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Abstract

This paper presentsin form of flowcharts the mathematical models and experimental data of phase transitions of
pure substances and sol utions with new ansatz and cal cul ation methods.

It is based on two preprints about thermodynamics of phase transitions [1], [2].



Introduction

In statistical mechanics, the key entity is the partition function Z , from which all important entities of athermal
solid-fluid-gas (fgs) system can be derived: free energy F, Gibbs energy G, entropy S and pressure pin
dependence of the thermal basic variables N, V, T, where the pressure determines the equation-of-state (eos).

In magnetic systems, the magnetization M plays the role of pressure, and the basic variablesare N, B, T, where B
isthe magnetic field flux.

The phase transitions in fgs systems are described by saturation curves (e.g. fluid-gas saturation curve)
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points (e.g. triple point solid-fluid-gas) i.e. branching points. Here, phase transitions are first-order transitions, i.e.

characterized by derivatives of pressure (2—5 =0) significant points are critical point ( 0) and multiple

first derivative of Gibbs energy, volume V = (2—(3} , iIsdiscontinuous at phase transitions.
T

The phase transitions in magnetic systems are characterized by derivatives of magnetization (% =0).

Here, phase transitions are second-order transitions, i.e. second derivative of free (or Gibbs) energy, susceptibility
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It is generally accepted that the behavior of athermal fgs system is solely determined by its inter-molecul ar
potential (e.g. Lennard-Jones potential in fluid argon, dipole-dipole OH-binding in ethanal),

Z :J'gordf dV exp(—Bu(F))
The behavior of athermal magnetic system is determined by its Landau function ¢ =M magnetization, and its
u(B) . A(B) .
= + - PBeB .
R Bo
In generalized form, the partition function Z is described by the functional integral Z = I Do dV exp(—H (7,9, 8)),

Landau energy E(¢, )

where H (F, ¢, 8) isthethermodynamic Hamiltonian H (F,¢, 8)=E(p)+ B u(F,¢),

Do = ZZ—Q) dc for Landau function with parameters go(c, ) = Zg—f dc (fgs systems)

Z= j Do dV exp(—Bu(F)), approximately Z ~ J'q;rdf dV exp(-Bu(r))

Do =d¢ for smple Landau function without parameters (magnetic systems)

Z = [dpdV exp(-E(p))

The goal in statistical mechanicsisto calculate the phase transitions and their significant points analytically from
the partition function, and to express thermal functions behavior at critical points T. in asymptotic form

f(T-T.)=(T-T.)" , where x is a critical exponent, ¢.g.
M~(T,-T) , T>T.-,B=0
p~(Te-T)' , T > T~

Thisisat present possible only for
* magnetic systems

A(B)

4
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with Landau energy E(o, )= LI(Z[})(P2 +
» vdWaals eos of areal gas



with eos p(v—vo)/}:(l— 2(vlivo) I |u(r)|d3rJ,where voz%ra3 is the hard-core volume= vdWaals b-

parameter, o isthe hard-core radius.

r=c

In this paper, we formulate a general Landau theory for thermal systems, where the origina Landau ansatz for
magnetic systems and an ansatz with rdf function for fgs systems are special cases. Thefgsansatz is applied to
two intermolecular potentials: Lennard-Jones and dipole-dipole.

The Maxwell-Gibbs equation, which yields the exact solution for the saturation curve, is known in theory as the
Maxwell-rule, but has not been solved for the Peng-Robinson and the Mie-Grueneisen eos.

In the second part of this paper, the Maxwell-Gibbs equation is solved for both fluid-gas and the solid phasein the
form p(Etn), based on Peng-Robinson and Mie-Grueneisen eos, and is used to calculate the triple point and the
phase diagram

(E =ks T thermal energy, is used throughout this paper in place of temperature T).

Asfor binary mixtures, there exist only purely phenomenologica ansatzes, there is no genera theoretical treatment
based on molecular data of the components.

In this paper we formulate atheoretical basisfor binary solutions, based on the weighted sum of partial eos
pressures, and including the 1-2-interaction of the components (i.e. non-ideal and irregular solutions).

