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Glass formation in the MoO3-Nd,03-La,03-B,03 system

L. Aleksandrov, R. lordanova, Y. Dimitriev

In M0oO3-Nd,03-B,03; and MoO3-Nd,0O3-La,03-B,03 systems, glasses were obtained in the
region between 20 and 30 mol% Ln,O3. A liquid-phase separation region was observed near the
MoO3-B,03 side up to 20 mol% Ln,O3 (La, Nd). The amorphous phases were characterized by
X-ray diffraction (XRD), differential thermal analysis (DTA), UV-VIS and infrared spectroscopy
(IR). According to DTA data B,O3-rich glasses are stable up to 630 °C while glasses rich in
MoO:; are stable up to 430 °C. The glasses are transparent in the visible region. Structural models
for the glasses network were suggested on the basis of IR spectral investigations. It was
established that BO3 (1380 cm™), BO4 (1100-950 cm™) and MoO, (860 cm™) groups build up the
glass network. MoOg units (band at 880 cm™) together with BOs units participate in the formation
of the glass network with a high MoOj3 content (80—-90 mol%).

Crbrii0o06pasyBane B cucremata M0O3—Nd,03-La,03-B,03
JI. Anexcannpos, P. Mopaanosa, 5. Jumutpues

[Monyyenn ca ctekia B cucremute MO00O3—Nd;03-B;03 u MoO3—Nd,O3-La,03-B,03; B
uHTepBasa Mexxay 20 u 30 mon.% LnyOs. Obnact Ha TeuHO-(pa30BO pa3ciiosiBaHe ce HabI0JaBa B
omuszoct g0 cuctemata Mo0O3-B,03 cwc chappikanne Ha Ln,Oz mo 20 mol% (La, Nd).
Amop¢duute ¢aszu ce oxapakrepusupaHu ¢ peHTreHoBa audpakuus (XRD), nudepennumanto
tepmuueH aHanu3 (DTA), UV-VIS u undpavepsena cnexkrpockonuu (IR). Crnopen nanaute ot
DTA ananusa crbkiata, 6oratu Ha B,Os, ca cradbunau 10 630 °C, mokaTo cThKIara, 6oratd Ha
MoOs3, ca crabumau 10 430 °C. CTbKiiaTa ca Ipo3payHy U IPONYCKIMBH BLB BUAUMATA 00JIACT.
[Ipemoxenn ca CTPYKTYypHH Mojzenu 3a amop(dHaTa Mpexa Ha CThKIaTa Bb3 OCcHOBa Ha IR
CIIEKTPAIHUTE W3CIeABaHms. Y CTaHOBEHO e, ye rpymute BO3 (1380 cm™), BO,4 (1100-950 cm™)

1 MoO, (860 Cm'l) U3rpaxaar crbkieHara mpexa. MoQOg equanmm (uBumara npua 880 crn'l)



3a€IHO C B03 CAMHUIUTE Yy4dacTBaT BbBHB (bOpMI/IpaHeTO Ha CTBbKJICHATa MpCKa C BHCOKO

chabpxanne Ha MoO3 (80—90 mol%).

Boromolybdate glasses containing rare earth oxides
Y. Dimitriev, R. lordanova, L. Aleksandrov, K. L. Kostov

Glasses in the MoO3-La,03-B,03; and MoO3—Nd,03-B,03 systems were obtained between 20
and 40 mol% Ln,O3; (Ln=La, Nd). A liquid phase separation region was observed near the
MoO3;-B,03 side for compositions containing below 20 mol% Ln,Os. New original glasses
containing between 45 and 70 mol% ZnO were prepared in the MoO3-Zn0O-B,03 system. The
amorphous phases were characterized by x-ray diffraction (XRD), differential thermal analysis
(DTA), UV-VIS, infrared spectroscopy (IR), x-ray photoelectron spectroscopy (XPS) and
scanning electron microscopy (SEM). According to the DTA data, the thermal stability
drastically decreased in glasses with a high MoO3 content. Most of the glasses were transparent
in the visible region. Structural models of the glass networks are suggested on the basis of IR and
XPS spectroscopic studies. It was established that BO; (1380 cm™) and BO4 (1100-950 cm ™)
units and isolated MoO4 (870-840 cm ™) groups build up the borate glass network, while MoOg
units (band at 880 cm™*) form the molybdate glass network for compositions with a high MoOs
content (80-90 mol%). Different types of microheterogeneities in the range of stable liquid phase
separation were determined. The reason for the immiscibility was explained by the low tendency

to generate mixed Mo—O-B bonds at the expense of B-O-B and Mo—-O-Mo bridges.
Bopomou0aaTHH CTBKIIA ChABPKALIN PEIKO3¢MHH HOHO
1. lumutpues, P. Hopaanosa, JI. Anexcanapos, K. JI. Kocros

[Monyyenn ca crbhkina B cucremure MoOs3—La,03-B,03 u  MoO3-Nd,03-B,03, karo
ChJIbpKaHUETO Ha JaHTaHuj Bapupa Mexay 20 u 40 mol% Ln,O3; (Ln = La, Nd). O6mact Ha
pascnosiBane ce HabmonaBa 61130 10 MoOs—B,03 3a cberaBu, chabpikamu o 20 mol% Ln,Os.
B cucremata MoO3—Zn0O-B,03 6sixa mosydeHn HOBU OPUTHHATHH CTHKIA, ChABPIKALIUA MEXKITY
45 u 70 mol% ZnO. AmopdHuuTe a3zu ca oxapakTepuzupanu ¢ peHTreHosa nudpakuus (XRD),

mudepernuanno tepmuueH axanu3 (DTA), UV-VIS u undpauepsena (IR) cmexrpockomnuu,
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peHtreHoBa ¢oroenekTpoHHa crnekTpockonus (XPS) u ckaHupamia eleKTpOHHa MHUKPOCKOIHS
(SEM). Cnopen npannute or DTA ananm3za, TepMuyHaTta cTaOMIIHOCT IPAacTHYHO HaMalsBa B
CTBKJIaTa C BHUCOKO Cchabpkanue Ha MoOs. IloBeueTo cThKIIa ce XapakTepusupaT ¢ 1o0pa
MIPOIYCKJIMBOCT BbB BuUAuMaTa oOnact. [IpeasokeHH ca CTPYKTypHH MOJEIU Ha aMOppHUTE
MpexH Bb3 ocHoBa Ha IR u XPS crmekrpockorncku u3cieaBanus. YcraHoBeHo e, ue BO3 (1380
cm ) u BO4 (1100-950 cm ™) exuanim u uzomupanu MoOy rpymu (870-840 cm™) msrpaxar
GopaTHHTE CTHKIA, 10kaTo MoOg exuuumu (nBuiara npu 880 cm™) msrpaxiar mpekara Ha
CTBKJIaTa ¢ BHCOKO Chabpikanue Ha MoOsz (80-90 mol%). Onpenenenu ca pa3idvHd BHUIOBE
MUKpPOXETEPOre€HHOCTH B JAMalna3oHa Ha CTaOWIHO TeyHO-(a3oBO paszciosiBaHe. [IpuumnHara 3a
HECMECBAaEMOCTTa ce O0SICHSBA C HUCKATa TEHACHIUS 3a TeHEpUPaHe Ha CMECEHH BPBH3KH OT TUIIA

Mo-O 3a cmetka Ha B-O-B 1 M0-O-Mo0 MocTOBU BpB3KH.

Structure study of MoO3;-Zn0O-B,03 glasses by Raman spectroscopy and formation of a-
ZnMoQO, nanocrystals

L. Aleksandrov, T. Komatsu, R. lordanova, Y. Dimitriev

Molybdenum oxide (MoO3)-containing glasses of xXMoO3;-50ZnO—(50-x)B,03; (x = 10, 20, and
30) are prepared using a conventional melt quenching method, and the glass structure and
crystallization behavior are clarified. It is found that the thermal stability against crystallization of
the glasses decreases drastically with increasing MoOj3 content. The main valence of Mo ions in
the glasses is found to be Mo®* from X-ray photoelectron spectroscopy measurements. The
Raman bands observed at 860 cm™ and 950 cm™ suggest that the coordination state of Mo®* ions
in the glasses is mainly (MoO,)* tetrahedral units. All glasses examined in this study give the
formation of a-ZnMo0Q;, as the initial crystalline phase. In particular, 30M00O3;-50Zn0O-20B,03
glass shows the bulk crystallization of a-ZnMoO, nanocrystals with a diameter of 5 nm. The
crystallized glasses consisting of Eu**doped ZnMoO, crystals are synthesized, and enhanced
photoluminescence emissions (i.e., the quantum yield is 9%) due to the 4f transitions >Do—'F; (J

= 0-4) of Eu** ions is observed.



CTpyKTYpHO H3y4yaBaHe Ha cThbkJa B cucteMata MoO3—ZnO-B,03; upe3 pamaHoBa

CIIEKTPOCKONHUSA U (popMHPaHe HA HAHOKPHUCTaIH 0T ZnMoQO,
JI. Anexcannpos, T. Komartuy, P. Hopaanosa, SI. Jlumutpuen

Crpkia cpabpxan MoOs u crexuomerpuueH cbetaB xMo03—50Zn0- (50-x)B,03 (x = 10, 20 u
30), ca mpUroTBEHU IO METOJA Ha IMpPEOXJaZeHa CTOMWIIKA, KaTO € U3CJe[BaHa TIXHATa
CTPYKTypa M KpPUCTAIM3AIMOHHA CIOCOOHOCT. YCTaHOBEHO €, Y€ TepMHYHATa CTAaOUIIHOCT U
TeMIlepaTypa Ha KpUCTalM3alus Ha CTbKJIaTa HaMalsBa JpacTMYHO C YBeJIMYaBaHE Ha
cbabpkanueTo Ha MoOs. Upe3 PentrenoBa oToenekTpoHHa MUKPOCKOIUSL € YCTAaHOBEHO €, ue
v 6+
OCHOBHAaTa BaJIEHTHOCT Mo HoHU B cThKIaTa € Mo . MBuiure B pamaHoBuTe criekTpu npu 860
1 1 + .
cm™ 1 950 cm™, npeanonarar, e koopAMHALMOHHOTO cheTosiHUE Ha Mo® © HoHuTe B cTBKIATA €
2-
ocHOBHO OT (MoO4)” TeTpaeapuyHM eIWHUIM. BCHYKM CTBHKIAa OT H3CIEABAaHHM B TOBA
Mpoy4YBaHe, ce XapakTepuzupaTr ¢ obpaszyBaHeTo Ha o-ZNM0O, kato kpucramHa ¢aza. Ilo-
crenuanHo CThKIo c¢bC chcTaB 30M003-50Zn0-20B,0; ce xapakrepusupa ¢ obOemHa
Kpuctannzauusi Ha o-ZnMoO4 HaHOKpucTanu C JuaMeTbp Ha yactuuure S nhm. Upes
+
MPUHYAUTETHA KPUCTAIHU3AIMS Ca MOTYYeHH CTHKIIA, ChIbpPKAIIU Eu®* - JTOTUPaHU KPUCTAIU OT
ZnMoQ,, ¢ noBuiieHa ¢GoTonmyMUHECHeHIIUs (T.e. KBaHTOB M00uB OT 9%) nmbikamia ce Ha 4f

npexomute “Do—'Fy (J = 0-4) B Eu®* iionn.

Raman spectroscopic study of structure and crystallisation behaviour of MoO3-La,03-B,03
and Mo0O3-Zn0O-B,03 glasses

L. Aleksandrov, T. Komatsu, K. Nagamine K. Oishi

In this study, we focus on the structure and crystallization behavior of Mo0O3-La,03-B,03 and
Mo003-Zn0O-B,0; glasses. Glasses of both systems were prepared by a melt-quenching method.
The thermal stability of the glasses was examined using differential thermal anaysis (DTA)
measurements, and the crystalline phases formed by heat treatments were identified by X-ray
diffraction (XRD) analysis. Raman scattering spectra at room temperature for the glasses and
crystallized samples were measured with a laser microscope operated with an Ar+ (wavelength:
488 nm) laser. DTA measurements indicated that the thermal stability against crystallization of

the glasses decreases drastically with increasing MoO3; content. XRD analysis confirmed that



crystallization at 600°C for 3 h of glass with the nominal composition of 50M00O3-25L.a,03-
25B,03 resulted in the formation of monoclinic LaMoBOg. Crystallization of 50ZnO-xMoOs3-
(50-x)B203 glasses formed triclinic a-ZnMoO4 as an initial crystalline phase. Moreover, for 30
mol% MoOs glass, transmission electron microscopy observations showed the formation of a-
ZnMoO, nanocrystals with a diameter of ~ 5 nm. Raman bands at 860, 930 and 950 cm™
suggested that the coordination state of Mo®* ions in the glasses were mainly (MoO4)* tetrahedral
units. Therefore, MoOs-containing glasses have good potential for optical applications.

