloys. Such work is in progress.
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