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cnopasymeHune mexay Kateapa O6bwa donsunka
Ha P3P-CY n karegpa Jlutonorna u
NMetporpadma Ha I P-CY 3a obeguHABaHe Ha
anapartypa.

LIEJ]

Cb3[aBaHe Ha CbBpeMeHHa 60a3a 3a Hay4HuU
n3cneaBaHus n obyyeHue B obrnacTtra Ha
PamaHoBaTa n nyMMHeCLeHTHaTa
CMEeKTPOCKOMUM.

MHULUNATOPM:
M. Unues, B. XagxueB (®3P), N. Beprunos (I'MP)



[NbpBOHaAYanHa anapartypa

 TpoeH PamaHOB cnekTpoMeTbp ¢ Mukpockon Microdil 28
(Dilor, France)

» J[1BoeH cnekTpoMeTbp Spex 1403 (Spex, USA) (3a
PamMaHOBM U NyMUHeCUEHTHU uscrieaBaHus)

« Ar+ nasepm

« XenuesB onTnYeH KpuocTart, paboTel, Ha 3aTBOpPEH
uukbn (10-300 K).

 BucokoremnepatypHa ontTudHa npucrtaBka Linkam 600 3a
n3mepBaHusa nog Mmmkpockon go 600°C

NMNO-KbCHO

APYyru 3BeHa, a UMeHHO KaTtegpute no dunsmkKa Ha KOHAEH-
3upaHaTta matepusa (P3D-CY), Pusuka Ha NONyrnpoBOgHULMU-
Te (P3DP-CY), UHcTtutyTa no MpunoxHa mnHepanorusa (bAH),
LleHTpanHaTta JlabopaTtopusa no CnbH4YeBa eHeprua n Hoeu
EHeprumnum Ustounnum (CEHEU-BAH) n BucweTo Yunnuuie
no TpaHcnopTa CbLUo AOoNpMHEecoxa C Hay4yHo obopyaBaHe.



HayyHa TemaTuka - |

Ctb3paBaHeTo Ha nabopartopusita CbBnagHa ¢ OTKPUBaAHETO
Ha HOB KNnac OT MmaTtepuanim — BUCOKoTeMnepaTtypHuTe
cBpbXxnpoBoaHuun. N3cnegBaHeTo Ha Te3U U CPOOHUTE HA
TAX MaTepuanu cbC cpeacrtBaTta Ha PamaHoBaTa
CMEeKTPOCKONUA cTaHa Ha TO3M eTan OCHOBHO Hay4HO
HanpasJrieHMe Ha nnabopaTtopusaTa, Makap 4ye 6sixa nsyyaBaHu
u Apyrn matepuvanm, a CblUo Taka 0sixa nanonssaHu v apyru
eKkcnepuMmeHTanHu metogu. HayyHute nscnegBaHus no tasm
TemMmaTuka 6s1xa nognomMorHaTtu ot gorosopu ¢ KomuteTra 3a
HayKa, a No-KbCHO U oT doHAa 3a Hay4YHU U3cneaBaHNA U
EBponeunckusa cburo3 (CIPA-CT93-0032).

Mo Ta3mn Tematuka B nepuoaa 1991-1997 B naboparopusta
Osixa noAroTBeHu " 3awmnTeHn 4 OOKTOPCKU Auceptaumm m
HAKOJIKO OUMNJIOMHU paboTu.



Hay4yHa TemaTukKa - I

MoHacTosIWemM nscneaBaHusaTa B nabopartopusita ca
CUINHO AuBepcudUnLMpaHM 1 BKNKOYBAT LLMPOKA rama

MaTepuarsnin KaTto.

- Strongly correlated transition metal oxides;

- Carbon based materials, such as nanotubes
and graphene;

Materials for photovoltaic applications
Catalytic materials;

Minerals

Semiconductors

Photochemistry and photobiology materials



[JOKTOpaHTU N CTYAEHTHU

YyacTtneto um B Hay4YHUTe nacrieaABaHus Oe ot NMbpPBOCTENeHHO

3HaYeHue 3a pa3BUTMETO Ha nabopartopuaTa

OOKTOPaHTU
Mapywka CeHgooBa
Mupocnas AGpawueB
leHoOBeBa 3nareBa
flHa AtaHacoBa
Buktop UBaHoB
INMrocun HepsainkoBa
Metbp Pachaunnos
KaTtepuHa CtouykoBa
HeHo TogopoB
Cuneusa AbapoBa

eopru boraueB
Brnagumup XagXmmntoB
Oparomup MaTteeB

AUMNNOMaHTHU
MapwuaH Llonos
ATtaHac AprupoB
Oparomup MaTteeB
INleonva KaneB
MNMeTtbp Padhaunos
UBaH UBaHOB
NepraHa UnueBa
KaTtepnHa CtounukoBa
Cuneusa AbapoBa
HeHo Topopos
Benucnasa bopucoBa



