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High-field magnetization and susceptibility measurements have been performed onS51 antiferromagnetic
bond-alternating chain compounds:@Ni2(dpt)2(m-ox)(m-N3)#(PF6) @dpt5bis~3-aminopropyl!amine, ox5
C2O4] ~abbreviated as NDOAP! and @Ni~333-tet!(m-NO2)]ClO4 @333-tet5N,N8-bis~3-aminopropyl!-1,3-
propanediamine# ~abbreviated as NTENP!. The magnetization of NDOAP shows two steep increases at about
200 and 500 kOe. A magnetization plateau is observed between about 300 and 500 kOe, corresponding to half
the value of the saturation moment. Comparison between numerical calculations and the experimental results,
including the magnetic susceptibility, shows that NDOAP has a singlet ground state due to dimerization with
a bond-alternating ratioa50.1. The half-saturation plateau is also observed around 700 kOe in the magneti-
zation of NTENP. The magnetization process of NTENP is well reproduced by the numerical result calculated
for the parameter ofa50.45 in the singlet-dimer phase. Thea dependence of the magnetization processes is
discussed.

DOI: 10.1103/PhysRevB.69.174405 PACS number~s!: 75.10.Jm, 75.50.Ee
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I. INTRODUCTION

In the past 20 years, several theoretical predictions
low-dimensional quantum spin chains have been verified
experimental studies. In particular, a large part of them w
triggered by Haldane’s conjecture in 1983,1,2 which states
that an energy gap exists for the Heisenberg antiferrom
netic chain with integer spin values, while there is no gap
the chain with half-integer spins. Thereafter, his argum
has been applied to more complicated and generalized q
tum spin systems.

Affleck and Haldane have described the Heisenberg a
ferromagnet with bond alternation~HABA ! by the Hamil-
tonian

H5(
i

@11~21! id#Si•Si 11 , ~1!

whered represents the strength of the bond alternation
Si is the S51 spin operator at sitei.3–6 They have shown
that the system has massless critical points only atu5(2k
11)p with k50,61,62, . . . , where u is the topological
angle given byu52pS(12d) based on the O~3! nonlinear
s model. This means that a HABA with spinS is expected to
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have 2S quantum critical points with gapless excitation.
addition to this, recently the condition for gap formation in
high magnetic field has also been presented, which can
also viewed as a kind of generalization of the Halda
conjecture.7 The magnetizationm of a quantum spin chain is
topologically quantized as

n~S2m!5 integer, ~2!

wheren is the period of the ground state. This expression
particularly important in the analysis of a HABA with ex
plicit periodicity n52, implying that the magnetization
curve of a HABA withS>1 may exhibit characteristic pla
teaus.

Among the various possible HABA’s, the one withS51
has got particular experimental interest since some of th
compounds have actually been synthesized. Theoretic
the following results are predicted for the HABA withS
51. Depending on the value ofd, two different ground
states with an energy gap are possible: the singlet-di
phase and the Haldane phase, which can be connected
an isolated dimer gap withd51 and with the original
Haldane’s conjecture withd50, respectively. At the phas
boundary, the energy gap vanishes with a massless ex
tion. For the gapless point, Singh and Gelfand8 have applied
©2004 The American Physical Society05-1
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a series-expansion technique and have estimated the cr
value to bedc50.2560.03. Several numerical studies su
porting this estimated value fordc have been performed b
using the density-matrix renormalization-group~DMRG!
method9 and the quantum Monte Carlo~QMC! method.10

For the HABA in a magnetic field, theoretical studies ha
shown that, fordÞ0, the magnetization may be quantized
m51/2, in addition tom50 and 1.11

As discussed above, the magnetic behavior of the HA
with S51 is theoretically rather well predicted. The questi
arises which material is suitable to verify experimentally t
behavior of a HABA withS51. In the experimental studie
of S51 spin systems, the most important compounds are
ones consisting of Ni~II ! ions. In fact, several Ni~II ! chain
compounds with alternating bonds have be
synthesized.12–16These compounds have two different typ
of bridging ligands or two crystallographically differen
ligands which connect Ni21 ions, resulting in the formation
of S51 chain structures with bond alternation. However,
studies performed on these compounds mainly concern
relation between the magnetic interactions and the chem
bonds and not much attention has been paid to prope
such as the gap formation, the gapless point, and the ma
tization plateau.3–7,11,17