H3yuaBaHe cTpyKTypaTa Ha cThbKJa B cucremure MoQOs3-La,03-B,03 and MoO3-Zn0-B,0;
Ype3 paMaHOBA CIIEKTPOCKOINMS H M3sICHABaHe HA KPUCTAJIU3ANHMOHHATA UM CIIOCOOHOCT

JI. Auekcanapos, T. Komarny, K. Haramune, K. Ouunm

B ToBa m3cnenBane ce GoKycHpaxMme BBPXY CTPYKTypaTra W KpPHCTaIM3allMOHHA CIIOCOOHOCT Ha
crpkima ot cucremure M00Os3-La,03-B,03 u MoO3-Zn0O-B,03. Crhkiata ca MmodydeHH dpe3
METOJ Ha MpeoxJaZieHa CTonmiIKa. TepMuyHaTa CTaOMJIHOCT Ha CThKJIaTa Oellle M3Cle/iBaHa C
nomMoInra Ha gudepeHnuanto tepmudeH aHanus (DTA), a kpucrannute ¢asu, NOJydeHU upes3
HarpsiBAHE Ha CTBHKIOTO, Osixa uAeHTUHIMpaHu upe3 peHTreHoBa mudpakius (XRD).
PamaHOBHTE CTIEKTPH ca CHETH IPH CTalfHa TeMIieparypa ¢ jJa3epeH MUKpOCKoI, padoreny ¢ Ar+
Jazep ¢ IbDKMHA Ha BbiaHata: 488 nm. DTA wu3MmepBaHusita Mokasaxa, 4ye TepMHYHaTa
CTaOMIJIHOCT U TeMIIepaTypa Ha KpUCTalIN3alus Ha CThKJIaTa HaMalsiBa JPacTUYHO C yBEIMYaBaHe
Ha cbabpkaHneTo Ha MoO3. XRD ananu3bsT noTBbpkaaBa, ye kpucranusanusara npu 600°C 3a 3
gaca Ha CTBHKIO ¢ HOMHHANEH cbcraB S0M003-25La,03-25B,03 Bogm nmo oOpasyBaHeTo Ha
monokiuHeH LaMoBOg. Kpucranmszamnusara Ha cThKiI0 ¢b¢ ¢cheTaB 50ZN0O-xMo0s-(50-x)B,03
dopmupa TpukiaraHa 0-ZNM0QO4 (aza. 3a cTekiio chabpikaiio 30 mol% MoOs, HabmoaeHHATA C
TPAaHCMHCHOHHA  €JeKTPOHHAa MHUKPOCKONMs IOKa3BaT oOpa3yBaHeto Ha o-ZnMoO4
HAHOKPUCTAU ¢ AuamMeTsp ~ 5 nm. Pamanosute uBuum npu 860, 930 u 950 cmt npesamnoarar,
4ye KOOPAMHAIMOHHOTO CBHCTOSTHUE HA Mo®" jioHH B CTBKIATa ca OCHOBHO (MoO4)2'TeTpae)1pI/I.

CJICI[OB&TCJ'IHO, MOOg-C’bI[’bp)KaH_II/ITC CThIJIa UMAaT I[O6’bp NMOTCHIUAJI 3a ONITUYHU IIPUITOKCHUS.



Raman spectroscopic study of structure of WO3-La,03-B,03 glasses with no
color and crystallization of LaBWOg

L. Aleksandrov, T. Komatsu, R. lordanova, Y. Dimitriev

Glasses with the nominal compositions of XWQO3-25La,03-(75-x)B,03 (mol%) with x = 15, 25,
and 50 were prepared using a conventional melt quenching method, and their structure and
crystallization behavior were examined from Raman scattering spectra and X-ray diffraction
analyses. The glasses are colorless in the visible light region and give the optical band gap energy
of 3.49-3.61 eV. The glass transition and crystallization temperatures and the thermal stability
against crystallization decrease with increasing WOj3 content. The strong Raman bands at 840 and
940-960 cm™ suggest that the main coordination state of W®" ions in the glasses is isolated
(WO,)* tetrahedral units. The formation of WOs octahedral units is also suggested in the glasses
with high WOg3 contents. The main crystallization mechanism in the glasses is the surface
crystallization, and the glass of 50W0O3-25La,03-25B,03 shows the crystallization of LaBWOg
single phase. The present study proposes that WO3-La,03-B,03 glasses and crystallized glasses

are very interesting as optical functional materials.

H3cnenBane Ha CTPYKTYpaTa Ha MPO3PayHM CThKJA OT cuctemMara WO3-La,03-B,03 upes

PamanoBa cnexkrpockonust u kpucrajauzauus Ha LaBWQg

JI. Anekcanapos, T. Komarcy, P. flopnaHOBa, A. Iumurpuen

Upes MeTo/1a Ha ITpeoxJyiaieHaTa CTONMIKA ca CHHTE3UPaHH CThKJIa ¢ HOMUHAIHU ¢bcTaBU XWO3-
25La;03-(75-x)B203 (M0on1.%) ¢ x = 15, 25 u 50 u e u3cienBaHa TsAXHATa CTPYKTypa W
KPUCTaJIM3AIIMOHHO TOBeNeHne upe3 PamaHoBa cmekTpockonusi W PeHTtrenodasoB anamms.
Crpkitata ca mpo3paydyl BbB BUJIMMaTa 00JACT HAa CIEKThpa ¢ IMMpPUHA Ha 3abpaHeHara 30Ha Eg
Mexny 3.49 u 3.61 eV. TemnepaTypuTe Ha 3acCTBKIISIBAHE M KpHUCTalIM3alUsl Ha CThKJIATa U
KpUCTaJIM3allMOHHATA UM CTAOMJIHOCT HaMalsiBaT C yBeJIMYaBaHe Ha ChIbpxkaHuero Ha WOs.
Cunante wBHuM B Paman cmekrtpure mpu 840 u 940-960 cm™ moxassar, ue W°* jionure
MPUCHCTBAT B CTHKJIATa OCHOBHO MO (popMaTa Ha U30JIUPAHU (WO4)2' TeTpaelpuyHu rpynu. B
CTBKJIa C BHCOKO ChAbpxkaHue Ha WOj3 ce mpeanonara ceino M Hamuuue Ha WOQOg oKTaeapwu.
[ToBbpXHOCTHA KPUCTAJIM3ALUS € OCHOBHUS KPHCTAIM3alIMOHEH MEXaHU3bM B M3CIIECIBAHUTE

cThkia. JlokazaHo € mpoThyaHeTo Ha MOHO(da3Ha Kpuctanuzanus ¢ otaensHeTo Ha LaBWO6



KaTo KpuctaigHa (a3a B cThKIO ¢he cheTaB SOWO3-25La,03-25B,03. HacrosmoTo u3cnenpane
MOKa3Ba, Ye MOJIYYCHUTE CTHKJIA U CTHKIOKpUCTATHU 00pasuu B cuctemara WO3-Lay03-B,03 ca

MHTEPECHU KaTO (YHKIMOHAIHHU ONTUYHUA MaTEPHAIIH.

Microstructure of multicomponent borosilicate glasses containing MoO;
E. Kashchieva, I. Petrov, L. Aleksandrov, R. lordanova, Y. Dimitriev

Molybdenum oxide (MoOs3) is known to be only slightly soluble in borate and borosilicate
glasses inducing liquid phase separation in supercooled melts during cooling. The goal of this
study is to verify the tendency to immiscibility and crystallization in multicomponent
compositions of the system SiO,—B,03-Na,0-ZnO-Nd,03—Mo0Os3, in which the content of MoO3
varies from 15 to 80 wt%. The local structural arrangements were studied by IR spectroscopy and
isolated MoQO,4, BO3 and SiO4 units were identified. Microheterogeneous structures with complex
morphologies were identified by SEM. They have been obtained during cooling of the melts at
different stages of non-equilibrium phase separation. It was established that depending on the
experimental conditions the processes of crystallization and immiscibility occur simultaneously
or sequentially. The reasons for immiscibility are discussed on the basis of crystallo-chemical,

thermodynamic and Kinetic considerations.
MukpocTpyKTypa HA MHOTOKOMIIOHEHTHH 0OPO-CHJIMKATHH CTHKJIA chAbp:kamu MoO3
E. Kamunesa, 1. Ierpos, JI. Anekcanapos, P. Mopaanosa, SI. fumutpuen

N3BectHO €, ue monubaeHOBUAT okcusl (MoO3) € cirabo pa3TBOpUM B OOpaTHH B OOPOCHINKATHU
CTBKJIa, MPEAN3BUKBAILl pa3JieiisHe Ha TedyHata (pa3a B MPEOXJIAJCHU CTOMIIKH IO BpPEeMe Ha
oxjaxnaHe. llenta Ha ToBa mpoy4yBaHE € Ja C€ MPOBEPU TEHACHIMATA KbM HECMECBAEMOCT W
KpHUCTaJIM3allisg B MHOTOKOMIIOHEHTHU ¢heTaBu OT cuctemara SiO—B;03—Na,O — ZnO — Nd,03
—Mo0QO3, B kosTO0 Cchabpxkanuero Ha MoOsz Bapupa ot 15 mo 80 TermoBam %. JlokaiHara
CTpyKTypa € usciefBaHa upe3 IR cmekTtpockomus, kaTo ca HIASHTUGUIUPAHU H30JIUPAHU
enuau or M0oO4, BO3 u SiOs. MukpoxereporeHH! CTPYKTYpU ChC CIOXKHA Mopdoorus ca
unentudumupanu upe3 SEM. Te ca monydeHu Mo BpeMe Ha OXJIAKIAHE HA CTOMHIKHTE Ha

pa3IMYHK €Taly Ha HEPAaBHOBECHO pasJiesisiHe Ha (a3ure. YCTaHOBEHO €, Y€ B 3aBHCHUMOCT OT



CKCIICPUMCHTAJIHUTE YCJIOBUA IIPOLUECUTE Ha KpUCTAIHU3alusA MW HECMECBACMOCT IIpOTHYAT
CAHOBPCMCHHO HMJIK IMOCJICAOBATCIIHO. HpI/I‘-II/IHI/ITC 3a JIMKBAIMUOHHUTEC MPOUCCU Ca NUCKYTHPAHU

BB3 OCHOBA Ha KPHUCTAJIO-XUMUYHH, TCPMOJUHAMUYIHN U KUHCTUYHU T'JICAHU TOYKH.

Eu** doped 1La,03:2W05:1B,05 glass and glass—ceramic
L. Aleksandrov, R. lordanova, Y. Dimitriev, N. Georgiev, T. Komatsu

In WO3-La,03-B,03 system, glasses were obtained in the region between 20 and 30 mol%
La,Os. A liquid phase separation region was observed near the WO3-B,0; side. A glass with
nominal composition 50W03:25La,03:25B,03 doped with Eu,O3; was synthesized by melt
guenching method. The obtained glass was characterized by X-ray diffraction (XRD), differential
thermal analysis (DTA), UV-vis, infrared spectroscopy (IR) and photoluminescence
spectroscopy (PL). According to the DTA data, Eu3+ ions decrease the glass transition
temperature from 621 C to 574°C and crystallization temperature from 690°C to 677°C.
Structural model for the glass network was suggested on the base of IR and UV-vis spectral
investigations. It was established that WO, and WOg structural units (620-960 cm™) and BO3 and
BO, polyhedra (1050-1380 cm™) build up the glass network. During vitrification, partial
transformation of WO, to WOg and BO3 to BO, was proved. The quenched glass is transparent in
the visible region and exhibits typical absorption bands of Eu** ions due to the 4f transitions
5Do—>7F,- (j = 0-4). A glass—ceramic consisting of LaBWOg:Eu®*" nanocrystals with enhanced
photoluminescence emissions is synthesized. The intensity of emission increases drastically in

the glass—crystalline sample compared with the glass and polycrystalline sample.
Eu® porupanm 1La03: 2WO3: 1B,03 ¢THKII0 M CTHKJI0OKEpaAaMHKA
JI. Anexcanzpos, P. Mopnanosa, SI. Tumutpues, H. Teoprues, T. Komatuy

B cucremara WO3-La,03-B,03 ca monydenn crhkia B oomactra mexay 20 u 30 mon.% LayOs.
bmzo nmo crpanara WO3-B,O3 B Tpubreianata ¢aszoBa auarpama ce HabmromaBa o0mact Ha
TeuHo(a3oBo pazcinosiBane (ukBaius). [1o MeToa Ha mpeoxiajeHaTa CTOMMWIKA € CHHTE3UPAHO
CTBKJIO ¢ HOMUHANEH cheTaB SOWO3:25La,03:25B,03, notupano ¢ EuyOs. [TonydeHOTO CTHKIIO €

n3cienBaHo ¢ perrreHodaszos ananus (PDA), audepenmuanno-repmudeH ananus ([TA), YB-

8



BUIUMA CHEKTpockomusi, uHGpauepBeHa crnekTpockonuss (MY) wu ¢oromymuHeceHTHa
cnekrpockonus (PL). Cerimacuo nannute ot DTA, Eu®" ifonute monmkasar TeMmnepaTrypara Ha
3actpkisiBane oT 621°C no 574°C u Temneparypata Ha kpuctanuzaius ot 690°C no 677°C. Bb3
OCHOBa Ha Ha CHEKTpaJHUTE H3cleABaHUS ¢ YB-Buauma crnekTpockonuss U HH(payepBeHa
CHEKTPOCKONUSl € NpPEeUIOKEH CTPYKTYpeH Mojen Ha aMopdHata Mpexa, cropen KOHTo
OCHOBHUTE CTPYKTYPHHU €AMHUIM, U3TPAXKIAIIN MpPEXKaTa Ha MoTydyeHOTO cThkiIo ca WO, u WOg
(620-960 cm™) u BOs; u BO, (1050-1380 cm™) mommenpm, B pasimuHo CHOTHOLICHHE B
3aBHUCHUMOCT OT ChCTaBa. [loJdyd4eHOTO CTHKIIO € Mpo3pauHO BBHB BUAMMATa OOJACT M MOKa3Ba
tunuyHU 3a Eu3+ iioHn abcopOIMOHHN UBHIM, TbDKAIIK ce Ha 4f nmpexoaure 5D0—>7Fj ( = 0-4).
CuHTe3upaHa € CTBKIIOKEpaMHKa, C IOBHINCHA (DOTOTYMHUHECIIEHTHA EMHUCHS, ChIbpiKalla
HAHOKPUCTAIIA OT LaBWOg:Eu®". inTensusHocTTa Ha emucusta HapacTBa IPaCcTUYHO B CTHKIIO-

KpucCTaJlHaTa np06a B CpaBHCHHC CHC CTHKIICHATA U INOJIMKpUCTAJIHATa HpOﬁI/I.

Structure of MoO3-WO3-La,03-B,03 glasses and crystallization of LaMo; - \W,BOg solid

solutions
L. Aleksandrov, T. Komatsu, K. Shinozaki, T. Honma, R. lordanova

The glasses with the nominal compositions of (50—x)MoO3;—XWO3-25La,03-25B,03 with x=0,
10, 20, 30, 40, and 50 (mol%) were prepared using a conventional melt quenching method and
their structure and crystallization behavior were investigated from Raman scattering
spectroscopy, infrared spectroscopy (IR), X-ray photoelectron spectroscopy (XPS), and X-ray
diffraction analysis (XRD). It was found that the glass transition and crystallization temperatures
and the thermal stability against crystallization increase with the substitution of WO3 forMoOs.
The formation of LaMo,-W,Os solid solutions was found in the crystallized samples. Itwas
proposed that the glass structure is built up mainly from tetrahedral (MoO4)*~ and (WO,4)*~ units
providing the Raman bands of around 330, 830, and 920 cm * and the network consisting of B—
O-B bonds. The partial transformation from (WO,4)*" to octahedral WOs units was proposed to

occur when the content of WO3 increases.



