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at the Curie temperature is of the first order as 
mentioned from the result of the Mossbauer 
experiment by Wappling et a/. 7) and also as 
being clear from our measurements of the 
thermal expansion and the electrical resistance 
which will be described latter. But the well
defined jump of the magnetization due to the 
first-order transition cannot be seen in the 
magnetization vs temperature curve, although 
it is observed in the temperature dependences 
of the thermal expansion and the electrical 
resistance. This may be due to the induced 
magnetic moments by external field as men
tioned by Grazhadankina et a/. 14) in MnAs 
compound. The ferromagnetic to paramagnetic 
transition may be accompanied by the first
order transition with a lattice distortion. 

Figure 4 shows the temperature dependence 
of the magnetization near the Curie temperature 
at various magnetic fields . The magnetization 
is almost constant below the Curie temperature 
and decreases abruptly near the Curie tempera
ture. We therefore determined the ferromag
netic to paramagnetic transition temperatures 
by the inflection points of these curves. The 
magnetic transitIOn temperature increases 
linearly with increasing field as shown in Fig. 4. 
The Curie temperature Tc was determined by 
the extrapolation of the magnetic transition 
temperature to zero field and then Tc = 208.6 K 
was obtained. The value of Tc thus determined 
is in good agreement with that obtained by 
Wappling et al. 7

) The paramagnetic suscepti
bility obeys the Curie-Weiss law in the higher 
temperature region as shown in Fig. 3. The 
paramagnetic Curie temperature is 395 K which 
is by about 200 K higher than Te. The effective 
number of Bohr magneton is 3.39 Ji.B per Fe 
atom, which is larger than 2.79 Ji.B by Meyer 
and Candeville4

) and 3.2 Ji.B by Chiba,3) but 
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Fig. 4. Temperature dependence of the magnetiza
tion near the Curie temperature at various magnetic 
fields. 
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Fig. 5. Temperature dependence of the linear thermal 
expansion along the a, band c axes. 

smaller than 3.60 Ji.B by Nagase et al. 1 5 ) 

Figure 5 shows the temperature dependences 
of the linear thermal expansions along the a, 
band c axes. In the ordered region, the relative 
length along the a and b axes, (Alfl). and 
(AI/f)b decrease with increasing temperature, 
while that along the c axis, (AI/I)e increases 
with increasing temperature. The thermal 
expansions along all the directions at Te reveal 
the discontinuity which indicates that tne 
ferromagnetic-paramagnetic transition is ac
companied by the first-order transition of the 
lattice distorsion as mentioned above. In this 
discontinuity there are the contraction of 
0.74 x 10- 3 for the a and b axes and the expan
sion of 0.84 x 10- 3 for the c axis at Te. In the 
disordered region, (AI/I). and (AI//)b are concave 
and (Al/I)e is convex against temperature. 
Figure 6 shows the volume thermal expansion 
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Fig. 6. Temperature dependence of the volume 
thermal expansion. 
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LI V/ V calculated from the linear thermal ex
pansions along each axis. The rela~ive volume 
change takes place at Tc and is 0.64 x 10- 3

. 

The volume change in the ferromagnetic 
range can be mainly attributed to a magnetic 
ordering. Since Ni 2P has the same crystal 
structure as Fe2P compound and is the Pauli 
paramagnetics, the value of LI V/V for Ni2P 
may be assumed to be identical with the ficti
tious one in the paramagnetic state of Fe2P. 
The dotted line in Fig. 6 shows the volume 
thermal expansion for Ni 2P compound which 
is measured with the polycrystal specimen by 
us. This curve is normalized 'to that of Fe2P 
at 550 K, at which the paramagnetic suscepti
bility of Fe2P begins to follow the Curie-Weiss 
law. The difference between the values of LI V/ V 
of Fe2P and Ni2 P is considered to be indicative 
of the exchange stricti on caused by a magnetic 
ordering as shown in Fig. 6. The exchange 
striction at 0 K obtained from the extrapola
tion of each curve to 0 K and its value is 
estimated as 9.5 x 10- 3

. 

Figure 7 shows the temperature dependences 
of the electrical resistivities along the band c 
axes. The change of the resistivity associated 
with the spin disorder in ferromagnetic region 
is larger along the b axis than along the c axis. 
Along each direction there is a rapid increases 
of the resistivity at Te. This indicates that the 
first-order transition takes place at Te. In the 
paramagnetic range, the resistivity along each 
axis decreases slightly with increasing tem
perature. 
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Fig. 7. Temperature dependence of the electrical 
resistivity along the band c axes. 

§4. Discussion 

For a hexagonal crystal in the ferromagnetic 
state, the magnetocrystal1ine anisotropy is 
generally expressed by 

E=K\ sin 2 O+K2 sin
4 0+· .. , (1) 

where K\ and K2 are the first- and second-order 
anisotropy constants, respectively, and 0 is the 
polar angle of the magnetization vector to the 
c axis. From the minimum condition of the 
free energy containing the Zeeman energy, the 
following equation can be obtained. 

H _ 2Kt (4K2) 2 
M-M2+ M4 M, 

s s 
(2) 

where Ms is the saturation magnetization and 
M is the magnetization along the direction 
perpendicular to the c axis in the effective field, 
H. The anisotropy constants K\ and K2 were 
determined from measurements of Ms and M by 
the use of eq. (2). Since M is proportional to H 
as seen in Fig. 2, K2 is negligibly small. Figure 8 
shows the temperature dependence of K 1 • 

The value of Kl is 2.32 X 107 erg/cm3 at 4.2 K 
and consi,derably larger than those in the other 
3d-transition ferromagnetic compounds. Ac
cording to Zener's theory,16) the temperature 
dependence of Kl would seem to be represented 
by the fifth power function of the saturation 
magnetization except for in the vicinity of the 
Curie temperature as shown by the dashed line. 
We calculated the anisotropy constant Kd due 
to the magnetic dipole-dipole interaction by 
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Fig. 8. Temperature dependence of the anisotropy 
constant. 


