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We have obtained the magnetic fieldsHd versus temperaturesTd magnetic phase diagram for the triangular
lattice antiferromagnet CuFe0.98Al0.02O2 using neutron diffraction, magnetization and specific heat measure-
ments on single-crystal samples. On the substitution of a small amount of nonmagnetic Al3+ impurity for Fe3+,
the H-T phase diagram was completely modified from that of CuFeO2, suggesting that the quasi-Ising spin
character observed in CuFeO2 disappears, and the Heisenberg spin character of Fe3+ is retrieved as a result of
the substitution.
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I. INTRODUCTION

ABO2-type compounds with the delafossite structure rep-
resent a good example of triangular lattice antiferromagnets
(TLA ), and present an opportunity to study the influence of
geometrical spin frustration in magnetic systems. Unlike the
well-studied quasi-one-dimensional ABX3-type hexagonal
antiferromagnets,1 ABO2-type materials have a triangular
lattice layered structure in which each triangular lattice layer
is stacked rhombohedrally along the hexagonalc axis.

CuFeO2 has been extensively investigated as one of the
TLA ABO 2-type materials.2–14 In spite of the Heisenberg
character of the orbital singlet Fe3+ sS= 5

2 , L=0d magnetic
ions, CuFeO2 shows a quasi-Ising character: As the ground
state, the four-sublattice(↑↑↓↓) magnetic structure with col-
linear magnetic moments along thec axis is realized. This is
in contrast to the noncollinear 120° magnetic structure of a
typical Heisenberg spin TLA. With increasing temperature,
in a zero magnetic field, a quasi-long range ordered sinusoi-
dally amplitude-modulated state is thermally induced from
the ground state as a partially disordered(PD) state charac-
teristic of an Ising spin TLA.8 When a magnetic field is
applied along thec axis at low temperatures, CuFeO2 shows
multi-step meta-magnetic phase transitions.3,9 It should be
emphasized that this quasi-Ising character of CuFeO2 cannot
be explained by typical Heisenberg spin TLA models. In
contrast, the magnetic properties of other ABO2-type TLA
materials, such as LiCrO2, CuCrO2 and AgCrO2, can be sat-
isfactorily explained by the typical Heisenberg spin TLA
model.1

Recently, in order to understand the stability of the quasi-
Ising character, we investigated magnetic ordering in
CuFe1−xAl xO2 by neutron diffraction, magnetic susceptibility

and specific heat measurements using single-crystal samples,
with x=0.02 andx=0.05 in a zero magnetic field.15 The re-
sults for both samples suggested that the quasi-Ising charac-
ter seen in CuFeO2 disappears, and the Heisenberg spin char-
acter of orbital singlet Fe3+ appears, because of the
disturbance of the delicate balance between the competing
exchange interactions in CuFeO2. In the case of thex=0.05
sample, the lower magnetic phase transition temperature
could not be found down to 2 K, although the upper transi-
tion temperature remained almost unchanged with respect to
that of CuFeO2. This suggests that the disruption of some
part of the exchange interactions is so great that successive
magnetic phase transitions disappear. On the other hand, for
the x=0.02 sample, successive magnetic phase transitions
remain. They are, however, entirely modified with respect to
the transitions seen for CuFeO2. Considering the significant
modification of the successive magnetic phase transitions in
thex=0.02 sample in a zero magnetic field,15 we anticipated
that theH-T magnetic phase diagram of CuFeO2 should be
also modified significantly.

To explore how theH-T magnetic phase diagram of
CuFeO2 (see Ref. 12) is modified by the substitution of a
small amount of nonmagnetic impurity, in the present study,
we have performed neutron diffraction, magnetization and
specific heat measurements using single-crystal
CuFe0.98Al0.02O2 specimens.

II. EXPERIMENTAL DETAILS

Single-crystal material with a nominal composition of
CuFe0.98Al0.02O2 was prepared by the floating zone
technique.16 All the single-crystal samples used in this study
for the neutron diffraction, magnetization and specific heat
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measurements were obtained from identical grown rods used
in the zero-field experiments.15

