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Absiract

Manoporous activated carbon fibers consist of a 3D disordered network of na-
nographite domains, each of which is a stack of *4 nanographens sheets with
localized edge-stage spins of edge origin being around their penpheral region The
physisorpiion-induced change in the magnetism of edge-state spins 15 investiga-
ted. The magnetism well tracks the 1sotherms of guest molecular specie s, showing
an uncomentional magnetic switching phenomenon from high- spin state o low-
span stake with a threshold pressure upon the icmease in the vapor pressure, The
magnetic switching phenomenon in argon adsorption brings about the deselop-
ment of a magnetically ordened state in the edge-state spin syslem.

[troschuc tion

Carbon-&#06);-electron-based nanomatenials such as fullerenes and carbon
nanctubes have been intensively imvestigated in this decade as targets of chemistry,
physics, matenals soience and electromes engineenng., Manographene has been re-
cently added to the family of carbon nanomatenals (Enok and&#1 2288 Kobayash,
2005 Enoki and&cH 1 2288 Takan, 2006}, The imporiant feature which distinguas-
hes nancgraphens from other S2060:-electron-based nanocarbon 1s the presence
of edges in the flak-sheet of nanographene. Indeed, the penpheral shape of arbi-
trarily shaped nanographene 11 dewnbed in terms of a combination of 2igzag and
armchair edges. The electronic structure of nanocgraphene depends on the geo-
metry of s edges. [nterestingl y nanographene has non-bonding &296)-electron
states (edpe state] localized around the zigzag edge region in spite of the absence
of such edge state in armehair edges. According 1o expenmental (Anderssonet al..
199%; Shibayvama et al., 2000; Kobayash et al., 20035; Kobayashi et al., 2008} and
theoretical works (Stein et al., 1987; Yoshizawa et al., 19545 Fujita et al. 19594;



Kusakabe and Maruyama. 2003), the localized edge-state spins are revealed to
show uncomventional nanomagnetic features in nanographene, such as spin glass
state, magnetic switching phenomenon, edge-state-spin-based gas sensor probe,
etc. (Enoki and Kobayashi, 2005: Enoks and Takai, 2006). Among these magnetic
features, magnetic switching phenomenon is one of the most important features
in characterizing the magnetism of nanographene and nanographite. In this paper,
we present the experimentally observed magnetic switch phenomenon of ACFs
with water, organic molecules, bromine and argon as gue st molecules.
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Figure |. Companson between the water adsorption 1sotherm (upper panzl)
and the change of magnetic

susceptibility (lower panel) upon water adsorption taken at room temperature.
PO represents the saturation

vapor pressure of water at room temperature.

Magnetic switching phenomenon triggered by phase&#12288;transition

The phase transition of the molecules condensed in the nanopores also works
to give the magnenc switching phenomenon. The typical case is the liquid-solid
transition in the bromine molecules condensed in the nanopores, where the bromi-
ne molecules have a large density change at the freezing temperature (Takai et al.



2006). Figure 3 shows the magnetic susceptibility as a function of temperature in
the bromine adsorbed ACFs at vanous bromine concentrations. The susceptibility
of the pnstine ACFs is subjected only to the behavior of the edge-state spins as
discussed in previous papers (Takai et al. 2006). The edge-state spin concentrati-
on, which 1s proportional to the product between the susceptibility (8&#967:) and
the temperature (1) in the temperature range of ca.80-260 K, 1s lowered as the
bromine concentration is elevated. This is caused by the contnbution of charge
transfer bromine species. Indeed, there are three different types of the bromine
species accommodated in the nanopores; charge transfer species, bromine atoms
covalently bonded to the edge carbon atoms, and the physisorbed bromine mole-
cular species which are weakly interacting with the nanographene sheets through
van der Waals interaction. The edge-state 1s placed at the Fermi level between the
bonding &#960:-and antibonding &4¥960:*-bands in the pristine state of ACFs,
The charge transfer from the nanographite to the bromine atoms down-shifts the
Fermi level, making the edge state be Jess occupied. This leads to the decrease in
the edge-state spin concentration upon the elevation of the bromine concentration,

