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MOLECULAR MODEL OF NON-IDEAL SOLN’S

Assume molecules are randomly mixed (i.e., entropy of mixing is the ideal entropy of
mixing). Then, any excess Gibbs free energy of mixing must be associated with some
enthalpy (ultimately, potential energy) component.

U=N € T N € T N €5, potential energy of the solution

where: N is the number of interactions between molecules i and j
¢, IS the energy of interaction between molecules i and ;
(interactions assumed to be only between nearest neighbors)

Total number of type 1 neighbors

(of any given molecule): <X ®
eliminates ‘

double

Total number 1-1 neighboring pairs: lex%/ counting <

coordination number
(here, 6, assumed same
for both components, for

purpose of simplicity)

Total number 1-2 neighboring pairs: lexz — N2ZX1



ISOLATING NON-IDEAL INTERACTIONS

U=N 11811 + N 12812 + N 22822 potential energy of the solution

Using the derived numbers of interactions as a function of z:

Now taking the definition of mole fraction x, =N,/ (N, + N,)

Nz N,N,z N’z
= E T EH Tt
2(N,+N,) ~ N,+N, 2(N, +N,

U ) E,,

now define a new variable w=2¢,,—¢,, — ¢,,

In an ideal solution, all
Z811]\’ 1 + Z822]\] 2 + ZWN 1N 2 molecular interaction

U = | |
energies are equal, in
2 2 2(N1 + Nz) which case, w = 0




ZOOMING IN ON NON-IDEALITY

= €Ny 28N, 2wNN, ‘03‘
2 2 2N +N,) 8?
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usSing N =N,
/7 fN
Gsol = Gideal + ZWN1N2 Gsol = Gideal + ZWNAnlnz
2(N;+N,) 2(n, +n,)

0')G é)Gideal ZWNA 5711712/(111 + I’lz)
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ZOOMING IN ON NON-IDEALITY 2

U, = (&) _ (é)Gideal) N ZWN (é)nlnz/(nl + nz))
T.P.n, T,P.n, ny

(o"nlnz/(n1+n2)) _nz(n1+n2)—n1n2 . on, 1 n,
— 2 — -
on, . (n, +n,) (n,+n,)\ (n,+n,)
2
=x2(1—x1) = X,
2
" ZWNAX2 Defining yet _ ZWN ,
So, WU, =U; + RT In X+ 5 another variable: ™ 2)

Behold, the activity!
* 2/RT \ e ’
we arrive at: Ml = Ml + RT hl()Cleux2 )



u, = U, +RTln(xle
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EFFECT OF NON~-IDEALITY
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note that u is positive when
1,2 interactions are less

favorable than 1,1 and 1,2
interactions, and negative
when 1,2 interactions are
more favorable than 1,1

and 1,2 interactions
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EXCESS FREE ENERGY OF MIXING AGAIN

sol sol * *
A,.G=x 0" + XU, — X U — X, U,

Using now:

u, =u +RTInx, +ux; w,=u,+RTInx, +ux;

cf. 2 slides ago
Substitution provides:

2 2
A G=RT (xl Inx, +x,Inx, ) + X, UX5 + X UX,
= A, Gigea T UX X, (xz + ’xl) = A, Gigea +UX X,
—E —E —E
G =uxx, H =uxx, S =0

Note that if u is negative, the free energy of mixing is even more
favorable than for an ideal solution. But, what if u is positive?



FREE ENERGY OF MIXING VS COMPOSITION

A .G RT
m1XG=(xllnxl+x21nx2)+x1x2
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FINDING PREFERRED COMPOSITIONS

0.00

0.40

0.05 Using the equation below, we can solve for
= maxima and minima in the free energy of mixing
S —o0.10 at different temperatures. While x, = 0.5 is always
< a stationary point, when RT / u < 0.5, two other

~0.15 . roots occur (and they are minima). It is these

roots that correspond to the compositions of the
~0.20 ‘ ' ‘ two separate phases in equilibrium.
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RT To build a temperature composition
—=04, X = 0.145,0.855 diagram, one repeats this for a

U mm(A G/u)
range of temperatures

mix



TEMPERATURE-COMPOSITION DIAGRAMS REDUX

Critical points in composition as a function of RT/ u
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cf. last slide of video 10.7



Next: Review of Module 10



