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Glass transition is one of the most important unsolved subjects in condensed matter physics. For the last 20 

years, we have measured the heat capacities of simple molecular liquids and investigated the structures of liquids 

and glasses through the configurational entropy based on the Adam-Gibbs theory [1]. We found that the 

cooperative rearranging regions (CRR) of liquids increase on cooling and reach 4-7 molecules at glass 
transitions for most of molecular liquids [2,3]. Unfortunately there has been no diffraction work which directly 

supports our result. This is because actual glass-forming molecules have complicated molecular structures. The 

structure factor S(Q), which is Fourier transformation of the pair distribution function, cannot provide definite 

information on intermolecular correlations for complicated molecules with many intra- and intermolecular 

atomic pairs with similar atomic distances. 

Recently we are performing synchrotron radiation X-ray diffraction works on simple molecular liquids to 

overcome the above difficulty. In the glass formation of simple molecules, which crystallize readily on cooling, 

it is necessary to cool a liquid very rapidly. The fastest cooling method is vapor deposition (VD) whose speed is 

estimated to be more than 107 Ks-1. Hence, we have constructed a cryostat for a high-energy X-ray diffractometer 
at BL04B2, SPring-8 on the basis of our previous VD experiment for a laboratory X-ray diffractometer [4]. By 

using this instrument, we have succeeded to form the glasses of carbon disulphide (CS2), propane (CH3CH2CH3), 

propene (CH3CH=CH2), toluene (C6H5CH3) and measured 

their X-ray diffraction data in a wide Q range of 0.2 to 25 

Å-1. CS2 is a rigid linear molecule while propane and 

propene are dog-leg molecules. Toluene is a planar 

molecule. The diffraction data of their liquid states were 

also measured in a temperature range above their 

crystallization temperatures. Fig. 1 shows the reduced pair 

distribution functions of liquid and glassy CS2 in a wide 

temperature range of 3-300 K. These data clearly indicate 

that the intermolecular correlation becomes gradually 
larger on cooling and drastically sharpened at a glassy state. 

Similar results have been obtained for other three 

molecules. This temperature dependence is quite similar to 

that of CRR obtained by calorimetry. In the conference, we 

will show the results of the RMC analyses of these 

molecules to discuss more detailed intermolecular 

correlations (parallel, cross, T-shape, etc). 
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Fig. 1. Reduced pair distribution functions of CS2. 


