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NEW MATERIALS FOR VAN DER WAALS HETEROSTRUCTURES

Gorbachev R.V.

University of Manchester, UK
e-mail: roman@manchester.ac.uk

In the last three years, a novel field has emerged which deals with structures and
devices assembled layer-by-layer from various atomically-thin crystals. These new
multi-layer structures have proved to be extremely versatile, showing exceptional
electronic and optical properties, new physics and new functionality. This is mostly due
to the fact that each atomic layer can be chosen among many different materials
including metals, semiconductors, superconductors or even topological insulators.

In this talk 1 will review recent progress and discuss new additions to the 2D
material family, their fabrication and transport properties. | will present our newest
results on atomically thin crystals of InSe — material that has not been sufficiently
studied before and now shows outstanding physical and electronic properties. Other
materials, such as black phosphorus, niobium diselenide and gallium selenide will be
discussed with specific attention paid to fabrication and their chemical stability.
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APPLICATION OF SOLID-STATE NMR FOR CHARACTERIZING
CHEMICALLY MODIFIED GRAPHITES

Vyalikh A.

Technical University Freiberg, Freiberg, Germany

Solid-state NMR has been used to study structural modifications of the 3C
enriched carbon exposed to high-temperature high-pressure and room-temperature
halogen vapors treatments. As 3C NMR isotropic chemical shift seems extremely
sensitive to the carbon bonding character, graphite functionalization as well as bending
of the graphitic layers resulting in partial carbon atom rehybridization become apparent
in the NMR spectra. It has been found that recrystallization of fine-grained graphite led
to a more pronounced rehybridization effect, whereas room-temperature halogen
vapors treatment resulted in improved graphitic arrangement and defect removal.

By combination of solid state °F MAS NMR with DFT calculations, fluorine
decoration patterns in room-temperature synthesized graphite fluorides C2Fx have been
investigated. We demonstrate the co-existance of isolated, end chain, midchain, cyclic
and branched CF groups as well as infinite CF arrays and peripheral CF2 defects
irrespective of the fluorination degree. In room-temperature fluorographites an evolution
of fluorine patterns was proposed, involving CF chain formation and propagation
towards the increasing chain length.
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ELECTRIC AND MAGNETIC FIELDS WITH BROKEN SYMMETRY
STATES
A.A. Reshetnyak?!, B.R. Mischuk?

Unstitute of Strength Physics and Materials Science SB RAS, 2/4, pr. Akademicheskii,
Tomsk, 634021
2Tomsl State Pedagogocal University, 75 pr. Komsomolskii, Tomsk, 634041

The results of a theoretical study of an influence of different kinds of the ground
state energy gaps depending on spin s = + k/2 and valley Sat the Dirac K (S=1) and K’
(S=-1) points in the quasiparticle spectrum on longitidunal and Hall optical conductivities
of graphene AA- and AB-bilayers with help of quantum electrodynamic approach in
(2+1)-dimensional space-time are
presented.

The exact analytical expressions
for optical conductivities in electric
(leading to the gap of order 5-20
meV) and magnetic fields (3-10
Tesla) are derived with use of the 4- Fig. AA- and AB-bilayer graphene
band microscopic U(1) -gauge-
invariant Dirac-type Hamiltonian

D, OVeP/Gy GNP G Vep

+

H=x A /gO - D)f VeP g4VFp/g0 for st =U +XD-|— + SUT +x3sD (1)
9VeP/ % Ve P - Dy g
- ATS A S D,

(different for AA and AB-stacking) is linear with respect to covariant derivatives which
include magnetic field potential perpendicular to bilayer sheets is suggested. The
resulting conductivities are derived using the Kubo formula and take into account the
dependence on temperature and chemical potential. The limiting cases for the direct
current conductivities are analyzed and the relations among the Hall conductivities and
Faraday and Kerr angles for the systems, including “AB(AA)-bilayer-substrate” are
found The results predicted some regimes of ground states with broken symmetry
realization under external fields control being useful for nano and microoptoelectronic
devices on a base of graphene. The heat transport properties are considered as well.
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Dhf[bgZpby weebikHDQGRILOR g$hfghbeh\uf fbdjhkdHiBQRVXUI yDQLWH

lhg fm \bamZebabjmxsZy weebikhf_Ijby"

