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The experimental results of the susceptibility, specific heat, magnetization, and electron spin resonance of
Cu(H,0),(C,HgN,)SO, are reported. Despite the triangular arrangement of chemical bonds, the system is
identified as arB=1/2 Heisenberg antiferromagnet where the dominant exchange couliliag=-1.4 K is
mediated by a square network of hydrogen bonds. The long-range ordering obsefyed &1 K is proposed
to be Néel type. The possibility of tuning the strength of the exchange couplings in various directions is
discussed.
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I. INTRODUCTION ties and electron spin resonance spectra of the title com-

. . ) pound are reported. This material possesses the aforemen-
The physical properties of a geometrically frustrated magyjoned structural features that are potentially consistent with
net represented by the Heisenberg antiferromagnet on a trigatial anisotropy of the exchange interaction. The analysis
angular lattice HATL) have been extensively investigated, of the thermodynamic data and electron spin resonance
and considerable theoretical effort has been devoted to URESR spectra confirms this expectation and supports the
derstanding the nature of the ground state in the quantuRyengification of the studied material as &%1/2 Heisen-
regime. More specifically, the role of quantum spin fluctua-perg antiferromagnet in which exchange interactions are me-

tions in suppressing the long-range order was a subject of thg4ieq predominantly by a square network of hydrogen
debaté generated by Anderson’s proposal that the ground,nqs.

state is a spin liquid.Recently, theoretical studies were ex-

tended to consider the so-called Row model describing a

spatially anisotropic triangular antiferromagnet with different IIl. CRYSTAL STRUCTURE AND ORBITAL
values of exchange coupling constadtsand J, in different INTERACTIONS

directions (see Fig. 1 These studi¢s® addressed the CU(H,0),(enS0,, en=(C,HgN,), crystallizes in the

ground-state phase diagram of the Row model in zero mags, oo cjinic space grougC2/c, with unit cell parameters
netic field. Although the different calculation techniques Ieda:7_2311) A b=11.7522) A c=9.7681) A B

to slightly different phase boundaries, the phase diagram 0;105_5021)0 7

the Heisenberg antiferromagnet on a spatially anisotropic tri =4 The structure is built of neutral chains
) LS runni I h i Figs. . Th -
angular lattice possesses three clearly distinguishable reonniNg along tha axis[see Figs. @) and 2b)]. The para

gions. Specifically, a Néel-type ordered phase exists fro ?’nagnenc Cudl) ion is located in a distorted octahedron. The

: . ."i?etragonal distortion is manifested by the different bond
J1/3,=0 toJ,/J,~1/2, a phase with a spiral ground state ISIengths between Gl) ions and ligands in the equatorial

located in the region 1/J,/J,<4, and quantum disor- plane [CU—Nc2H8N2=1-9842) A,CU—%20=1-9762) Al

dered phases are predictedatJ,=1/2 and forJ,/J,=4. : . - ~
For S=1/2 Heisenberg triangular magnets with pro- and apical positionsCu 0504_2'49&2) A]. The paramag-

nounced quantum effects, most of the experimental effort
has been devoted to the study of isotropic systémsin
contrast, there are only a few studiesS¥1/2 HATL with
strong spatial anisotropy, a notable example being
6-(BEDT-TTH,RbZNSCN),,'* a compound belonging to
6-type BEDT-TTF organic salt¥ The systematic study of
the theoretically proposed phase diagram of the Row model
requires a class of materials which allow théJ, ratio to be
tuned. For example, the spatial anisotropy may be achieved
by considering a chain material, where the exchange interac- FiG. 1. Schematic plot of a triangular lattice with spatially an-
tion along the chains is mediated by covalent bonds, whilésotropic exchange couplings. The exchange interactjoextends
hydrogen bonds among the chains create exchange pathsiinthe &, direction, whereas the exchange interactigpropagates
the other direction. In this work, the thermodynamic quanti-alonga, andas.