Finally, we formulate an exact theoretical basis for binary solution eos, based on the Landau theory of phase
transitions.
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From the microscopic to the macroscopic world: static systemsin equilibrium

Intermolecular potential

U(F) =&y (F/op)

Molecular params: m, =(m,c,,d,,m,,)
radius o, , e-dipole mom. d,, mag.mom. m,,

potential min. radius

Statistical variables
N,V, T

Solid-fluid-gas-solid system
Z=[av exp(—%)cordf (F)exp(-pu(F))

B=11k, T, A=Vv",
v=V /N

q)(r!eal;rr\(’ck):exp(_%j(prdf (r’e’n‘(’ck)
Prt = Prar (1,0, M,C)

Landau minimal principle
F(A,ﬂ;m,Ck)Z—%ng(l,ﬁ?”k’Ck)
F(l’ﬁ;co,k)z mln(ck) _)(p(co,k):(pO

Z(l’ﬂ;coyk)Zmax(ck)_)qu(co,k):?o
Cox = Cox (4 Bim)

HCOZ eq., ansatz f (T;c,)
logg(F)+Bu(r)-p,(1-9(F))! (g, Bu)=0
I (g,ﬂu):j((l—g(R))—Iogg(R)—,Bu(R))rl2 dr, sin@ do d¢

R(r,r)" =r?+r2+2rr, cosé cos¢

—solution q)rdf (r ’ 9’ Cl,k )

Cix :CLk(’lyﬁ;"’k) 1 G ® Gy

A/

Thermodynamic functions
eos p=p(4,Bi (2. fim,)) =~

saturation curves

A =A(BiM), Ba <B<B,

F

p(4.B)

05

triplept. 4, =A(B,;m.) . B, =B, (M
critical pt. A, = 2(Be:M.) » B =B (M) P = P(A Byi G (Ao By )
saturation curve pg, (B)

10logz 1 1

- BZ 322 oA

)+ Py = P4 BriC (A Brimy))
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do=A(m) ., B.=B(M), P, =P(A.B.:G (A Bimy)) 0= (M)

l

vdWaals eos gas-fluid (rel. coord. A/, 5/ p.)

8.1 3
P(v.f)= 3B(v-1/3) V*

Peng-Robinson eos gas-fluid (rel. coord. A/, 5/ B.)

~ 1 a(w p)a
P=p(fv.0)= B(v-b) v(v+b)+b(v-b)’
a=0.45723 , b=0.077796

a= (1+(0.480+1.574a) ~01760°)(1-/B ))2

_ 10
o = acentric factor @ =-10g,,| P, =

eos depending on molecular params m,

p=p(B.v;m)=p(B.V, B, = (4. Boi G (Aer B ). B, = B (M), 0(m, )

Young modulus Y = 1 5
o or

2u(r=r,)

, Ny =6 for solids

potential min. radius r, , u(f,,c,&)=min(F;u(F,o,¢))
I'y=2, s=3/2, laticeconst. a=2r, (fcclattice)
(Bo:Vor Po) = (B, Vs P, ) values at triple point

First-order Mie-Gruneisen eos solid
reference point (p,, f3,), Young modulus Y (1) = ;i - Y,

vo-sn-Fo-y)
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From the microscopic to the macr oscopic world: dynamic (time-dep.) systems

Intermolecular potential
u(r) =&y (F/oy)
Molecular params. m, =(m,o,,d,,m,,)

radius o, , e-dipole mom. d,;, mag.mom. m,, mass m

Solid-fluid-gas-solid system
Z= Idv exp(—%jgordf (F) exp(-Bu(r))

Statistical variables

N,V, T . B o .

B =1/kBT, A=Vv"3, (P(I’,Q,/'L,m(,ck)_exp( /,J(Prdf (rlglrnkvck)
v=V/N Drof :‘Prdf(rng;m(:q()

Boltzmann transport equation

ﬂ_{_BVf +ﬁﬂ:[ﬂj
o4 m op ot )

F(7,t)=theforcefield, f(F,p,t)= probability density function ,

dN=f (f, r),t)d3r d3p’ (Mj =aQ,, (%,rj , o =4NO'02
coll

=

l

Chapman-Eskog method applied to Boltzmann eqg.