CTpykTypa Ha cTbKja oT cucteMara M0O3;-WO3-La,03-B,03 n kpucranu3anus Ha TBbPJA
pastBop ot LaMo; - y\W,BOg

JI. Asekcanapos, T. Komarny, K. llluno3axku, T. Xonma, P. ﬁopuaHOBa

Cropkina ¢ HomuHaleH cbeTaB Ha (50-X)M003—xWO03-25La,03-25B,03 kpaero X = 0, 10, 20, 30,
40 u 50 (Mon1.%) ca oudydeHH MO METOJAa Ha MPEOoXJa/JeHa CTONWIKA U TSIXHATa CTPYKTypa H
KpUCTAIM3AIIMOHHO TIOBEICHHWE ca H3clie[BaHU ¢ PamaHoBa crekTpockomus, WHppauepBeHA
cnektpockonusi (IR), pentrenoBa ¢otoenekTpoHHa crnektpockonus (XPS) u peHTreHos
mudpakuonen anHanu3 (XRD). VYcranoBeno e, dye TemmepaTypuTe Ha 3achbKIsSBaHE W
KpUCTAJIM3alKs Ha CTHKIOTO U TEPMHYHATA UM CTAOMITHOCT Cc€ yBEIMYaBaT ChC 3aMECTBAHETO Ha
WO3; ¢ MoOs;. VYcranoBeHo ¢ o0pasyBaHero Ha TBBpI pa3tBop oT LaMoy-1WxOs B
Kpucrtanusupanute npodu. IIpennoxken e cTpykTypeH MoJie] Ha OMPEXBaHE, KbIETO CTHKIOTO €
m3rpajena raaBo or terpacapuunn (M0Os)? u (WO4)* eQuHHLM, XapaKTEPU3HPALIH Ce C
uBAIM B pamaHa 1pu 330, 830 1 920 cm !, KaKTO M HAIMYHETO Ha BPB3KM OT THna B-O-B .
VYcTaHOBEHO € 4YacTUYHOTO MpeoOpa3yBaHe Ha (WO4)2 ~ tetpaeapu B WO oOKTaeapu cC

yBeIu4yaBaHe Ha ChAbpkaHuero Ha WOs.

Structural study of WO3-La,03-B,03-Nb,Os glasses
R. Iordanova, M. Milanova, L. Aleksandrov, K. Shinozaki, T. Komatsu

The effect of the addition of Nb,Os to the WO3-La,03-B,0O3 glasses on their structure and
physical properties (density, molar volume, glass transition temperature) has been investigated by
using of IR and Raman spectroscopy, density measurement, and DTA analysis. Raman and IR
spectra revealed that niobium ions incorporate into base tungstate glass matrix as NbOg
octahedra, interconnected by corners and edges. At lower Nb,Os content (10 mol%), there is a
high number of mixed B-O-Nb, and W-O-Nb bonds in the glass network. With increasing Nb,Os
concentration (15 mol% and 20 mo%), these bonds are gradually replaced by Nb-O-Nb linkages
between corner shared NbOg octahedra, forming 3D clusters, which are incorporated into
amorphous network mainly trough La-O-Nb bonds. The addition of niobium oxide above 10
mol%, leads to decrease of the thermal stability of glasses and to increase in the density which is

related with the formation of niobium oxide polyhedral clusters.
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CTpykTypa Ha cTbKJa oT cucremMara WOj3-La,03-B,03-Nb,0s

P. ﬁopnaHOBa, M. MuianoBa, JI. Auekcanapos, K. llluno3zaku, T. Komarny

EdexTsT oT nmobasHero Ha NbyOs kbM cThkia oT cucremara WOs3-Lay0O3-B,0O3 e uscnenBan.
[Ipocnenenn ca u3MEHEHHUATAa BBPXY TSAXHATA CTPYKTypa U (U3UYHU CBOMCTBA (ILTBTHOCT,
MoJjlapeH o0eM, TeMmIepaTypa Ha Ha 3acTbkisBaHe) upe3 IR u PamaHoBa CHEKTPOCKOINHH,
w1bTHOCT 1o Apxumen u DTA ananu3z. CriekTpuTe nokas3BaT, 4e HHOOMEBUTE HOHU CE€ BKIIOYBAT
B OCHOBHATa CThKJIeHa MaTpuiia kKato NbOg okTaepu, CBbp3aHU MTOMEXKIY CU C OOIIM BHPXOBE U
pbooBe. [Ipu no-aucko chabpxanue Ha Nb,Os (10 10 mol%) chiiecTByBaT roisiM Opoii cMeceHH
Bpb3kH OT THa B-O-Nb u W-O-Nb B crhkiieHaTa mpexa. C yBelnndaBaHe Ha KOHIICHTpAIUATA
Ha Nb2Os (15 mol% u 20 mo%), Te3u Bph3KH MOCTEIIEHHO ce 3aMeHAT ¢ Nb-O-Nb BpB3KU MEKITy
BBPXOBO CBbp3aHu NbO6 okTaenpu, oopazysaiiku 3D kirbcTepu, KOUTO c€ BKIIOYBAT B aMmop(dHa
Mpexa riaBHo upe3 La-O-Nb Bpb3ku . JlobaBsHeTo Ha HHMOOMEB okcua Haa 10 mol% Boau 1o
HaMaJsIBAHE HA TEPMHUYHATA CTAOMIHOCT HAa CTHKJIATa W JO yBEJIMYaBaHE HA IUIBTHOCTTA UM,

KOETO € CBBP3aHO ¢ 00pa3yBaHETO HA NOJIHEIPUYHH KIIbCTEPH HA HUOOUEB OKCHUJI.

Pe3iomeTa Ha penieH3upaHu MyOJuKANUY (HA AHTVIMICKY U OBJITapCKH €3MK)
Ha IJ. ac. A-p JIrooomup Ajiekcanapos

NpeICcTABEeHM 32 YYacTHe B KOHKYpca B rpyna ot noxkasareju I'

Glass formation and structure of glasses in the MoO3-Bi,03-B,03 system
R. lordanova, L. Aleksandrov, A. Bachvarova-Nedelcheva, M. Sobhy Ataal a, Y. Dimitriev

The purpose of this paper is to study the glass formation tendency in the ternary system
B,03—Bi,03—Mo0sand to define the main structural units building the amorphous network. A
wide glass formation area was determined which is situated near the Bi,O;—B,03 side. A liquid
phase separation region was observed near the MoO3—B203 side for compositions containing
below 25 mol% Bi,03 and their microheterogeneous structure was observed by SEM. The phase
formation was characterized by X-ray diffraction (XRD). By DTA was established the glass

transition temperature (Tg) in the range of 380420 °C and crystallization temperature (Tx) vary
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between 420 and 540 °C. The main building units forming the amorphous network are BO3 (1270
and 1200 cm %), BO4 (930-880, 1050-1040 cm %), MoO,4 (840-760 cm*) and BiOg (470 cm ™).
It was proved that Bi,O3 favors the BO3;—BO, transformations while MoOj3 preserves BO3 units

in the amorphous network.

CTbKiI000pa3syBaHe H CTPYKTYpa Ha cTbkJja B cucteMaTta MoQ3-Bi,O3-B,03

P. Mopaanosa, JI. Anexcanapos, A. Brusaposa-Heneauesa, M. Co6¢u Ataana, 1.
Aumutpuen
Lenta Ha HacTosimaTa paboTa e 1a ce u3cieBa TeHICHIUATA KbM CTHKIIO00pa3yBaHe B TPOHATA
cuctema B;03—Bi,03—Mo00; u 1a ce ompeaenasT OCHOBHHTE CTPYKTYPHH €IWHHIIM,
m3rpaxkgamu amopdHara wpexa. OmnpenerneHa e IMUpPOKa 30HA Ha CThKIooOpa3yBaHe,
pasnojnoxena B Omu3oct a0 BiyO3—B,03 crpanara. HabmogaBa ce 30Ha Ha Te4HO-(Pa30BO
pasciiosiBane kbM crtpaHata Mo0O3—B;03; 3a cbcraBu chabpxamm moa 25 mon.% BipOs.
[TonydyeHnuTe MUKpPOXETEPOreHHH CTPYKTypa ca HabmonaBanu ot SEM. ®@a3oBoto oOpaszyBaue e
XapakTepusupaHo c¢ peHTtreHoBa gudpakuus (XRD). UYpez DTA Oeme ycraHoBeHa
TeMmreparypata Ha 3acTbkisiBaHe (TQ) Bapupama B auanazoHa or 380—420°C, kakto u
Temneparypara Ha Kpucrammsamus (TX) onpeneneHa B wHTepBanma mexay 420 u 540°C.
OCHOBHHTE CTPYKTYPHH eIMHHL, 00pasyBaiu amopdHara Mpexa, ca BOz (1270 u 1200 cm™ ),
BO, (930-880, 1050-1040 cm™ %), MoOy (840-760 cm™ ) u BiOg (470 cm™ 1). JlokazaHo e, ue
Bi,O3 6maronpusrtcra Tpanchopmaiusita BO; — BO,4, nokato MoOj3 3anazsa BO3; enunuiu B

amopdHaTa Mpexa.

Optical properties and crystallization of glasses in the system Bi,O3-Mo00Os- B,03
A. Bachvarova-Nedelcheva, R. lordanova, L. Aleksandrov, Y. Dimitriev, M. Ataal.La

The purpose of this work is to study the optical properties and crystallization of glasses in the
ternary system Bi,O3;-Mo003-B,0s. In order to verify the obtaining of bismuth borate crystal
phases several glass compositions have been selected for crystallization. The obtained samples
were characterized by X-ray diffraction, scanning electron microscopy and UV-Vis
spectroscopy. The UV- Vis spectroscopy showed that the obtained glasses are transparent in the

visible region. The values of optical band gap (Eop) and changes in cut-off (kc) depending on
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composition are reported. It was established that the increase in the MoOj3; content led to
decreasing the transmittance of the glasses. Moreover, the absorption edge shifts towards longer
wavelength.

OnTuYyHM CBOMCTBA M KPUCTAJIM3ANMS HA CTHKIIA B cucTtemara BiyO3-Mo0O;3-B,0;

A. bruBapoBa-HenesueBa, P. ﬁopnaHOBa, JI. Anexcanapos, 1. lumurpues, M. Coodu
ATtaajuia
[enra Ha Ta3u paboTta € 1a ce u3cieaBaT ONTUYHUTE CBOWCTBA U KpUCTAJIM3allMsl HA CThKJIaTa B
TpoiiHata cucrema Bi,O3-M003-B,03. 3a ma ce mpoBepr BB3MOXKHOCTTA IMOJIy4aBaHETO Ha
OrCcMyTOBO-00paTHU KpUCTaNIHU (ha3u, ca M30paHu HAKOJIKO ChCTaBU CThkIA. [lomyuenute npobu
ca XapaKTepU3UpaHH C PEHTIeHOBa AU(PAKIKs, CKaHUpaIla eleKTpoHHa MUKpockomust 1 UV-Vis
criekrpockonus. UV-VIS criekTpockonusTa mokasa, 4e MOJyuYeHHTE CThKJIA Ca MPO3payHH BHB
Buanmara obsact. OTdeTeHM ca CTOMHOCTMTE Ha IIMpHHATa Ha 3abpaHeHaTta 30HA (Eop) M
MIPOMEHUTE B a0COPOLIMOHHUS PHO B 3aBUCUMOCT OT ChCTaBa. Y CTAHOBEHO €, Y€ YBEIUYaBAHETO
Ha chabpkanueTo Ha MoO3 Boau 10 HaMamnsiBaHEe Ha MPOMYCKIUBOCTTA Ha CThkiaTta. OCBEH TOBa
abcopOIMOHHMAT PBHO ce M3MecTBa KbM MO-ABIATa ABDKMHA Ha BBIHATa C YBEJIMYaBaHE

Koan4ecTBOTO Ha M0QO3.

Synthesis of BiBO3 by crystallization of in the MoO3-Bi,O3-B,03 System
R. lordanova, A. Bachvarova-Nedelcheva, L. Aleksandrov and Y. Dimitriev

The aim of the present work is to verify the synthesis of bismuth borates by crystallization from
glasses. Several bismuth boromolybdate glasses were selected and heat treated at 500—530 °C for
different exposure times. Obtaining of BiBO3 polymorphs, BisB,0g, BisBsO1, and Bi,M0Og has
been detected by X-ray diffraction (XRD). Additional information for the formation of BiBO;
crystal phase was obtained by infrared spectroscopy (IR). There is significant difference in the IR
spectra of the glass 50Bi,03.50B,03 and crystal BiBO3 product. The reason is that in the glass

sample the content of BO4 units is higher than in the crystallized one.
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Cunre3 Ha BiBO;3 upe3 kpucraiuzanus B cucremata MoQO3-Bi203-B,03
P. Mopnanosa, A. BruBaposa-Henenuena, JI. Anexcanapos u SI. luMutpues

Ienta Ha HACTOSIIIOTO M3CIICABAHE € J]a CE€ MPOBEPH BH3MONKHOCTTA 32 CHHTE3a Ha OMCMYTOBH
OopaTu upe3 KpHCTalu3amus OT CThKia. M30paHu ca HIKOIKO OMCMYTOBH OOpPO-MOJUOAATHH
CTbKJIa U TepMHyHO ca Tperupanu npu 500-530°C 3a pasnuunHo Bpeme. llomyuaBaHeTo Ha
BiBOs;, Bi4B;0g, BisBsO1; u Bi;M00Og ¢ ycraHoBeno upe3 peHtreHoBa audpakiust (XRD).
JonbsnautenHa uHbopMaius 3a oOpa3dyBaHeTo Ha kpucranHara (aza BiBOjz Geme monydena
ype3 uHppauepseHa crnekrpockonus (IR). CrirecTByBa 3HaunTenHa pasiuka B IR criekrpure Ha
amopduute 50Bi203.50B,03 u kpucranaure BiBO3 o6pasmnu. [Ipuunnara e, ue B amopdHara

npo6a cpabppxanneTo Ha BO4 enuHUIM € mo-BUCOKO, OTKOJIKOTO B ChOTBETHATA KpUCTaiHa (as3a.