The aim of the present work is to carry out a systema
experimental study of the HABA, enabling a comparis
with theoretical predictions. For this purpose, a series
HABA compounds is needed with typical bond-alternati
parametersd in a variety of the Ni based compounds. Th
gapless point has previously been confirmed by magne
tion and susceptibility measurements on the HABA co
pound @Ni~333-tet!(m-N3)](ClO4) @333-tet5N,N8-bis~3-
aminopropyl!-1,3-propanediamine# ~abbreviated as
NTEAP!.18 It also has been shown that the ground st
of @Ni(Medpt)2(m-ox)(m-N3)# (ClO4)•0.5H2O @Medpt
5methyl-bis~3-aminopropyl!amine# ~abbreviated as
NMOAP! ~ox5C2O4) lies in the singlet-dimer phase an
that its magnetization process has a half-saturation plate19

In order to study the HABA systematically as a continuo
function ofd, other HABA compounds that fill in the regio
of missingd values are required.

In this paper, we report on experiments on two types
Ni21 chain compounds@Ni2(dpt)2(m-ox! (m-N3)](PF6)
@dpt 5 bis~3-aminopropyl!amine, ox5 C2O4] ~Ref. 14! ~ab-
breviated as NDOAP! and @Ni~333-tet!(m-NO2)](ClO4)
~Ref. 15! ~abbreviated as NTENP!. Magnetization and sus
ceptibility measurements have been performed on these
compounds and the obtained results are compared with
merical calculations by means of the exact diagonaliza
method20 and the DMRG method.21–25 Finally, we present
the experimentally determined magnetic phase diagram
HABA ~Fig. 8!.

The paper is organized as follows. In the following se
tion, details of sample preparation and the experime
equipment are presented. Section III is devoted to the cry
structures of NDOAP and NTENP. In Sec. IV, we report t
experimental results and compare them with the numer
calculations. In Sec. V, we compare the alternating excha
interactions with the bridging ligands and discuss the m
17440
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netization plateau in the quantum spin system. The exp
mental results are summarized in a three-dimensional dis
as function of the magnetization, of the magnetic field, a
of the bond-alternating ratio. In the final section, the resu
are summarized.

II. EXPERIMENTAL PROCEDURES

Single-crystalline samples were synthesized by a slo
evaporation method. Here, we present the preparation pr
dure of NTENP. The compound NDOAP was synthesized
a similar way. Stoichiometric amounts of Ni(ClO4)2•6H2O
~purity 99.99%! and 333-tet amine were mixed in ultrapu
water and the aqueous solution was filtered. Then, an a
ous solution of the required stoichiometric amount of NaN2
was added to the filtrate and the solution was put on a s
for about 1 month.

The temperature dependence of the magnetic suscep
ity was measured in a SQUID~Superconducting QUantum
Interference Device! magnetometer ~Quantum Design
MPMS-XL7L!. Diamagnetic corrections were carried out a
cording to Pascal’s sum rule of the diamagnetic contributio
from chemical bonds and the elements of the compoun26

High-field magnetization measurements were performed
using pulse magnets that can produce magnetic fields u
800 kOe without destruction. The magnets have been m
by winding coils of Cu-Ag wire. The coils are reinforced b
a ring of Maraging steel with a tensile strength exceed
200 kgf/mm2. The magnets are immersed in liquid nitroge
in order to lower the electrical resistance and to reduce
Joule heat. Field pulses of about 550 kOe can be gener
every 25 min. Experimental data are collected by utilizing
digital transient memory IWATSU DM-2350. The values
the magnetic field and the magnetization were calibrated
the spin-flop transition field and the linear increase after
transition in the magnetization curve of the typical antiferr
magnet MnF2.

III. CRYSTAL STRUCTURES

A. NDOAP

@Ni2(dpt)2(m-ox)(m-N3)# (PF6) ~NDOAP! crystallizes
in the monoclinic structure, space groupP21 /a with the lat-
tice parametersa510.989 Å, b519.357 Å, c512.598 Å,
and b5107.27°.14 Figure 1~a! shows the molecular struc
ture. It is noted that the counteranions PF6

2 are omitted for
simplicity. Each Ni21 ion is coordinated octahedrally b
three nitrogen atoms of an aminate ligand, by two oxyg
atoms of an oxalato ligand, and by one nitrogen atom of
azido ligand. These Ni21 ions are linked to both neighborin
Ni21 ions by the oxalato and the azide ligands, respectiv
Consequently, the Ni21 ion chains are composed of alterna
ing bridges along thea axis.

