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Abstract 

Mn3GaC is antiferromagnetic (AFM) at low temperatures and ferromagnetic (FM) above Tt ( ~  160 K). The 
magnetization of Mn3Ga~ x AlxC with x ~< 0.08 has been measured under pressure (p) with a special interest in the 
p dependence of magnetic properties in this system. It is found that the pressure enhances the magnetic moment of Mn 
/~vM in the FM phase and changes the AFM to a new magnetic phase with spontaneous magnetization. The forced 
magnetostriction of Mn3Gal x AIxC with x = 0.015 and 0.07 indicates #FM < PYEW PHASE <~ ]AAFM. @ 1998 Elsevier 
Science B.V. All rights reserved. 
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The intermetallic compound Mn3GaC has a cubic 
crystal structure of perovskite type, is antiferromagnetic 
(AFM) below r t (~160 K) and exhibits a first-order 
transition to a ferromagnetic (FM) phase with abrupt 
decrease in volume at T, [1]. Experiments of the AC 
susceptibility under high pressure indicate that an inter- 
mediate (IM) phase appears between the AFM and FM 
phases and that the Curie temperature T c of about 250 K 
at 0 kbar increases with pressure [1]. The substitution of 
A1 for Ga in Mn3GaC is considered to produce a chem- 
ical pressure in this system [2]. According to neutron 
diffraction experiments [3], the AFM structure at 4.2 K 
is of the (nnn) type with an Mn moment of f lAVM = 1.8 BB 
and #VM in the FM phase equals 1.2 lab at 170 K. In order 
to investigate the behavior of the complicated magnetic 
transitions, we have measured the magnetization of 
Mn3Gal-x  AlxC with x ~ 0.08 under pressure and the 
forced magnetostriction of Mn3Gal xAlxC with 
x = 0.015 and 0.07. 

Fig. 1 shows the temperature (T) dependence of the 
magnetization (M) of MnaGaC under pressure (p). The 
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Fig. 1. The M-T curves of MnaGaC at various pressures. 

IM phase seems to exist in a narrow region even at 0 kbar 
and expands with p. It should be noted that /IVU is 
enhanced with increasing p. The value of din M/dp  at 
T = 165 K and B >~ 1 T in the FM phase is estimated to 
be about + 2.5 x 10 3 kbar-1. Mn3GaC in the AFM 
phase exhibits a metamagnetic transition from the AFM 
to a forced FM state with hysteresis. The IM phase is not 
distinguished in the magnetization curves, which can be 
caused by the higher sweeping rate of pulsed magnetic 
fields. Fig. 2 shows the average critical field of the 
transition BAY(T) as a function of T, from which we can 
estimate the coefficient of the electronic specific heat in 
the forced FM state 7vM using the known value of 
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Fig. 2. Average critical field of Mn3GaC as a function of T. The 
magnetization curves at 4.2 and 165 K are shown in the inset. 
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Fig. 3. The M - T  curves of Mn3Gao 98A10.02C. 
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)'AFM = 19 m J / K  2 mol  in the A F M  state [4] and  the 
Claus ius -Clapey lon  relat ion 

d B c / d T  = - ASAEM FM (T)/AMAFM w (T). (1) 

H e r e ,  A S A F M  FM ( = (TFM - -  7 A F M ) '  T) and A M A F M  FM 

( = 1.052 taB/Mn = 17.62 A mZ/mol) are the changes  of 
the en t ropy  and  the magne t iza t ion  due to the meta-  
magnet ic  t ransi t ion.  The est imated value of 7vM = 
43 mJ /K  2 mol is extremely large compared with other  
i t inerant  fer romagnets  and  suggests the possibility of 
huge spin f luctuat ions in the F M  state. Fig. 3 shows the 
M T curves of M n 3 G a l  x AlxC with x = 0.02 at various 
p. The A F M  phase  is changed to a new magnet ic  phase  
with spon taneous  magne t iza t ion  a round  2 kbar.  The new 
phase  disappears  and  is replaced by the IM phase at 
8.2 kbar. These exper imental  results suggest tha t  the 
c o m p o u n d  M n 3 G a C  also exhibits  the same t ransi t ions  at 
higher  p. Fig. 4a and  Fig. 4c show the field dependence of 
M and  volume magnetos t r ic t ion  (o)) of Mn3Ga~ ~AlxC 
with x - 0.015 at 4.2 K. The changes of M and  v) be- 
tween the A F M  and forced F M  states are almost  
the same as those of M n 3 G a C  [-5]. In contrast ,  
M n 3 G a l  xAlxC with x = 0.07 exhibits t ransi t ions from 
the new state to the IM and  then to the forced F M  state 
with increasing magnet ic  field and  the change ofto equals 

Fig. 4. Magnetization curves of Mn3Gal .~AI~C at x = 0.015 
(a) and 0.07 (b), and magnetostriction (c) at 4.2 K. 

8.95% of tha t  of the compound  with x = 0.015, as shown 

in Fig. 4b and  Fig. 4c./~NEW PHASE[X = 0.07] is es t imated 
to be 1.23 gB, assuming ItAvM[X = 0.015] = 1.8 ~tB and  
applying the expression o9 = a . g  2 for the specimens 
with x = 0.015 and 0.07. These results indicate tha t  

/t/FM < # N E W  PHASE <~ flAFM, 
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