
Abstract. The results of theoretical and experimental studies of theThe results of theoretical and experimental studies of the
graphite surface by scanning tunnelling and atomic force micro-graphite surface by scanning tunnelling and atomic force micro-
scopy are considered. The attention is focused on the mechanismsscopy are considered. The attention is focused on the mechanisms
of formation of atomic resolution images. The reasons for the lackof formation of atomic resolution images. The reasons for the lack
of coincidence between the graphite surface images obtained byof coincidence between the graphite surface images obtained by
these methods and its real topography are discussed. The biblio-these methods and its real topography are discussed. The biblio-
graphy includes 99 referencesgraphy includes 99 references..

I. Introduction

Graphite has an extremely wide range of applications. It is
employed as a material for inert electrodes, neutron moderators,
X-ray monochromators, strong and thermally stable coatings for
spacecrafts. Technical progress has stimulated the development of
new technologies of graphite production, as well as massive
studies of its chemical and physical properties. In the early
1970's, it was believed that graphite is studied comprehensively.
The known data were generalised in a number of reviews (see, for
example, Refs 1 ± 3).

In the 1980's, new instruments for surface studies were
invented, such as scanning tunnelling microscope (STM) 4 and
atomic force microscope (AFM).5 Studies of graphite by these
novel probe methods gave amazing results: its STM and AFM
images were inconsistent with the real topography. Only one of
each two carbon atoms was visible on the image. During the next
decades a lot of studies were conducted in order to explain this
fact. Despite the great amount of experimental data collected,
there is still no consensus on the mechanism of the formation of
STM images with atomic resolution.

Graphite crystals are convenient objects for the rapidly devel-
oping probe microscopy, as they have layered structure and form
air-stable, atomic-smooth extended surfaces upon cleavage.
Therefore they can be used as substrates in the studies of clusters,
molecules and thin films. Graphite is one of a few materials for

which atomic resolution was reached under normal conditions in
air.

At present, probe methods play a leading role in studies of
surfaces. The portion of surface atoms in nanostructures is
comparable to their volume content, therefore probe microscopy
is an indispensable method in nanotechnology. Probe micro-
scopes allow one to obtain images in liquid media, which is
especially valuable in the studies of biological objects. However,
STMandAFM images can differ from the topography of surfaces
of the objects under study. Difficulties in the interpretation of
graphite surface images suggest that onemay expect serious errors
in the studies of more complex systems.

In this review, the graphite atomic structure images observed
with the use of STM and AFM in a contact or dynamic mode are
analysed in detail. (In the contact mode, the probe is constantly in
touch with the surface, while in the dynamic mode it oscillates in
resonance and touches the surface periodically, thus minimising
the friction force.) The mechanisms of formation of such images
are discussed. A separate section is devoted to the visualisation of
defects on the graphite surface and studies of their properties by
probe methods.

II. Crystal structure of graphite

Among the carbon allotropic modifications, graphite is the most
stable under normal conditions. Graphite consists of flat carbon
layers that are shifted relative to each other to form hexagonal
close packing of carbon atoms (Fig. 1 a). The space group is
P63/mmc and the unit cell parameters are: a=2.4612,
c=6.7078 �A.6 The unit cell contains four atoms. Two adjacent
carbon atoms in the layer are non-equivalent (see Fig. 1 b). Three
of the six atoms have neighbours in the lower layer (site A), while
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Figure 1. Graphite crystal structure.
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other three are located above the holes, i.e. in the centres of
hexagons (site B). Weak van der Waals forces act between layers,
causing substantial anisotropy of the graphite properties. Thermal
and electrical conductivities in the direction parallel to the layers
are much higher than in the perpendicular direction (Table 1).
Due to the weakness of the interlayer bonds, graphite is easy to
cleave.