B. NTENP

@Ni~333-tet!(m-NO2)](ClO4) ~NTENP! crystallizes in the
triclinic structure, space groupP1̄.15 The lattice constants
and angles at room temperature area510.747(3) Å, b
5-2
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HIGH-FIELD MAGNETIZATION OF S51 . . . PHYSICAL REVIEW B69, 174405 ~2004!
59.413(2) Å, c58.789(2) Å, a595.52(2)°, b
5108.98(3)°, andg5106.83(3)°.15 Figure 1~b! shows the
chain structure of NTENP. The chain is composed of Ni21

ions bridging through nitrito groups. The nitrito groups a
disordered as is common in these kinds of compounds. E
chain is well isolated by ClO4

2 counteranions with which no
hydrogen bonds exist. The most important feature is that
inversion centers are not situated on the Ni21 ions but on the
nitrito groups and two different bond distances of 2.142~3! Å
and 2.432~6! Å exist between the Ni21 ions. As a result, this
compound is expected to be of the bond-alternating ch
type.

IV. RESULTS AND ANALYSES

A. NDOAP

1. Susceptibilities

The magnetic susceptibility of NDOAP is shown in Fi
2. The magnetic field is applied along thea, b, andc* axes,
where thec* axis is defined to be perpendicular to thea and
b axes. The susceptibilities along the different axes are
most identical. The susceptibility has a broad maximum
about 40 K. In the low-temperature region, the susceptibi
steeply decreases to almost zero, indicating the existenc
an excitation gap above the singlet ground state. For tha
axis, the maximum value is 2.5% smaller than for the ot
axes which is due to a slightly smallerg value for thea axis
than for the other axes.

We compare the susceptibility along thea axis with the
numerical calculations in terms of the exact diagonalizat
method.20 Defining thea axis, which is the chain direction
as the magnetic principalz axis, we consider the Hamiltonia

FIG. 1. Chain structures of NDOAP~a! and NTENP~b!. The
counteranions PF6

2 for NDOAP, ClO4
2 for NTENP, and hydrogen

atoms for both compounds are omitted for simplicity. Each atom
represented by different circles as illustrated in the figure.
17440
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H5J(
i 51

N/2

~S2i 21•S2i1aS2i•S2i 11!2(
i 51

N

gzmBSi
zHz ,

~3!

where N is the system size number,J and aJ are the ex-
change constants between two different nearest neighboa
is the bond-alternating ratio between two exchange const
mentioned above,gz is theg value of the Ni ions along thez
axis,mB is the Bohr magneton,Si

z is thez component ofSi ,
andHz is the applied magnetic field along thez axis. For the
ratio a, it holds thata5(12d)/(11d). Note that the criti-
cal pointdc>0.25 corresponds toac>0.6. In the following
sections,a will mainly be used to identify bond-alternatin
chain compounds. In the calculations, periodic bound
conditions have been imposed and the system size has
taken up to eight sites.

The experimentalxexpt curve has been fitted by the calcu
latedxcalc curves. Figure 3 shows the fitting result for var
ous values ofa. The curve obtained for a bond-alternatin
ratio a50.1 reproducesxexpt quite well and the obtained
parameters areJ/kB540.1 K andgz52.23 for thea axis.

s

FIG. 2. Temperature dependence of the magnetic susceptib
of NDOAP in a magnetic field of 1 kOe. The susceptibility arou
the broad maximum is shown in the inset. The open circles, plu
and crosses represent the experimental data obtained with the
applied along thea, b, andc* axes, respectively.

FIG. 3. Temperature dependence of the magnetic susceptib
of NDOAP, calculated for different values of the bond-alternati
ratio a by means of the exact diagonalization method withJ/kB

540.1 K, gz52.23. The open circles represent the experimen
data of NDOAP along thea axis.
5-3
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YASUO NARUMI et al. PHYSICAL REVIEW B 69, 174405 ~2004!
These parameters are in satisfactory agreement with the
ues ofJ/kB539.4 K, a50.1, andg52.19, which have been
derived from the susceptibility of a powdered sample.14

2. Magnetizations

High-field magnetization measurements were perform
at 1.3 K in fields up to about 600 kOe, applied along thea, b,
and c* axes ~Fig. 4!. Because no hysteresis is observ
within the experimental accuracy, only the curves measu
with increasing field are shown. Being almost zero in t
low-field region, the magnetization increases sharply
about 200 kOe for all directions and reaches half of the s
ration value. At about 500 kOe, the magnetization increa
again and tends to saturate at about 600 kOe. Similar to
magnetic susceptibility, no clear axial dependence of
magnetization is observed.

