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CnucvK, Ha ywacmuuuume
DoKaradu

Aoxaap Ne 1

Upena Bopucosa, Ona Cmonaosa, Ung Thuy, Heserna Manonosa, Nguyen Liem, Vans Pawkos

«PomokamaanmuuHmn XM6PVLAHM TLOAVIMEPHU Mamepnain — noAyHaBaHe N TIOMEHUNAAHN TIPUAOXKEHUA»

Nnemumym no noanmepn — BAH, ya. Akaa. T'. Borues, on. 103, BX. A, Tp. Codwm m3, bovarapusa

Aoxaap Ne 2

Emun Xanapkosa
«MarHemonoannaekcu - HOBU BEKIMOPHM CUCITIEMU C TIOBULLEHA ec])ekmmmocm TPU TeHHA m]oaHCCI)CKLI'MSL»

Nnemumym no noanmepn — BAH, ya. Akaa. T'. Borues, on. 103, BX. A, Tp. Cocbvm M3, bovarapus

Aoxaap Ne 3

M. Cumeonos, b. Kocmosa, E. Bacuaesa

«XmppoTenoBe Ha TIOAMAKPUAAITIHI U TIOAUMETAKPUAATTHN B3AUMHOTIPOHUKBALLN TIOAUMEPHU MPeXU —
CUHITE3, CBOMCIBA U TIPUAOXKEHME KATTLO ACKAPCTBEHOAOCTIABALLN CUCTIEMI»

Codwitckn yrmsepenmem «Cs. Kanumenm Oxpuackn», Paxyamem mo xumna n papmaums, bya. Axeiime

Bayuep 1, rp. Codua 1164, Boarapua

Aoxaaa Ne 4
M. Cnacosa, H. Manonosa, H. Mapkosa, /. Pawkos
«KommnosumHn BaakHecmu Mamepnaan om 4>Ayop—cb,a;bp>l<aw,m noAumMepu n Hanodacmuumn om ZnO:

AU3aIH, TIOAyHaBaHe U CBOMCTBA»

Wremumym no noaumepn — BAH, ya. Axap,. T. Borues, 64. 103, Bx. A, Tp. Codua m3, Boarapna

Aoxaap N 5

T'eopru I'eoprues, Tlemeop Tlempos

«CuHmes 1 oxapakmepusnpaHe Ha ACKCTIPAH-CHABPKALLN KPUOTEAOBE»

Wremumym no noaumepn — BAH, ya. Axap,. T. Borues, 64. 103, Bx. A, Tp. Codua m3, Boarapua

Aokaaa N°6
Il Lexosa, M. Cnacosa, H. Maroaosa, H. Maprosa, W. Paiikos

«Tlo/\yt{aBaHe Ha BAAKHECTN MaTMePnan Omm UeAyA03€H auemart, TOAUBUHUATIMPOANAOH N KYPKYMUH C
KOMTIAEKCHA apXUITEKTypa n 61/[0/\01"1/[1{1—{21 AKIMUBHOCTT>

Mremumym no noaumepn — BAH, ya. Axaa. T'. Bonues, 6A.103, BX. A, Tp. Cocf)vm m3, bearapua
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CnucvK, Ha ywacmuuuume
Jlocmepu

Tocmep Ne 1

E. Haladjova, G. Mountrichas, S. Pispas, S. Range[ov h
«Hybrid polyplexes bearing gold nanoparticles»
nemumym no noammepn — BAH, ya. Akap. T'. Borues, 6A.103, BX. A, Tp. Cocf)vm M3, bearapus

Tlocmep Ne 2

Dimitrina Babikova, Radostina Kalinova, Ivelina Zhelezova, Denitsa Momekova, Spiro Konstantinov,

Georgi Momekov and ]vay[o Dimitrov
«Functional diblock copo[ymers for targeted dmg deﬁvery»
Mnemumym no noammepn — BAH, ya. Akap. T'. Borues, 6A.103, BX. A, Tp. Coc])vm m3, bearapua

Tlocmep Ne 3

K. Lazarova, L. Todorova, D.Christova, M. Vasileva, T. Babeva
«Deposition and optical characterization of thin ﬁ[ms ﬁfom PEO-b-PDMAA, PDMAA and PMMA. Sensing
properties and app[icaﬂons.»

Nnemumym no onmuueckn mamepuaan n mexrororun UIOMT— BAH, ya. Axap. T'. Borues, 6A. 100, Tp.

Codua m3, Boarapus

Tlocmep Ne 4

durann Yonexos, Xpuemo Tlenues, Mas Cmanesa, Aecucaasa Bysyposa, Bacua T'eoprues,
Beceann Cururepekn
«HoBn aHnon-npoBoasim MeM6paHm Ha 0CHOBA TIOANOEHIUMUAABOAM U TNEXHN KOMTLOUTTIN>

Mnemumym no noammepn — BAH, ya. Akag. T'. Bonues, 6A.103, BX. A, Tp. Cocbvm m3, bearapua

Tlocmep Ne 5

Xpucmo Tlenyes, Lionko Kones

«Cunmes Ha HOBU BOAOPA3IMBOPUMN OAUTOCKBAPAMUNAN HA OCHOBA 1-(2-3MVLHO€H1VIA)TLMT1€FJ33VLH»

‘ ‘ Unemumym no noammepn — BAH, ya. Akap,. T. Bonues, 6A.103, BX. A, Tp. Cod)mt m3, bearapus

Tlocmep Ne 6

Xpucmo Tlenues, Aecucnaasa Bysyposa, Maa Cmanesa, Puann V6nexos, Xpuemo Hosaxkos, Liorko Koaes
«Oxapaxmepnanpare Ha HOBU 1-(2-aMUHOETMA)IUTIEPA3UH 6aZUPAHN OAUTOCKBAPAMUANS

Mremumym no noanmepn — BAH, ya. Axaa. T'. Bowues, 6A.103, BX. A, Tp. Cod)ml m3, buvarapua
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Tlocmep Ne 7

Aecncnasa Bypyposa, Xpucmo Tenues
«Textile surfaces modified with perfluorinated poly-n-octyl(meth)acrylate and silver»
Mremumym no noammepn — BAH, ya. Akag. T'. Borues, 6A.103, BX. A, Tp. Cocf)mt m3, bearapus

Tlocmep Ne 8 ‘I

M. Kyu lavska, E. Haladjova, P. Petrov
«Amphiphilic PDMAEMA-b-PCL-b-PDMAEMA triblock copolymers: Synthesis, self-assembly properties and
complexation with DNA»

Unemumym no noanmepn — BAH, ya. Akag, T. Borues, 6a. 103, Bx. A, Tp. Copua 1m3, Bearapus

Tlocmep Ne g
Asop Aaros, Cmec[)aﬂm Bupuesa, Paitna Bpsckosa

«Gold loaded micelles as a tool for biomedical applicaﬁons»
XUMMKOTMEXHOAOTUUEH U MEMAAYPTUUEH YHUBEpCUITLem (XTMY), Kameppa «TloaumepHo nroxerepcmso»,

6yn. Ka. Oxpupckn 8, rp. Codua 1756 , Boarapua

Tocmep Ne 10

lvan Mitkov, Kirilka Mladenova, Emi Halaoyova, Mariya Kyulavska, Petar Petrov, ordan Doumanov,

Veselina Moskova-Doumanova, Tanya Topouzova-Hristova

«Cytotoxicity tests of novel polymeric micelles and nanocapsules containing DNA on Hep G2 and As49 human
cancer cell lines»
Cod)mﬁcm/t yrusepeumem «Cs. Kammenm Oxpuacknr, Buoaornueckn cf)aKyAmem, Kameapa «Linmonorus,

XUCTOAOTUA N eM6pm0Aorml», 6y/\. Aparan Liarkos 8, rp. Cocbvm 1164, Bearapus j

Tlocmep Nen

R. Georgiev, L. Todorova, B. Georgieva, D. Christova, M. Vasileva and T. Babeva
«Polymer induced porosity in Nb20s5 thin films»
Nnemumym no onmuueckn mamepuaan n mexroaorun UOMT— BAH, ya. Axap. T'. Borues, 6A.109, Tp. Cocbm

.~ m3, bearapusa

Tlocmep Ne 12

N. Toncheva-Moncheva, A. Aqi[, F. Croisier, P. Dij kstra, J. Feijen, K.van der Wevf, M. Bennink, P. Dykstra,

M. Galleni, Y. Poumay, A. Co[ige, Ch.Jéréme

«Chitosan and Chitin based 2-D biomimetic scajfo[ds: Optimized E[ectrospinning Procedure and Reproduci’o[e
Methods for Their Modiﬁcaﬁon»

Mremumym no noaumepn — BAH, ya. Axaa. T'. Bowues, 6A.103, BX. A, Tp. Co¢vm m3, buvarapua
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Tlocmep Ne 13

Toapxkan ﬁhgg6, Munaena Urnamosa, Hesena Manoaosa, ana Pawxos
«Hosn aHmm6aKmepmaAHm eAeKITPOOBAAKHEHW HaHOMATTepUAAN O nom(s—xanpmakmou), CoABPKALMN
( TPUPOAHO d)eHOAHo CvbeAnHeHne»

| Wrnemumym no noanmepn — BAH, ya. Axap. T. Bowues, 6a. 103, Bx. A, Tp. Codusa 113, Bearapusa ‘
I

Tlocmep Ne 14

A. Kpocmes, M. Cumeonosa, H. Teopruesa, H. Teoprues

«Poly(alkyl cyanoacrylate) nanoparticles as carriers for antibacterial drugs»
XnmmkomexHoaornueH n memanypruden yrusepenmem (XTMY), Kamegpa «TloanmepHo nroxeHepcmsos,

6ya. Ka. Oxpuackn 8, rp. Codus 1756 , Boarapus

Tlocmep No 15

Xpucmuana Beanukosa, Usarxa Tlemposa, Cmanncaas Kounakos, Esrenn Usaros, Pymana Kounaxosa
«Murpaupa Ha rpad)eH om PLA komnosumHn d)wxmm B CUMYAUPAHUI XPAHWUTTICAHW CPeAm>

Mremumym no mexannka — BAH, ya. Akaa. T'. Borues, 6A. 4, em. 4, cmas 429, Tp. Codm;t m3, bearapua

Tlocmep No 16

Emnana Beaea-Kocmaannosa, Hamaana Tonuesa-Monuesa, Cmanucaas PaHreaos
«PUBNKO-XUMUUHO OXaPaKTePUIUPAHE U LUIMOTMOKCUUHOCTTL HA AMHEIH CHTIOAUMEPU HA OCHOBAIMA Ha
nom(z—msonponm—2~o1<ca30AMH) N TLOAUETUACHUMUH

Mremumym no noammepn — BAH, ya. Akaa. T. Bonues, 6A.103, BX. A, p. Cod)mt m3, bearapus

Tlocmep Ne 17

Tasen Baksppxmnes, Cmarncaas Panrenos, Aermua Momexosa, l'eopru Aanes, Bacua Xapamyc
«Hanocmpykmypu noayteHn npu camoacoupumpaHemo Ha amd)mdmmm TLOAUTANUMAOA-AUTIMAHI KOHIOTATMI»

Mremumym no noammepn — BAH, ya. Akaa. T'. Bonues, 6A.103, BX. A, p. Cod)mt m3, bearapus

Tlocmep N 18

“ K. Pycea, C. Meuos, Tl. Ulecmakosa, E. Bacuaesa
«Vmobnananpare Ha pomeasa B oAMKapGOKCUOeManHOBI XMAPOTEAOBE> |
Codmitcxn ynusepenmem «Cs. Kaumenm Oxpuackn», Pakyamerm no xummus u papmauus, 6ya. Axeiime Bayuep

1, Tp. Codmn 1164, Boarapus
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Tocmep Ne 19

Boana Cmoanosa, Xpucmo Hosakos, Cmanncaas Panreaos, Xpucmo Lipemanos

| «Camoacou,vmpaHe Ha CerioAmemepn C AATMEHTMHA XUMMN1ecka C’))/'HKU,MOHaAHOCm»

Nremumym no noaumepn — BAH, ya. Axaa. T'. Bonues, 6A.103, BX. A, Tp. Cocbml m3, bearapus

Tocmep Ne 20 ‘

Cemocnasa Cmoituesa, Emu Xanagxosa, Kupnaka Maaenosa, Tana Tonysosa- Xpucmosa,

Beceanna Mockosa- Aymarosa, Cmanuncaas Paxrenos, VlopAaH Aymanos

«The influence of nanoparticles based on poly(vinyl benzyl-3-methyl ammonium chloride)-block-
po[y(o[igoethy[ene glyco[ me’chacrylate) and DNA on As49 and HepGz cells»

Codwitckn yrusepenmem «Cs. Kaumenm Oxpuackn», Buonornuecku daxyamem, Kamegpa «Linmonorus,

XUCIMOAOTUA N eM6pm0AorMﬂ», 6yA. Aparan Llarkos 8, rp. Cocfomn 1164, boarapus

Tlocmep Ne 21

M. Kanpesa, I Topopos, P. Kounaxosa, E. Usaros
«M3caepBare Ha MeXaHUUHM, PEOAOTUUHU 1 mpm601\orwmm XapaKmMepUCTUKI Ha TIOAUMEPHN
HAHOKOMTIO3UIMN»

Nremumym no mexarmnka — BAH, ya. Axaa. T'. Bonues, on. 4, p. Cocfomn M3, bvarapus

Tocmep Ne 22

Kamepuna Makcumosa-Anmumposa, Eseanta Caasuesa

«]nﬂuence of metal loading on morpho [ogy and pevformance of Co-based Magqe[ﬁ—phase titania supported
e[ec’crocatalyst for app[ication in PEM water e[ectrolysis»

Unemumym no eaexmpoxumus n enepruitimn cucmemu — BAH, ya. Akaa. T'. Bonues, 6a. 10, Tp. Codmn ms,

Boarapua
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DoKaad Ne 1

OOTOKATAJIMTUYHNU XUBPUJHU ITOJIMMEPHU MATEPUAJIN —
I[TOJIYHABAHE U IIOTEHIMAJIHU ITPUJIOKEHU A

Hpena Bopucosal, Ons Crounosal, Ung Thi Dieu Thuy?, Hesena Manonosal,
Nguyen Quang Liem?, Wnus Pamkos!

Ylabopamopus Buonozuuno axmuenu nonumepu, UII-BAH, Axao. I'. Bonues, 6a. 1034, 1113 Cogpus, Bvaeapus
2Institute of Materials Science, BAHT, 18 Hoang Quoc Viet, Cau giay, Hanoi, Vietnam

3aMbpCsBaHETO HA Bb3yXa U BOJAUTE OT MPOMUIIICHU U3TOUHHUIU € CEPUO3EH MPodIeM B
cBeToBeH Mamnab. [Ipunaranero Ha xeTeporeHHaTa JOTOKaTaIM3a 3a MPEYHCTBAHETO MM € pealiHa
U U3KIIOYUTEIHO TIEPCIEKTUBHA BB3MOXKHOCT. ETO 3amio, roieMud HaJKAW ce€ Bbh3Jarar Ha
XUOPUAHUTE MMOJIMMEPHHU MaTepHalld, MPOsABSIBAIIN (POTOKATATUTUYHU CBOMCTBA. B TO3U cMUCHII,
paboTaTa npeAcTaBsi Bb3MOKHOCTTA 3a MMOJTy4YaBaHe Ha HOBU XHUOPUIHU MOJIMMEPHHU MaTepHalld ¢
(oTOKAaTaTUTHYHU CBOWCTBA. 3a IeNTa ca CHHTe3upaHu HaHOkpuctanum OT CuS-ZnS cbe
CTPYKTypa ChPIICBHHA-OOBUBKA, KOUTO Ha CIIEABAI €TaIl
YCIEIIHO ca BKJIIOUECHH ,,6b8 " BJIAaKHA oT

nomuakpwionutpun (ITAH) upe3 enmekTpooBiakHsBaHE.

A>420nm | UIpe3 KOM6I/IHI/IpaHe Ha MCTOOUTC CIICKTPOOBJIAKHABAHC HaA

!?T ITAH u enektpopa3npbckBane Ha aucnepcus ot CuS-ZnS

= ca MOJYy4YeHH MaTepualid, B KOWUTO HAHOYACTULIUTE ca
- — pas3moyioKeHu ,,6bpxy ‘" BiakHaTa. Mopdosorusita Ha
MIOJIyYEHUTE MaTepHaiu € u3ydeHa ¢ nomoiura Ha CEM, a e1eMEHTHUST UM ChCTaB C IIOMOIITA
Ha peHTreHoBa (uyopecueHius. IlpoBeneHn ca 'bpBOHAYAIHU HU3CIEIBAHUS BBPXY
(OTOKATaTUTUYHUTE CBOWCTBA Ha IMOJYYEHHUTE MaTepHalu MpH OOIbYBaHE C BUAMMA CBETIMHA
CHpsSIMO BOJIEH pa3TBOp Ha pojamMuH b — monenen opranuyeH 3ambpcutes. OOe31BETABAHETO Ha
MOJICJIHUSL 3aMbPCUTENl BbB BOJIAa € M3IOJI3BAHO KAaTO METOJ| 32 OLIEHKa Ha (hOTOKATaJIMTHYHATA
aKTUBHOCT Ha XMOpPHUIHUTE MaTepuUald M KaTo JOKa3aTeJCTBO, Y€ BKIIOYEHHUTE HAHOYACTHIIU
3amas3BaT aKTUBHOCTTA CU IpU 00JbUBaHE ¢ BUAUMA cBeT/IMHA. [lonydyeHnuTe pe3ynTaTy moka3Bar
MOTEHIIMAJIHATa BB3MOXHOCT 3a NPUJIOKEHHUE Ha MOJy4YEHUTE HOBU XUOPHUJIHU MOJUMEPHU
MaTepuand KaTo (OTOpeakTOpH 3a TMPEYUCTBAaHE Ha BOJHM, 3aMbPCEHH C OpraHUYHH

Pa3TBOPUTEIH.