Graphite crystals of high quality are rarely found in nature. At
present, most of the studies are carried out on highly oriented
pyrolytic graphite, which is obtained by pyrolysis of gaseous
hydrocarbons at temperatures above 2000 8C.2, 7, 8 Graphite
obtained by this method is polycrystalline; however the directions
of c axes for all crystallites virtually coincide (mosaic spread of
high quality pyrolytic graphite is 0.48, the dimensions of crystal-
lites reach several tens of micrometers).

III. Visualisation of the atomic structure of
graphite surface

1. Scanning tunnelling microscopy
Atomic resolution STM images of the graphite surface were
obtained under different conditions: in high vacuum 9±11 (Fig. 2,
the real image size is not given in the original paper), in air 12 ± 15

and in water.13, 16 The resolution is atomic that indeed is sup-
ported by the possibility to visualise defects in the atomic structure
of the graphite surface by STM (Fig. 3).

Two main peculiarities of the graphite surface STM images
are as follows:18 ± 21 considerable corrugation of the surface (from
0.8 22, 23 to 24 �A24) and asymmetry of the maxima corresponding
to the carbon atoms in sites A and B.

According to the helium scattering experiments, no surface
reconstruction occurs and its corrugation is 0.2 �A. The over-
estimated corrugation obtained by the scanning tunnelling micro-
scopy is due to the features of graphite electronic structure,13, 25 as
well as to the effect of the microscope tip on the surface during
scanning.24, 26, 27 An increase in the tip voltage leads to decrease in
the corrugation.9, 28

A very interesting feature of the graphite surface STM images
is the non-equivalence of the maxima corresponding to the
adjacent carbon atoms.14, 29 In some experiments, the asymmetry
is so great that only three of the six atoms can be seen (a triangular
array in Fig. 4 a), in other cases all six atoms are observed with
equal intensities (carbon hexagons in Fig. 4 b).

There are several concepts of this asymmetry.
1. According to the theory of Tomanek et al.,15, 30 asymmetry

of the tunnelling current at low voltages is related to the difference
in the local density of states, which, in the case of graphite, is
determined by the interlayer interaction and the structural non-
equivalence of the atomic positions. The calculations have
shown 31 that the maxima in the STM images correspond to the
atoms in the sites B. According to this theory, the tunnelling
current asymmetry should decrease with the increase in voltage,
but should not be sensitive to its polarity. This was proven
experimentally.15, 30 For alkali metal intercalates, where carbon
layers are arranged exactly one over the other and therefore all
carbon atoms are equivalent, this theory predicts the absence of
asymmetry.

In the STM image of alkali metal intercalates (Li, K, Rb, Cs),
different lattices were revealed. Their periods are determined by
the arrangement of the intercalated atoms (Fig. 5).23, 31 This
feature complicates the analysis of the carbon atom asymmetry.

The graphite lattice was successfully visualised for acceptor
intercalation compounds.32 For example, different lattices were
observed for MoCl5-intercalated graphite within one image,
namely, a trigonal lattice of maxima in non-intercalated areas
and a honeycomb network of hexagons in the areas containing
molybden pentachloride molecules in the first interlayer space
(Fig. 6).33

Within the framework of Tomanek's theory, the absence of
the asymmetry can be explained by the shift of the top layer with

Table 1. Electric resistance and thermal conductivity of highly oriented
pyrolytic graphite (HOPG) and single-crystal graphite.2

Parameter HOPG Single

crystal

Resistance /O m

along the layers 3.561077 ± 4.561077 461077

perpendicular 1.561073 ± 2.561073 161074 ± 1.061072

to the layers

Thermal conductivity

/W m71 K71

along the layers 1600 ± 2000 200 ± 500

perpendicular 7 ± 9 40 ± 80

to the layers

Figure 2. Topographic graphite image obtained by STM in ultrahigh

vacuum at 4.2 K.11
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Figure 3. A defect on the graphite surface induced by its bombardment

with Ar+ at 60 eV.17

The image was obtained in the constant-current mode, U=736 mV,

I=0.5 nA, scanning frequency, 10 Hz.
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respect to the lower layers during scanning. Indeed, the change in
the character of image in the majority of cases was caused by
passage tomore `drastic' 14 scanning conditions, viz. an increase in
the tunnelling current or a decrease in the voltage between the tip
and the sample. Moreover, in one experiment 14 a change in the
image type was observed with the change in the scanning speed in
the constant height mode (see Fig. 4).