The steplike increase of the magnetization clearly in
cates the existence of an excitation gap. One of the strik
features is the half-saturation plateau observed betw
about 300 kOe and 500 kOe. The width of the plateau
smaller than that obtained with the isolated dimer mo
shown in the inset of Fig. 4. This difference arises from
many-body effect of the quantum system, which causes
gradual increase of the magnetization between 200 and
kOe and between 500 and 600 kOe.

The magnetization of the bond-alternating chain has a
been calculated by means of the exact diagonaliza
method. Figure 5 shows the curves calculated fora50.1,
together with the experimental result along thea axis. The
calculated result forT/J50.00 deviates from the experimen
tal result around both edges of the gradual slopes of
magnetization. The calculated curve is in better agreem
with the experiment, if one takes the thermal effect into
count. Using theg value obtained from the susceptibilit
measurement, we get the parameterJ/kB538.2 K which is
close to the value derived from the susceptibility measu
ments.

FIG. 4. Magnetization curves of NDOAP at 1.3 K along thea
~solid line!, b ~dotted line!, andc* axes~dashed and dotted line!.
Each magnetization has been normalized to that along thea axis at
the half-saturation plateau. The inset shows the magnetization c
calculated for anS51 antiferromagnetic isolated dimer with th
parametersT51.3 K, g52.23, andJ/kB538.2 K obtained from
the fit in Fig. 5.
17440
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B. NTENP

1. Susceptibilities and magnetizations below 250 kOe

The susceptibility and magnetization curves shown in F
6 have been reported previously by some of the pres
authors.27 The susceptibility curve is compared with the su
ceptibility calculated numerically by means of the QM
method, giving the parametersa50.45,J/kB554.2 K, D/J
50.25, andgz52.14 for the magnetic field parallel to th
chain direction. In this calculation, a uniaxial single-ion a
isotropy term( i 51

N D(Si
z)2 was introduced into the Hamil

tonian~3!. The magnetization curves clearly indicate the e
istence of a gap and the singlet ground state is realized u
around 100 kOe, where the magnetization increases abru

ve

FIG. 5. Magnetization curves of NDOAP forT/J50.00 and
0.05, calculated by means of the exact diagonalization method.
thick solid curve represents the experimental data along thea axis.

FIG. 6. ~a! Temperature dependence of the susceptibility
NTENP at 1 kOe and the susceptibility calculated by means of
QMC method with the parameters shown in the figure.~b! Magne-
tization curves at 1.3 K up to 250 kOe.
5-4
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The ground state of NTENP was also verified to be
singlet-dimer phase by the observation of an edge stat
NTENP doped with the nonmagnetic impurity Zn.27

2. Magnetization up to 700 kOe

Our theoretical calculation suggests that, for the Ham
tonian with the above parameters, the system should hav
magnetization half-saturation plateau in a magnetic fi
higher than 250 kOe. In order to examine this, magnetiza
measurements up to 700 kOe were performed using the p
magnet introduced in the preceding section. Figure 7 sh
the experimental result together with the calculated curv

When the magnetic field is applied along the chain,
onset of the half-saturation plateau around 700 kOe can
observed. This experimental result is compared with the
oretical curves fora50.45 andD/J50.25 atT/J50.00 and
0.05, which were calculated by means of the product-wa
function renormalization-group~PWFRG! method21,22 and
by the finite temperature DMRG method,23–25 respectively.
The parameters in the calculations have originally been e
mated by Narumiet al.27 Although the experimental curv
deviates slightly from the calculated ones above about
kOe, the agreement is reasonable.

