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REVIEW OF GRAPHENE PROPERTIES IN VIEW OF ITS USE
AS A SUBSTRATE FOR MATRIX-FREE MASS SPECTROMETRY
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Short review of the graphene basic properties is given. This material is discussed, in particular, as a
possibleionization support for mass soectrometry. The attention is paid to the possble role of intringc and
deliberatdly induced structural defectsin dectronic and chemical properties of graphene subdtrates.

Carbon is one of the most abundant elements in not taken seriously, since it was believed thah suc
the Universe (the fourth most abundant element by material could not exist in crystalline form. The
mass in the Universe and the™Most abundant  field of graphene research began to flourish only
element by mass in the Earth’s crust) and the basic after the measurements of the anomalous Hall effect
constituent of the biosphere. Nevertheless, lagt an by Geim’s[3] and Philip Kim'sgroup at Columbia
current centuries demonstrated that carbon abitiie ~ University in the USA [4] had been carried out.
generate condensed matter phases are far from beGraphene is a graphite layer being a pure carbon
exhaustedly studied. The richness of the carbon own formed from flat stacked layers of atoms. The tlere
allotropes and different kinds of derivatives waare structure of graphite was discerned centuries ago
used to call carbon "the king of the elements” [1]. and so it was natural for physicists and materials

Graphene, an allotrope of carbon, turned out scientists to try splitting the mineral into itsneo
to be among spectacular materials of modern stituent sheets to study a substance with an ex-
solid matter science. Graphene inherent crystal- tremely simple geometry. Graphene is made up of
line structure ensures new peculiar mechanical, atoms bound together in a network of repeating
electrical and optical properties of this materiial.
was the last carbon allotrope to be discovered.
While fullerenes were known in the 1980's and
nanotubes in the 1990’'s, graphene was discovered
only in 2004 by the group lead by Andre Geim at
Manchester University in England [2]. The chro-
nology of relevant events is shown in Fig. 1.
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(2 As is easily seen from Fig. 1, graphene serves
£ 100 as a basis for all other allotropes of graphite.
= (1) _ Graphite, buckyballs and carbon nanotubes consist

50 of graphene units merged in different ways. Gra-
wlr _ il I phene properties are not only unique in the case of
e LI the perfect crystal structure. The graphene surface
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Year with artificial or natural defects might be alseus
Fig. 1. Number of articles posted on graphene. ful. These defects can change certain material
(1) Discovery of graphene2( Anomalous QH| properties and allow to use graphene for wider

measurement [3] spectrum of scientifical tasks [6, 7]. In partiaula

Actually, graphene was discovered by exfolia- chemical applications are among those tasks.
tion (or peeling) of graphite using what nowadays i Indeed, it is easy to understand that any defect in
called "scotch tape technique". After its discovery strictly  two-dimensional  graphene  should
there was a short period of time when graphene was drastically modify its electronic properties [8].
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We would like to emphasize here that
graphene due to variety of possible structural
defects can find a promising application in mass
spectrometry. Matrix-free laser-desorption mass
spectrometry using various inert surfaces to pro-
mote ion formation has been widely investigated
during last years [9]. The technique was applied to

get rid of drawbacks appropriate to MALDI mass Yo 9 4 »
spectrometry, e.g., a miscibility problem for the g 3 An atomistic model of the pentagon—heptagon
matrix selection, the appearance of hot spots, and pair in the graphitic network [12]

difficulties while measuring low-weight analytes.
In the latter case, interference between matrig ion A S SN S
and analyte ones obscures the results. It is eviden .~ T _%‘;— — A — f"
i H i s -
that this phenomenon can be totally avoided when =~ [ D g ,f‘—{-
analytes are located on inert surfaces. Porous sili - .,f'I'T" Tt Y
con and carbon powders are among successful
ionization supports used in matrix-free mass spec- Fig. 4. Optimized geometric structures for the Stone-

trometry [10]. Nevertheless, it is always desirable Wales defect functionalized by 6 (outipifane
to have a number of supports as wide as possible to hydrogen atoms [14]
study all kinds of organic analytes. Hence, we pro- All those speculations can be checked in our

