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Pestomera Ha myOiauKanuuTe

1. Growth, composition, ferroelectric and magnetic properties of new multiferroic
Pbz3sMnasgNi11Tios6015.3 single crystals: Growth, composition, ferroelectric and magnetic
properties

June 2016, Crystal Research and Technology 51(7)

DOI: 10.1002/crat.201600102

V. Tomov, P. Rafailov, Chih-Wei Luo

Multiferroic single crystals in the novel system Pb-Mn-Ni-Ti-O have been grown by the high
temperature solution growth method. At room temperature the crystals are indexed in the hexagonal
space group P6 3 cm. The dielectric and magnetic properties along with the temperature
dependence of the c-lattice parameter have been studied in the temperature range 2 K - 500 K. The
magnetic measurements reveal a paramagnetic to antiferromagnetic phase transition around 48 K.
The dielectric permittivity exhibits a maximum at 430 K, indicating ferroelectric to paraelectric
phase transition. The temperature dependent Raman and XRD measurements around 430 K reveal
an anomaly and abrupt change of the lattice parameter along the z-axis respectively, thus

confirming the ferroelectric-to-paraelectric phase transition

CuHTe3, KOMIO3UIHS, (pepoeIeKTPUYHN U MATHUTHHU CBOIICTBA HA HOB MaTepuaJ —
MoHoKpocTajieH MmyiaTudepouk Pbz3MnsgNii1Tios60153: CuHTE3, KOMIIO3HIIHS,
(depoesieKTPUYHN M MATHUTHH CBOMCTBA.

B nosara cucrema Pb-Mn-Ni-Ti-O ca cunTe3upanu MyaTH(GEpOUYHH KPUCTAIH 10 METO/1a Ha
BHCOKOTEMIIEpaTypHUTE pa3TBopuU. Ha craiiHa Temneparypa KpUCTaJIUTE ca MHACKCUPAHHU BbB
XeKcaroHajgHaTa npoctpaHcTBeHa rpyna P6 3 cm. B temneparypHust unrepsan mexay 2 u 500
rpaayca KenBuH ca u3cieiBaH TUEIEKTPUYHUTE U MAarHUTHUTE CBOMCTBA, KAKTO U
TeMIlepaTypHaTa 3aBUCUMOCT Ha C-KOHCTAHTara Ha perierkara. MarHuTHUTE U3MEpPBaHUS TOBOPST
3a nmapamarauTeH-antudepomarautet $azoB npexon okono 48K. JuenekrpuuHaTa mpOHUIIAEMOCT
nMa makcumyMm npu 430 K, paskpuBaiiku ¢pepoenekTpruueH-napaenekTpruueH Mpexol.
TemmneparypHo-3aBucumMuTe PaMaH 1 peHTreHO-CTPYKTYPHHU M3CIeIBaHUS MTOKA3BaT CbOTBETHO
aHoOMaJHs | psi3Ka MPOMsHA Ha MMapameThpa Ha pelieTkara no ocra Z okoso 430 K,

HOTB’Lp)KI[ElB&fIKH IO TO3W HAYUH (1)330BI/I$I (I)epoeneKTqueH-napaeneKTpI/Iqu IMPEXOn.

2. Dielectric and Transport Properties of PbsMne2NiogO1s Single Crystals
January 2012, Comptes rendus de I'Académie bulgare des sciences: sciences mathématiques et
naturelles 65(3):323-328



V. Tomov

Single crystals of the mixed valence compound (Mn®* /Mn** ) PbsMns 2NiosO15 were successfully
grown. The dielectric and the transport properties were investigated in the temperature range 150—
450 K. Due to the layered structure of the crystals all the measurements were independently carried
both parallelly and perpendicularly to the layers. The dielectric constant £ and

the dielectric loss tan & were measured for three different frequencies — 10 and 100 kHz and 1 MHz.
The results show an increase of the dielectric constant with the temperature and the frequency. The
loss tangent is having abnormal behaviour between 180 and 220 K for the measured frequencies,
indicating for the relaxation process, attributed to polaron hopping. From the DC measurements the

activation energy has been calculated.

JlnesieKTPUYHH U TPAHCNIOPTHH cBoiicTBa Ha Ph3sMns 2NiosO15 MOHOKpHCTaIM

W3pacTHaTH ca MOHOKpHCTAmy cbe cMeceHa (Mn®* /Mn*" ) BanenTHOCT 1 cheTaB PbsMng 2Nio sO1s.
JIMeeKTpUIHATE U TPAHCIIOPTHUTE XapAaKTEPUCTUKH ca M3CIICABAHH B TEMIIEPATYPHUS HHTEPBAI
150-450 K. Ilopamu ciioucrara CTpyKTypa Ha Marepyraia, BCHYKH N3MEPBaHUS Ca HAallpaBEHU KaKTO
YCIIOPEIHO, TaKa U MEePIeHANKYSIPHO Ha clioeBeTe. JluenekTpuyHara KOHCTaHTa € ¥ tan o -
JMEJICKTPUYHUTE 3ary0ou, ca H3MepeHH 3a Tpu pasnmuunu dectot - 10 and 100 kHz and 1 MHz.
Pesynrarure mokas3Bar nmoBUIlIaBaHE Ha JMEICKTPHYHATA KOHCTAHTA C TEMIIeparypara u 4ecToTara.
JluenexkTpuaHuTe 3aryon uMmar anomainHo nosegaeHue mexay 180 K u 220 K 3a uecroTute Ha
M3MEpBaHe, KOETO TOBOPH 32 HAJMYME HA PEIaKCalMOHEH MPOIIEC, IBJIKAIL CE Ha MPecKayaHe Ha

IIOJIApOHH. Ot IIPAaBOTOKOBHUTC U3MECPBAHU: € IIPECMCTHATA aKTUBAlMOHHAaTa CHEPIrusl.

