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Thermal and magnetic properties of spin-1 magnetic chain compounds with large single-ion
and in-plane anisotropies
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The thermal and magnetic properties of spin-1 magnetic chain compounds with large single-ion and in-plane
anisotropies are investigated via the integral@) model in terms of the quantum transfer matrix method and
the recently developed high temperature expansion method for exactly solved models. It is shown that large
single-ion anisotropy may result in a singlet gapped phase in the spin-1 chain which is significantly different
from the standard Haldane phase. A large in-plane anisotropy may destroy the gapped phase. On the other
hand, in the vicinity of the critical point a weak in-plane anisotropy leads to a different phase transition than the
Pokrovsky-Talapov transition. The magnetic susceptibility, specific heat, and magnetization evaluated from the
free energy are in excellent agreement with the experimental data for the compou@dsidNi,),Ni(CN),
and Ni(C;gHgN2),Ni(CN),4- H,O.
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[. INTRODUCTION This kind of system exhibits a nondegenerate ground state
which can be separated from the lowest excitation. This
Haldane’s conjecture that spiS-chains exhibit an energy gapped phase also occurs in some nickel salts with a
gap in the lowest magnon excitation foS2ven with no  |arge zero-field spliting, such as NiSREEH,013
significant gap for 3odd inspired a great deal of experimen- [Ni(CsHsNO)g](ClO,),,** and NiNO3),-6H,0.1° The theo-
tal and theoretical investigation. Rich and novel quantunvetical study of these compounds relies on a molecular field
magnetic effects, including valence-bond-solid Haldaneapproximation for the Van Vleck equatidh.To first-order
phases and dimerized phasgésfractional magnetization Van Vleck approximation, the exchange interaction is ne-
plateaug and spin-Peierls transitiohbave since been found glected. To obtain a good fit to the experimental data an
in low-dimensional spin systems. In this light, the spin-1effective crystalline field has to be incorporated. This ap-
Heisenberg magnets have been extensively studied iproximation causes uncertainties and discrepancies in fitting
Haldane gapped materidi$ The valence-bond-solid ground the experimental data. Here we take a new approach via the
state and the dimerized state form the Haldane phase with dReory of integrable models. _
energy gap. The Haldane gap in integer spin chains may It has been recently demonstratéthat mtegrable models
close in the presence of additional biquadratic terms or in€an be used to study real ladder compounds via the thermo-
plane anisotropies. In particular a large single-ion anisotropg!Ynamic Bethe ansat?(TBA) and the exact high tempera-

may result in a singlet ground st&fewhich is significantly Y€ expanbsilor(H_'I'E) mhethod%?ﬁo Ir&dth]s p?per we present
different from the standard Haldane phase. ?n |r:tegra ' Ispl'n—l chain wit ad _|t|on|a terms to acco_lyhnt

The difference between the two gapped phases appears @y planar singie-ion anisotropy and in-plane anisotropy. The
arise from the ground state and excitations. In the HaIdangml.Jnd state properties and the thermodynamics of the

. ’ ains are studied via the TBA and HTE. We show that a

nondeggnerate 'grounc.i state, a smgle valence bond Connetf‘f?ge planar single-ion anisotropy results in a nondegenerate
each neighbouring pair to form a singlet. An expected exCigingiet ground state which is significantly different from the
tation comes from breaking down the valence bond solidy;gane phases found in Haldane gapped matérialsle
state where a nonmagnetic st@e 0 at sitei is substituted  gxamine the thermal and magnetic properties of the com-
for a Stateszl. In this way a total SpII’S:1 excitation pounds NENGO’ll and NBY(:12 Excellent agreement be-
causes an energy gap referred to as the Haldane gafiveen our theoretical results and the experimental data for
Whereas the large-anisotropy-induced gapped phase in thRe magnetic susceptibility, specific heat and magnetization
spin- 1 chain is caused by trivalent orbital splitting. For aconfirms that the strong single-ion anisotropy, which is in-
large single-ion anisotropy, the singlet can occupy all stateduced by an orbital splitting, can dominate the low tempera-
such that the ground state lies in the nondegenerate gappagte behavior of this class of compounds. Our exact results
phase. The lowest excitation arises as the lower componeifdr the integrable spin-1 model may provide widespread ap-
of the doublet is involved in the ground state. This excitationplication in the study of thermal and magnetic properties of
results in the energy gap. other real compounds, such as NDPK and certain nickel