pose graphene as such a support instead of siliconsubsequent experimental work where we are go-
bearing in mind its specific properties. Namely, ing to solve several problems. Specifically, we
graphene (two-dimensional carbon) flakes [11] are hope to obtain answers to such questions as: (i)
no more the exotics and might be produced in the how practically effective is graphene as a support
nearest future in industrial quantities. Thus, we for LDI; (i) is graphene suitable as a substitote
hope graphene ionization supports to become cheapthe NALDI™ substrate; (i) can it effectively
enough. On the other hand, such a substrate is uni-separate small molecules and fragments due to its
versal enough to adsorb various classes of analytes structural defects of different kinds.

Various kinds of defects, which seriously One should bear in mind that the closer is the
modify electron properties, strongly scatter charge substrate structure to that of graphene the eissier
carriers being of no surprise in view of the indi- the ionization process. lonized fragments become
cated above two-dimensional peculiar electron heavier and mass spectrum gets richer for the
spectrum of graphene [8]. These very defects may same molecular probe. To be specific, we have
be good sites for organic molecules to be later de- considered bi-nuclear copper complexes. Gra-
sorbed by laser irradiation. The more so, topologi- phenes are preferable in the sense that the ioniza-
cal defects, vacancies and adatoms have been extion point (i.e. the substrate area influenced by
perimentally shown to be stable at least under elec laser radiation) is controllable. This is not the
tron irradiation [8]. What is extremely important, case for other carbon-involving substrates, the
defects of graphene flakes should be centers of substrates of which is to a great extent chaotic so
chemical activity [12] which is crucial for our pur  that the actual structure may affect ion formation
poses. This was directly proved by functionalizing in various points in a different way.
graphene with large aromatic donor and acceptor In our subsequent studies we should solve the
molecules [13]. In Fig. 3 and Fig. 4 two types of following problems. First, what are the peculiari-
defects are shown to demonstrate their powerful ties of the ion formation on different kinds of
influence on the graphene single layer. graphite substrates? What is the origin of those

One can hope that filled with organic mole- peculiarities? Second, are those effects the plane
cules the existing defects will become centers of surface ones or sharp step edges are dominant?
laser-induced evaporation. Such a behavior of Third, we shall make choice among probe mole-
carbon planes might be an extrapolation of carbon cules which are of practical interest.
nanotube properties which serve as hosts for dif- We are going to ascertain correlations be-
ferent particles, thus being a material for numer- tween properties of single layer and bi-layer gra-
ous useful applications [15]. phenes including those related to point and ex-
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tended defects and their electronic structure on 8. AllenM.J., TungV.C., Kaner RB. Honeycomb
the one hand and the corresponding ion formation
on the other hand. 2010.-V. 110, N 1. — P. 132-145.

Selected probes coupled with graphenes should 9. PetersonD.S Matrix-free methods for laser de-
be promising for various electronic devices includ-
ing storage ones. Biologically active molecules in-
teracting with the graphite and graphene are also 10. Shenar N., Cantel S, Martinez J., Enjalbal C.

carbon: a review of graphene // Chem. Rev. —

sorption/ionization mass spectrometry // Mass
Spectrom. Rev. —2007. —-V. 26, N 1. — P. 19-34.

interesting in view of possible medical applicasion

REFERENCES

Demming A. King of the elements? //
Nanotechnology. — 2010. — V.21, N 30. —
Doi: 10.1088/0957-4484/21/30/300201
NovosdovK.S, GemAK., Morozov SV. e al.
Electric field effect in atomically thin carbon
films // Science. — 2004. — V. 306, N 5696. —
P. 666—669.

Novoselov K.S., Geim A.K., Morozov S.V.

et al. Two-dimensional gas of massless
Dirac fermions in graphene // Nature. —
2005. — V. 438, N 7065. — P. 197-200.
Zhang Y., Tan Y.W., Stormer H.L., KimP. Ex-
perimental observation of the quantum Hall ef-
fect and Berry's phase in graphene // Nature. —
2005. — V. 438, N 7065. — P. 201-204.
GeimAK., KimP. Carbon wonderland // Sci.
Am. — 2008. — V. 298, N 4. —P. 90-97.

