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ABSTRACT

On the basis of the LCAO method, the energy band width of a conduction
electron in a one dimensional crystal is found to be 4y. The quantity y isa
measure of overlapping interactions among the atomic orbital s of aconduc-
tion electron. Inthe present work, this method is applied to a copper (f.c.c.)
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nanocrystal of size equal to 10a (a being the lattice constant) to see the
nature of dependence of y on the nanocrystal size. It is found that vy in-
creases inversely as the size of nanocrystals. This agrees well with the
observation that the energy band widths in nanocrystals are wider com-

pared to those of the corresponding bulk materials.
© 2011 Trade Sciencelnc. - INDIA

INTRODUCTION

Accordingto LCAO method theenergy eigenvaue
of aconduction dectroninacrystalinesolidisgiven
by[1]

Ek)= Eo—a—yZe“z'(ﬁj_ﬁm) o
E, istheatomic energy, y and o aretwo positive quan-
titiesdefined by

o= ‘J.(P'(F‘ FQJ)V(F‘ F}J)(P(F‘ ﬁj)df
Y:_I(P*(F—ﬁm)vl(r_ﬁj)@(r_ﬁj)d’

V([ -R,) isthelattice potential and v'(F-R, ) isthe
| attice potentid minusthe corresponding atomic poten-

tial experienced by aconduction electron at aposition
r inthevicinity of thejthlattice site. The quantity o

does not include any overl gpping interaction between
theatomicorbitals, whiley isameasure of the overlap-
pinginteractions.

Inanf.c.c. 3D crystal, oneobtainsfrom Eq. 1 the
width of an energy band given by

E bottom — EO il U 127
E top
Hence energy band widthis
Etop -

Inanonedimensiond crystal,
Ewp=Eo—a+2y (for k, =+7/)
Ebottom = EO_Q—Z‘Y (fOI’ kx =—%)

Hence energy band widthis
E Ebottom = 47

=E;,-a

Ebottom = lzy

top —
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Therefore, according to thismodel, the energy band
width increasesonly wheny increases. With thehel p of
some basic calculations, an attempt ismade in this
present work to evaluatey for a10asize one dimen-
sional copper nanocrystal and thento comparethere-
sultswith thedready avall able observationa data

RESULTSAND DISCUSSION

Figure 1 depictstheevauated atomic potentid of a
singly charged, i.e. monovalent copper atom. For cop-

per, a=3.61x10° M. Figure2 essentidly representsthe
overlapping interactionsof theatomic potentidsinthe

| attice of the cooper nanocrystal. Thetota |attice po-
tential (attractive) of a 10a monovalent copper
nanocrysta isgiven by
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Figurel: Atomicpotential of aconduction electron withre-
spect toasingly char ged copper atom.
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Figure?2: Lattice potential experienced by a conduction
electron in amonoatomic copper lattice. (Dotsrepresent
lattice sites)
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9x10°x1.6x10 °x1.6x10 "
- 3.61x10 %
=-11.93eV, )
intheunit of thediel ectric constant of copper crystal €
= 1. Thislattice potential isobtained by superposition
of the atomic potentials corresponding to lattice site
numbersy, 2, 3, 10 at the position of thelattice
stenumber 1.

Let X, X,, X, X, denote the lattice po-
tentiad minusthecorresponding aiomic potentia, respec-
tively, experienced by aconduction electronwhenitis
inthevicinity of latticesitenumbersl, 2, 3,
inthegenera expression
V'(F—E):—V(F)—{-V(F-Iij)} )

It may benoted that the potentia experienced by a
conduction éectroninthevicinity of thelatticestenum-
ber 1 insidethe 10asize copper nanocrysta is

5 )o L rale)
R1>—4neox =0~ 398eV @

Inthiscalculation, it isassumed that the conduction
electronisonelattice constant avay fromalatticesite
at itsnearest approach. Accordingly, under the same
assumption

x2.98968 eV

v(F-

v(r-§2)=-¥ ev,V(F - §3)=-%ev

3.98 (5)

It is seen that when a conduction electron ap-
proachesapositively charged lattice Siteto adistance

TABLE 1: Evaluated valuesof X .

Xn inev

X4 -3.99

X +3.97

X1 +7.946
X, +10.231
X3 +10.599
X4 +10.931
X5 +11.13
Xe +11.26
X7 +11.357
Xg +11.4285
Xo +11.483
X10 +11.528
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of 82.997, v '(F - F‘zj) becomesequal to zero. Asshown
in TABLE 1 at adistance of approach equal to a/4,
v (F- R, ) becomes negative, whichimpliesarepulsive
potential inthe scheme of energy measurement asex-
plained here after.

With respect to some suitably assigned reference
level of energy measurement (whichistakento bethe
V(F)=0 levd),itisseenfromFigures1land 2and adso
fromEgs. 2, 3, 4, 5that asthenumber of lattice Sitesin
thenanocrystd increases, the corresponding | attice po-
tential approachesthereferencelevel {V(F)=0} pro-
gressively. Inthis scheme of energy measurement, the
|atticepotential V(7 - R, ) islessthan v/(F) for all values
of thelatticesitenumber j. Inthe stated scheme of en-
ergy measurement, the Eq. 3 should berewritten as
viF-R,)=v({F)-vf-R,)
=X, (6)
Keeping thisconsiderationinmind, thevaluesof X |
except that for X, becomepositive. INTABLE 1, the
vauesof X _arelisted.

It ispertinent to consider theatomicorbitalsintheir
ground state. Theorbita scorrespondingtoasingly ion-
ized copper atom aresimilar to Hydrogen atom orbit-
as. Thesearegiven by reference?

(p(F): e'af P! LZ'”(F)

n+l

wherethedifferent symbolshavether usud sgnificance.
Hence

r=-f “e_;f F' LG':i(r)}.v'(r -R, ){e‘i" ! Li':}(r)H dr

Andthevaueof thenormdizationintegrd is

fer s a - 200

For ansorbital (I =0)

H =2,forn=1i.e. ground state orbitals.
Hence y=-2v'(-R,) @

It may benoted that in thefirst approximation, effect of
dl theoverlagppinginteractionsisincludedin V’(F -R, )
only, and inthelight of thisapproximation, thenormal-

izationintegral istaken tobeindependent of v'(f - R, ).
INTABLE 2theevaluated valuesof y for different

nanocrystd sizescontaining 2latticesites, 3laticedtes,

4ldticedtes, ........ uptolOlatticesites, aregiven.

TABLE2: Evaluated valuesof y .

Yo =-2X, inev
Yua +7.98
Yy -7.94
Y1 -15.892
Yo -20.462
Y3 -21.198
Ya -21.862
s -22.26
Y6 -22.52
Y7 -22.714
s -22.857
Yo -22.966
Y10 -23.056

Figure 3 showsthevariation of theevaluated y with
nanocrystal sizes. Itisquite evident from Figure 3 that
asthecrystal sizedecreasesthe correspondingy value
increases. Hence the energy band width (=4 vy for a
onedimensiona Cu nanocrystal) isafunction of the
sizeof thenano crystal. To be specific, the band width
increases asthe size of the nanocrystal decreases. This
givesanew approach of theoretical support to the ob-
servation that theenergy band gapinanano crystal is
inversely proportiond toitssize®. Thusitisseenthat
the LCAO method can aso be applied to the band
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Figure3: Dependenceof y on sizeof copper nanocrystal.
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sructurestudiesof nano crystds. Further gudiesinthis REFERENCES
linehavepotentid merits.
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