1 2XOAn Texyvoloyikwv Epapuoywy, A.T.E. /. 6.

[eviko Tunua Gsrikwy Emornuwy ,

Tunua @uaoikrig,
2xoAn Csrikwyv - EmornuwV, AddeC:s _—

TPAGENIO: O ANOPAKAZ 2T o~
AIAZTAZEI

(BPABEIO NOBEL qﬂ{m 2010)

|l. APBANITIAHZ




.._,._,n_m_.n in

|
15 __n__.___

&
.

[y

wily

| ..._. i i

i,
3=
[

.
1.x

o e

]

d e
SR AL
R
-_._‘_'."--n.. s

i

1 '
il Eratay R
o = —-l‘--!




Ol 3D AAAOTPONIKEZ MOP®EZ TOY ANOPAKA

)




. APBANITIAHZ

FPA®ENIO: O ANOPAKAZ 2TIZ AYO AIAXTAZEIZ (BPABEIO NOBEL ®YZIKHZ 2010)

NANOAOMEZ TOY ANOPAKA (0D ®OYAEPENIA 1985)

= LETTERSTONATURE

Ceot Buckminsterfullerene
H. W. Kroto", J. R. Heath, S. C. O'Brien, R. F. Curl
& R. E. Smalley

Rice Quantum Institute and Departments of Chemistry and Electrical
Engineering, Rice University, Houston, Texas 77251, USA

During experiments aimed at understanding the mechanisms by
which long-chain carbon molecules are formed in interstellar space
and circumstellar shells’, graphite has been vaporized by laser
irradiation, producing a remarkably stable cluster consisting of
60 carbon atoms. Concerning the question of what kind of 60-
carbon atom structure might give rise to a superstable species, we
suggest a truncated icosahedron, a polygon with 60 vertices and
32 faces, 12 of which are pentagonal and 20 hexagonal, This object
is commonly encountered as the football shown in Fig. 1. The Cg,
molecule which results when a carbon atom is placed at each vertex
of this structure has all valences satisfied by two single bonds and
one double bond, has many resonance structures, and appears to
be aromatic.

Ij; "

NATURE VOL. 318 14 NOVEMBER 1985

Fig. 1 A football (in the
United States, a soccerball)
on Texas grass. The Cg
molecule featnred in this
letter is suggested to have
the truncated icosahedral
structure formed by
replacing each vertex on the
seams of such a ball by a
carbon atom.

graphite fused six-membered ring structure. We believe that the
distribution in Fig.3c is fairly representative of the nascent
distribution of larger ring fragments. When these hot ring clusters
are left in contact with high-density helium, the clusters equili-
brate by two- and three-body collisions towards the most stable
species, which appears to be a unique cluster containing 60
atoms.

When one thinks in terms of the many fused-ring isomers
with unsatisfied valences at the edges that would naturally arise

S 8N
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ﬁ's‘;a; The Nobel Prize in Chemistry 1996

“4V Robert F. Curl Jr., Sir Harold Kroto, Richard E. Smalley
The Nobel Prize in Chemistry 1996

Nobel Prize Award Ceremony

Robert F. Curl Jr.

Sir Harold Kroto

Richard E. Smalley

a

Robert F. Curl Jr.

The Nobel Prize in Chemistry 1996 was awarded jointly to Robert F. Curl Jr., Sir
Harold W. Kroto and Richard E. Smalley "for their discovery of fullerenes”.

Il

Sir Harold W. Kroto  Richard E. Smalley

Aopn KAg10TOU KAWBOU
YynAn oupperpia (l,) kal euotadeia
12 revraywva (P) and 20 s¢aywva (H)

ATTAoi opolotroAikoi decopoi (H-P),
ArtrAoi opolotroAikoi deopoi (H-H)

sp? XapaKTAPOS oTa Sp2 dToa dvBpaka
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NANOAOMEZ TOY ANOPAKA (1D NANOZQAHNEZ 1991, 1993)

LETTERS TO NATURE

Helical microtubules of
graphitic carbon
Sumio lijima

NEC Corporation, Fundamental Resecarch Laboratories
34 Mivukigaoka, Tsukuba, Ibarsa 305, lapan

