ISSN : 0974 - 7494 Volume 9 Issue 1

Nano Science and Nano Technology

A Tndéian Journal

—= FUl| Peper

NSNTAIJ, 9(1), 2015 [019-021]

Experimental 1sing chains: Comparison with theories

Igor A.Stepanov
Ingtitute of M athematical Sciencesand | nfor mation Technologies, Liepaja University, Liela14,
Liepaja, LV-3401, (LATVIA)
E-mail : igstepanov@yahoo.com

ABSTRACT

It was previously supposed that the one-dimensional 1sing model had no
long-range order. However, long-range order has since been observed in
experimental Ising chains. The author previously showed that therewasan
error in the traditional solution of the Ising model: redundant terms were
included in the partition function. Itisnow evident that the new solution of
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the Ising model agrees better with the experimental results. According to
this solution, long-range order, inter alia, can exist in experimental Ising
chains. Using this solution, one can cal culate the length of the segments of
the Ising chain much more accurately than the previous theory allowed.
Superparamagnetic behaviour of some substances supports the author’s

arguments.

INTRODUCTION

Recently, experimental and theoretical studies of
experimental one-dimensiona 1singmodel swere per-
formed.[*-33 Experimentshavereved ed theexistence
of short-range order and long-range ferromagnetic or-
der. Thelatter result contradictsthe prediction of spin
latticemodel sthat in aninfiniteone-dimensional linear
chanwith short-rangeinteractionslong-rangeferromag-
netic order at non-zero temperatureisimpossible2248-
121419 A0, according to someformulaefor spinlattice
models, this chain spontaneously breaks up into do-
mainswith different orientation in termsof magnetiza-
tion and total zero magnetization; according to other
formulaefor these models, domains cannot exist, so
thereisan obvious contradiction. Inthetheory recently
devel oped by the author it is shown that long-range
order can existinthischain and thedomainscan exist
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without contradiction. Their length can be cal cul ated
much moreaccurately than with the previous methods.
The phenomenon of superparamagnetism supportsthe
author’s theory.

THEORY

The exact expression for the correlation length for
theone-dimensiona Isngmodd vadid at any tempera-
tureis"%

1

* = Tinanh 5J) @)

(in Ref. 7, it is cited as Reference 11). The tradi-
tional theory predictsthat in the absence of afield at
non-zero temperature, the chain can be regarded as
asuccession of up and down oriented domains, with
zero total magnetization. Thelength of the domains
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is assumed to be 2&2479 or £19 However, this con-
tradicts another conclusion of the same theory. The
exact long-range correlation function of the spins 1
and N, I'(N) for the Ising chain with N spins ob-
tained from this theory is:[24-16]

Ir(N)=[r@®]" =tanh" (53) )
HereI'(1) isthe nearest-neighbour correlation func-
tion, Jistheinteraction energy between spins, and =
1/(KT). Eq. (2) predictsthat thisfunction of aninfinite
Isngchainiszerofor al non-zero temperatures. If the
chain consisted of thedomains, then thelimit of I"(N)
when N tendsto infinity would be=+1. In Ref. 16, the
unsoundnessof Eq. (2) wasa so proven.

Themost extensveexperimental studiesof experi-
menta one-dimensiona 1sing model swere performed
in Refs. 8, 12. These model s constitute chains of the
averagelength of 80 cobalt atoms at aplatinum sub-
drate. Theinteraction between Co atomsismuch higher
than that between Co and Pt atoms. It was noticed that
Co monatomic chains can sustain long- or short-range
ferromagnetic order. Theshort-range order isdescribed
thus. “The observed behaviour is that of a one-dimen-
sional superparamagnetic system, i.e. asystem com-
posed by segments;, or spin blocks, each containing N,_
exchange-coupled Co atoms, whoseresultant magne-
tization orientationisnot stabledueto thermal fluctua-
tions.” The average length of the Co chains was esti-
mated to be about N =80 atoms. Using numerical fit,
N, was obtained to be 15 atoms.

Thisresult contradictsthetraditiona solutionof the
one-dimensiona Ising and Hei senberg models: aone-
dimensiond spinchainof infinitelengthischaracterized
by the absence of long-range magnetic order at any
non-zero temperature. Theauthorsthus concludethat
‘Long-range order in one-dimensional metal chains
therefore appears asametastabl e statethanksto slow
magnetic relaxation.” They also conclude that the short-
rangeorder likewiseismetastable.

It isnecessary to mention that in Ref. 16, another
solution of the one-dimensiona Ising model was pro-
posed. Themagnetization of auniformIsingchainis
determined by the nearest-neighbour correlation func-
tionI"(1). Let ussupposethat I'(1) =0.99. Inthiscase,
two situationsare possible. Inthefirst one, thechain
has about 99% of the spinsup and 1% of those down;
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this is the long-range order. In the second one, the
chain consists of segments directed up and down,
each containing about 50 spins. Mathematically, the
problemissolved. It hastwo solutions. One can see
that the partition function previously included re-
dundant terms. My theory, however, permitsonly the
terms with T°(2) = 0.99 to be included; those with
I'(1) unequal to 0.99 cannot be included. For ex-
ample, the configurationswith onethird of the spins
up have I"(2) = 0.99 and may not be included.
Thenearest-neighbour correlation functionis*4-16

I'(1) =tanh(4J)
Magnetization of theuniform Ising chainis.®l

c=T@Q)" =tanh" (5J) @

inthefirst Stuation, and zero inthe second one. From
thefit performed on the magnetization dataat T =45
K, theauthors of Ref. 8 obtained J=228.7 K. Using
thisinformation, from Eq. (3) onecan calculateI"(1)
1.0. In Ref. 12, thevalue J = 7.5 meV was accepted
for T=45K, kT ~ 4 meV at this temperature, and
I'(1) = 0.95. The nearest-neighbour correlation func-
tion can be cd culated d so from thefollowing equation:

©)
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.1554
rQ N 1
For N =80 and N, = 15, from Eq. (5) one can find
I'(1) ~0.87. Thereisarather good agreement with EQ.
(3).

Let us calculate the length of domains 2&in the
Ising model for I'(1) =0.99 by thetraditiona method.
From Egs. (1) and (3), 2£=200. Thereisahugedis-
crepancy inrelation to the correct value, 50. In Ref.
12, “a theoretical argument due to Landau*” shows
that finiteone-dimensiond 1sing chainswith anumber
of ferromagnetically-coupled spins N > exp(2J/KT)
break up spontaneoudy into smaller domains’. For I'(1)
=0.99, thiscriteriongivesN_= 200, which againisfar
fromthecorrect value.

Someexperimenta one-dimensiona chainsexhibit
superparamagnetism,+-581-13 that is, they can beonly
up- or down-oriented. Their magnetization canrandomly
flipdirectionunder theinfluence of thermd fluctuations.
Onecaninfer that in the description of such systems

(5)
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with statistical mechanicsonly the up and down state
must be included in the partition function, which
agrees with the theory developed in Ref. 16: redun-
dant termswereincluded in the partition functionin
the previoustheory.

CONCLUSIONS

Itisevident that thetheory developed in Ref. 16 is
more useful than that used in Ref. 8: it predictslong-
range order as an intrinsic property of aone-dimen-
siond Ising chain (and not astheresult of dow dynam-
icsand metastability), the presence of segmentsinthis
chainwithout contradiction, and their size, with much
higher accuracy than the previous theories.
Superparamagnetism discovered in someone-dimen-
sional systemsalso supportsthe conclusionsof Ref.
16. InRefs. 18, 19, theresultsobtained in Ref. 16 re-
celved additiona confirmation.
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