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Surface mobility allows the preparation of stable glasses

Preparation of samples
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Tg

Differential scanning calorimetry (DSC, left) shows that slower deposition produces glasses

with greater thermal stability.  Slower deposition allows greater equilibration in the mobile 

surface layer.  Neutron reflectivity (right) provides estimates of surface and bulk diffusion

coefficients in TNB glasses.  At 0.85 Tg, surface mobility is at least 107 higher than bulk

mobility.
Kearns et al., J. Phys. Chem. B 112, 4934 (2008)

Swallen et al., Science 315, 353 (2007)

Static Properties
Higher density glasses can be prepared
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X-ray reflectivity measurements allow the density of thin glass films to be measured.

Vapor-deposited glasses have nearly the density expected for the equilibrated supercooled

liquid considerably below Tg. The bulk molar volume data from Plazek and Magill, JCP 1966.

Swallen et al., Science 315, 353 (2007); Swallen et al., J. Chem. Phys. 128, 214514 (2008) 

Vapor-deposited samples can have much lower enthalpies than 

ñordinaryò glasses

DSC data (left) shows that vapor-deposited samples have greater thermal stability than aged glasses.  Integration of Cp gives the 

enthalpy curves shown on the left.   Vapor-deposited samples are up to 12 J/g lower on the energy landscape than ordinary glasses.  The 

fictive temperatures shown are an indication of this.

Swallen et al., Science 315, 353 (2007); Kearns et al., J. Phys. Chem. B 112, 4934 (2008)

Stable glasses exhibit improved resistance to vapor uptake

Local packing in a stable glass can be qualitatively different than 

in an ordinary glass

As-deposited

Supercooled liquid

Higher modulus glasses can be prepared

The speed of sound (c) was measured by Brillouin light scattering is proportional to the

mechanical moduli.   Stable glasses (SG) were heated considerably above Tg and then 

�L�V�R�W�K�H�U�P�D�O�O�\���W�U�D�Q�V�I�R�U�P�H�G���L�Q�W�R���W�K�H���V�X�S�H�U�F�R�R�O�H�G���O�L�T�X�L�G�����6�&�/�����������6�K�H�D�U���D�Q�G���<�R�X�Q�J�¶�V���P�R�G�X�O�L���D�U�H��
up to 19% higher in the stable glass than the ordinary glass (OG) formed by cooling the 

supercooled liquid.

Kearns et al., Advanced Materials (2009, in press)

Transformation Mechanism
Surface initiated transformation mechanism

When an ordinary glass (left) is heated above Tg, diffusion begins everywhere promptly (red lines are fits to Fickian diffusion model). When 

a stable glass (right) is heated above Tg, growth fronts enter the sample from the top and the bottom.  Packing is so efficient in a stable glass 

that mobility enters thin samples from the surfaces.  Data acquired with SIMS.

Swallen et al., Phys. Rev. Lett. 102, 065503 (2009)

One micron length scale controls ñthermal rejuvenationò of 

stable glasses

When a stable glass is heated above Tg�����L�W���H�Y�H�Q�W�X�D�O�O�\���W�U�D�Q�V�I�R�U�P�V���L�Q�W�R���W�K�H���V�X�S�H�U�F�R�R�O�H�G���O�L�T�X�L�G�����7�K�L�V���³�W�K�H�U�P�D�O���U�H�M�X�Y�H�Q�D�W�L�R�Q�´���S�U�R�F�H�V�V���L�V���W�K�H��
�R�S�S�R�V�L�W�H���R�I���W�K�H���³�W�K�H�U�P�D�O���D�J�L�Q�J�´���R�I���D���J�O�D�V�V�������+�H�U�H���W�K�H���W�U�D�Q�V�I�R�U�P�D�W�L�R�Q���R�I���I�L�O�P�V���R�I���Y�D�U�L�R�X�V���W�K�L�F�N�Q�H�V�V�H�V���L�V���P�R�Q�L�W�R�U�H�G���E�\���Q�D�Q�R�F�D�O�Rrimetry.  

The data is consistent with the formation of bubbles of supercooled liquid that grow until all the stable glass is consumed. Remarkably, 

the characteristic spacing for these growth centers is one micron.

Kearns et al. (manuscript in preparation)  

Summary
ÅSurface mobility allows the formation of stable organic glasses via 

vapor deposition

ÅStable glasses are denser, lower in enthalpy, more resistant to 

vapor uptake, and have higher moduli than ordinary glasses

ÅStable glasses can exhibit distinct local packing

ÅUpon heating, stable glasses transform into supercooled liquids by 

surface-initiated growth fronts and growing ñbubblesò of supercooled 

liquid.

Water vapor uptake measurements were preformed on a stable indomethacin glass and the same sample after 

being annealing to a supercooled liquid. Results show a dramatic decrease in the amount of uptake for the 

stable glass relative to the annealed sample. Unexpectedly the stable glass also exhibits fasterwater 

diffusion through the sample. 

Dawson et. al., J. Phys. Chem. B 113, 2422 (2009)

The local molecular packing of an as-deposited indomethacin sample was measured using 

wide angle x-ray scattering (WAXS) with other scans taken after annealing above Tg. Each 

pattern is separated by 6000 s of annealing. Results show that the as-deposited sample has 

a qualitatively different molecular packing with the supercooled liquid being recovered 

only after a time equal to several hundred structural relaxation times, �2�., for the 

supercooled liquid. 

Dawson et. al. PNAS (in press)

indomethacin
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