3. Growth, composition and dielectric properties of PbsNi1sMnss01s single crystal
November 2010, IOP Conference Series Materials Science and Engineering 15(1), DOI:
10.1088/1757-899X/15/1/012042

V Tomov, T I Milenov, R P Nikolova, G V Avdeev and P M Rafailov

Single crystals of PbaNi1sMns5015 were successfully grown by the high temperature

solution growth method. Their composition was determined by energy dispersive X-ray analysis.
The phase homogeneity of the grown crystals was examined and confirmed by powder X-ray phase
analysis. The structure was characterized by X-ray single crystal diffractometry and was indexed in
the trigonal space group P-3c1 (No. 165) with lattice parameters a = 9.9142(2) A and ¢ =
13.4923(18) A. The dielectric properties of PbsNi1sMns 5015 were investigated in the temperature



range 150 — 500 K. The AC - measurements were carried out for 3 different frequencies: 10 kHz,
100 kHz and 1 MHz. From the DC measurements thermal activation energy was estimated.

CuHTe3, ChCTaB, CTPYKTYPA H IMEJIEKTPHYHHU cBOiicTBa Ha MOHOKpucTaau PbsNiisMnss01s
Mounoxkpuctanu PbsNi1sMnssO15 ca cuHTe3Mpanyu yCIEeHo Mo METo/Ja aH BUCOKOTEMIICPaTypPHUTE
pa3tBopu. CbcTaBa UM € OIPEEIIEH Ype3 EHEPruiiHO-IMCIIEPCUOHEH PEHTIeHOB aHanu3. da3oBara
XOMOTEHHOCT Ha KPUCTAJIUTE € U3CJe/IBaHa C PEHTI€HOB MpaxoB aHanu3. CTpykTypara e
oTpeziesieHa Ype3 PeHTT€HOBa MOHOKPHUCTaIHA JOMPAKTOMETPUS U KPUCTAIUTE Ca UHAEKCUPAHH B
TpUTOHAJIHATA IPOCTpacTBeHa rpyna P-3cl, ¢ mapamerpu Ha pemrerkara a = 9.9142(2) A and ¢ =
13.4923(18) A. luenexrpuunure ceoiictsa Ha PbsNi1sMns 5015 ca u3cnensanu B TeMIepaTypHUs
untepsain 150 — 500 K. JluenekrpuuHuTe U3MEpBaHUS Ca HAIPAaBEHU 3a TPH pa3indHu dectotu: 10
kHz, 100 kHz u 1 MHz. Ot HanipaBeHHTE MPaBOTOKOBHU M3MEPBAHUS € IpecMeTHaTa TepMUYHATA

AKTHBAallMOHHA CHCPIrUs.

4. Multiferroic Single Crystals with Layered Structure in Pb-Mn-Ni-Ti-O System — Growth
and Investigation of Their Properties

August 2018, In book: Concept, Property and Application of Micro/Nanostructured Materials
Publisher: Nova Science Publishers, Editors: Jinjin Li and Sen Du.

V. Tomov, K. Buchkov, A. Galluzzi, K.Nenkov, M. Polichetti and S. Pace

Single crystals in the prospective multiferroic mixed valence (Mn3* /Mn**) novel system Pb-Mn-Ni-
Ti-O have been grown from high temperature solution. The new material is characterized by
pronounced layered structure, which gives rise to strong anisotropy on its properties. The
temperature and frequency dependences of dielectric properties have been investigated. The loss
tangent’ abnormal behavior between 180 and 220K along with the measured complex impedance
indicate relaxation process, attributed to small polaron hopping. Temperature dependent transport
measurements have been performed and the thermal activation energy has been estimated. The
multiferroic system Pbz (Mn7x-y Nix ,Tiy )O15 demonstrates sophisticated magnetic nature, which
has been investigated by means of DC magnetization and linear and non-linear (harmonic) AC
magnetic susceptibility. There is a strong anisotropic effect on the magnetic properties and complex

evolution from paramagnetic, short-range antiferromagnetic state, followed by global AF



ordering at 48K. Indications for spin canted effects and spin reorientation transitions at lower
temperatures have been observed as well. The high magnetic field experiments reveal a

metamagnetic behavior.

MyarugepouiHn MOHOKPHCTAIHMCHC CJIONCTA CTPYKTYpa B cuctemara Pb-Mn-Ni-Ti-O —
CHHTe3 M M3CJIe/IBaHe HA TeXHH CBONCTBA.

MoHoKpHCTanH che cMeceHa BanenTHocT (Mn®* /Mn**) B HoBara, noTennManHO-MyNTHhEPOUIHA
cuctema Pb-Mn-Ni-Ti-O ca cunTe3upanu Mo MeTo/ia Ha BUCOKOTEMITEPATyPHUTE Pa3TBOPH.
MarepuansT ce XapakTepu3nupa cbC CHIIHO IPOsIBEHA CIOMCTA CTPYKTYpa, KOETO BOJIU 10 BUCOKA
aHU30TPOTMSI HA HETOBUTE CBOMCTBA. M3ciieBaHa € 3aBUCUMOCTTA Ha JUEJIEKTPUYHUTE MY
CBOICTBaA OT TeMIIeparypa U 4ecToTa. AHOMAJIHOTO MIOBEJCHNE HAa TAHI'€HCA Ha 3aryouTe B
temneparypuus nHrepsan 180-220 K Hapen ¢ JaHHUTE OT U3MEPEHNs KOMIUIEKCEH UMIIEIAHC
TOBOPSIT 3a peslakCallMOHEH MpolLiec, AbKAIL Ce Ha TpeckadaHe Ha Majku nojapoHu. HampaBenu
ca TPaHCIIOPTHU MU3MEpPBaHUs BbB QYHKIUS OT TEMIIEpaTypa U € IpecMeTHaTa aKkTUBaIlIOHHATa
eHeprus. Myntudepoununara cucrema Pb-Mn-Ni-Ti-O gemMoHCTpHpa CII0KHO MarHUTHO
MIOBEJICHHE, KOETO € U3CIIEBAHO C MOCTOSIHHO I10JI€, KAKTO U C JMHEWHA U HeJIMHEIHa (XapMOHUYHA)
IIPOMEHJIMBA MarHUTHA Bb3NprueMuBOCT. HabmonaBa ce cuiiHa aHU30TPOINKs HA MAarHUTHUTE
CBOMCTBA U CJIO’KHA €BOJIFOLIUS — OT MapaMarHUT KbM ONHU3KO-NIOAPECH aHTU()EPOMarHuT u
nanedHo antTudepoMaruuTHo noapexaane mox 48 K. OcBeH ToBa ca HaOMOAaBaHU WHIAUKAIIAN 32
U3MECTBAHE HA CIIMHOBETE M PEOPUEHTALMS HA CIMHOBETE. EXCIIEpPUMEHTHUTE NIPU CUIIHO MarHUTHO

I10JIC TOBOPAT 3a METAMAariHuTHO IIOBCACHHC.