K K,>1

=419 condition
f=fO+KO+K 2@+, A, =mean free path length
Boltzmann-Chapman-Eskog equations (first order)

on =

P +V-(nv,)=0

f (F, p,t) in powers of Knudsen number

v, . F 1
8—t°+v0~(VovO)—E+HV~G=O

or _
E+v0~(VT)+

én(tr(c;.(vovo))w.q):o

momentum-flux tensor o = p| —u(vovo+(vov0)T)+§y(v-vo)|




l

Heat equation
heat flux q=-4VT ,

Navier-Stokes equation

velocity distribution V(F,t) of fluid-gas

dynamic viscosity u = u(m),

second coefficient of viscosity 4, =4,(m,) ,
Dv ov

pfﬂzp(a

external force density f =F n, density p =mn, V(F,t) =Y,

—+(\7-V)\7j = —Vp+yV2\7+(l” +u)V(V-\7)+

—

f




Basicsrelation in statistics

Z=) exp _ B | dassical Boltzmann statistics
i T

B

Z=) —————— quantum fermion Fermi-Dirac statistics
' exp +1

Z:Z—

exp -1

=~
[EEN
W_i‘JTI x

guantum boson Bose-Einstein statistics

BE

>
[oe]
_|

1
KT

beta parameter S =

ologZz kT ologz
ap aT
F=(E)-TS=-k;TlogZ (Helmholtz) free energy
10(VlogZ)
0

U:<E>=— mean energy

G=F+PV=(E)-TS+PV =- Gibbs energy

H=U+pvo| 121092 (010621} iy
B oV o8

o
oT

o(E) 1 2 ologZ  _0%logZ -
C,=—"'= AE) ) =kgT| 2 T heat capacit
YoaT kBT2<( )> ° ( oT et Y

S=—(ksTlogZ) entropy




Thermodynamic classical ensembles

Fixed
variables

Microscopic
features

Probability
and
density
matrix

Minimal
principle

Microcanonical
N, V, E

Number of microstates
W, with width

Wi

f(x)=exp(-7x°)

b= 21

k

Boltzmann entropy
S=Kkg logW = max
v.Neumann entropy
S=—-k;Tr(pInp) = max

Canonical

N,V, T

Canonical partition function
-Too{
Tr(exp(-BH)) =
Zk:exp(—ﬂEk) =Z(p)

Tre /™

exp(-fE,)
E)=— "M/
P(E,) S exp(~pE,)

Jo,

Helmholtz free energy
F =-kgTlogZ = min

Grand canonical

wV, T

Grand partition function

E, — uN
Z=> exp| ——* "J
zesl -5

z(ﬂ,ul,uzy---)—“[exp(ﬂ[;”ka_HJD

Ao

Tr e_ﬁ[H_Z‘:MNi]

efﬁ[ Em*iz 4N j

el

n

p:

P(E,) -

En*%NiNi]

Grand potentia
Q=-k;TlogZ =min



General Landau theory

Z=[DpdVexp(—H (T.p,B)), H(F,p,B)=E(p)+Bu(F) isthethermodynamic Hamiltonian,
E(¢p) is the ¢-induced Landau energy, u(F) isthethermal intermolecular potential.

(first-order) fgs-systems:go(r,e,/l,o;ck):exp(—%) fq(r.0,0;c,) , radia distribution function f (r,0,0;c,)

(second-order) magnetic systems. ¢ =M magnetization

Solid-fluid-gas-solid system
(2)" =2(p)=av g(r)exp(-pu(r))

Z- IdVexp( jqordf()exp(—ﬂu(f))

magnetic system
¢-induced Landau energy=

+ *— BpB
5P a ? Bo

Solid-fluid-gas-solid , first order transition (latent heat)
basic variables T, V, N

(%) discontinuous, lat. heat AC >0

Z =.|'DgodVexp(—ﬁu(r*)) , D(p:ZS—éidck ,
H(F.p,B)=pu(r)

approximately Z ~ Jgo dV exp(-Bu(F))
(Ck) =(|c’ak’|ak’a0k)

¢~ p==,specific volume v

¢(F,0,l:q<)=e<p(—%jcordf (r.0,0:6)

©,, step-up function

gordf(r,e,a;cK):@H(r,o){He(p -/l {Zak { IKGDfe(G,aOk)

Magnetic, second order transition
(zero latent hesat)
basic variables T, M, N

2
(a FZ J discontinuous, AC =0
op

Z=[DpaV exp(-E(p)) . Dp=do (G,
H(T¢.8)=E(p)

p=M_ = % spec.magnetization, — v
¢-induced Landau energy=

2
E(co,ﬂ,B)=”(2ﬁ)<02+ Ef)co“—ﬁcoB

=)

fgs

Magnetic, second order Z (4, 8;¢,)
1

F(M:ck)=—%'092(ﬂ-ﬂ:ck)~— (E(e.8)-5B9)