MexayHapoaHoO CbTPYAHUYECTBO

JlabopaTopusita N0 CNEKTPOCKONMUA Ha KPUCTann B roguHNUTE Ha
CblUuecTBYBaHETO CM YCTAaHOBU NJIOAOTBOPHO MeXAYyHapOAHO
Hay4YHO CbTPYAHUYECTBO C Hay4YHU UHCTUTYLUN N/unn yHUBep-
cutetn B Nepmanus, Mopuusa, ®padvuua, CALL, NMopTyranus,
UcnaHuna, Cbpoua n KaHapa.

JlaGopaTopusTa, npeacraBsaHa ot B. Xagxue, 6e 4acT oT MynTu-
HauMoHaneH nacriefoBaTesiCKM NPOoeKT BbpPXYy BUCOKOTEMMe-
paTypHUTe CBPBHLXNPOBOAHULM U CpOAHUTE UM cbeauHeHUsa CIPA-
CT93-0032, chuHaHcupaH ot EC.

3a Hay4yHuTe nm goctumxxeHus B. Xagxues (1990), M. UnueB (1992)
n M. AbpaweB (1995) nonyunxa XymbonaroBm ctuneHaum 3a
paboTta B lepMaHua no cBou NpoeKkTn. 3a ABYCTPaHHOTO
cbTpyaHnyecteo M. UnmneB n M. AbpawieB nony4dumxa npe3 2012

Harpaga ot AmMepukaHckoTo Pusmnyecko [ipyxectso (APS).



MexayHapoaHoO CbTPYAHUYECTBO

JlabopaTopusaiTa € napTHLOP B ABa NpoeKTa no nporpamara PUJIA
3a ABYCTpPaHHO CbTpyaHu4yecTtBo ¢ PpaHuua npes 2005-2007 r. n
2017-2019 r. c pbKkoBoguTen aou. B. UBaHOB.

B cbTpyaHuyecTtBo ¢ MHcTUTyTa Nno matepuanu XaH Pykcen B rp.
HaHT, ®paHuusa, B nabopatopusta ca noaroTBeHU U 3alUTEeHN
ABe aucepTtauum no nporpamarta CoTutelle Ha ppeHCKOTO
NpaBUTESICTBO 3a AOKTOPaAHTYpPU C ABONHO pbKoBoACTBO (B.

UBaHoB — 1997 r. u H. TogopoB — 2015 r.)
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LETTER TO THE EDITOR

The Raman spectra of Co,0,

V G Hadjievi, M N Ilievt and I V Vergilov
+ Faculty of Physics, Sofia University, 1126 Sofia, Bulgaria
% Faculty of Geology, Sofia University, 1000 Sofia, Bulgaria

Received § January 1988

Abstract. The Raman spectra of single-crystal Co;0, have been measured at 312 K. Five
‘Raman-active modes were found and identified at 194, 482, 522, 618 and 691 cm ™"

Co40, crystallises in the normal spinel structure Co®*(Co®*),03~ (space group O])
with Co** and Co** placed at tetrahedral and octahedral sites, respectively (Roth
1964). The primitive unit cell contains 14 atoms. The reduction of the 42-dimensional
representation I' of the vibrational modes at k = 0 into irreducible representations of
the factor group O, gives (Rousseau et al 1981)

T= Ay + B, + 3Fy + 5y, + 24y, + 2E, + 2Fy,. %)

The Ay, E; and the three F; modes are Raman active. From the five Fy, modes four
are infrared active and one is an acoustic mode. The remaining Fy;, 2A;,, 2E, and 2F,,
modes are inactive.

Recently Shirai ef al (1982) reported the Raman spectrum of Co;0,. Four (A, E,
and 2F,,) of the five Raman-active modes were observed and identified.

The present work reports the complete set of Raman spectra of Co;0, as obtained
with an optical multichannel spectrometer Microdil 28 (Dilor) equipped with a micro-
scope. An objective with x50 magnification was used both for focusing the excitation
light (514.5nm) and for collecting the scattered light. Crystals grown by the vapour
transport method with a maximum size of 0.2 mm were used.