A number of spin-1 magnetic chain compounds have beesalts!3-16
identified as planar Heisenberg magnetic chains with large
anisotropy. These include {G,HgN,),Ni(CN), (abbreviated IIl. THE INTEGRABLE SPIN-1 MODEL

NENC), Ni(Cy;H1oN,0),Ni(CN), (abbreviated NDPI10-1! In contrast to the standard Heisenberg spin-1 materials,
and Ni(C;gHgN,),Ni(CN),-H,O (abbreviated NBYQ'?  experimental measurements on the new spin-1 compound
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LiVGe,0¢?! and the compounds NENC and NBYE? ex- | R L L L VO UL P A I
hibit unexpected behavior, possibly due to the presence of | ! |
biquadratic interaction and a strong single-ion anisotropy;, LBQ:;ET:O‘OK ; T:A:?;f:” K
making it very amenable to our approach. The axial distor- 08~ H°‘=5'06T ! H“‘;3 . N
tion of the crystalline field in the compounds NENC and é P @ 1
NBYC results from the triplei‘AZg splitting. Specifically, the = 06 -
triplet orbit splits into a low-lying doubletd,,,d,,) and a § | i
singlet orbital(d,, at an energyAcr above the doublet. In- ?,,04_ ]
spired by the high temperature magnetic properties of this &
kind of material, we consider an integrable spin-1 chain with i / — E=35K i
Hamiltonian 02 ,' —- EROOK|
N N N 5 " J
M= 9o+ D3 () + EX (5"~ (8]~ ssgH3 S, L S N T S T B B
j=1 j=1 =1 Magnetic Field H(Tesla)

1)

FIG. 1. (Color onling Magnetization versus magnetic fieftlin
N units of saturation magnetization for Hamiltonigi) with J
_ = 22 2 =0.2 K, D=6 K, E=3.5, and 0 K,g=2.0 with parallel magnetic
Ho= 2_: S5+ (§-50% field. The solid and dashed lines denote the magnetization derived
=1 from the TBA withE=3.5 K andE=0 K, respectively. The magne-

H, is the standardu(3) integrable spin chain, which is well tization curve forE=3.5 K indicates different quantum phase tran-

understoo&2‘25Here§ denotes the spin-1 operator at site sitions in the vicinity ofH;; and H., than for theE=0 K square

N is the nu.mber of sites and periodic boundar Condi’tionsrom field-dependent critical behavior in the absence of the in-plane
P y €0 . anisotropy.

apply. The constant3, D and E denote exchange spin-spin

coupling, single-ion anisotropy and in-plane anisotropy, re

spectively. The Bohr magneton is denoteddyyandg is the

Landé factor. We consider only antiferromagnetic coupling

i.e.,J>0 andD>0.

‘gapped if the single-ion anisotropp>4J. The singlet
ground state is separated from the lowest spin excitation
by an energy gad=D-4J. This energy gap is decreased
by the external magnetic fieldl. At the critical pointH,
=(D-4J)/ ugg, the singlet ground state breaks down. Due
A. The ground state at zero temperature to the magnon excitation, the magnetization almost linearly

For the sake of simplicity in analyzing the ground stateincreases with the magnetic field. Once the magnetic field
properties at zero temperature, we first téke0, i.e., no IS increased beyond the second critical poilt,
in-plane anisotropy. In this case Hamiltoniéh), which can  =(D+4J)/ ugg the ground state is fully polarized, i.e., in the
be derived from thesu(3) row-to-row quantum transfer ma- M=Mg plateau region. The magnetization derived from the
trix with appropriate chemical potentials in the fundamentalTBA is shown in Fig. 1. We remark that a gapped phase

basis, is integrable by the Bethe ansatz. The energy is give#Xists only for anisotropy values satisfying the “strong aniso-
by tropy” conditionD >4J. As shown in Refs. 26 and 27 for the

y spin ladders, the magnetization in the vicinity of the critical
\ 1 fields H,; and He, depends on the square root of the field,
€=- ‘]Z ~DNo— uggH(N. =N.), () indicating a Pokrovsky-Talapov transition. In this regime, the
= (v}l))2+ 2 anisotropy effects overwhelm the contribution from the bi-
quadratic interaction and open a gapped phase in the ground
where the parameteuél) satisfy the Bethe equatioff$3 state.
When E+#0, the in-plane anisotropyx®-y? breaks the
Micr R =V 4i/2 - Mic pf) =9+ 72 symmetry and weakens the energy gap. In the presence
(k)_vi(k—l)_ilz =|:lvlgk)_v(k)_i of the in-plane anisotropy terri, the energies split into

