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Report: 

 
Alkane (CnH2n+2)/urea compounds are prototype examples of confined liquid phases in aperiodic crystals. We 

performed an experimental study of the phase transition from the quasi-liquid state to the long range order in 

these composite crystals. To achieve this, we followed the evolution of the diffuse scattering of five 

compounds with the shortest guest molecules: n from 8 (octane) to 12 (dodecane). Measurements consisted 

of full data acquisition for different temperature in the limit range from 260K down to 100K depending on 

the compound. These evolutions give us key information on the critical phenomena and the origin of the 

phase transition to the aperiodic solid. 

 

Experimental conditions: 

 

Full data collection with single axis rotation and 0.4° rotation step were performed at 17.07keV energy (λ = 

0.68 Å). The Dectris Pilatus 2M detector was placed at distances of 150, 200 and 400 mm from the sample 

according to the required resolution. The synchrotron was operating in 16 bunch filling mode (90mA). 

Temperature was controled using a nitrogen cryo-cooler. 

 

 

Results: 

 

The experimental study was very successful allowing the study of five compounds: octane (n=8), nonane 

(n=9), decane (n=10), undecane (n=11) and dodecane (n=12). The quality of the data are excellent allowing a 

very precise study of the sequence of phases in these composite organic crystals. These data are shown for 

example in the case of decane/urea (see figure). 

 



 

Data analysis are now under progress. The preliminary results give us very important information on the 

ordering phenomena in these materials.  This is illustrated in the fig. d) where a very strong modification of 

the intensity is observed on the semi-log scale. 

 

A first consequence of these reliable data  with the very high resolution and high quality of the crystals is that 

our rough knowledge of the phase diagram is seriously modified. In particular, the transition temperatures 

from quasi-liquid phase to solid state, defined by the appearance of sharp Bragg peaks, is actually much 

higher than what we announced up to now. In addition, new phases have been revealed for instance a 

monoclinic four dimensional phase in decane/urea (see fig. c, low intensity Bragg peaks) 

 

Of course since our set of temperature was determined according to our knowledge before the experiment it 

appears that we lack information for several compounds at either high or at low temperature, which should 

require a complementary similar experiment. 

 

 
 

FIG.: (a) to (c) reconstructed diffuse scattering planes in decane/urea (a) in the liquid-like phase,(b) in the intermediate 

four-dimensional hexagonal phase, and (c) in the low symetry four-dimensional monoclinic phase. (d) Temperature 

evolution of the logarithm intensity profiles along the a* direction showing the appearance of Bragg peaks between 

250K and 210K and the monoclinic structure at 110K 

 

 

References 

 
Alfredo Salazar, Master thesis Erasmus Mundus Mamaself, Univerté de Rennes 1, July 2016. 

a) b) 

c) 
d) 