Evolution of the graphite surface image during scanning was
described.34 First scans have shown the asymmetry of maxima
(A : B=4 : 7). During the next scans, the image gradually changed
until complete disappearance of asymmetry. However, on further
measurements, the maxima became asymmetric again with a
minimum A :B ratio. Probably, changes in the image during
scanning are caused by sliding of the top layer relative the lower
layers. This sliding should occur easier in the area near to a defect,
such as dislocation or vacancy. Since scanning covers a very small
area, the probability of its position in the vicinity of the defect is
rather low. This explains the rare appearance of the honeycomb
structure.14

2. The main point of an alternative theory is that the A and B
sites differ in their rigidities.35 In other words, the perpendicular
shift of a carbon atom in the site B requires more energy than
similar shift of an atom in the site A; thus the site B is more `rigid'.
Mechanical pressure of the STM tip on the graphite surface can
result in the deformation of the layer and local changes in the

tunnelling threshold. Therefore, in the case of repulsion forces the
maxima on the image should correspond to the positions of the
greatest rigidity. Because of the relatively large radii of the tip
material atoms (W, Pt, Ir), which are comparable to the side of the
carbon hexagon, it is necessary to take into account the inter-
action of probe not only with the carbon atom located directly
below it, but also with the neighbouring atoms. In this case, the
position of the maximum rigidity can be located in the hexagon
centre and the maxima of the detected value in the image
correspond to the holes.22

Whereas the difference in the tunnelling current is determined
in general by the `rigidity' of positions, the appearance of all six
atoms in the STM image with equal intensities can be explained by
the selection of `soft' scanning conditions where the surface
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Figure 4. HOPG images with atomic resolution obtained by STM

(U=20 mV, I=1 nA).14

Scanning frequency /Hz: 61 (a) and 122 (b).
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Figure 5. Images of the intercalate C8K surface obtained by STM.30

(a) constant-height mode (565 nm2, I=3.5 nA, U=720 mV), a hexa-

gonal 262 superlattice is visible; (b) constant-current mode (565 nm2,

I=5 nA, U=750 mV), a hexagonal
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superlattice is visible;

(c) constant-current mode (20620 nm2, I=10 nA, U=719 mV), a

superlattice with the period of 3.3 nm is visible; (d ) constant-height

mode (565 nm2, I=3.5 nA, U=720 mV), an orthorhombic super-

lattice with the period of 0.95 nm is visible.

1 nm

Figure 6. Surface image of the HOPG intercalated withMoCl5 obtained

by STM in the constant-height mode.33
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deformation is minimal. For example, a tiny particle of graphite
can become attached to the tip, or the tip-to-sample distance is
fairly large.22

3. The asymmetry of carbon atoms is caused by the formation
of charge density waves.36 However, according to this theory, the
asymmetry value should depend on the polarity of the tunnelling
voltage, which contradicts the experimental data.

4. Tunnelling can occur through the local surface states. In
this case, the change in the image depending on the variation of the
tunnelling current by several tenth of nanoampers can be
explained by the presence of an adsorbate on the graphite sur-
face.37

Based on the theories 1 and 2, the difference in the intensities
of maxima corresponding to the carbon atoms in A and B sites is
determined by the influence of lower layers. According to
theory 2, this influence is manifested in the deformation of the
surface by the probe. Taking this into account, it can be predicted
that in the case of scanning of a graphene (single graphite layer)
the asymmetry should be absent. However, such a conclusion
contradicts the available data 38 on the observation of only three
of the six atoms in an STM image of a single graphene layer on the
Pt(111) surface with atomic resolution. The isolated single gra-
phene layer is extremely difficult to obtain,39 therefore the
graphene properties remain almost unknown so far. It is still
possible that the STM image of the graphite surface is determined
solely by the properties of one layer.

