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1. Thermodynamics of MiXxing

A typical situation (polymers etc.):

High temperatures: mixing

A B A+ B

Low temperatures: phase separation

B A+ traces B
B +traces A
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Minimization Condition

Why does demixing happen?
The system wants to minimize free energy

F=F—-T5 — min

Estimates for £ and S

Energy E depends on ¢ because of Van der Waals interactions:
molecules attract like molecules more than unlike ones. E favors
demixing. Estimate:

E xc¢(1l—c¢)

Entropy S favors disorder, i.e. mixing. Estimate:

Sxklnc+ kIn(l —¢)
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& 1T, Narayanan and A. Kumar, “Reentrant Phase Transition in Multicom-
ouit ponent Liquid Mixtures,” Phys. Reports 249 (1994): 136—218.
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Physics of Hydrogen Bond

e Covalent bonds: two atom share electrons A:B.

— Strong selective bond (E > kT)
— (Almost) unbreakable at room temperatures
e Hydrogen bond: two atoms (usually oxygen) share a proton:
O—-H...O. Proton is much heavier than electron—weaker
quantum effects.
— Weak selective bond (E ~ kT)

— Constantly breaking and reappearing at room temper-
atures.

These properties make hydrogen bonds fundamental for biology.
Life is a way of arranging hydrogen-bonded molecules.
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Thermodynamics of Hydrogen Bonds

When the system forms a hydrogen bonds, it wins energy and
loses translational entropy. = The number of bonds depends on
the temperature.

Mean field estimates?:
Dynamic equilibrium:

O-H.O=20-H+O0O

Equilibrium condition:

Nbonds = K(ndonors - nbonds)(nacceptors - nbonds)
K x exp(—Egn/kT)

If T increases, K and nponds decrease!
Free energy:

F = Evygw — TS + Fy, Frg o< —kTnponds In K

2B. A. Veytsman, “Are Lattice Models Valid for Liquids with Hydrogen
Bonds?" J. Phys. Chem. 94 (1990): 8499-8500.
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Hydrogen Bonds and Mixing

Suppose that A and B want to make hydrogen bonds between
each other. = Fy favors mixing.

1. High temperatures. —T'S dominates. Mixing.

2. Lower temperatures. Evgqw dominates. Not many hydrogen
bonds. Demixing.

3. Even lower temperatures. Many hydrogen bonds. Fyg — TS
dominates. Mixing again.

4. Even lower temperatures. Mixing or demixing depending on
Eyg and Evgw.

We reproduced closed loop phase digram!
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3. Computer Simulations

Goals

We have a theory for closed loop phase diagrams caused by
hydrogen bonds.

1. Verify the theory on a computer experiment

2. Look at the structure of the mixture

Since we understand what is going on, we can use a very simple
(even simplistic) model.
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Lattice Model

A simple lattice model of binary hydrogen-bonded solution?.

1. Simple cubic lattice.
In each cell either an A or a B (no holes).

Molecules attract neighbors; AB < AA = BB.

I

Molecules can form hydrogen bonds (one donor and one
acceptor). Kup > Kaa = Kgp.

QOO—.C:
o000

® 00 ®
000000
00000
0000

3Michael Kotelyanskii, Boris Veytsman, and Sanat K. Kumar, “Phase Be-
havior of Associating Liquid Mixtures,” Phys. Rev. E58/1 (1998): R12—R15.
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Phase Transitions in yPT Ensemble

Phase equilibrium between ¢; and cs:

p(cr) = p(e2)

Let us plot ¢(u):

One phase Phase separation
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2. Phase coexistence between ¢, and ¢ =1 — ¢,
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