For the neutron diffraction experiments, we used the two-
axis diffractometer E4 at the Berlin Neutron Scattering Cen-
ter of the Hahn–Meitner Institut. The single-crystal sample
was mounted in a 14.5 T vertical field cryomagnet VM-1
with its c axis vertical, to provide access to the hexagonal
shk0d reciprocal lattice zone. Therefore, the spin density pro-
jected on the basalc plane could be surveyed. A magnetic
field was applied along the hexagonalc axis. Whereas the
reflections with the fundamental wave numberq, the q re-
flections, were observed in the previous zero-field diffraction
experiments15 with a shh,d zone, in the present study with
the shk0d zone, higher-order harmonic reflections, such as
the 2q reflection or 4q reflection, can be observed at the
reciprocal lattice positions denoted by circles in Fig. 1. This
is because the spin density modulated along the hexagonalk1
1 0l direction is stacked antiferromagnetically along thec
axis, as was shown in our previous work12 on CuFeO2 [see
Figs. 3(c) and 5 in Ref. 12]. In addition to these higher-order
reflections, weak but measurableq reflections were also ob-
served at the positions denoted by triangles in Fig. 1, owing
to stacking faults along thec axis in this sample. It should be
noted that we confirmed that the 2q reflections at the equiva-
lent positions reflecting the hexagonal three-fold symmetry
have almost equal intensities with each other within experi-
mental accuracy. In the case of theq reflections, since the

s1−q −1+2q 0d reflection in thek12̄0l domain was the larg-
est in several observedq-reflections, we concentrated on sur-

veying k12̄0l domain (not k110l domain) for the investiga-
tion of the q reflection. An incident neutron wavelength of
l=2.44 Å was obtained using pyrolytic graphite(PG) mono-
chromators. To suppress higher-order contaminations, a PG
filter was used. A collimation of 408-408-408 was employed.

For magnetization measurements, we used the extraction
method s2 KøTø20 K,0 TøHø15 Td and a Quantum
Design superconducting quantum interference device magne-
tometers2 KøTø20 K, 0 TøHø5 Td. For specific heat
measurements, we used an Oxford instruments MagLabHC

microcalorimeter s0.6 KøTø20 K, 0 TøHø12 Td. For
the magnetization and the specific heat measurements, a
magnetic field was also applied along thec axis. Thec axis
of the samples was aligned with the magnetic field within

±2°. For all thescans with increasing temperatures and mag-
netic field, zero-field cooling procedure was used.

III. EXPERIMENTAL RESULTS

The anomalies observed in the magnetization, specific
heat and neutron diffraction measurements are shown in the
H-T phase diagram for CuFe0.98Al0.02O2 in Fig. 2(b). The
three magnetically ordered states are the intermediate-
temperature(IM ) state, the low-temperature(LT) state and
the field-induced(FI) state. The shape of theH-T phase dia-
gram for CuFeO2 (see Ref. 12) shown in Fig. 2(a) is entirely
modified as a result of the substitution of a small amount of
nonmagnetic Al3+ impurity for Fe3+, as seen in Fig. 2(b). The
magnetic field variation ofTN1, TN1sHd, remains almost un-
changed fromTN1

x=0.00sHd; in contrast, the field variation of the
lower transition temperature is completely changed. Note
that the notationTN1sHd indicates the transition temperatures
of CuFe0.98Al0.02O2 unless specified, and the notation
TN1

x=0.00sHd andTN2
x=0.00sHd stand for the transition temperatures

of CuFeO2. It should be particularly emphasized that the
character of the triple point, where the three magnetic states
meet, differs between the samples. The three phase bound-
aries of CuFeO2 separating the four-sublattice state, the five-
sublattice-like state and the PD state meet with “zero angle.”
In contrast, those of CuFe0.98Al0.02O2 separating the LT state,
the FI state and the IM state meet with a “finite angle.” This
suggests that the substitution of a small amount of nonmag-
netic impurity modifies the thermodynamic properties of
CuFeO2. In the following sections, we will discuss the ex-
perimental results that were used to determine the magneti-
cally ordered states and the magnetic phase boundaries.

A. Magnetization curves at low temperatures

The magnetization curve for CuFeO2 exhibits magnetiza-
tion plateaus in the four-sublattice states0 TøHø7 Td
and the five-sublattice states13 TøHø20 Td with
collinear magnetic structure,12 as shown by the open symbols
in Fig. 3(a), reflecting a strong Ising anisotropy. On the
other hand, a linear increment with a finite gradient is seen in
the magnetization curve of the five-sublattice-like state
s7 TøHø13 Td, implying that the spin orientation continu-
ously changes with varying magnetic field. This agrees with

FIG. 1. Schematic drawings of the reciprocal
lattice zone for the magnetic domains with the
propagation wave vector along thek110l or the

k12̄0l direction. The positions of the 2q reflec-
tions and theq reflections for the magnetically
ordered states are shown by circle and triangle
symbols, respectively. The square symbol shows
the nuclear peak position.

