Kinetics of liquid crystal phase transitions:
A phase field approach %
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Motivation Phase field approach

Order parameter m evolves to minimize =
free energy: 9m _ O m(r), u(r)]

+ Liquid Crystals (LC's) ) ot 5m
isotropic to nematic phase where F is given by a local (see figure) 0 z 1
transition: Nematic domains and a surface energy part3 Solving the

experimentallyl1.2 found to Flm(7), u(F)] = / {f[m(F),U(F)] + %m(Vm(F))Q}dV equ ations

grow as [t oc ¢ /2Into f(m,u) :mz(m—l)Z—l—l(Sum U = C—p(T—TO)
undercooled isotropic phase. - Isotropic to nematic phase - o2 Equations discretized
* Diamagnetic LC's foundl,2 to  transition is weakly first functional derivation gives: by finite differences.

2

grow faster in high magnetic  order. Om & G2 amm — 1)2m — 1) — éu Time integration by
fields. Possibly with different, - Time scales of thermal & 2 : series expansion.
higher power. diffusion and order Phase change enters as heat source in om _

o =g
- Reason for faster growth parameter kinetics are 5 heat equation: du _ 9%y N om ot
unknown. orders aparts. ot~ oz ot

Such that the latent heat is:
OF OF

L:TO((?_T _a_Tm—1>

m=0

Two regimes Liquid crystals Determining Asymptotic

Low undercooling or slow  om 1_, 1 7
thermal diffusion: latent o 27 " 2mim o DEm =1 =50 Exponents behavior

. d log (R) :
heat increases interface % L Assume: ft ot then: ——" = = Expondellgg(i(‘;tfetc(:)l)g?)
temperature towards T}, boop ! v (t) =
The dynamics of the

order parameter front R

_ — vy (1—to/t)”
p: ratio thermal and order parameter At low undercooling: Jim v=-05 ¢ ’Elciolgg)linear n1/p
diffusion constants. p extremely low in Asymptotic behavior unreachable s - - - - G S

is dominated by thermal LC's -> Time and length scales of u and for p=10-2, typical for the liquid
diffusion: m very different at low undercooling. crystal 8CB.

R xtl/2 ol — We estimate onset of powerlaw
= ool oo | from simulations at higher p.
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High undercooling or fast ¢ . , — ' decreasing p

0.0

thermal diffusion: order " - ' ' _ (- .
parameter front 5—0.04: : 03 | deCI‘eaSIng D
propagates at constant .| _ e
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Anteigndeidlliafgl \ieeisr [pelElladsr ISaed oL N adimensiona decreasing p. Asymptotic behavior reached at later times decreasing p. Dotted lines are fitted to

approximately constant. units. Thermal profile much wider. e 1/2(14 to/ L
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Boundaries ' ' ' Conclusions Remaining...

* Nematic domains experimentally

The boundary conditions act as a '} C L. .
| found to grow into isotropic

* Neighbouring domains.
thermostat, keeping the systems & |

L . Can latent heat stall
e T undercooled liquid as powerlawr o ¢ growth?

temperature. 'l decreasing p where v - —0.5. | B + Can we get 7 o ¢ 0
& Phase field equations difficult to without temperature field?

Once the u-profile widenes increasing system size integrate in range of parameters . The effect of

beyond the system size, the 0 10’ 10" v b suitable for liquid crystals.

Growth exponent for increasing p and increasing EXtra pOI atl ON necessa ry

dimensionality on the time
grOWth eXpOnent cha nges. system size. When temperature profile width exceeds
the system size, the exponent grows.

o ' ——— . . * In the estimated time ¢ for the Lo (sphgrlcal coords.)._
o —ow | Liquid crystals powerlaw behavior to set in, the * Coupling to magnetic

| ——  Temperature field width fitted for thermal profile of liquid crystals is field.
ST | systems with far away estimated to be around 25cm wide.
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