V. DISCUSSION

A. Bond alternation and chemical bridge

Two exchange constants (J/kB538.2 K and aJ/kB
53.82 K) correspond to the two different superexchange
teractions in NDOAP. The compound@Ni2(Medpt)2(m-ox)
3(m-N3)# (ClO4)•0.5H2O ~abbreviated as NMOAP!, which
has a similar structure, has the same bridging ligands.
magnetic properties and thea value estimated for this com
pound have been reported earlier.19 In Table I, we present the
exchange interaction constants of both compounds for c
parison.

The correlation between magnetic interactions and bri
ing ligands have been studied quite well.13,14,16The oxalato
ligand generally takes a planar conformation, so that ther
no significant difference in bond distance and bridging an

FIG. 7. High-field magnetization process of NTENP up
700 kOe in the chain direction and the theoretical curves calcul
by means of the PWFRG method fora50.45 andD/J50.25 at
T/J50.00 and 0.05.
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among nickel compounds with oxalato bridge. Althou
there is a little deviation depending on the distance and
angle, the exchange interaction constant was found to b
the range from 55 K to 30 K. On the other hand, since
azido ligand has a great flexibility in bond angle and d
tance, the exchange interaction through the ligand is
pected to be sensitive to these parameters. According to
discussion, we conclude that the oxalato and the azido br
in NDOAP should contribute to the larger and the smal
values of these alternating interaction constants, respectiv

B. Magnetization plateau

Magnetization plateaus have been observed in sev
kinds of magnetic materials. When a system is strongly
isotropic, for example, CoCl2•2H2O,28 well known as an
Ising spin system, magnetization plateaus appear due to
rearrangement, for instance, from up-down–up-down to
up–down-up. In addition, antiferromagnets composed o
small number of spins may have plateaus as a result of l
crossing of discrete energy levels due to the quantum ori
However, the origin of the magnetization plateau of a HAB
is completely different from the above cases because
system is nearly isotropic and the system size is infinite.

Let us first consider an assembly of isolated dimers a
simple quantum case. This corresponds to the case ofa50
in the Hamiltonian in Eq.~3!. At zero magnetic field, the
energy-level scheme consists of a singlet, a triplet, an
quintet state. On application of a magnetic field, level cro
ing between the singlet and the triplet state and between
triplet and the quintet state will take place. As a cons
quence, plateaus appear at magnetization per sitem50, 1/2,
and 1. What happens when the dimers interact weakly w
each other so that the system forms a chain? As the in
dimer interaction develops, the discrete energy levels spr
The energy gap between the levels may vanish, finally res
ing in the formation of an energy band. This does not seem
favor of the occurrence of a magnetization plateau, but i
not trivial whether the plateau vanishes or not. Tonega
et al.11 have calculated the phase diagram in the magn
field versus bond-alternating ratio plane by using the ex
diagonalization method. They conclude that the ha
saturation plateau appears ifD/J>0 and aÞ1. Later,
Totsuka17 investigated the magnetization plateau using
bosonization technique and came to the same result as T
gawaet al.

When we apply the necessary condition for the magn
zation plateaus given in Eq.~2! to the S51 HABA, the
magnetization is possibly quantized atm51/2, in addition to
m50 and 1, as observed in the present experiments

d

TABLE I. Alternating exchange interaction constants
NDOAP and NMOAP estimated from the susceptibility and t
magnetization measurements.

Compound J/kB aJ/kB

NDOAP 38–40 K 4 K
NMOAP 43–44 K 11–13 K
5-5
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YASUO NARUMI et al. PHYSICAL REVIEW B 69, 174405 ~2004!
should be noted that the plateau does not always ap
when the quantization condition is satisfied. The absenc
the plateau withm50 at the gapless point of the HABA i
such a case. Note also that the period of the ground sta
determined not only by the explicit spatial structure of t
Hamiltonian but also by spontaneous symmetry break
Such examples are known for theS51/2 case29 and theS
51 case.30

C. Phase diagram

Finally, we present the magnetization curves, obtained
the present and in previous works, in a three-dimensio
diagram of the magnetizationm, the magnetic fieldH, and
the bond-alternating ratioa in Fig. 8. The dotted lines illus-
trate the phase boundaries withD/J50 calculated by Tone-
gawaet al.11 For each compound, an estimation of the ma
nitude ofD/J was giving the valuesD/J;0 for NDOAP and
NTEAP, 0.07 for NMOAP, and 0.25 for NTENP. There is n
qualitative difference in the calculated phase diagram in
H versusa plane in the range ofD/J50;0.25. Thus, it
seems reasonable to make a comparison between the ex
mental results and the phase diagram calculated withD/J
50.