=1 Y 7 ' three levels with respect to the new bagig=|0) and ¢.
=a,|-1)+|1), with a,=[uggH=*\(uggH)*+E?]/E. In this
3) basis the eigenvalues of the underlying permutation
v}k) —U|(k+1) +i/2° operator are the same as the eigenvalues using the
fundamental basis. The model thus remains integrable. We
In the abovek=1,2 andj=1,... M, and the conventions find that if E<D, there is still a gapped phase with gap
v]@:vJ@):O, M3=0 apply.N,, Ny, N_ denote the number of A=D-4J-(uggH)?+E? for the regionH<H,. Here the
sites with spin§’=1, 0, -1 in the Bethe eigenstates. In the critical field He,=+/(D—4J)>—E?/ ugg. In this gapped phase
thermodynamic limit, the Bethe ansatz equatig8sadmit  the ground state is the non-degenerate singlet. Subsequently,
complex string solutior’ from which the TBA equations whenH>H,, the statep_ gets involved in the ground state.
can be derived®?’ Following the standard TBA analysis, we At the critical pointH,,, the phase transition is not of the
find that the ground state in the zero temperature limit isPokrovsky-Talapov type due to the mixture of a doublet state

M1 v}k) -V -2

X
1=1
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in the ¢- state. The magnetization increases as the magnetic Clo=2A,,

field increases. Past the second critical poiht., '

=(D+4J)?>-E?/ ugg, the singlet state is no longer involved CL =3A,(1-2A,) + 3A

in the ground state. The state fully occupies the ground 20 ’

state. As the magnetic field is increased beyklpg the(nor- 10 27

malized magnetizatiorM =H/\H?+(E/ uzg)? gradually ap- Cio= —A+<1 - A+ 8Af> +8A(1-3A,), (7)
proachesM¢ =1. These novel phase transition may be ob- 3 S

served from the low temperature magnetization curve, whickyitn

can be evaluated from the TBA equationsTatO, as per the

example in Fig. 1. It shows that the gap sensitively depends Co=Bop,

on the single-ion anisotropy and the in-plane anisotropy.

These phase transitions disappear at high temperatures. In A, =Bp O/BgDa
addition, the inflection point atH=vD?-E2/ugg and o
M=1/2,1-(E/D)? indicates that the probabilities of the AzexFID/T)/BgD,

componentsp, and ¢- are equal. Moreover, if the exchange
interaction decreases, the magnetization in the vicinity of the

critical pointH., increases steeply. Fd=0, i.e., the case of Byy = 2 expX/T)CoshuggH/T) + exply/T). (8)

independent spins, the critical poirtls; andH, merge into For later use, we also give the HTE free energy with
one point, at which a discontinuity in the magnetization oc-in-plane rhombic anisotropki. If the external magnetic field
curs. ForD <4J+E, there is no gapped phase. is parallel to thez axis, the chemical potentials in E)
become
B. Magnetic properties at high temperature wi=h, u,=D, ug=-h, (9)

In order to study thermodynamic properties, we adopt thevhereh=\/E2+(ugg,H)?.In this case the functioB, in Eq.
quantum-transfer-matrix (QTM) ~approactf® Explicitly,  (8) changes to
following?® the eigenvalue of the QTM for the modd)) (up

to a constantis given by Bxy = 2 exgx/T)coshh/T) + exply/T). (10)
On the other hand, if we apply a perpendicular magnetic
) @ _ . Q:(v +i/2) field to the Hamiltonian(1), the chemical potential terms in
T, {0") =g (v ')¢+(U)Q1(U Zil2) Eq. (4) are replaced by
Q1(v - 3i/2)Q,(v) _ 1 ’
+eP2¢_(v) oy , : =5(D-E+h),
PO 2w 1) #1732
_ 2
+eP3g_(v)py(v + i)—Qz(v .I) : (4) H2=E,
Qx(v —1)
In the above equation the chemical potential terms are 1
q P M3 = E(D—E—h,), (11)