B
const 1 1 2 4
(gt g oo
Te=crit. temp. , 5 _ L wr(B)=2u(B.)(B-B.)
kBTc

F(;L’ﬁ;ck): min(ck) _)‘P(Co,k):‘/’o
Z(;t’ﬂ;coyk):m(q)_)@(co,k):%




Solid-fluid-gas Z (4, 8;¢, )

F-minimization Landau principle
Rescaling

radius o =1 , energy ¢ =1 in u(r)

A=>Alo,r—>rlo
u—>ule, po> po’le

F(/l,ﬂ;ck)=—%|ogz(/1-/3i°k)

F()"ﬁ;covk):min(ck) —)(p(CO,k):(pO
Z(;t’ﬁ;coyk):m(ck)_)go(co,k):§00

Solid-fluid-gas Z(4, 8;G, )

Calculation of correlation function ¢, (r,6;¢,)

Rescaling

radius o =1 , energy ¢ =1 in u(r)

A—>Alo,r—>rlo

u—>ule, po>po’le

HCOZ eq., ansatz f (F;c,)

logg(F)+Bu(F)-p,(1-9(F))1 (g, pu)=0

I (g,ﬂu)=_[((1—g(R))—Iogg(R)—ﬂu(R))rl2 dr, sin@ dod¢
R(r,n)" =r?+1? +2rr, cos6 cosg

—solution g(r,@; q’k)
o(r.0,2;cy ) = exp(—%j g(r.6;c,y)

Z(ABic)=[o(r.0.4:c,, ) dvexp(-pu(r))
F(4.Bic,)= —%Iogz(/l,ﬁ:q,k)




Magnetic phase transition
Critical temperature T=T¢ ,

Fundamental variables g , spec. magnetization ¢, = M :%

F(T.V,N)=min—% _g

op
1
JIRN +§)~2¢03 -pB=0
solution ¢, =u+V

u:i/ﬁjt 9|32+8—”6 ,vzi/ﬁ_ 9B°  8u’

+

A YR A Y
0 u?>0
12
B=0:9¢=1 6u? , _»@x[T-T[ .
T He0

B#0 :T=T.,u*=0, %3:%8

magnetization M = ¢, (8) continuousat T=Tc
latent heat AC =0

magnetic susceptibility y; = % isdiscontinuous at T=Tc,

ﬂz T>T,
Xrloo = ’
TlB=0 ~
ﬂz T<T,
2|ul

A m

1.
+N
T

~1 B<0




Superconductivity
Critical temperature T=T¢,

Fundamental variables 8 , superconducting €lectron density n, = |(00|2

F(T.V,N)=min—% _g

ol

1
/42(00"'5/12(003_[38:0
superconductive fraction @®iszero at T=Tc

0 T>T, |0 T>T,

2 s . 2
= = T-T

oo =1_ut Tor, |8 "T) 5

coherence length at small perturbations

hz
Y —— T>T,
\/ 2m |TC—T|
2
—? T<T,
\ 4m? [T, ]

penetration length of magnetic field

2

m.C
A= |
L 8re? |(oo|2

S =




Solid-fluid-gas
Partition function Z (4, 8)=Z (4, 8;¢y)

Free energy F(l.ﬁ)?%'ogz(’l’ﬁ)

oF 1 oF
Pressure p(4,)= T3

Equation-of state
8 1 3

1
Idedl =—  v=A3%, vdWadls (re.coord. B)="
gas p W v=2A°v s (rel.coord.) p(v,B) 3p(V-1/3)

general p=p(4,p) saturation curve pg, ()

pful(A.B)

0.6 o7 08 09

Extremal curve w:o — A= (B)
Saturation eq.: Maxwell-area-rule p= p(4,, 8) , pP=P(4,8) , G(4.B)=G (4, B), 2a(B) =4

critical point
* Maxwell-eq.

o°p(A, ) . . - -
. % = 0 —trigonometric equation (zak(l’ﬂ)cos(Zn ll G}rﬁk(l,ﬂ)sin[Zﬂ AI an 0

k ak a,k
o (l’ﬂ) = Z ak,kl,kz/lklﬁikz ) ﬁk (l'ﬁ) = z hgkl,kzlklﬁikz
ko ko

triple point

* eos p=p(4,) order >=3 (cubic) in 1
solution A = /”t( p,,B) has three branches at triple point: fluid-gas, solid-fluid, solid-gas

2ig(PB) 2 24 (P.B) s A (P, B)