Preparation and characterization of SiO,/CMC/Ag hybrids with antibacterial properties
N. Rangelova, L. Aleksandrov, T. Angelova, N. Georgieva, R. Muller

Amorphous hybrids based on sodium salt of carboxymethyl cellulose (CMC) and
tetraethoxysilane (TEOS) containing silver nanoparticles were prepared by sol-gel method. The
amorphous structure, morphology and antibacterial behavior were clarified. The thermal stability
of obtained hybrids decreased with the increase in silver content from 0.5 to 1.5 wt%. Infrared
spectra of the material suggest that the main interaction between the cellulose ether and silica
network is via hydrogen bonds (bands at ~ 3540 and 3625 cm ). According to UV-vis spectra
the silver is present in two different states Ag*(absorption band at ~ 210 nm) and Ag° (band at ~
300 nm). The different sizes of silver particles are present as clusters. It was demonstrated that
these hybrids have a well pronounced antibacterial activity against B. subtilis and E. coli K12.
Even the hybrid with 0.5 wt% Ag has efficient antibacterial activity for both Gram-positive and

Gram-negative bacteria.

ITosryuyaBane u oxapakrepusupane Ha SiO,/CMC/Ag xuOpuam ¢ aHTHOAKTEPHATHI
CBOMCTBA

H. Panrenosa, JI. Anexcanapos, T. Auresnosa, H. I'eoprueBa, P. Miouiep

Amop¢pHu xubpuau Ha Oa3zata Ha HaTpueBa cosl Ha KapOokcumerun nenynoza (CMC) wu

terpaetokcucunan (TEOS), cbabpxany cpeObpHH HAHOYACTUIM Ca IMOJYYEHH MO 30JI-Tell
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Meton. M3cnenBana e amopdHaTa CTpyKTypa, MOp(QOJIorusTa U aHTUOAKTEpUATHO IOBEJICHUE.
TepmuuHaTa CTaOMIIHOCT Ha MOJYYCHUTE XUOPUAM HaMassBa C yBEIMYaBAaHE HA ChIbP)KAHUETO
Ha cpebpo ot 0,5 mo 1,5 Tern.%. MudpauepBeHnTe CIEKTpU HA MATEpUATHUTE MPEANOarat, ue
OCHOBHOTO B3aUMOJICHCTBUE MEXAY LIETYJI03HUS €Tep U CUJIUIeBaTa Mpeka € Ype3 BOJOPOIHU
BpB3KHU (MBULU TTpH ~ 3540 1 3625 cm 1). Cnopen UV-vis cnekrpute cpedpoTo MPUCHCTBA B JIBE
pasiuuny chetosnus Ag' (abcopOrmonna uBuia mpu ~ 210 nm) u Ag0 (uBuna npu ~ 300 nm).
Paznuunu mo pasmep cpeObpHHUTE YaCTHLM MPUCHCTBAT KaTO KIbCTepH. JlokazaHo e, ue Te3d
xuOpuau uMar no0pe u3pazeHa aHTUOAKTepHaaHa aKTUBHOCT cpewty B. subtilis u E. coli K12.
Hopu xubpunst ¢ 0,5 Tern.% Ag uma ehekTHBHO aHTHOAKTEpUATHO ACHCTBHE KakTo 3a ['pam-

I0JIOXKUTEITHH, Taka U 3a ['pam-oTpuniareaHu OakTepuu.

Eu® doped glasses in the Bi,O3-B,03-WO3-Al,O3 system
L. Aleksandrov, R. lordanova, A. Khanna, N. Georgiev, Y. Dimitriev

The structure of many Eu®t doped Bi;03-B,03-WO3-Al,03 glasses of a different composition is
studied using infrared spectroscopic technique (IR). It is found that distorted BiOg (of a band at
480 cm™), BO;3 (of bands at 1390, 1230, 620 cm™), BO4 (of a band at 1020 cm™) and WO,
polyhedra (of a band at 880 cm™) are the main building units forming the amorphous networks.
WOs groups exist in the glass network of a high WO; content (of bands at 880 cm™, 620 cm™,
and a shoulder at 670 cm™). WO; does not stimulate formation of BO, structural units. According
to the differential thermal analysis (DTA) the glass transition temperature (Tg) of the investigated
glasses is situated in the range of 400 °C — 485 °C. The DTA curves of all glasses show two
exothermic peaks corresponding to the formation of two crystal phases. Photoluminescence
emissions due to the 4f transitions 5Do—>7F,- (j=0-4) of Eu®" ions are observed. The addition of

WOj; to the glass compositions decreases the emission intensity of investigated glasses.
Eut JAOTHPAHU CThKJA B cucremara BiyO3-B,03-WO;3-Al,03

JI. Anexcanzpos, P. Mopaanosa, A. Kauna, H. Teoprues, 5. JluMutpues

+ .
CrpykTypara Ha Eu® JTOTHPaHU CThKIA B cuctemara BipO3-B203-WO3-Al,03 ¢ pasnnyen cbcraB

€ u3yudeHa ¢ nomouira Ha uHppauepsena crnekrpockonus (IR). Ycranoseno e, ue aepopmupanu

BiOs (uBmua mpu 480 cm™), BO3 (uBum mpu 1390, 1230, 620 cm™), BO, (uBrua mpu 1020 cm-
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1) n WO, nonuenpu (uBuna npu 880 cm'l) Ca OCHOBHUTE CTPYKTYPHM €IUHUIU, U3rpakaalin
amoppuute Mpexxu. WQOg rpynuTe NPUCHCTBAT B aMop(HATa Mpexa B CHhCTaBH C BHUCOKO
chabpxanue Ha WOz (uBuuu npu 880 cm™®, 620 cm™ u pamo Ha 670 cm™). WO; ne CTUMYJIHpA
oOpasyBanero Ha BO, ctpyktypHu enunuuu. Cropen nudepeHIUaTHUS TEPMUYEH aHAIU3
(DTA) temneparypara Ha 3acTbkisiBaHe (Tg) Ha u3cnenBanuTe cThKiia Bapupa B quamnazona 400-
485°C. DTA KPUBUTE HA BCUYKH CTHKJIA MOKAa3BaT JBA €K30TEPMHUYHM MHUKA, ChOTBETCTBALU Ha
oOpa3yBaHeTo Ha JBe KpuctamHu ¢asu. HaOmomaBar ce emucuu Ha (POTOTYMHHECICHIIUS,
obIDKamy ce Ha 4f mpexoau 5D0 — 7Fj (j = 0-4) ma ionu Eu®". Job6aBsaeTo Ha WO3 KbM

CbCTAaBUTC Ha CThKJIaTa HaMaJIsiBa HHTCH3UMBHOCTTA Ha EMHCHA HAa U3CICABAHNUTC CTBKJIA.

Optical characterization of glass and glass- crystalline materials in the B,O3-Bi,O3-La,03
system doped with Eu** ions

R. lordanova, M. Milanova, L. Aleksandrov, A. Khanna, N. Georgiev

Glass and glass-crystalline materials with nominal composition 55B,03-35Bi,03-10La;O3 doped
with 1 mol% Eu203 were synthesized by melt quenching method. Different phases were
developed, applying several melting temperatures. According to the XRD data, glass-crystalline
materials containing LaBOj as crystalline phase were obtained at 1050 °C and 1100 °C, while X-
ray amorphous samples were prepared at 1200°C. Thermal parameters of the obtained glass
samples were estimated by DTA analysis. It was found that the thermal stability of the glass
drastically increased with the addition of Eu,O3 (1 mol%). UV-Vis diffuse reflectance spectrum
showed that the quenched glass is transparent in the visible region. LaBOz:Eu®* crystals enhanced
red °Do—'F, photoluminescence emission of the glass—crystalline samples as compared with the
glass sample. This is due to the incorporation of the active Eu®*" ions with low symmetry into the

crystal phase.
OnTuYyHO 0XapakTepu3UpaHe HA CTHKJIO U CTHKJIOKPHCTAIHN MATEPHAJH B CHCTEMATAa
B,03-Bi;03-La,03, noTupana ¢ Eu® " iionn
P. I7lop;[aHOBa, M. MunanoBa, JI. Anekcanapos, A. Kanna, H. I'eoprues
CTBKJIO M CTBKIOKPUCTAJICH C HOMHHaJIeH cbcTaB 55B203:35Bi,03-10Lay03, motupanu c 1
mol% Eu,O3 ca cuHTe3upanu 4pe3 METOAa Ha MPEOXJIaJeHa CTOMIIKA. [loyueHu ca pa3iIuvHu

¢a3u, npunarailku HIKOJIKO TeMmmeparypu Ha TomeHe. Cropes peHTTeHOCTPYKTYPHUTE NaHHH,
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CTBKJIOKpUCTATHUTE Marepuanu cbabpxkaT LaBOs, kaTto kpucrtainHata Qasza e moiiyueHa Mpu
1050°C u 1100°C, nokaro peHTreHOBO amopduu npodu ca noxydenu npu 1200°C. Tepmuunure
rnmapamMeTpu Ha CTBKIOTO ca mnoiydeHu upe3 DTA ananus. YcraHoBeHO €, 4e€ TEpMHYHATA
CTa0MIIHOCT Ha CTHKIIOTO JAPACTUYHO CE ¢ yBenuuuia ¢ qodassaHero Ha Euy,O3 (1 mol%). UV-Vis
CHEKTBHPBT Ha AUPY3HO OTpaKEHUE MOKa3Ba, Ye MOJYyYEHOTO CTHKIIO € MIPO3payHO BbB BHAUMATA
o6mact. LaBOs:Eu®* kpucranna dasa Boam 10 ycwiBaHe Ha uepBeHata emucusi (Do Fs
MpexXo/ia) B CpaBHEHUE ChC CTHKIOTO. TOBa ce ABJIKU Ha BKIIOUBAHETO HA AKTUBHUTE Eu®* jionu

C HUCKa CUMCTPHUA B KpUCTAaJIHATa (1)3.33..

Laser-assisted fabrication of gold nanoparticle-composed structures embedded in
borosilicate glass

N. Nedyalkov, M. Koleva, N. Stankova, R. Nikov, M. Terakawa, Y. Nakajima, L.
Aleksandrov, R. lordanova
We present results on laser-assisted formation of two- and three-dimensional structures
comprised of gold nanoparticles in glass. The sample material was gold-ion-doped borosilicate
glass prepared by conventional melt quenching. The nanoparticle growth technique consisted of
two steps — laser-induced defect formation and annealing. The first step was realized by
irradiating the glass by nanosecond and femtosecond laser pulses over a wide range of fluences
and number of applied pulses. The irradiation by nanosecond laser pulses (emitted by a Nd:YAG
laser system) induced defect formation, expressed by brown coloration of the glass sample, only
at a wavelength of 266 nm. At 355, 532 and 1064 nm, no coloration of the sample was observed.
The femtosecond laser irradiation at 800 nm also induced defects, again observed as brown
coloration. The absorbance spectra indicated that this coloration was related to the formation of
oxygen deficiency defects. After annealing, the color of the irradiated areas changed to pink, with
a corresponding well-defined peak in the absorbance spectrum. We relate this effect to the
formation of gold nanoparticles with optical properties defined by plasmon excitation. Their
presence was confirmed by high-resolution TEM analysis. No nanoparticle formation was
observed in the samples irradiated by nanosecond pulses at 355, 532 and 1064 nm. The optical
properties of the irradiated areas were found to depend on the laser processing parameters; these

properties were studied based on Mie theory, which was also used to correlate the experimental
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optical spectra and the characteristics of the nanoparticles formed. We also discuss the influence
of the processing conditions on the characteristics of the particles formed and the mechanism of
their formation and demonstrate the fabrication of structures composed of nanoparticles inside
the glass sample. This technique can be used for the preparation of 3D nanoparticle systems
embedded in transparent materials with potential applications in the design of new optical

components, such as metamaterials and in plasmonics.

JlazepHo MHAyHMpPaHe HA HAHYCTPYKTYPHPAHHU 3JIaTHH YaCTHLM BHe/IPeHU B H0po-
CHJIMKATHO CTHKJIO

H. HeasiaikoB, M. KosieBa, H. CtankoBa, P. Hukos, M. Tepakana, fI. Haka:xxuma,
JI. Asiekcanapos, P. ﬁopuanona

[IpencraBsMe pe3yaTatu OT Ja3epHO GopMUpPAHE HA JIBY- U TPUHU3MEPHU CTPYKTYPH, CHCTABEHH
OT 37IaTHU HAHOYACTHUIIM B CTHKJIO. MaTrpuiara € O0pOCHINKATHO CTHKIIO, JIESTUPAHO ChC 3JIaTHU
HOHM, NPUTrOTBEHO Ype3 METOJ Ha MpeoxjajeHa CTONWIKa. TexHuKaTa 3a pacTeX Ha
HAHOYACTHUIIM C€ CHhCTOM OT JIBE CTBIIKM - JIa3€pHO MHIyLHpaHO oOpa3yBaHe Ha Jae(eKkTH u
mocje/BaIlo oTrpsiBaHe Ha oOpasuute. [IbpBara cThlKa Oe peanu3upaHa upe3 OOJbUBAHE HA
CTBKJIOTO Ype3 HAaHOCEKYHJHHM M (PEeMTOCEKYH/IHU JIa3epHU HMMITYJICH B LIMPOK IUANa30H Ha
oOxpuBaHe M Opoil mpuiiokeHu uMmiyiacu. OOabUBAHETO OT HAHOCEKYHAHM JIa3€pHH HUMITYJICU
(m3npuBanu or Nd: YAG naszepHa cuctema) mpenu3BUKBa oOpazyBaHe Ha JedeKTH, U3pa3eHu
ype3 KasBO OLBETSIBaHE HA CTHKJIOTO, CAMO MPH MpHJIaraHe Ha JbJDKMHA HA BhJIHATA OT 266 nm.
ITpu 355, 532 u 1064 nm He ce Habo1aBa OlLBETsABaHe Ha MpobaTa. PEeMTOCEKYHTHOTO JIa3€PHO
obompuBane mpu 800 nm chIIO HMHAYHHMpPA OeQEeKTH, OTHOBO HAOIIOJAABaHUW KaTo KadsBo
oupersiBaHe. CnekTpure Ha abcopOuus MOKa3BaT, 4Ye TOBa OIBETSBAHE € CBBP3aHO C
oOpasyBaHeTro Ha nedexTu (KucimopomaHu BakaHIuu). Cren OTTpsiBaHE MBETHT HAa OOTBHUCHHTE
o0JlacT ce MpPOMEHs B PO30B, ChC CHOTBETCTBAIl J00pe JepUHHMpaH MUK B CIEKThpa Ha
abcopbuusa. To3u edexTn ca cBbp3aHH C O0pa3yBaHETO Ha 3JaTHU HAHOYACTUIM C ONTHYHHU
CBOMCTBA, OMpPEACIICHN OT TUIA3MOHHOTO BB30YyXaaHe. TAXHOTO MPUCHCTBHE O€IIe MOTBBPICHO
ype3 TEM ananm3 ¢ BUcoka pazzenuTenHa crnocobHoct. He ce nabmiomaBa oOpa3yBaHe Ha
HAHOYACTUIM B NpOOHTE, OOJIBYEHU C HAHOCEKYHIHU ummyncu npu 355, 532 u 1064 nm.
VYCcTaHOBEHO €, Y€ ONTUYHHUTE CBOMCTBA Ha OOJIBYCHHUTE OOJACTH 3aBHCAT OT MapaMEeTpUTE Ha