]z/// .
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a influenced by the symmetry of the wave function of the un-
paired electron of the QL) ion. For a Cull) ion placed in

the axially deformed octahedron, the unpaired electron can
be described by the wave function with eithags_2 or d,
symmetry, where th& andy axes are defined along the Cu-

O and Cu-N bonds in the equatorial plane and zfeis is
normal to the plane. Since the lobes of tthe orbitals are
oriented along the chains, the overlap with the orbitals of
appropriate symmetry from thg80,]%>~ group will lead to

the enhancement of intrachain coupling. In contrast, the in-
trachain interaction is reduced if the unpaired electron is lo-
cated in thed,>_,» orbital whose lobes are located in the basal
plane. In this situation, the interchain exchange coupling me-
diated by the hydrogen bonds should be increased. Although
the pronounced elongation of the octahedron revealed by the
structural studies at room temperature suggests the second
possibility, the corresponding low-temperature investigation
of the Cull) environment must be performed before using
this conjecture in the interpretation of the experimental data.

Ill. EXPERIMENTAL DETAILS

Q-band ESR(A=4 mm, f=73 GH2 experiments were
performed using a powder sample cooled between 4.2 and 20
K, where the temperature was measurecd-thl or =0.5 K,
below and above 15 K, respectively. A spherical sample with
a diameter of about 1 mm was formed by using GE 7031
varnish and was placed in the cylindrical cavity resonator
operating in the Tk 3 mode.

Static magnetic susceptibility and magnetization measure-

FIG. 2. Crystal structure of GH,0),(enS0O, in (a) ab and(b) ments of powdered samples were performed in a commercial
ac planes. The chains are running along thaxis. The hydrogen superconducting quantum interference device magnetometer.
bonds connecting the chains are denoted by dashed lines. The susceptibility studies were performed in a magnetic field
netic Cyll) ions are linked by covalent bonds via a diamag-Of 1 kG while the_temperature was vamedl from 2 to 300 K,

. o A . .= whereas the dominant part of magnetization work was done
netic[SO,]“” unit in the chain direction. A closer inspection t18 5 and 10 K. whil ing the field f 0 10 50 kG
of the structure reveals the presence of hydrogen bonds link=" —=* ™ an » whiié varying the Tield trom © o j

ore detailed analysis of the data required subsequent mag-

ing the Cdll) ions in adjacent chains from thab layer. L
These hydrogen bonds are located between the oxygen atoffigtization measurements at 1.8 K up to 70 kG. Several small

from the[SO, ]2~ units and the oxygen atoms from the water pieces of a p(_allet, which were obtained by pressing a pow_der
molecules from the neighboring chains, see Fig).2The Sa@mple, provided a total mass of 85 mg and were placed in a
cu(ll) ions in one chain are shifted byl/2,1/2 with re- gelpap which was held by a §traw. The d|amagn§et|c cqntn-
spect to those from the adjacent one, thus the covalent arff'tion of the background, which was measured in an inde-
hydrogen bonds effectively create triangular layers with twoPendent run, was subtracted from the total signal.
kinds of exchange paths. Additional hydrogen bonds have A Lake Shore system, Model 7225, was used for the mea-
also been found linking the Qi) ions from the adjacent Surements of the ac magnetic susceptibility. Both real and
layers [see Fig. P)]. More specifically, the neighboring imaginary components were measured in the frequency
chains in theac plane are linked by the hydrogen bonds range from 125 Hz to 2 kHz and the amplitude of the driving
between the oxygen atoms from th®0,]> units and the field was equal to 5 G. The measurements were conducted in
nitrogen atoms from thenin the neighboring chains. Con- the temperature range from 2 to 15 K.
sidering the geometrical parameters of a hydrogen bond Using a relaxation technique in a commercial dilution re-
X—H---A formed betweerX andA atoms, namely, the result- frigerator, specific heat measurements were conducted with a
ing bond lengths and angle XHA, the hydrogen bonds be- 95 mg powder sample pressed in the form of a pellet. A
tween the layers are much weaker than those within th&®uO, thermometer, Dale RC 550 of about 4.k’ was
layers!4 Although from a structural point of view the hydro- calibrated against a commercial Lake Shore thermometer,
gen bonds are much weaker than covalent ones, the hydréodel GR 200A-30. A silver wire, 4@um in diameter and
gen bonds are known to significantly influence the magneti@-cm long, was used as a link between the cold thermal
properties of the systes:!6 reservoir and the platform containing the sample, thermom-
The resultant ratio of the exchange interactidpsl, me-  eter, and a strain gauge heater. The specific heat measure-
diated by covalent and hydrogen bonds will be significantlyment of a 59 mg bundle of small single crystals, each with

