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We disclose a method of quantitatively characterizing crystalline defects by measuring low-temperature thermal
conductivity in relatively clean organic molecular crystals. A new thermodevice is developed to measure
low-temperature thermal conductivity of organic single crystals that often grow only minute.The technique of Micro
Electro Mechanical Systems (MEMS) is employed, so that samples with the length from a few tens to several hundreds
of um can be mounted.Thermal conductivity of rubrene single crystals is measured down to 0.5 K in order to estimate
the density of crystalline defects quantitatively from their phonon mean-free paths.The temperature profile of the
rubrene crystals exhibit a pronounced peak at ~ 10 K in the thermal conductivity due to very long mean-free paths of
their phonons, which indicates extremely low-level defect density in the region of 10™-10% cm™ depending on
different growth methods.The crystals grown from the gas phase tend to have less defects than those grown from
solution.
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Fig.1 A schematic diagram of the steady-state thermal
conductivity measurement for bulk organic crystals.
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Fig.2 Photograph of the developed MEMS device to measure
thermal conductivity of sub-millimeter organic crystals.
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Fig.3 Typical temperature dependence of phonon thermal
conductivity.
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Fig.4 Thermal conductivity of three rubrene crystals grown by
different techniques. Sample A is grown by PVT while B and C
are from aniline and p-xylene solutions, respectively. The inset
is a magnified view to show the low-temperature peak of the
phonon thermal conductivity.
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Fig.5 Specific heat of sample A as a function of T * at low
temperatures.
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Fig.6 Thermal conductivity of rubrene crystals sample Aand B
as a function of T 2 at low temperatures.
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