5. Raman Spectroscopy Investigation of the Polar Vibrational Modes in CuB204
February 2016, Journal of Physics Conference Series 682(1):012028
DOI: 10.1088/1742-6596/682/1/012028

V. Tomov, P. Rafailov, L. Yankova

We report results of polarized Raman spectroscopy of piezoelectric copper metaborate CuB204
(space group | 42d, Z = 12) in the range from 80 to 1300 cm™!. Due to the dense population of the
phonon spectra we carried out angular-dependent measurements by rotating the sample in different
crystallographic planes thus performing gradual transitions from one polarization configuration to
another. The different angular dependence of the scattering intensities of vibrational modes of
different symmetries allowed us to obtain Raman signal from some transversal optical (TO) modes
of E-symmetry and to demonstrate the single-mode behavior of the B 2 modes by means of

transition from TO character to longitudinal optical (LO) character of these phonons.



N3cnenane upe3 PamaHoBa cleKTPOCKONUS HA MOJASIpHUTE BUOpauuoHHu MoxoBe Ha CuB204
JloknaziBame pe3ynTaTv OT NoJsipu3upana PamManoBa CIEKTPOCKONUS Ha MTHE30 IEKTPUYHUS MEICH
metabopar CuB,Os (mpocTtpanctsena rpyna | 42d, Z = 12) mexay 80 to 1300 cm™!. ITopaau
TBBPZE I'bCTOTO 3acesiBaHe Ha ()OHOHHHUS CIIEKTHP, Ca HAIPAaBEHU W3MEPBAHUS, 3aBHCEIIH OT BI'bJIA,
KaTo mpo0ara e BppTSHA B PA3IMYHK KPUCTATIOTPadCKH paBHUHH — TaKa Ce TMOJIydaBa IOCTEeTIeHEeH
MPEXO]] MEXKAY ChCEIHU TOSAPU3ANMOHHNA KOH(GUTYpaiy. Pa3smuaHusST HHTCH3UTET HA
BHOPAIIMOHHUTE MOJIOBE TIPH Pa3JIMYHH BIVIM TI03BOJISBA J1a TIOYYUM PaMaHOB CHTHAI OT HIKOU
Hanpeunu ontuuHu (TO) monoBe ¢ E-cumerpus u 1a 1eMOHCTpHUpamMe €THOMOJIOBO MTOBEIEHUE Ha

B2 monoBete mpu npexoj OT HallpeyeH KbM HAJUThKEH XapakTep Ha Te3H (POHOHH.

6. Phonon and magnon Raman scattering in CuB20O4

September 2013, Physical Review B 88(9):094301,

DOI: 10.1103/PhysRevB.88.094301

V. G. lvanov, M. V. Abrashev, N. D. Todorov, V. Tomov, R. P. Nikolova, A. P. Litvinchuk, and M.
N. lliev

The Brillouin-zone-center phonons and two-magnon excitations in CuB204 are studied
experimentally by polarized Raman spectroscopy. Most of the expected modes are clearly
pronounced and their symmetry unambiguously identified from the polarization selection rules. The
experimentally observed transverse optical phonon frequencies are in good agreement with those
obtained by means of density functional theory. The two-magnon scattering band is centered at 82
cm ! and is clearly identified at temperatures below the Néel temperature Tn. The spectral shape of
the two-magnon band confirms the existing theoretical models of magnon dispersion in the
commensurate phase of CuB204 and suggests an exchange integral of J =33 cm —1 (48 K) between
the nearest-neighbor Cu(A) ions. The quantitative line-shape analysis of the two-magnon band
evidences for additional magnon self-energy contributions below the temperature T * of the

commensurate-to-incommensurate phase transition.

PamanoBo pa3ceiiBane Ha (¢poHonu u MarHoHu npu CuB20O4

C MoJIsIpu3rupaHa PamanoBa CIICKTPOCKOIINA Ca U3CIICABAHU CI)OHOHI/I OT LICHTHpPA HAa 30HATa Ha
EpI/IJ'IyeH " IBYy-MaroHOHHH B’b36y)K,[[aHI/I}I. IToBedeTo oYakBaHU MOJOBE Ca SICHO H3pPa3CHHu, a
CUMCTpHUATA UM — OIIPCACIICHA CAHO3HAYHO OT MOJLIPU3AIUOHHHUTC ITPpaBUJIa HA I/I360p.

EKCHepI/IMCHTaJIHO Ha6J'IIOIIaBaHI/ITC HalpCe4YHU OIITUYHHU (bOHOHHI/I 4e€CTOTHU Ca B Il06p0 CbIjiacue C



TEe3H, onpeaeseHn ot TeopusaTa Ha PyHKIMOHANIA HA IUTBTHOCTTA. MBUIIaTa HA TBYMAarHOHHO
pasceiiBane ce HaMupa Ha 82 cm ' U €IHO3HAYHO ONPE/ENEHa IPH TEMIIEPATYPH Mo Ta3u Ha Huiin
Tn. Criekrbpa Ha JByMarHOHHaTa MBHIIA OTBBPIKIAaBa CHIIECTBYBALUTE TECOPETHYHHN MOJIEIIHU 32
MarHoHHa JAMCIIEpCHUs Tpu KoMeHcypadmiHa (asza na CuB204 1 npennonara Hannuue Ha OOMEHEH
unterpan J =33 cm! (48 K) mexy Haii-6nmuskoctosmute meauu Cu(A) ionu. KonmuuecTBeHUT
aHanu3 Ha (popmara Ha JBYMAarHOHHATA JIMHUS CBUJIETEJICTBA 3a JOIBIHUTEICH IPUHOC HA
MarHOHHA €HEeprus MO TeMenparypara Ha (pa3oB mpexoa Mex1y KOMeHCypaOuiIHa u

MHKOMEHCypabuiHa ¢asa.