Baaromapuoct: ABTOpHTE H3Ka3BaT CBOsATa OjarogapHoOCT 3a (hMHAHCOBATa IOJKpeNna IIo
JIOTOBOP 3a JBYCTPAaHHO MEXAYHapOAHO ChTpyaHudyecTBo Mexnay BbAH u Buernamckara

akanemus Ha Haykute u Texnonoruute (EBP, BAH-BAHT).
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DoKaad Ne 2

MATHETOIIOJIMIIJIEKCHU - HOBU BEKTOPHU CUCTEMMU C
[NOBUIIEHA E®GEKTUBHOCT TP I'EHHA TPAHCOEKIIMA

E. Xanamxosa

Jlabopamopus [onumepuzayuonnu npoyecu, UII-BAH, Axao. I'. bonues, 1. 1034, 1113 Cogus, bvreapus

1’ [Tomyyenn ca HOBM XMOpPUAHM BEKTOPHM CHUCTEMH 3a TI€HHa TpaHC(EKIMs Ha OCHOBaTa Ha
MOJUMEPHH MMLEIN OT HMOJUCTUPEH-OJI-MONHU(KBaTepHU3UPAH BUHUII MUPHUJIMH), HATOBAPEHU C
MarHUTHH HaHodacTHLU. OCHOBHUTE (U3MKOXMMHYHU XapPAKTEPUCTUKH Ha TOJTYYCHUTE
MarHeTONOJUIUIEKCH (XMIPOJMHAMHYHU pa3MEpU M 3€Ta NOTEHLHMAal) ca ONpPENEICHH 4Ype3
JUHAMUYHO U eleKTpo(opeTHuHO pa3ceiiBane Ha cBeTyinHA. [loka3aHo e oOpa3yBaHeTo Ha 100pe
nepUHUpaHH KOMIUIEKCH C MaJKd pa3Mepd M TICHO pas3lpeAeieHue 1o  pas3Mep.
IIOBBEPXHOCTHHAT TOBApP HA CUCTEMUTE BApUpPa OT IOJIOKUTEJIHU 0 OTPULIATEIIHU CTOMHOCTH B
3aBUCUMOCT OT choTHOIEeHHeTo JJHK/momumep. Mopdonorusita Ha 4acTHIUTE € BU3YyaJIM3UpaHa
Yype3 TPaHCMUCHOHHA €JIEeKTpOHHa Mukpockonus. KommiekcooOpasyBamiara cnocoOHOCT Ha
XUOPUIHUTE BEKTOPHU CUCTEMH € OIIpeJieieHa Ype3 Kilacuuecka eJeKTpodopesa B arapo3eH rei,
KaKTO M Ype3 HOB METOJ 3a (paKklMOHHpaHE Ype3 MpujaraHe Ha CHIIOBO IOJI€ B aCUMETPUYCH
MOTOK KOMOMHHMpaH ¢ pa3celiBaHe Ha CBeTIUHA. [IpoBeEHUSAT HMTOTOKCHMYEH CKPUHUHI Ha
HAaHOCUCTEMHUTE II0Ka3Ba TsAXHATa BUCOKAa OHOChBMeCTUMOCT. M3cnenBaHa € CTENeHTTa Ha
MHTEpHAJIM3UPaHE B KJIETKH, KAKTO M CIIOCOOHOCTTA 3a TpaHC(EKTUpaHe Ha IUIa3MUJEH BEKTOp,
HOceII crierudrueH MapKepeH red. Pesynrarure moka3Bar 3HAYMTEIHO MOBUIIIABAHE HA TEHHATA

CKCIIPCCUM MpHU IMpUujIaraHe Ha BbHITHO MAarHUTHO II0JIC.

MarauTHH MAIEAT AHK

il MarueronmoAunAexkcu

MarguTHO moAe
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DoKaao Ne 3

/I XUAPOI'EJIOBE HA ITIOJIMAKPUJIATHHU 1
[HOJIMMETAKPMJIATHU B3AUMHOIIPOHUKBAIIN

“ TTOJIMMEPHU MPEXXU - CUHTE3, CBONCTBA U
I[MPMJIOXKEHUE KATO JIEKAPCTBEHOJOCTABAIIN CUCTEMHA

M. Cumeonos!, B. Kocrosa?, E. Bacunesal

Ylabopamopus no cmpykmypa u ceoticmea na norumepume, @axyimem no xumus u gapmayus,
CY «Cs. Knumenm Oxpuocxu», oya. [oc. bayuep 1, Cogpus 1164, Bvreapus;
2Kameodpa no papmayeemuuna mexnono2us u buopapmayus, Papmayesmuuen paxyimem, Meduyuncku
yuusepcumem-Cogus, ya. /fynas 2, Cogus 1000, bvacapus;

B3anmuonponukBamurte nosmMmepau Mpexu (BIIM) ca kiiac monuMmepHn MaTepuany,
MpU KOUTO KOMOMHAIMATA OT JIB€ WJIM MOBEYe MOJMMEPHU MPEXH BOJAU JI0 MOJy4aBaHETO Ha
HOBU MaTepHalId CbC CTPYKTypa U CBOMCTBA, Pa3IU4YHU OT TE3HU HA OTACIHUTE KOMIIOHEHTH.
MHoro ot coiictBata Ha BIIM, kaTto HanpuMep KOHTPOJIMPYEMU IIOPO3HOCT, KallalUTET Ha
Ha0BbOBaHE W ,,MHTCIIMTEHTHUS WM OTKJIWK Ha BBHINHU BB3jAeHcTBUs (pH, Temmeparypa,

HOHHA cuia, T.H.), OJIAarONpHUATCTBAT MPHJIOKEHUETO UM KaTO CHUCTEMH 3a KOHTPOJIUPAHO

J0CTaBsIHE HAa JIeKapCcTBeHU BemlecTsa (JIB), HO Bce ollle MOTEHIIMATBT UM B Ta3u 00JacT HE €
HAITBJIHO PA3KPUT U U3MOJI3BAH.

[lenTa Ha HACTOSIIOTO HW3CIEABaHE € Ja ObJAaT CUHTE3UpaHu xujporenoBe ¢ BIIM

CTpyKTypa Ha 0a3aTa Ha MoiM(akpuwioBa KHCEIMHA)/TIOJHAKpUIaMHU U MOJU(METaKpUIoBa
KHUCENMHA)/ TOJIMAaKpWIaMHI M Jla c€ JEMOHCTpHpa TEXHHs MOTEHLMAl KaTo CHCTEMH 3a
yIBJKEHO ocBoOokaaBaHe Ha JIB. CuHTe3upaHuTe XHApOrejaoBe 0sfXa OXapaKTepH3HpaHH
ype3 TeXHHs KamnaluTeT Ha Ha0bOBaHe, MUKPOTBBPAOCT M TEpMUYHH cBoMcTBa. M3cnenBana
0e TaxHaTa MOpQoOJOrus, KaKTO W TEXHUTE TemmeparypHa M pH dYyBCTBUTETHOCTH.
JleMoHcTpUpaH O€ MOTEHIMajda UM KAaTo CHUCTEMH 3a YIBJDKEHO JOCTaBsiHE Ha KaTHOHHO

JIEKapCTBEHO BEILECTBO - BeparnaMu xuapoxiopun (BIIXX).

Baarogapuoctu: Tasu pabora e punancupana ot JJAAJL, npoext JJHTC I'epmanus 01/12.
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DoKaad Ne 4

,’ KOMIIO3UTHU BIAKHECTU MATEPUAJIN OT ®JIYOP-
CBABPXKXALIU ITOJIMUMEPU 1 HAHOYACTUILIU OT ZnO:
‘t JIN3AVH, TIOJIYYABAHE U CBOVICTBA

| ," Mapus Cracosal, Hesenka Manonosal, Hags Mapkosa?, Mius Pamikos?

Ylabopamopus Buonozuuno axmuenu norumepu, Uncmumym no noaumepu, Bvizapcka axademus na
naykume, y1. Axao. I'. bonues, on. 1034, Cogusi 1113, Bvreapus;
2Uncmumym no muxkpobuonozaus, bvrzapcka akademus na naykume, yn. Axao. I'. Bonues, 61. 26,
Cogpus 1113, Bvreapus

[Ipuponara e HemzuepnaeM M3TOYHHK HA PA3IUYHU TMOBBPXHOCTH ChC CHEIM(PUIHO
OMOKpsiHe. MI3Mex 1y MHOTOTO pacTeHHS U )KUBOTHH, Pa3BUIIN MOBLPXHOCTHU ChC crieUn(PUIHN
CBOMCTBA, 3aCUJICH UHTEPEC MPEAU3BUKBA CAaMOIOYNCTBAILUAT €()eKT Ha JIMCTaTa Ha JOTOCA.

EnextpooBnakHsBaHETO € €(QEKTHBEH METOJ 3a IIOJIy4aBaHE HA MaTepualld ¢
KOHTPOJIMPAaH CbCTaB M CTPYKTypa M IOpPaaAM TOBAa HAIOCIEAbK HIMPOKO CE€ IMpuiara 3a
MoJiydyaBaHe Ha cynepxuapodoOHu BirakHecTH MaTtepuanu. Oiayop-CchAbpiKalUUTe MOIUMEPU

ca €IHU OT Hail-NepCreKTUBHUTE KaHAWIATH 3a IO0JIy4aBaHETO Ha CynepxuapodoOHu

MaTcpurajiu. HCIJ_IO IIOBCYEC, TC Ca 6PIOC'[>BM€CTI/IMI/I, MMPpUTCIKaBaT OTIIMYHA XUMHUYHA, TCPMUIHA
1 OKUCIIUTCIIHA CTa6I/IJ'IHOCT, a CbIIO TaKa U MPEBB3XOAHU MCXAHUYHHA CBOIICTBA.
[Tonyuyenu ca HOBU cynepxuapodoOHU BIAKHECTH MaTepHAIH OT (IIyop-ChIabpIKAIIN

IMOJIMMEPH, B KOUTO Ca BKIIFOUYECHH HAHOYACTHUIM OT HMHKOB OKCHUJ M MOACIHO JICKAPCTBCHO

BEIECTBO 4pe3 elekTpooBnakHsBaHe [1]. BkmrouBanero Ha ZnO BBB BIakHaTa BOJAU IO
NojlyyaBaHe Ha Cynepxuapo(oOHM MaTepuald ¢ KOHTAKTHH BITHM CHpsMO Boma 152° u ¢
Moj00peHN TEePMHYHUM M AHTU-3/IXEe3UBHU CBOWCTBA. MaroBeTe, ChABPKALIM MOAEITHOTO
JIEKapCTBEHO BEILIECTBO IMPOSBSIBAT AHTHOAKTEpUATIHA AKTUBHOCT CIPSMO MATOTEHHUTE

mukpoopranusmiu E. coli u S. aureus.

\ Baarogapuocru. M.C. u H.M. Gnaronapst Ha Ilporpamara 3a mojamoMaraHe Ha MIIQUTE
\ yuern B BAH ([orosop JJ®HII-9/20.04.2016) 3a dpurancoBaTa moakperna.
Jlureparypa:

1. M. Spasova, N. Manolova, N. Markova, I. Rashkov, Appl. Surf. Sci. 363, 363 (2016).
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CHUHTE3 1 OXAPAKTEPU3UPAHE HA IEKCTPAH-
ChbABPXAIIIN KPUOT'EJIOBE

I'eopru I'eoprues, [leTsp IleTpos

Jlabopamopus Cmpykmypa u ceoticmea Ha nonumepume, Mncmumym no nonumepu, bvreapcka akaoemus
Ha Haykume, yi. Axao. I'. Bonues, 6n. 1034, Coghusa 1113, Bvacapus

MakponopecTute NOJMMEPHU KPHUOTEIOBE MPEAU3BUKBAT TIOJISIM HHTEpPEC IOpaau
YHUKAJIHATA CU CTPYKTYpa: ThbHKHA CTEHHU U I'OJIEMU CBBbP3aHU IIOMEXKAY CH IIOPU 3aI'BJIIHEHHU C
pastBopuTen. TakuBa CTYKTYpH OCBIIECTBSBAT Obp3a M JiecHa AU(Y3Us HA YACTHLIUA H
Gbynnu, mopaay KOETO HaMHpaT MIMPOKO MPUIIOKEHHE B MEIUIIMHATA M (apMaiusaTa KaTo
JIEKapCTBO-A0CTAaBSIIM CUCTEMH, HOCUTEIIN Ha KJIETKU, B TBKAHHOTO UHXKEHEPCTBO U APYTH.

CuHTe3upaHu ca HOBM MakKpOIOPECTH KPHUOIrEeJIOBE Ha OCHOBaTa Ha JACKCTpaH d4pe3
yintpaBuoiieToBo oOmbuBaHe. [IpenumcrBara Ha VYB-oOmbpuBaHETO ca KpaTKO BpeMe
HE00XO0IMMO 3a TOJy4aBaHETO HA MAaTEpPUANIA C BHCOKA TeNn(pakius, KaKTO U HUCKaTa IeHa.
DOTOOMpPEKBAHETO HA JEKCTPAH € OCBHUIECTBEHO, YPEe3 U3IMOJI3BAHETO HAa BOJOPA3TBOPUMHUS
dboTonHUIUATOp (4-O0€H30MIOCH3WIT) TPUMETHIIAMOHUEB XJIOpUI U OMpekBaiml areHT N,N’-
MeTuieHOucakpuiaMu. M3cneaBaHo € BIMSHUETO HAa KOHIIEHTpalMsTa Ha MOJMMEPHHS
pa3TBOp U OMPEKBAlLUSl areHT BbPXY €(QEKTUBHOCTTa Ha OMPEXKBaHE M €JIaCTUYHHUTE
CBOWCTBAa Ha MaKpOMOPECTHs MaTepuai. YCTaHOBEHO €, 4e Hail-BHCOKa rendpakius (0OK0JIo
90%) e mocTurHaTa MpU KOHIIEHTpAIHs Ha JeKcTpaHa oT 3 mac.%. ChIo Taka € OnpeeineHo
Y ONTUMATHOTO KonnyecTBO Ha N,N’- MeTuineHOucakpuiIaMu He0OX0IMMO 3a IPUTOTBSHETO
Ha MaKpOIIOpeCTH KpHUoreynoBe ¢ Bucoka reiadpakius — 10 mac.% crnpsmMo KOTUYECTBOTO Ha
nonuMepa. [lpu yBennuaBaHe KOHIIEHTpaIMATa HA OMPEXKBAILl areHT Ce yBelndyaBa U MOJyJja
Ha eJIACTUYHOCT.

L\l UV-irradiation

— Freezing
a @ )

v

— -20°C

ESEM mukporpaduu Ha NOTy4EeHUTE MaTEPUAIIH.
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[TOJIYHABAHE HA BIIAKHECTU MATEPUAJIN OT
HEJIVJIO3EH ALIETAT, ITOJIMBUHWJIIINPOJINAOH U
KYPKYMHUH C KOMIUIEKCHA APXUTEKTYPA 1
BMOJIOTNYHA AKTHUBHOCT

Iletrs IlexoBal, Mapus Crnacosal, Hesena Manonosal, Hags Mapkosa?,
,,' Wnus Pamkos?

Ylabopamopus Buonozuuno axmuenu noaumepu, Uncmumym no norumepu, Bvieapeka akademust na
nayxkume, yi. Axao. I'. bouues, 6n. 1034, 1113 Cogus, bvreapus,
2Uncmumym no muxpobuonozaus, bvizapcka axademus na naykume, ya. Axao. I'. Bonuee, 61. 26, 1113
Cous, bvacapus

KypkyMHHBT € IpUpOAHO TOMU(EHOIHO CheIUHEHHE, KOETO CE€ HaMHpa B KOPEHUTE
Ha pacrenuero Curcuma longa. ToBa OHMOJOTMYHO aKTHUBHO BEIIECTBO IMPUTEkKaBa
3a0eNe)KUTEIHN  aHTUOAKTEPUATIHH, TNPOTUBOBB3MAIUTEIHH W aHTHUTYMOPHHM CBOWCTBA.
CrnabaTa BOJOPa3TBOPHMOCT Ha KYpKyMHHA, HErOBaTa TEPMHYHA M XMMHUYHA HECTAOMIIHOCT
3aeTHO C HeroBaTa HUCKa abcopOIus, Obp3 METabONIHM3BM M CITUMUHUPAHE OT YOBEIIKOTO
TSJIO OrpaHWYaBaT HETOBUTE TMPWIOKEHHs. 3a Ja ce u30erHar Te3W HEeIOCTaThIH,
KyPKyMUHBT C€ BKIIIOYBa B OJMMepHH Marpuii [1,2]. M3BecTHO e, 4e 1enyno3ara U HeHHH
MPOM3BOJHU Ca OMOpa3rpauMu, OMOCHBMECTHUMH, JIECHO C€ MpepadoTBaT M IPHUTEKABAT
MHOT0 J00pH (PU3UKO-MEXaHUYHU CBOWCTBA. [lopaan TOBa TO3M Kilac MPUPOIHH MOJTUMEPH Ce
M3IIOJI3BAT IIUPOKO 32 MOJTyYaBaHE Ha HOCHTEIH Ha OMOJIOTHYHO aKTUBHH BEIICCTBA.

B Hacrosimiero u3cienBaHe YCIENIHO ca IMOJYYCHH HOBU BIIAKHECTH MATEPUATH OT
[ETYJIO3CH aleTaT U MOJIMBUHWIITMPOIUIOH ¢ BKIFOYEH KyPKYMHH. 3a Ta3u el € U3I0JI3BaHO
€JICKTPOOBIIAKHSBAHE B JIBA BapUAHTA - CIIEKTPOOBIAKHSBAHE HA OOII Pa3TBOP M CHUYCTAHO
EJIEKTPOOBIIAKHSBAHE HA JIBa pa3IMyHH pa3TBopa. lloiydeHuTe XMOpUIHM HAaHOBIIAKHECTH
MaTepuaal ca OXapaKTepu3WpaHW UYpe3 CKaHUpalla eJIeKTPOHHA  MHUKPOCKOIIHS,
¢iryopeclieHTHa MHUKPOCKOIIHSL M HH(ppadepBeHa CreKTpockonus. OnpeaeneH € KOHTAaKTHHST
BI'BJl HA OMOKpSIHE Ha MaroBeTe. HamepeHa € Bh3MOXKHOCT 32 MOJyJUpaHe Ha Mpoduia Ha
0CBOOOKIaBaHE Ha KYPKYMHH Upe3 TOXO/s1] oA00p Ha ChCTaBa Ha IMOJIMMEPHATA MaTPHIIA
Y Ha METOJIa Ha MOJIy4aBaHe. Y CTAHOBEHO €, Y€ BIIAKHECTHTE MAaTOBE, ChABPIKAIIN KYPKYMHUH,
NposIBABAT  aHTHOAKTepUAIHA  AKTUBHOCT  CHPSMO  TATOTEHHHUS  MHKPOOPTaHU3bM
Staphylococcus aureus [3].

BuaaroagapuocTu:
ABtopute Omaromapst Ha Donpa ,Hayunu wuscnemanums®™ (Horosop HADPHU-TO02/1) 3a
¢uHaHCOBaTA IOJKpETIA.

Jlureparypa:

[1] G. Yakub, A. Toncheva, N. Manolova, I. Rashkov, V. Kussovski, D. Danchev, Journal of
Bioactive and Compatible Polymers: Biomedical Applications, 29 (2014) 607-627, DOI:
10.1177/0883911514553508

[2] G. Yakub, A. Toncheva, N. Manolova, I. Rashkov, D. Danchev, V. Kussovski, J. Appl.
Polym. Sci., 133 (2016) 42940, DOI: 10.1002/app.42940

[3] P. Tsekova, M. Spasova, N. Manolova, N. Markova, I. Rashkov, (2016) submitted.
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sical Chemistry Institute, National Hellenic Research
e-mail address: %

INTRODUCTION

py presents a strategy for treatment of genetic as well as acquired diseases. A critical parameter for efl
usage o appropriate vector. In the recent years polymer vectors are of great interest because they are less hazardous, le :
less immunogenic than the viral ones. However, a polymeric vector providing both high and efficient transfection and lower toxicity
been found. Over the past decade the gold nanoparticles, GNPs, are of great interest for biomedical applications. They can be use
therapy, as contrast or targeting agents, and are also attractive candidates as vectors for biological transformation of DNA.