TERADA et al. PHYSICAL REVIEW B 70, 174412(2004)

174412-2



the incommensurate noncollinear magnetic structure inferred
for the five-sublattice-like state in our previous diffraction
study.12 With these results for CuFeO2, we can discuss
the magnetization curve for CuFe0.98Al0.02O2. As shown by
the closed symbols in Fig. 3(a), the magnetization curve
shows a discontinuous change atH,10 T with hysteresis,
corresponding to the magnetic phase transition from the
LT state to the FI state. Figure 3(a) also shows that the mag-
netization plateaus of the commensurate states seen in
CuFeO2 entirely vanish in CuFe0.98Al0.02O2. Moreover, as
shown by the broken lines in Fig. 3(a), the gradient of the
magnetization curves in the LT state and the FI state is al-
most equal to that of the incommensurate five-sublattice-like
states7 TøHø13 Td, implying that the spin orientations in
the two states of CuFe0.98Al0.02O2 continuously change with

varying magnetic field. In fact, the present neutron diffrac-
tion data suggest that incommensurate magnetic structures
are realized in both states, which will be discussed in the
next section. Consequently, we found that the strong Ising
anisotropy in CuFeO2 is significantly reduced by the substi-
tution of a small amount of nonmagnetic Al3+ impurity for
Fe3+. In addition, the disappearance of the quasi-Ising char-
acter in zero-field15 certainly extends to finite magnetic
fields.

FIG. 2. (a) H-T magnetic phase diagrams for CuFeO2 taken
from Ref. 12.(Note that the region “C” in the original phase dia-
gram was removed in the present paper, since it does not represent
any magnetic phase transitions, although existence of the region C
is a silent feature related to field dependence of magnetic propaga-
tion vector q inside five-sublattice-like phase.) (b) H-T magnetic
phase diagrams of CuFe0.98Al0.02O2. Anomalies found in the mag-
netization, neutron diffraction and specific heat measurements are
depicted by circles, triangles and squares, respectively. Open and
closed symbols denote the anomalies that appear with increasing
and decreasingH or T, respectively. The three magnetically ordered
states, intermediate-temperature, low-temperature and field-induced
states, are represented by IM, LT and FI, respectively. Shading de-
notes the coexistence region that will be described in Sec. III C 2.

FIG. 3. (a) M-H curve at T=2 K for CuFe0.98Al0.02O2 and
CuFeO2 is depicted by closed and open symbols, respectively.(b)
Magnetic field dependencies of the propagation wave numberq and
of integrated intensity of the 2q and 4q reflection atT=2 K. To
compare the field variation of 2q and 4q with that ofq directly, we
plotted the field variation of 2q/2 and 4q/4. Closed and open sym-
bols are used for increasing and decreasing magnetic fields, respec-
tively. (c) The magnetic field dependence of integrated intensity of
the (1 1 0) nuclear Bragg reflection atT=2 K.
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B. Magnetically ordered states

1. Low-temperature (LT) state

In the zero-field experiments, the three magnetic
Bragg reflections indexed assqLT qLT

3
2

d, sqLT8 qLT8
3
2

d and
s 1

2 −qLT8
1
2 −qLT8

3
2

d were observed in the LT state. Since the
wave numberqLT ,0.21 is very close toqLT8 ,0.21, theqLT
reflection and theqLT8 reflection were not experimentally
separable. Besides, theqLT reflection is dominant in the LT
state. In the present high field experiment, therefore, we con-
centrated on investigating the dominantqLT reflection, be-
cause theqLT8 reflection and thes 1

2 −qLT8 d reflection were con-
sidered to be so small that they cannot be detected in the
setup restricted to theshk0d zone.

As seen in the typical diffraction profile of thesh h 0d
scan shown in Fig. 4(b), weak magnetic Bragg reflections
indexed ass2qLT 2qLT 0d and s1–2qLT 1–2qLT 0d were ob-
served, where the integrated intensity of the 2qLT reflection,
I2qLT

, is small but systematically increases with increasing
magnetic field, as shown in Fig. 3(b). The wave number
q,0.21 is almost independent of the magnetic field and the
temperature, as shown in Figs. 3(b) and 5. Figure 5 also
shows that the integrated intensity of the(1 1 0) nuclear
peak, I s110d, increases rapidly belowTN2

highs8Td, as was also
seen in the zero-field study.15 This situation was also ob-
served earlier in the case of CuFeO2.