An interesting feature in the temperature dependence of the susceptibility 1s
the decrease in the value of &#967,T at high temperatures in the hagh bromi-
ne concentration regime above Br)C=0.10. Actually, the value of &#967:T drops
above

around 230 K, which 1s close to the freezing temperature (266 K) of bromine
molecules. Here, it should be noted that the bromine molecules in the conden-
sed phases have a large difference (20%) in the densities between the liquid pha-
se (3,208 glem3) and the solid phase (3932 giem3). The hiquid phase bromine
having a larger specific volume (lower density) can easily squeeze the nanogra-
phite domains, inducing the stabilization of the low spin state with a larger inter-
nanogarphene-sheet antiferromagnetic interaction. The abrupt drop in the specific
volume 1n the freezing temperature releases the effective pressure of the condensed
bromine molecules. This takes the edge-state spins to the high spins state, There-
fore, the magnetic switching phenomenon from the low-spin state to the high-spin
state can take place in the liquid-solid transition in the bromine adsorption alt-
hough only the physisorbed bromine species participate in this phenomenon. We
have one more example for the phase-transition-triggered magnetic switching phe-
nomenon; that 1s, argon adsorption effect. Argon 1s chemically inert guest species
with no activities in the charge transfer reaction and magnetically silent with no
magnetic moment, Accordingly, it can present a good model system of magnetic
switching phenomenon. In the present expennment of argon adsorption, the tran-
sition from the gas phase to the liquid phase 1s responsible for the change in the
density, which is important in the performance of the magnetic switching pheno-
menon. The filling rate of the argon into the nanopores gradually increases as the



temperature 1s lowered from room temperature which is considerably higher than
the gas-lhiquid phase transition temperature (87 K), due to the capillary effect in
the narrow gap of the nanopores. Then, a discontinuous increase in the filling rate
takes place around the transition temperature and the nanopores are completely fil-
led with the condensed argon molecules below the temperature. Figure 4 exhibits
the temperature dependence of the ESR linewidth of the edge-state spins. There
15 no remarkable change in the ESR linewidth in the pnstine non-adsorbed ACFs.
However, in argon atmosphere, the ESR linewadth shows a discontinuous upsurge
at the transition tempe rature, which is an important indhication of the development
of the internal field of the edge-state spins in the magnetically ordered state. In
addition to this, a muon prece ssion 1s discovered in the temperature regime below
the transition temperature. Eventually, the edge-state spins are in the magnetically
ordered state as the consequence of the magnetic switching effect. The stabiliza-
tion of the magnetically ordered state of the edge-state spins can be explained in
terms of the Heisenberg nature of the edge-state spins with an extremely weak ma-
gnetic anisotropy. The edge-state spins of Heisenberg type ona 2D nanographene
sheets have large fluctuations, which cannot suppress even at low temperatures
due to the two-dimensionality. The effective pressure of the condensed argon mo-
lecules in the nanopores elevates the inter-nanographens-sheet antiferromagnetic
interaction, which enhances the dimensionality to 3D, stabilizing the magnetcally
ordered state of the edge-state spin system in an individual nanographite domain.

Summary

ACFs are an attractive model system in investigating the magnetic properties
of the localized edge- state spins which appear depending on the shape of the edges
of nanographene sheet. The edge-state spins brings about uncomventional magne-
tic feature s, among which magnetic switching phenomenon 1s the most important,
We imvestigate this effect with various types of guest olecular species accommo-
dated in the nanopores of ACFs. In the guest physisorption process, the magnetic
switching phenomenon is found for water and vanious organic molecules, where
the presence of OH-group in the guest molecules plays an important role in the
performance of the magnetic switching effect. The phase transitions which are
accompanied by the change in the densities works also in giving the magnetic

switching phenomenon. The bromine physisorption generates the switching
in the liqusd-<olid transition. The gas-liquid transition in the argon adsorbed in
the nanopores triggers the development of the magnetically ordered state in the
edge-state spin system. The magnetic switching phenomenon 1s a unique magnetic
feature which has never been

observed so far. The muon expenments were carried out at the RIKEN-RAL
muon facility. This work is supported by a Grant-in-Aid for Scientific Research



No. 15103003, from the Japan Society for the Promotion of Science (JSPS).
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