2. Atomic force microscopy
Graphite atomic structure images obtained in contact and
dynamic modes of AFM differ substantially. In the contact
mode, it is possible to detect only the graphite unit cell as a
whole (Fig. 7), but at the same time, measurements can be carried
out at ambient conditions.41 ± 43 In the contact mode, the friction
forces dominate, therefore this variant ofAFM is an indispensable
tool for nanotribology.

A different situation takes place in the case of dynamic AFM.
This allows visualisation of separate atoms on the graphite
surface. However, the atomic resolutions can be reached only
under ultrahigh vacuum at helium temperatures and using perfect
vibroisolation.44, 45 This is due to the fact that the graphite surface
is relatively inert in comparison with the ionic surfaces or to the
surfaces with `dangling' bonds. The forces applied to the tip near
the graphite surface are of about*100 pN.

Let us discuss the main mechanisms of formation of AFM
images of the graphite surface obtained in the contactmode, viz. in
the stick-slip motion of the tip 43, 46, 47 and in scanning with a
modified tip (when a graphite flake is attached to the tip).48 ± 50 In a

number of theoretical works, the influence of probe geometry on
the scanning process is considered.46, 51 ± 53

Now let us analyse the reasons why the tipmoves with sticking
while it is in the contact with the graphite surface. According to
published data,46 we will consider the dependence of the potential
energy of a single-atom tip ± a single graphite layer system versus
the tip position relative to the sample. The virtual scanning takes
place in the constant height mode at ± 6 �A, therefore the normal
component of the force acting between the surface and the tip is
repulsive. In the scanning with the sufficiently rigid cantilever (the
rigidity constant for this model was 1.3 N m71), the potential
energy of the system has one minimum. In the case of a soft
cantilever, an additional local minimum appears. Transition from
the local to the global minimum is accompanied by a drastic
change in the friction force. The tip sticks in hexagon centres and
its move from one hexagon centre to another occurs in jumps.43, 46

Continuous motion is possible in the case of more rigid cantilever
or more `flat' potential of the tip-to-surface interaction, but these
conditions are not met in the experiment.40, 46

Calculations have shown 54 that a single-atom tip pressed
against the graphite surface with a force of ca. *1 nN bends it
by 1 �A. The deformation extends only to the first three layers.
Surface curvature disappears at a characteristic length of*10 �A.
The influence of a many-atomic tip should span the larger area of
the graphite surface.55 In some situations, the tip as a whole is
attracted to the surface, but its topmost atom is in the area of
repulsive force, thus causing plastic deformation of the graphite
surface.52

Measurements carried out in liquid media allow a decrease in
the contribution of long-distance macroscopic forces acting
between the peripheric atoms of the tip and the graphite surface.
Presumably,56 under such conditions one can obtain more stable
images, although the contrast for the images obtained in the liquid
is lower than for those obtained in vacuum (the difference in
maximum heights is 0.39 and 0.6 �A, respectively).

Periodic changes in the friction forces during scanning can
also be explained by modification of the tip as a result of sticking
of a graphite flake to the tip. The friction force of *1 nN, which
appears at the shift of a modified probe to the new equilibrium
position, is due to the interaction of the sample surface with the
cluster (flake) consisting of ca.*100 carbon atoms. The radius of
the contact area does not exceed 1 nm.50 When moved along the
direction h12�30i, the graphite flake moves rectilinearly together
with the probe, while in the scanning in other directions, the tip
with the particle moves in a zigzag manner 50 or the flake is
reoriented according to the direction of the tip rectilinear
motion.49 In these cases, from the AFM images it is possible to
determine whether the tip has been modified.50 For example, an
AFM image of the graphite surface in the widely cited work by
Mate et al.41 should be classified as the one obtained with
modified cantilever.