8 This is because the
extinction effect is reduced by the anisotropic variation of

the crystal mosaicity, as was discussed in our previous
reports.8,12

Consequently, we can infer from these experimental facts
that the zero-field magnetic structure characterized by the
three wave numbers,qLT, qLT8 and 1

2 −qLT8 , extends to finite
magnetic fields up toH,10 T with the 2qLT component.

2. Field-induced (FI) state

In the FI state, as seen in the typical diffraction profile of
the shh0d scan shown in Fig. 4(c), four magnetic Bragg re-
flections were observed at incommensurate positions
s1–4qFI 1–4qFI 0d, s2qFI 2qFI 0d, s1–2qFI 1–2qFI 0d and
s4qFI 4qFI 0d. Figure 3(b) shows that at 2 K, with increasing
magnetic field from the LT state,I2q and I1−4q increase rap-
idly, and the wave number starts to deviate from that of the
LT state atH,10 T. As seen in Fig. 3(c), this phase transi-
tion from the LT state to the FI state is also found in the
change inI s110d. As was seen in the case of the LT state, Fig.
6 shows that I s110d increases rapidly belowTN2s12 Td
,6.5 K due to the reduction in the extinction effect caused
by the variation of crystal mosaicity. In addition, Fig. 6
shows that the magnetization,I2q, the wave number 2q/2 and

FIG. 4. Typical diffraction profiles ofshh 0d reciprocal lattice
scans in (a) IM phase sH=12 T, T=11 Kd, (b) LT phase
sH=8 T, T=2 Kd and (c) FI phase sH=14.5 T, T=2 Kd of
CuFe0.02Al0.02O2. Note that considering the temperature and field
variation of the wave number as shown in Figs. 3(b), 5, and 6, we
indexed 2q and 4q to the observed magnetic Bragg reflections. Sev-
eral peaks are contamination peaks as labeled in(a).

FIG. 5. Temperature dependences atH=8 T of magnetization,
integrated intensities ofs2q 2q 0d ands1−q −1+2q 0d, the propa-
gation wave numberq, integrated intensities of(1 1 0) nuclear
peaks and specific heat of CuFe0.98Al0.02O2. To compare the tem-
perature variation of 2q with that of q, we show the temperature
variation of 2q/2. Open and closed symbols are used for decreasing
and increasing temperature processes, respectively.
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I s110d are history dependent belowTN2s12 Td, which is gen-
erally observed in dilute antiferromagnets under a magnetic
field. It should be noted that no thermal hysteresis was ob-
served for the temperature variation of the specific heat re-
flecting the energy fluctuation. Consequently, the commensu-
rate five-sublattice magnetic structure seen in CuFeO2
entirely vanishes, and an incommensurate magnetic struc-
ture, distorted by the magnetic field, with a 2q component
and a 4q component appears in the FI state.

3. Intermediate-temperature (IM) state

In the previous zero-field experiments,15 we suggested
that the magnetic structure of the IM state is different from
the sinusoidally amplitude-modulated magnetic structure
with collinear moments along thec axis in the PD state of
CuFeO2.

8 In the present(and previous12) high-field diffrac-
tion experiments, detailed magnetic structure determination
was not performed since the experimental setup only allowed
for the investigation of theshk0d zone. Nevertheless, differ-
ences between the IM state and the PD state can be studied
by looking at how the higher harmonics are induced with
increasing magnetic field. In the typicalshh0d scan shown in
Fig. 4(a), magnetic reflections with higher harmonics, such
as the 2qIM reflection, were not observed within experimental
accuracy at the positions expected from the observedqIM

reflection withqIM ,0.196 in 12 T. The fundamental wave
numberqIM and the integrated intensity,IqIM

, are almost in-
dependent of the magnetic field for the IM state, as shown in
Fig. 7. On the other hand, in the PD state, the integrated
intensity of 2qPD reflections,I2qPD

, increases systematically
and the wave numberqPD varies gradually with increasing
magnetic field, as shown in Fig. 7. Consequently, in these
experiments, the difference between the IM state and the PD
state was clearly seen in the higher harmonics induced by
increasing the magnetic field. It should be noted that the
magnetization curve in both states increases linearly with
increasing magnetic field.