014435-2



Cu(H,0)5(C,HgN»)SO,: A QUASI-TWO-... PHYSICAL REVIEW B 71, 014435(2009

0.08
1.0F w0l { 7 _.600
L 8 — %
= [} - =
z 08r % 1 €0.06 2 34
= z 201 [ ~ =
= [ ¢ . > E
So6f - - E I ‘ .
&, 3 o > 0.04 | 1 200
> 5 10 15 20 = Temperature [K]
% 0.4+ Temperature (K) E el @)
c = O
o a | e @]
= P Soo
= 0.2 3 002 T fo)
[72]
0.0 - L
22 23 24 25 26 oo0lb——ur 1. 1 L

0o 2 4 6 8 10 12 14 16 18

Magnetic field [kG] Temperature [K]

FIG. 3. Resonance spectrum of powdern(I840),(en SO, stud- .
ied at 4.2 K and 72.810 GHz. The solid line represents the results oé FIG. 4. Temperature dependence of the susceptibility of

) ; ) H,0),(enSO, (circles at low temperatures. The theoretical
a least-squares fit. Inset: temperature dependence of the linewidth g d'z .)2( f) s ( s) b _fp ic chai th
the resonance line. prediction for a 1D Heisenberg antiferromagnetic chain wgt

=2.15,J/kg=-2 K is denoted by the dashed line. The solid and
dotted lines represent predictions for a spatially isotropic 2D
approximate dimensions of 0:80.2x0.1 mn¥, was con-  Heisenberg antiferromagnet on a square lattice gitt2.15, J/kg
ducted in the same experimental setup. The specific heat was-1.3 K and on a triangular lattice witg=2.15, J/kg=—4.4 K,
measured with a maximum experimental error of aboutespectively. Inset: high-temperature susceptibility da@uares
6%.18 analyzed using the Curie-Weiss law, and the result is given by the
The particle size analysis was performed with a commersolid line.
cial device manufactured by Malvem Instruments. The dis-

tribution in the size of the grains in a typical powder sampleyielded g=2.09+0.04 and¢=-3.3+0.1 K, the latter con-
was studied in the size range from 0.02 to 2Q08. firming the presence of antiferromagnetic interactions. The

behavior of the susceptibility below 15 K is characterized by

a round maximum observed at 2.5 K, see Fig. 4. It should be

IV. RESULTS AND DISCUSSION noted that the observed temperature dependence of the mag-

etic susceptibility is consistent with the behavior of the line-
idth of the ESR resonance line. In order to estimate how
the two different exchange paths contribute to the resulting
magnetic coupling, the susceptibility was analyzed in more

The ESR spectra are of a form that is standard for a num-
ber of randomly oriented small single crystals, each of the
reflecting the axial symmetry of the surroundings of a tran
sition metal ion withS=1/2, and aypical absorption band is .
presented in Fig. 3. The spectrum represents a rather Wio%eta'l‘ . L
absorption band beginning from the value of the resonant A paramagneUc Qi) ion is a rather ggod example Of?
magnetic fieldB, corresponding t@, of the Cu(ll) magnetic Heisenberg ion, and therefore our material can be described

ion and ending with a narrow peak Bt corresponding to by the Heisenberg Hamiltonian for a triangular lattice,

theg, value. namely,
Numerical studies of the measured ESR spectra were per-
formed over the whole absorption band for each spectrum. In H=- 2312 S-S~ 2‘]2% S Ss (1)
i,a i

