DENSITY FUNCTIONAL THEORY
by Reinaldo Baretti Machín

www.geocities.com/serienumerica    www.geocities.com/reibaretti2004
e-mail:  reibaretti2004@yahoo.com
Reference: Robert G. Parr, Weitao Yang, Density Functional Theory of Atoms and Molecules, Oxford University Press, page 126
For a neutral atom ,consider a local energy functional of the form,
E        C  ∫  ρ     dτ        +   ∫ (-Z/r)  ρ     dτ   + B N2/3  ∫  ρ dτ  (1)

where   N is the number of electrons , B= 0.7544   and C=2.871.

The values of both C and N are subject to the specific assumptions about the functional model.

For the density we assume 

ρ   =   ∑    fi ( Ψi )2  where  Ψi  are hydrogenic orbitals, fi are the occupation numbers.
Let    Ψ1s = ( Z**3 / π )1/2  exp(-Z*r)
        Ψ2s = (Z**3/(32.*pi))1/2 * (2.-Z*x)*exp(-Z*r/2.) 

and   Ψ2p  = (Z**5/(96.*pi)) 1/2 * r*exp(- Z*r/2.)

                                        ( a spherical average

of p orbitals)
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FORTRAN CODE

c density functional theory Parr, Gadre  & Bartolotti (p.126 Parr&Yang)

      psi1s(x)= sqrt(alfa**3/pi)*exp(-alfa*x)

      psi2s(x)= sqrt(alfa**3/(32.*pi))*(2.-alfa*x)*exp(-alfa*x/2.)

      psi2p(x)=sqrt(alfa**5/(96.*pi))*x*exp(-alfa*x/2.)

      rho(x)=f1s*psi1s(x)**2 + f2s*psi2s(x)**2 + f2p*psi2p(x)**2

      tkrho(x)=ck*rho(x)**(5./3.)*4.*pi*x**2

      venrho(x)=-z*rho(x)*4.*pi*x

      veerho(x)=bn1*anel**(2./3.)*rho(x)**(4./3.)*4.*pi*x**2

c      veerho(x)=bn2*(anel-1.)**(2./3.)*rho(x)**(4./3.)*4.*pi*x**2

      pi=2.*asin(1.)

      do 60 iz=2,10

      z=float(iz)

      f1s=2.

      if(z.eq.3..or.z.eq.4.)f2s=z-f1s

      if(z.gt.4.)f2s=2.

      if(z.gt.4.)f2p=z-4.

      alfa=z

      do 50 ia=1,1

      x2=6./alfa

      nstep=1000

      dx=x2/float(nstep)

      anel=f1s+f2s

c cfermi=2.871 // Ck is the kinetic energy coeff. It is subject

c  to the specific theoretical model

      ck=2.871

c      ck=3.8738

c      bn1=0.655

      bn1=.7544

      bn2=0.7937

      sumk=0.

      sumven= 0.

      sumvee=0.

      do  10  i=1,nstep,2

      x=dx*float(i)

      sumk=sumk +  tkrho(x-dx) + 4.*tkrho(x) + tkrho(x+dx)

      sumven=sumven +   venrho(x-dx)+4.*venrho(x)+venrho(x+dx)

      sumvee=sumvee +  veerho(x-dx) + 4.*veerho(x)+ veerho(x+dx)

10    continue

      sumk=sumk*dx/3.

      sumven= sumven*dx/3.

      sumvee=sumvee*dx/3.

      E=sumk+sumven +sumvee

c      bnn=(5.*alfa/(8.*sumvee))

c      ckk=2.86/sumk

c      print*,'bn,ckk=',bnn ,ckk

c      print*,'tk,vn,vee=',sumk, sumven,   sumvee

      print 100 , alfa , z , E

      print*,'   '

      alfa=alfa-.1

50    continue

60    continue

100   format(2x,'alfa, z, En= ',3(3x,e11.4))

      stop

      end