In the dynamic mode, features of the AFM image are
determined by the character of forces acting between the probe
and the sample.51 AnAFM image of the graphite surface obtained
in the dynamic mode while detecting the repulsion forces is
presented in Fig. 8. Two forces applied to the probe from the
two adjacent carbon atoms are measured to be 248 and 250 pN.
Obviously, the structural non-equivalence of the carbon atoms in
graphite is manifested in the atomic force microscopy as well.

A substantial asymmetry between the atoms can be seen in the
graphite surface image obtained by detection of the attractive
forces.58 According to the theory by Chen,59 the attractive force
acting on the tip should unequivocally determine the tunnelling
current. In this case, the attraction force is a minimum for the tip
position above the hexagon centre, and hence such a position
corresponds to the maximum in the AFM image.60 Atoms in the
site A give weak local maxima, while atoms in the site B
correspond to minima. Thus, the contrast in AFM images of
graphite surface is inverted with respect to the STM images.

Figure 7. Image of the HOPG surface obtained by AFM in the contact

mode with the friction force detection.40

The normal force component is 40 nN, scanning frequency is 30 Hz.
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For the verification of Chen's theory, scanning was performed
in the constant-height mode. The tunnelling current, the force
acting on the tip and the dissipated energy were detected simulta-
neously (Fig. 9).10 It was expected that the maxima of the
tunnelling current should correspond to the carbon atoms in the
B sites, while the dissipated energy should be maximum upon the
holes. It was established that in the case of repulsive forces (see
Fig. 9 c,{ f ) the asymmetry is a minimum, the maximum of the
force corresponds to the atoms in sites A and the minimum
corresponds to the holes. In the case of scanning in the attractive
forces zone (see Fig. 9 a,d ), the force depended on the voltage
applied to the tip. At negative bias voltage of 760 mV, images
based on the measurement of tunnelling current and the attractive
force were inverted, in qualitative accordance with the Chen
theory. However, no inversion occurred in the case of scanning
at positive potential of +160 mV (see Fig. 9 a).

IV. Defects on the graphite surface

Probe methods allow studying of not only the composition of
defects and their electronic structures, but also their reactivities.
By means of scanning tunnelling microscopy, it is possible to
determine the electron energy spectra or to establish the nature of
an admixture atom.59

First let us consider point defects, i.e., vacancies and admix-
ture atoms. The concentration of point defects on the HOPG
surface of different quality under normal conditions is
0.1 ± 20 mm72 (Refs 61 and 62). Defects appear in the STM
images as bright spots (see Fig. 3).19, 20 When the tip approaches
the surface, the defects become invisible, as the volume states of
graphite make the main contribution to the tunnelling process
under these conditions. Judging by the dependence of the defect
height from the tip-to-sample distance, one can determine the type
of the incorporated atom.19, 20

In themajority of works, the point defects for their subsequent
study are created artificially, usually by means of graphite surface
bombardment with different ions.17, 63 ± 66 Such a process can lead
to the vacancy formation on the surface layer, as well as to the
implantation of ions. Local density of states at the vicinity of the
vacancy increases, making them visible in STM images, but not in
AFM images.17 Structure relaxation around the point defect can
lead to the formation of new bonds, including those between
atoms from adjacent layers.67 But changes in the surface topo-
graphy are too subtle to be detected by AFM working in the

contactmode. The increase in the charge density occurring around
the vacancy 17 explains the increased reactivity of the defect
area.68 ± 70

Ion implantation leads to the formation of dome-shaped
structures 65 and craters on the surface.63 After heating of the
ion-implanted samples at 500 8C, the height of the defect area
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Figure 8. Graphite surface image obtained by AFM in the dynamic

mode.57

Probe oscillation amplitude is 300 pm, scanning speed is 0.2 nm s71;

white and black circles denote carbon atoms in A and B sites, respectively.
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Figure 9. HOPG surface images obtained in the constant-heightmode.10

The tunnelling current (pA) was measured for the images to the left; a

normalised shift of the resonance frequency (fN m1/2) in the middle, and

the dissipated energy (eV) to the right.