Solid-fluid-gas phase transition

Fundamental variables 8 , specific volume v:%
Critical point T=T¢ ,

v , specific heat ¢, are discontinuous, latent heat AC >0

0 o’ .
T=T.: Epzo : WE:O’ end point of p_, (T)

Saturation curve fluid-gas p, (T):

Maxwell-area-rule p=p(v,,T) , p=p(v,,T), G(v,.T)=G(v,.T)
second Cardano’s root v; =V,(p,B) , third Cardano’s root v, =v,(p, /)
follows Maxwell-Gibbs equation eggr (v, ,V,,8)=0

-1/3
vdwaals eqgr (v;,v;, B) = _'og\\:g—Jrgﬁ(%_Vi}r (v \_/91/3) (v Xf1/3)
¢}

g

qur(vf,vb,ﬂ,a))z—(logzg:EJ—a(w,ﬂ)ﬁa[afCtanh(tj_z\s]—arctanh(bjz_vbf n
Peng-Robinson f

N Vg _ Vf —aﬁ i_i

[m—b) (vi-b) ( v JJ

yields p, (T), T, <T<T,
(S(vg T)-S(v, ,T))T
(Vg _Vf)
Triplepoint T=Ty :branching curve fluid-gas, solid-fluid, solid-gas p(v,,T)=p(v,.T)=p(v.T)
starting point of p., (T)

Latent heat AC =

phase diagram
1 )
\
- 1
: = ~
7] r [
@ solid phase . L
a \ compressible 1\ sypercritical fluid
;' liguid |
. l
critical pressure 1§ [ o
Pa : itics i
i liquid critical point
. phase
i
|
p, iple point gaseous phase
vapour
critical
temperature
Tip

Temperature



Equations-of-state and mixing rules

ideal gas p = —
\Y/

vdWaals p = (v—tl)ﬁ —%

mixing rules
bFZ)ﬁbl,i LA =D XXay
i 1]
a; =./a,;a; geometric(GMA),

2 a8 ta,; +a;
4
a; =(a, +a)/ 2 smplearithmetic (SA)

& = expanded geometric (EGA),

Redlich—Kwong equation fluid-gas

-t Pa
B(v-b) v(v+b)
042748 1

, b =0.08664
p.B*°
mixing rules PSRK
ap 1) e b
b =2 xB, " Zx bl. A[g ﬁ+i2>slnbl—],

A=-0.64663

c/-c

l

Peng-Robinson equation fluid-gas

o= p(povsp )= L _(1+(0.480+1.574w(pc.ﬁc)—0.176w(pc,ﬁc) )(1—1/;3/;30)) a,

B(v-h) v(v+h)+h(v-h)
_ 045723 ' 0077796
pcﬁc c/-c

o = acentric factor @ =-log,, (M] =o( P B.)
Pe

mixing rules PSRK
b = z )le,i




l

Mie-Grueneisen equation solid

(yln/Vo—yz)(ﬂ—l)(ﬂ—FZO(’7‘1)j N(1 1
] p(n.B)=po+ 77(77—5(77_1))2 +3V_0[E_ﬂ_o}

wherenzﬁ, I'y=2,s=3/2
v

Bo=B, P=D , V=V triple-point values

!

Saturation curve fluid-gas p, (T):

Maxwell-area-rule p = ppR(Vf ,T) \
p= pPR(Vg’T)’ GPR(Vf ’T) :GF’R(VQ’T)

Melting curve solid-fluid py (T):

Maxwell-area-rule py, = p(vf ,T) ;

P= Pve (Vs1T)1 Ger (Vf 1T) =Gye (Vs’T)

Sublimation curve solid-gas p, (T):
Maxwell-area-rule py, = p(vg,T) :
P= Pue (Vs’T)! GPR(Vg’T):GMG (Vs’T)

phase diagram (ethanol)
ethanol phase diag

25

20

phase diagram
' measured

0.2 0.4 0.6 0.8 1.0 ‘




Equation-of-state and phase diagram benzene

Ball and stick model

J

Space-filling model

Peng-Robinson fluid-gas eos in relative coordinates
pPeRob(T vi/pc
201 -
+ T=Tcs0.3
+ T=Tcx0.4
= T=Tc+0.5
© T=Tcs06
= T=Tc0.7
= T=Tc+0.8
= T=Tc09
T=Tca1.