Herein we combine the properties of a polymer vector with those of gold nanoparticles in new hybrid gene delivery vector systems. The
hybrid polyplexes were based on poly(vinyl benzyl trimethylammonium chloride), PVBTMAC, homo- and block copolymers with
poly(oligoethylene glycol methacrylate)) POEGMA. They were loaded with gold nanoparticles and were fully characterized by different
physicochemical methods in order to elucidate their structure and physicochemical properties in aqueous media. Such multifunctional hybrid
nanostructures may be utilized for combined gene therapy and bioimaging or photothermal therapy, and theranostics applications in general.
~ -

POLYMER STRUCTURES AND CHARACTERISTICS GOLDEN NANOPARTICLES CHARACTERISTICS
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PVBTMAC homo- and block copolymer were used to condense DNA. Pure
polymer/DNA complexes, as well as hybrid polyplexes bearing GNPs, at a wide
range of N/P (amino-to-phosphate groups) ratios were prepared. The resulting
vector systems exhibit good colloidal stability for more than 1 week, preserving
their size and polydispersity. The presence of GNPs influence the complexation
ability of polymers used reflecting as decrease in surface charge of hybrid
polyplexes.

The morphology of the vector systems was visualized by TEM. The
pure polyplexes were typically spherical. The GNPs in the hybrid
polyplexes were observed as small domains with higher electron
density. The morphology of the hybrid polyplexes was changed into
irregular one upon the introduction of GNPs.

Pure polyplexes Hybrid polyplexes
5 R S S = E
- y: o
z 125 40 125 e |4
e 100 20 ¥ 100
g 2
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E 50 ___o——o - 50
ll; 25 25, L] L
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2 2 4 . ) " 2 N © i ETHIDIUM BROMIDE QUENCHING ASSAY
. N/P ratio N/P ratio
v
g 150 Quenching of ethidium bromide fluorescence was used to monitor
e - the polyplex formation. The fluorescence intensity decreases due
3 125 % L] o to inhibiting of its binding with DNA. As seen, upon increasing
'§ I - gi——" 1 100 20 § N/P ratio, the relative fluorescence intensity decreased indicating
— e i il g .
2 . .X & p— - strong complexation. The decrease was somewhat sharper for the
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CONCLUSION \\.\ !
Novel hybrid gene delivery vector systems bearing gold nanoparticles (GNPs) have B — _E
been prepared based on homo poly(vinyl benzyl trimethylammonium chloride) and 3 \ 504
poly(vinyl benzyl trimethylammonium  chloride)-b-poly(oligoethylene  glycol Ty E b B ..\‘\-
methacrylate) polymers. The resulting hybrid polyplexes were of small dimensions ’ = T e——
(R, about 75 nm) and displayed narrow size distribution. The presence of GNPs i 0,
influence their physicochemical characteristics as well as morphology. The o 2 4 9 8 ¢ : N‘;mio ¢ ¢
fluorescence quenching assay exhibited strong interactions between (co)polymers L Nty

and DNA, that were able to displace the ethidium bromide intercalation in DNA. The
quenching curves were sharper and better pronounced in presence of GNPs
indicating their participation in the complexes.
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FUNCTIONAL DIBLOCK COPOLYMERS FOR TARGETED DRUG DELIVERY
INSTITUTE of Dimitrina Babikova,? Radostina Kalinova,? Ivelina Zhelezova,® Denitsa Momekova,®
POLYMER Spiro Konstantinov,* Georgi Momekov® and Ivaylo Dimitrov?2

aInstitute of Polymers, Bulgarian Academy of Sciences, Sofia 1113, Bulgaria
bFaculty of Pharmacy, Medical University-Sofia, 2 Dunav Street, 1000 Sofia, Bulgaria

In recent years, much attention has been paid to developing new nanoparticle (NP) based drug-delivery systems with obvious
advantages compared to conventional forms of dosage, such as enhanced bioavailability, higher efficiency, lower toxicity and controlled
release. Among them, polymer-based nanoparticles are one of the most promising candidates for targeted drug delivery.

Novel, well defined alkyne end-functionalized amphiphilic poly(D,L-lactide)-b-poly(N,N-dimethylaminoethyl methacrylate) (A-PLA-b-
PDMAEMA) block copolymers of desired hydrophilic/hydrophobic balance were obtained via controlled polymerization techniques. The
copolymers were further decorated with triphenylphosphonium cations (TPP*) for potential intracellular targeting. The copolymers’ self-
association and loading with curcumin (Curc) as an anticancer drug was investigated. Initial in vitro evaluations of the block copolymer
micelles were also performed.

II Controlled synthesis of PLA-b-PDMAEMA block copolymers with TPP* ligands and terminal alkyne groups (B1 and B2) |
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|III In vitro evaluations |
Cytotoxicity of: (a) non-loaded A-PLA-b-PDMAEMA-TPP* (B1 and B2) copolymer micelles, and (b) free Curc and the loaded A-PLA-b-PDMAEMA-TPP* copolymer micelles (B1/Curc and B2/Curc)
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Novel, functional diblock copolymers for targeted drug delivery bearing “clickable”, biodegradable, pH-sensitive and subcellular targeting
functions were designed and successfully obtained. The amphiphilic block copolymers self-associated in aqueous media into nanosized
functional micelles that were able to incorporate the natural anticancer drug curcumin into their biodegradable cores. The in vitro
cytotoxicity evaluation of the block copolymer micelles indicated a low intrinsic inhibitory potential on the proliferation of HL-60 cell line.
More importantly, the drug-loaded nanocarriers demonstrated an obvious ability to induce apoptosis and exhibited more prominent
inhibition of the NF-kB transcription factor in cancer cell lines and their drug-resistant variants, as compared to the free drug. The obtained
results are optimistic for potential application of the functional block copolymers in nanomedicine.

The financial support from the Bulgarian National Science Fund through project T02-21/2014 is gratefully acknowledged.
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Deposition and optical characterization of thin films from PEO-b-
PDMAA, PDMAA and PMMA. Sensing properties and applications.

* L.Todorova**, D.Christova®, M. Vasileva®, T. Babeva*

INSTITUTE of
POLYMERS

The influence of the thickness on the optical and sensing properties of the films from three different polymers have been studied. Refractive
index, absorption coefficient and thickness of the films have been calculated from reflectance spectra of the films deposited on silicon substrates
using non-linear curve fitting method. Sensing properties of the films were tested by exposure to saturated chloroform vapors and different
humidity levels followed by monitoring the changes in the optical properties. It is shown that the three selected polymers potentially can be used
as optical indicators

( Experimental details l

PEO-b-PDMAA PDMAA
» PEQ-b-PDMAA (Double hydrophilic block poly (N,N-dimethylacrylamide) (PDMAA) / » The PDMAA (poly(N N-dimethylacrylamide)) homopolymer was obtained by
poly(ethylene oxide) (PEO)) copolymer was synthesized via redox polymerization aqueous radical polymerization initiated by 4,4-azobis (4-cyanovaleric acid)
in aqueous media using monomethoxy-PEO as initiating moiety and (ABCVA).
(NH,),Ce**{NO,); as initiator. > Polymer have been dissolved in different concentrations: 0,5%, 1% and 1.5%
» Polymer have been dissolved in different ions: 0,5%, 1% and 3%

Reaction scheme of the synthesis of PDMAA homopolymer:

Reaction scheme of the synthesis of PEQ-b-PDMAA:

0 ol — ABCVA
HC 0 o
o ’ -0 H,0/60°C "
‘\];0 H3C of, . N L0760 o

b 0
N. Ce™ (Hy0/35°C OH
N 0 N

PMMA Thin film deposition
¥8pin coating: 0.2 ml drop, 3000 rpm, 30s; substrates: Si-wafer

> Poly (methyl methacrylate) vPostdeposition annealing: 30 min, T=180°C ( for PMMA ), 60°C ( for PDMMA and PEO-b-

. . ) . PDMAA
» Solutions of PMMA have been made in 1.2-dichloroethane (C,H,CI) u ) J
» Polymer have been dissolved in different concentrations: 1.4 wt% ao 5.2 wt% ) '
. . .
| Optical characterization
( 5 \ / ! N ( 100
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- -
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_Sensing applications

| Reflectance spectra are measured before and after exposure to humidity Thickness changes are calculated after exposure to
| chloroform vapors \

N PEOH-PDMAA d=S561m I I = PDMAA d=63um
30 Instant change of color is observed =

after exposure to 90 %o humidiry,
90 % humidity 20

R (%)

90% humidity

R (%)

300 400 500 600 700 800

300 400 500 600 00 800
Wavelength (nm)

Wavelength (nm)

300 400 500 60O 700 800 97 111 136 167 195 272 398

o Three times greater relative The biggest relative

s change of the reflectance change of R is observed d (nm) d (nm)

&6 was observed in the thinnest in a layer with thickness Maximum thickness change of 10.2% is reached for d = 167 nm.
%‘ layer of 63 nm.

After a slight decrease in the value of Ad to 9 % there is no
thickness dependence up to film thicknesses of 400 nm.

B 98 146
d (nm)

The potential application of PDMAA and PEO-b-PDMAA polymers in thin films form as an optical indicators for humidity is demonstrated. A
change in reflectance spectra of 10 % and 12 %, respectively, was measured resulting in instant color change visually observed by naked eye.

PMMA thin film with different thicknesses in the range 100 - 400 nm where successfully implemented as an optical indicators for chloroform
measurements. The biggest thickness change of 10 % was observed for films with thickness of around 170 nm. For thinnest ones the
sensitivity decreases while for thicker the dependence on thickness is very weak.

Acknowledgements: The financial support of the project DFNP-199/14.05.2016 of the program for support of young scientists in BAS is highly appreciated
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BuBegeHue

MonumepHaTa aHMOHNpOBOASALLA MeMOpaHa e efiuH OT K/TIOYOBUTE eNleMeHTH 3a (DYHKLIMOHNUPAHETO Ha enekTponusbop. PaspaboteHun ca Habop MemGpaHu
oT nonubexnsummuaasonu (PBI), noTUpaHu ¢ KanueBa ocHoBa. U3BbplueH e noabop Ha Han-obelaBalMTe OT rnefAHa ToYka Ha PM3NKO-MeXaHMYHU CBOMCTBA U WOHHa
NPOBOAUMOCT MeM6paHu, KOUTO Le 6bAAT M3NON3BaHN NPY N3PaGOoTBAHETO Ha ankaneH enekTPoNU3bLop.

AHuOH-npoBOAsLM MembBpanu (AlNM)

AriKarieH eNleKTPONU3bOP — MPUHUMIHA CXeMa

PBI - 6a3aupain mem6paHu

Ka‘ron = . 2 AHOA » Bucoka aHMoHHa npoBoaumMocT (0): o > 50
2e 2e mS.cm”!
m-PBI e » MexaHuuHa cT T( P Ta Aa He
ce pa3MeKBa Unu Teue) npu:
v/ OB = 100%; OB - oTHOCUTENHA BMAXHOCT;
p-PBI 1/, v T=110°C.
¥ H 0 Pa3pa6otenu ANM
AB-PBI — ot JINC - UN-BAH
2 Hzo » Yuemm u AB - PBI, potupas ¢ KOH
00 N R 7 (2560 Tetm%): R
Al QWA KaTOA AHop » OmpexeH m-, p- u AB - PBI, potupan ¢ KOH
' : ,Fe, ‘W Ni Ni/ColFe (25-50 Tern.%);
20H- 2 120,+ H,0 + 2¢° , Komnosumuu mem6paHu ot m-, p- n AB-PBI,
2H,0+2 e --> H,*20H - CbAbPKALYW HEOPraHUYeH MbHUTEN
H,0 —) H,+ %0, MOHTMOpUNoHuT (MMT), aoTupanu ¢ KOH

(25-50 Tern.%).

AHVOHHa NPOBOAMMOCT (0) Ha Han-no6puTe memGpanu ot PBI, AoTupaHu ¢
KOH, npu T =110 °C 1 OB = 50-100%

Cxema 3a usroresiie Ha PBI memGpanu, aotupanu ¢ KOH BCUYKM U3MEPBaHNs Ha aHUOHHATa Np 5CT Ca U3BBP
Zentrum fiir Brennstoffzellentechnik (ZBT) - Oyuc6ypr, lepmanus.

oT gou. A-p UsaH Papes B

W3anuBaHe Ha ¢unm oT pa3tBop Ha PBI Bbpxy cTbkneH cybcTpar.
Wanonssanu PBI pasteopm :

cor,
PBI mem6pana mol KOH/ | o, mS.cm” | o, mS.cm | o, mS.cm™
PBl3BeHo | OB=50% | OB=80% OB =100%

/ v m-PBl B gumeTHnauetamma;
" v p-PBI B nonudochopHa KucenmHa;
o v AB-PBI B peakTus Ha MWTBH.

A PBI pa3TBop®bT MOXe fa CbAbpXa unu He MMT.

(u3mmBaHe Ha

MoransHe 8LB BOAa
pasrsopurens).

m-PBl, ompexeH

Mopbosex PBI hunm, m-PBIl, cbabpxauwy

HanbiHeH ¢ Boga (o 90 Tern. %)

) 10% MMT
O6paboTka BLE BaHa, v MoTansiHe BLB BoAHa 6aHs,
ChABLPXKALLA BOAEH ChbAbpXKaLla OMpexuTen; p-PB|, OMpexeH
pasTeop Ha KOH v UamuBane c Boga.

o p-PBI, cbabpxauy
(Ro 50 Tern.%) OwmpexeH PBI counm, 50% MMT
PBI MembpaHa, HanbiHeH ¢ Boaa _
Aotupana ¢ KOH 0O6paboTka BLE BaHa, —A—pr—Bl  OMPEXEH 7
CbAbPXalla BOAEH PasTBop OMpe)KeH AB-PB'
Ha KOH (ao 50 rern.%). CBA'hp)KaILI 50%

OmpexeHa PBI membpaHa, MMT
potupaHa ¢ KOH
= CA* - cTeneH Ha foTUpaHe
3a XMMUYHOTO OMP ie Ha PBl ¢ € U3MON3BaH pa3paboTeH B ocTUrHaTUTE NPOBOANMOCTY Ca U3KITIOUNTENHO BUCOKU. Hail-BUCOKaTa ny6nuKkyBaHa B
NINC Hos, sucokoeghekmueeH METOA - EBTUHN M IOCTBIHN peareHTM  pyurepatypara OH- nposoaumocT (m-PBI oMpexeH, 8 Mona KOH/PBI 38eH0) u3MepeHa npu
NpU MeKU 1 WaasLm oKonHarta cpefia peakuMoHHM YCroBuA (CTanHa

OB =100% n T = 80 °C e okono 120 mS.cm! [1]. MpoBogumocTTa Ha 50% BoaeH pa3TBOp Ha
TemnepaTypa, BOAHa cpeAa). KOH npu T= 80 °C e 1600 mS.cm-1 [2].

lNMpoBeaeHu TecToBe 3a CTaBUITHOCT Ha uaroTeexuTe ot JIMNC MexaHu4HU u3nuTaHus Ha usroreeHuTe ot JINMC
PBI ounmm n mem6panu PBI mem6panu

v O6paboTtka Ha PBI chunm (HegotupaHa memGpaHa ) B 100% H,PO, npu T=100°C.  Mexanuunu un
v O6pabotka Ha PBI ¢unm (HegoTupaHa membpana ) B koHu. H,SO, npu T = 100°C.
v O6paboTka Ha PBI memGpaHa (gotupaHa ¢ KOH) ¢ BogHa napa npu T = 110°C.

BCUYKM HEOMpPEXEHU MaTepuanm He
M3AbPXKAT HATO efINH OT TecToBeTe.
OMpexeHUTe U KOMNO3UTHUTE (CbAbPKALLU
MMT) meMOpaHu U3abpxaTt ycnewHo u Tpute
TecTa.

BCUYKM ca U3BBLPLLEHU OT . ac. A-p

Bacun Teoprues (anapt INSTRON - 1185) Onpepenenn ca moayn Ha
enactuyHocT (E), yabmkeHue npu cKkbCBaHe, IKOCT Ha ONbH. [puU BUCOKUTE
cTeneHn Ha gotupaHe (Hag 10 monekynu KOH/PBI 3BeHO) ca nocTturHatu
MHoro fo6pu napameTpu camo 3a oMpexeHUTe MeMGpaHu U MeMmGpaHuTe,
cbabpxawm MMT (E = 10-18 MPa).

PBI mem6pana E, [Mpa] YabmKeHue npu
cKbeBaHe, [%]

TecT ¢ BoaHa napa npu T = 110°C 3aAB-PBI memGpanu, potupanm ¢ KOH.

AsTopuTe GnaroaapaT 3a MHaHcoBaTa nomMoly Ha ®oxa Hayunu Uscneasanus (Horosop A02/9). m-PBI OMpEXeH

Yactor ca u3p Mo NpoexT, BRakHa, hounmu n 2 .

aBNATUBHI MaTepHAnM Ha OCHOBA Ha 2,5- nonuGeHIuMuAason (AB-MBM) U HEroBH HaHOKOMNO3UTH m-PBl c 10 . % MMT

€ MoHTMOp o1 BAH p-PBI, ompexeH
W3non3BaHa nutepaTtypa p-PBl c 50 1. % MMT

[1] Jensen J. 0., Ailia D., Hansenb M.K., Lia Q., Bjerrum N.J., Christensena E., A Stability Study of Alkali Doped AB'PBI OMpe)KeH

for Alkaline yzer Cells, ECS vol.64 (3),pp 1175-1184, 2014
[2] Gllliam R.J., Graydon J.W., Kirk D.W., Thorpe S.J. Areview of specific conductivities of potassium OMpe)I(EH AB-PBI ¢ 50 .
y Journal of Hydrogen Energy, vol.32, pp 359 - 364, 2007 % MMT
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CuHTEe3 Ha HOBM BOAOPa3TBOPUMU ONIMrockBapaMmuaun Ha OCHOBa
1-(2-ammHoOeTUN) NunepasuH

Xpucmo lMeHyeg’, LjoHko Koneg?

TMHcmumym no nonumepu, bbnzapcka akademusi Ha Haykume; 2MlHcmumym no monekynsipHa 6uonoausi, 1113
Codgpusi, Bbneapus

e-mail 3a spb3ka: hpendev@gmail.com; tskolev@bio21.bas.bg

BuBpegexue

Monucksapamuante npeacTaBnABaT WHTEPECeH Knac MONMMEpW, Hamupalln NPUNOXEHWE KaTo MOMEKYNHW CEeH30PW, ONTUYHO-aKTUBHM NONMMEpWU W NONUMEPHU
KOMNNEKCH, KaTo camoacoummpaly Monekynu u ap. flocera CUHTE3NpaHUTe apoMaTHU W NNHeHo-anudaTH nonmcksapamMman ca BOLOHEPasTBOPUMU U XMAPODOGHM,
KOeTO e CblUeCTBeH HeAocTaTbK 3a U3cnefBaHe Ha TAXHaTa GUONOrMYHa akTUBHOCT U MOTEHUManHo GuonpunoxeHue, Hanp. B3aUMOAEWCTBUA C GenTbuu, eH3nmK,
XOPMOHW W HYKNENHOBU KUCENHMW.

