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Magnetic ordering in two-dimensional Heisenberg antiferromagnets
with variable interlayer distances
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We have investigated the finite temperature magnetic ordering in the quasi-two-dimensional Heisenberg
antiferromagnetic system (8,,,,1NH3),MnCl, with various chain lengths. Our results indicate that in
long-chain compounds with large interlayer distances, secondary interactions in magnitude besides the ex-
change interaction, such as the Ising anisotropy and the Dzyaloshinsky-Moriya interaction, play an important
role in the magnetic phase transitions.

. INTRODUCTION via a N-H-CI hydrogen bonding. Each MCbctahedron is
more or less tilted about the layer-normal direction according
Stimulated by the discovery of the high superconduc- to the hydrogen bonding scherhe.

tivity and antiferromagnetic superconductivity in two-  The system shows a variety of structural phase transitions,
dimensional Heisenberg systems, intense studies are beihglieved to be governed by the dynamics of the alkylammo-
carried out on the two-dimensional Heisenberg magnetisnmium groups. Typically two successive structural phase tran-
resulting in a better understaning of both the two-sitions associated with the organic chains have been ob-
dimensional magnetism itself and the interrelationship beserved: One is the conformational transition leading to the
tween the magnetism and the conductiifyin an ideal two- partial chain melting and the other is the order-disorder tran-
dimensional Heisenberg magnet no finite temperaturdition of the Nk polar group accompanied by the reorienta-
magnetic ordering is theoretically allowddHowever, be- tional motion of the alkylammonium chaihin any case
cause of the inevitable interlayer exchange interaction in reaiome types of chain defects occur at the transition. Previous
magnetic systems, the theoretical proposition can hardly betudies have successfully described the structural phase tran-
verified. Despite notable progress in the understanding ofitions in the light of the Landau model similar to those in

two-dimensional magnetism aforementioned, this problenjirt‘re lcl'?t:lzgl g%ztflsz;nrgettgf ﬁ;t'Crzlcgmarggjnriatggetg kgh(a'che
remains far from being resolved. structu P S y P y

. authors’®

The  perovskite-type layered strupture compounds When M is Cu or Mn, the magnetic behavior of CnM
(CoHzn+1NHg),MnCl, (CnM for shon, with M.:Cd' CU,  exhibits a two-dimensional character. The magnetic suscep-
Mn, etc., have been known as representative quasi-WQpjji, shows a large anisotropy at the magnetic phase
dimensional Heisenberg antlferromggr?emlthough theo-  yansitior? and the EPR(electron paramagnetic resonance
retically an ideal two-dimensional Heisenberg system cannqfnewidth shows an angular dependence characteristic of the
have a finite ordering temperature, a weak interlayer exyyo-dimensional paramagnet in the paramagnetic Stite.
change interaction in the system can lead to a finite tempergyarticular, an angular dependence of EPR signals character-
ture antiferromagnetic ordering, and the interaction can bestic of two-dimensional magnetism was explicitly observed
controlled by changing the alkylammonium chain length.in cnmn with shorter hydrocarbon chains<£2 and 3.2
Thus the CnMn system has been regarded as a testing ground occording to the studies for short-chain compounds, the
of the assumption that a longer alkylammonium chain lengthmagnetic moments in the antiferromagnetic phase are
gives rise to a lower antiferromagnetic ordering temperatureajligned along the layer-normal direction alternately pointing
because the longer the chain length, or greater the interlaygs opposite directions. Accordingly, the CnMn system has
distance, the weaker the interlayer interacfldndeed, for the layer-normal direction as an easy axis and so an Ising
short chain compounds with<<4, it was observed that the type of anisotropy! Structurally, the MnGJ octahedra are
antiferromagnetic transition temperature shifts toward &lightly tilted from the inorganic layer as a consequence of

lower temperature foralongerinterlayer distaﬁeﬂ)wevgr, the hydrogen bonding, and hence a spin canting can take
the tendency has not been tested in much longer chain compjace along the layer-parallel directiéit

pounds, and it is the purpose of this paper to report and
discuss the antiferromagnetic transition in those compounds.

The CnM systems are constituted of alternating organic
and inorganic layers. The inorganic layer consists of a
corner-sharing MGl octahedra, and the organic one consists The (GH,,. 1NH3),MnCl, powder sample was made ac-
of the alkylammonium chains attached to the inorganic layecording to the reacti
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FIG. 1. The temperature dependence of the magnetization mea-

sured in an applied magnetic field of 1 mT for C3Mn and C8Mn, FIG. 2. The transition temperature vs carbon numihefhe
from which the magnetic transition temperatures were found. values for C1Mn and C2Mn were taken from Ref. 14.