THE synthesis of molecular carbon structures in the form of Cg,
and other fullerenes' has stimulated intense interest in the struc-
tures accessible to graphitic carbon sheets. Here I report the
preparation of a new type of finite carbon structure consisting of
needle-like tubes. Produced using an arc-discharge evaporation
method similar to that used for fullerene synthesis, the needles
grow at the negative end of the electrode used for the arc discharge.
Electron microscopy reveals that each needle comprises coaxial
tubes of graphitic sheets, ranging in pumber from 2 up to about
50. On each tube the carbon-atom hexagons are arranged in a
helical fashion about the needle axis. The helical pitch varies from
needle to needle and from tube to tube within a single needle. It
appears that this helical structure may aid the growth process.
The formation of these needles, ranging from a few to a few tens
of nanometres in diameter, suggests that engineering of carbon
structures should be possible on scales considerably greater than

Single-shell carbon nanotubes of
1-nmdiameter

Sumio lijima & Toshinari Ichihashi

Fundamental Research Laboratories, NEC Corporation,
34 Miyukigaoka, Tsukuba, Ibaraki 305, Japan

CARBON nanotubes' are expected to have a wide variety of
interesting properties. Capillarity in open tubes has already been
demonstrated™*, while predictions regarding their electronic
and mechanical strength” remain to be tested. To
examine the properties of these structures, one needs tubes with
well defined morphologies, length, thickness and a number of
concentric shells; but the normal carbon-are synthesis'"? yields
a range of tube types. In particular, most calculations have been
concerned with single-shell tubes, whereas the carbon-are synth-
esis produces almost entirely multi-shell tubes, Here we report
the synthesis of abundant single-shell tubes with diameters of
about one panometre. Whereas the multi-shell nanotubes are
formed on the carbon cathode, these single-shell tubes grow in the
gas phase. Electron diffraction from a single tube allows us to
confirm the helical arrangement of carbon hexagons deduced
previously for multi-shell tubes’.

Electron beam

FIG. 2 Clinpgraphic view of a possible structural mode for a graphitic tubule
Each cylinder represents a coaxial closed layer of carbon hexagons. The
meaning of the labels V and H is explained In the text

ilar to that used
edles seem to grow

graphite filaments™. The apparatus is very
for mass production of Cg, (ref. 9). The

The nanotubes often form as bundies, but isolated and single
tubules are also present. Three tubules which bridge two
cementite particle agglomerates are seen in Fig. 1b. On the
upper right-hand side, a graphitic layer showing an image of the
basal plane with lattice spacing 0.34 nm can be recognized. From
this, we calibrated the magnifications of the tubules. All
micrographs were recorded at optimum focus™, so that two dark
lines in the tubule image correspond to side portions of the
cylinders. The thinnest tube in this micrograph (labelled 1) is
0.75 nm in diameter, and is attached to a thicker (13-pm) tube
(labelled 2). Tubules 1 and 2 are slightly curved, but tubule 3
(diameter (.92 nm) spans straight across a 14inm opening
between two cementite particle agglomerates. The longest
single-shell tubule was 700 nm long with a diameter of 0.9 nm,

Short and terminated tubules are commonly observed (4 and 5
in Fig. 15). The terminated tubule labelled 6 moved gradually
during the observation so that one end appears to be fading out.
No cementite particles were found on the free tips of the tubules,
but they are entangled with cementite particle agglomerates.
The tubules are capped in shapes that have been reported
previously'*" (arrow 4 in Fig. 2).

We carefully measured the diameters on the electron micro-
graphs of individual tubules, Figure 2 shows a histogram of the
diameters of about 60 tubules, which range from about 0.7 nm to
1.6 nm. Two peaks are seen at tubule diameters of around 0.8
nm and 1.05 nm; we believe that these peaks are significant. The
origin of the preferred tubule diameters is interesting to consider

(10,10)
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NANOAOMEZ TOY ANOPAKA (2D TrPA®ENIO 2004)

Electric Field Effect in Atomically
Thin Carbon Films

K. S. Novoselov,” A. K. Geim,"* S. V. Morozov,? D. Jiang,’
Y. Zh.‘:mg,.I S. V. Dubonos 2 I. V. Grigorieva,.I A. A. Firsov?

We describe monocrystalline graphitic films, which are a few atoms thick but are
nonetheless stable under ambient conditions, metallic, and of remarkably high
quality. The films are found tobe a two-dimensional semimetal with a tiny overlap
between valence and conductance bands, and they exhibit a strong ambipolar
electric field effect such that electrons and holes in concentrations up to 1073 per
square centimeter and with room-temperature mobilities of ~10,000 square
centimeters per volt-second can be induced by applying gate voltage.