CuHTe3 Ha AWeTUNCcKBapar C U3nosisBaHe Ha XeTeporeHeH KaranusaTop

0. (o) O
\j;f /OEt Reflux, EtOH, Cat. oj;f
+ HC—OEt + HCOOEt
N
HO OH OEt He” O 0 o,
MMT-H* Nafion® Tun cynepkucenuta Cxema 1. EcTepudpvkauya Ha ksagpatHa
& KucenuHa, katanuaupara ¢ MMT-Nafion kato
e ———C KaTanWJaTOP
N — +*
————— R F R F
TIPOTOHMPaH MOHTMOPHNOHHT (MMT-H") < 1. I CuHTE3BT Ha €OVHUAT OT U3XO4HUTE MOHOMEpU -
(Mgy,Aly) (Si,Oro) (OH),nH,0 ol . . OMETUCKBapar, HeobxoauMM 3a M3BbpLUBAHE Ha
F = o
Fsc L oé\:g—o-* HepaBHOBECHa MOMUKOHAEH3auMa C 2-aMUHOEeTUN
o W W o o nunepasuHa Gelie M3BBLPLUEH NO MoguduumpaHa
— ‘ am— °j:f° - MeToauka € u3ronsBaHe Ha - xeTepodpaseH
= __" "_F . t
5 o - "f;f:z‘};&f\:{ 0N KkaranusaTop — nonumepHa nepdnyopupaHa cyndgo
\j;( el —fent g cynep-kucennHa Nafion®, HaHeceH Bbpxy cnoect
-t p p | e R R
" OEt i | | cunukaT — HaTypaneH MOHTMOpunoHuT. ToBa
A Tm b ho o NO3BOMM MOMy4YaBaHeTo C BUCOK Aobue (93%) u
"P;f\/; . [ :Z’\—]; CbKPaTEHO PEaKLUOHHO BPEME Ha XMMWUYECKU YUCT
T LRSS B e OVETUCKBapaT, KOWTO [IeCHO ce wusonupa oT
peakyunoHHaTa cpega.
Cxema 2. Monyyasaxe Ha Nafion/MMT-H* H: TeH P H P
CuHTe3 Ha 1-( 2-ammHoeTUn) nunepasuH-6asupanu onurockBapammau B peakuuoHHa cpeaa DMAc/LICI
O. O
O. o]
g +  HyN /~ \ DMAc, 10wt.% LiCl
e O 0" NcH, NN NH
3
a - A0
+ ° n=6-8
H,O", pH =4
\/\ \/\ \ :I ;
n=6-8 FiEB -8

CWHTE3bT Ha HOBUTE BOAOPA3TBOPUMU ONUFOCKBapaMUaM € OCbLUECTBEH Ypes U3BbPLUBAHE Ha HEPaBHOBECHA NONMKOHAEH3aLNa Me»(.qy
BUCOKO PeakLMoHOCNOCOBHN MOHOMEpU — OUETWUNCKBApaT U 2-aMWHOETUN NUNEpasuH B peakuyWoHHa cpeaa OT AWMETUN aueTamug ¢
pastBopeHn 10 Tern. % LiCl kato conesa aobGaBka, npevela Ha obpasyBaHeTo Ha MexaymonekynHu H-Bpb3ku. lMonyveHusT
onuromMepeH nonuckeapamuz cnea NPOTOHMpaHe Ha NMNepasMHOBMA NPLCTEH CTaBa Pa3TBOPUM B NOAKWUCENeHa BoaHa cpeaa (pH = 4).

CH. 1. HacTbnBare Ha (hasos NPEXOA C HaNpeABaHe Ha PEaKUMOHHOTO BpeMe M10Ka3Ba OrpaHuieHaTa COCOBHOCT Ha peakuMoHHara cpeaa o DMAc/10Tern. % LICl aa
npepoTepati NeKynHIn Ha CUHTe3MpaHM NoNUCKBapaMMAK, AOPH NPU CPABHUTENHO HUCKa CTENeH Ha NoNUMepu3aums. 3a cpaBHeH1e
Npy u3nonasaxe Ha YnucT DMAC HacTbNBa MOMeHTanHa npeuunuTauys, Bofella 10 CNUpaHe Ha No-HaTaTbLuHa NONMKOHAEH3ALMS.

3aknioyeHue u pab
3a MbpBU NbT Ca CMHTE3UPaHU ONUroMepHu Ha ocHoBa 2 P , KOMTO Ca pa3TBOPMMK B NOAKUCENEHa BoAHA cpeaa., KOeTo pasiwupssa obnacTra Ha
np HUE Ha p Te U TAXHOTO NoTeHuuanHo Guonpunoxerue.C ornen nony 0 Ha Mo- nor ChLLy yBa orp: Bb3MOXKHOCT
3ay b Ha p peH LiCl unu Ha [ipyra peakuMoHHa cpefa, NpefoTepaTaBalya 06pasyBaHeTo Ha MeXayMOneKynHu H-Bpbaki.
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OxapakTtepu3npaHe Ha HOBM BOAOPa3TBOPUMM ONUrocKkBapamMuau Ha OCHOBA
1-(2-amunHoOeTUN) NUNepasuH

Xpucmo lMeHyes’, flecucnasa Bydypoea’, dunun Y6nekoe’, Mas Cmanesa’,
Xpucmo Hoeakoe’, LjoHko Konee?
"Muecmumym no nonumepu, Bbnzapcka akadeMusi Ha HayKume;
2UHcmumym no monekynsipHa 6uonozus, 1113 Cogpusi, Bbneapus
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CTpYKTypHO ¥ MOMEKyNHO-MacoBO oXapaKTepuaupaHe Ha CUHTe3UpaHuTe NonucKBapamuau

NH\/\/_\ |
N mes

CTpyKTypa Ha CMHTE3VPaHUAT Onuro-2-
PSq0

unnunep

B 8 3 3 5 3
Covmw s

(I I I |

]

@ur. 1. TFA aHanusbT Ha PSq0, nokasea BUCOKA TEPMUYHA CTAaBUNHOCT
Ha CUHTe3MpaHWAT onuromep Ao 380°C, KoeTo e MHAVKAUUA 3a Hanuune
Ha cunHu Mexaymonekynhu H-spbaku. OnpepeneHara croiHocT ot JCK
aHunuaeT e Tg = 64.5°C.

[e) o

Nf. 4]7

n =6-8

- + § R
| 3 ?5%3 Koo

16000 -

14000

12000

10000

Counts
:

o 20 a0 a0 a0 100
26, 1°1

ocHoBa 2-amuHoeTunnunepasunH (ICDD 6asa gaHHv PDF 00-046-1808).

®ur. 2. XRD aHanusbT Ha PSq0, nokassa 33% cTeneH Ha KpUCTanHoCT U Han-6nuaka
CTPYKTYpHa MOAOGHOCT C MpeAulUHO M3CreABaHW Nonv(aMMAOTUOSTEpaMUHM) Ha

l e [Psati ena l.l
JU . A
Ta 1z 1o e o a P o
L
[D.0s0vent ]
ne-ab.cdef
[or= J Y W
s o 7 o s P a z
")
®ur. 3. H-NMR cnektpu (600MHz) Ha 0 A enp H
B pasTeopuTenHa cpega or koHu. D,SO, u 8 D,0 c wusnonseaHe Ha aonopa:n'aopwmawa
pMUaTHa CON Ha onur P . Onpepenerarta no AMP cpeaHa GpoitHa maca M,
1420 gmol' e B Kopenauus c yrHO- Te XapaKTepUCTUKU, onpeaeneHn ot SEC

®ur. 4. SEC aHanusbT Ha PSq0 B auerateH Oycdep nokassa, Ye CUHTE3MpaHuTe
nonuckeapamMuan ca ofMroMepHU NPoAYKTU CbC cpefHa GpoitHa maca Mw = 1250 g.mol' u
HUCKa MonmmaucnepcHocT of 1.49, koeTo Moxe Aa ce oBscHM ¢ HaBniogaBaHoTo

oBpasy 0 Ha o ATe nunep W eTUNnNnepasnHoBm np AHN OT

@ur. 5. GS/MSD aHanusbT Ha pasnagHuTe npoaykTu Ha PSq0, nokasea ‘

MpeuyNUTUpaHe Ha MONUKOHAGH3AUMOHHIS MPOAYKT C HanpeasaHe Ha n r P CTPYKTYpa Ha CMHTE3NPaHWUAT onuromep.
HeVIHOTO NpeKbCBaHe Nopaan Mexay y A Ha pacTawmTe aepum
s 3akntoueHue 1 bnarogapHocTt
Hoso or PHU I Ha OCHOBa 2-; TMN nur 65ixa 0B6CTONHO OXapaKTepuanpaHu ¢ U3MOM3BaHe Ha PasNNYHU UHCTPYMEeHanHU metoau. MokasaHata
onnromepna MorekynHa maca u nonuaucnep Ha HOBOCUHTE3NpaH1Te K nor [naBa oc 3a TAXHOTO MOTEHLWanHo G1onpUoXeHNe Npu
B3anMoAENCTBUA ¢ BruoakTuBHU Monekynu kato HK n npoTenHn, o6ocHOBaHO OT TAXMHaTa nonukatuoHHa v H (nuraHa)-akuenTtopHa npup AsTop! BnaroaapHocT Ha A-p UHX. MeH4o

Tronewkos 3a HanpasernsaT TGA/GS/MSD aHanus u noneaHara AUCKYCUs.
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MHCTUTYT no Textile surfaces modified with perfluorinated
MNOJTMMEPW P

BBAFAPCKA AKALEMUS HA HAYKUTE

poly-n-octyl(meth)acrylate and silver nanoparticles
D. Budurova, H. Penchev

Introduction

The wetting behavior of solid surfaces by a liquid is a very important aspect of surface physics and chemistry, which are of great
importance for both scientific research and practical applications.

The chemical composition of a surface determines its surface free energy, which has to be low in the case of hydrophobic surfaces.
Because of this, the most common materials employed for the fabrication of highly hydrophobic surfaces are fluorocarbons, since -CFx
groups exhibit one of the lowest surface energies.

Silver nanoparticles are often applied to textiles for their strong antimicrobial activity and potential uses in various applications.
Antimicrobial finishes on fabrics are developed to protect the consumer against the disease or odor causing microorganisms. It is
challenging both water repellency and antibacterial properties to be simultaneously incorporated into such hydrophobic biomimetic
surfaces. The aim of this study is to observe the change in the contact angle (CA) value according to the chemical composition on the
textile surface. Cellulose textiles were treated with perfluorinated poly-n-octyl(meth)acrylate containing silver nanoparticles. The

contact angles measurements were used for evaluating the possibility of simultaneously impartment of water repellency and
antibacterial properties to the textile.

Materials and measurements Procedure

- Cotton fabric Water dispersion containing fluorocarbon polymer (FC) and
- Fluorinated poly-n-octyl(meth)acrylate -BEZEMA AG, fluorocarbon/silver nanoparticles(AgNPs) in different ratio were
- Silver nanoparticles- synthesized by electrochemical method prepared. The cotton fabric was immersed in the prepared

- Static contact angle measurements = dispersions, dried by 100°C and finally cured by 120 °C for 2 min.
Drop Shape Analyzer - DSA100-KRUSS GmbH

Table1. Composition of the dispersion and Contact angle measurements

Weight ratio Fluorocarbon|Silver Contact angle | Volume of the | Contact area
gFC/gSNPs polymer, Nanoparticles, 6[deg] drop [ul] of the drop

[mg.L?] [mm?]
131,2 27,5
128.1 26,8 37,5

- » 125,2 26,2 36,3
129,3 26,5 37,2

Figure 2. Dispersions for impregnation and impregnated samples

Results

Performing contact angle measurements on textiles is complicated as the samples often are uneven due to protruding fibers and it is
difficult to determine a baseline. Deionized water (10 microliters) was dropped onto the sample from a needle on a micro syringe
during the test. A picture of the drop was captured after the drop set onto the sample (Figure 3). The CA was calculated by the software
trough analyzing the shape of the drop. The contact angle was calculated as an average value of 10 measurements (Table 1).

Figure 3. Graphical contact
angle determination

Figure 2. Drop Shape Analyzer DSA100

Figure 4. Microbiological study with
Klebsiella pneumoniae
The data of measuring water contact angle show that there is not a

statistically significant decrease in CA with increasing the content of Acknowledgment
dispersed silver nano particles. Microbiological studies with Klebsiella
pneumoniae indicate that the addition of AgNPs to the fluor- We are greatly indebted to Dr. A. Katrandjieva from MBAL Gabrovo

containing dispersions allows simultaneously to achieve high for microbiological studies
hydrophobicity and antibacterial properties (Figure 4).
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| Amphiphilic PDMAEMA-b-PCL-b-PDMAEMA triblock copolymers:
Synthesis, self-assembly properties and complexation with DNA

INSTITUTE of
POLYMERS

BULGARIAN ACADEMY OF SCIENCES

M. Kyulavska, E. Haladjova, P. Petrov

Institute of Polymers at Bulgarian Academy of Sciences, Acad. G. Bonchev St., bl. 103-4, 1113 Sofia, Bulgaria
mkyulavska@polymer.bas.bg

Introduction

Gene therapy allow treating of genetic diseases by administering healthy copies of mutate genes or promote a protective inmune response by administering genes encoding for
specific antigens. However, the greatest challenge to the actual realization of these therapies is the development of non-toxic and effective gene delivery systems. Nowadays, non-viral gene
vehicles have received significant attention because of their favorable properties, including lack of immunogenicity, low toxicity, and potential for tissue specificity.

Based on the latest advances in gene delivery systems we focused our investigation on the design of new non-viral system for effective delivery of genetic material. This involve the
synthesis of new PDMAEMA,-b-PCL,-b-PDMAEMA,, triblock copolymer with desirable molar mass characteristics, formation of cationic micelles of controllable size able to bind DNA,
construction of polymer coating on the micelleplexes surface and removing of polymer from the capsule interior. In this way polymer capsules containing naked DNA molecules have been
received. The resultinlg structures including polymer, cationic micelles, micelleplexes and polymer capsules were fully investigated by different analytical methods.

Block copolymer synthesis and characterization

PCL (Br-PCL;-Br ) was utilized for initiation of ATRP
polymerization on DMAEMA monomer in organic solvent. The
received  triblock  copolymers = PDMAEMA,;-b-PCL;q-b-
PDMAEMA,, was characterized through H-NMR and SEC.

BrPCL, B

——PCL_Bi, D=140

F e 110 ——PDMAEMA -hPCL_-APDMAEMA  D=178

DMARNA.wla B PCL Br, P8, IMTETA »

ol oLl - W01 w

R A TH. 6,168 T

DAARMA Zn

g 60

£ .

0 o o g w

ST =

w w 5 ®

/i o |o s g

&

~ x 0

AN PDMAEMA, -PCLL PDMAEMA, Z=

1 15 16 I3 1

Elution Volume [ml]

Self-assembly  properties of PDMAEMA,;)-b-PCL;,-b-PDMAEMA;,
copolymer were investigated in a spectrum of selective solvents such as
DMEF, acetone, 1,4-dioxane, THF, CH;0H etc. Polymeric micelles were
prepared via dropwise addition of polymer solution to distilled water
upon stirring. The initial polymer concentrations as well as the micelles
formation temperature varying in rage 1-5 mg/mL and 25-65°C
respectively. The critical micellar concentration (CMC) of PDMAEMA -
b-PCL;-b-PDMAEMA,; copolymer was determined via UV-vis
spectroscopy using the hydrophobic dye DPH. The hydrodynamic
dimensions of the resulting micelles was determined by dynamic light Micelles formed from

tte) that ibution of 'DMAEMA,, b-PDMAEMAq

Absorbance

Absorbance at 356 nm

Micelleplexes formation

Encapsulation of DNA

>

E Encapsulated micelleplex

= [ prepared at N/P ratio 2 ——polymer micelles

5 —— micelleplexes

2 encapsulated micelleplexes
o ~——— encapsulated DNA

Micelleplex prepared at
N/P ratio 2

L6
8 10 12 14 16 18 20
N/P ratio

Conclusion

Amphiphilic triblock copolymers based on cationic PDMAEA and PCL of well defined molar mass characteristics were synthesized by standard ATRP method. The self-assembly
properties of PDMAEMA,-b-PCL,-b-PDMAEMA,, copolymer were fully investigated. An optimal conditions for preparation of cationic micelles of controllable physicochemical parameters
have been found. The resulting micelles interact electrostatically with DNA forming micelleplexes. The later were used as templates for construction of polymer shell on their surface.
Removing of the micellar cc t from the pl leading to presence of polymer capsules containing naked DNA molecules. Therefore, the synthesis of well defined copolymers as

p

well as the precise control over their self-assembly properties are main prerequisite for design of appropriate vector systems for gene therapy.

The author lly ack ledged the financial support of the National Science Fund of Bulgaria (T02-7/2015).
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GOLD LOADED MICELLES AS ATOOL FOR
BIOMEDICAL APPLICATIONS

Y. Danov, S. Vircheva, R. Bryaskova,
University of Chemical Technology and Metallurgy, Department of Polymer Engineering, Bulgaria

INTRODUCTION I

The design and synthesis of nanostructured materials is one of
the most attractive filed in polymer science due to their potential
applications in biomedicine, catalysis, optics areas and so on.
Among them, great attention has been paid to polymeric micelles
which can be used as nanoreactors for drug and gene delivery,
metal and semiconducting nanoparticles. The polymeric micelles
can be casily formed by self-assembly of amphiphilic polymers
which can be obtained by Controlled radical polymerization

(CPR). /

4 STRATEGY N
The general strategy is to prepare TN
triblock copolymers based on | IR vne

poly(ethylene glycol) and poly (4-
vinyl pyridine) (P4VP-PEG-P4VP)
via ATRP and to investigate their
self-assembling behavior in water as
well formation of gold nanoparticles \

\ nto mlCelleS. Scheme 1. Formation of gold loaded micely

RESULTS AND DISCUSSION

Synthesis of dichloro terminated
ATRP macroinitiator

To synthesized well-defined triblock copolymer based on
polyethylene glycol and 4-vinyl pyridine, polyethylene glycol with
two hydroxyl end groups was modified to an appropriate ATRP
macroinitiator by reaction of OH-PEG-OH with thionyl chloride

The FT-IR analysis of the ATRP macroinitiator showed all
characteristics for the PEG units signals at: 1095 cm! characteristic
for -C-O-C- stretching vibration; 1469 cm? for C-H banding
vibration and the appearance of a new peak at 678 cm! which is
characteristic for C-Cl (Figure 1).

Figure 1. FT-IR spectra of PEG and
ATRP macroinitiator.

Figure 2. GPC analysis of ATRP macroinitiator.

Synthesis and characterization of
P4VP-PEG-P4VP block copolymer by ATRP

The synthesis of P4VP-b-PEG-b-P4VP block copolymer by ATRP
was performed using CI-PEG-CI macroinitiator to initiate the ATRP
polymerization of 4-VP in the presence of CuCl/PMDETA catalyst
system according to scheme 2.

o [ reno | onong + monscn
wwwmlﬁen e

ci— enom, [-cron, | emen FenonoT cnon,

D

eren fomen a

Scheme 2. Synthesis of P4VP-b-PEG-b-P4VP block copolymer by ATRP.
The FT-IR analysis of triblock copolymer showed all characteristic
signals for PEG units as well as the signals at 1598 cm™ and 1558 cm!

which were attributed to the aromatic ring stretching vibrations of
P4VP (Figure 3).

Figure 3. FT-IR spectra of PEG; ATRP  Figure 4. 'H NMR spectrum of P4VP-b-PEG-b-PAVP

macroinitiator and block copolymer. block copolymer.

