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Report: 

 
Ionic liquid crystals (ILC) are a class of liquid-crystalline compounds with some relevant properties, 
like ionic conductivity, different from those of conventional liquid crystals. Moreover, the ionic 
interactions in ILC tend to stabilize uncommon mesophases, such as the nematic columnar phase. 
ILC are promising materials for the 
development of ion-conductive materials ; in the 
design of biosensors and also as building 
blocks to obtain functional molecular materials 
by ionic self-assembly or Langmuir-Blodgett 
deposition. We focus on one ionic pyrazole 
derivatives Ipz and Ipz-2 (Figure 1). 

 
We have studied the behaviour at the air-liquid interface of both Ipz and Ipz-2. We have proved 

that the slight structural modification (four chains instead of two) significantly affects the 
supramolecular organisation of the compounds. We observed a remarkable difference between the 
supramolecular organization of Ipz and Ipz-2 in Langmuir films. Our goal was to determine the 
arrangement of these compounds at the air-liquid interface in the monolayer regime and after the 
collapse which seems to be the formation of multi-layers. These results have been considered with 
respect to to the liquid crystalline phases in order to understand the parameters that govern the 
organization of this kind of compounds in supramolecular architectures. 
  
We performed X-Ray Reflectivity (XRR) and Grazing Incidence X-Ray Diffraction (GIXD) on both 
compounds at various surface pressures. 
 

Figure 1: Structural Formulas of Ipz (lef) and Ipz-2 (right) 



 

1. Ipz-2 
 

 

At low surface pressure (before the collapse of the monolayer): 

 No diffraction signal was observed (Figure 3) indicating a disordered monolayer.  

 XRR can be adjusted by a single layer of thickness of 0.95 nm and a density of 1.805 g.cm-3, 
which is in agreement with a single monolayer phase (Figure 4).  
 

At high surface pressure (at the end of the plateau): 

 GIXD evidences 3 diffraction peaks (Figure 3), wich can be indexed as (10), (21) and (30) of 
an  hexagonal lattice with a parameter a = 1.13 nm. This is in agreement with the columnal 
structure observed for the Liquid Crystal Phase of this compound. The analysis of the Qz 
shape  of the diffraction peaks to determine the thickness of these columns indicates a 
thickness of about 1 nm.  

 XRR scans are fitted by a triple layer model (Figure 5), which can be divided as follow:  
o First layer of thickness 0.62 nm and density 0.74 g.cm-3, which corresponds to the head 

groups of the molecules, 
o A second layer, of thickness 1.2 nm and density 0.94 g.cm-3, which corresponds to tails 

of the molecules, 
o A third layer of thickness 1.5 nm and density 0.96 g.cm-3 which corresponds to a double 

layer of head groups, 
o The fourth layer, of thickness 0.94 nm and density 0.41 g.cm-3, which corresponds to 

the last tail layer. 
As a result, the tri-layer can be described by a first layer of oriented molecules with the chains 
upright at the water interface, superposed by two layers of molecules which are randomly oriented 
up or down. The chains are interdigited between two layers. Only the first interdigited chains and 
denser  layer appear as organized. This confirms that the lpz2 amphiphile character is strong 
enough to orient the molecules which interact with the-water subphase as the ones at the lpz2-lpz2 
and lpz2-air interfaces do not present any preferential orientation. 
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Figure 3: Isotherm of Ipz-2 at 20°C 

(a) – (b) Pressures of the different diffraction and 

reflectivity scans 
Figure 2: Diffraction Patterns of Ipz-2 before and after 

the collapse 



 

2. Ipz  
 

No diffraction signal was observed before or after the collapse (Figure 7) indicating a disordered 
layer.  
 

 
At low surface pressure (before the collapse of the 
monolayer): 

 XRR can be adjusted by a single layer of 
thickness of 1 nm and a density of 1.1 g.cm-3, 
which is in agreement with a single monolayer 
phase (Figure 8).  

 
 

 

 

 

 

Spectras performed at other surface pressure and physico-chemical conditions are under 
treatment. 

  

Figure 5: XRR scan of Ipz-2 at Π=46mN/m Figure 4: XRR scan of Ipz-2 at Π=10mN/m 

Figure 7: Isotherm of Ipz at 20°C 

(a) – (b) Pressures of the different diffraction scans 

Figure 8: Diffraction Patterns of Ipz before and after the 

collapse 

Figure 6: XRR scan of Ipz at Π=10mN/m 


