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Introduction Introduction : Surface freezing of : Surface freezing of alkanesalkanes

X. Z. Wu et al., Phys. Rev. Lett, 70, 958 (1993)

Tm = 35.6℃

Ts = 38.6℃

3 oC above the melting temp.



Introduction Introduction : Surface freezing of polymer: Surface freezing of polymer

1-2 oC above the Tm 10-20 oC above the Tm

order-to-disorder transition : in two steps
(crystal --- hexatic smecticlike --- disorder)

A. Dhinojwala and coworkers, Phys. Rev. Lett., 88, 145501 (2002)



ExperimentExperiment : X: X--ray scattered diffraction (GIXD) & ray scattered diffraction (GIXD) & ReflectometryReflectometry
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scattering depth : 
40-80 A



Observation of Novel LiquidObservation of Novel Liquid--Crystalline Crystalline 
Phase above the BulkPhase above the Bulk--Melting Melting 
TemperatureTemperature

Phys. Rev. Phys. Rev. LettLett. . 9090, 215501 (2003), 215501 (2003)



A. Dhinojwala and coworkers, Phys. Rev. Lett., 88, 145501 (2002)

Previous studies Previous studies : bulk properties of poly comb polymer: bulk properties of poly comb polymer

CalorimetryCalorimetry

cooling rate : 0.3 oC/min

WAXSWAXS

4.2 A

44 A
(two layer 
packing)33 A



Sample preparation Sample preparation : spin coating: spin coating

2-4 wt % solution in toluene

glass substrate

spin coatingspin coating

Ta : Tm + 10 (or 20) oC for 4-5 h

annealingannealing
Surface measurementSurface measurement

thickness : 100-150 nm



InIn--plane lattice spacingplane lattice spacing

60oC

αi = 0.5αc

* Tm = 64.9 oC

Qxy

Qz

assuming hexagonal 
packing4.85 A

4.85 A
4.2 A

area : 20.4 A



Melting transition Melting transition : scattering depth: scattering depth

60oC

αi = 0.5αc

* Tm = 64.9 oC

Qxy

Qz

scattering depth : ~40 A



Temp. dependant surface layeringTemp. dependant surface layering

longlong--range crystalline orderrange crystalline order

GIXD : lost

XR : presenceXR : presence



Temp. dependant surface layeringTemp. dependant surface layering

solid lines : two-layer model

33 A

monolayer of a predominantly trans-alkyl side chain



Partial Partial CrystallinityCrystallinity in Alkyl Side Chain in Alkyl Side Chain 
Polymers Dictates Surface FreezingPolymers Dictates Surface Freezing

Phys. Rev. Phys. Rev. LettLett. . 101101, 065505 (2008), 065505 (2008)



Theory Theory : intensity of scattered wave: intensity of scattered wave
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T(αi) : Fresnel coefficient of the incident field

T(αf) : Fresnel coefficient of the reflected field

D : length of crystal structure normal to the surface

dγ / dT : difference in bulk and surface entropy



Partial Partial crystallinitycrystallinity

Tm Ts2

308.2 K
320.7 K
336.5 K

320.0 K
329.8 K
344.0 K

dashed :
D = extended side chain length

partial partial crystallinitycrystallinity of the side chainsof the side chains



Surface tensionSurface tension

A. Dhinojwala and coworkers, Mactromolecules., 38, 2541 (2005)

(dγ / dT) T>Ts2 ~ - 0.11 mN/m · K-1

(dγ / dT) T>Ts2 ~ - 0.09 mN/m · K-1

Phys. Rev. Lett, 70, 958 (1993)

calculation with xGIXD = 9

* ΔSb : calculated using bulk DSC measurements