#=pedH po=D, o ps= - pegH, ® \where h'=\(D+E)?+4g? u3H2 with a=x or y.2° Subse-

quently, we have
where for the moment we take=0. We have adopted the

notation from Ref. 20 with ¢,(v)=(v£iuy)V2, Qu(v) Co=Bp-gy2p:
:Hi"ﬂel‘(v—vi(a)) for a=1,2, andQy(v)=1. Hereuy=-JB/N
whereN is the Trotter number. Following the HTE scheffe,
we derive the high temperature expansion for the free energy
of model (1) in powers ofJ/T. Because the expansion pa-
rameterd/T is small for weak intrachain coupling we may
expect the free energy to accurately describe the thermodyyith now By, =2 exfx/T)coskh'/T) +exply/T).
namic quantities at sufficiently high temperatures,_ even for a Equation'(ﬁ) for the free energy(T,H) is our key result.
small number of terms. To third order, the result is Physical properties such as the susceptibility, magnetization
and the specific heat follow in the usual way by differentia-
1 _ . J . 2 1 3 tion. We also usd(T,H) to calculate the phase diagram for
—?f(T,H) =In Cy+ Cl,o} +C3 T *+C30 T *oee both T=0 K and finite temperaturegsee Fig. 6. We find
that considering up to 3rd order M T is sufficient as higher
(6) orders are negligibly small. This is in stark contrast to other
series expansions which need many orders to accurately de-
The coefficientscéyo, b=1,2,3, aregiven by° scribe physical properties. This is mainly because here the

_ 2
A. =Bp+e)20-e/Blo-g)2p:

A_=expDIT)/B g2 (12

184408-3



BATCHELOR, GUAN, AND OELKERS PHYSICAL REVIEW B70, 184408(2004)

T T T T ] ——— 'O m I | !
5 | [ 0 ExPLowT 7 . T peenti 3 -
i ) i osk |- ErErapedn 3 ]
S —_ N ml’mpmm - i
L . - ’_‘ - -
¥ : \ s
35K = _ Zo HTE: D=64K, J=0.17K 3 ]
3 ) : |
<[ . - 5 | |
i o ] 03 i I
3t & . 2 g O EXPPowder | |
: | : —— HTE Powder
o 3 §'0.2— M
2, a [ e, N gnetic Field H(Tesla) |
i oab T TR .
- T e P
1 , 1 : ' ' I
0 )
L L 10 15
0 Temperature (K)

0 1 2 3 4 5 6 7 8 9 10
Temperature (K) FIG. 3. (Color onling Comparison between theory and experi-

) ) . ment (Ref. 11 for the susceptibility versus temperature of the
FIG. 2. (Color onling Comparison between theory and experi- compound NENC atH=0.1 mT. The fitting curve(solid line)
ment(Ref. 10 for the magnetic specific heat versus temperature of

_ is obtained via the empirical relation ypowder= 1/3x
the compound NENC. The conversion constant @yre 4 2/3y together with a Curie-Weis€CW) contribution. The inset
~8Cexg(J/mol K). The solid line denotes the specific heat evalu-

) ) shows the comparison between theory and experirgieeit 10 for
ated directly from the free energe) with the parameters) o magnetization versus magnetic field of NENC at the tempera-
=0.17 K,D=6.4 K, 9=2.24, andup=0.672 K/T. The inset Shows .o T=4.27 K. A good fit for both the susceptibility and magneti-
the low temperature specific heat. Clearly the inclusion of in-plane, ;ion suggests the coupling constadts0.17 K, D=6.4 K, g,
rhombic anisotropyE=0.7 K (dashed ling gives a better fit than =218,

) h - st and g,=2.24. The conversion constants argqre
without rhombic anisotropysolid line).

