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Absttoact. \Ve ohtain lILe parlition fUllrtiOll of 111(' lIue<:kel Illod('¡
throll~b lhe Fcynlll<l.llIl<tlh integral fOflllulatioll. TIlt' presCllt formalislIl
"PIH'ars as a practical tool for 111('evalllatiull o[ tbefmodYll<lInic 'lne!
lllap;ll•..•tic proP<'ft¡esof lllol(,clIlar sys{(,llls. ;111ti nlllst itules all altcrllatin'
llldhod to tli(Js('gi\'f'1l pn'\'iollsly llsin¡:?;lit{' Gn'('Il"s fllllflioll <lndDyson
f'quation lo gel sdf-('ll('rg:i('s ¡¡nd r(,<lrti\'it,\' illdiCf'S,

PACS: 31.10.+Zj 31.15.+(li 31.20.Psj 31.00.+s

F('Ylllllall palll illt ('gl'al fonllllla I ion of t¡lliIltllllll llWdl<lllics 1"('\"('<11.-;¡¡ dc('p COIIIl('Ctiol1
1)('1\\"('('11da:->:->i('é11:-;tatisticalllH'ciJalli('s alld t¡llalltlllll tlH'ory. Indl't't! in all imaginar)'
tillH' fOl'lIlalislll tlll' F('YIIIIl<UI illleg:r<tl is 11latlH'1Il<tlically l'qlli\'al"llt lo <t P<tl'tiliolJ
fllll('tioll. The PIII"POSC'of t.his 1cttel" is to gd lllt' propagator of 111('i1ueckt'1 lIlodC'1
t.hrollgll Ihe pat.h ill1<'gral fOl"llllll<tliotl, Jt is ShO\\"ll lita! 11]('corr(,spollt!ing sC'CllIar
c'Cjllaliolls can \)(' o1>tait]('d \"i<t IIt(, saddlc' poinl <tpproxirllilt.ioll of tlle gaussi<lll
illll'gl';¡ls <tppc'arillg ill lbc I'ath illtc'gr,lI, In part.i(,lll<tr, \\'f' \ViII 1)(' (,OllC(,I"IlCt/\\"ith
t 1](' fOrlll<llisllI (lc'\"('lol)('cl fol' rield II¡('mies (\\'llic!1 ('(1111)(' illuslral"ll ill Ihe COIIII';.;:1
of lIoJl]"l'lali\'islic ljllantulIl IlIcchaJlics) ill ordn lo g('l 11101"('illsighl in IIH' chclllic(l\
hOllding withill 11H'LC,\O SdWlllC,

TIIC' pn~(,JlI fOl"llIUlntioll cOllslittll('s <111a!tcl"II<lliw' 1I]('llIod lo "hos(' giH'll pr('-
\'iollsly ••,siJlg tllC' Cl"t'f'll's fUJlctioll [JI <ltld J)ysolI equalioll [21 lo gd sdf l'1H'l"gil':"
,!lltl l'C'acti"il i('s illdict's.

".(' <Ipply Ft'YlllIl<lll fOl"lnulélliolt of CPli\lIlulll IIIC'Chilllic:slo il OIIl,-dilllCllSioll,1I
11I0\C'C1I];'"sys1c'1Il,111el ("ollsic!el"lhe iHllplilu<1c fOl"<In(,Il'ctroll lo propilgille \)('1\\'1'('11
111(':spi\cc-tillH' POillls (,1"1.1,,)alld (,r",f,,). lJy ll:sillg il :sp"n'-lill1l' I"llice of _\' - 1
.•.•Iin':s ¡:J.,I) <tlll! perforllling llU' \riel l'olillioll [.~)]f = -iT (t i,s real lillll') :soas lo
n',llizt' 11]('illh'Cjllill(' <lllillylic ("()JJlillllillioll. 0111'i:s1(',1101111'\\'('II-kIIO\\'11olH'-c,lt'clroll
('r¡dic!l,tl" MI ion fOl"disnd(' lillle sliCl':S[(¡l. ThllS. hy l':'1H'llllillg t 11('l'igellkd 'Vas
il lil1l'ill' C"Olllhillatioll or ;¡tollliC" orhil,d 16,(,I',)} == 1,1'1) ,111dloosillg T' - T = £ lo hc~
in fi llilC':silila I so I hal 111is illl ('n'al l'OlIsi:stsof jll:s1 olll':sl icc'. 1lit' SIll'c1rtl I dC,("Olllpositioll

• ,\le'le ("OSIC'ET, '\r~,'nlill'l

•• l'iHlially ~llhl'lilkd lo 1111' X\'I Lalín ,\lIl('rir;U1 ('(m~n~~of (,lwllIi •.lry, Orlol)('r ¡!lB.1. Uio df~
.Iarwiro, Br,l •.íl.
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of the partition fundion in the silc reprcscntation can be written as

(1 )

where H(W, 111'), the Hamiltonian in the MO basis set reads «(s,r) are site indiees)

11("', ",') =L I"',}H,,("',I +L I"',}II,,("',I.
('.')