The ™M NMR spectrum of the P4VP-b-PEG-b-P4VP block
copolymer shows the peaks at 3.45-3.83 ppm (4H, -CH,-CH,-O-)
arising from the main PEG chain. The P4VP characteristic protons at
1.20-2.00 ppm (d, 3H), and its aromatic ring at 6.00-6.90 ppm (e, 2H)
and 7.70-8.90 ppm (f, 2H) assigned to the ortho- and meta-protons
respectively were observed as well (Figure 4).

7-Ma Hay4Ha cecus "Maagume yueHu B cema Ha ioanmepume” — o9 tonn 2016, UMN-BAH

Micellization of P4VP-b-PEG-b-P4VP block copolymers
and formation of gold loaded micelles in water.

Micellization of amphiphilic block copolymers in water was performed
by solvent exchange method (Scheme 1) with formation of micelles
consisting of P4VP core and PEG shell. The average hydrodynamic
diameter (Dh) of P4VP-PEG-P4VP based micelles was measured by
DLS, (Dh=98 nm) (Figure 5a). The TEM analysis also confirmed the
formation of well-defined spherical nanosized micelles (Figure 5b).

a) Ei)' e Pa il -
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Figure 5. a) DLS analysis and b)TEM picture of P4VP-PEG-P4VP
micelles.

P4VP-PEG-P4VP based micelles in water were tested as a template for
gold nanoparticles synthesis. The micelles were loaded with HAuCl,
as a precursor of gold with expected accumulation of the gold within
the micellar core. The formation of gold nanoparticles after reduction
was confirmed by DLS with increasing the hydrodynamic diameter to
167 nm (Figure 6a) and UV-vis observation with the appearing of peak
at 530 nm (Figure 6b).

D.om -

Figure 6. a) DLS of gold loaded P4VP-PEG-P4VP micelles and b)
UV-vis of gold loaded micelles.

TEM  observation  also e .

confirms the accumulation 3 .
of gold within the core of " . - -
P4VP-PEG-P4VP based U

micelles with the formation =~ ® 5' f:: <

of so called “flower-like”
micelles (Figure 7).
Figure 7.TEM picture of gold loaded micelles.

CONCLUSIONS

P4VP-PEG-P4VP block copolymers were successful prepared by
ATRP and used for preparation of micelles in water consisting of
PEG shell and P4VP core. Gold loaded micelles were further
prepared by P4VP-PEG-P4VP copolymer with an accumulation of
the gold nanoparticles in the P4VP core. Thus prepared micelles
could find potential application in biomedical field.
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Cytotoxicity tests of novel polymeric
micelles and nanocapsules containing
DNA on Hep G2 and A549 human

cancer cell lines

Ivan Mitkov %, Kirilka Mladenova 2, Emi Haladjova 3, Mariya Kyulavska 3, Petar Petrov 3,
Jordan Doumanov 2, Veselina Moskova-Doumanova %, Tanya Topouzova-Hristova !

Polymeric micelles and nanoparticles have
great potential in biology and medicine due to
their unique properties, such as ability of
control and optimize their size and
morphology, mechanisms of  action,
biodegradability, etc. They are highly regarded
as a competent vector system for gene
therapy since they are able to storage,
transport and deliver biomolecules (DNA,
RNA, proteins) through the cell membrane via
the intracellular transport. Therefore, the
usage of polymeric micelles is a promising
approach in the treatment of cancer and
other diseases.

Polymer micelle Micelleplex

Encapsulated micelleplex

Encapsulated ONA
Figure 1. Structures of polymeric micelles, micelleplexes
and nanocapsules used in this work.

Aims

The aim of this study is to perform a
comparative analysis of four novel types of
polymeric  nanoparticles in order to
determine their cytotoxic effects on two
different human cancer cell lines regarding
cell viability, membrane permeabilization and
alterations in cell morphology.

Two human cancer cell lines, Hep G2 (hepatic)
and A549 (lung), were transfected with all
types of nanoparticles in  different
concentrations. The code of nanoparticles
used were as follows:

0 — Polymer micelles based on poly(2-(N,N-
dimethylamino)ethylmethacrylate) and
poly(caprolactone) triblock copolymer
ss0.5bc — Micelleplexes (DNA electrostatically
bound to polymer micelles)

ss0.5ac — Micelleplexes coated with polymer
membrane

ss0.5acd — Polymer capsules containing naked DNA

Methods

MTT analysis was performed for inspection
and assessment of cytotoxicity of the micelles
and nanocapsules on the viability and
metabolic activity of the transfected Hep G2
and A549 human cancer cell lines.
Transfected cell cultures were stained with
Trypan Blue dye and images were taken under
inverted microscope with a digital camera.
Membrane permeabilization and alterations
in cell morphology were analyzed.

1 Department of Cytology, Histology and Embryology; Faculty of Biology, Sofia University “St. Kliment Ohridski”

3 Institute of Polymers, Bulgarian Academy of Sciences

140
Hep G2
=0
Wss0.5bc
550.5a¢
W ss0.5acd
5 10 20 30 40 50
Concentration of nanoparticles (ug/mL)
Figure 2. MTT Assay of Hep G2 cells.
140
A549
120
100
3 %0 =0
k] o
S 604 Wss0.5bc

350.5ac
mss0.5acd

5 10 20 30 40 50
Concentration of nanoparticle (ug/mL)

Figure 3. MTT Assay of A549 cells.

MTT results showed low toxicity and values
above half maximal inhibitory concentration
(ICsp) for all nanoparticles in both cell lines.
The polymer micelles (0) were not toxic even
in high concentrations.

Surprisingly, a significant difference was
observed with the ss0.5acd nanoparticles —
the ones with the micelle removed. As a
possible explanation for that might be the
exposure of new chemical groups on the
nanoparticle surface due to the micelle
removal.

Hep G2

09 B
08

.07

S

506

Zos =0

£ W 550.5bc

504

89 n 550,50

10 20 a0
Concentration of nanoparticles (ug/mL)

Figure 4. Membrane permeabilization of Hep G2 cells.

"o
m550.5bc
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Permeabilizatio
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#o. 550.5acd

Concentration of nanoparticle (g/mL)

Figure 5. Membrane permeabilization of A549 cells.

2 Department of Biochemistry; Faculty of Biology, Sofia University “St. Kliment Ohridski

550.5acd |

Cell counting and image analysis showed
insignificant permeabilization (< 1 %) for both
cell lines. However, we observed a cell-specific
result — Hep G2 cells were more permeabilized
than A549 cells. Furthermore, we discovered
that the polymer micelles (0) had the greatest
permeability activity on cells. Polymer micelles
most likely cause temporary pores on the cell
membrane that do not damage cells.

Trypan Blue binds to DNA and only the nucleus
should be stained in a positive reaction.
However, despite the low permeabilization, we
observed an overall cell staining. In addition,
cell shape alteration (rounding) was observed,
which could be as a result of damaged cellular
contacts. This phenomenon might be
temporary and not detrimental to cell viability,
or it might be continuous and could lead to
anoikis (a form of programmed cell death due
to induced detachment of anchorage-depended
cells). We could make more accurate
conclusions after examining the “delayed”
toxicity — 24, 48 and 72 h after incubation with
nanoparticles.

5

permeabilization

permeabilization

Figure 6. Trypan Blue staining of Hep G2 and A549 cells.

Conclusions

All four types of nanoparticles (polymeric
micelles, micelleplexes and nanocapsules)
demonstrate low cytotoxicity and
insignificant permeabilization. The results
suggest that the nanoparticles could be
prospectively used as vectors for gene
transfer or drug distribution in target cells.

In addition, some cell shape alterations and
cell-specific differences regarding
permeabilization were observed, which will
be a subject for further research.
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We have studied porous Nb,O; films deposited by the sol-gel and evaporation induced self-assembly methods using four different organic templates — PEO,
PDMAA, block copolymer PEO-b-PDMAA and Pluronic PE6100. Refractive index, extinction coefficient and thickness of the films are calculated from reflectance
spectra of the films deposited on silicon substrates using non-linear curve fitting method. The overall porosity of the films are quantified by optical means
using Bruggeman effective medium approximation. The influence of the composition and concentration of the organic templates on the optical properties of
the films have been studied.

Film preparation and surface morphology

i
> Nb sol was prepared by NbCl; (0.400 g), Ethanol (8.3 ml), and H,0 Thin films preparation: =
(0.17 ml) and then exposed to ultrasonic mixing for 20 min; » Nb sol has been mixed with organic templ in different
»> Poly(ethylene oxide) (PEO; Mn = 2000 g/mol) was purchased from concentrations in ratio Nb sol : Organic templates = 5:1;
Aldrich; Pluronic PE6100 (PEO-b-PPO-b-PEO triblock copolymer; » Spin coating on Si-substrate - 3000 min, 30's;
Mn = 2000 g/mol) was acquired from BASF; > Annealing regime: at 320 °C, 30 min, 5 °C/min acceleration
» Poly(N,N-dimethylacrylamide) (PDMAA) and double hydrophilic
diblock copolymer PEO-b-PDMAA (Mn = 5700 g/mol) were Dense Nb,0; Porous Nb,0; with PEQ-b-PDMAA : NbCl
synthesized via radicallredox polymerization in aqueous media. 0.023 0.07 0.23
o
3 HAGC \{\/\o
2 n OH m
)
S o N7
w
& |
» The ratio polymer:precursor is varied to evaluate the polymer
influence. Ratios of 0,0.023, 0.07 and 0.23 have been compared. e e R s Oy S YuyT B e e P oot
\_ ) centration of the organic template crea
Optical characterization
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e Porosity evaluation N\
In order to calculate the free volume fraction of the film Bruggeman
effective medium approximation has been used f £a-ta +f, sl el
PP il oe [ f (%
s fa+ far =1 p",:,‘[::f” PEO  PDMAA PEO-b-PDMAA PE6100
S,
0.023 10.2 9.9 13 -
€4y E4ip €, - dielectric constants of dense Nb,O;, B 2t = 48
air and effective medium, 0.23 - 209 429 54
fd, f‘,ir — volume fractions of dense Nb,O; and air
8 ¥

r Conclusions

» PEO, PDMAA, PEO-b-PDMAA and Pluronic PE6100 have been successfully used as templates to create a porous Nb,Oj thin films;
» The quality of the films deteriorates significantly for PEO : NbCl; ratio higher than 0.07;

» The templates create up to 54 % free volume fraction in the films when PE6100 is used as a template;

» The highest changes in refractive index are obtained with PE6100 and PEO-b-PDMAA at ratio of 0.23.

\
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Chitosan and Chitin based 2-D Biomimetic Scaffolds: Optimized Electrospinning
Procedure and Reproducible Methods for Their Modification

Bb/ITAPCKA AKAQEMUA
HA HAYKWTE

N. Toncheva-Moncheva3, A. Aqil*, F. Croisier!, P. Dijkst
Galleni, Y. Poumay, A. Colige, Ch. Jéréme?

J. Feijen, K. van der Werf 2, M. Bennink 2,P. Dijkstra

1 University of Liége, Sart Tilman, B6a, B-4000, Liége, Belgium
2University of Twente, PO Box 217, 7500 AE, Enschede, The Netherlands

Chitosan based nanofiber-membranes for 3 Laboratory of Polymerization Processes, Institute of Polymers- BAS, Acad. G. Bonchev Str., block 103-A, 1113 Sofia, Bulgaria

tissue engineering. Why?
1 Chitosan' Properties: Table. Electrospun mat samples code, stock solutions

Table. General information about the medical grade
preparation and ESP conditions.

- - naturally occurring polysaccharide *. chitosans Used.

- - possess attractive diversity of properties for Chitosan | Molecular | Degree of | Apperent visvosity POl it o | TYRSon] Juital | Fina Sclution ]| :Teiton X=200 Ay
biomedical applications such as wound dressing Code weight, | ‘acetilation |(1% sol. in 1% HAc) codar | sed ratio (wt 5%) (wt %) o)
> 3 My (mol%) (mPa.s)
polyelectrolyte behaviour, biocompatibility, r=T 173 000 23 15 1.| cNia 60:40 4.22 - 27.0
biodegradability, lack of toxicity, regenerative effect (L09306) i 2.| cN63 csu1 60:40 422 0.05 28.0
on connective gun tissue, accelerative effect on the Tsu2 205000 340 5 3.| cNea_e5 | (Los30e) | 85:15 432 0.20 30.0
formation of osteoblast responsible for bone (L10204) 4.| cN73 88:12 4.33 0.20 34.0
formation, hemostatic, antitumor action, etc **. |S.] cNSo 90:10 4.34 0.40 31.0
- - most of its chemical properties and biological 6.] CN7_8A wiis 60:40 4.22 0.05 20.0
properties change with degree of acetilation and Scheme. Mixtures Preparation Mechanism. 7:] CNS_6A |\ 10204) f—o2:t5 LED 230 250
molecular weight as well ***, 8. cNo_10A 88:12 4.33 0.20 30.4

- Nano-fibrous chitosan based mats can be easily B "

+CsU initial cone =4.40 wi% in solvent HAC/H,0, PEO initial cone=3.94 wit% in solvent deionized 1,0, Mixing time of CsU
obtained by electrospinning Scheme 1. and PEO solutions = 1h, ESP time=6h, Debit 1mLh", Distance between collector and the needle=15 cm, Temperature of
EsP=25C

2 Benefits of Nanofibres:

- - one apparent advantage of nanofibers is the huge
increase in the surface area to volume ratio.

- - the increased surface area to volume ratio gives a
very high efficiency of the nanofibrous-membranes in
capturing its target.

- - their low density, high pore volume, and tight pore
size make the nanofiber non-woven mats appropriate
for a wide range of applications.

™ i ™
Graph. Rheological properties: a - temperature dependance , b - CsU1 (L09306):PEO, ¢ - CsU2
(L10204):PEO staring solution at 25 °C and different CsU:PEO ratios.

3 Objectives:

- - Preparation of defect-free, CsU-PEO based nano-fiber
mats via electrospinning. Determination the relations

before stabilization after

between sample concentrations, parameters of
electrospinning of CsU-PEO blended solutions and their and purification y
viscosity. Stabilization of the mats. PEO elimination. d
Characterization.; ‘.
- - Determination of antibacterial and mechanical i ‘:'

properties. CN36

- - Cell adhesion tests.

Table. Electrospun mat samples code at different

s Figure. SEM analysis.
CsU1 (L09306):PEO ratios and Triton X-100 concentration.

N | ot Somples | Taital GUPEO | Trmen X108 g e o0 i SESS
Cote e % Still small portion PEO in the mats!
I o C
o M = _ Figure. DSC and TGA measurements of CN36 and CN49 before
» 2] and after stabilization and purification.
. o oo
: G y‘ i before stabilization = f\
N0 o 01 T 3 T 12, i ¥
F 3 = wesadey:reo 09306)E0 ) z
D oo w515 ! H
W | _ow g :
| _om w0
| ow
[ =] - oS
" [ N 04"
15 OS5 0 e L

after stabilization and purification First heating

before stabilization
85:15, CsU2 ‘

Antibacterial tests

60:40, CsU2 88:12, CsU2

____cN7.8A CNS_6A cN9_10A

e

PEO is entirely eliminated!
Graph. Antibacterial properties of membranes based on CsU-L09306 and CsU-
1

L10204 before stabilization against E. Coli.
Table: Tensile properties of the electrospun chitosan nanofibers

before and after stabilization.
W Code Type of Tnitial Tensile stress at]  Tensile
¢ Csu CsU:PED Modulus reak strain at

2 . used ratio (MPa) (MPa) break
. (%)
I . efore stabilization and purification (bs)
1 60:40 155.58422.16 6991013 | 8554163
] i ' (L09306) 515 79.38 £22.20 2121023 | 2991083
=—eb 60:40 1146051784 | 11274281 | 2081378
csu2 Ve . y -
] S 8515 147501 16.62 10981147 | 14704151
88:12 147.64221.00 5495007 | 12325179
Graph. Antibacterial test agains E. Coli of CSU L09306 based mats after after stabilization and purification (as)

stabilization, at 100 mg and 200 mg sample. N63.. Ccsu1 60:40 181.23225.17 7.54 1097 10.4424.85
7. cNea_os, (1L09306) 8515 123.94219.05 3.3620.51 3.67£1.36
60:40 191.3943408_| 10704201 | 16.75¢4.37

csu2 276.252 0
5141022 | 907:1.08
L A I CND_I0A ‘ CN9_10A 02 EX 216.15222.62 7562035 | 6442095

= o canon afer st ( attesch W0z

Figure. Reacetylation reaction procedure of chitosan
into chitin.

*The values presented are averaged from five experiments at

Figure. CsU membrane antibacterial properties at: standard deviation.

1-contact and 2-solution.

:Funding and Acknowledgements: :Summary: 3 : Future Outlook:

- - This research was financially supported

y the Walloon Region (COCELL project).
- - The authors are much indebted to the
BELSPO for support .

belspo

-- A series of highly porous nanofibrous mats were prepared
via electrospinning using small additions of Triton X-100 in the
CsU-PEO starting solutions.

--The membranes were easily deprotonated and isolated from
the PEO at relatively mild conditions. Then via reacetiylation
reaction they were easily converted into chitin based ones.

- - The membranes exhibited no biotoxicity but strong
antibacterial, satisfied mechanical and cell adhesion
properties.

Physical integrity 1 2

and XRD tests Cell adhesion

tests

Biodegradation
tests

:Litearature:

* Y. Nam, W. Park, D. Thm, S. Hudson, Carbohydrate Polymers, 2010

** R. Jayakumar, M. Prabaharan, S.V. Nair, H. Tamura, Biotechnology Advances, 2010
**%C, Kriegel K. Kit, D. McClements, J. Weiss, Polymer, 2010
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HoBu aHTMGaKTepuanHu enekTpooBNakHeHN HaHoMaTepuanm oT

72N nonu(e-KanposiakToH), CbAbpXalm NPUPOAHO (PEHONMHO CHLEAUHEHNE e
/A5 AN
i Mongpxkan Aky6?!, Munena Urnarosa !, Hesena Manonosa !, Unus Pawkos ', Haga MapkoBa?

N 186y /,/’ ‘Is“’unumlﬂms
— 1 Jlabopamopusi buonozau4Ho akmusHu nonumepu, licmumym no nonumepu — BAH;

2WHemumym no mukpobuornoaus - BAH

lMonyyaBaHe 4pe3 eneKTPOOBIaKHsIBaHe Ha HOBW BRNakHeCTUM Mmartepuanu oOT nonu(s-kanponaktoH) (MKI),
cbabpXawm ¢eHonHo cbeauHenue (PC) ot pactuteneH npowusxon. [MokpuBaHe Ha HaHOBMAKHeECTUTE
maTtepuanu € TbHBK (punm oOT BoAopasTBopuM nonumep (BPI), Hechbabpxawm unu cbabpxawm PC.
U3cnegBaHe Ha MopdonorusTa, CbCTaBa M TEPMUYHUTE XapaKTEPUCTUKM Ha BIAKHECTUTE MaTepuanu.
W3cnenBaHe Ha BNUSIHMETO Ha CbCTaBa Ha NMONMMMeEpHaTa MaTpuua BbpPXy aHTUOaKTepuanHata akTUBHOCT Ha
BflakHeCTUTe matepuanu cnpsmo Mpam-nonoXxuTenHua natoreHeH MUKPOOpraHu3bM S. aureus.