the numerical analysis\B, g,, andg, were used as param-
eters at.each tempergture, akB, the linewidth of the reso- wherea=i+1, B=i+1 for sites adjacent to thien site in the
nance line of each single crystal, was assumed to be inde- ~ ) ] } -
pendent of the orientation of the single crystal. The best fidlireéction of the unit vectors in the horizonted;) and ob-
was obtained wheg, =2.064+0.002 and),=2.315+0.003, lique (ay,a3) directions, respectively. Since, to our knowl-
and to within 0.1%, these values were independent of temedge, there are no quantum-mechanical calculations for the
perature from 4.2 to 20 K. In contraskB increases signifi- specific heat and the susceptibility of the Row model, the
cantly at the lowest temperature, see inset in Fig. 3. Since thigmiting models were applied for the analysis of the low-
study of the anisotropy of thg factor confirmed that the temperature susceptibility, and this approach was also ap-
strong elongation of the octahedron prevails down to theplied in Ref. 19. More specifically, the susceptibility data
lowest temperatures, the enhancement of the coupling via theere compared with numerical predictions for a Heisenberg
hydrogen bonds can be expected. In addition, the steep irchain possessing antiferromagnetic coupltnand with re-
crease of the ESR linewidth below 10 K is consistent withsults from a high temperature series expansion for a two-
the development of short-range magnetic correlations. dimensional (2D) Heisenberg antiferromagngHAF) on
After subtracting the core diamagnetic contribution, ap-squaré® and triangular lattice® In the analysis for each
proximated by using Pascal’'s constants and found to be equelodel, the value of the exchange coupling was tuned until
to —123.1x 108 emu/mol, the susceptibility data above 15 the position of the calculated maximum of the susceptibility
K were fit by the Curie-Weiss law, see inset in Fig. 4. This fitcoincided with the one observed in the experimental data. As
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FIG. 5. Magnetic field dependence of magnetization of Magnetic field [kG]

Cu(H,0),(enSO,. The experimental data acquired at (s§uarey

5 (circles, and 10 K(triangles are compared with the correspond-
ing predictions from the Brillouin function for 1.8dash-dotted
line), 5 (dashed ling and 10 K(dotted ling with g=2.15, as ob-
tained from the analysis of ESR data.

FIG. 6. Magnetic field dependence of the magnetization of
Cu(H,0),(enNSO, studied at 1.8 K. The experimental data
(squarep are compared with the numerical predictions using
=2.15 calculated at zero temperature for a Heisenberg antiferromag-
netic chain with saturation fielB;,=55 kG (dashed lingand for a
can be seen in Fig. 4, if we use the averggalue obtained 2D Heisenberg antiferromagnet on a square lattice vty
from the ESR data, i.eg=2.15, the data are best reproduced=72 kG (solid line). See text for a more detailed discussion.
by the model for a 2D HAF on a square lattice withkg=

-1.3 K. This fact may indicate that the magnetic behavior of 22|
the system may be approximated by 2D HAF on a square Bsat= —, (2
lattice. However, since the theoretical predictions for the 91s