Ciraci S, Dag S, YildirimT. et al. Function-

alized carbon nanotubes and device applica- 15
tions // J. Phys. Condens. Matter. — 2004. — =

V. 16, N 29. — P. 901-960.

Dragoman M., DragomanD. Graphene-
based quantum electronics // Prog. Quantum
Electron. — 2009. — V. 33, N 6. — P. 165-214.

Comparison of inert supports in laser desorp-
tion/ionization mass spectrometry of pep-
tides: pencil lead, porous silica gel, DIOS-
chip and NALDI" target // Rapid Commun.
Mass Spectrom. — 2009. — V.23, N15. —
P. 2371-2379.

11. Luican A, Li G., Andrei E.Y. Scanning tunnel-

ing microscopy and spectroscopy of graphene
layers on graphite // Solid State Commun. —
2009. — V. 449, N 27-28. — P. 1151-1156.

12. Hashimoto A.,, Suenaga K., Gloter A. etal.

Direct evidence for atomic defects in
graphene layers // Nature. — 2004. — V. 430,
N 7002. — P. 870-873.

. Q. Pang S, Alijani V. et al. Composites of

graphene with large aromatic molecules //
Adv. Mater. — 2009. — V.21, N31. -
P. 3191-3195.

. Eletskii A.V. Sorption properties of carbon

nanostructures // Physics Uspekhi. —2004. —
V.47,N11. - P. 1191-1231.

Boukhvalov D.W., Katsnelson M.I.
Chemical functionalization of graphene
with defects // Nano Lett. — 2008. — V. 8,
N 12. — P. 4373-4379.

Received 09.07.2010, accepted 17.08.2010

Orasn BiaacTuBocTeii rpaeHy B 3B’ A3KY 3 OI0 BHKOPHCTAHHAM
SIK MiAKJIAJAKH I 0e3MaTPUYHOI Mac-CIIEKTPOMeTpil

B.O. T'a6oBuy4, B.O. IloxkpoBcbkmii

Incmumym ximii nogepxui im. 0.0. Yyiika Hayionanvnoi akademii nayx Yxpainu
eyn. I'enepana Haymoea 17, Kuie 03164, Vkpaina

Ilpedcmasneno kopomkuti 02150 OCHOBHUX 8racmusocmeti epageny. Llei mamepian po3enadacmsvcs 3 moyKu 30py

MOHCTUBO20 BUKOPUCIAHHA AK NIOKNAOKU O MAC-CNEKMPOMEMPUYHUX O0CTIONCeHb. TAK0NHC pO32TAHYMO 6NAUE NPU-
POOHUX MA WIMYYHO CIMBOPEHUX 0eheKmie Ha eeKMPOHHE Mma XIMIUHI 61ACMUBOCTT 2PAPDEHOBUX CIPYKINYD.

O030p cBoiicTB rpajeHa B CBSI3M C €ro HCIMOJIb30BAHUEM
KaK MOJJI0KKH JJIf1 0e3MATPUYHOH MacCC-CIeKTPOMETPUM

B.A. T'aboBuy, B.A. IlokpoBckmii

Hucmumym xumuu nosepxnocmu um. A.A. Uyiiko Hayuonanenoii akademuu Hayx Yxpaunoi
ya. I'enepana Haymosa 17, Kues 03164, Vipauna

Tlpeocmasnen Kpamxuii 0630p OCHOBHBIX CBOUCME gpaghena. Dmom Mamepuan paccCmampueaemcst ¢ MouKi 3peHus.

BO3MOICHO20 UCNONb308AHUSL 8 KAHECTNEE NOOTONCKU npu macc-CneKmpomempuidecKux uccnedosanusx. Taxoce pacemompe-
HA pOJlb eCmMeCmeE€EHHbIX U UCKYCCIMBEHHO CO30aHHbIX ()eqbeicmoe 6 OJIEKMPOHHbIX U XUMUYUECKUX ceolicmeax zpaqbeHoebe

CMpYKmyp.
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