C. Magnetic phase boundaries

1. Magnetic phase transition from para to IM

As shown in the insets in Figs. 5 and 6, a small peak
anomaly in magnetization without hysteresis was observed at
TN1s8 Td,TN1s12 Td,14 K. This corresponds to the
second-order magnetic phase transition from the paramag-
netic (PM) state to the IM state. Such a transition was simi-
larly seen in CuFeO2 at TN1

x=0.00sHd.10 Figures 5 and 6 also
show that theIqIM

starts to increase belowTN1s8 Td and
TN1s12 Td; at the same time, a small anomaly in the specific
heat was found atTN1s8 Td and TN1s12 Td as shown by ar-
rows in Figs. 5 and 6, in contrast to the distinct lambda-type
anomaly in specific heat in CuFeO2 at TN1

x=0.00sHd.10 Conse-
quently, TN1sHd remains almost unchanged fromTN1

x=0.00sHd
as seen in Fig. 2, apart from a slight increase inTN1

x=0.00sHd

FIG. 6. Temperature dependencies atH=12 T of magnetization,
integrated intensities ofs2q 2q 0d ands1−q −1+2q 0d reflections,
the propagation wave numberq, integrated intensities of(1 1 0)
nuclear peaks and specific heat of CuFe0.98Al0.02O2. To compare the
temperature variation of 2q with that ofq, we show the temperature
variation of 2q/2. Open and closed symbols are used for decreasing
and increasing temperature processes, respectively.

FIG. 7. Magnetic field dependencies of(a) the propagation
wave numberq, and (b) the integrated intensities of thes2q 2q 0d
magnetic Bragg reflections. Closed and open symbols are used for
the IM state sT=11 Kd of CuFe0.98Al0.02O2 and the PD state
sT=12 Kd of CuFeO2, respectively. Note thatI2qIM

was estimated
by integrating the data around the position expected by theqIM

reflection, after subtracting the background data. To compareI2qIM
with I2qPD

, these intensities were normalized to the(110) nuclear
intensity.
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due to the partial release of the spin frustration, as was dis-
cussed in the previous powder study.5

2. Magnetic phase transition from IM to LT

The transition temperatureTN2
highs0 Td andTN2

lows0 Td sepa-
rating the IM state and the LT state were defined in the zero-
field experiments15 as the respective temperatures where,
with decreasing temperature, the temperature variation of
magnetic susceptibility along thec axis starts to deviate
downward from that perpendicular to thec axis, and where
the specific heat shows a dull peak. The temperature region
betweenTN2

highs0 Td andTN2
lows0 Td was identified as thecoex-

istence regionwhereIqIM
coexists withIqLT

.
Figure 5 shows that with decreasing temperature from the

IM state at H=8 T, the magnetization starts to fall at
TN2

highs8 Td,6 K, and the specific heat shows a dull peak at
TN2

lows8 Td,5 K. The IqIM
starts to decrease atTN2

highs8 Td and
vanishes atTN2

lows8 Td; at the same time,IqLT
starts to increase

at TN2
highs8 Td, where the wave numberq shows a discontinu-

ous change in the coexistence region.I s110d also starts to in-
crease atTN2

highs8 Td. Consequently, the magnetic phase tran-
sition from the IM state to the LT state through the
coexistence region was also found atH=8 T, as was seen in
the zero magnetic field. The coexistence region in the zero
magnetic field becomes gradually narrower with increasing
magnetic field, and, as illustrated in Fig. 2(b), converges to
the triple point where the three states meet.

3. Magnetic phase transition from IM to FI

At the phase boundary between the IM and the FI states,
starting from the IM state at 12 T, a decrease in temperature
produces a magnetic phase transition to the FI state at
TN2s12 Td,6.5 K without the coexistence region. As Fig. 6
makes apparent, the temperature variation of the magnetiza-
tion exhibits a local minimum, and the wave numberq
changes continuously atTN2s12 Td, which is entirely differ-
ent from the case in whichH=8 T. At the same time, a dull
peak in the specific heat appears atTN2s12 Td, andI2qFI

also
starts to rise rapidly belowTN2s12 Td. Collecting the transi-
tion temperatures from the IM to the FI state in several mag-
netic fields, we found thatTN2sHd systematically increases
from the triple point with increasing magnetic field as shown
in Fig. 2(b); in contrast, Fig. 2(a) demonstrates that all the
transition temperatures in CuFeO2 systematically decrease
with increasing magnetic field.

IV. DISCUSSION AND CONCLUSIONS

We have performed neutron diffraction, magnetization
and specific heat measurements on the triangular lattice an-
tiferromagnet CuFe0.98Al0.02O2, using single-crystal samples.
The experimental findings are briefly summarized below.