7. Gamma-ray induced effects in Sm-doped strontium borate glasses

January 2013, Bulgarian Chemical Communications 45:222-225

V. Marinova, V. Tomov, C. I. Chuang, Yih C. Lin, C. H. Lin, Y. F. Chao, Wu-Ching Chu, M.
Gospodinov, Ken'Y Hsu

Strontium borate glasses SrB4O7 doped with Sm ions are prepared by conventional melting-
quenching method. The effect of gamma-ray irradiation on the glass samples is studied by
measuring the absorption spectra and the photoluminescence. It is found that the gamma-ray
irradiation caused partial reduction of Sm®* to Sm?* at room temperature. Borate framework is

supposed to be responsible for the Sm** to Sm?* transition.

EdexTn, uHAyUMpaHu OT ramMa-jJb4eHre B CTPOHLIMEBO-00PATHHU CTHKJIA, JOTHPAHH ChC

camapuii

CrponuueBo-6oparuu crbkiia SrB4O7, noTupanu cbe caMapii, ca IpUroTBEHU Ype3 METo/1a Ha
pasramnsine u oxjaxaaHe. Edekra Ha rama-TpueHUETO BbPXY MPOOUTE € U3CIIeABAH Ype3 U3MEpPBaHe
Ha CIEKTPUTE Ha MOTTbLIaHe U (POTOTYMUHECIICHIIHS. YCTAaHOBEHO €, Ye rama-Ib4eHUeTOo
NpeIU3BUKBA YacTHUeH Tpexoq oT Sm>" to Sm?* npu craiina Temneparypa. Tosu mpexos BEpOsSTHO

CC ABJI’KHM Ha 60paTHaTa MpEeKa.

8. Growth, characterization and dielectric properties of BiMn4Osg single crystals
January 2011, Comptes rendus de I'Académie bulgare des sciences: sciences mathématiques et
naturelles 64(7):931-936

T 1 Milenov, G. V. Avdeev, P M Rafailov, V Tomov, S. Dobreva, L.Yankova, M. \eleva, D.

Toncheva



Crystals of Bi.MnsO1o were successfully grown by the high temperature solution growth method.
Their composition was determined by energy dispersive X-ray analysis. The phase homogeneity of
the grown crystals was examined and confirmed by powder X-ray phase analysis. The structure was
indexed in the orthorhombic space group Pbam (No 55) with lattice parameters a = 7.5353(21) A,

b =8.524(3) A and ¢ = 5.7616(22) A. AC-conductivity measurements were carried out on the
Bi2Mn4 Oq0 crystals in the temperature range 290—600 K for frequencies between 10 and 1000 kHz.

The obtained results show evidence for relaxor behaviour of this material.

H3paCTBaHe, CTPYKTYPHO U3CJI€ABAHE U NUCJICKTPUYHHA XaPAKTEPUCTUKH HA MOHOKPUCTAJIA

BioMn4O1p

Bi2Mn4O10 kprcTaaH ca U3pacTHATH YCIENTHO Ype3 METO/Ia Ha H3PACTBAHE OT
BHCOKOTEMIIEpaTypHH pa3TBopH. ChCTaBa € OINpeIeieH Uupe3 pa3ceiiBaHe Ha PEHTICHOBH JTbUH.
dazoBara XOMOTEHHOCT € U3CJIe/IBaHa C pEHTTeHOBA npaxoBa audpakmnus. CTpyKkTypara Ha
KpUCTAJIUTE € WHJEKCHpaHa B OpTOpoMOMYHAaTa mpocTpancTBeHa rpyna Pbam (No 55), a
rapaMeTpuTe Ha pelieTKara ca:

a=7.5353(21) A, b=28.524(3) A and ¢ = 5.7616(22) A. TIpoMeHTHBOTOKOBATA MPOBOAMMOCT Ha
kpuctanute oT Bi2MnsO1o e nzcneaana B remmneparypuus uatepsai 290-600 K npu yectotn
Mexay 10 u 1000 kHz. Criopen mosrydeHUTe pe3y/TaTu Marepraiia Moe Jia Oblie XapakTepu3upaH

KaTo peiakcop.

9. Growth and characterization of PbsNi1sMnss01s5 single crystal

April 2011, Journal of Physics Condensed Matter 23(15)

DOI: 10.1088/0953-8984/23/15/156001

T | Milenov, P M Rafailov, V Tomov, R P Nikolova, V Skumryev, J M lgartua, G Madariaga,G A
Lopez, E Iturbe-Zabalo and M M Gospodinov

Single crystals of the mixed valence compound PbsNiz5sMnss015 were successfully grown.
Polarized Raman spectroscopy revealed that they belong to the point group D 3d , in accordance
with single-crystal x-ray diffraction data which were refined within the trigonal space group

P 3¢ 1 (No. 165), with lattice parametersa=9.941 (3) Aand ¢ = 13.543 (3) A. Strongly

anisotropic long range magnetic order is established below 65 K.

H3pacTBane u cBoiictBa Ha MoHOKpHcTaIH PbaNiisMnss5015



CunTtesupanu ca PbsNizsMns 5015 MOHOKpHCTAIM OT MaTepHall ChC cMeceHa BajieHTHOCT. C
noJsipu3rpana PamanoBa CrieKTpOCKOIUS € oTpesiesieHa MPUHAUICKHOCTTa UM KbM TOYKOBATa
rpyna D 3d. ToBa e B cbIiacue ¢ pe3ylntaTute OT MOHOKPUCTAIHA PEHTTEHOBA AU PaKIUs —
TpuroHaigHa npocrpancteeHa rpyna P 3¢ 1 (No. 165) ¢ napamerpu Ha eleMEeHTapHaTa KJIeTKa
a=9.941(3)Aandc=13.543(3) A. Ilox 65K e ycTaHOBEHO CHJIHO AHM30TPOIHO JAJIEYHO

MardMTHO MOAPCIKIAAHC.