CEM mukporpadum Ha maToBeTe

d =112+ 30 nm; ©d=120+20 nm; =
817 +5cP : 940 + 3 cP :

CxeMaTu4HO npeacTaBsiHe HAa HaNnpPe4yHoTO ceyeHune
Ha HAHOBNAKHECTU MaTepuanu ¢ pasnuyeH AU3aiiH,
CbAbpXawm (PeHONMHO CbeAuHeHue

(ii) (iii)

MpunaraHeTto Ha crnegHuTe noaxoaum: (l) eneKTpooBnakHsABaHe Ha
pa3TBop Ha MKI1 u ®C; (ll) enekTpooBNaKkHABaHe Ha pa3TBOp Ha
MKN n ®C, nocnegBaHo OT NMOKPUMBaHe Ha BrakHaTa C TbHbK
c¢unm ot BPI u (lll) enekTpooBnakHaBaHe Ha pa3TBop Ha MKI,
nocrneaBaHo OT MOKpMBaHe Ha BNakHaTta ¢ TbHbK ¢unm ot BPI,
cbabpXaw, ®C; nos3Bonuxa nonyvyaBaHeTO Ha HaHOBJAKHECTH
MaTepuanu c pasnuyeH Au3anH.

" NKN-coat BPM/®C

5. 888

PeHTreHOorpamu Ha BNnakHeCcTU MaTtepuanu ...

MKNin®C-coat BPI

IOCK Tepmorpamu Ha maToBeTe

DeHONHO CheauHenme
o pacniesen mponsion [ 100 % oc 1 _Tm®
L bl | DKn
e - ‘ NKNin®C

Jm(n ~ coat BPII®C g

5 1 15 20 25 30 35 40 45 % 55 60
Anglo 26 (°)

[
| MKNin®C — coat BPM

oc |
R o
S ~ | nwmod.BPM
e St 7S " |nnod. BPI/®C
H,0 sv8 BPM 7,,BPM|
90 -50 -10 30 70 110 150 190 230 270 310 350

5 10 15 20 25 30 35 40 45 50 55 60 65 Temperature (°C)
Angle 26 (°)

AHTMGGKTepManHa dKTUBHOCT Ha maTtoBeTe
...U Ha MOGeJIHU cucmemu

<< S, aureus
6

Heat Flow (W/g)

NKNin®C - coat BPN @

NKNin®C

o/

- 5 5
< NKN

4 NKNin®C @

& oC
24 © NKNin®C - coat BPN @

MK/ - coat BPN/®C

fﬂ

dunm BPMN

nvod. BPN

nuod. BPN/dC

Log (survivors) cells/ml
w

¢uam BPMN/dC 11 i BPN/®C ’

9 nuodpunmsupaHa cmec {A

5 10 15 20 25 30 35 40 45 50 55 60 0 4 8 12 16 20 zv.‘
Angle 26 () Exposure time (h)

3AKITIOYEHUE: MonyyeHn ca HOBM HaHOBMAaKHeCTM MaTepuanu, CbAbpXawy ¢eHONHO cbeAuHeHWe OT pacTUTeneH npousxon.
BKIo4eHOTO (heHONHO cheAuHeHue € B aMOP(GHO CbCTOsIHUE, KOETO € XemnaTenHo Npu nekapcTBeHuTe opmu. BnakHectute matepuanu,
cbabpxawm ®C unu BPM/®C, umat cunHo uspaseH GakrepuumnaeH edpekt. Tean HOBU MaTepuanu ca obewaBawm 3a GMoMeaAULMHCKO
NpUnoXeHune, BKIIOYATENHO M KaTO NOKPUTUA 3a NleYeHUe Ha paHMu.

e-mails:

rA. n M.WU. 6narogapat Ha [dorosop O®HIM-11/20.04.2016 r. 3a cpmHaHCOBaTa nopakpena. Kub I e b
ABTopuTe GnaroaapAT Ha npod. AH A. Anoctonos (Coduiickn YHuBepcutet “Cs. KnumeHT gymaib@polymeras.by
BITATOJAPHOCTH: P X 8 ) g ignatova@polymer.bas.bg
Oxpuackun”) 3a npoBefeHuTe aHanuaun ype3 [ICK u Ha rn. ac. A-p @. Y6nekoB (MHCTUTYT no [T VA et d e et
nonumepu, BAH) 3a npoBeAeHUTe aHaNMU3u Ype3 PeHTreHOCTPYKTYPEeH aHanus. rashkov@polymer.bas.bg
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POLY(ALKYL CYANOACRYLATE)
NANOPARTICLES AS CARRIERS FOR
ANTIBACTERIAL DRUGS

D. Krystev, M. Simeonova, N. Georgieva, N. Georgiev

i ersity of Chemical Technology, and Metallurgy 818 St Kllmen;,O ridski Bivd.,
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CE[IMA HAYYHA CECUS1
,MNALUTE YYEHU B CBETA HA MONIUMEPUTE* T
9 IOHU 2016 UHCTUTYT MO MONUMEPU KbM BAH MONUMEPY
[ ssacarci aazaa e vavure |

MUTPALIUA HA TPA®EH OT PLA KOMNO3WUTHU ®UITMK B CUMYNTUPAHU XPAHUTEINHU CPEDM

XpucTuana BenuukoBa, Wsatka lMetpoBa, Esrenn UBaHos, PymsiHa Kounnkosa
WHetutyT no Mexanuka, BAH, yn. Akan. . Boryes, Bnok 4, 1113 Codua, Brnrapus, e-mail: hristiana_velichkova@abv.bq

BneedeHue BULGARIAN

Y 4 _ B ) Bpeme np ) HAa HaHOMaTepuanu KaTo ONakoBKW 3a XpaHW HapacTea 3Ha4uTeNHo. ﬂoﬁasnuem Ha rpa¢eH B nonumepu e OGENHBBN noaxoa A C A D E M Y

(gt NpW NPOM3BOACTBOTO Ha ONAKOBKM 3a XpaH ¢ NOAOOPEHN MEXaHU4HI U aHTUMUKPOGHHM cBoicTBa. MoKpUTUA GasnpaHyu Ha MHTepKanupaH Ha NOBbPXHOCTTA rpadeH, f SCIENCES
—~——

B HAKOW WMHAYCTPUANHO W3Non3saHn NOMUMEpPK, 3Ha4nTenHo nonoﬁpﬂaar ra}ﬁapmepﬁme CBOWCTBA Ha NONMMepHUA ¢W1M 3a mupoxomamaﬁﬂu NPUNOXEHNA.
anpel(m TOBa € UrHopupaHa noTeHunanHara onacHoCT OT Murpauusa Ha rpad)eHosme HaHOMbNHUTENW B XpaHUTE.

Mamepuanu
Huwikn “Black Magic” Ha 6asata Ha 6uononumep nonumneyta kucenuta (PLA) 1 BbrnepogeH HaHOMbNHUTEN Ca U3NON3BaHK 3a NPOM3BOACTBOTO Ha KOMNO3UTHM chunmu. Mpobute ca nonyueHu Ypes TexHuka 3a
3D neuar, cneq koeTo ca NOAnoXeHn Ha TepmuuHo npecosae npu 190°C u Hanarave 100bars 3a nonyuyasade Ha ThHKK dunmu ¢ aebenuHa ~30um. Konuyectsoto Ha mbnHutens e ~2 tern. %. 3a
XapaKTepuaupaHe Ha HaHOMbAHWTENs NoNMMepHUTE UAMK ca uacneBaHn Ypes TepmorpasumeTpuyeH aHanua (TGA) ¢ Harpsisate fo 500°C npu ckopoct 10° C/min BbE Bb3gywHa atMocdepa, 3a ga ce
nonyuu uarapsive. OBbIMEHNs OCTaTbK e AUCNEeprupaH B eTaHON U Cnef TOBa e Bu3yanuaupaH Ypes TpaHCMUCMOHHa enekTpoHHa Mukpockonus (TEM). Pesyntatute ot TEM nokassart, e HaHoMbnHUTENs €

1869

KOMMneKkCHa CMecC, B KOATO JOMUHMpa rpad)eﬂ, HO CbAbpXa CbLLO KbCH BBIMEpoaHU HaHOTp'b6M"IKM, Caxau 1 Apyrv BbrnepoaHn CTPYKTYpK KaTo HaHOANCKOBE U HAHOKOHYCH. I'Iopaqm [AOMWHUPALLOTO NpucHLCTBUE

Ha rpacbeH cunmuTe ca ¢

p Kato rpace/ kucenuHa (GR/PLA).

Tecm 3za Muzpayusi

YcnosusTa 3a npoBeXpaHe Ha Tecta ca cbobpasenu cnpamo [lupektusa 10/2011 Ha EC n
Craxgapt EN-1186. 3a u3nbiHeHMe Ha TecTa ca WM3NON3BaHM YETUPU XPaHUTENHN
paatBopa: 10% etaxon (Simultant A); 3% ouerHa kucenuxa (Simultant B); 50% etaxon
(Simultant D1) u pactutenxo macno (Simultant D2). TecTsT 3a MUrpauus ce nposexaa B
nelly ¢ KOHTPONMpaHa TeMnepatypa Npu CTaTUUHK W AUHAMUYHY YCTIOBUR, KakTo cnepga:
(1) Nexo cratmuno uanutsate 3a 10 gum npu 40°C; (2) Cunko cTaTyHO M3NUTBaHe 3a 44
npu 90°C; (3) YnTpa cunHo AvHaMuyHO ManuTeaHe, npu koeto npobuTte ce HarpsiBat 4y
npn 90°C, nocnegsato ot 10 gHu npu 40°C, B NpogbKeHne Ha AeceTTe AHW npobuTe ca
MOANOKEH Ha pa3bbpkBaHe Ype3 yNTpa3BykoBa BaHa 3a SMUH.

Tecm 3a HabbbeaHe
Swelling 0 Ha nonumep! GR/PLA ¢unmu B CbOTBETHUTE pasTBOPU
nokassa cTenenTa Ha HabbbBaHe 1 ce onpesens or:
1) MpeternsHe Ha cyxus UNM; 2) NoTanAHe Ha UAMUTE B CUMYNMPaHITE XpaHUTENHN
cpean; 3) MMpeternsHe Ha GuUnMUTE cnej CbXpaHeHue 3a OMpefeneHo Bpeme W
TemneparypHu ycnosus. CrenenTa Ha HabbbBaHe ce M3uncnsea no cnegHata (bopmyna:

s%=W'”',W" x100

Kbneto: Wt e macata Ha Habb6Hanus dunm 3a Bpeme t; Wo e macata Ha cyxus dunm.
MpouenTa Ha HabvbeaHe Ha dunma S% cbOTBETCTBA HA MPOLEHTA HA PaBHOMEPHO

noematxe Ha pasTeop o (unma

JlazepHa ducppakyus
AHanU3NpaHeTo Ha U3NE3NMUTE HaHOYaCTULY OT N p unmu B p py cnep
TECT 3a MUrpauus ce U3BbpLUBa upe3 JlasepeHa Audpakuus Ha HaHovacTuuTe Analysette 22 Nano
Tec plus (FRITSCH). MuHumanuus pasmep Ha OTKpUTMTE YacTuum npu ToBa uscneasate e 0,8pm.

EnekmporHa Mukpockonus
[Jlpyr MeToA 3a aHanu3 Ha MUrPUPANUTE HaHOYACTULY e U3BbPLLEH Ype3 TpaHCMUcHoHHa EnekTporHa
Mukpockonus (TEM) npu HanpesxeHue 200kV. ®a3oBus CbCTas Ha YacTUUMTE Ce ONpeAens Ype3 pexum

Ha MUKPOCKONa - eNEeKTPOHHa Audpakums (SAED).
3a nofyyaesaHe Ha No-HafeXaHW pe3ynTaTtu BCAKa npoﬁa € u3MepeHa no Tpu NbTU C pasnuyHa
KOHLIGHTPaLVA OT ONTUYHKM NapameTpu. PasnpesieneHneTo Ha YacTuyuTe No pasmep e npeacTaBeHo
Ha xuctorpamure.
20
AT 53 GRPLA ] st A o 5 G mie®
e S e 2] shwong i 25 W
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Sizo of migrants, x ()
>
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St of migrants. x (ym)

500 _nm
n A
Our. 1 c Ha LTe No paamep U TEM ur.2 Ha MTE NO pa3mep U TEM mukporp Ha rpaceH
rpacher ot GR / PLA chunmm cniepi cuner cratiueH Tecr (4 vaca npu 90 ° C) B Moaenku paateopu: (a) 10% mnon (6) oT GR/PLA Lpunuwl cnea ympa—cuneﬂ [AvHamudeH TecT Ha: (r) 10% eTanon, (a) 3% oueTHa kucenuHa u (e) 50'/- eTaHon
3% oueTHa kucenuna, u (8) 50% etaton
Pesynmamu
1) Hab6n6BaHe npu ¢ Ha

Mpouecute Ha audysus, copbums U Aecopbuus no BpemMe Ha MUrpauuATa ca XxapakTepuanpaHu 4pes kompon Ha Haﬁbﬁsanem Ha nonumeprute dunmu GR/PLA notonexn B XpaHuTentn cpeau B
npogbmketue Ha 10 au npu 40°C v 4 yaca npu 90°C. CreneHTa Ha HabbbBaHe Ha dhunmuTe ce onpesens cnea 3, 5, 7 n 10 gHu coxpatenue npu 40°C 3a oueHka Ha KuHeTUkaTa Ha npoueca copbuus. Cneg
10 aHeBHus npecToit Ha dunmuTe npu 40°C B XpaHuTENHUTE Cpeay NOAyBaHETO Ha TecTBaHUTe obpasum e HesHauutenHo. Pasteopute Gasupay Ha etaHon (A u D1) He npoHuksaT B nonumepnte GR/IPLA
chunmu, fokarto pa3teop B (3% oweTHa KicenuHa) NpoHMKBa B Manka CTeneH oT rnegHa Touka Ha copbuusata (S=0.84%). 3a pasnuka ot Tsx, Ha Macara Ha ¢ ce Hab. cneq 44 npu
HarpsBaHe Ha 90°C B TpuTe pa3rsopa. ToBa ce AbMkM Ha Aecopbuus Ha BeluecTsata OT (unMa B XpaHuTentute cpeau. Hait-ronsma crenex Ha gecopbuus ce Habnionasa npu pasteop ot 3% oueTHa
kucenuua (-2,91%), nocneasa ot 50% etaton (-1,95%) n 10% etavon (-1,62%). MpouecsT Ha aecopbuus npu 90°C BEpOSATHO Ce ALMKI Ha NacTUYHOTO ChCTOsIHKE, B KOeTo ce Hamupa PLA, Thit kaTo Tasn
Temnepatypa e Haj Temneparypara Ha BCTbKnsBaHe. Hait-BeposiTHo HaGbOBaHETO W MoBuleHaTa pasTBOPUMOCT Ha nonumepa B cumynupanute cpean, npu 90°C, ca ocHoBHYM (hakTopu ynecHssaly
MUrpaLysTa Ha BellecTsaTa oT KOMMO3UTHUTE (HAMA.

2) Murpauus Ha rpadeH OT NoNUMepHU KOMNO3NTHU UMK

Bb3 ocHoBa Ha npouecuTe Ha Aecopbuus, uaeHTUMLMpaHn ot TecT 3a HabbbBaHe Ha NonMMepHWs mMaTepuan, npu BUCOKA TeMmnepaTypa MOXe [a Ce ovaksa MUrpauMs Ha rpacdeH v Apyw BbrnepopHm
HaHoYacTMLM B XpaHuUTenHu cpefy. 3a aa ce [okaxe ToBa e U3BbPLUEH aHanu3 upe3 nasepHa avdpakums u TEM, ¢ uen oTkpuBaHe 1 Bu3yanuaupaHe Ha murpantute ot GR/IPLA dunmute B cumynupanute
cpean. TEM mukporpacmuTe Bu3yanuaupat rpacheHoByi MUrpaHTH B TpUTe paamopa WneHTuduuvpanm ca rpacheHoBM NucTa ¢ Manbk paamep B pastopa baaupak Ha 10% eTaron. Pasmepa Ha MurpaHTuTe ce
yBenuyasa 3HauuTenHo B ApyruTe Aga pasteopa. Murpantute ca e pad NNCTa C HaHOf PV B CbYeTaHIe C ronemu, Ho He CBbP3aHN arnomepary.

Pesyntatute cnea ynTpa CUnHIS AMHaMUYeH TECT NoKa3saT, Ye paanpeaeneHneTo Ha yacTuyuTe no paamep e B auanasoH 0,08-30um. Haii-Bucoka cTeneH Ha MUrpauus npu To3u TecT ce Habnionasa npu 3%
pa3sTBOp Ha OUeETHa kucenuHa, mocnesad ot paarsopute ¢ 50% etaon u 10% etaHon. Mo-NPOABLMKUTENHOTO HarpsiBaHe ynecksBa MUTPaLMATa Ha rpacheHOBUTE HAHONMMCTA, BEPOSTHO nopaan
pasrpaxzaHeTo Ha brononumepa B xpaHuTenHata cpeaa.

3aknodeHus
Wacnegsaxme nonumepHn unmu OT MonMMneyHa kucenuka ¢ 2 Tern. % BbIMEpoaHU HaHombnHuTenu. Exkcnep TanHuTe pesynratu , Ye HarpsiBaHe Npu No-BMCOKa Temnepatypa nomara Ha
rpacheHoBI NUCTa C Pa3nuyHy pasmepy Aa MUTpUpaT B U3NON3BaHUTe 3a TecTa XpaHuTenn cpean. OCHOBHM (hakTopH, KOUTO AOMPUHACAT 3a NpoLeca Ha Aecopbuns 1 M3NU3aHe Ha YacTULy B pasTBopuTe ca
BMCOKUTE TEMNEpaTypu B CbYETaHue C AbMrMs NPECTol U NOANaraHeTo Ha AuHamuuHa obpabotka. Toan edekT ce Habnioaasa Hai-cunHo Npu pasteopu Ha 3% oueTHa kucenuta u 50% eTaHon v 3asuck CUnHO
o7 KOM6MHBL(VIﬁTa Ha BpemeTo U Temnepartypara. Teoperwume MPOrHO3W BOAAT A0 3aKNIO4YEeHMEeTO, Ye BbrMepoaHUTe HaHOMbMHUTENW, BEAHBX BKMIOYEHW B CTPYKTypaTa Ha PLA, € N0-BEepoATHO Aa He
MWrpWpar oT matpuuara B xpaxarta npu Bucoka Temneparypa (90°C u noseue). Bunpeku ToBa, ekcriepuMeHTanHuTe peaynTaTi Mokassar Hamnuue Ha MUTpUpank YyacTuuu B pasTBOpUTE, NPU T3 YCTIoBUSA.

lMopaav ToBa e HeobxoauMo excniep TanHo onp Ha MUTPUPALLWTE HaHOYaCTMLY, 3a 1a Ce MPOBEpU TOYHOCTTA Ha pe3ynTaTuTe OT MUTPaLVS, MPECKa3aHu OT MaTeMaTiyecku MoAEeni.
Jlumepamypa:

[1] Chaudhry Q.,Scotter M., Blackburn,J., Ross,B., Boxall A., Castle, L., Aitken R., Watkins, R. Applications and implications of hnologies for the food sector. Food Additives and Contaminants,
25, 2008, pp. 241-258.