The ability to control electronic properties of

a material by externally applied voltage is at
the heart of modern electronics. In many
cases, it is the electric field effect that allows
one to vary the carrier concentration in a
semiconductor device and, consequently,
change an electric current through it. As the

"Department of Physics, University of Manchester,
Manchester M13 9PL, UK. “Institute for Microelec
tronics Technology, 142432 Chernogolovka, Russia.

*To whom correspondence should be addressed.
E-mail: geim@man.acuk

semiconductor industry is nearing the limits
of performance improvements for the current
technologies dominated by silicon, there is a
constant search for new, nontraditional mate-
rials whose properties can be controlled by
the electric field. The most notable recent
examples of such materials are organic
conductors (/) and carbon nanotubes (2). It

has long been tempting to extend the use of

the field effect to metals [e.g., to develop all-
metallic transistors that could be scaled down
to much smaller sizes and would consume
less energy and operate at higher frequencies

than traditional semiconducting devices (3)]
However, this would require atomically thin
metal films, because the electric field is
screened at extremely short distances (<1 nm)
and bulk carrier concentrations in metals are
large compared to the surface charge that can
be induced by the field effect. Films so thin
tend to be thermodynamically unstable, be-
coming discontinuous at thicknesses of sev-
eral nanometers; so far, this has proved to be
an insurmountable obstacle to metallic elec-
tronics, and no metal or semimetal has been
shown fo exhibit any notable (>1%) field ef-
fect (4).

We report the observation of the electric
field effect in a naturally occurring two-
dimensional (2D) material referred to as
few-layer graphene (FLG). Graphene is the
name given to a single layer of carbon atoms
densely packed into a benzene-ring struc-
ture, and is widely used to describe proper-
ties of many carbon-based materials, including
graphite, large fullerenes, nanotubes, etc. (e.g.,
carbon nanotubes are usually thought of as
graphene sheets rolled up into nanometer-sized
cylinders) (5-7). Planar graphene itself has
been presumed not to exist in the free state,

being unstable with respect to the formation of

curved structures such as soot, fullerenes, and
nanotubes (5-14).

Andre Geim

'?fﬁ#i The Nobel Prize in Physics 2010

"ﬁi& Andre Geim, Konstantin Novoselov

The MNobel Prize in Physics 2010

eim

Konstantin Novoselov

Konstantin
Novoselov

666 22 OCTOBER 2004 VOL 306 SCIENCE www.sciencemag.org
The Nobel Prize in Physics 2010 was awarded jointly to Andre Geim and

Konstantin Novoselov "for groundbreaking experiments regarding the
two-dimensional material graphene”

v Amropovwan HE HNXOAVIKA atro@Aoiwon ypa@itn Kail raparipnon

(otmrTik}, AFM) povo- Kal OAlyOOTPWHATIKOU YPOAPEVIOU

emidpaong rediou (FET)
(popeig: oTTéEG-NAEKTPOVIA, UPYNAN CUYKEVTPWOT) KOl EUKIVNOia)

MeAETN TWV NAEKTPOVIKWYV XAPAKTNPICTIKWY TOU
YPOPEVIOU ME TNV KATAOKEUN TpaviioTop

Liate insulator
Channel
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H EAAHNIKH ZYNEIZOQOPA
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Compression Behavior of Single-Layer
Graphenes
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LETTERS

Rayleigh Imaging of Graphene and 2007

Vol. 7, No. 9
Graphene Layers 271122717
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K. S. Novoselov," and A. C. Ferrari*t
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H MAPAZKEYH TOY T'PA®ENIOY

Silicon carbide

Low Hydrocarbons
(can be
wafer-size)

Solvothermal synthesis Single and Chemically | Tens of pm to Ethanol
multiple meodified | much smaller
fragments

Unzipping carbon nanotubes Inferior Single and Chemically | Nano ribbon Multi-walled
compared to multiple medified | with length carbon nanotubes
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AAANEZ MEOOAOI NAPAZKEYHZ TOY T'PA®ENIOY

» EmTaglokn avamrTuén (NAEKTPOVIKEG EQAPUOYEG)

v Emita&lokni avarrtuén o€ SiC (0éppavon SiC, 7> 1100 °C)
O1 aoBevikég aAAnAemdpdoceigc van der Waals 1Tou Ttrapéxouv
OuUvOoXl ME TO UTTOOTPWMA Otv E€TTNPEAOUV ONMAVTIKA TIG
NAEKTPOVIKEG I0IOTNTEG

v Emtagloki avarrtuén o€ JETaAAIKG utTtooTpwiuaTta (Ru, Cu, Ni, Ir)
XpnoigoTtrolgital n arodiKl OOHR TOU METAAAIKOU UTTOOTPWHOTOG

