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O ABSTRACT 0O

This work presents a theoretical study of the thermodynamic properties of pure helium
within the framework of statistical mechanics, based on an extended lattice gas model. In
this approach, particles are represented on a regular lattice with single-site occupancy and
short-range pairwise interactions, providing a simplified description of weakly interacting systems.
The conventional lattice gas model is extended by introducing a temperature-dependent
effective potential, which is extracted directly from high-precision experimental data of the
second virial coefficient B(T) of helium. This procedure allows the effective incorporation
of quantum correction effects into a classical statistical framework without altering the
fundamental mathematical structure of the model.

The theoretical results are compared with reference data reported in the NIST database,
and good agreement is obtained over a wide temperature range, particularly the
intermediate and low-temperature regimes. In addition, the behavior of pressure, internal
energy, isothermal compressibility, and correlation length is analyzed. The results reveal
the emergence of quasi-critical behavior in the attractive interaction regime and the
formation of a periodic lattice ordering in the repulsive regime at low temperatures.

These findings demonstrate that the extended lattice gas model, when experimentally
calibrated through the second virial coefficient, constitutes an effective tool for interpreting
the macroscopic thermodynamic properties of helium from a well-defined microscopic
perspective.

Keywords: helium, thermodynamics, lattice gas model, effective potential, second virial
coefficient, thermal properties.
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Ne 1 2 3 4 5 6 7 8
T,°C 0 25 100 250 350 400 450 500
B,cm*/mol 12,23 12,13 11,80 11,19 10,79 10.61 10,53 10.26
AB,cm?/mol 0,02 0,02 0,02 0,02 0,04 0,05 0,04 0,07
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program fit
implicit none
real(8), parameter :: kB = 1.380649d-23
real(8), parameter :: NA = 6.02214076d23
real(8), parameter :: TKO = 273.15d0
integer, parameter ::n =8
real(8) :: Tc(n), T(n), Bexp(n)
real(8) :: eps_best, vO_best, sse_best
Tc =(/0.d0, 25.d0, 100.d0, 250.d0, 350.d0, 400.d0, 450.d0, 500.d0 /)
Bexp = (/ 12.23d0, 12.13d0, 11.80d0, 11.19d0, 10.79d0, 10.61d0, 10.53d0, 10.26d0 /)
T=Tc+TKO
call fit_eps_vO0_golden(T, Bexp, n, eps_best, vO_best, sse_best)
print *, "Best epsilon (J) =", eps_best
print *, "Best vO (cm”3) =", v0_best
print *, "Best SSE =", sse_best
contains
subroutine fit_eps_v0_golden(T, Bexp, n, eps_best, vO_best, sse_best)
implicit none
integer, intent(in) :: n
real(8), intent(in) :: T(n), Bexp(n)
real(8), intent(out) :: eps_best, vO_best, sse_best
real(8) :: epsL, epsR, epsC, epsD, fC, fD
real(8), parameter :: gr = 0.6180339887498949d0
real(8), parameter :: tol = 1.0d-24
integer, parameter :: max_iter = 300
integer :: i
epsL = 1.0d-22
epsR = 5.0d-20
epsC = epsR - gr*(epsR - epsL)
epsD = epsL + gr*(epsR - epsL)
fC =sse_for_eps(T, Bexp, n, epsC)
fD =sse_for_eps(T, Bexp, n, epsD)
doi=1, max_iter
if (abs(epsR - epsL) < tol) exit
if (fC < fD) then
epsR =epsD
epsD = epsC
fD =fC
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epsC = epsR - gr*(epsR - epsL)
fC =sse_for_eps(T, Bexp, n, epsC)
else
epsL = epsC
epsC = epsD
fC =fD
epsD = epsL + gr*(epsR - epsL)
fD =sse_for_eps(T, Bexp, n, epsD)
end if
end do
eps_best = 0.5d0*(epsL + epsR)
call best_v0_for_eps(T, Bexp, n, eps_best, vO_best)
sse_best = sse_for_eps(T, Bexp, n, eps_best)
end subroutine fit_eps_v0_golden
subroutine best_v0_for_eps(T, Bexp, n, eps, v0)
implicit none
integer, intent(in) :: n
real(8), intent(in) :: T(n), Bexp(n), eps
real(8), intent(out) :: vO
real(8) :: Ai, num, den, ¢
integer :: i
num = 0.d0
den =0.d0
doi=1,n
Ai =3.d0 - 2.d0*exp(-eps/(kB*T(i)))
num = num + Bexp(i)*Ai
den = den + Ai*Ai
end do
€ =num/den
v0 = 2.d0*c/NA
end subroutine best_v0_for_eps
real(8) function sse_for_eps(T, Bexp, n, eps)
implicit none
integer, intent(in) :: n
real(8), intent(in) :: T(n), Bexp(n), eps
real(8) :: Ai, ¢, num, den, err
integer :: i
num = 0.d0
den =0.d0
doi=1,n
Ai =3.d0 - 2.d0*exp(-eps/(kB*T(i)))
num = num + Bexp(i)*Ai
den = den + Ai*Ai
end do
¢ = num/den
sse_for_eps =0.d0
doi=1,n
Ai =3.d0 - 2.d0*exp(-eps/(kB*T(i)))
err = Bexp(i) - c*Ai
sse_for_eps = sse_for_eps + err*err
end do
end function sse_for_eps
end program fit
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Ne 1 2 3 4 5 6 7 8
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