10. Mixed state properties of iron based Fe(Se, Te) superconductor fabricated by Bridgman
and by self-flux methods

June 2018, Journal of Applied Physics 123(23):233904

DOI: 10.1063/1.5032202

A. Galluzzi, K. Buchkov, V. Tomov, E. Nazarova, D. Kovacheva, A. Leo, G. Grimaldi, S. Pace and
M. Polichetti

The superconducting and transport properties of iron based Fe(Se,Te) superconductors fabricated by
means of Bridgman (B) and Self-flux (S) methods, have been compared using dc Magnetization
(M) measurements as a function of temperature (T) and magnetic field (H). The M(T)
measurements performed in Zero Field Cooling-Field Cooling conditions show higher critical
temperature T ¢ and lower spurious magnetic background signal for the sample (B) rather

than the (S) one. By considering the superconducting M(H) hysteresis loops, the sample (B) shows
a stronger superconducting signal together with the presence of a peak effect. The field and
temperature dependence of the critical current densities Jc are extracted from the superconducting
hysteresis loops M(H) within the Bean critical state model, and the high ratio between the J8 and
the J5; , relative to the two typologies of samples, together with the comparison between their upper
critical field Hez , point out that the Bridgman method is most attractive for exploiting

superconducting and transport properties in view of applications

CBoiicTBa Ha Ke1s30-0a3upanus cBpbxnposoauuk Fe(Se,Te), cuHTe3upan mo Mmeron Ha

BpumzkMaH M 0T BUCOKOTEMIIEPATYPEH Pa3TBOP

C nomorrra Ha dC-MarHUTHU U3MEpBaHUs BbB (PyHKLUA OT Temiieparypata (T) u MarHUTHOTO MoJe
(H) ca nzcnenBanu U cpaBHEHU CBPBXIPOBOJAIINTE U TPAHCIIOPTHUTE CBOMCTBA HA XKEJA30-
6azupanus cBpbxnpoBoaHuk Fe(Se,Te), cunte3upan no aBa HaunHa: Metox Ha bpumkman (B) u ot

BHUCOKOTEMIIEpaTypeH pa3TBop (S). MaruutHuTe u3mepBanusi, nposeneHu B yciaosus ZFC-FC,



MOKa3BaT MO-BUCOKA KpUTHYHA TeMiieparypa Te¢, KakTo U mo-HUCHK (POHOB MarHUTEH CUTHAJ 32
npobara (B). [Ipu ananu3 Ha Xxucrepesuca B CBPbXIIPOBOISIIO ChCTOSIHUE CE OKa3Ba, 4e mpobdaTa
(B) maBa mo-cumieH curHal, KakTo U Mo-u3siBeH MUK-ePekT. OT TO3M XUCTEPE3NC € yCTAaHOBEHA
IUTBTHOCTTA HAa KPUTUYHHUSA TOK Jc KaTo (DYHKIMS OT TeMIeparypara U IoJIETO ChITIACHO MOJIeNia Ha
Bean 3a KpUTHYHOTO ChCTOAHHE. Brcokara cToiiHocT Ha otHomenuero J& u JS. u cpasusaBaneto Ha
TOPHUTE KPUTUYHU TI0JIETA 32 KPUCTAIUTE, CHHTE3UPAHH I10 ABaTa METO/A, BOAAT 10 U3BOJA Y€
MeToa Ha bpupkMaH e mo-noaxoas1 3a CHHTE3 Ha MaTeprally ¢ 100py CBPBXIPOBOIAIIN U

TPAHCIIOPTHU CBOMCTBA C MPHUJIOKHA CTOMHOCT.

11. Pinning energy and anisotropy properties of a Fe(Se,Te) iron based superconductor
March 2019, Nanotechnology 30(25)

DOI: 10.1088/1361-6528/ab0c23

A. Galluzzi, K. Buchkov, E. Nazarova, V. Tomov, G.Grimaldi, A. Leo, S. Pace and M. Polichetti

The measurements of DC magnetization M as a function of magnetic field (H) and time (t) have
been performed in order to study the superconducting and pinning properties of a Fe(Se,Te) iron
based superconductor fabricated by means of the Bridgman technique. By performing the
superconducting hysteresis loops M(H) at different temperatures in the case of perpendicular and
parallel field, the critical current density Jc (H) has been extracted in the framework of the Bean
critical state model for both configurations. Jc (H) curves have shown the presence of the second
magnetization peak effect that causes an anomalous increase in the field dependence of the critical
current density. In order to obtain the J ¢ anisotropy of the sample, we have performed the ratio
between perpendicular and parallel critical current density values and compared its values with the

literature ones.

The information regarding the pinning energy U have been extracted by means of the relaxation of
the irreversible magnetization M(t) in the case Hl|c. In particular, performing relaxation
measurements at different temperatures and magnetic fields, the temperature dependence of the
pinning energy U(T) at different magnetic fields has been obtained showing an anomalous
temperature scaling of the curves. The presence of a maximum in the U(T) curves suggests a
pinning crossover at a given field and temperature Her (T). The Her (T) values have been fitted with
the equation Hcr (T) = Hcr (0) (1-T/T*)" whose results confirm the correlation between the

elastic/plastic crossover and the end of the peak effect phenomenon.

IInHuHr-eHeprust 1 aHU30TPOITHM CBONCTBA HA KeJisi30-0asupan cBpbxnposoauuk Fe(Se,Te)