HAF chain model withg=2.15,J/kg=-2 K and for the 2D
HAF on a square lattice with=2.15,J/kg=-1.3 K are quite  wherez represents the number of the nearest neighbors and
similar, the identification of the system based only on theus Stands for the Bohr magneton. Using the values oflthe
susceptibility data may be ambiguous. Nevertheless, the r&nd g parameters obtained from susceptibility and ESR
sults suggest that CH,0),(en SO, is nota representative of analysis, respectivelyg, was estimated to be 55 kG for the
an S=1/2 Heisenberg magnet on a spatially isotropic trian-Heisenberg chain and 72 kG for the 2D HAF on a square
gular lattice. lattice. The comparison suggests that the curvature of the
It is well known that for a number of geometrically frus- €xperimental data is better described by the prediction for the
trated magnets, a small amount of structural disorder cagD system. However, the good agreement between the pre-
induce a spin-glass transitidnThe possible presence of a diction for the 2D system and experimental data should be
spin-glass state was experimentally explored by ac suscepiiterpreted with caution since mutual cancellation of finite
bility measurements performed from 2 to 15 K. Since thesdemperature effec, an inaccurate determination @z,
ac results are independent of frequency and identical with thand the potential deviation from the behavior predicted for a
static measurements, the existence of a spin-glass state abatfé HAF on a square lattice cannot be ruled out.
2 K seems to be unlikely. Specific heat studies of a powder sample were conducted
The field dependence of the magnetization was measurdom nominally 100 mK to 9 K. The magnetic specific heat
up to 50 kG at 1.8, 5, and 10 K, and the results are presentedisplays a round maximum at 1.8 K, whereas\dike
in Fig. 5. The experimental data obtained at 1.8 K are charanomaly, associated with the long-range ordering, appears at
acterized by upward curvature, which is absent in the datdn=0.91 K, see Fig. 7. Since the compound is a magnetic
studied at higher temperatures. The magnetization data wetasulator, only magnetic and lattice contributions are consid-
compared with the Brillouin function describing &1/2  ered in the analysis. After subtracting the lattice contribution
paramagnet withg=2.15 obtained from the ESR data dis- Using the Debye approximation, the magnetic entropy was
cussed previously. The comparison confirms the presence §flculated numerically. Standard extrapolations were used to
antiferromagnetic coupling that tends to decrease the tot&lover the whole temperature interval, and the calculation
magnetization when compared with a paramagnetic systenyielded 5.95 J(K mol), which is close to the theoretical
More detailed analysis has been performed by comparing théalue RIn(2S+1)=5.76 J(K mol) for an S=1/2 system.
numerical calculations of the magnetic field dependence ofhe amount of entropy removed by short-range correlations
the magnetization at zero temperature and experimental datapresents about 80% of the total entropy and is strong evi-
obtained at 1.8 K in magnetic fields up to 70 kG, see Fig. 6dence of the low-dimensional character of the magnetic cor-
Specifically, the calculation of the magnetization was per+elations in this material.
formed with a finite HAF chaif? and with a 2D HAF on a The round maximum in the experimental specific heat
square latticé? Since the value of the saturation magnetic data, which can be attributed to short-range correlations, was
field By, could not be achieved experimentalBy,, was es- also analyzed using the aforementioned limiting models. The
timated in the mean field approximatior’as specific heat data were compared with the numerical predic-
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S mm————— quantum Monte Carlo study of &= 1/2 weakly anisotropic
1 ] 2D HAF system on a square lattféeconfirmed that, for 1%
s easy axis anisotropy and temperatures higher than)OtBé
- specific heat data for the anisotropic and isotropic systems
] coincide. Consequently, the single-ion effects can be ruled
out as a source of the aforementioned discrepancy.
] Dipolar interactions represent another mechanism which
. may be considered. If the structure and type of magnetic ion
e, . are known, the estimation of the dipolar interaction is
e 1 straightforward. Using the same approach as in Ref. 31, the
magnitude of the dipolar coupling between adjacent layers in
D] Cu(H,0),(enSQ, is J¥P~3 mK. Since the magnetic spe-
cific heat originating from dipolar interactions appears only
0 &= T2 3 4 s 6 in a temperature region comparable with the magnitude of
dipolar coupling?®3Y in the studied material the resulting
value of J% enables one to assume that dipolar coupling is
FIG. 7. Temperature dependence of magnetic specific heat diot likely to contribute to short-range correlations at 1.8 K.
Cu(H,0),(en)SO, powder(empty circleg and single crystalgfull ~ Therefore, it may be stated that specific heat data in the
squares The theoretical prediction for a 1D Heisenberg antiferro- fégion of the broad maximum will not be significantly influ-
magnetic chain with)/ks=-1.8 K is denoted by solid line. The €nced by dipolar interactions.
predictions for a spatially isotropic 2D Heisenberg antiferromagnet Next, the effect of the powdered nature of the sample is
on a square lattice witl/kg=-1.4 K and on a triangular lattice discussed. If the magnetic correlation length becomes com-
with J/kg=—2.2 K, are represented by the dashed and dotted linefarable with the dimensions of the grains in the powder, the
respectively. See text for a more detailed discussion. magnetic properties will start to deviate from those investi-
gated on a single crystal. In order to clarify the situation in
the studied material, the distribution in the size of the grains
tions for a HAF chaif® and with the results from high- was investigated. The study revealed that the particle size
temperature series expansions for a 2D HAF on sdtiarel  distribution covers the range from 0.95 to 24, and par-
triangular lattice$? Similarly as for the susceptibility, the ticles with sizes outside the aforementioned range were not
comparison of the data with the prediction for & 1/2  detected. The resulting distribution can be characterized by a
HAF on an isotropic triangular lattice confirmed that broad Gaussian distribution peaked au@5and with a half-
Cu(H,0),(en SO, does not represent such a system, and thevidth of 135um. The result suggests that a statistically in-
behavior of the data can be better approximated by the presignificant number of grains may have dimensions compa-
dictions for a 1D HAF chain with)/kg=-1.8 K and a 2D rable to the correlation length at the critical temperature, the
HAF on a square lattice with/kg=-1.4 K. The deviation of magnitude of which is estimated below. In addition, the spe-
the data from the aforementioned models could be caused lyfic heat calculated numerically for finite 1D clust&rson-
several mechanisms which are discussed below. firmed that in the vicinity of the broad maximum, the differ-
Since the studied material magnetically ordersTat  ence in the specific heat of a cluster containig11 spins
=0.91 K, the effect of long-range ordering could be respon-and the specific heat estimated in the thermodynamic limit is
sible for the observed discrepancy. Taking into account thatnuch smaller than the deviation of observed in the experi-
the critical region aroundy can be confined téT—Ty|/Ty mental results and considered in the theoretical models. Con-
<10, which for the studied material covers the temperaturesequently, it may be assumed that powder nature of the stud-
range from nominally 0.8 to 1.0 K, it is obvious that the jed sample will not have pronounced effects on the specific
deviation persists high above the critical region. However, agieat data. This assumption was verified by a specific heat
confirmed by the analysis of specific heat and susceptibilitytudy from 0.46 3 K using a bundle of small single crystals.
of a number of prototype Heisenberg chain materials and’he comparison of the data obtained with the powder and the
Heisenberg antiferromagnets on square lattices, the devigingle crystals is presented in Fig. 7 and confirms the size
tions from the corresponding model predictions appear in thgensitivity of the critical behavior on the dimensions of the
region where ordering occurs and at lower temperattires. grains. In contrast, the powder nature of the sample does not
This observation suggests that 3D ordering effects should nafeem to be significant in the region of short-range ordering.
have a significant influence in the region where short-rang&herefore, the finite dimensions of the grains do not seem to