YyIO THV TTUPNVOTTOINOCT TOU YPOPEVIOU f‘\
\ >

» Avaywyn o¢eldiou Tou ypa@eviou pe udpadivn
NMupoAuon aiBoeidiou

> Kot kKai dvolypya vavoowAAvVwyv Avlpaka ME UTTEPHAYYAVIKO
KGAIO Kol Oe1liké 0ofU 1N peE egyxapaén HME TAGOMA MEPIKWG
EVOWHATWHEVWY VAOVOOWANRVWYV O& TTOAUMEPESG UMEVIO
http://len.wikipedia.org/wiki/Graphene
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ENTOIMNIZMOZ MONO- KAI OAIFOZTPQMATIKOY N'PAGENIOY

v MapaoKeun YPOPEVIOU (MIKPOUNXAVIKOG OXIOMOG) — HIKPOS aplBuog
KPUoTaAAITWY avapeoa o€ XIAIAdeg vipddeg ypagitn (~1 cm?)

> AFM, TEM:
MpakTikG aduvatn n &Upeon
MEMOVWHEVWY KPUOTOAAITWYV OF
TO0O MHEYAAN EMIQAVEIO KOl ME
TOOA TTOAAG AVTIKEIMEVA...

> SEM:
TaxuTtepn dladikaoia,
aduvaTtn n EKTiunon Tou aApiBuou
TWV CTPWOEWV

» OTITIKA MIKPOOKOTTIO
To ypagévio kKaBiotaralr opartd
ETAVW Ot oTpwua SiO, Trayxoug
300+£10 nm pe umréoTpwpa Silll

Mater.Today 13 (2010) 28



2YNOHKEZ OIMNTIKHZ MAPATHPHZHZ TOY T'PAGENIOY
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EYPE2ZH TOY APIOMOY TQN 2TPQZEQN (AFM, TEM)

AFM: Akpiffig atroTtipnon pévo Tou TEM: EKTipnon Tou aplOpou oTpwoswy
OXETIKOU UYoug

(O1TAwoeIg 1) pEPIKA ETTIKAAUYN)

o€ OITTAWOEIG KAl TITUXWOEIG
a b
= —)

|

Wy

i
'
I

1

|
|

|
i
l
|
':
|
|

PNAS 102 (2005) 10451 Nature 446 (2007) 60



EYPEZH TOY APIOMOY TQN zTPQ2EQN (RAMAN)
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AOMH MONO- KAI AIZTPQMATIKOY NPA®ENIOY

HOPG graphite
OIOTPWHATIKO YPAPEVIO

AB-stacking
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2D OR NOT 2D

> TéAeio1 010010 TATOI KPUOTOAAOI OEV UTTAPXOUV O€ EAEUBEPN KATACTAO
{BswpnTikéG (Peierls, Landau) kKal TTEIPAMATIKEG MEAETEG (AETTTA UMEVIQ)}

> To ypa@évio gival Eva 81001A0TATO UAIKO UWNARS KPUOTAAAIKAG TTOIOTNTOG
(Ta nAekTpovia TagideUouv Xwpic okEdAaon aTTooTACEIG ~1 um)

v To ypa@évio giTe UTTOOTNPICETAI ATTO UTTOOTPWHATA OYKOU EITE EVOWHATWVETAI
o€ TPIOOIACTATEG MATPEG

MeAétn TEM aiwpoupevou
HOVOOTPWHMATIKOU YPAPEVIOU Yia
OIAPOPESG YWVIEG TTPOCTITWONG

Nature 446 (2007) 60

¢ » EpQAVION OTATIKWY TITUXWOEWV
uyoug ~1 nm

OICTPWHATIKO YPAPEVIO KAl ESAAEIYPN
YIO TTEPICOOTEPEG OTPWOEIG
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HAEKTPONIKH AOMH TOY T'PA®ENIOY

s To ypa@évio gival Eéva NUIMETAAAO (NUIAYWYOGS HNOEVIKOU XACHATOG)