First, the shape of theH-T magnetic phase diagram is
completely modified from that of CuFeO2; the character of
the triple-point where the three states meet differs between
CuFeO2 and CuFe0.98Al0.02O2. This strongly suggests that a

small amount of nonmagnetic impurity modifies the thermo-
dynamic properties of CuFeO2.

Second, the results of the magnetization measurements at
low temperatures for both CuFeO2 and CuFe0.98Al0.02O2
showed that the strong Ising anisotropy seen in CuFeO2 is
significantly reduced by the substitution. In addition, the dis-
appearance of the quasi-Ising character in the zero field15

extends to a finite magnetic field. With this experimental
finding, we can briefly discuss the origin of the anisotropy in
CuFeO2. The single ion anisotropy energy of the orbital sin-
glet Fe3+ is so small that the quasi-Ising magnetic orderings
in CuFeO2 cannot be explained. Even if it is adequately
strong, the single ion anisotropy should not be significantly
reduced by the substitution of a small amount of nonmag-
netic impurity.

Third, through the neutron diffraction experiments, we
also found that the commensurate magnetic orderings seen in
CuFeO2 disappear, and the incommensurate magnetic order-
ings appear. As a ground state, instead of the collinear four-
sublattice(↑↑↓↓) magnetic structure in CuFeO2, the incom-
mensurate magnetic structure characterized by the three
wave numbers,qLT, qLT8 and 1

2 −qLT8 , may extend to a finite
magnetic field up toH,10 T. The field-induced state with
the commensurate five-sublattice magnetic structure(↑↑↑↓↓)
in CuFeO2 vanishes, and the incommensurate magnetic
structure, distorted by the magnetic field, with second and
fourth higher harmonics, is realized. In addition, in the IM
state, the magnetic structure that is different from the collin-
ear sinusoidally amplitude-modulated structure with the
magnetic moments along thec axis in the PD state of
CuFeO2 extends to a finite magnetic field without higher
harmonics.

With the above three findings, we recently performed in-
elastic neutron scattering experiments on CuFeO2 and
CuFe0.98Al0.02O2. Reflecting the differences in the thermody-
namic properties for the two samples, the spin-wave disper-
sion relations are also quite different from each other. While
a spin-wave dispersion curve without an energy gap was ob-
tained for CuFe0.98Al0.02O2, an unusual dispersion curve with
an energy gap, whose bottom positions do not correspond to
the magnetic Bragg point for the four-sublattice ground state,
was obtained for CuFeO2.

17

We should mention other chemical impurity effects on the
CuFeO2 magnetic system. Hasegawaet al.have reported that
the low transition temperature,TN2, of CuFeO2 depends on
the oxygen defect concentration.14 They concluded that Fe2+

or Cu2+ are induced by oxygen deficiency or an excess of
oxygen, respectively. Although the content of the divalent
ions as an “impurity” was 17% maximum, all of their
samples maintained the four-sublattice state. This is in con-
trast to our results wherein the four-sublattice state disap-
peared with only 2% substitution of nonmagnetic Al3+ impu-
rity.

Also, we have to state here that our previous specific heat
data in zero magnetic field for CuFeO2

9 were inconsistent
with the data of Petrenkoet al.11 and Takedaet al.4: although
the data of two groups showed a sharp peak corresponding to
a large latent heat atTN2, our data did not show such a peak
at TN2. However, reviewing our previous data carefully, we
found that we missed a large sharp peak corresponding to a
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latent heat at very narrow first-order phase transition point
TN2, which is almost quantitatively consistent with the data
of Petrenkoet al. Therefore, we add here that, as a result of
the substitution of a small amount of nonmagnetic impurity,
the large sharp peak, observed in the specific heat for
CuFeO2, disappears, reflecting the dramatic changes in the
thermodynamic properties between CuFeO2 and
CuFe0.98Al0.02O2.

In conclusion, we have obtained theH-T magnetic phase
diagram for CuFe0.98Al0.02O2 using neutron diffraction, mag-
netization and specific heat measurements. TheH-T phase
diagram is entirely modified from that of CuFeO2 by the
substitution of a small amount of nonmagnetic Al3+ impurity

for Fe3+, suggesting that the quasi-Ising character seen in
CuFeO2 disappears and the Heisenberg character of the or-
bital singlet Fe3+ is retrieved.
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