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The critical phenomena of a quasi two-dimensional (2D) anti-
ferromagner Mn(HC0O) ).zlHro and its diluted systems are stud-
ied. The critical eipon6nt of susceptibility tr = 1.7 indi-
cates a 2D nature of staggered mode fluctuation. While,
P -- O,30 for the staggered magnetization shows the onset of
a 3D order. The single transition at Tn is furcated system-
atically into three successive ones by tlilution at T^. T,
(<Tr) and T,,Z (1T.., ), respectively.Such phenom"rr. 

",r$g""8*.rga h].erarchy'of orEering is discussed, refering the sandwich_
like heterogeneous inter-plane structure of the systems.

1. InEroduction

Critical phenomena of the phase transition for the second kind have been
well understood theoretically to be subject to the scaling 1aw and universality
and independent of the detail of the system. Experimentally, the fact is known
to be confirmed in a few simple magnetic systems like e.g. K2coF4.[1].

Here we examine the critical phenomena of a quasi 2D Heisenberg-1ike cant-
ed antiferromagnet Mn(HCoo) ).2H)o (MnF2H) and its diluted sysLems in detail
through magnetic measuremenEs bi a SQUID magnetometer, proton NMR and neutron
diffraction. The observed hierarchic natures of ordering in the systems are
discussed taking the quasi 2D charactor of the lactice and the inter-p1ane
structure of the system into account. 
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2. Critj-cal Phenomena of MnF2H

Figure 1 shows the temperature dependences
of magnetic susceptibllity X and spontaneous
magnetization Ms across the N6e1 temperature T\r.
Measurements are done in almost zero fields or"
static field Hn less than 3 mOe and exciting AC
field H., of abBuc 1 mOe. So ca11ed cooling in
field m6thod is applied to obtain the spontane-
ous magnetization in the coollng field Hc of
120 moe, Both X and Ms are measured simultane-
ously with increasing temperature. A divergent
anomaly of X is seen at Tr\r. Correspondingly,
Ms disappears at T* as t.eiiperature increases.

The divergent parE /X (.X-X^.) is proportio-
na1 to the staggered suscepribitity Xs [2]. As
shor^m in Fig.2(a), lX or Xs follows an exponen-
tial 1aw with a critical index / = 1.7 * 0,1
dovrn to the temperarure e,€T/T,,-1) = 4.70-'.
The value of I is in agreementl\with 1.75 for 2D
Ising system within experimental error, which
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taneous magnetization Ms, which is proportio- ? ."il t.1.74 \ I

na1 to the staggered one L l2), follows an ' '" f \ I
exponentiallawwithacri-tical,index p= 

" ; [ \ I

0.30 * 0.02 in rhe range 5.10 -+< E < 2.LO-" -U [ ,. t:1* \ |

as shown in Fig.2(b). The spontaneous stag- ft ^l - rn \ I

gered magnetization L derived from proton NMR <l ro'f \ ]
is also plotted in Fig.2(b), which is in I \ I

agreementrrrith Ms in the temperature range t \ I

t. < 2.10 ' confirming the proportionality of I e \ I

Ms with L. The value of F is in agreement to-]
with that for 3D systems, which may indicate ro-5 ro-4 to-3 l0-2
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may suggest that the critical fluctuation is Lo2
essentially of 2D sysEems and that the phase
transition is caused by only intra-plane
interactions. On the other hand, the spon- 3

the 3D nature of ordering process below T*.

In such a way, the universality class
of I for T > T., is apparently different from
that of p for t ( Tn, The anomalous criEicaf
phenomena, which is^'inconsistent with the
scaling law, rather suggest a hierarchic
nature of ordering from 2D to 3D. One may
think that it is attributable to so called
dimensionality crossover effect from 2D to
3D behaviours. Then the crossover temper-
ature a* of Xs should be equal to that of L
as predicted theoretically [3]. Actually,
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As shown in Fig.3, MnF2H is a heterogene-
ous system consisting of two kinds of subsystems
(A and B subsystems). Half Mn ions in A sub-
system are coupled strongly in each (100) A
plane and the other half Mn j"ons in B subsystem
are sandwiched between the A planes. A very
vreak coupling exists between an intermediate Nln

ion in (200) B plane and a Mn ion in the adja-
cent A planes. Such a weakly coupled model of
two different subsystems has explained the mag-
netic and thermal properties very well in the
whole temperature region above and below Tn [4).
The remarkable tr-type anomaly of heat capab'ity
at Tn, which is not expected for simple quasi 2D

systdms, could be well explained, too [4]. So

\re suqgest that it may be a characEeristic of

dD PIEUILLEU LrlsulcLfLdrf/ LJ l. dLLuarfy r _" _, _1 O

howevgr, t* for susceptibility is less t.han, I0 - 10 - 10 * 10"

t;:l , ::*,,il,i:' I:iffi:1fi'::"ui",;?"1? ,: Fie.2 x-E (a) and L-e (b)

can hardly be expected for simple quasi 2D sjlstems. So we should examine the
phenomena concerned with the inter-plane structure of the system, which 1s
qualitatively different from other simple quasi 2D systems.