2GyHzn+ 1NH3Cl+MNCl4 Hy,O— (ChHzq 1 1NH3) ,MNCl, crease of the transition temperature for4 in spite of the
increasing interlayer distance is in marked contrast to the
+4H;0. previous expectation that the transition temperature would
The powder was twice recrystallized and then vacuum driedd€crease with increasing interlayer distance in the layer
The stoichmetry and the structure were checked by elementgfructured compounds. In order to check the possibility that
analysis and x-ray diffraction. the increase of the transition temperature fier4 indeed
The powder samples with the chain lengtns 2 to 12 ~ arises from an increase of the exchange energy, we have
were packed in a nonmagnetic capsieakly diamagnetic ~Calculated the exchange energy from the high-field magneti-
with no temperature dependence and easily corrected fagation below the spin-flop fieldabout 2.3 7, which shows
measurementsand the temperature dependent magnetizatiod1€ antiferromagnetic behavior. _
was measured using a commercial SQU#Dperconducting ~ Figure 3 shows the magnetization for C3Mn measured in
quantum interference devicenagnetometefQuantum De- & magnetic field of 0.3 T, in which a typical antiferromag-
sign MPMS Series The remanent magnetic field in the Netic behavior is observed and a broad maximum near 80 K
SQUID susceptometer, estimated to be within0 x T us- IS indicative of the short-range antiferromagnetic correlation.
ing a paladium standard sample, was corrected for. Thdn€ exchange energy obtained from the susceptibility may
samples were zero-field cooled to 5 K, and the magnetization
was measured as increasing temperature.

2.0+
Ill. RESULTS AND DISCUSSION

Figure 1 shows the low-field magnetization measured in
an applied magnetic field of 1 mT. Although we cannot di-
rectly measure the sublattice magnetization, fortunately, the
canted spin component gives rise to a ferromagnetic transi-
tion in a weak field. As a consequence, the antiferromagnetic
transition temperature can be determined from the weak-field
magnetization. The antiferromagnetic transition temperature
is found to be 39.5 K=0.5 K for C3Mn in Fig. 1, which is
consistent with the literatur€.However, for n=3, the tran-
sition temperature increases gradually with increasirmg-
fore becoming nearly saturated around 43K K as
shown in Fig. 2. .

In Fig. 2, previously reported transition temperatttésr “0 50 100 150 200 250 300
n=1 and 2 and those for=3 measured by us, were plotted
as a function of the chain length. As previously supposed the
transition temperature fon<3 is shown to decrease with FIG. 3. The temperature dependence of the magnetic suscepti-
increasing interlayer distance and can readily be attributed tpility for C3Mn measured in an applied magnetic field of 0.3 T. The
the weakening of the interlayer interaction. However, the in-solid line represents a fit to Curely’s work.

molar susceptibility (1 0? cma/mol)
(o]

Temperature (K)
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9.0 further structural studies are now under way. The difference
1 between the exchange energies obtained from Egsand
8.5+ (2) is, if any, a measure of the validity of Curely’s work for
1 the CnMn system& A possible origin of the discrepancy is
8.01 the crystalline anisotropy or the single-ion anisotropy. Be-
1 cause the magnetic spin in the CnMn system is located in the
754 symmetrics orbital, the single-ion anisotropy must be very
< [*) small, and indeed our measured EBRalue anisotropy for
= 707 C3Mn is below 10°3. Thus the deviation from the perfect
§ ] square lattice would be the main origin of the discrepancy.
6.5 The interlayer exchange interaction is usually much smaller
than the intralayer one by at least a factor of. i@ hus, the
6.01 exchange energies obtained can safely be attributed to the
1 intralayer interactions.
5.51 As can be seen from Figs. 2 and 4, the chain-length inde-
1 pendent exchange energies fo=3 are not incompatible
5.0 T T T T T with the chain-length dependence of transition temperature,

6 =2 4 & 8 10 12 which indicates that the transition temperature is not dictated
n (carbon number) by the intralayer exchange energy, but by the interlayer in-
. ] teraction. In other words, the interlayer exchange energy de-
FIG. 4. Exchange energies vs the carbon numibeFhe solid  creasing with increasing chain lengttresults in lower tran-
symbols were obtained from the magnetization maximum temperag;tinn energy forn<3 as observed in Fig. 2. On the other
ture[Eq. (2)], and the open symbols by fitting to the Curely's work o the behavior of the transition temperature rier4
[Eq. (1)]. The values for CIMn were taken from Ref. 15. cannot be accounted for either by the chain-length depen-
differ slightly depending on the formalism. We have ana_dence of the intralayer exchange energy in Fig. 4, or by the
o : ' . . decreasing interlayer exchange energy with increasing inter-
'yzed the magnetization data consistently using Curely ﬁayer distagnce. Th){Js for cha?n Iengt%);z4 the transitigon