5.0 g s VA m—

0.0

Energy [eV]
[

-E'D.Dr

v Ta dUo utroTAéypaTa dvBpaka Tou ypageviou oxnupartifouv duo
EVEPYEIOKEG TAIVIES TTOU dIACTAUPWVOVTAI OTA Opla TG BZ
OnNUIoUPYWVTAG TNV KWVIKN diactropd ota onueia K, K’

v FpapMIKA S100TTOPA TWV POPEWV —> OXETIKIOTIKA CWHATIO MNOEVIKAG
padag (61TTwg Ta PWToVIa), pepuiovia Dirac (taxutnta Fermi, ux c/300)
Nat. Mater. 6 (2007) 183 / Mater.Today 10 (2007) 20
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I. APBANITIAHE
HAEKTPONIKEZ IAIOTHTEZ

o (kL)

LY
Lg[hj

&0

n'Si

AHQITTOAIKO QaIVOUEVO ETTIOPAONG TTEDIOU (POPEIG: OTTEG-NAEKTPOVIO)

~ 13 -2
n,.~ 10" cm

M~ 20000 cm?V-1s-1
(100000 cm?3V-1s-1 RT,
200000 cm2V-1s-1 LT)

Si: p.= 1400 cm?V-is-!

OucI1a0TIKA aVESAPTNTN
™TM¢n

v BAAAIZTIKH AIAAOZH Twv @OpéwV OTNV HIKPOMETPIKA KAipaKa

(M€on eAevBepn S1adpopn ~0.3 um, T= 300 K)

v' EEqIPETIKA NAEKTPOVIKI TTOIOTNTA TOU YPOPEVIOU

Science 306 (2004) 666
Nat. Mater. 6 (2007) 183
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. APBANITIAHZ FPA®ENIO: O ANOPAKAZ 2TIZ AYO AIAXTAZEIZ (BPABEIO NOBEL ®YZIKHZ 2010)

OAINOMENO HPAITOZ KAI NMAPAAO=0 KLEIN

» 'Eva KAaoO1KO owpaTIO dev ptTOopEi Vo d10d00¢i o€ pia TTEPIOXH OTTOU N
OUVOUIKA EVEPYEIQ Eival NEYOAUTEPN ATTO TNV EVEPYEIA TOU (PPAYHA OUVAMIKOU)

» 21NV KBavrounxaviki n diadoon gival moavn (QaivopeEvo CRPAYYyoGs) Kal n
mMOAVOTNTA AUTH MEIWVETAI EKOETIKA JE TO UYOGS TOU PPAYHATOG

»> 2TO0 ypa®évio, n milavoTnTta gival 1, ave¢dpTnTa ME TO UYOGS KAl TO EUPOG TOU
@payuarog (rapadogo Klein - dev HTTOPOUME VO HETPHOOUME OUTE TN B€on)

L —_— I L
K. .
-(——““‘-\x% -

v "‘Eva 1paviioTop ypa@eviou dev 0a uropoUoe va KAEioel yia Kapia Tdon V,
OTO OICTPWHMATIKO YPAPEVIO TO PAIVOHUEVO AUTO ECAAEIPETAI EKTOG ATTO
KATTOIEG “PAYIKES™ YWViEg Nat. Phys. 2 (2006) 620



. APBANITIAHZ FPA®ENIO: O ANOPAKAZ 2TIZ AYO AIAXTAZEIZ (BPABEIO NOBEL ®YZIKHZ 2010)

ONTIKEZ IAIOTHTEZ - AAIAOANEIA TOY TPA®ENIOY

/

s To HOVOOTPWHMATIKO YPAPEVIO ATTOPPOPA £VA ONHAVTIKO TTOCOOCTO TOU
TTPOCTTITITOVTOG AEUKOU WTOG (Trax 2.3%), avakAaoTikéTnTa <0.1%

(a~ 1/137: oTaBepd AETTTHG UPNG, KaBOPilel TNV AAANAETTIOPOON TAXEWG
KIVOUHMEVWYV @opTiwv-HM akTivooAiag) Science 320 (2008) 1308

2 e white light deal 2
8 £ D ) Dirac fermions re
o 5 ¢ g e =
U - ~
S o 8 98/ Vo o soo
5 - [ ey oo 1 -0 OUU
g S Y=
'c 98 ! |G *é number of layers
! : 1 |
% < piayar e theory: T2 5 i s
= © graphene =
— | = 96— = 96 .
pl o E —_—
o 96 = - .y
i ol I —
u
' 88 -
94 |
0 25 50 400 500 600 700
distance (um) wavelength A (nm)

» H adiagaveia Tou ypageviou (1-T) gival ave¢apTnTn TOU MKOUG
KUMOTOG Kol auavel Katd 2.3% pE KAOe eTITTAEoV @UAAO

v H otafepd AeTTTAG UPRG MTTOPEI VO KOBOPIOTEI ME TNV HETPNON TG
adla@aveiag evog @UAAOU ypapeviou