[TocpenctBom DC-MarHuTHH U3MepBaHus KaTo (GYHKIHs Ha MarHUTHOTO nojie (M) u Bpemero (t) ca
M3CJIEIBAHN CBPBXIIPOBOISIINTE M MMHUHT CBOMCTBATa Ha JKENA30-0a3UpaHusi CBPbXIIPOBOIHUK
Fe(Se,Te), cunre3upan no metona Ha bpumkman. M3non3sanu ca xucrepesucu M(H) B
CBPBXITPOBOJISAIIO ChCTOSTHUE MIPU PA3ITUYHU TEMIIEPATYpH, 32 JIa CE YCTAHOBAT KPUTUIHHUTE
wIbTHOCTU Ha ToKa J¢ (H) chrimacHo Monena Ha Bean 3a KpUTHYHOTO CHCTOSIHUE B CITy4anuTe Ha
HaIpEeYyHO W HA/UTHKHO MarHUTHO ToJie. AHM30TponHATa Ha JC € u3cieBana, KaTo € CPaBHEHO
CHOTHOIIIEHUETO HAa CTOMHOCTHTE Ha JC 32 HAPEYHO U HAUTHKHO TT0JI€ C U3BECTHUTE OT
muteparypara. OT penakcanusaTa Ha HEOOpaTUMOTO HaMarHUTBaHe M(t) B cirydail Ha HaTBKHO
nosie JC e u3BiedeHa nHpopmarus 3a nuHUHT-eHeprusaTa U. [locpencTBom penakcarmoHH!
M3MEpPBaHUs, IPOBE/ICHU MPU PA3IMYHU TEMIIEPATYpH U MarHUTHU TI0JIETA, € YCTAaHOBEHA
TeMIIepaTypHarTa 3aBUCUMOCT Ha MuHUHT-eHeprusaTa U(T), KoATO MpH pa3niuyHu NoJieTa uMa
aHOMAaJTHU TeMnepaTypHu kpuBh. Hammuanero Ha makcumyM B U(T) kpuBHTE Tpennosnara MAHWHT -
KpOCOyBBp 3a faaaeno noiue/remneparypa Her (T). CtoitHOCTHTE ca U3MOJI3BaHU B yPaBHEHUETO
Hcr (T) = Her (0) (1-T/T*)", a pe3yntarute MOTBBPKIaBaT BPb3KaTa MEX/Iy €I1aCTHUEH U

ITAaCTUYCH KPOCOYBLP U JIMIICA Ha HI/IK-e(i)eKT.

12. Transport properties and high upper critical field of a Fe(Se, Te) iron based
superconductor

July 2019, The European Physical Journal Special Topics 228(3):725-731

DOI: 10.1140/epjst/e2019-800169-5

A. Galluzzi, K. Buchkov, E. Nazarova, V. Tomov, G.Grimaldi, A. Leo, S. Pace and M. Polichetti

A Fe(Se,Te) iron based crystal has been studied using dc magnetic measurements as a function of
temperature (T) and magnetic field (H). Firstly, the field dependence of the critical current density
Jc has been extracted from the superconducting hysteresis loops m(H) at different temperatures
within the Bean critical state model in order to obtain information about the transport properties of
the sample. The knowledge of the critical current density values as a function of the field for
temperatures near Tc allow us to determine the values and the behavior of the irreversibility field H
irr as a function of the temperature. On the other hand, by means of Zero Field Cooling m(T)
measurements at different magnetic fields, the upper critical field H c2 has been evaluated as a
function of the temperature. Both irreversibility field and upper critical field have been fitted by the
equation H(T) = H(0) (1-T/T*)" allowing us to obtain the values of the related parameters which are

in good agreement with those found in literature for the IBS systems.
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TpaHcnopTHH CBOICTBA M TOPHO KPUTHYHO I0J1€ IIPH KeJI130-0a3MpaH CBPbXIIPOBOIHUK

Fe(Se,Te)

Kensazo-6azupan cepbxnpoBoaauk Fe(Se,Te) e uzcnensan upe3 DC-MarHuTHU U3MEpBaHUS B
3aBucumoct ot temneparypara (T) u marautHOTO nosie (H). 3a na ObaT U3ydeHU TPaHCIIOPTHUTE
CBOMCTBa Ha MMpo0ara, € ycTaHOBEHA 3aBUCHMOCTTA HAa KPUTHYHATA ITBTHOCT Ha TOKa J. cropen
MoJIeNia 32 KPUTHYHO ChCTOSIHE HAa BUIH OT XHCTEpe3rc B CBPBXIIPOBOISIIO ChCTOSHHIE IPU
paznmuyHu Temneparypu. MHpopmanusaTa 3a KpUTHYHATA TUTBTHOCT HA TOKa KaTo (DYHKITUS OT
MIOJIETO TIPH TEMIIepaTypH OM3KH TO 7¢ IO3BOJISBAT OTIPEENITHETO HA CTOWHOCTUTE U TIOBEICHUETO
Ha nosieto Ha HeoOparumocT Hir kato dyHKIMs OT Temneparypara. OT apyra cTpaHa, upes
M3MEpPBaHUS B T0JIETA C Pa3uyHa roJIEMUHA B YCIIOBHS Ha oxJaxaaHe npu HysneBo noje (ZFC), e
YCTaHOBEHO TOPHOTO KpUTUYHO 1oJie He2 kato ¢yHKIus ot Temmneparypara. Kakto moiero Ha
HEOOpaTUMOCT, Taka U TOPHOTO KPUTHYHO ToJie ca putHartu ¢ ypasHenuero H(T) = H(0) (1-T/T*)",
KaTo TOBA MO3BOJIsIBA J1a OBJIAaT OTYYEHU CTOMHOCTHTE Ha OCTAHAIMTE TTapaMeTPH, KOUTO ca B

J00po chINIacHe ¢ U3BECTHUTE OT JINTEpaTypara.

13. Second Magnetization Peak Effect in a Fe(Se, Te) iron based superconductor

May 2019, Journal of Physics Conference Series 1226:012012

DOI: 10.1088/1742-6596/1226/1/012012

A. Galluzzi, K. Buchkov, V. Tomov, E. Nazarova, G.Grimaldi, A. Leo, S. Pace, A. Nigro and M.
Polichetti

The iron based superconductor FeSeosTeos has been investigated by means of DC

magnetic measurements as a function of magnetic field (H). By considering the
superconducting m(H) hysteresis loops at different temperatures, the sample shows a strong
superconducting signal together with the presence of a peak effect that causes an anomalous
increase in the field dependence of the critical current density Jc (H). The presence of the peak
effect has been studied by means of the Jc (T) obtained at different magnetic fields starting from
the J ¢ (H) curves. The analysis of the Jc (T) curves shows that the peak effect is due to a

crossover from a weak pinning regime to a strong pinning regime.