work, which is reported to be particularly accurate for the,, o oy e is obviously not dictated by the exchange ener-
Mn* " jons’ According to Curely’s work for the square giesp y g ’

lattice two-dimensional Heisenberg antiferromaghiethe For large chain lengthsné=8) the interlayer interaction

temperature dependent magnetic susceptibility is given by would be weak enough for Us to regard the CnMn system as
BG2[1+L(—BJ)\2 an idea! two—dimen;ional system, b_ut thg finite temperature

X="3 (1—L(—,8J)) , (1) magnetic ordering is seen to be still taking place,_ and the

transition temperature is independent of both the intralayer

where L, G, and J are the Langevin function, the Lande and the interlayer exchange interaction. This indicates that

factor, and the exchange energy, respectively, Ardl/kT  the canted antiferromagnetic transition temperature is deter-
(k is the Boltzmann constantThe experimental data were Mined by an additional interaction other than the antiferro-
quite well fitted to Eq(1) as shown in Fig. 3, where the solid Magnetic exchange interaction, at least in the long-chain

line represents the fit. In addition, Curely also developed &ompounds. Besides the exchange interactions, the next

relation between the exchange energy and the temperature @f€atest interactions in magnitude, the Ising anisoftamg

which the susceptibility has a maximum valué®as the Dzyaloshinsky-MoriydDM) interaction,® are known to
play a role in the antiferromagnetic transition, even though
KT(Xmax they are very small in comparison to the exchange interac-
JS(S+1) =1.2625, (2 tions, the Ising anisotropy determining the easy axis and the

DM interaction inducing the spin canting. In a recent Monte
whereT(xmay IS the temperature of maximum susceptibil- Carlo study for the classical Heisenberg antiferromagnet on a
ity, and S=5/2 is the spin of MA ™. A linear relationship triangular lattice, it was shown that the easy-plane anisotropy
between the susceptibility maximum temperature and the exstrongly affects the transition temperatdfeFurthermore,
change energy is predicted in other formalisms as wellbecause a finite temperature magnetic ordering is allowed in
Therefore, although the absolute value of the exchange enke two-dimensional Ising system and the Ising anisotropy
ergy obtained from the susceptibility maximum temperaturewill be independent of the chain length, i.e., interlayer dis-
can vary slightly depending on the formalism, the overalltance, the finite temperature magnetic ordering independent
correlation can be taken to be valid. of the interlayer distance can be explained in terms of the
Figure 4 shows that the exchange energies found frontsing anisotropy. In fact, the deviation from the isotropic
Egs. (1) and (2) for various chain lengths are consistent Heisenberg system due to the Ising anisotropy would enable
within errors, and are nearly chain-length independennfor a magnetic ordering at a finite temperattijast as a devia-
=<4. The apparent decrease of the intralayer exchange intetion from the perfect two-dimensional lattice would enable a
action forn=8 may be due to the structural distortiofiis- magnetic ordering. The lIsing anisotropy energy is about
cluding a change in the bond distance between thé Mn 10 3 J8 which is compatible with the-value anisotropy.
ions) with increasing chain length. In order to identify a pos- The magnitude of the other possible origin of the transi-
sible structural change near the antiferromagnetic transitiortion temperature for the long-chain compounds, the DM in-
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teraction, is of the order ofXg/g)J, whereAg is the devia- tion temperature was shown to be independent of the chain

tion from the free-electrog-valuel® and was determined to length for long-chain compounds contrasting to the previous

be of the order of 10° J from our EPR measurements. assumptions, for which the Ising anisotropy was suggested to

Thus, the two interactions, the Ising anisotropy and the DMbe responsible.

interaction, turn out to be of the same order of magnitude,

and the DM interaction will also be independent of the chain

length. Therefore, the role of the DM interaction in the finite

temperature magnetic ordering cannot be completely ex- This work was supported by the Korea Science and Engi-

cluded, either. neering Foundation(996-0200-003-2 and the Center for
In summary, we have studied the antiferromagnetic tranElectro- and Photo-Responsive Molecules at Korea Univer-

sitions in the well-known quasi-two-dimensional Heisenbergsity), and by the Korea Research Foundati&iK21). Mea-

antiferromagnetic systems {B,,, 1NH3),MnCl, with vari- ~ surements at Korea Basic Science Institute are acknowl-

ous chain lengths. As a result, the antiferromagnetic transiedged.
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