nazepHara oOpaboTKa; Te3W CBOMCTBA Osxa M3CJICIBAHM Bb3 OCHOBA HA TeOopUATa HA Mue, KOATO
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chblI0 Oelle W3MOJI3BaHA 3a KOpelalus Ha eKCIEPUMEHTAJHUTE ONTUYHU CIEKTpH U
XapaKTepUCTHKHUTE Ha oOpa3yBaHuTe HaHo4acTHIM. ChBLIO Taka € pasriiefaHO BIMSIHHUETO Ha
yCJIOBHATA Ha 00paboOTKa BbPXY XapaKTEPUCTUKHUTE HA 00pa3yBaHUTE YACTHIIM M MEXaHU3Ma Ha
TAXHOTO 00pa3yBaHe, KaTo C€ JEMOHCTpUpPA IOJy4aBAaHETO Ha CTPYKTYpPH, CBCTABEHU OT
HAHOYACTHUIM B CTHKJICHAaTa MaTpuLa. Ta3yu TeXHUKaA MOKE Jla Ce U3II0JI3Ba 3a Nojy4aBane Ha 3D
CTPYKTYPH OT HAaHOYACTWIM, BIPAJCHU B IPO3pAaYHU MATEPUAIU C MOTCHUMAIHU IIPUIOKEHUS

IIpH MTPOCKTUPAHECTO HA HOBU OIITUYHU KOMIIOHCHTH.

Optical properties modification of gold doped glass induced by nanosecond laser radiation
and annealing

N. Nedyalkov , N.E. Stankova, M.E. Koleva, R. Nikov, M. Grozeva, E. lordanova, G.
Yankov, L. Aleksandrov, R. lordanova, D. Karashanova
In this work the effects of laser radiation and annealing process on the change of the optical
properties of gold doped borosilicate glass are presented. The glass is fabricated by conventional
melt quenching method as samples with three different concentrations of gold are produced. The
laser irradiation is performed by a Nd:YAG system that generates nanosecond pulses at
wavelengths of 1064, 532, 355, and 266 nm. The optical properties of the glass samples are
studied on the basis of their transmission spectra in the UV- near IR spectral range. The results
indicate that irradiation at wavelength of 266 nm induces color changes assigned to formation of
defects (color centers). Annealing of the samples results in formation of red colored zones which
positions correspond to the irradiated ones. The optical properties and TEM observation indicate
that this effect is related to formation of gold nanoparticles. The optical spectra of the areas
irradiated by laser pulses and annealed are studied for different processing parameters e pulse
number, laser fluence, annealing temperature, annealing time, and the gold concentration in the
glass. Processing parameters that ensure efficient tuning of the optical spectra are defined. The
presented study can be a basis for a method for surface modification of glass samples that can
lead to formation of nanoparticle composed layer with tunable optical properties for applications

as novel optical elements.
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Moandukanus HA ONTHYHUTE CBOMCTBA HA JOTUPAHO ChC 3J1aTO CTHKJI0, HHAYIMPAHO OT
HAHOCEKYH/IHO JIa3ePHO JIbYeHHe U OTTPsiBaHe

H. Heasiakos, H.E. CtankoBa, M.E. KoJsieBa, P. Hukos, M. I'po3eBa, E . ﬁopnaﬂosa, TI.
SInkoB, JI. Anexcanapos, P. Hopnanosa, /I. Kapamanosa
B ta3u pabora ca npeactaBeHu epeKTUTE OT JA3€PHOTO JIBYSHHE U MpoLieca Ha OTIPSBaHE BbPXY
MPOMSIHATa Ha ONTUYHHUTE CBOWCTBA HA JOTUPAHO ChC 371aTO OOPOCHIMKATHO CTHKIO. CTHKIA €
TPU Pa3IU4YHU KOHILIEHTpAIMM Ha 3JaTO ca MOJyYEeHH MO METOJa Ha MpeoXjaZeHa CTOMMIIKA.
JlazepHoTo oOnbuBaHe € u3BbpuieHO ¢ nomomra Ha Nd: YAG cuctema, KOSTO TeHEpUpa
HAaHOCEKYHJHU MMIYJICH NPU IBHKUHU Ha BbJHUTE OT 1064, 532, 355 n 266 nm. OnTuyHHTE
CBOMCTBA Ha CTBHKIEHUTE MPOOM ca M3CJIelBaHM Ha 0a3za CHEKTPUTE Ha MPOMYCKIUBOCT B
VITpaBUOJICTOBATa, BUAMMATAa W ONM3KaTa nH(ppadepBeHa oOyactu. Pesynratute mokassar, de
00 TbYBAaHETO TIPU JIBJDKWHA HA BBIHATA 266 nm MPEIU3BHKBA MTPOMEHHU B IBETA HA CTHKIIOTO,
nopaau oOpasyBaHeTo Ha naedexkTu (uBeTHH LeHTpoBe). OTrpsBaHETO Ha MPOOUTE BOAU [0
o0Opa3yBaHe Ha YePBEHO OLIBETEHU 30HU, YUHUTO MO3UIUU CHOTBETCTBAT HA O0IbUEHUTE 00IACTH.
OntuynuTe cBolicTBa M HaOmoneHuero or TEM wu3cnenBaHusiTa moka3Bar, ue TO3M €(EKT €
CBBP3aH ¢ 00pa3yBaHETO Ha 3JaTHU HaHOYACTUIIM. ONTHYHUTE CIIEKTPH Ha 00JacTUTE, 00IbUYCHU
C Ja3epHM HMIYJICHM U TMOCIEABAIIO OTIpsIBaHE, Ca M3YyUYECHHM 3a pa3IMYHU [apaMeTpu Ha
o0paboTka ¢ nazepa (MpUiIOkKeHa IhDKMHA Ha BbIIHATA, OpOi UMMYJCH), KaKTO U TeMmIepaTrypa
Ha OTrpsiBaHe, BPEME Ha OTrpsiBaHE M KOHIIGHTpAIlMs Ha 3J1aTo B CTHKIOTO. OmpeneneHu ca
napamMeTpuTe 3a 00paboTKa, KOUTO OCUTYpsBAT €(PEKTUBHO TOTIBINAHE B ONTUYHUTE CIICKTPH.
[IpencraBeHoTO M3cneaABaHe MOXe Aa ObJe OCHOBA 32 METOJ 32 TOBBPXHOCTHA MOIU(UKALIUS HA
CTBKJICHH TpoOu, oOpa3yBailku CIOH OT HAHOYACTHIIM C PETYIHPYeMH ONTUYHHU CBOMCTBa 3a

IIPHUIIOKCHUSA KaTO HOBU OIITUYHU CIICMCHTH.

Structural study of glasses in the system B,03-Bi,03-La,03-WO3
R. lordanova, M. Milanova, L. Aleksandrov, A. Khanna

New multicomponent (100 —(x —y))-(0.6B203:0.4B1,03)-xLa;03-yWOs3, x=0, 10; y =0 +40 mol%
glasses were obtained by melt quenching technique and its structure were examined by infrared
and Raman spectroscopies. Based on the obtained spectral data it was suggested that in the

absence of La,Og3, tungsten incorporates into boro-bismuthate network in small quantities through
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Bi*" and B-O-W bonds are not formed. Accumulation of Bi-O-W bonds stimulates crystallization
processes. La,Os is crucial to connect tungstate units with boro-bismuthate glass matrix and to
realize amorphous network with their participation. It was supposed that in glasses with higher
WOj; content (30 and 40 mol%) two inconsisted glass networks are formed bismuthborate one
built up by BO3, BO4, BiOg units and tungstate one, built up mainly by WOg. These networks are
interconnected through lanthanum.

CTpyKTYpHO H3c/IeIBaHe HA cThKIa B cucTemara B,03-Biy03-La;03-WO;
P. ﬁopnaHOBa, M. MuianoBa, JI. Asnekcanapos, A. Kanna

Hosa muoroxomnonentau (100— (x — y))-(0.6B203 - 0.4Bi203) - xLa203 -yWO03,x =0, 10; y
= 0 + 40 mol% cTpkila ca MoOJTy4YeHH Ype3 MEeToJa Ha mpeoxianeHa cronuika. CTpykTypaTa Ha
CTBKJIATa € H3Clie[iBaHa upe3 uH@padepBeHa u PamanoBa cnekTpockornuu. Bb3 ocHoBa Ha
MOJTyYCHNUTE CIIEKTPATIHHU € YCTAaHOBEHO, Y€ B OTCHCTBHETO Ha LayOs, BonppaMbT ce BKIIOUBA B
00po-OrcMyTaTHa Mpeka B MajKd KOJMYECTBA 4upe3 Bi** u ne ce obpazyBar B-O-W Bpb3ku.
HarpynBanero Ha Bpb3ku Bi-O-W crtumynupa npouecute Ha kpucranuzauus. LaOz e ot
pelIaBalo 3Hau€HUE 3a CBbp3BaHE Ha BOJIPpaMOBH €IUMHUIM ¢ Oopo-OucmyTaTHaTa amopdHa
Marpuna. [Ipeamnomnara ce, ye B CThKJIa ¢ MO-BUCOKO chabpkanue Ha WO3 (30 u 40 mol%) ce
o0pa3yBaT JIB€ HECMECBAIlld CE€ CTBHKICHH MpEeKH, eaHa wusrpaaeHa ot BOs;, BOs BiOs
CTPYKTYpHU €IMHHUIM U Jpyra BojippamaTHa, u3rpageHa ocHoBHO oT WOg okraenpu. Tes3u

MPECXKHU €Ca CBbpP3aHU ITIOMECKAY CHU YPE3 JIAHTAH.

Synthesis and characterization of pectin/SiO, hybrid materials”
N. Rangelova, L. Aleksandrov, S. Nenkova

Amorphous hybrid materials with participation of water soluble biopolymer (pectin from apple-
AP) and silica derived from tetraethoxy silane (TEOS) were synthesized by sol-gel method. The
influence of biopolymer content was determined. The principles of the hybrids formation were
developed using structural data from Fourier transform infrared spectroscopy (FT-IR), X-ray
diffraction (XRD), Differential thermal analysis (DTA/TG), and 13CNuclear magnetic resonance
(13C-NMR) analysis. The most probable model of interaction between pectin and silica network
in the hybrid materials were proposed. It has been found that the reaction between the organic
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and the inorganic components was performed by depolymerization of the intermolecular H-

bonds. The formation of new H-bonds between silica and pectin was supposed.

Cunre3 u oxapakTepu3npaHe Ha nNeKTuH / SiO, XUOpUIHU MaTepuaIn
H. Panrenosa, JI. Anekcanapos, C. HenkoBa

AMopdHM XUOpUIHN MaTepUaIU C YYaCTUETO Ha BOJIOPA3TBOPUM OHONOIUMED (I0BJIKOB MEKTHH
- AP) 1 crumnueB quokcu, mosrydeH ot terpaerokcucwiian (TEOS) ca cunTesnpanu mo 30J1-rei
meton. OmnpeneneHo € BIMSHAETO Ha CBHABPKAHMETO HA OHOMOIUMEp B XHOpHAUTE.
dopmupaHeTo Ha XuUOpUIUTE ca pa3pabOTEHHM C NOMOINTA HAa CTPYKTYpPHM JI@HHU OT
nHppauepBenara cnekrpockonus (FT-IR), pentrenoBa mudpaknus (XRD), mudepennumancH
tepmuueH aHanu3 (DTA/TG) u siapeHo MarHuUTEH pe30HaHC (13C-NMR). [Ipensioxen e Haii-
BEPOSTHUAT MOJIC]I Ha B3aUMOJICHCTBUE MEXIy MEKTHHA U CHIUIFCBATa MPEKa B XUOPHIHUTE
MaTepuad. YCTaHOBEHO €, Y€ B3aUMOJCHCTBUETO MEXIY OpPTaHUYHUTE M HEOPTaHUYHUTE
KOMIIOHEHTH C€ WU3BBpPIIBA 4Ype3 JIeMOoJMMEepH3alusi Ha MEXIyMoyieKyiaHuTe H-Bpb3ku.

Hpennonara ce 06pa3yBaHeT0 Ha HOBHU H'BpLSKI/I MCKAY CUIIMIUCB TUOKCUI U IICKTHUHA.

Synthesis, structure and properties of hybrids doped with copper ions in the silica-
hydroxypropyl cellulose system”

N. Rangelova, L. Aleksandrov, Ts. Angelova, N. Georgieva

In the present study, the formation of copper-doped hybrids and their structure were examined.
The XRD analysis showed that all samples are in amorphous state. The IR spectra are
characterized with typical bands for silica network (~ 460, 650, 795, 960, 1085, 1200 and 3480
cm ), and vibration of Cu-O bonds (460-480 cm™). The thermal stability decreased with
increasing of Cu content from 15 to 25 mass%. By optical microscopy it was found that in the
sample containing 5 wt.% Cu, CuSO4*nH20 separated from the amorphous matrix and it was no
able to incorporate into the hybrid material. After heat treatment of as prepared copper-doped
hybrids the XRD, IR and UV-VIS analysis were done. The amorphous state of the hybrids
remains except the sample containing 5 wt.% Cu. There are three refraction peaks on the
amorphous halo observed assigned to the CuO. The calculated band gap energy (Eg) values

sharply decreased after heat treatment process: 3.66-3.97 eV for raw materials up to 2.54-1.30
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eV for heated samples. The obtained materials were tested as antibacterial agents against

Escherichia coli K12 used as a model microorganism.

