HOST<GUEST INTERACTION IN ACF: EPR STUDY
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Abstract. EPR measuremenis of ACF (host) filled with different liquids (guest) were performed in order to get
information about the hoste>guest interaction. Pristine ACF is characterized by single Lorenzian kine recorded
at g = 20031 value which is charactenstic of carbon materials. Only very weak host<»guest interaciion
which lead to modificd EPR spectrum of pristine ACF was found. Lstimation hased on the theory of FPR of
small particles, gives the ACF panocrystallites size of 1.34 om.

1. Introduction

Activated carbon fibres (ACF) arc built of nanocrystallites made up of graphenc

shects (approximately three). The nanocrystallites tend to align along fibers forming
slit-shaped voids [1]. Spontaneous ordering of the molecules adsorbed in the voids
makes the adsorbed phase a quasi-two-dimensional system. For such a system it is
possible to investigate melting-freezing processes with crystal-hexatic and hexatic-
liquid transitions for near-spherical molecules adsorbed in slit-shaped pores of ACF [2].
In the two-dimensional hexatic phase every particle has on average six neighbors, The
occasional five-neighbored molecule is always adjacent to one with seven close
contacts.
Nonlinear diclectric effect measurements for CCl, and aniline in ACF (pore width 1.4
nm) show divergence at the transition confirming the hexatic phase [2}. The two
parameters: the ratio of fluid-pore walls interaction/fluid-fluid interactions as well as the
pore sizes arc mainly responsible for existence of these transitions [3]. Electron
paramagnetic resonance (EPR) of ACF filled with difterent fluids was measured in
order to find hoste>guest interaction. The experiment has been thought out as a test {o
spontaneous ordering of the molecules captured in the nanopores system in ACE.

2. Experimental

The experiments werc carried out on pristing und liquid-filled (CCly, CsHs and
CHNO,) potous ACF samples, with porcs 1.4 nm wide. ACF was degased at 107 Tr
vacuum pump, and then filled with appropriate liquid.
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ACF+CHNO:

EPR spectra were obtained
using a Radiopan ES/X
spectrometer  equipped  with
Oxford Instruments gas flow
helium  eryostat  within  the
temperature between 4.2 + 300
K. Microwave frequency was
measured by  microwave
frequency counter with an
accuracy ol 5 khz  'The
magnetic field was calibrated

ACF"'(C@H&N Ou)HOH,),,
#eld 1

ACF+CH,

ACF+CCl,

by tracking NMR
magnetometer with an
accuracy of 0.005 mT.

3. Results and Discussion

3.1 EPRof ACF

In order to get information B[m'f]
about the hostes>guest - -
inleraction, PR measurements
of ACF (host) and CCl,, C¢Hs 310 320 330 340
and  CgHsNO, (guests) were  Figure J. PR of pristine ACF und ACF filled with different
performed. Pristinc ACF s  liquids.
characterized by single
Lorenzian line recorded at g = 2.0031 — g valuc which is characteristic of carbon
matcrials (graphite g, = 2.0031 [4], nano-diamond g = 2.0029 [3], Cy [ullerene g =
2.0026 [6]). Figure I shows EPR spectra for pristine ACF and ACKF with adsorbed
liquids. When gucst molecules arc adsorbed in ACF voids EPR spectrum of ACF is
modified — a broader component of EPR signal appears for all studied systems. There is
no EPR signal from guest molecules: no charge transter from ACF to guest molecules —
no hyperfine splitting arising from inmteraction with nuclear spins of H or N was
abserved. The strongest modification of EPR spectrum of ACF was obscrved for ACF
with CgHsNQ, and this system will be discussed in detail.
32ACE 1+ CeHsNO;

EPR signal of ACF with Cgl1sNO; consists of three lines (fig.2 and 3). The narrow
line (1) is characteristic for pristine ACF. Its g-value is equal to g, of graphite [4]. Tts
linc width and g-factor are temperature independent (Fig. 3 a.b). Two broader
components of the signal - lines {2y and (3}  are also connected with the nanographite

structure of ACF. The line (2) originates from nanographite particles (host)
surrounded by guest molecules captured in nanepores. Similarly to compeonent (1), line
width and g-factor are temperalure independent. Broadening of the line (2), compared to
(1). is caused by the shorter relaxation time of the more dense system. No Dysonian
shape of EPR linc is obscrved for cach component. It means, that ACF crystallites size
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Figure 3. Femperature dependencies of: @) line width and 5} g-factor.