EdexT Ha BTOPH NHK HAa HAMarHUTBaHe NPH kKeJaA30-0a3upaH cBpbXNpoBoaHUK Fe(Se,Te)
Kensz0-6a3upanust cBpbxnpoBoaHUK FeSeosTeose n3ciaenBan ¢ moMoITa Ha MAarHUTHU
M3MEpBaHUs B MOCTOSHHO MoJie Karo (yHkuus Ha MarauTHOTO nose (H). Ilpu uscnenBane Ha

XHUCTCPE3UCUTC HAa CBPBXIIPOBOAHUKA IIPU PaA3JIMYHA TEMIICPATYPHU CC HaGJ’IIO)IaBa CHUJICH



CBPBXIIPOBOJISAIL CUT'HAJT OT Ipodara 3aeIHO ¢ MUK-(EKT, KOITO BOIM JO aHOMAJIHO HapacTBaHE Ha
KpuTHyHarta mIbTHOCT Ha Toka Jc (H). [Muk-edexra e nzcnensan nocpencrsom Je (T) usmepsanus,
MOJTy4EHH TP Pa3IMYHU MarHUTHU 1iosieta. AHanu3bT Ha kpuBHTe Jc (T) moka3zBam ue nuk-edexra

CC IBJDKH Ha TPEMUHABAHCTO OT cJ1ab MMHUHT PEXKHUM KbM CUJICH ITMHUHT PEIKUM.

14. Crystals growth of topological insulators in Biz(SexTe1-x)3 System
January 2013, Bulgarian Chemical Communications 45:226-228
D. Dimitrov, V. Marinova, V. Tomov, P. Rafailov and M. Gospodinov

Topological insulator single crystals of Bix(SexTe1x)3 and doped Bi>Ses are prepared by modified
Bridgman technique. The crystals are with high quality as confirmed by XRD and Raman
spectroscopy measurements. These new materials are of great importance for the research on

devices and technologies based on topological insulator properties.

M3pacrBaHe HAa KPUCTAJHH TONOJOTHYHHU U30/1aTOPH B cucremMara Bix(SexTeix)s
MOHOKPHCTAITHU TOTIOJIOTHYHU H30J1aTOpH B cucTeMara Biz(SexTe1-x)3, KakTo u OT Jotupan Biz
Sesz ca cuHTe3upaHu 1Mo MoauduIupanus Meto ] Ha bpumkman. BUCOKOTO KauecTBO Ha KPUCTAIIUTE
€ TOTBBPACHO OT U3MEPBaHUs ¢ peHTTeHOBa Audpakuus u PamanoBa criekrpockomnusi. Te3u HOBU
MaTepuail UMarT rojisiMo 3Ha4eHHE MPU Ch3/1aBaHETO HA YCTPONCTBA M TEXHOJIOTHH, Oa3upaHu Ha

TOIIOJIOTHYHUTC U30JIaTOPH.

15. Evidence of pinning crossover and the role of twin boundaries in the peak effect in FeSeTe
iron based superconductor

November 2017, Superconductor Science and Technology 31(1)

DOI: 10.1088/1361-6668/aa9802

A. Galluzzi, K. Buchkov, V. Tomov, E. Nazarova, D. Kovacheva, A. Leo, G. Grimaldi, A. Nigro, S.
Pace and M. Polichetti

The correlation between the appearance of a peak effect in the critical current of a superconducting
material and the presence of twin boundaries, involved in a crossover between different pinning
regimes, is investigated by means of DC magnetic measurements on a FeSeo s Teos crystal. In
particular, analyzing the temperature dependence of the critical current density J (T) for different
magnetic fields H, a crossover from a weak pinning regime to a strong pinning regime has been
revealed. The analysis shows that this crossover can be ascribed to the presence of twin boundaries

defects inside the sample, and has been associated to the onset of the peak effect and interpreted as



the start of the vortex dynamic processes responsible of the increase of J ¢ with the field. On the
basis of the information extracted by our analysis, a plausible dynamic scenario involving the
contribution of the different pinning regimes depending on the applied field has been described, and
the relative H(T) vortex phase diagram has been determined. Moreover, in our description, the peak
in the Jc (H) curve corresponds to the end of the processes leading to the peak effect and it is
confirmed to be related to the transition from an elastic to a plastic deformation regime in the vortex
lattice.

I[amm 34 IMHUHI-KPOCOYBLP U POJATA HA TPAHUIUTE MEKTY JIBOFIH]/III]/ITC 3a l'lI/IK-eq)eKTa
NpH xeJisA30-0asupanus cepbxnposoaHuk Fe(Se,Te)

Upes uzmepBanus Ha FeSeos Teo s kprcTan B MOCTOSHHO MarHUTHO TOJI€ € U3CJIeIBaHa Bph3KaTa
MCXKY IMosiBaTa Ha HI/IK-G(i)eKT I KPUTUYIHHWA TOK Ha CBPBXIPOBOAANT MAaTEpHAT U HAJTUIHUETO HaA
IrpaHuIUd MEKOY }IBOP'IHPIHI/I, KOUTO CE€ HaMHUpaT B CbCTOAHUC HA MMPEXOA MEKAY Pa3JIMYHU ITMHUHT
pexxumu. [Ipu aHanu3 Ha TeMneparypHara 3aBUCUMOCT Ha KpuTuuHus ToK Jc (T) B pazmuunu
MmarautHy nosera H e OTKPHUT IMPEXOT OT cJ1a0 KbM CHJIEH NUHUHT PEXKUM. CHOpC}I TO3U aHAJIN3
Mpexo/ia MOKe J1a ce AbJDKU Ha HAIMYUETO Ha Je(heKTH IPpHU IPaHUIINTE MEXTy JTBOMHHUIINTE B
nmpo0ara u ce CBbP3Ba C HavajiHa MosiBa Ha MUK eekT. IHTepripeTanusTa € 3apakaHe Ha
JTUHAMAYHU BUXPOBH MPOIECH, KOUTO BOJAT JI0 HapacTBaHeTo Ha Jc ¢ mosneto. Ha 6a3ara Ha Hamms
aHaIM3 € pa3pab0TeH Bb3MOKEH CIICHAPU, CTTOPE] KOWUTO MMPUHOCUTE HA PAa3IMUYHUTE THHUHT -
PEXKUMHU 3aBUCAT OT CHUJIaTa HaA II0JICTO, KaTO € OIMPEACIICHAa OTHOCUTCIIHATA BUXPOBa q)a3013a
muarpama H(T). Cnopen HammsT crieHapuii nmuka Ha kpuBara Jc (H) otroBapst Ha nmpuKIIro4BaHETO
Ha IMpOoUECUTE, KOUTO BOIAT 10 HI/IK-C(l)eKT, KaTo € J0Ka3aHo, 4e TOM € CBBbpP3aH C IIPEXoJa OT PCIKUM

Ha C¢JIaCTUYHa KbM PCIKHUM Ha IIJIACTUYHA z[eQ)opMaumI BbB BUXpOBaATa pCIICTKA.