CuHTe3, CTPYKTYpPA U CBOIICTBA HA XUOPUIAH, JOTHUPAHM C MeIHH HIOHU B CMCTEMAaTa
CWINIUIH - XUAPOKCHUIIPOMUJI LeJIyJI03a

H. Panrenosa, JI. Auekcanapos, LI. Aurenosa, H. I'eopruesa

B Hacrosmoro u3cnenBane ce u3cieqBa o0pa3yBaHETO Ha JOTUPAHU C MEJ XUOPHIU U TAXHATa
cTpykTypa. PentreHodas3oBusAT mnokaza, ye BCHYKM Hpodbu ca B amoppHOo cbcrosHHMe. IR
CIEKTPUTE CE€ XapaKTepu3upaT ¢ TUIMYHM MBHULM 3a cuimnueBa mpexa (~ 460, 650, 795, 960,
1085, 1200 u 3480 cm™ 1) KakTo u Konebanusita Ha Cu-O Bpb3kHu (460—480 cm™ 1). Tepmuunara
CTa0MJIHOCT HaMaJlsiBa C yBeJIMuYaBaHe Ha chAbpkaHuero Ha Cu ot 15 Ha 25 Teru. %. Upes
ONTUYHA MUKpPOCKONHUs Oelle YCTaHOBEHO, ue B mpodara, chabpkama 5 tern.% Cu,
CuSO4*nH20 ce otmens or amopdHara MaTpulla W HE € B CHCTOSHHE Ja C€ BKJIIOYH B
xuOpuanus marepuan. Cren TepMuyHa oO0pabOTKa Ha Taka HPUTOTBEHM XuOpuau Osixa
npoBeneHu penuna umicnensanus: XRD, IR u UV-VIS ananmuszu. AMmopdHOTO chCcTOSHHE Ha
XHUOpUIUTE OCTaBa C M3KJIIOUEHHE Ha mpolaTa, chabpkama 5 Tern.% Cu. OTKpuBar ce TpH
TUQGPAKIUOHHN MHKA, KOUTO Morar na opaar otrHeceHn Ha CuO. M3uucineHuTe CTOMHOCTH Ha
IbJDKUHATa Ha 3a0paHeHarta 30Ha (Eg) ps3ko HamansiBaT ciell TEPMUYHO TpeTHpaHe: oT 3.66—
3.97 eV 3a HeoOpOorenure marepuanu a0 2.54—1.30 eV 3a HarpsBanure npobu. Ilomydenute
Marepuaid Osixa TECTBaHM KaTO aHTHOakTepuanHu areHTH cpemry Escherichia coli K12,

H3I0JI3BAH KAaTO MOACJICH MUKPOOPTaHHU3BM.

Local structure, connectivity and physical properties of glasses in the B,O3-Bi,O3-La,03-
WQOj3; system

M. Milanova, K.L. Kostov, R. lordanova, L. Aleksandrov, A. Yordanova, T. Mineva
Glasses of (100 - (x+y)) = (0.6B,03-0.4Bi,03) = xLa,03 = yWO3, x=0, 10; y=0 + 40 mol% were
prepared by melt quenching. Density measurements, thermal analysis, UV-vis diffuse reflectance

spectroscopy, X-ray photoelectron spectroscopy and theoretical modeling using Density

Functional Theory were employed to identify the effect of WO3 content on the structural and
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physicochemical properties of these glasses. The glass transition temperature and density increase
steadily with increasing WOj3 content, most probably because of the formation of mixed Bi-O-W
and La—O—W crosslinks. The lower band gap energy values show that the introduction of WO3 or
La,O3; to 60B,03 - 40Bi,0; glass increases the number of non-bridging oxygen species in the
glass structure. The photoelectron analysis aided by theoretical calculations discover that
additionally to the tetrahedrally coordinated W ions, most of the existing WOG6 octahedral units in
glasses with nominal WO; content below 20 mol % are distorted, leaving practically the tungsten
ions in a quasi-tetrahedral coordination. At higher WO3 content (30-40 mol%) the concentration
of octahedrally coordinated tungsten atoms dominate strongly over those of tetra- and quasi-tetra-
coordinated W ions. Moreover, the comparison with appropriate crystal standards allows offering
a complete description of the existing bridging and non-bridging linkages and their most likely

O1s binding energies.

JlokasHa cTpyKTypa, THIOBE BPB3KH M PU3NIECKH CBOMCTBA HA CTHKJIATA B CHCTEMATA
BzOg-BizOg-L&zOg-WOg

M. Muaaunona, K.JI. Kocros, P. ﬂopnaHOBa, JI. AstekcaHapos, A. ﬁopnaﬂona,
T. MuHeBa

[To mMerona Ha mpeoxiageHaTa CTOMMIKA ca CHHTE3MPaHH CThkia che cheraB (100 - (X+y))
(0.6B,03:0.4Bi,03) * xLa,03 = yWO3, x=0, 10; y=0 + 40 mo01.%. W3cneaBaHo e BIUSIHUETO Ha
WOQOj3; BbpXy CTPYKTypHUTE M (PU3MKOXMMHYHHU CBOICTBAa Ha T€3M CTHKJA Ype3 W3MEpBaHUs Ha
IUIbTHOCTTA, TepMuueH aHanu3 (DTA), mudysHo otpaxkarenna YB-Buauma CHEKTPOCKOIHS,
Pentrenosa ¢otoenexktponHa cnektpockonus (XRD) u TeopeTnuHo MoaenupaHe. Y CTaHOBEHO €,
4e TUTBTHOCTTA M TeMIIepaTypaTa Ha 3aCThKIISIBAHE HApacTBAT C yYBEIMYaBaHE Ha ChIBPKAHUETO
Ha WOj3, Haii-BepoaTHO mopaau obpa3yBaneTo Ha cmeceHH Bi—~O-W u La—O-W Bps3ku. Ilo-
HUCKUTE CTOWHOCTH Ha MIMpHHATa Ha 3a0paHeHTa 30Ha (Eg) mokasar, ue nobaBsHeTro Ha WO3
wm LayO3 kM 60B,03°40Bi,03 cTHKI0 BOAM 10 HapaCTBaHE HA KOJWYECTBOTO Ha HEMOCTOBH
KHCJIOPOJIHA aToMu B amopdHata mpexa. Upes XPS ananus, KOMOWHHpAaH C TEOPETHYHU
W3YHUCIICHHS, € YCTAaHOBEHO, Y€ B CTPYKTypaTa Ha YETUPUKOMIIOHEHTHUTE CTHKIIA, ChIBbPIKAIII
WO;3; mox 20 mon.% mnpucsctBar WO4 1 WOg rpynu. B Te3u cbetaBu crpkia nosedero WOg
OKTaepu ca CHWJIHO Ae(opMUpaHH M MOrar ga ObJaT pasriiekJaHU KaTo BOJI(PpPaMOBH HOHU B

KBa3u-TeTpacJpuyHa KHCIOpOJHAa KoopAuHauus. MpexaTta Ha CTbKJIara ¢ IO-BHCOKO
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coappkanne Ha WO3 (3040 mon.%) e nomunupana ot WOg €IMHUIM, KaTO KOJIMYECTBOTO Ha
BondpamoBute Tterpacapu (WO, W°" ionure B KBa3u-TETpacApU4YHa KHUCIOPOIHA
KOOPJMHALIMS € 3HAYUTEIHO MO-MalKo. Ype3 cpaBHUTENEH aHAIN3 C MOJAXOMASIIA KPUCTATHHU
CTaHJAPTH € TPEIJI0KEHO ITHJTHO ONMKMCAHUE Ha CHIECTBYBAIIUTE TUIIOBE BPB3KH M TEXHUTE Hali-

BepoaTHU O1s cBBbP3BaIM €HEPIUH.

Study of potential biomedical application of sol-gel derived Zn-doped SiO; -hydroxypropyl
cellulose nanohybrids

T. Angelova, N. Rangelova, N. Georgieva, V. Nemska, T. Stoyanova, V. Uzunova,
L. Aleksandrov, R. Tzoneva

A series of Zn-doped hybrid materials based on silica from tetraethoxysilane (TEOS) and
hydroxypropyl cellulose (HPC) were prepared by a sol-gel route. The structure, morphology and
thermal behavior of synthesized hybrids were characterized by infrared (IR) spectroscopy,
ultraviolet-visible spectroscopy (UV-Vis), transmission electron microscopy (TEM) and
differential thermal analysis with thermogravimetric analysis (DTA/TG). The obtained materials
were investigated for a potential biomedical application. The antibacterial properties of hybrids
were investigated by measuring the inhibition zones formed around the materials containing
different zinc content in presence of reference strains of Gram-positive and Gram-negative
bacteria. The biocompatibility tests showed no cytotoxicity and genotoxicity, as well as no
changes in actin cytoskeleton organization for hybrids with Zn content below 5 wt%.

IMoTeHnua HO OMOMEIMIMHCKO NMPUJIOKEHHE HA 30J1-TeJI NoJiydeHn Zn-gorupanu SiO; -
XUAPOKCUTIPONIII 1EJTYJI03HH HAHOXHOPUIH

I.Anreaosa, H. PanresioBa, H. I'eopruesa, B. Hemcka, T. CrosinoBa, B. Y3yHoBa,
JI. Anexkcanapos, P. IloneBa

Cepus oT Zn-moTupaHu XHOpPUIHM MaTepuUald Ha OCHOBaTa Ha CWJIMIHUEB JAUOKCHJI OT
terpaeTokcucwial (TEOS) u xuapokcunponun nenynosa (HPC) ca nomydyenu no 30i1-reia MeToO.
Crpykrypara, Mopdonorusta ¥ TEPMUYHOTO IOBEJACHHE HAa CHHTE3MpAaHUTE XUOpUIU ca
oxapaktepusupanun ¢ uHppauepBeHa (IR) cmekTpockomnus, yATpPaBHOJIETOBO-BHIUMA

cnekrpockonus (UV—-Vis), TpancMucronHa enekrponna mukpockonus (TEM) u nudepennuanen
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TepMuueH aHaiau3 ¢ TepMmorpaBumeTpuueH aHanmu3 (DTA/TG). IlomydyeHuTe maTepuanu ca
W3CIIEJIBAHM 33 TIOTCHIMATIHO OMOMEAUIIMHCKO MPUJIOKEeHHE. AHTHOAKTEPHAIIHUTE CBOICTBA HA
xuOpuanTe 0sixa U3CJICIBaHM Ype3 M3MEpPBaHE Ha 30HUTE HAa MHXUOHMpaHE, 00pa3yBaHH OKOJIO
MaTepUaInTe, ChAbPIKALIU PA3IMYHO KOJIMUYECTBO LIMHK B MPUCHCTBUETO HAa peepeHTHHU IIIaMOBE
Ha ['pam-nonoxkurenuu u ['pam-orpunartennu Oakrepuu. TectoBeTe 3a OMOCHBMECTHMOCT HE
MOKa3BaT UTOTOKCUYHOCT U T€HOTOKCUYHOCT, KAKTO U MPOMEHHU B OpraHU3allMsITa HA aKTUHOB

IIUTOCKEJNET 32 XUOPUAU ChC ChAbpIKAaHUE HA Zn 1of 5 Teri1.%.

All optical formation and decomposition of silver nanoparticles in glass

N. N. Nedyalkov, M.Koleva, N. Stankova, R. Nikov, A. Dikovska, L. Aleksandrov, R.
lordanova, G. Atanasova, D. Karashanova, K. Grochowska, G. Sliwinski.
The process of laser radiation-induced formation and decomposition of Ag nanoparticles in glass
is studied. Borosilicate glass samples are fabricated by melt quenching method. Silver nitrate is
added in the fabrication stage in amount to form final glass samples with compositions of 1, 1.5,
5, and 10 wt% Ag. The fabricated samples are irradiated by laser pulses delivered by Nd:YAG
nanosecond laser system at wavelength of 266 nm. It is found that at certain conditions laser
radiation can induce coloration of the irradiated zone which is related to formation of silver
nanoparticles. Detailed analyses are performed to characterize the formed nanoparticles. The
application of a subsequent laser treatment of the glass samples with already formed
nanoparticles can result in transparency recovery. The effect is demonstrated at wavelength of
355 nm of the Nd:YAG laser system. The observed formation and decomposition of
nanoparticles are discussed on the basis of the calculated laser-induced heating dynamics and
molecular dynamics simulation model for the silver atom motion. Diffusion growth and redox

reactions are found to be responsible for the observed effects.

dopmupaHe H pa3jiaraHe Ha CpeObPHU HAHOYACTHIM B CTBHKJIO

H. H. Heasinikos, M. KoaeBa, H. CrankoBa, P. Hukos, A. /lukoBcka, JI. Asiekcanapos, P.
Hopnanosa, I'. AtanacoBa, /I. Kapamanosa, K. I'pouoBcka, I'. CauBunckn
N3cnenBan € mpolechT Ha MHAYIMPAHO JIa3€pHO JBhUCHHE C OoOpa3yBaHE WM pa3jiaraHe Ha Ag
HaHOYaCTHUIIM B CTBKIIA. BOpOCI/IJII/IKaTHO CTBKJIO € TIOJYYCHO IO MCTOJAa Ha MNpCOoXJiaACHa
cronmwika. CpeObpeH HUTpaT € J00aBeH B eTana Ha IOJlyyaBaHe Ha CTHKJIATa B Pa3IMYHO
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cpoTHomeHue: 1, 1.5, 5 u 10 tern.% Ag. [lonydyenure cTbkia ca oOdbUEHH C Ja3€pPHU UMITYJICH,
nocraBsau oT Nd: YAG HaHOCEKyHJHA Jla3epHa CHCTEMa C JIBhDKMHA HAa BBIHATa 266 nm.
VYcTaHOBEHO €, Y€ NpU OINpPEAEIEHU YCIOBUS JIA3€pHOTO JBUEHHE MOXKE Ja IpeAu3BUKA
OLIBETSIBaHE Ha O0JIbYEHATa 30HA, KOETO € CBBbP3aHO ¢ 00pa3yBaHETO Ha CpeObPHU HAHOYACTHULIM.
[Ipunaranero Ha mocienBamia Ja3epHa 0o0paboTKa Ha CTHKJIATa BOAM J0 BH3CTAHOBABAHE Ha
npo3padHocTTa uM. EQexThT ce HabmoqaBaH npu IbDKUHA HA BBIHATA OT 355 nm mojy4eHa ot
Nd: YAG nazepna cucrema. HabmomaBaHoto (opMmupaHe W pa3jiaraHe Ha HAHOYACTHIM €
JUCKYTHpaHO Ha 0a3a M34YMCIUTENIHA AUHAMUKA Ha Ja3epHO-UHAYIUPAHE U HArpsiBaHe, KakTo U
CUMYJIAIIMOHEH MOJIEN Ha MOJICKYJIsIpHA TMHAMUKA 32 ABM)KCHHUE HAa cpeObpPHU aTOMU B amop¢Ha
MaTpuiia. Y CTaHOBEHO €, 4e AU(PY3UOHHUAT PACTEK U OKUCIUTEITHO-PEAYKIIMOHHUTE PEaKIIUU ca

OTrOBOPHM 32 HAOII0OAaBaHUTE €(PEKTHU.