[2] Duncan T, Applications of hnology in food packaging and food safety: Barrier materials, antimicrobials and sensors. J. Colloid and Interface Sci. (2011) 363(1), 1-24. [3] C. Silvestre, S.
Cimmino Eds. E inable Polymer N. ials for Food Packaging , Taylor & Francis Books, (2013)

BnarogapHocTu: U3cnenBanusaTa ca ouHancupanu ot npoekt H2020 Graphene Core 1. U3cnenBanusTa 3a nasepHa audpakums ca nposeaeHn B UAKT-BAH
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Ha nonueTMneH raukon (PEG), ca epgnu ot uai-uunqnuum Martepuanu 3a
BbB W MeaguumHaTa.
--Teca v 61

-- M3NON3BaT Ce 3a MPEHOC W AOCTaBAHE Ha NeKapCTBeHU BeljecTsa w/mnn
NPOTEMHY, NPH KOETO He ce Hab/IoAABaT CTPaHNUYHY edeKTH.

-- Hall-U3NON3BAHUAT METOA 3a NOJIy4aBaHeTo Ha nuHeeH PEI wiu Ha mnhﬁun
pu Ha PEI c nonu(z-mm-z-omaonunﬁ F
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cTeneHTa Ha XuAponMsa Ha

CbronuMepute, a oTTaM CBoOWCTBaTa, M CTPYKTYP: Ha
noNMMepHuTe arperaTi B oenemlnlll pmymn
-- paneu p P p ABaT obaue,
nonu(2 p 2 )u (PiPOX) ¢ Tg okono
68°C  AKTP 61n30 Ao WyHaTa paTypa ot 36 go 39 C.
v Onp Ha Ha PiPOX-OH u nonyuennte

PiPOX-cn-PEI cononnmepmn npn T=25 n 70°C.

Pesynrarn:

~
v CHHTe3 Ha nonu(2-130nponun-2-o0Kca3onnH)
- e _ I

HaTtanus ToHuyeBa-MoH4eBa, Cranucnas PaHrenos

Jlocmep Ne 16

DU3NKO-XUMUUYHO OXapaKTepu3MpaHe U LUTOTOKCUUHOCT Ha IMHEMHU CbNOoIMMEpU Ha
OCHOBarTa Ha nonu(2-usonponun-2-0KCasoJsIMH) U NONNETUNIEHUMUH

Monumep (u.::l'l) dn/dc  Mw/Mn (I:). T::?\m
PiPOX-OHgy, 8600  0.065  1.15 68 432 ™
o (] sary6a wa rerno (TGA) ;
v p Ha nonnv( 2 P
u nony Ha cny cb
i " npu To100 oC. . il “’f&’\" R
Ne Kogwa  HCL Bpeme  Crene Ha & o
npo6ata®  [M] Xuaponusa M/ \m M/ N&
(%)
1. PIPOX-PEI 4 1 oh, 40min -
2. PIPOX-PEI 7 1 1h, 30min -
3. PIPOX-PEI 8 2 1h, 0Omin
4. PPOX-PEI 9 2 3h, 30min -
5. PIPOX-PEI10 4  3h, 20min -
6. PIPOX-PEI11 1196  6h 3
7. PIPOX-PEI12 11.96 6h 5
8. PIPOX-PEI13 1196  24h 54
9. PIPOX-PEI14 11.96  24h 84
10. PPOX-PEI15 11.96  16h 53
11. PIPOX-PEI 16 11.96  6h 25
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Concentration (uM)

:bbaewm nscneasanma:

|-a—PPOX P 1 .
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Concentration (uM)

[AARERNR)

Kneruana 1C,, (M)
Aunnn Nato-14 Nato-15
DOHH 26.70:2.7 39.93:1.5
E) 43.5+1.05 45.25:1.1
HEK-293 2863115 3448:2.1
HEK-293

)
Concentration (M)
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MMOBUITU3NPAHE HA NMPOTEA3A B NONMUMKAPEOKCUBETAMHOBU XWOPOIENOBE

K. PyceBa', C. Meuog?, . LLecTakoBa?®, E. Bacunesa'

Nabopatopus nNo cTpyKTypa 1 CBOWCTBA Ha nonumepute, Kateapa no dapmauesTUyHa 1 NPUNOKHA OPraHndHa XMmMns,
dakynTeT no xumua u papmavua, Coduiicku yHuBepcutet "Ce. Kn. Oxpuacku”

(“veon )

KapbokcubeTanHuTe ca UBUTEPHOHHN CheANHEHWS, KOUTO CbAbPXaT
KOBaNeHTHO CBbp3aHu KapBoKcUnHa 1 KBaTepHepHa aMOHUEBa rpyni.
Te Hanogo6sBaT CTPYKTYPHO aMUHOKMCENWHWUTE W Npuaasat
6MOCHBMECTUMOCT Ha MaTepuanure, NonyYeHn oT TaX.

\pH YYyBCTBUTENHOCT.

/LI,EJ'I

PaspaGoTBaHe Ha HOBW (PYHKUMOHANHW NMpeBpb3KM 3a paHu.
3apauum:
. CuHTe3 Ha MoHOMep kapbokcubeTanH meTakpunat

2. CuHTes Ha Mpexa oT nonu(kapbokcnbetanH
MNonukapBokcnbetanHuTe ca Bce NO-LIMPOKO MeTakpunar) (TKEMA)
M3MoN3BaHu 3a GUOMeANLMHCKM NPUNOKEHUS, 3. OxapakTepuaupate Ha Mpea oT TKEMA
BKIIOUMTENHO W NOpaau TAxHaTa 4. HatopapeaHe Ha Mpexata oT nKEMA ¢

npoteasa.

~

G}na‘ia 1. CUHTE3 HA KAPBEOKCUBETAWUH METAKPUIAT \

O cwuHTes Ha moHomep KBMA

meTakpunat

MOMHO ChOTHOWeHwe 1:1

/

-

3apava 2. CUHTE3 HA NONMMEPHA MPEXA OT
KAPBOKCUBETAMH METAKPUIIAT

O cwuHTe3 Ha mpexa oT nKBMA

o ‘I:H: ETNMETHNKETOH o CH,
N?, (o
Hzcﬁ))\a/\/lk o, * <c>=° o cH;_ﬁ)L o™ty o CHs o I NacS-Ou{NHS:0n
e 12 vaca CHy » 0o CH, ﬁ)‘o’\’ Wm0 v Hiongo >
° B - nponwonakTok KEMA CH, CHy o | O 0-865MONIH/1.445 Mon %
NN pumeTHnamuHo eTun 95% no6uB 60°C. 15 waca

KEMA X mon. % ErOA
X=3,4,56

-
4 N

3apava 3. OXAPAKTEPU3UPAHE HA MOJIMMEPHA MPEXA OT|
KAPBOKCUBETAMH METAKPUNAT

MonyyeHute mpesxn oT NKBEMA Bsxa oxapakTepuanpaHu 4ypes
W3MepBaHe Ha TEXHWTE paBHOBECHa cTeneH Ha HabboBaHe (PCH) 1
Mogyna Ha enacTUYHOCT Ha xugporenoeete UM npu PCH.

J

/ PABHOBECHA CTENEH HA HABbBBAHE HA nKEMA \

w

PaBHoBecHaTa cTeneH Ha
HabbbBaHe HamansBea ¢
HapacTBaHe Ha
KOHLEHTpaLmsTa Ha
M3MON3BaHNUA OMpPEeXBaLL,
arent EMJA. Taka,
nony4eHata mpexa ot nKBA
yBennu4yaBea cBosiTa MbeToTa B

b

Pasnosecia crenen wa nalnGuane

|

t.n

o s a4 s ss

ChbLyaTa Nocoka.

Ompexsam aremt [wo.%]

/

ﬁmaﬂa 4. EH3UMHO HATOBAPBAHE HA MPEXA OT nKBMA \

NMONMMEPHU MPEXW C PABNNYHA MCTOTA HA OMPEXBAHE

npo6a 3 nKEMA

mon. % ErAA

4 nKEMA |5 nKEMA |6 nKEMA

4 5

/ MoAayn HA ENACTUYHOCT HA XWOPOTENNOBE HA NKBMA B\

/

TAXHATA PCH

= omel
o ol

ii

Moaya ua eancrumocr [Pa

EEREREREER

& i 1
Owpeasam arent [woa.%]

MogynbT Ha enacTUYHOCT
nposieABa TeHOEUWA 3a
HapacTBaHe C
yBenu4yaBaHe Ha
KOHUEeHTpauuaTa Ha
OMpeXBallMa areHT, T.e. C
yBenu4yaBaHe Ha
rpCcTOTaTa Ha
nonvmMmepHaTta Mpexa.

/

N

E®EKTUBHOCT HA EH3UMHO HATOBAPBAHE

N\

- EdbekTnBHOCTTa Ha
HaToBapsaHeTo . E@ HaToBapBaHe ¢ npoTeasa
a'c ¢ nNpoTeasa be £ Bapupa mexay 60 u 70%. Hai-
18 vaca OCbLLECTBEHO 3a 5 rbeTaTa nonMMepHa Mpexa (6
- — “"ﬂ pasnuyHo Bpeme, Em nKEMA) nokassa Hai-HUCKa
CEMA 3a gace ie edheKTUBHOCT Ha HaToBapBaHe
n HaTOBapeHa C eHauM “
wpexa or nkemA | POC1IEAM i, ¢ NpoTeasa U Npu aseTe
BIIMSIHUETO Ha EN M3MON3BaHN BpeMeHa 3a
npoTeasa BPEMETO BLPXY =" HaToBapBaHe, KOETO ce AbIku
edeKTUBHOCTTa D opesmamaren prons ‘ Ha BUCoOKaTa rbeToTa Ha
Ha HaTDBapBaHeJ OMpexXBaHe.
3AKNKOYEHUE

MonukapBocknGeTauHoBN MpeXK C pasnuyHa KOHLHTpaLMs Ha OMpEXBall, areHT Gsixa CUHTe3sUpaHW Ypes3 TepMUYHa OMpeXBalia NonvMepusaLus.
M3mepeHaTa paBHOBeCHa cTerneH Ha HabbbBaHe Moka3ea, Ye C yBenu4aBaHe KOHLEHTPaUMsATa Ha OMPEXBaLL| areHT cTeneHTa Ha HabbbBaHe Hamansea,
T.€. yBeNnMYaBa ce rbcToTaTa Ha Mpexata. ToBa ce MOTBbPXIaBa OT U3MepeHWst MOOYN Ha enacTUYHOCT Ha xuaporenoseTe Ha NKBEMA B TsixHaTa
paBHOBeCHa cTerneH Ha HabbbeaHe. OcbljecTBeHo Be HaToBapsaHe mpexuTe oT NKBMA ¢ npoTeasa. BpemeTo Ha HatoBapBaHe U rbcToTara Ha
\"OTIMMEpHaTA Mpexa MoBnusBaT e(heKTUBHOCTTa Ha EH3UMHO HaToBapBaHe.

_/

[

BnaropgapHocTu: Tasu pabota e chuHaHcupara ot ®oHA “Hay4Hu nscnegsanus’, [lorosop Ne T02/15.
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HaHocTpyKTypu mostyueHu NpU caMoacoliupaHeTo Ha aMbuduIHU

FONVMEPH MOJUIIMIM0/I-TUIUAHN KOHIOTaTH ARAAENILA
na HAVKUTE
suncarcka axagesun wa wavure | 1869

Masen bakbpaskues?!, CraHucnas PaHrenos?!, leHnua Momekosa?, leopru Jlanes®, Bacun Xapamyc*

1 UHcTuTyT no nonumepw, Bvarapcka akagemus Ha Haykute, yn.”Akag. I Boxues” 103A, 1113 - Codusa
2Kateapa , TexHONOTMA Ha IeKapcTBEHNTe cpeacTBa ¢ Guodap ", ®: nueH pakyntet, MeauumHcku yHusepcutet — Codusa, yn. ,[lyHas” 2, 1000 — Codpus
3 School of Chemistry, Cardiff University, Cardiff, CF10 3AT, UK

4 Helmholtz-Zentrum Geesthacht, Max-Planck Str 1., 21502 Geesthacht, Germany

HaHopa3smepHuTe 1eKapCTBO-A0CTaBALLM CUCTEMU NPUTEKABAT OrPOMEH MOTEHLMaN B TepanuaTa Ha Peaula coumuanHo 3HaYMMK 3a60/IABaHUA, KaTo HaNPUMep OHKONOTUYHUTE.
KbM TO3M TUN CUCTEMM Ce YMCAAT IMNO30MUTE, NPEACTaBAABALLM arperati Ha GochoNUNUAHU MONEKYNH, OPTaHU3UPaHW B camo3aTeapsLy ce 0kono o6em BoaHa pasa 6ucnoi. Tasn
TAXHA CTPYKTYpa No3BO/IABA TPAHCMOPTA KaKTO Ha XMAPOGUIHM, Taka U Ha xnapodo6HM NeKapCTBEHM BELLECTBa B OpraHu3ma. OCHOBEH HeOCTaTbK Ha IMNO30MUTE € KPaTKUA UM
NONYXUBOT in Vivo, NOpaaW pasno3HaBaHeTo UM OT KNeTKUTe Ha PeTUKyNOo-eHAOTeNHaTa cMcTeMa KaTo uyxau o6ekTn. Tosu npobiem moxe Aa Gbje paspelleH ycnewHo ypes
BK/NOYBAHETO Ha Manku Konudectsa GocdonMnmUaM, KOBANEHTHO CBbP3aHW C xMapoduaHM nonmmepw (Haii-uecto MNEF) B cbcTasa Ha AMNO3oMHaTa MembpaHa, KOETO BOAM A0
o6pasyBaHe Ha CTepUUEeH C/I0i OKONIO NOCAeAHaTa, HAMANABALL 3HAUUTENHO B3aUMOAEMCTBMETO C KOMMOHEHTUTE Ha MMYHHATa CUCTEMa. M3Non3BaHu1Te 3a Tasu Len B NpakTuKata
NEr-pochonmnuaHu KoHworat ,cTpaaar” oT HAKOM HEAOCTaTbLY, KaTo HaNpUMep HaZMune Ha OTPULATENEH 3apAj, CNocobeH /la akTMBMPa CUCTEMATa Ha KOMNIEMEHTA, BOAELLO
10 6bP30 eMMUHUPaHe Ha MOAUPULMPAHUTE IMNO30MM, KaKTO U A0 yMepeHa KapAMOTOKCUMHOCT B pe3ynTat Ha 6uocuHTesa Ha MEr-cneunduyHu umyHornobynunu. Teau daktun
Hanarat TbPCEHEeTO M OXapaKTePU3UPAHETO Ha HOBU CbeAMHEHUA C NOTEHLMANHO NPUIOKEHME 3a CTEPUUHO CTAaBUIU3MPaHe Ha IMNO30MMU.

HacTosweTo u3noxeHWe NpeacTass pesyntatuie OoT (GU3MKOXMMMYHOTO OXapaKTepusupaHe Ha arperatute, MO/MyYeHM MPU CaMOAcouMMpaHe BbB BOAHA Cpeaa Ha cepua
NOANIIUUMAOA-NUNUAHN KOHIOTATW, YUMTO apXMTEKTYPa U AU3aiiH Ca HACOYEHN KbM eIMMUHUPAHE Ha HeJoCTaTbLMTe Ha u3nonssanuTe MEMr-pochonunuan.

OnpeaensHe Ha KpUTUYHA UeHTPaLMa Ha MuULy 6pasy
> :>_ ) DDP-polyglycidol Mn(nmr) PDI (GPC) DDP-(G); DDP-(G),1
) ; n=8 DDP-(G), 1020 144 Polymer AH (kJ.mol?) | AS” (k).mol! K")
n=23 DDP{G), | 2130 135 DDP-(G), 19.5240.25 0.16 £ 0.001
n=30 DDP-(G),, | 2700 139 DDP-(G),, 16.44%3.12 0.15£0.01
n=54 DDP-(G),, | 4420 1.26 a$ — DDP-(G),, 27.23+5.15 0.18 % 0.02
n=110DDP-(G)y,, | 8570 1.36 “**,I. - DDP-(G)s, 20.81+1.39 0.16 % 0.004
DDP-(G)yy, 30.41%6.58 0.19£0.02
20°C 60° C 20°C 60° C
(a) 05 (b) 24
8 3 G T
£ f- g 5 0! 2w
< |c = 0.35 wi® £ 02 < o
01 3 5 <
2
s 01 y &
00 —e—t] 11
%o w0 % W a0 o 00
Wavelength (nm) 0,01 01 1 10 -
Coxcemiation (W 5) Degree of polymerization
K JANHAMUYHO U CTaTUYHO p i Ha cBe \
3_07?;3(157)23 o Polymer 10D, R, - Polymer 1084, 105M,, Ny
100l @ T- 2-5 2 Cmg.m (m.s) A) (mol.mL.g?) (g.mol?)
= DDP-(G),, 473 52 -8
z DDP(G), 484 5t i v . e DDP-(G)yy 6.40 1.82 91
H - A DDP-(G)y 8.66 1.58 2
i 651" 500 $ ) 7‘ - "
2 = a7 { 5
DDAl i = DDP-(G; l; ;o l1650 431
DDP-(G),;,  3.09 79 2 O . =
5 DDP-(G)yyy 8.95 254 22
e 3.820 86"
10° 10 10 10° 10 10° 0 3 6 ] 10.88° 2.390 200
(us) Concentration (mg/mL)
JANHaMUYHO U CTaTUYHO P 7 Ha \
DDP-(G),
ol® T=25°C el
= -1 )
c=0.806 mg.mL % ' - o o
§ Polymer 1054, 105M,  10°N,,. R, R/R,
g oot (mol.mL.g?) (g.mol) (nm)
% 50 <
H Polymer 101D, R, 5 o
T 1.0x10°
(m?s) (nm) 5 = DDP-(G), 0521 192 175 1385 206
DDP-(G)g 0.365 67.2
5,0x10°+
0 2 4
sin’(8/2) + 4575¢ /
M I0BO p 7 Ha PEHTTEeHOBU TbYU

DDP-(G),
T=25°C
c=5mgmL?