3.3 EPR of smal carbon particles

No hyperfine splitting arising from interaction of observed paramagnetic centers
with nuclear spins of H or N and Curie law observed for all vomponents of registered
PR spectrum make possible to treat ACF as a system of nanographite particles. Such
approach were proposed for fullerenes [7] and UDD (ultra dispersed diamond) [5].
There arc two effects modifying the clectronic properties of small particles
(nanoparticles)  surface cffects and quantum size effects [8]. It is due to the fact that
nanoparticles have discrete structure of energy levels [8,9]. There is a strong influence
of the size of a nanoparticle on the g-factor value. General conclusion from the papers
[8.9] is that the absolute value of the g-shift (Ag) should decrease with decreasing size
of nanoparticle. The shift is described by following equation:
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is lower than 3.2 pum - penctration depth of microwave field. Each of the three lines
helds the Curic law (Fig.2 b, ¢, d). No hyperfine splitting from interaction with Hor N
nuclei together with the Curic law for all three components confirm the localization of
paramagnetic centers within nanocrystallitcs of ACF.
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Figure 2. EPR spectrum for ACF: a) filled with nitrobenzene — fit is a sum of lines (1), (2) and (3);
b) Curig faw for linc (1); ¢) Cunie law for line (2); d) Curic law for line (3}

Line width and g-factor of the component (3) ol observed EPR spectrum strongly
depends on temperature (Fig.3 a, b). Such a behavior onc can explain as a surface effect
in ACF. Stronger instabilities of paramagnetic centers at the surfacc of ACF or in its
larger pores appear as a temperature elfect. When temperature is lowered below 20 K,
both, line width and g-factor reach values characteristic for graphitc nanoparticles
surrounded by guest molecules captured in pores.
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a
Ag(L)=|1-ea-- |Ag(o) (1
L
Ap=g—p, a — lattice constant 0.335 nm
B — 2.0023 {value for free electron) 1. — radius of a spherical particle
Ag{L} — g-shift of panoparticle Ag(o) — g-shift of a bulk material

o ~ parameter of the order of unity

EPR mecasurements of paramagnetic centers localized on ACE nanocrystallites in the
nitrobenzene-filled ACF show g-factor shift to lower values:
B k= 2.0031

£ nanoparticle = 2.0029 = g 2)

where £ nnoparticle = & 2 18 the mean value ol g-luctor ol the ling (2) (see Fig. 3 b).
Becausc of a strong temperature dependence of the width of the line (3) (#ig.3 @), which
suggests that the line otiginates from the instabilitics that may occur in large pores or
the fibres' surface, only the g values ol the lines (1) and (2} have been taken into
account. Substituting these values to equation (1) it is possible to get the size of the
cubic or spherical particles on which the paramagnetic centres are localised. This size is
approximalely 1.34 nm — ACI nanographite size [1].

4. Conclusions

Our EPR results suggest that the lines observed describe paramagnetic centers
localized at nanocrystallites of ACE. There is no EPR signal from liquid molecules as
has been observed. No hyperfine splitting arising from interaction of the EPR centers
with nuclear spins of H or N and stronger modification for polar molecules of CsHsNO,
leads to a conclusion that only very weak hosterguest interaction can appear in the
studied systems, and van der Waals forces are significant. This result confirms our
molecular simulation results {3].

The size of nanopariicles obtained in our experiment based on the theory of EPR for
small particles — 1.34 nm is in good agreement with the model for structure ol ACF
proposcd in [1].
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