16. Core excited states in the A=51 mirror nuclei

November 2004, Physical Review C 70(5):57305

DOI: 10.1103/PhysRevC.70.057305

J. Ekman, C. Andreoiu, C. Fahlander, M. N. Mineva, D. Rudolph, M. A. Bentley, S. J.
Williams, R. J. Charity, E. Ideguchi, W. Reviol, D. G. Sarantites, V. Tomov, R. M. Clark, M.
Cromaz, P. Fallon, A. O. Macchiavelli, M. P. Carpenter and D. Seweryniak

Three previously unknown high-energy y-ray transitions between 4.2 and 5.4 MeV were identified
in the T z=—1/ 2 nucleus °'Fe following the fusion-evaporation reaction 32S(?8Si, 2a 1n)°'Fe.
These transitions represent decays of core excited states. The y-rays were detected in the Ge

detector array Gammasphere combined with the neutron detector system Neutron Shell and the



charged-particle array Microball. The three transitions are related to the mirror transitions in the T z
=+ 1/2 nucleus ®Mn, and the resulting mirror-energy difference diagram is discussed with

predictions from large-scale shell-model calculations.

B130ynenn HuUBa B oriieaaHoOTO siApo A=51

Tpu HEU3BECTHU /10 MOMEHTA BUCOKO-EHEPI€TUYHM rama npexoau Mmexay 4.2 u 5.4 MeV ca
unentuduimpanu B Tz =—1/2 aapo Ha *'Fe B cliecTBUE Ha M3NAPSABAHETO HA YACTUIH CIE]
peaknus Ha ciuBare S2S(%8Si, 2a. 1n)®'Fe. Tesu mpexoau ca B pe3ylTar Ha pasnaj Ha OCHOBHH
BB30yJIeH! cheTOsAHU. ['ama ipunte ca aerektupanu B Gammasphere - cuctemara ¢ Ge 1eTeKTopH,
KOSATO € KOMOMHUpaHa cbe cucteMara 3a HeyrpoHu Neutron Shell u Microball — nerekrop 3a
3apelieHH YacTUIM. TpUTe HOBH MPEXo/ia ca CBbP3aHy ¢ omienaHu npexoau B Tz =+ 1/2 sapo
>Mn. [Tosnyyenara quarpaMa Ha pas3jIMKHTE B OIVIEAATHUTE EHEPTHU € JUCKYTHPaHa OT IiefHa

TOYKa Ha CIOUCTUA MOACII.

17. Highly deformed band structure in *>'Co

March 2002, Physical Review C 66(5)

DOI: 10.1103/PhysRevC.65.034309

W. Reviol, D. G. Sarantites, R. J. Charity, V. Tomov, J. Dobaczewski, D. Rudolph, R. M. Clark, M.
Cromaz, P. Fallon, A. O. Macchiavelli, M. P. Carpenterand and D. Seweryniak

Rotational bands have been found in >’Co using the 28 Si(2S,3p) reaction at 130 MeV. The bands,
extending the mass 60 region of large deformation down to Z=27, are signature-partner sequences.
Their quadrupole moments are similar to those of bands in the neighboring nuclei. The features of
the new bands are described by Skyrme Hartree-Fock calculations favoring a configuration
assignment with one neutron and one proton excited in the respective 1go. intruder orbital. An
attempt to describe the magnetic (M 1) properties of the signature-partner structure is also

presented.

Cuino ae)opMHPAHH POTANMOHHH HBHIH ipH °'CO

B pesynrar Ha peakius 28 Si(*?S,3p), 130 MeV, ca oTkpuTH poTanuoHHu usuiy B °'Co. Vpuiure,
HaMHpamm ce B o0mact ¢ MacoBo uncio 60 u Z Hax 27, ca XapaKTepHHU C TOBA, Y€ KBAJPYIIOIHUTE
UM MOMEHTH ca MOJOOHM Ha KBaJIPYMOJIHUTE MOMEHTH OT UBUIU HA ChbCEAHU sipa. Te3u
ocobeHocTH ce onucpar ¢ Mmojena Ha Skyrme Hartree-Fock, pa3mexnaiiku koHpHUTypaus ¢
BB30YJICHU IPOTOH U HEYTPOH B opOuTan 1gyp. IIpeacTaBeH e v ONUT 3a ONMMCAHUE HA MATHUTHUTE

(M1) xapakTeprCTHKHN Ha TaKOBa CHCEIHO SAPO.



18. Rotational bands near °®Ni

Rotational bands have been found in °’Co and *’Ni, using Gammasphere in conjunction
with the Microball and 30 neutron detectors. The bands in °'Co, extending the mass 60

region of deformation down to Z = 27, are signature partner sequences. The quadrupole
moments and dynamic moments of inertia of the new bands in both nuclei are similar to
those of rotational sequences in the neighboring nuclei. The high-spin structure of °’Co

is compared with Skyrme Hartree-Fock calculations.

PoranmoHHM UBMIIH 0K0JI0 56Ni

C nomomira Ha Gammasphere, Microball u 30 HeyTpoHHU JIeTeKTOpa ca OTKPUTH POTALUOHHU
uBUIH B siapata °'Co u °'Ni. Mumure B °'Co, HaMupaiy B 061acT ¢ MacoBo uncio 60 u Z nan 27,
ca HOHO6HI/I Ha MBHUIW Ha CHCCIHU dapa. KBa)IpyrIOJ'IHI/ITe U TUHAMWYHUTE NHEPIIUOHHU MOMCHTH
Ha TC3W HOBU MBUIU U B IBETC A/pa Ca HO)IO6HI/I Ha pOTalMOHHH MBUIH B CbCCOHU Apa.

BucoxocniHoOBaTa CTpyKTypa Ha °'Co e cpaBHEHa ¢ TEOpEeTHUHHs Mojien Ha XapTpHu-Dok.
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