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EFFECT OF HYDROSTATIC PRESSURE ON A QUASI-2D

ANTIFERROMAGNET : Mn(HCOO) r. ZurO

K.Yamagata, K.Takeda+), T.Haseda+), and H.Abe++)

Faculty of Science, Kobe Un1v., Kobe 657, Japan
+ ) Faculty of Eng. Sclence, Osaka Un1v. , ,i.oyonak a 560++)Inst. for Sol-id State phys., Un1v. of totyo, Tokyo 106

By observlng ac-susceptlbillty and heat capaclty of
s1ngIe crystals of Mn(HC00)2.2H2O under hydrostatlc
pressure up to 7 kbar, the phase transltlon of the
second klnd 1s studled at 1ts N6e1 temperature, TN, and
that of the flrst klnd at its spln-ax1s reorlentatlon
temperature, Tp. Both Tp and Tp lncrease wlth pressure
glvlng dTS,zdP = +0.06 K/kbar and dTp,/dP = +0.\5 K/kbar.
Surp11s1ngly, the sharpness of both transltlons
recovers when the pressure is removed, though lt 1s
more or l-ess l-ost when the pressure ls appIled.

1. Introductlon

Study of the 1ow dlmenslonal- magnetlc systems under
hydrostatlc pressure 1s expected to be useful for understandlng
the mechanlsm of the phase transltlon, whlch depends largely on
the strength and arrangement of lnteractlon paths 1n the
crystal. We have studled Cu(C2H5NH3)2C14 by the measurements of
ac-susceptlblllty and ESR /l/ and CoCl-2.6H2O by the measurements
of heat capaclty and susceptlbility. /Z/

In thls paper we report the slmultaneous measurements of
susceptiblllty and heat capaclty on Mn(HCOO)2.2H2O. Thls
crystal conslsts of two klnds of sublattlces, A and B, whlch are
alternately p11ed up along the a-axls. The Mn2+ lons of the
A-sub]attlce on (100) plane whlch coupre each other by a strong
lntralayer exchange lnteractlon through HCOO- set lnto a
quasl-2D antlferromagnetlc order phase at 1ts Ndel temperature,
TN = 3.69 K, exhlbltlng a smal-l but sharp peak 1n susceptlblllty
and heat capaclty. A spln-ax1s reorlentatlon occurs at Tp =
1.71 K accompanying a sharp peak both 1n susceptlblllty and heat
capaclty. The Mn2+ lons of the B-sublattlce on the (200) plane
behave almost paramagnetlcally 1n the whol_e temperature reglon,
only glvlng a Schottky type heat capaclty at l_ower temperatures
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due to the smal-l- exchange flel-d from the ordered A-sublattlce.
There are two types of phase transltlon; The one 1s that of the
second klnd at Tp and the other 1s that of the flrst kind at Tp.
we have observed remarkable pressure effects at both transltlon
polnts.

2. Experlmental Procedures

Hydrostatlc pressure up to / kbar was applied to the slngle
crystal by clump method. The pressure ceII 1s made of BeCu
alloy and heat treated by keeplng 1t at 315oC for Z hours. The
outer dlameter of the cell ls 15 mm and the length ls about
1!0 mm, whereas the effectlve worklng volume ls 5 mm 1n dlameter
and 10 to 12 mm 1n length. Slllcone o1] of hlgh vlscoslty or
Apiezon-J o1l- 1s used as the pressure transmlttlng medlum. The
pressure actually actlng on the speclmen at 11q. He temperature
ls determlned by the superconductlng transltion temperature of a
smal-I chlp of tln or lndlum pJ-aced at the speclmen. The
temperature 1s measured by a Ge sensor attached to the outslde
of the cel-l-.

S1ng1e crystal 1s shaped 1n a rod of dimenslon of slightly
smal-l-er than the avallabl-e space of the ce1l, keeplng one of 1ts
crystalllne axes paraI1e1 to the rod ax1s. The
ac-suscept1b111ty 1s measured by a Hartshorne brldge at 75 Hz
and the heat capaclty by an adlabatlc method.

3. Results

The peak observed 1n susceptlblllty along the c-ax1s 1n the
vlcinlty of Tp 1s shown 1n F1g. 1, wlthout and wlth applled
pressure. Flgure 2 shows that observed al-ong the b-axls 1n the
vlclnlty of Tp. Peaks 1n F1gs. 3 and 4 observed by heat
capaclty correspond to those given ln F1gs. 1 and 2. Both
transltlon temperatures become hlgher with the appllcation of
pressure, glvlng dTN,/dP = 0.06 K/kbar and dTp/dP = 0.75 K/kbar,
though they have not necessarlly a l-1near dependence on P.
change of Tj 1s roughly 2.! tlmes larger than that of Tg.

The

In addltlon to the shlft of transltlon temperature, the
sharpness at the transltlon 1s most apparently lost for the
susceptlblllty peak at T5 and for the speclflc heat peak at Tn,
even under a pressure bel-ow 0.5 kbar.

The peak 1n susceptlbllity at Tp becomes 10 tlmes broader
by applylng a pressure of one kbar. Its helght becomes smal-l_er
at about 3 kbar and turns to larger when an addltlonal pressure
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1s app11ed. The heat capaclty peak at T5, however, does not
change 1ts sharpness so much by the application of pressure.

The applicatlon of only 0.35 kbar causes a sudden roundlng
of heat capaclty peak at Tp to glve a broad hump whlch does not
change by addltlonal lncrease 1n pressure. In contrast to the
heat capacity peak, the susceptlblllty peak at Tp 1s not
broadened so much by the applied pressure.

The specimen ls measured
after the applled pressure was
and 6, 1t 1s apparent that the
completely recovers when 1t is
that by susceptlbillty remalns
val-ue.

4. Dlscusslons

agaln under atomspheric pressure
completely removed. In F1gs. 5
wldth of the transltlon
observed by heat capacity, wh11e
to about twice of the in1t1al

Experlmental- facts of the heat capaclty suggest that the
anlsotroplc stralns and,/or contlnuously changlng random fieLds
rea1Iy exlst whlch might glve an effect of weakenlng the
dlvergence of the singularlty of the flrst klnd of phase
transltlon, whlJ-e the phase transltlon of the second kind seems
to keep the sharp slngularlty beyond the randomness. In the
case of CoC12.6H2O, the N6e1 temperature, TN, observed under
atomspherlc pressure does not change after a cycle of
compresslon but the sharpness of heat capaclty peak ls
lrreversiblly lost even after a pressure cycle of only 3 kbar.

It is surprlsing that Mn(HCOO)2.2H2O crystal ls very soft
and has a complete revers1b1l1ty of strain.
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