The magnetization curve of @Ni2(Medpt)2(m-ox)
3(H2O)2#(ClO4)2•2H2O ~abbreviated as NMOHP! ~Ref.
31! is plotted as a typical curve of the isolated dimera
50). Large plateaus withm50 andm51/2 were observed
like a staircase. On the other side of the bond-alterna
ratio (a51), zero magnetization up to 0.41J is followed by
a continuous increase up to the saturation in the magne
tion curve of (CH3)4NNi(NO2)3 ~abbreviated as TMNIN!.32

In the intermediate region (0,a,1), the magnetization

FIG. 8. Magnetization curves of bond-alternating chain co
pounds in a three-dimensional display of the magnetization,
magnetic field, and the bond-alternating ratio. The dimer compo
NMOHP and the uniform chain compound TMNIN are the extre
cases of the bond-alternating chain. The magnetization and
magnetic field are normalized to the saturation magnetization
the strongest nearest-neighbor exchange constant, respectively
dotted lines represent the phase boundaries without anisotrop
calculated by Tonegawaet al. ~Ref. 11!.
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processes of NDOAP, NMOAP,19 NTENP, and NTEAP~Ref.
18! reproduce thea dependences of them50 and 1/2 re-
gions. According to the theoretical prediction, as the altern
ing ratio increases, the spin gap decreases, then vanishe
opens again. On the other hand, the half-saturation pla
survives until the system becomes completely uniform.
experimental results up to now support the prediction c
cerning the plateau. Unfortunately, no candidate compou
showing the half-saturation plateau have been found so
for the case of 0.6,a,1.

The schematic representation based on the valence-b
solid ~VBS! ~Ref. 33! picture is useful to classify each phas
of the HABA. The singlet-dimer ground state consists of tw
singlet bonds in coupled pairs of spin-1 as shown in F
9~a!. On the other hand, the Haldane state consists of sin
bonds of the two spins at one site with the spins at differ
neighboring sites, as shown in Fig. 9~b!. When the phase
transition occurs from the Haldane to the singlet-dimer ph
at a50.6, a rearrangement of the singlet bonds takes pla
The VBS representation has been shown to be valid for
experimental study of NENP, which was the origin
Haldane chain witha51,34 and of NTENP, whose ground
state was verified to be in the singlet-dimer phase.27 Upon
application of a magnetic field above a critical value, sing
bonds begin to break, making excited triplet pairs, wh
correspond to the development of the magnetization. W
just half of the singlet bonds are broken, the system is in
half-saturation plateau phase. On applying a magnetic fi
to the system in the singlet-dimer phase, one of two sing
bonds in each coupled spin-1 dimer is broken to produce
excited triplet as shown in Fig. 9~c!. On the other hand, for
the case of the system in the Haldane phase at zero field
singlet states which are formed through the weaker excha
interactions change into the excited triplets as shown in F
9~d!. We cannot distinguish these two situations, because
excited triplets are likely to move owing to the existence
the intrachain interactions. Thus, we see in the phase
gram that the half-saturation plateau state is a unique ph
independent ofa in the S51 HABA.

VI. SUMMARY

We have investigated theS51 antiferromagnetic bond
alternating chain by means of susceptibility and high-fie

-
e
d

he
d

The
as

FIG. 9. Schematic representations based on the VBS pict
The small circles represent the spin-1/2 variables. The large o
circles show the symmetrization of two spin-1/2 variables to ma
spin-1 at each site. The solid small circles connected by the s
lines and the open small circles connected by the dotted lines
resent the singlet and the triplet pairs, respectively. The detail
each sketch are described in the text.
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P.

HIGH-FIELD MAGNETIZATION OF S51 . . . PHYSICAL REVIEW B69, 174405 ~2004!
magnetization measurements on the Ni chain compou
NDOAP and NTENP. Comparison between the experime
results and the numerical calculations leads to the conclu
that NDOAP and NTENP both possess the singlet-dim
ground state witha;0.1 and 0.45, respectively. The orig
of the bond alternation has been discussed on the basis o
structure. A magnetization plateau at half the saturation m
netization was observed in the magnetization of both co
pounds. The phase diagram of the HABA in an applied m
netic field was experimentally examined.
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