ENEPIMEIAKO XAZMA TOY AIZTPQMATIKOY N'PAGENIOY

o , ev

m' ( 'TA‘

P, (top gate)

3
E
&
o)
o
c
@
@

@ Experiment
= Self-consistent tight-binding

== DFT calculation
== Unscreened tight-binding




. APBANITIAHZ FPA®ENIO: O ANOPAKAZ 2TIZ AYO AIAXTAZEIZ (BPABEIO NOBEL ®YZIKHZ 2010)

OEPMIKH ArQIriMOTHTA

& K= 3080-5150 Wm-'K-! /| K= 4840(440)-5300(480) Wm-'K-! (Raman)
{APL 92 (2008) 151911 / Nano Lett. 8 (2008) 902}

Si: 149, Al: 237, Au: 318, Cu: 401 Wm-1K-1
Diamond: 900-2320, CNTs: ~3000 Wm-1K-1
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ol n "W Amn
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v Alaxeipion 0epuOTNTAG 0 KUKAWHATA VOVONAEKTPOVIKIG



. APBANITIAH FPA®ENIO: O ANOPAKAZ 2TIZ AYO AIAXTAZEIZ (BPABEIO NOBEL ®YZIKHZ 2010)

2YNTEAE2ZTHZ OEPMIKHZ AIAZTOAHZ

v To ypa@évio eppavilel apvnTik 0eppikni d1a0TOAR Adyw TNG
XOAAPWONG TTOU ENPAVICEI O AKOUOTIKOG TPOTTOG dovnong ZA ue
TNV eAATTWON TNG amoéoTaong C-C

% a=-7x10% K1 (R.T.), a= -1x10¢ K-! (30 K)
{Nat. Nanotech. 4 (2009) 562, Nanotech. 21 (2010) 165204}

rf. f

+ Af e
W . C, Lur rent
l - amplifier

Graphite: -1.28x10-6K-1 (in-plane)

11 | Vb + 6V, cosZaf
(anisotropic) 2.72x10-°K-1 (along c-axis) [l ‘ JRh

SWCNTSs: -1.5 + 2x10-6K"! (radial)
0 + 1x10-8K-1 (axial)

Diamond: 3x10-¢ K-1

v "EAEYX0G TNG TTAPANOPPWONGS VaVodIaTAEwyV PE TN BepuoKkpaTia



MHXANIKEZ IAIOTHTEX

1‘; 14‘
e vPo -

o

«

slope - k
k=1-5 N/m

i@ t>5nm
- ---Fit[R = 0.959]
:—Fit for 7/8 data [R=0.996]

Zénm

k=16.23Ew(1/L)* + 4.93T/L

0.2 03 04 0.5

w(t/L)’ (picometers)



|l. APBANITIAHZ FPAGENIO: O ANOPAKAZ ZTIZ AYO AIAZTAZEIZ (BPABEIO NOBEL ®YZIKHZ 2010)

TEXNOAOI'IKEZ EPAPMOIEZ

v' EUKOUTITEC NAEKTPOVIKEG SIATAEEIG
TAXUTEPO KAl HIKPOTEPO TPAVIIOTOPG ME MIKPOTEPN
KATOVAAWON EVEPYEIOG KOOI OTMWAEsIa OgppoTNTOG
a1rd 10 Si, OIAKOTITEG, MOVIUEG MVIHES

v EAmMISo@opo UAIKO via Siaxeipion onupdtwy oTnv
OUXVOTIKN TrEPIoXN Twv THz

v Ala@avy aywylgo nNAEKTPOSIa Kol UMEVIO  yida
QWTOROATAIKA KAl SIATALEIG UYPWYV KPUCTAAAWYV

v' MUKVWTEG MEYAANG XWPENTIKOTNTOG KOI MITOTOPIES
(upnAo6g Adyog stripaveia/pala)

v Kataokeur] cUVOETWY UAIKWV UYPNARG avToxXig

v XnuIKoi a1oOnTAPEG, aviXveuon MEMOVWHEVWYV
Hopiwv agpiwv (NO,, NH;) R arépwv (102! g)

v Karaokeuy Blodiatdafewv avixveuong BakTnpiwv ﬁ; >
Kal wg aigdnTNpeg DNA, avTiBakTnpIdIakn 8pA0N  yater. Today 12 (2009) 34






