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Report:

Graphene Oxide (GO) is a non-stoichiometric layered material obtained by the oxidation of graphite under
strong acidic conditions. Due to the presence of O-containing functional groups, the C layers of graphite
become puckered and the distance between them increases from the typical 3.3 Å value up to 12 Å, according
to the hydration of the material [1]. Recently pressure has been demonstrated to be able of inducing the
insertion of small molecular systems between the GO layers up to observe an auxetic effect in the case of
water and ammonia [2,3], and, in combination with temperature and photo-excitation, of activating chemical
reactivity of GO with N-bearing moieties having different chemical properties such Ar, N2 and NH3 [CH-
4116], thus opening new perspectives for the synthesis and functionalization of advanced 2D carbon based
materials [4].

Following  these  results  and  according  to  our  experience  in  the  pressure  and  photo-induced
polymerization of simple unsaturated hydrocarbons [5], in this proposal we used pressure and temperature
for synthesizing a new nanocomposite layered material made of GO and polyethylene. 

 Before arriving to ESRF, we performed FTIR experiments at LENS on pure Ethylene to explore the
HP-HT phase diagram of ethylene, traced the polymerization boundary with respect to the stability region of
ethylene  and  found  the  optimal  polymerization  conditions,  in  terms  of  quantitative  transformation  and
reaction kinetics (paper submitted), to be reproduced at ESRF-ID27 during the beam time.

Two  samples  of  GO/Ethylene  were  previously  cryo-loaded  in  our  DACs  and  spectroscopically
characterized  by  FTIR and  Raman spectroscopy  at  LENS before  arriving  to  ESRF. The  polymerization
process was then induced by high T and followed by X-ray diffraction experiments performed at ESRF-ID27,
through the monitoring of the interlayer d(001)-spacing of GO. High temperature was generated by resistive
heating  of  the  DAC,  hosted  inside  a  water-cooled  vacuum  chamber,  and  measured  by  means  of
thermocouples. The pressure was measured by the ruby fluorescence method. XRD patterns were acquired
before, during and after the occurrence of the reaction and several mappings of the sample with 5 μm spatial
resolution were performed to gain insight about the heterogeneity of the sample at different constant P-T



values. We successfully performed two experiments in different thermodynamic conditions as a function of
pressure and temperature, respectively.

In the first one, the pressure was rapidly increased at room temperature from 1.2 GPa, where Ethylene
is in the liquid phase, up to 6.4 GPa, where Ethylene polymerizes from the crystalline phase I (monoclinic
P21/n) [4]. In the second one we gently increased the pressure at room temperature up to 1.7 GPa, then
rapidly increased the temperature up to 440 K, to activate and follow the polymerization in the liquid phase
of Ethylene. 

The XRD mapping of the samples, acquired in different P-T conditions, indicate a distribution of
interlayer d-spacing values across both samples. In particular, in some areas of the samples the peak profile
of the d(001) reflection reveals the presence of more than one component, which can be related to different
GO environments. Whereas the lowest limit value of the distribution coincides with the interlayer d-spacing
of empty GO, the higher values correspond to a lattice expansion of GO with increasing degree of filling,
indirectly  confirming the insertion  of  Ethylene and the occurrence  of  the  polymerization.  Under  certain
experimental conditions a very remarkable increase of interlayer d-spacing is achieved.

These conclusions are confirmed and supported by the spectroscopic Raman analysis performed at
LENS,  revealing  the  presence  of  confined  polyethylene  chains,  which  have  characteristic  band  shapes
compared to crystalline polyethylene (paper under preparation).

As emerged also for the case of  GO in the presence of other small molecule [2], the relative amount
of Ethylene compared to GO is a critical parameter to be taken into account in order to observe an auxetic
behaviour of the material.

A microscopic analysis of the reaction products recovered at ambient conditions is currently under
progress,  to  morphologically  characterize  the  nanocomposite  materials  synthesized  by the  high  pressure
polymerization of Ethylene between the GO layers.
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