U /mV: 160 (a ± c), 760 (d ± f); z /pm: 7100 (a, d ), 7350 (b, e),

7750 (c, f).

{The insert in Fig. 9 c on the left shows a higher harmonic image.
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increases, which can be explained by the migration of the
implanted ions closer to the surface.63

In STM images of graphite around point defects, as well as at
step edges, the formation of

���
3
p � ���

3
p

R 308 structure was observed
(Fig. 10). This is not due to surface reconstruction,71, 72 but can be
explained by the Friedel oscillations.73 Analysis of their symmetry
allows one to establish the nature of point defects and the
adsorbate state.19, 20 For example, with account of the enhance-
ment of the Friedel oscillation amplitude, the formation of
covalent C7F bond on the graphite surface was concluded.74

Possible line defects in cleaved HOPG include steps,75 domain
borders 76 and dislocations. The steps could be of two forms, viz.
zigzag-like and chair-like. For zigzag-like steps, the formation of
edge states was predicted.75 According to the data from scanning
tunnelling microscopy studies, the energy of such states exceeds
the Fermi energy by 0.02 ± 0.15 eV.77 STM images of zigzag-like
steps show bright dots at the points of broken bonds.78, 79

The activation energy of graphite oxidation at single-layer
steps is somewhat higher than that at multilayer ones.80 This fact
can be explained by the bend of single-layer steps upon cleavage or
under the pressure of the tip.81 The stability of such structures has
been analysed.82

The domain borders in STM images of HOPG are visible as
wide helical structures.76, 83 The domain border for two crystallites
with disorientation angle of 398 is shown in Fig. 11 a. A model
proposed for this structure includes five- and seven-membered
carbon rings. (Fig. 11 b).

The 2D defects observed in STM images of a HOPG surface
include different superlattices. Hexagonal superlattices arising
from the disorientation of the topmost graphite layers are
described in the review 84 in great detail (Fig. 12), so we will just
briefly concern this problem. Such superlattices are observed
around dislocations 85, 86 or can occur in the rotation of the

topmost graphite layer.85, 87 Superlattices with periods from 1.7
up to 44 nm and height from 0.5 to 20 �Ahave been visualised. The
reason for appearance of such defects is analogous to the Moire
patterns in optics, which appear upon rotation of one periodic
structure relative to another.88, 89 Due to the disturbance of layer
packing, the asymmetry of maxima corresponding to the atoms in
the A and B sites can differ within one superlattice unit cell.90

Defects in the graphite lattice can lead to the vacancy formation in
the superlattice.91

Lattices with different periods can be created on the surface of
HOPG.84 Such lattices can be applied in nanotechnology for the
production of templates. For example, cobalt particles (1 ± 5 nm)
are adsorbed mainly on the nodes of the superlattice with the
period of 3.8 nm.92

The appearance of periodic structures in STM images is not
necessarily caused by the layer displacement. A superlattice with
changing period was observed on the nanometer-size graphite
sheet consisting of two layers.93 The placement of a small graphite
particle on the surface of the sheet resulted in the change in the
lattice (Fig. 13). The appearance of this superstructure can be
explained by the dimensional quantisation in a two-dimensional
system. The change in the lattice parameter is due to the presence
of a potential gradient in the system, which in turn is caused by the
inclination of the sheet with respect to the bulk graphite. Dimen-
sional quantisation was revealed in studies of etching pits with

a b

1 nm 1 nm

Figure 10. Atomic resolution images of theHOPG surface with implanted

tungsten ions obtained by STM.63

Switch of the polarity of the tunnelling voltage did not reveal any new

features in the image.
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Figure 11. Image of the domain border obtained by STM (a), and its

model (b).83

a b

Figure 12. Images of superlattices on the HOPG surface (a) and super-

structure area (b) obtained by STM.85

(a): 7876787 �A2, U=480 mV, I=0.6 nA, the superstructure area is

embraced by clear borders. The distance between the borders is 440 �A, the

dimension of the area >1 mm;

