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A block copolymer consists of chemically distinct polymer chains (i.e., blocks) joined to form a 
single macromolecule. The incompatibility between the blocks leads at sufficiently high molar 
masses to the formation of ordered structures. The connectivity between chemically distinct blocks 
imposes severe constraints on the possible equilibrium states: microdomain structures such as 
lamellae (LAM), hexagonally packed rods (HEX), and spheres packed on a body-centered cubic 
lattice (BCC) are restricted to form with lattice parameters of the order of the radius of gyration of 
the chains. From a theoretical standpoint, block copolymers are ideal systems for studying many 
fundamental issues in the thermodynamics and dynamics of self-assembly of soft materials. Since 
the phase boundaries near the order–disorder transition temperature are strongly dependent on 
temperature, an interesting question naturally arises as to how a system transforms from one 
morphology to another after a temperature change. Generally diblock copolymers undergo a 
disorder to order transition with decreasing temperature, which is normally referred to as Upper 
Critical Ordering Transition (UCOT). This transition results from an increase in the interaction 
energy between the segments as temperature is decreased as quantified by  parameter. For most 
monomers pairs,  is positive so that increasing the temperature weakens the repulsion between the 
two species. However there are diblock copolymers that undergo microphase separation (i.e 
disorder to  order transition) upon heating. This transition is referred to as Lower Critical Ordering 
Transition (LCOT) [1] Whereas the UCOT is enthalpically driven, in a similar way as the 
crystallization-melting transition, the LCOT results from an increase in available configurations 
upon volume expansion at elevated temperatures, and is, therefore, entropic in its nature.[2] While 
UCOT block copolymers have been extensively studied, LCOT ones did not received until recent 
time similar attention. 

In one hand, from a structural point of view, the small angle scattering pattern of a diblock 
copolymers in the disordered state consists of a broad reflection at non-zero angle, resulting from 
the correlation lenght associated to the  connectivity of the two blocks. This characteristic 
maximum is referred to as the correlation-hole peak.[3] On other hand, from a dynamical point of 
view, in block copolymers, the relaxation of the order parameter fluctuations proceeds via the 
collective relative motion of one block with respect to the other resulting in the internal copolymer 
mode.[4]  

The characteristic timescale of these concentration fluctuations can be estimated by x-ray photon 
correlation spectroscopy (XPCS) as it has been previously reported, for instance, in a polystyrene-
polyisoprene block copolymer [5]. 

XPCS enables direct measurement of the dynamical structure factor, and therefore, it allows 
quantification of the measured relaxation time as a function of the scattering vector, in the relevant 
spatial scale of the fluctuations occurring in block copolymer, i.e. around the correlation hole peak.  

In this experiment we have measured the dynamical structure factor of an initially mixed block 
copolymer exhibiting a LCOT. The experiment has revealed the existence of a relaxation process 
whose rate have a peculiar temperature dependence that we are trying to explain on the basis of the 
competition between entropic and enthalpic contributions of the disordered concentration 
fluctuations.  

The particular system investigated by us is a symmetric di-block copolymer of Poly(styrene) and 
Poly(ethyl methacrylate) (PS-d-PEMA). Previous small angle X ray experiments revealed that, 
upon heating, this system transform from a disordered state to a phase separated lamellar 
structure.[6]  



We collect data with two different detectors, i.e. MAXIPIX detector and LCX detector. This allows 
one to perform experiment in two different dynamic ranges.  

In order to avoid any radiation damage, the total exposition time was reduced to 25 seconds. 

Figure 1 shows the intensity time correlation function observed at T=120 oC for the initially 
disorder system obtained by means of the MAXIPIX detector.  
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Figure 1: Intensity time correlation from PS-d-PEMA in the disordered state at T=120ºC at different 
scattering q-values, indicated in the figure.  

The dependence of the shape of the time correlation function and of the characteristic rate as a 
function of temperature and phase state is ongoing. The preliminary analysis indicates that we are 
dealing with a diffusive process and that there is some dynamics in the ordered system, but this is 
considerably slower than the one observed in the disordered state for similar temperatures.  

This experiment has been performed with the financial support from project I-20110191 EC from 
DESY and MAT03232 from the Spanish Goverment. We thank Alexei Zozulya and Michael Sprung for 
assistance during the experiment.  

References 
[1] Russell, T.P., et al., Nature. 368, 729 (1994). 
[2] Cho, J., Macromolecules. 35, 5697 (2002). 
[3] Gennes, P.G., Scaling concepts in polymer physics: Cornell University Press. (1979). 
[4] Boudenne, N., et al., Physical Review Letters. 77, 506 (1996). 
[5] Mochrie, S.G.J., et al., Physical Review Letters. 78, 1275 (1997). 
[6] Sanz, A., et al., Journal of Nanostructured Polymers and Nanocomposites. 7, 10 (2011). 
 

 