(2)

The integration mcasure of the euclidean path integral implies a summation
over aH path x(l), whieh start at Xa at time la and end at Xb at time lb. Each path
x(t) is weighted by a phase faclor det.ermined by the classical action S associated
with this palh. By using lhe continuum Ising model, tIle parlition fundion can bc
written in the alternative form

(3 )

where B = (27rh't>.T)-I/', wilh t>.T= tb - 1, and lhe weighl fundion W[IVi, "':+11
is a Dirac 8-funetion. Eq. (2) constitutes a one-dimensional statistical-mechanical
problem. "Vehave a one-dimensional lattice whose siles are labeled with lhe index
i. On each sile there is variable Xi whieh takes on values belween -00 and oo. The
action couples nearesl-neighbor variables XI and Xi+l' Thus, Eq. (2) is idcntical to
lhe partilion fundion for a one dimensional Ising model. As long as the cuclidean
version (imaginary time) for the action is begin considered, the 8-function ~J.n in
fact be rcpresented by its gaussian approximalioll (7) and ~V[Wi, w:+tl reduces to

P real parameler). (4 )

Thcrefore, an effcdive lIamiltonian, fund;onal of 111,w', can be defined in the
form

1I,rr("', ",') = H("', "") +,\ L 1"',)("',1,
'.'

(5 )

whieh clearly represenls a constraincd lIamiltonian. In facl, thc valucs that a par-
ticular MO takes in each of the sites form a finite subset {Wr} that fulfills the
normalization condition

0«"',1"',)<1 ifr#s,

("',1"',) = 1 if r = s.
(6)
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011 expanding the MO in the atomic orhital basis, Ec¡. (3) bccamcs

(7)

where Ci are cxpansion coefficicnts alld lIerdc, c.) is given by (Sij are the averlap
matrix elements)

ll,ff(c, c') = L c;C; ll;; +¿CicJll;] + ,\¿CiCJS;] o

(i,j) i,)
(8)

The partition fundion oí an Al -electron nonrelativistic molecular systcm, Q(N),
can be writtcn as [6]

M
Q(N) = (AB)N rr z(n)(N),

Q=l
(9)

whcre .4 is a constant. This is the true partition function and can be ealculated if the
coefficients c and the overlap (geomctry oC the molecule) are known. The formcr can
be computed froln thc saddle point approximations applied to the integral appearing
in Ec¡. (9). Thus, the variation of lIerr whit respcct to c anu c. leads to the secular
cquations for confine systcms bascd on the Dirac variational principie (B].

This formalism cnables liS to study sorne particular ground-state properties
which are obtained or measure only in the presence of an external magnetic field"
where it is requircd that the MO be gauge iovariant [9]. Thus, the average mag-
netization at the site i as well as the magnetic susceptibility can be ealculated if
the propagator (9) rnodified in the presence of an external magnetic field is known,
which leads to an explicit account of phase transitiolls and critical phenomena [5].
Therefore, the path integral formalism appears here as a practical tool for the eval-
uation of thermodynamic and magnetic propcrties in molecular l?ystems.

F'inally, it should be pointed out the Potts model [IOJ can be used as an
alternative method instead of the Ising model for the calculation oC the partition
function for a molecular system. In such a case one is led to the ab initio lIueckel
rnethod. In adclitioll, inlroducing the cléctronic repulsion operator ancl expanding
each atomic orbital in terms of contractc{1 gaussians, the exchange terrn can be
incorporated in the formalism, thus leading to a bidimensional problem in which
the partition fundion of an ab initio scr method can be evaluated.
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Resumen. SI' g('lI('ra la íllllrión de IHll'liciúll del 1110delo 1I1I(,(.kd a.
trav~l' dI' la forlllulación d('l<l integraJ d(' lín('a dI' ¡'('ynlllan. El presentí'
formalismo ap<lf('('(' COIllO\lna herramienta pr<lclir;¡ para. la evaluación
de propi('dadl's lllagll(~li('as y termodinámicas de sistemas lIlol('('ulares, y
("onstituy(' 1111lll(~todo ¡l1ternativo a los reporlados previa.mentc usalldo
la fUllCjúll de Gf(,{,lI y ('cuación de Dysoll para obtcller a.uto--eller~ía.s e
índiCl's de rl'<lClivid;¡d.