X m~h[guc f_Ih” [ukljh]h hlukdZgby ]jZn_gh\uo ne_cdh\

X \hafh ghklv baf_j gby hilbg_kdbo oZjzZdl_jbklbd b lhesbgu ne_cdh\ k \ukh
X liZn_g e_]dh b~ _glbnbpbjh\Zlv kj_~b Zjl_nzZdlh\

X g | hljZzgbgq_gbc gZ bkihevam_fmx ih*eh dm



GU mOtylg Gtgroyoqg} Tirtlyxt ilkz€Ip qusvgtolp
tg wuxxopxqus w,tql vu vuxygiqgs iggzzstuju o gwoujlt
I NTECH uhuwzkuigtot uqgn,ig..€gtfT xiuos ngggn~oqgs vurt,p g

Xuvzyxyiz..€o0]| zxrzj

=[lennghi ¢ ekciMJkhgvsf hhi J[ennl§itkin_i]J[hc  _fz-jifnjki
iI\ikn_i]J[hc" i\ikn_i][hc"” ]li_hcei]id jkigvsf hhilmc

HI"_e \Zdmmfghlh b djb-h]_gghHh*hEhjphfbYZ2_gghlh \ZdmmfghHi h[djimeémijh\h*gbdh\hc ijhfure_gghkll
gby jZ[hlZ_| k aZzdZagbdZfb aZgbyzZiysbewky | kh\j_f _ggu_ jkir_mthZebabjm_Iky \ | _egheh]bqg_kdhec it
gZmaqghc jZ[hlhc b hiI\_qZ_| aB[phzekdbhijtkiddbjh\Zgby \Zdm mfgyodkblklihfklZ\dZo h[hjm~h\Zgby ij_"g.
\hijhkh\ hl ihfhsb \ hkgZs_gbb'¢zaephliyjb hljZzke_c ijhfure_gglalglbgq_ggh]h ~ey bkke_"h\Zgbc b ijhbal\l
nbevguo eZ[hjZlhjbc ~h j_r_gBy &Bagibdgoth *Zgghlh gZijz\e \gkhdhleyxdhkgh]lbgguo ijb[hjh\ fbdjh b
gh\uo \i_j\u_ \hagbdZxsbo \ ijfhldkeuojlbgq_kdb_ b obfbgq_kdbgZgHwherudljhgbdb fbdjhf_oZgbdb khe
bgklbImlZo azZz~Zq ijb jZzajzZ[hld]_ {Zjbghbyjganlyghc b g_nl_ob[fdlgjkdhc k\_ITh*bh”h\
guo mklzZgh\hd hljZzkeb b *jm]b_
AZdZaqgbdZfb y\eyxlky bkke_~h\ZIl_evk
Fu ]Jhjrbfky gZrbf khijm~rgbq_kI\hd\b\[Zye Kh[kI\_ggmx k_j\bkgnexX[[iZj@arhmhjbb b ijhba\h”~kl\_ggu_ hj]lZgba
g_f ~_kyldhf jZaghieZgh\uo \_¢g@mimdbebkv emqr_ ihgbfZlv |j_[A[BEbgbysgZrbb[eZklb ]b[fjb~rghc fbdjhwe
azZiZz”"guo iZjlg_jh\ 1Zdbo dZd ag@zZRylcdh\9$remqgbeb [hevrhdjhpbldbjZdoed_qghc wg_jl_Ibdb ijhbal\r
+65 6XPLWRPR *DPPD 9DFXXPjhsRBPph\Gobb |I_ogheh]bqg_kidbohvzdmmfggsdg_k_gby ihdjulbc b h[jZ
wlhf Zkkhjlbf_gl ijhba\h&bfh]h Kbflol hfhjku i_j\ufb \ Jhkkbb j_dabalkbZeb\Zdmmf_ ihemijh\h~gbdh\hc
"h\Zgby g_ i_j_k_dZ_lky Z mMNZogheeéhjibegykmohlh \ZdmmfbjijhZgbeglgdhkidpZy
Afm] Ajm]Z k_cqgzZk y\ey_Ilky hkgh\guf Ij_g~hf \h fgh]lbo
hljZzkeyo ijhfure_gghklb Jhkkbbjm]bf \Z guf gZijZ\e_gb_f hi*"_eZ y\ey
_lky ijhba\h”kl\h ihklz\dZ b dhfie_dlZ
h[hjm~h\Zgby ~ey bfblZpbb dhkfbq_kdh
ijhkljzgkl\z
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L k]jclhi® i\lfnac][hc ¢ k' gihm