) w I
T T T
1 1 1

Specific heat [J/(K mol)]

—_
T
1

Temperature [K]

correlations are formed. represent the main mechanism leading to the discrepancy
As far as single-ion effects are concerned, only anisotropyetween the data and the theoretical models.
in the g factor is induced by crystal electric fields for & It may be assumed that spatial anisotropy of the exchange

=1/2 system. This effect is manifested in the anisotropy ofinteraction could contribute to the deviation of the specific
exchange interactioldJ and a coarse estimate i8J/J  heat data from the aforementioned limiting models. Unlike
=[(g=9.)/9aJ? whereg,, represents the average value of the susceptibility, the value of the specific heat maximum
the g factor?” Using the results of the analysis of the ESR represents a constant which is characteristic for each theoret-
spectra, the anisotropy of the exchange interaction ircal model. Therefore it seems that specific heat may be more
Cu(H,0),(en SO, is estimated asAJ/J=0.014. A recent sensitive to the potential presence of spatial anisotropy in the
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exchange interaction. However, without correspondinghe thermodynamic quantities and ESR spectra, together with
theoretical predictions, the character of the spatial anisotropthe comparative study of CH,0),(phenS0O,,%? suggest that
can only be qualitatively estimated. The results of the analyCu(H,0),(enSO, represents a quasi-two-dimension8l

sis of the susceptibility and magnetization suggest that1/2 Heisenberg antiferromagnet with pronounced spatial
Cu(H,0),(en SO, behaves similar to a 2D HAF on a square anjsotropy of its exchange interaction. More specifically, the
lattice. Consequently, it may be expected that the exchanggct that the magnetic properties can be reasonably approxi-
coupling mediated by the hydrogen bonds will be muchmated by predictions for aBi=1/2 2D Heisenberg antiferro-
stronger than that mediated by the covalent bonds in thg,o4net on a square lattice confirms that exchange coupling
[SO*" unit, i.e., J,>J;. This possibility is further sup- (J/kg=-1.4 K) is mediated predominantly by a square net-

