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Young modulus of different polymer films has been measured that showed its high values in the beginning 
of the indentation near a surface and immediate unexpected incidence after some depth. Possible causes of 
this phenomenon connected with a glass transition temperature reduction and chain mobility are reviewed.    

Introduction 
Thin films on substrates are a matter of considerable study because of their practical use-

fulness. The increasing number of applications for polymer thin films has spurred a surge of 
activity aimed in increasing our understanding of the properties of these materials. There are 
numerous deposition techniques developed to enrich polymers properties and make a field of 
their application wider. The commonly used method to investigate material properties is in-
dentation testing that can be applied for determination of elastic properties, such as Young 
modulus of the material.  There were realized some experiments that showed high Young 
modulus of the films in the beginning of the indentation near a surface and immediate unex-
pected incidence after some depth. It is anomalous phenomenon, which might be explained in 
different ways. Polymers in a thin film configuration may have physical properties different 
from those of the bulk systems due to interfacial interactions and effects of molecular 
confinement. The nature of the glass transition is still imperfectly understood in bulk systems 
and even less is known about the effects of system size and surfaces on the transition.  

Experimental section 
We have investigated two samples of poly(methyl methacrylate) (PMMA) films with  

100 nm thickness by force spectroscopy technique of an atomic-force microscopy NT-206 
produced by Microtestmachines, ltd. We have used a cantilever with the spring constant of 6 
N/m and indenter curvature radius of 63 nm by Micromash. An indentation has been arranged 
in three different points on the surface of each sample. To estimate elastic properties of the 
films Young modulus versus indentation depth curves have been drawn after data processing. 
Received curves are shown in fig.1. For the indentation depth of 2 nm for a first sample and 
of 7 nm for another high jump of the Young modulus of the films is seen, after that an imme-
diate incidence  to 0.13–0.4 GPa occurs. We can also mention that for the second sample with 
higher Young modulus near the surface a maximal indentation depth is almost two times less 
than for the first film. 
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Fig. 1. Young modulus versus indentation depth curves: three points 
for indentation for the first sample 1 (1-1, 1-2, 1-3) and three points 
(2-1, 2-2, 2-3) for the second sample 2 

Discussions 
After the experiment some researches [1–8] about polymer thin films have been studied 

that explain some possible causes of that anomalistic Young modulus jump.  
J.L. Keddie [1] measured Tg as a function of film thickness by detecting with ellipsome-

try the discontinuity in expansivity as the films are heated at a constant rate. It was found that 
the glass transition decreases in temperature as the thickness of the film is reduced. The re-
sults of one of these experiments are shown in fig. 2. 
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Fig. 2. General viewof  the glass transition temperature Tg as a func-
tion of film thickness for polystyrene 
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These results allow to think that at relatively low temperatures near-surface layer of the 
very thin polymer films can vitrify and there will be like “an ice crust” on the surface. When 
the indenter meets the surface and this layer it is needed more stress to hole the crust. After it 
is holed the indenter does not have any difficulty and Young modulus comes to the normal for 
that polymer film values.  

We should also mention one other possible cause of a thickness-dependent Tg in thin 
films supported by a substrate. The development of a disjoining pressure across the thin film 
as a result of van der Waals interactions could lead to a change in density and thus in Tg, but  
this mechanism  was ruled out by showing that the predicted change in Tg is of a smaller 
order of magnitude than the changes Keddie et al. observed. 

A simple and reliable curves has been suggested by V.N. Bliznyuk [7]. The values of the 
surface glass transition for the technique for measuring the surface glass transition based on 
analysis of SFM force-distance samples with molecular weight Mn more than 30 000 have 
been found to be the same as the corresponding bulk values. The molecular mass dependence 
of Tg (fig. 3) correlates with the structural and dynamical parameters of polymer chains: the 
presence of the virtual network of labile entanglements. Molecular entanglement rather than 
chain-end segregation effects are responsible for the depression of Tg at the surface. 
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Fig. 3. Surface glass transition temperatures as determined like SFM 
experiments versus Mn 

It needs to be said that during fracture of polymers below the bulk Tg there is substantial 
evidence for chain disentanglement in crazy fibrils and active zones [1], which might sepa-
rately have any other way of a behavior  and have not such high characteristics of elasticity as 
in the cooperated system. Furthermore, if the picture of a near-surface region with mobility 
greater than in the bulk is correct, this will be implications for mechanisms of sintering of 
polymer colloids that will prevent simplicity of indentation at first time  and show high 
Young modulus. 

Conclusions 
We have observed near-surface jump of Young modulus of thin polymer films and dis-

cussed possible causes of this phenomenon. The main cause of this fact can be the reduction 
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of the glass transition temperature with the decreasing film thickness that leads to a  vitrified 
layer formation on the surface of the film that needs additional stress from the indenter. From 
another point of view, molecule mobility increases while the film thickness reduces that 
makes chain entanglement be the barrier on indenter’s way. 
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