~0.8123(ex(cgs/mo) and My re = 8.5Meyp (10° cgs/mo).

coefficents are not just constants, but functions of the extefation theory:? For low temperaturegbelow 0.8 K), para-
nal model parameters, e.g., the magnetic field and the codb@gnetic impurities and a small rhombic distortion are the
pling strength. main reasons for the discrepancy. The inset of Fig. 2 shows
that the inclusion of a small rhombic anisotrof=0.7 K
gives a better fit for low temperatures than wik0. How-
Ill. SPIN-1 COMPOUNDS ever, at high temperature this rhombic anisotropy is negli-
gible.
As far as we know, the susceptibility was measured only
It is known that antiferromagnetic spin-1 chdiisvith  for powdered samples of this compound. Moreover, the ex-
weak planar anisotropy can exhibit a nonmagnetic gappegerimental susceptibility of NENC was studied only in the
phase. The larg® gapped phase has been observed in théemperature range 50 mK-18 K under a static magnetic field
compounds NENC, NDPK, and NBY&:*2 In these com- H=0.1 mT. From the data shown in Ref. 10 we cannot ac-
pounds the in-plane anisotropy—y? breaks thez? symme-  curately estimate the contributions for the Curie-Weiss term
try and weakens the planar anisotropy. From experimentand the paramagnetic impurity. In Fig. 3 we present our the-
analysis, it was inferred that the in-plane anisotrdpyin  oretical curves for the susceptibility with parallel and per-
NENC is negligible in comparison with the lard& single-  pendicular field evaluated from the free energy associated
ion anisotropy, where the Nick@l) z2 orbit along thec-axis  with different chemical potentials. A susceptibility estimation
forms a strong crystalline field. As a result the low temperafor powdered samples usingpowger~ 1/3x+2/3x ¢
ture physics is dominated by this strong crystalline field. Thedoes not fit the experimental data very well at low tempera-
antiferromagnetic exchange interaction further lowers the entures due to the Curie-Weiss contribution and paramagnetic
ergy but its contribution to the ground state as well as thémpurities. A visual fit with the experimental susceptibility
low-lying excitations is minimal. As a consequence, thesuggests that the contribution from the Curie-Weiss term is
Hamiltonian(1) can be expected to describe this compoundiot negligible. We find that our theoretical susceptibility
quite well. Experimentally, the specific heat was measureg(ponger fOr powder with a Curie-Weiss contribution
up to a temperature around 10 K in the absence of magnetie/ (T— 6) gives a satisfactory agreement with the experimen-
field.*? A typical round peak for short range ordering Bt tal curves, where=~0.045 cni K/mol and§=~-0.9 K. This
~2.4 K is observed, see Fig. 2. An exponential decay idit suggests the valued=0.17 K and D=6.4 K, with
detected for temperatures below approx 2.4 K. Our calcug, =2.18 andg,=2.24. From the TBA analysis we find an
lated HTE specific heat for the Hamiltonigh) with best  energy gap\ =5.72 K with a parallel external magnetic field
visual fit constants)=0.17 K andD=6.4 K in the casd5) at zero temperature for these coupling constants. The typical
(the solid line in Fig. 2 is in excellent agreement with the antiferromagnetic behavior of the susceptibility with a mag-
experimental curve in the temperature regibr 0.8 K. In  netic parallel field to the axis of quantization follows from
particular, the analytic result for the specific heat gives aour results. This is in accordance with the behavior of the
better fit with experimental data than the result from perturspecific heat given in Fig. 2. The inset of Fig. 3 shows the

A. The compound NENC

184408-4
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FIG. 4. (Color onling Comparison between theory and experi-
ment(Ref. 12 for the susceptibility versus temperature of the com-  FIG. 5. (Color onling Comparison between theory and experi-
pound NBYC. The conversion constants are the same as for NENdNent(Ref. 12 for the magnetic specific heat versus temperature of
The solid line is the susceptibility for the powdered samples withth€ compound NBYC. The conversion constant Gure
coupling constant®=2.62 K, E=1.49 K, andJ=0.35 K, with g, leCeXP(J/moI K). Tr_le solid line denotes the spe_cific heatHat
=g, =2.05. The small discrepancy at low temperature might be at= 0.1 mT evaluated directly from the free enei@y with the same
tributed to a Curie-Weiss contribution. The inset shows the magneParameters as in Fig. 4.
tizations for powdered samples at 5 K, 10 K, and 20 K. In each
case the theoretical results verify the existence of weak exchange The inset of Fig. 4 shows the magnetization for powdered
coupling and in-plane rhombic anisotropy, with a strong single-ionsamples at 5 K, 10 K, and 20 K. Again our theoretical
anisotropy. curves are evaluated using the empirical relatMpg,ger