Tuning optical properties of noble metal nanoparticle-composed glasses by laser radiation

N. Nedyalkov, M. E. Koleva, R. Nikov, N.E. Stankova, E. lordanova, G. Yankov, L.
Aleksandrov, R .lordanova
Noble metal nanoparticle composed glasses attract significant attention due to the unique optical
properties that they express in the near UV and visible spectral range. These are related to the
high values of the extinction cross section and nonlinear optical characteristics. In this work we
study the ability of laser irradiation to induce modification of the optical properties of borosilicate
glasses that contain gold nanoparticles. The process is investigated by application of laser pulses
of nanosecond Nd:YAG system on glasses that consist of nanoparticles with different size and
shape. The results show that at certain conditions the glass optical properties can be modified as a
change of the nanoparticles plasmon resonance wavelength is observed. The influence of the
laser fluence and pulse number on this effect is studied. Two fluence regimes are defined: (i) at
low fluences, close to the optical properties modification threshold the increase of the laser
fluence results in a blue shift of the resonance wavelength; (ii) further increase of the laser
fluences induces a red shift. Similar behavior is observed by changing the number of the applied
pulses. Here after application of several thousand laser pulses additional, third regime of blue
shift is realized. Theoretical models based on multiparticle Mie scattering theory and heat

conduction equation are applied to explain the observed modifications. On their basis and
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performed analyses can be concluded that the induced optical properties variations are related to
modification of the nanoparticles size and shape by melting, fragmentation and coalescence. The
obtained results indicate an ability of nanoparticle and shape modifications with a high spatial

resolution in 3D and can be used for fabrication of integrated optical systems.

Peryaupane onTM4YHHUTE CBOICTBA HA CTHKJIA, ChABPKAIA HAHOYACTHIIU OT 0JIATOPOIHH
MeTaJIN Ype3 JIa3epHOo 00, 1bUBaHe

H. Hegsiaxos, ML.E. Kosaesa, P. Hukos, H.E. CrankoBa, E. ﬁopnaﬂona, I'. SIakos, JI.
AJslekcaHjapos, P. ﬁopnaHOBa
CrpkiaTa, ChIbpKAIIM OJIATOPOTHU METATHA HAHOYACTHIIM, ITPUBJIMYAT 3HAYMTEITHO BHUMAHUE
OnarojjapeHre Ha YHUKAJIHUTE CH ONTHYHU CBOMCTBA, KOMTO T€ MPOSBSBAT B YATPAaBHOJIETOBATA
U BUAMMA YacT Ha EeNEeKTPOMArHUTHUST CHEKThp. Te3u cBoicTBa moratr jga ObAaT CBBpP3aHH C
HEJIMHEHHUTE ONTHYHH XapaKTEPUCTHKH Ha Marepuanure. B HACTOSIIOTO M3CieBaHE HHE
u3cienBaMe Bb3MOKHOCTTA IPUII0KEHOTO JIa3epHOTO 0OIbYBAHE J1a MHIyIHpa MOAU(UKALUS HA
ONITUYHUTE CBOICTBA Ha OOPOCHIMKATHU CTHKIA, KOUTO CBHABPKAT 3IaTHU HAHOYACTHUIIM.
[IpouiechT e m3cienBaH 4pe3 MpHIIaraHe Ha Jia3epHU UMMyJIcH OT HaHocekyHnHa Nd: YAG
CHCTeMa BBPXY CTHKIJIA, KOUTO CHABPKAT 3JIaTHW HAHOYACTHIIA C Pa3IM4YeH pa3Mep U (opma.
Pesynrarure mokasBar, 4e Ipu OINPEIEICHN YCIOBUS ONTHYHUTE CBOWCTBA HA CTHKIIOTO MOTAT J1a
O0baaT MoauduUIIMpaHy, KaTo ce HaOIro1aBa MpoOMsHA Ha JbJDKHHATA HAa BbIIHATA Ha TUIa3MOHHUS
pe30HaHC Ha HaHOYacTUIUTE. M3cleBaHO € BIMSHUETO HA €HEPrusATa Ha Ja3epHO JI'bUYCHHE U
Opost mpuioxeHu ummnyicu. Jlepunupanu ca aa pexuma: (1) MpuU HUCKU €HEPrUM, OJIM30 10
nmpara Ha MOJM(UKAIMI HA ONTHYHUTE CBOWCTBA, YBEIMYaBAHETO HAa ITUIBTHOCTTA HA Jla3epHATa
€Heprusi BOJAM JI0 CHHBO OTMECTBAaHE Ha pEe30HAHCHATa [ObDKMHA Ha BBIHATA; (i) TIO-
HATaTHITHOTO YBEIMYaBaHE Ha TPUIIOKEHATa EHEPrusl MpEeAu3BUKBA YEPBEHO OTMECTBAHE.
[TogoOHO moBeneHue ce HabMO/aBa Ype3 MpoOMsHA Ha Oposi Ha mpwiIoxkeHuTe umnyiacu. Crien
npujiaraHe Ha HAKOJIKO XM Ja3epHU UMITYJICa C€ Pealn3upa U JOIBIHUTEICH TPETH PEKUM
Ha CHHBO OTMecTBaHe. PazpaboTeH e TeopeTndeH Mojen Bb3 OCHOBa Ha Teopusita Ha Mue 3a
pa3ceiiBaHe Ha MHOXKECTBO YAaCTHUIIM MPHU BHACSHE HAa TOIUIMHA B CHCTEMAaTa, KaTo € OTYETEHO U
ChOTBETCTBAIlaTa TOILIONMPOBOJMMOCT Ha aMop(dHara MaTpuiia. Bb3 ocHOBa Ha mpeIoKEeHUS
Mozen Oe yCTaHOBEHO, 4Ye HaOJoJaBaHUTE NMPOMEHH B ONTHYHUTE CBOMICTBA Ha CTHKIIaTa ca
CBBp3aHM ¢ MoauduKanusITa Ha HAHOYACTHIIMTE N0 pa3Mep U ¢GopMa upe3 3ararsHe,

¢parmeHTUpane W KoayecieHuus. IlomydeHuTe pe3ynTaTH TOKa3BaT, 4Ye IMPHU ONPEIEICHU
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YCJIOBUS HAHOYACTHUIUTC UMAT CIIOCOOHOCTTA Ja IIPOMCHAT CBOA pa3Mep U (bopMa, Ja arperupar

C BUCOKA NPOCTPaHCTBCHA pa3ACIIMTCIIHA CIIOCOOHOCT.

Direct laser writing of Ag nanoparticle-composed structures in glass

N. Nedyalkov, M. E. Koleva, N. E. Stankova, R. Nikov, P. A. Atanasov, L. Aleksandrov, R.
lordanova, G. Sliwinski, M. Sawczak, K. Grochowska, M. Terakawa

In this work results on laser assisted formation of silver nanoparticles in glass are presented. The
sample material used in the experiments is Ag doped borosilicate glass fabricated by
conventional melt quenching method. The glass samples are irradiated by nanosecond laser
pulses at wavelength of 266 nm with a wide range of fluences and number of applied pulses. It is
found that the laser radiation can lead to specific yellow coloration of the irradiated areas. The
performed analyses show formation of silver nanoparticles in these zones. The optical properties
of the irradiated areas are found to depend on the laser processing parameters and the silver
concentration. The mechanism of nanoparticle formation is also discussed. The presented method
can be used for formation of nanoparticles inside transparent materials and can be used for

fabrication of novel materials with application in photonics.

JlazepHO MHULIMHPAaHe HA CTPYKTYPH BBPXY CTBKJIO ChAbPKAIMO AZ HAHOYACTHIIN

H. HeasinikoB, M.E. KoseBa, H.E. CrankoBa, P. Huxkos, II.A. Atanacos, JI. AjiekcaHapos,
P. ﬁopnaHOBa, I'. CiimBunckn, M. CaBuak, K. I'pouoBcka, M. Tepakasa
B Hacrosmata pabota ca mpencTaBeHH pe3yATaTH OT JIa3epHO WHUIMHMpaHE Ha CPeOBpHHU
HAHOYACTHUIM B CTHKJIO. Marpuiiata, U3MOI3BaH B €KCIEPUMEHTUTE € OOPOCUIMKATHO CTHKIIO
JOTHUPaHO ¢ Ag, TMOJIy4yeHO M0 KOHBEHIMOHAJIEH METOJl Ha NPeoxjajJieHaTra CTOIMMIIKA.
CrpkiieHnTe 00pa3iy ca OO0JbUEHH C HAHOCEKYHJCH Jla3ep ¢ JAB/KMHA Ha BBIHATA 266 nm C
IUPOK JUArNa3oH Ha MPWIOKEHU UMIYJICH. YCTAaHOBEHO €, Y€ JIA3epHOTO JTHUCHHE MOXKE Ja
JoBeNle A0 CrenuUYHO KBITO OIBETSABaHE Ha OOIbUeHUTE oOnacTu. M3BBpIeHUTE aHATU3U
MoKaszBar oOpa3zyBaHe Ha CpeOBPHM HAHOYACTUIIM B OOpaOOTEHUTE 30HHU. YCTAHOBEHO €, ue
ONTUYHHUTE CBOMCTBA HA O0JITbUEHUTE 00JIACTH 3aBUCAT OT IMapaMeTPUTE Ha JlazepHaTa 00padoTKa
U KOHLIEHTpaluATa Ha cpedbpoTto. JAUCKyTHpaH € U MeXaHU3MbT Ha oOpa3yBaHe Ha HAHOYACTHIIU.

[IpencraBeHusT METOJ MOXE Jia Ce M3IOJI3Ba 3a oOpa3dyBaHE HAa HAHOUYACTHLM B MPO3pAyHH
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Mar€pualn U MOXE Ja C€ M3II0JI3Ba 3a IMPOU3BOACTBO HAa HOBHU MaTCpHalId C INPUIOKCHHUEC BHB

¢doroHuKara.

Laser processing of noble metal doped glasses by femto- and nanosecond
laser pulses

N. Nedyalkov, N. E. Stankova, M. E. Koleva, R. Nikov, L. Aleksandrov, R. lordanova, G.
Atanasova, E. lordanova, G. Yankov.
This work represents results on the response of noble metal-doped borosilicate glass to laser
radiation with femto- and nanosecond pulse duration. The material under study is obtained by
conventional melt quenching method as samples with noble metal concentration varied up to 10
wit% are fabricated. Optical and morphology changes of the glass samples induced by application
of laser pulses with a wide range of parameters are studied. Below the permanent modification
threshold, defects associated with formation of color centers in the material are observed and
their properties as a function of the processing conditions are discussed. It is found that at certain
conditions laser irradiation may induce direct formation of noble metal nanoparticles in the glass.
When permanent morphology modifications are induced, different micro- and nanostructures are
observed depending on the laser parameters. The morphology of the ablated area is studied as
function of the laser fluence and number of the applied pulses. It is found that the presence of
noble metal in the glass at concentrations up to 10 wt% (the maximal used) does not influence the
ablation rate at both femto- and nanosecond ablation. The formation of defects and the

composition of the material in the vicinity of the ablated zone are also discussed.