Mie-Grueneisen solid eos

* T=Tc+0.0495552

* T=Tc+0.0991103

= T=Tcx0.148665

* T=Tc+0.198221

= T=Tcx0.247776

= T=Tcx0.297331

* T=Tc+0.346686
T=Tc#0.396441

= T=Tcx0.445986

* T=Tcx0.495552

pMieGr{T vipc

The three branches (real part) of the volume function v=v(p, ﬁ) Peng-Robinson eos

benzene

benzene
benzene

0.0




1.0

4
Re(ePRgri1)

0.8
0.6
0.0 ' 04

0.2

pfs(T)/pt
3.0

25
20
15
1.0
0.5

Eth/Ethc I *
0.0 0.0

benzene pfg(T)pc
1.2

0.5

10 & 0.4 0.5

Maxwell-Gibbs eg. of the solid-gas curve (real part)

pfs(T)/pt
0.010
0.008
1.00.006
0.004
0.002
Eth/Ethc
0.000
0.2
Phase diagram
benzene phase diag

P(T)pc

15 .

1.0 - .

L]
L]
-
05 «
.
.
.
seeesses TiTe

0.3 0.4 0.5 0.6 0.7 08 09

0.6

0.6

0.6

0.9

0.9

0.8

TiMe
0

TITt
1.0

TITt

10/



Equation-of-state and phase diagram ethanol

Peng-Robinson fluid-gas eos in rel ative coordinates

© T=Tc#0.3
.+ T=Tcx0.4
¢ T=Tcx0.5
© T=Tcs0.6
« T=Tcx0.7
* T=Tcx0.8
© T=Tc#0.9
o T=Tcxl.

Mie-Grueneisen solid eos

pMieGr{T,v)/pc * T=Tc#0.0495552
« T=Tc#0.0991103
* T=Tcx0.148665

150
* T=Tc#0.196221
100F = T=Tcs0.247776
= T=Tcs0.297331

50l

* T=Tc#0.346886
= T=Tcs0.396441
* T=Tcs0.445996
* T=Tc#0.495552

s ST

The three branches (real part) of the volume function v=v( p, ) Peng-Robinson eos

ethanal

ethanal

_ethanol

Eth/Ethc . — o5 Eth/Ethe

Maxwell-Gibbs eg. of the fluid-gas curve (real part)



. ReiePRgraz)

benzene-ethanol pfg(T)/pc
1.2

0.6

0.4

0.2

04 0.5 0.6 0.7

Maxwell-Gibbs eqg. of the solid-fluid curve (real part)
pfs(T)/pt
0
25 L
20 .
1.0
',I - Va4 ’/,//ﬁﬂ‘/; 7 1.5 .
7 P pepm "
0 mgg‘!" 1.0
0.0 AL T 77 L/ 7T 77 ——
LY
Py ".r 0.5
Eth/Ethe s
10 00 00 0.2 0.4 0.6
Maxwell-Gibbs eg. of the solid-gas curve (real part)
Zal phs(T)/pt
: 0.010
"I 0.008
0 ;
RefeMGgsr22)_5'|ll 1.0 0.006
|
-10 0.004
0.0 ofpc
0.002 *te,
Eth/Ethc ’ Te
10 20 00084 0.2 04 0.6
Phase diagram
ethanol phase diag
p(T)pe
25 .
2.0 .
15
1.0 . .
05 R ‘
02T oa 06 0.8 10 T

Phase diagram ethanol and benzene, rel. ethanol

0.8 0.8

0.8

0.8

TiTc

T/Tt
1.0

TITt
1.0



Ethanol(dimmed)/Benzene(bright) phase diag

p(T)/pcE
3.5

30
25
20
1.5

1.0

10

TIMcE
2



Equation-of-state and phase diagram argon
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Equation-of-state and phase diagram carbon dioxide
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Saturation curvesfor benzene-ethanol solutions
in relative coordinates rel . benzene-ethanol-1:1
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benzene—ethanol mix(0.75) pgs(T)/pt
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benzene-ethanol mix(0.1) pgs(T)/pt
0.010,

10 0.008

0.006

Re(eMGgmrxn12g) 5

0.004

0.5
Eth/Ethc

0002 |

0.000
0.2 0.4

X0=0 (ethanol)
benzene-ethanol mix(0.) pgs(T)/pt
0.010,

0.008 -

I3
Re(eMGgmrxn12g) 5 10 0.006:-
0.004
0.002: .
05 b,
Eth/Ethc 0.000
L. .
1.0 0.2 0.4

0.6

0.6

0.8

0.8



Phase diagrams, enthalpy, characteristic points of solutions benzene-ethanol
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