~1/3M;+2/3M, for the powdered magnetization. An
magnetization of a powdered sampleTat4.27 K. It is ob-  overall agreement in magnetization for different tempera-
vious that the singlet is suppressed by the temperaturdures gives a consistent parameter setting for the susceptibil-
Fitting suggests the empirical relatioMpy,qe~1/3M, ity. The singlet state is now supressed by the in-plane rhom-
+2/3M, for the powdered magnetization with the samebic anisotropy and the temperature.
constants as before. Hek, andM , denote the magnetiza-  The specific heat was measured up to a temperature of
tion with the field parallel and perpendicular to the axis of6 K in absence of magnetic field. The theoretical specific
guantization. heat evaluated from the model Hamiltonidn (the solid line
in Fig. 5), with the same parameters used before, is in good
agreement with the experimental curve in the temperature
region 0.5 K to 6 K. For temperatures below 0.5 K the high

We now turn to the properties of the compound NBYC, temperature expansion does not converge and thus cannot
which has also been experimentally investigdfeth par- provide valid predictions.
ticular, in-plane anisotrop¥ and a large anisotropl are
present, suggesting that the model Hamiltonidy may
again be a good microscopic model for this type of com-
pound. Theoretical studies based on strong-coupling expan-
sion method® suggest that the anisotropy of this compound
might lie in the vicinity of the boundary between the
Haldane and field-induced gapped phaSddowever, due to
the validity of the strong-coupling expansion method, the fits
for specific heat, susceptibility and magnetization become
increasingly inconsistent with each other as the rhombic an-
isotropy increases. Figure 4 presents the susceptibility for

B. The compound NBYC
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Luttinger liquid phase

this compound. The theoretical susceptibility curve for the
powdered sample is evaluated from the free enééyyvith
parallel and perpendicular fieldsee Eq(12) ] via the em-
pirical formula xpowger= 1/3x+ 2/ 3x .- A good fit for the
susceptibility suggests the valuBs=2.62 K, E=1.49 K, J
=0.35 K, withg;=g, =2.05. A small discrepancy at low tem-
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H

perature can be attributed to a Curie-Weiss contribution term. FIG. 6. (Color onling Phase diagram for the compound
From the TBA analysis we conclude that the ground state iSNENC with parameters)=0.17 K, D=6.4 K, g=2.24, and ug

gapless.
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IV. CONCLUSION phase diagram of Fig. 6. In this case the fully-polarized
We have investigated the thermal and magnetic propertiR1@s€ appears fdd>Hc, because the in-plane anisotropy

of spin-1 compounds with large single-ion anisotropy, sucHnixes the doublet componeni§'=+1). We anticipate that
as NENC and NYBC, via the thermodynamic Bethe ansatfhe exact results for the susceptibility and the magnetization
and the high temperature expansion for the integrable mod@f the powdered samples as well as for the compounds with
(1). Excellent agreement was found with the experimentaP@r@llel and perpendicular magnetic fields may find wide-
magnetic properties of these compouAthe large single- _sprea.ld.use in the study of their mag.netlc prop.ertles_ and for
ion anisotropy results in a nondegenerate singlet ground stafd€ntifying the quantum effects resulting from single-ion an-
which is different from the valence bond solid Haldane 'SOtropY. Our analytic approach via the Hamiltonidh may
phase. The in-plane anisotropy weakens the energy gap. thus describe the thermal and ma%netlc_ properties olfsother
Finally, we give the full phase diagram of the compoundompounds, such 25 NDPR; N'S”lg'%'GHZO'
NENC in Fig. 6. We see that the gapped phase is quickiy:Ni(CsHsNO)gl(CIO4),,™ and NINOg),- 6H,0.
exhausted as the temperature increases. The magnetic or-
dered Luttinger liquid phase Iies_ betwee_n the curves defined ACKNOWLEDGMENTS
by H.; andH.,. The ferromagnetic polarized phase is above
the Hg, curve. The intersection of the critical curves and the This work has been supported by the Australian Research
H axis indicates the estimated valuelg;~3.8 T andH,,  Council. N.O. also thanks DAAD for financial support. We
~4.7 T, which coincide with the TBA results =0 K dis-  thank Z. Tsuboi, A. Foerster, and H.-Q. Zhou for helpful
cussed in Sec. Il A. However, for the case where the in-plangiscussions. We also thank M. Oreidar providing us with
anisotropyE # 0, the critical behavior is different from the experimental results and helpful discussions.
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