JlazepHa 00padoTKa HA JOTHPAHM ¢ 0JIATOPOAHN METAJHU CTHhKJA Ype3 peMTo- U
HAHOCEKYH/HHM JIa3ePHU UMITYJICH

H. Hensiakos, H.E. CrankoBa, M.E. KoJsieBa, P. Hukos, JI. Aniekcanapos, P. Hopaanosa, I'.
AtanacoBa, E. Hopaanosa, I'. SlukoB

Ta3zu pabGoTta mpeacraBss pe3yiTaTd CBbpP3aHU C OOIBbUBAHE Ha OOPOCHIMKATHOTO CTBKIIO,

JIOTUPAHO C OJaropoJHU MeTand, ¢ (peMTO M HAaHOCEKYHJIEH jasep. M3cneaBaHusT marepuan e

MOJTy4eH 4Ype3 MEeToJa Ha MPEeoXJIaZieHa CTONMMIIKA C KOHILIEHTpAlUs Ha OJIaropofieH MeTal

Bapupama 10 10 rern.%. [Ipocnenenu ca ontuyHUTe U MOP(HOIOTUYHU ITPOMEHH Ha aMOp(HUTE

30



npoOu, MpeIu3BUKaHU OT MpHJaraHe Ha ja3epHu uMmmnysicu. HaOmomaBat ce oOpa3yBaHeTO Ha
nedexTH, CBbp3aHH C MHUIIMMPAHETO HA I[BETHU LICHTPOBE B Marepualia, KaTto ca JUCKYTHPaHU
TEXHUTE CBOWMCTBA B 3aBHCUMOCT OT YCIIOBHsATAa Ha 00pa0OTKa. YCTAaHOBEHO €, 4e NpHu
OTIpPEJICIICHU YCIIOBHS JIa3ePHOTO OOJ'bUBaHE MOXE Ja TpEAM3BUKA JUPEKTHO OOpa3yBaHe Ha
HAHOYACTHUIIM OT OJIAarOpPOJHU MeETad B CTBKIOTO. Korato ce mpeaM3BHKaT TOCTOSHHU
MonuUKaM Ha MOpQOJOTHiATa, ce HaONoJaBaT pa3iMYHH MHUKPO- U HAHOCTPYKTYPH B
3aBHCHMOCT OT JIa3epHUTE mapamerpu. Mopdomorusara Ha abiarHaTa o0JacT ce M3ydaBa, KaTo
(GYHKIHS OT TUTBTHOCTTA HA JIa3epHATa CHEPrUs U OpOosl Ha MPUIOKEHUTE UMITYJICH. Y CTAHOBEHO
€, 4e NPUCHCTBUETO Ha OJIarOpOJIEH MeTal B CTHKJIOTO TpU KOHIEHTpauuu a0 10 Terin.%
(MaKCHMMaJTHO M3IOJ3BAHMAT) HE BIHMSIC BHPXY CKOPOCTTA Ha abijalus KaKTO MPHU HM3MOJI3BAHETO
Ha (eMTo-, Taka W TpU HAHOCEKyAeH iazep. ChIIO0 Taka € IUCKYTHpaHO OOpa3yBaHETO Ha

I[eq)eKTI/I B 3aBUCHUMOCT OT CbCTaBa Ha MaTCpuaia B OIu30CT a0 abjaTHaATa 30HA.

Luminescence properties of laser-induced silver clusters in borosilicate glass

N. Nedyalkov, A. Dikovska, M. Koleva, N. Stankova, R. Nikov, E. Borisova, T. Genova, L.
Aleksandrov, R. lordanova, M. Terakawa
This paper describes the luminescence properties of small silver clusters formed by laser
treatment of silver-doped borosilicate glass. Using irradiation by a Nd:YAG nanosecond laser
system operating at the fourth harmonic wavelength (266 nm), areas are formed in the glass
samples that emit bright luminescence peaking at about 600 nm when excited by UV light in the
spectral range 300-390 nm. The influence is presented and discussed of the glass composition
and the laser processing parameters on the emission characteristics. It is further shown that the
luminescent properties are affected by the fluence of the excitation source, namely, a complete
guenching of the emission is achieved above a certain value. The luminescence of the irradiated
areas is explained by the formation of Ag clusters due to irradiation-induced reduction of Ag ions
and increased atom mobility resulting from the local heating. The limited stability of the
luminescent areas upon UV radiation can be related to heat-induced cluster decomposition and
re-oxidation. The results obtained provide a new insight in the optical properties of noble-metal
nanostructures and could form the basis of fabrication of complex optical systems and

luminescent component used in the study of, e.g., biological systems.
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JIyMHHeCIIeHTHH CBOICTBA HA JIa3ePHO HHAYUMPAHU CPeOBPHHU KIbCTEPH B
0OpPOCHIMKATHO CTHKJIO

H. Heasiakos, A. luxoBcka, M.E. Kosiesa H. CrankoBa, P. Huxkos, E. bopucosa, T.
T'enosa, JI. Asnexcanapos, P. opaanosa, M. Tepakasa
Ta3u cratus onmucBa JYMHUHECIIEHTHHTE CBOWCTBA HAa MaJKH CPeOBPHU KI'LCTEPH, 00pa3yBaHH
gpe3 JiazepHa 00paboTKa Ha JOTUPAHO ChC cpedpo OOpocHIMKaTHO CTHKIO. M3momsBaiiku Nd:
YAG nHaHocekyHAHa Ja3epHa CHCTeMa, paboTemia Npu YEeTBhPTa XapMOHUYHA IbJDKMHA Ha
BBJIHATa (266 nm), B cThKIaTa ce 00pa3yBaT 00JacTH, KOUTO M3IBUBAT SAPKA JIyMUHECIICHIIUS C
MakcuMmyM okosio 600 nm mpu Bb30yxknane B UV oOnactra B cniekTpanHus auanazoH 300-390
nm. TlpencraBeHO W OOCBHICHO € BIUSHHETO HAa ChCTaBa HAa CTHKIOTO W IMapaMETpUTE Ha
nmazepHara o0paboTKa BBPXY EMHUCHOHHUTE XapaKTCPUCTHUKU. YCTAaHOBCHO €, 4Ye
JTYMHUHECIIEHTHUTE CBOWCTBA CE BJIMSAAT OT M3TOYHWKA HAa BBH30OYXKIaHE, a UMCHHO IMOCTHTA CE
IIBJIHO MOTYIIABaHE HA EMHCHUsTA HAJl OTpeieiieHa CTOWHOCT. JIyMHHECIICHIIMATA Ha OOIbYCHUTE
obyacTu ce 00siCHsIBa ¢ 00pa3yBaHEeTO Ha Ag KIIbCTEPH MOPOJCHO OT IMOBHUIIIEHA MOJABMKHOCT HA
aTOMHUTE B PE3YJITAT HA JIOKAIHOTO HarpsiBane. OrpaHnyeHaTa CTAOMITHOCT Ha JIYMUHECIICHTHHUTE
3o mipu UV IJrpueHHEe MOXKe J1a OBbJie CBhp3aHa C WHAYIHPAHO OT TOIUTMHATA KIBCTEPHO
pasznmaraHe M TIOBTOPHO oOKucisiBaHe. [lomydeHuTe pe3ynraTd [aBaT HOBa MpeAcTaBa 3a
ONITUYHUTE CBOMCTBA HA HAHOCTPYKTYPUTE OT OJIAropoJHH METaJId U OMXa MOTJIH Jla ca OCHOBATa
3a MOJIY9aBaHETO HA CJIOKHU ONTHYHH CHCTEMHU W JIYMHUHECIICHTHH KOMIIOHCHTH B OMOJIOTHYHU

CUCTCMH.

Femtosecond laser modification of the optical properties of glass containing noble-metal
nanoparticles

R. Nikov, N. Nedyalkov, M. Koleva, N. Stankova, E. lordanova, G. Yankov,
L. Aleksandrov, R. lordanova

The paper presents results on femtosecond laser irradiation-induced modification of the optical
properties of a composite material - gold nanoparticles embedded into a borosilicate glass host.
The process is initiated by laser pulses delivered by a Ti:sapphire laser system with pulse
duration of 35 fs. The glass samples are prepared by melt quenching with gold added as hydrogen
tetrachloroaurate (I11) hydrate to the initial composition. Post-fabrication annealing leads to a
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homogeneous formation of nanoparticles in the glass; varying the annealing parameters results in
producing nanoparticles with different sizes and shapes. The laser irradiation of the samples
induces significant modification of the optical spectra of the glass through changes of the
nanoparticles characteristics. The effects are studied of the laser fluence, laser wavelength and
laser pulses number. The heat diffusion equation is applied to estimate the temperature evolution
and explain the modifications observed. The results demonstrate this technique’s efficiency in
modifying the nanoparticles properties with a high 3D spatial resolution, which can be useful in

fabrication of integrated optical systems.

@eMTOCEKYH/IHA J1a3epHA MOAM(UKALMSA HA ONTHYHUTE CBOICTBA HA CTHKJIO ChABPKAIIO0
HAHOYACTHIH OT 0JIArOPOTHU MeTaJIU

P. Huxos, H. Hegaakos, M. Koaesa, H. Ctankona, E. ﬁopnaﬂona, I'. SIakos, JI.
AJnlekcaHjapos, P. ﬁopnaHOBa
B cratusTa ca mpencTaBeHU pe3yiTatd oT MoaudHIIMpaHe HA ONTUYHUTE CBOHCTBA Ha OoOpo-
CIJIMKATHO CTBKIJIO JOTHPAHO CBhC 3JaTHU HAHOYACTHIIM, 4Ype3 OoOnbuBaHe ¢ (HEeMTOCEKYHIEH
nazep. [IpouechT ce MHUIIMKPA OT JIa3epHU UMITYJICH, TOCTABSIHU OT JlazepHa cucrteMa Ti: candup
C MPOABIDKUTETHOCT Ha ummyica 35 fs. CTpkiiarta ca MpUroTBEHU Ype3 METO/Ia Ha MPeoXJiaeHa
CTONMWJIKA. 31aToTo € Jo0aBeHO Karo BojoponaeH terpaxiopoaypar (III) xwuugpar keMm
I'bpBOHAYANHUS ChCcTaB. OTrpsBaHETO HAa CTHKJIATa BOAM JI0 XOMOTEHHO oOpa3yBaHe Ha
HaHouacTUIM. Upe3 BapupaHe Ha MapaMeTpUTEe Ha OTTpsIBaHE ce MOCTUra OO0pa3yBaHETO Ha
HAaHOYACTHIIM C pa3Iu4yHU pazMepu U Gopmu. JlazepHoTo 00bUBaHE HA TIPOOUTE MPEAU3BUKBA
3HaUMTENIHA MOIU(UKAIMA Ha ONTHYHHUTE CHEKTPH Ha CTHKJIOTO 4Ype3 TMPOMEHU B
XapaKTepUCTHKUTEe Ha HaHoyacThiuTe. M3yueHu ca eexTuTe Ha MPOMsSHA Ha TUITBTHOCTTA Ha
Ja3epHaTa eHeprus, AbDKMHATA Ha Jla3epHaTa BBIHA W Oposl HAa Ja3epHUTE HMIYJICH. 3a
oOsicHeHMEe Ha HaOIoJaBaHUTe MOAW(PHUKAIMK ¢ TPOMEHH B CTHKJIATa € W3IMOJI3BaHO
ypaBHeHHETO 3a Audy3us Ha TOoIuMHA. Pe3ynrature AemMoHCTpupaT €pEeKTHBHOCTTA Ha Ta3u
TEXHHUKA TpU MOAUQUIIMpPaHE HA CBONCTBaTa Ha HAHOYACTUIIUTE ¢ BHcOKa 3D mpocTpaHCTBEeHa
pa3aenuTenHa cnocoOHOCT, KOETO MOXKe J1a ObJie MOJIe3HO MPH MPOU3BOACTBOTO HA MHTETPUPAHH

OIITUYHHU CUCTCMU.
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Gas ejection mechanism of glass structuring induced by nanosecond laser pulses
N. Nedyalkov, R. Nikov, M. Koleva, N. Stankova, L. Aleksandrov, R. lordanova

In this work, results on a new laser-induced mechanism of microstructures formation on the
surface of borosilicate glass are presented. The samples are fabricated by melt quenching method
and consist of 50% SiO,, 20% Al,03, 20% B,03;, 5% CaO, 2% Li,O, 3% MgO (in wt.%).
Irradiation at 266 nm delivered by Nd:YAG nanosecond system is used to modify the glass
surface. It is found that this processing may result in the formation of voids in the irradiated area
that have submicron mean diameter. The effect is observed at fluences below the ablation
threshold. Different laser fluences and pulse number are applied to estimate their role on the
induced surface morphology. It is observed that voids are also observed in the remaining material
after ablation of the irradiated zone at high fluences. In this regime, glass structure modifications
can also be observed under the glass surface at depths that may reach 100 um. Based on
measurements by differential thermal analysis equipped by mass spectrometer is concluded that

the void formation is related to emission of gas phase from the glass induced by the laser heating.

MexaHu3bM Ha OTAE/IsIHE HA a3 0T CTHKJIO Ype3 NPUJIAraHe HA HAHOCEKYH/IHH J1a3ePHH
UMITYJICH

H. Heasinikos, P. Hukos, M. KosaeBa, H. CrankoBa, JI. Anekacanapos, P. ﬁopnanona

B Tasum pabora ca mnpeacTraBeHH pe3yaTaTd OT HOB JIA3€pHO-UHAYLMpPAH MEXaHW3bM Ha
o0pa3yBaHe Ha MUKPOCTPYKTYPH Ha MOBBPXHOCTTAa HAa OOPOCHIMKATHOTO CTHKJ0. CThKIIaTa ca
MOJIyYEHH Ype3 METOJI Ha MpeoxJjaaeHa cTommika ¢be chetaB 50% SiO,, 20% Al,03, 20% B,03,
5% CaO, 2% Li,0, 3% MgO (B tern.%). O6mpuBanero mpu 266 nm, gocraBero ot Nd: YAG
HAaHOCEKYH/IHA CHCTE€Ma, € H3IO0J3BaHO 3a MOAM(HIMpaHE Ha CThKIEHAaTa IOBBPXHOCT.
YcraHoBeHO €, 4e Ta3u o0paboTka MOKe Ja JoBeAe /10 oOpa3yBaHe Ha KyXWHHU B OOJbueHaTa
00J1acT, KOUTO UMAT CYOMUKpPOHEH pa3mep. EQexTsT ce HabmoaBa mpu IUTBTHOCT HA JIa3epHATa
€Heprus 1MoJ1 TIpara Ha abyaus. 3a OIleHKa Ha TSXHaTa pojis BbpXY WHAYIUpaHaTa Mopdoorus
Ha MOBBPXHOCTTA CE€ IpWiIaraT pa3JInyHu JazepHHu (iayeHcu u Opoit umimyicu. 3abenssBa ce, 4e
KYXHHH ce Ha0It0/1aBaT U B OCTAHAIHS MaTepHall ciie]] abyalvs Ha o0 TbueHaTa 30Ha MPH BUCOKH
¢dnyerncu. [Ipu TO3M pexkuM MoraTr na ce HaOMIOAaBaT M MOAM(HKAIMU IO/ MOBBPXHOCTTA Ha

CTBKJIOTO Ha Aba00unHU qocturamy 100 um. Ha 6a3a tepmuunnte nzcneasanus ¢ JITA amapar,
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O60py,HBaH C MACCIICKTPpOMETHP, CE€ CTUIHA A0 3aKIIIOYCHHETO, Y€ O6paBYBaH€TO Ha KyXHHHU €

CBBpP3aHO C EMHCHATA HA ra3oBa (1)3.33 OT CTBKJIOTO, MHUIUUPAHO OT JIA3CPHOTO HArpsABaHC.

35