ported by the low-temperature ESR study, where the UNtork of hydrogen bonds, whereas th80,]2" unit plays

aired electron was found to be described by the wave func- . .
It?on with dye_y2 symmetry. The same conéllusion is also only a minor role. Consequently, G4,0),(en)SO, might be

drawn from a study comparing the present results with thosﬁ?ated in the rggion of the phase diagram where collinear
obtained from C(H,0),(phenSO, a material with bond éel-type ordering, characteristic for nonfrustrated and par-

enghs and angles n the a0, unt near deru 1% TUSK01e0 alocs, porss e gund e
cal to those in C(H,0),(enSO,, but with an altered net- y 9 P ping

. are proposed to be responsible for the long-range magnetic
work of h)t/drogent bon?h%?. -ght?] fa;]:tdthat ChEng'(;'g Ithed art- ordering observed afy=0.91 K. The estimated ratio of the
rangeément and strength ot the hydrogen bonds leads Qiﬂtralayer and interlayer exchange couplings suggests that
significant decrease of the exchange interaction i

"Cu(H,0),(en'SO, can be considered as a material appropri-
: 2- 2Y)2 A

Cq(HZO)Z(phe_r)SO4 supports the minor role of thS0,] ate for experimental studies of 2D Heisenberg magnets.
unit in mediating the exchange coupling.

Wh idering th K hvd bonds b h Although a systematic study of the correlation between
en considering the weak hydrogen bonds between thg, . energy of the hydrogen bonds and the spatial arrange-
layers, it might be assumed that the interlayer exchange iy oo of the participating atoms has been condutted,our
teraction can be responsible for the onset of long-range of '

der. The d fisolati fthe | ) itested in th nowledge, little is known about the possibilities of tuning
er. The degree ol isolation of the 1ayers 1S manifested in e exchange coupling via hydrogen bonds. On the other

value of the intralayer correlation lenggrat the critical tem- hand, the role of théSO,]2~ unit and the hydrogen bonds in

Iperature. The correlguon Iebngth _ex%cgentlally increases %ediating the exchange coupling could be clarified by sys-
ow temperatures and may be writteras tematic studies of the structural and thermodynamic proper-
ties of materials from the QH,0),(X)SO, series (X
& ecla 2mp T T \? =imidazole, bipyridine, nicotinamide Obviously, the exis-
2 82mp A - 1-05—+0 —) , (3 tence and the strength of the hydrogen bonds will be influ-
enced by the volume and the type of teaunit. In addition,
wherec=1.657a and p=0.18] (Ref. 33 represent the nor- if a smaller distortion of the octahedron is achieved, then
malized spin-wave velocity and spin-stiffness constants, reenhanced exchange coupling along the chains can be ex-
spectively, anda stands for the lattice parameter. For pected. This enhancement will occur because the unpaired
Cu(H,0),(en SO, the correlation length at the critical tem- electron from Cdl) ion will occupy thed, orbital with
perature is found to bé&/a=14 (Ref. 34. For a pure 2D higher probability. Alternatively, in compounds from the
Heisenberg antiferromagnet with weak interlayer couplingNi(H,0),(X)SO, class, if successfully synthesized, such an
true 3D ordering occurs at the temperature given approxienhancement should be apparent since, for @ )Nion in
mately by the criteriof? octahedral surroundings, the two unpaired electrons occupy
, 2 both thed,2_,» and thed,> orbitals. If the modification of the
Ty=J'(&a)”. ) exchange couplings in the various directions can be success-
Using this expression, witd/a=14 andTy=0.91 K, yields  fully achieved in the aforementioned way, then it will pro-
J'Ikg=4.5 mK. The high ratio between intralayer and inter- Vide a means to change the position of the studied material in
layer couplings(J/J’ =300 confirms the weakness of the the phase diagram proposed for the systems described by the
hydrogen bonds between the layers. Row model._ This interesting possibility is worthy of addi-
The resulting value of’ is comparable with the magni- tional experimental effort.
tude of the dipolar coupling between @y ions from adja-
cent layers)¥P~3 mK. The comparison suggests that both

27p 27p
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