The Raman spectrum of Co;0, was taken in the back-scattering configuration from
the (111) as-grown surface. The Raman lines were also detected in the anti-Stokes
region. This enables us to determine more precisely both the positions of the phonon
lines and the temperature of the sample during the measurement (Poulet and Mathieu
1970). The positions and the widths (FwHM) of the Raman lines are listed in table 1.

The assignment of the phonon symmetries is based on the results of factor-group
analysis of the lattice vibrations of the spinel structure. Simple calculations for back
scattering from the (111) surface show that the scattering crosssection should not depend
on the rotation of the crystal surface around the propagation direction of the incident
light. It should, however, vary with the angle ¢ between the incident and scattered

0022-3719/88/070199 + 03 $02.50 ©) 1988 IOP Publishing Ltd L199
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Table 1. Line positions and widths (FwrM) of the Raman-active phonon modes of Co,0, at
312K
Wavenumber FWHM
Phonon mode (em™) (em™)
Fa 1944 4.9
E, 482.4 6.0
Fy 5216 9.5
Fiy 618.4 67
Agy 691.0 6.2

polarisations according to the relations

[uos: @ for A,
I~4sin’@ +cos?p=1 for E, (2)
[1=Jsin? g for Fy,.

The Raman spectra for parallel and crossed polarisation configurations are shown in
figure 1. The polarised Raman spectra were corrected according the depolarisation
properties of the light smearing optics (Bremard er al 1985). The selection rules (2) are
satisfied within the experimental error for all Raman lines. The phonon symmetries
determined in this work are in agreement with those given by Shirai et af (1982). Our
spectra, however, are shifted towards the lower wavenumbers by up to 8cm™'. This
difference is probably due to the higher temperature of the sample in our experiments.
We measured the position of the line at 691 cm ™" in the temperature range between 300
and 400 K and estimated a temperature coefficient of 3.9 x 1072 em ™' K™/, i.e. values
close to those of Shirai e a/ (1982) are to be expected near the liquid-nitrogen
temperature.

Co,0, undergoes an antiferromagnetic transition at 40 K (Roth 1964). The tem-
perature changes in the Raman spectrum of Co;0, and a possible scattering from
magnons in the antiferromagnetic phase are under study now.

Intensity farbitrary unts]

“0 £l I
Roman shift lon” '}

Figure 1. Polarised Raman spectra of Co;0, at 312 K for parallel (top curve) and crossed
(botrom curve) scattering polarisations. The A, = 514 5 nm line of an Ar* laser was used
for excitation.
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JlTabopaTopusita gHec — nornen oTBbH

 MNop, pbkoBoacTBOoTO HAa MUpocnas AbpaweB (oT 1997),
akTMBHO nognomaraH ot leoprun borayeB, HeHo TogopoB.,
Bukrtop NUBaHoB un ATaHacka AHapeeBa, naboparopusaTa no
CneKTpOoCKONUA Ha KpUCTanu NpoabLI/KKU Aa ce pa3BMBa U
yTBbpXXaaBa Han-Bevye Kato PamaHoBa nadopartopus,
CpaBHMMA M C anapartypa, U C Ka4eCTBOTO Ha
nacnegBaHuATa ¢ Han-goopute NnogoOHM 3BeHa B CBeTa.

 HetunuyHo 3a 6bnrapcka (m He camo) naboparopusa, Tasm e
OTBOpEHa U 3a uscregoBaTtenivm OoT BbHLWHU 3a O3 3BeHa,
KaToO Han-akKTUBHU B TOBa OTHoOLUeHue ca kKornern ot UPTT-
BAH, UJ1-CEHEWU-BAH, UTTIM-BAH, UE-BAH. ToBa e mHOro
NMOJSIOXKUTESTHO, HO OM TPAOBaNoO Te3n UHCTUTYLUUU Aa umart
No-CbLeCTBEeH NPUHOC U B OOHOBSABAHETO U
noanobp)XaHeTo Ha maTtepuanHarta 6asa.

- 3a 3ana3BaHe nNoTeHUMana Ha nabopartopusaTa e KpamHoO
HeoO6XoAUMO NpUBNNYaHe Ha CTYAEHTU U AOKTOpPaHTU. 3a
LenTa criegBa Aa ce nogoopun BUAUMOCTTA Ha
nadoparopusata B pamkute Ha P3P, DXD u I O.