(b): 1046104�A2,U=210 mV, I=0.6 nA, superlattice period is 40� 1�A
and the angle of its rotation with respect to the graphite lattice is 28� 18.

a b

Figure 13. Images of superstructures on the nanometre-size graphite sheet

obtained by STM before (a) and after (b) a graphite particle was placed on

the sheet.93

(a): U=0.2 B, I=0.7 nA (4006250 nm2); layer height measured by

STM image is*0.8 nm in the top corner and*0.9 nm for the bottom.

28 O V Sinitsyna, I V Yaminsky



small diameter (<10 nm) by scanning tunnelling microscopy.94

The spectra of the pits located at a distance of 1 ± 2 nm from each
other have shown the splitting of the respective energy levels.

Finally, let us discuss superlattices arising due to the disloca-
tion networks near the graphite surface. Most often, the disloca-
tion networks observed in the STM images consist of triangular
areas with sides of 100 ± 300 nm.95 ± 98 Examination of triangle
borders in the images with atomic resolution revealed a distortion
of the hexagonal graphite lattice.96 The surface corrugation
increases on the borders.

On variation of the STM scanning parameters, images of the
dislocation networks undergo certain changes. An increase in the
tunnelling voltage leads to weakening of the contrast between the
adjacent triangles.96, 98 As the interlayer distances in hexagonal
and rhombohedral graphite are similar and the Burgers vector of
the network-forming dislocation lies in the [0001] plane, the
contrast revealed in the STM images between the domains is not
due to the surface topography. The presence of the step within the
dislocation network area does not lead to its disruption or
distortion. However the contrast between the perfect areas and
the stacking fault areas changes (and can even be inverted) upon
motion over the step.98 For the explanation of this effect, a model
has been proposed considering propagation of the electron wave
along the graphite c axis together with the presence of defect areas
below the surface. According to the proposed model, the STM
scanning should reveal not only dislocations with the Burgers
vector perpendicular to the base plane (screw dislocations 85, 86

and dislocation loops 99), but also other types of dislocations.
Intensive mechanical pressure by the tip on the surface causes

motion of the dislocations. Data are available indicating that the
superlattices generated by the rotation of the topmost layer by less
than 0.58with respect to the substrate can transform to dislocation
networks under the influence of the tip.95 A triangular net
presented in the STM image (Fig. 14 a) has transformed to the
star-like structure (Fig. 14 b) after the change in the tunnelling
voltage by 0.14 V.

V. Conclusion

Though the first STM image of atoms of the graphite surface was
observed some 20 years ago, a consistent theory explaining why in
some experiments only three atoms of the hexagonal cell are
observed, and sometimes all six of them, has yet to be built. The
existing theories on the nature of this effect still do not have the
necessary experimental support.

Despite the obvious progress in the development of atomic
force microscopy in the last 10 years, there are still only few AFM
images of the defect areas of graphite. This is due to substantial
difficulties of registration of extremely weak forces acting on the
tip.

Methods of probe microscopy allow visualisation of the
defects. However, themechanisms of images formation sometimes
remain obscure, for example, in the case of dislocations in the
graphite. By the probe methods, the reactivities of different defect
areas on the graphite surface were determined. With the use of
STM and AFM microscopy, one can found preferable sorption
sites for nanoparticles, as well as the state of adsorbates on the
graphite surface.

This review was written with the financial support from
the Russian Foundation for Basic Research (Project No.
04-03-32472-a).
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