- 
coOH bond on A plone

---' COOH bond belween A

(Jra)

ond B plones (JAB)

such a heterogeneous magnetic system and cirtainly be caused by the cooperaEive
actions of two subsystems.

3. Successive Transitions in M:rr_*Zn*F2H

Figure 4 is the temperature dependence of X for the sample of x = 0.01 mea-
sured in almost zero fields (H.,( 3 moe, H.,-5 mOe). Three different peaks of X

appear at T^, T^, (<T^) and T-r(<T^, ), resiectively, instead of a sharp single
anomaly atuT^, Ifr thE pure s$6terP{see Fig.1(a)). Correspondingly, Ms decreases
in Ehree stepS and disappears around T^ as temperature increases. These facts
suggest three successive phase transitYons in the dilute system, These temper-
atures change systematecally with Zn concentration x and tend to T* when x + 0
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as shor^rn in Fig.5. An example of Ms - T curve
for x = 0.04 is given in Fig.6(a). Figure 6(b)
is the temperature dependence of the (001) Bragg
point reflection intensity I- in neutron diffrac-
tion for the sample with ihePsame concentration.
The intensity does not grow aE T^ but at T-,.
These resul-ts shows thaf the 3D Erder o""uBA "tT - and that the intermediate staEe between T^
,RJ r - is a 2D ordered state. The detailed u

D1.discu56ion on the state is given elsewhere in-
cluding the growing feature of the Bragg ridge
along the (100) direction which shows the 2D cor-
relation in each antiferromagnetic p1ane. [5].3.5o 3.s5 
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The summary
The first rran-

i'^, sition remper-
| '' 

t .a,rt" To is that
I trom the paramag-
I netic into a kind
l:.0 of 2D ordered
I st"t". It may be
I ".r ordered staEe
I with a local
l2's ord"t character
I named as a

I ".egional long
i z.o range order"
6 (R-LRO) [6] , j-n

of the di-scussion is as follows.
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which each plane

is divided into many ordered sub-area with
intermediate sizes. The R-LRO state [6] is
not strictly long range ordered state in the
statistical mechanical sense because the cor-
relation length is limited in each sub-area
and not extended to infinity.

The second transition at T . is that from
the 2D R-LRO into a 3D orderea Bt.t.. It may
be noteworthy that the 3D order parameter I
begin to grow almost linearly from T-., ." 

"E"nin Fig.6(b). It is qualitatively difterent
from the growing feature of Ms for the pure
system (see Fig.l(b)) and for other regular
systems below the transition temperature where
I follows the exponential law with the criti-

n'
af index 2p.

Recent proton NMR experiment showed that
the phase below T-, is quite similar to the zo 25 30 I I le
ordered state of 86. prt. system below T^, [7J. bzBr ro"--"" ^N '' ' '
So, the transition at T ^ is that from the
intermediate 3D into fiB6l unified long range ordered state over the whole sys-
tem. The NMR experiment also suggest that the Mn ions in B subsystem may remain
paramagnetic above T^, at least partially. Therefore the 3D ordered state bet-
ween T_, and T_. is fi6t perfectly long range ordered one. At many places, inter
plane His-matcfitseems to occur in the system, which might be concerned with the
slow growth rate of IO below Trl.
4. Summary

From the experimental results mentioned above, the successive phase tran-
sition at TO and "a Tpl in the dilute salt may be understood as a possible hi-
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erarchic nature of ordering in a quasi 2D random system as follows. Below TO,
a long range order is established in a microscopic scale within each A p1ane.
In the intermediate sca1e, however, the ordered sub-areas still behave paramag-
netically as a whole subarea and the Mn ions in B subsystem remains perfectly
paramagnetic. Below T-r, a 3D order is established in the intermedi-ate scale,
among the ordered subaE6as, In the ordered state, however, many inter plane
mismatchs would exist everywhere in the system. The Mn ions in B subsystem still
remain paramagnetic at least partially. Below T.r, the perfect long range order
over the whole system is established including b6Eh A and B subsystems.

In the pure MnF2H, the characteristic critical phenomena which is apparent-
ly inconsi-stent r47ith the scaling law and universality may suggest another hi-
erarchic nature of ordering from 2D to 3D natures.

Such hierarchic nat.ures of ordering, we think, should be attributed to the
cooperative actions between the tlro different subsystems in the present hetero-
geneous quasi 2D system. Further investigation is in progress.
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