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RANDOMNESS & STRUCTURE
| APPROACH TO EQUILIBRIUM STRUCTURE FORMATION
Phenomenon: Spontaneous formation of meso- ) | o ) | o S
scale structurel There is no explicit “force” pushing the system toward equilibrium... rather...equilibrium is a result of Random motion of hard sphere particles
for example, lioid bilayer membranes| random events3.” does not generate structure. Attractive
| . . . . . . interactions of spherically symmetric
The energy of the relevant interactions is = k;T __future_ division, print function , Phe y Symr
thermal energy i 1 to disrupt structures) visual x particles can result in aggregation (Monte
oY 1> STIDHER 70 GRTHRE SHHEHTE lattice classlz ” Carlo algorithm). More complex structures
Entropy is important in the stability of these setup_screen () .
rruct FHASHE R RS HHS BB 4#S program starts here #HHSEEHEHEERHBERERRHEEHERAS can be produced by nonspherical polar
STtructures :
lat=square lattice (xmax=40,ymax=40, bc='nonperiodic') pa rticles.
FUNDAMENTAL IDEAS make particles(lattice=lat, xi=0, xf=10, yi=0, yf=2!.0, number=90, ________
color=color.red, shape='sphere',6 trail=False) . 8
ln condensed multiparticle Systems’ collisions mon::Ltor(latt:?.ce = lat, X::|.=0, xf=12, yifo, y£=20, quantit¥ = 'average density')
result in random motion monitor (lattice = lat, xi=30, xf=40, yi=30, yf=40, quantity = 'average density')
Equilibrium is a result of random events, and Whlliai:::go)
does not depend on initial conditions pause on click() ## if mouse clicked, pause and wait for another click
: : o . random step (lat) ## take one random step
At the microscopic level everything is dynamic . o
There are local fluctuations To understand structure formation it is
At equilibrium average bulk properties are constant SRR R O TR annienin e i necessary to consider energy and entropy
Entropy is a measure of the number of possible ST T I ST Rt R A S ROt N changes in the thermal reservorr.
configurations SO S
Entropy is a maximum at equilibrium . ‘°:‘:"T:T'z"‘:: E"'ﬂ:""fm"s
_ . . . il et e e < INSTATISTICAL ECHANIC
Organization (structure) of materials is a result spmnihegbbrHiH e Students have no programming background
of a competition between interactions and TE e B PR R Teach nal ideas i Iy
random motion ERSE T ISR R Eventually the average local density becomes equal, €ach computational ideas incrementally:
it but there continue to be fluctuations. Read simple code and run programs
e e e e Experiment by modifying code
LATTICE GAS MODEL: A CONCRETE | |  (esesssdsse ... s S Eventually start to extend under|ying code
CONTExT FOR ExPLORlNG Initial conditions. Each monitor After many time steps, all particles are
lculates local density. till in rand tion, but
FUNDAMENTAL |DEAS calculates local average density ;eln;?t;zizcgrr:ltr:r?tilon, ut average ExAMPI.ES OF STUDENT PRO]ECTS
Large molecules (phospholipids, colloids) in Predict critical micelle concentration
solution Students can experiment with size of lattice, number of particles, initial location of particles, number, size, and Lattice gas model of the thermal reservoir
Molecules occupy sites on a lattice location of monitors. The entire program is shown above. (adding energy breaks apart dimer

In this case, a 2D square lattice vacancies, increasing entropy)

Molecules move via a random walk on the

lattice - ENTROPY PROJECT TEAM
Interactions with solvent lead to random motion B Particles . Sam Safran, Dept. of Materials & Interfaces, WIS
can be Monitors plot the log of the number of ways of : : : :
located arranging the particles on the left (orange) and right Edit Yerushalm_l, Dept. of S_Clence Teaching, WIS
D initially on (green) side of the barrier. As particles diffuse to the Elon Langbeheim, Shelly Livhe, Nava Schulmann,
A one side of right this quantity (S/kz) decreases for the left side WIS; Ruth Chabay, NCSU
| B 3 barrier (orange) and increases for the right side (green). The
/? / : with 3 sum of these quantities is the entropy of the whole
[ 1L ' single hole. system. At equilibrium entropy is at its maximum. VPYTHON programming language
o - Easy for novices to learn
. . . . 3D graphics as a side effect of physics code
RO Free, open source, Windows, MacOS, Linux
Particles ] http://vpython.org
spread out e |
over the o
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