DhfiZzgby mBgl_d :gZeblbdZ} hdZau\Z_1| ihA~_j'dm k\hbf deb_glzZf h[_ki_qb\Z_1]ZjzZglbx gZ \k_
ihklz\ey_fh_ h[hjm~h\Zgb_ ijh\h~bl ihke_]ZjZglbcgh_ h[kem b\Zgb_ b j_fhgl \Zdmmfguo gZkhkh\
AZlgbdh\ dhfij_kkhjh\ mklZgh\hd |_q_bkdZIl_e_c b ij
Dhfzg~Z ijhn_kkbhgZeh\ hkms_kl\ey_| h[kem b\Zgb_ b j_fhgl ke_~mxs_]h h[hjm~h\Zgby

<Zdmmfguo gZkhkh\ b ~"Zlgbdh\ dhfiZzgbb (GZDUGYV

<Zdmmfguo gZkhkh\ /H\EROG 3IHLIHU $OFDWHO $GL[HQ

lhjrg_\uo dhfij_kkhjh\ -RVHI OHKUHU

<ha”moh”m\hd /XWRV b +LERQ

L_g_bkdZl_e_c 9,&

<Zdmmfguo i_q_c¢c ,SVHQ 1DEHUWKHUP %0, b *jm]bo fZjhd
b Ajm]hl]h \Zdmmfgh]lh h[hjm~h\Zgby
Bgl_d y\ey_ |ky _~bgkl\_gguf Z\lhjbah\Zgguf k_j\bkguf p_gljhf (GZDUGV $XWKRUL]JHG VHUYLFH
SDUWQHU Ijb ihdmid_ m gZk ex[h]h \Zdmmfgh]lh h[hjm~h\Zgby \u fh _|I_ azZzdzZazZlv _]lh r_n fhglz"
b imkdhgZez~dm

Chachckch?i]v® Jibgiahilmc

Dhfizgby mBgl_d :gZeblbdZ} [ueZ hkgh\ZgZ [he__ e_l gZaz”™ b gZqbgZeZ k\hx ~_yl_evghklv dzd
bfihjl_j azjm[_"gh]h \Zdmmfgh]lh h[hjm~*"h\Zgby gZ jhkkbckdbc jughd L_i_jv bg bgbjbg]h\u_

\hafh ghklb gZr_c dhfizgbb ihalheyx| gZf [jZIvky aZ keh gu_ ijh_dlu ih kha”“Zgbx gh\uo b
fh~r_jgbaZpbb kms_klI\mxsbo \Zdmmfguo kbkl_f

Ki_dlj j_rz_fuo gZrbfb ki_pbZebklzfb az”~Zq \dexqgZ_|I

JZajZ[hldm gh\uo \Zdmmfguo kbkl_f H”gh ba jZkijhkljZg_gguo j_r_gbc Jhlh\u_ “\mo b
lj_oklmi_gqZlu_ hldZqgu_ kbkl_fu

Fh~_jgbazZpbx kms_kl\mxsbo \Zdmmfguo kbkl_f

Khanrzgb_ kbkl_f Z\IhfZlbg_kdh]h mijZ\e_gby dhfihg_glZfb \Zdmmfguo mklZgh\hd
K_jlbnbpbjh\Zggh_ k_j\bkgh_ h[kem b\Zgb_ ]ZjzZzgdbcguc b ihkl]ZjZglbcguc j_fhgl \Zdmmf
guo kbkl_f

Ilhklz\dm jZkoh”guo b khimlkl\mxsbo fZl_jbZeh\

Dhgljhev ]_jf_Ibgghklb mkem]Z I_q_bkdZgby
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