1000000
Bilayerstructures " R

e TTa Ha amuduianTe DDP-(G), KOHIOTaTH /Ia cCaMoacoIMMpar BhB BOJHA cpe/la. ONpeie/leHH ca CTOHHOCTHTE Ha
KPHUTHUHHTE KOHIICHTPAalMK Ha MHIle000pasyBaHe BbB BOJHA Cpe/la, 3a KOMTO € yCTaHOBeHa cilaba TeMIepaTypHa 3aBHCHMOCT, H3pa3eHa B
Ha paHeTo ¢ Ha TeMIlepaTypara, Hal-CHJIHO 3aCThIIeHa NPH KOHIOTaTHTE C Haif-BHCOKA CTeNleH Ha
MOJHMEPH3al|sA Ha TOMHIIMIHIONA U Ib/Kalla Ce Ha eKPAaHWPAIIH CBOMCTBA Ha MOIMIIHIIMIONHATA BEPHTa 10 OTHOIICHHE KOHTAaKTa Ha
JIMIAJIHATA KOTBA C BOJHHTE MOJIeKyIH. IlolmMep-IMIHIHATE KOHIOTaTH Che CTENCHH Ha NMOJTMMEpH3allui Ha MOMIIMIMI0Na oT 23 jo 110

§ ;§g BBB BOJICH PasTBOp 0OpasyBaT MaJIKH MHIEIH THII ,5/IpO-KOPOHA”, YHHTO XHAPOJAMHAMHYHH PAJHyCH C€ YBeJIHYaBaT ¢ HAPACTBAHETO HA
1000 a2

100000

cTeleHTa Ha noxMMepusanus. OOGpaTHa Bph3Ka € YCTAHOBEHA 3a TEXHHTE arperalMoHHH umcia. CTPYyKTypHHTE XapaKTepUCTHKH Ha

Te ca CHIHO or ofeMHaTa NONMIMMIAAONOBA Bepura. TTOMMIIHIMION-THITHIHMAT KOHIOrAT C Haif-HMCKa CTENeH Ha
nomumepusanusi, DDP-(G)g BeB BojHa cpejla camoaconuupa, oGpasyBaiiku arperatd ¢ GHCIIOEH CTPOEK — BECHKIONH M HE3aTBOPEHH
- . JIaMeJTH, CTPYKTYPHO OXapaKTepH3UPaHH Upe3 MaIKO-BITIOBO pa3ceiBaHe Ha PeHITeHOBH JbuH H KpHoreHHa TEM.

Y “ 80 & 100 120
Degree of polymerization

Aggregation number

Spherical core-corona micelles
100 .
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tor

B CMOZCOIIIHIPHHG Ha CBIIOJIHETEPH C At A
Fos - oyt
JIaTEHTHAa XHMH9€CKa ¢}’HI(IHIOH8.M{OCT 9 /-9 5:’
Bosna Crosuosa, Xpucro Hosaxos, Cranncras Panrenos, Xpucro Lperaros % ‘ ‘ 5

Hucrutyr no norumepn, Brarapcka akagemus Ha HayKHTe % @

E-mail : bstoyanova@polymer.bas.bg C/o uo\\q’
( Ileara Ha HacTosmara paGoTa e ma Oblae H PaHeTO BHB BOIHH pPasTBOPH Ha Tp GuUIHA ChI PH Ha OcHoBara Ha rammuaon (G) m

amwnaaaioB etep (AGE). PG-PAGE-PG csnonnmeps ca aHano3u Ha csrnoanMepute Pluronic, B konto xumudeckn HHepraute PEO 1 PPO GrokoBe ca 3aMectenH ¢ GiokoBe oT PG
u PAGE, choTBeTHO, NpH/IaBaliy JaTeHTHa XHMHUecKa ()yHKIHOHaMHOCT. KpHTHUHATa KOHIIEHTpAIlHA Ha arperupaHe e onpeleleHa Upe3 COMOOHIN3MpaHe HAa OArpHio M CTATHIHO
pasceiiBaHe Ha cBeTIHHaTa. M ca Tep Te MapaMeTpH Ha Ipoleca Ha CaMoacolMHpaHe, KaKTo W pasMepHTe (XHIp M HHep Paauyc). MOIHATE
\__MacH u BTopuTe BupHanu koeduiuenty. [lonyuennte arperati pi caMoacolMUpaHeTo ca Busyatusupann upes TEM.

XHApodHICH xuapohoben xuapoduren \ Kpurnunn TPaHH HA pazyBane
*Li\ A —}ﬁ Comodummsnpane Ha XHAPO(POGHO Garpuio

(1,6-mdpenna-1.3.5-xexkcaTpuen)

PAGEQS)PGx W

m

- |
P
- m=16-28 3 00
n= 3-33
A e oot e LIy p) 1 » 13 w©
K / k Concentration (mgmL') PG content (%) j

Absorbance at 366 nm

Tep Ha P 0
Jlunamuuno pasceiiBane Ha CBeTIMHATA o = i R
-Xudpoounamuyen paduyc RO S , LH“ ot e »
w0 ANHAHA Pt o cal i
Upes AMHAMHYHO pasceliBaHe Ha CBETIMHA A(;":RTLW(XC Ac) - oo H :: .
e H3CiIeIBaHa cnocoGHOCTTa Ha - prigurs RO Li 2o B
Chb! pute 1a  caM par BLB ChnoAuMep kJAn::I" g - s R —
0] 2
e gy o e | | e e o - i bl
pa pasyep PGI(7)-PAGE(16)PG(7) | 526 . bvey £ . i
CHCTaBa, MOJHATA Maca, KOHNCHTPAIMATA PG(13)-PAGE(16]-PG(13) 2070 . o | ok a,
W CHOTHOIIEHHETO MEXIy ChCTABHHTE PG(7)-PAGE(28)-PG(7) | -10.47 : L g J;H“\"‘)- i s
GI0KOBE B CHIIOTHMEpHTE. PG(12)-PAGE(28)-PG(12) | -27.16 1 Lol a AS" 0638 - 1244 KT ol K-
PG/(24)-PAGE(28)-PG(24) | -18.64 R T - Py
PG(13)-PAGE(51)-PG(13) | st
I e PG-PAGEPG
PG(23] Ei 7 1P npoyec ¢ i AS® = 0.09- 012K mol 1 K1

| enmponuen npunoc gy g

2k 2 PG (28] E(51)-PG(28) | -1847 | : a i
PG(33)-PAGE(51)-PG(33) | -5.42 § 2., i =i = 3
, R A = 8o . s dp Loy Ly
i g [ mes
b X
== rorore oo

PO PAGEI16) 2005 PO-PAGEIIGHT) qu»mmu

ozss

copolymer (T i L A’IX ]I? ‘4
o = nm _ mol.mLg
o Crarn4Ho pa3sceiiBane Ha PG(3-PAGE(16-PG(3) | 2007 | 2800 | 8000 60 | 35
o DR B TR e o CBETJIMHATA - onpedeiane Ha MOTHA PG(7)-PAGE(16)-PG(7) | 7.25 | 4500 | 2000 | 75 | 728
[ « R (90, am PG(13)-PAGE(16)-PG(13)| 3.11 5800 | 600 65 88.0
g Maca, 6mopu eupuaieH Koeguyuenm, PG(7)-PAGE(28)PG(7) | 14.30 | 5400 |3000| 90 | 22 |
s ot EErasuoy azpe2ayuoHHo YUCIO0 U UHEPYUOHEH PG(12)-PAGE(28)-PG(12)| 3.52 | 7000 | 600 | 134 | -1.5 |
e paouyve PG(24)-PAGE(28)-PG(24)| 0.22 |10500| 22 85 11.0
. onr on c PG(13)-PAGE(51)-PG(13)| 5.60 | 10000 600 | 113 | -320
s PG(23)-PAGE(51)-PG(23)| 500 |13000| 400 | - | 250
20 apa, PG(28)-PAGE(51)-PG(28)| 21.10 | 14100 1550 | 57 | 110 |
A Aot e . PG(33)-PAGE(51)-PG(33)| 24.00 | 15600 | 1600 | 35 14.0 |
Re (0. mm 15
— e — [
= g.o
l l [ X ’E
S 8
ey o ol i &
Concentration (mg.mL) =
=
oK
o
£

PG(33)-PAGE(51)-PG(33)

TpaHCMHCHOHHA eTeKTPOHHA MHKPOCKOMHS

<» BB BoaHa cpena npn HA ce Aarperari Hajl ONpeaeIeHa
pi KOATO ¢1aG0 ce y ¢ HA paTypara.

<+ Ilpn nocenosarenara 3amana Ha PEO ¢ PG, a cez Toa i1 Ha PPO Gnokosete ¢ PAGE ce nadmonasa
HaMaTABaHe Ha cToiiHocTiTe Ha AH® 11 AS, TTponechT HA CaMOACONIIpPAHE BBB BOIHI Pa3sTBOp Ha

PG-PAGE-PG Te ¢ € MamTbK TIPHHOC.
TEM sukporpagm: A) PG(3)-PAGE(16)-PG(3) B) PG(7)-PAGE(16)-PG(7) 62 Bs OT ChCTaBa It Ta Ha ce oop arperarit ¢ pmepu o1 50 10
C) PG(13)-PAGE(51)-PG(13) D) PG(12)-PAGE(28)-PG(12) E) PG(33)-PAGE(51)-PG(33) 250 nm. a arperaliioHHIITE HIC:1A A0CTHTAT 10 HAKOIKO oL o =
F) PG(12)-PAGE(28)-PG(12) arper neno ¢ na HA XILIp 10K B
<+ TEM nokassa Q)opmrpanc Ha arpcra'm nonyyenn or PG-| PAGE PG pd 1B
CBOT ce gacTHi mm ¢be cpepirina

Baaronapuocra: [IOHU- T02/7
Hoeu U 3a npeHoc Ha
Guono2usHu Monexyu

qupm, Taxa it y:rbmml CTPYKTYPIL /

7-Ma Hay4Ha cecus "Maagume yueHu B cBema Ha oanmepume' — 09 tonn 2016, UTN-BAH 37




Jlocmep Ne 20

The influence of nanoparticles based on poly(vinyl benzyl-3-methyl ammoniumchloride)-block-poly(oligoethylene
glycol methacrylate) and DNA on As49 and HepGz cells

Svetoslava Stoycheva*, Emi Haladjova***, Kirilka Mladenova*, Tanya Topouzova-Hristova**, Veselina Moskova-Doumanova**, Stanislav Rangelov***, Jordan Doumanov
*Sofia University, Faculty of Biology, Department “Biochemistry™ and **Department “Cytology, Histology and Embryology™;
***Bulgarian Academy of Sciences, Institute of Polymers

Introduction: Delivery of exogenous gene into cells has
therapy. Viral vector are potentially dangerous. Non-viral gene carriers such as cationi
delivery due to their good biocompatibility, versatility, and controllable molecule size. T}
have positive effect to the cell metabolism, and DNA should remain intact during tra
many factors, such as the quantity and quality of DNA, ratio of DNA to material, size and

conditions. Cytoto:

changes were e alualed by phdse LOllerIﬂl muroscnl i observalmm. For v1suahzatlon of I
the cells were treated with nanoparticles with estimated concentration 0.2 pug DNA for 1.10°

Results:

|Iu |ILJ II-J II\-. '..ﬂ Ium

smg/ml  10mg/ml 20mg/ml 30mg/ml 4omg/ml somg/ml smg/ml 10 mg/ml

metabolic actiyit:
£ 2 ¥ 8

20mg/ml  30mg/ml 4omg/ml 50 mg/ml

Figure 1: MTT-test for As49 cells, 24h after treatment. Figure 2: MTT-test for HepG2 cells, 24h after treatment.

Mbepy

= J Mbeps
I I » :

48h 72h
Figure 3: MTT—tes! for A549 cells 24;48 and 72h aﬁer Figure 4: MTT-test for HepG2cells, 24; 48 and 72h after
treatment: working concentration is 0.2 mg/ml treatment; working concentration is 0.2 mg/ml
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CEJIMA HAVYHA CECHA “MJIAZINTE YYEHH B CBETA HA IIOJIMMEPHTE" ogrlOJlM 2016 MHCTUTYT 110 [MOJIUMEPH BBJITAPCKA AKAJIEMUSA HA HAYKUTE
“U3CNEABAHE HA MEXAHWUYHW, PEOJIOTUYHU U TPUBONIOTUYHU d
XAPAKTEPUCTUKU HA NOJIMMEPHU HAHOKOMMO3UTU” '\K;‘\A it
Mopa Kowdeea [, Mlemsp Todopoe 2], Pymana Koyunkoea 12, Eszenu Meawoe 12/ ank "“ KUTH
I Texuuecnu ywueepcumem - Cocpus, yn. Co. Knumenm Oxpudcku 8, Cous 1756 , Bulgaria
1] Omeopema naBOPaMOpPUR N0 EKENEPUMEHMANHa MEXAHUKG Ha MUKPO- U HANO- (ONEM), 3 m .' M
Bvnzapcka akodemus Ha HayKume, yn. Akad. I. Bonwee, Enok 4, Cogpus 1113, Bwnzopun

E-mail: 4
BbBEJEHME

B AHEWHO BpEMe HAHOMATEpPUaNUTE Ce M3NOM3BaT BCe NoBeve 3a noaobpasaHe Ha A06pe No3HATH NPOAYKTH U 3a © Ha HOBM; HaHomaTep| ce B YaCT OT BCAKA MHAYCTPUA. Ta3n U3KMOUMTENHO aKTUBHA 0BNACT Ha
n3cneasaHe e cpep Ham- HanpeaHanuTe B HayKata u 6uBa Pa3BuBaHa no uenua CBAT B NOCNEAHUTE HAKONKO FOAWHK. Ocobex WHTEepec ce 0TAaBa Ha Ma1epmanwre € eNOKCUAHA CMONA U BBINEPOaHN HJHOTPBGM‘IKM (BHT) ThbiA KATO TO3M KNac
CMO/IM NPUTENaBa Hall-A06PUTE XapaKTEPUCTURM, MHOMECTBO U3CNEABAHWA Ca NPOBEAEHM BbpXy TakWBa 3 Ha 5 P uTep) MM CBOMCTBA. 3HAUUTEHO NO-MaNKO
€a U3CNEeABAHWATA, Kacaelm TPUBONOTMYHUTE XaPaKTEPUCTUKKM U NMOBEAEHUETO MM Npu ynoTpeba 3a paznuiHi prsonormw NPUNOKEHNA, TPUEHE B P yenoswa. Mc HaHOMbAHUTENN BUXa MOTIKM 3HAUMTENHO Aa
HAManaT TPUEHETO Ha NOUMepUTe. B'bﬂpeklﬂ 4e TOYHUAT MEXaHM3IBM Ha HAMaANABAHE Ha TPUEHETO Ype3 HAHOPA3MEePHUTE YaCcTUUM BCE OLLE He e CHBCeM ACEH, U3MMeXaa CullecTsyBat peamua 9¢9K7M, AONPUHACAWM 33 UANOCTHO MOBUWIABaHE
Ha epeKTUBHOCTTA. MOTEHUMANLT HA BbINEPOAHUTE HAHOCTPYKTYPU 8 TOBA OTHOWEHHE € U3yHeH 3a ronam 6poit cynp: oKO YAHO Terno, No-Cl 3a Ki NPUNOKEHNA P, 3a NOAMAHA
Ha cTaeu). HaHOMbAHUTENMTE OCHTYPABAT CBULO U NOAOBPEHUE HA CBOWCTBATA HA M3HOCBAHE HAa MUKPO-CTPYKTYPHW AETAHNM, KbAETO KOHBEHUMOHANHWUTE MbHUTENN HE Ca NPUNOKAMKM, W NPY KOMTO epo3nATa e ocobeHo npobnematnuHa,
BrnousaHeTo Ha BHT no3BonABa HUCHK Npar Ha NepKoNaumnA, BUCOKOKAYECTBEHA NOBBbPXHOCT, cTabunHa Mpexa ﬂOﬁpM CBOWCTBA — KOATO He e NOCTUraHa c Apyr mbAHuTen,

MPUTOTBAHE HA OBPA3LIUTE

3a M3cne/jBaHe Ha CROMCTBATA Ha KOMMOSNUTHI MAaTEPUAM OT EMOKCU/IHA CMONA C HAHOMBLAHUTEN OT MHOFOCTEHHM BLINEPOAHI HAHOTPLEMUKM (MBHT), ca npuroTseHy cnepHmTe o6pasum:

*uncTa enokcuaHa cmona (pedepenter obpaseu); *enoxcuaHa cmona c 0,1 TernosHu % MBHT;  *enokcuaHa cmona c 0,2 TernosHu % MBHT.  *enokcuana cmona c 0,3 TernosHu % MBHT;  *enokcuana cmona c 0,5 TernostHu % MBHT.
T Ha Ha e npy CTaiHa paTypa B CNEAHUA pes:

(1) MexanuuHo pazGbpkeaHe Ha MBHT 8 cmonara npu 10 000 o6opora 3a 30 muHyTy; (2) MpecToi BbB BaKyyMHa Cpeaa 3a 15 MuHyTH, 3a AerasupaHe;

(3) YnTpaseykoso pa3bbpkeaHe 33 10 MuHYTH, 33 No-A06p0o AnCNeprpaHe Ha HaHOTPLOKMUKKTE; (4) OTHOBO NPECTOI BLB BaKyyMHa CPEAa 3a 15 MUHYTU € Lien AerasupaHe; | b ﬂ | ] “ | |

(5) OTanBaHe B noaxoaALwm Gopmu 1 BTBBPAABaHE Ha obpasuuTte. . |

TPUBONOTUYHU U3NUTBAHUA

3a TpMBONOTMIHUTE EKCNEPUMEHTH € U3N0N3BaH MeXaHWIHUAT NOAXOA, KOWTO Ce OCHOBaBa Ha M3MEPBAHETO Ha MacoBOTO USHOCBAHE i = m, —m, [mg} Pe3 Hero ca NpecMeTHaTH 1 cneAHUTe NapameTpy:

my
*CKOpOCT Ha MacoBO U3HOCBaHE (OTHOLWEHME Ha MAcOBOTO M3HOCBaHE KbM BpeMeTo) : J = > ﬁ o/IUHEIHO 3HOCBAHE (NPEACTABEHO YPe3 MACOBOTO aHOCBaHe):  h, — Iy m ;
- o Poosa-a
* MHTEH3MBHOCT Ha /MHEMHO M3HOCBAHE (OTHOWEHME MEdy IMHEIHOTO M3HOCBAHE W MTBTA Ha uaHocsake): ; _ /i m ]
L Powa-daL
*M3HOCOYCTORMMBOCT (CBOMCTBOTO Ha MaTepuana 4 ce CPOTMBNABA Ha ONPEAENEHM YCAOBUA Ha H3HOCBAHE — PRLMNPOUHA CTORHOCT Ha UHTEHaNBHOCTTa Ha wanocsane): Tk
*OTx { 3a KONMYECTBEHa OLeHKa Ha M3HOCOYCTOWYMBOCTTa Ha AapeH oBpasel, CNPAMO APYr — B CAY4aA, Ha BCeKU oGpaseu € HaHOTPBEMYKM KbM pedepenTHa obpasel, KoiTo
7!
. E =-—%
CbAbpHa Camo cmona. | mexway Tax: Eie = o o
- { )
L . CrpyiiHo-abp ( )
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A6pa3nBHO U3HOCBaHE MPK CyXD TPUEHE 11peaHa3HAYEHIETO Ha YCTPOTICTBOTO @ GOPMUPAHETO Ha BHIAVLIHA CTPYA, HOCEL
i aBpasMBHM UACTUUM, KaTO Ce 33/ABaT 483 CAMOCTOATENHW HEe3aBUCHMM
i e CTAUMOHAPHU NOTOKA — Bb3AYWEH 1 aBpasuseH.
H CTaumoHapHuAT, csoGoamHo nagaw, abpasveen
B NOTOK ce GOPMMPA C NOMOLLTE Ha TPU Kamepu:
i 3axpaHsauia kamepa (1), koATo ce 3ambBa C
1 paboTHua Matepman;
{ Kamepa (2), 3ambAHeHa Cbe Couma B1g abpasus; u
e Cmsincen paboTHa Kamepa (3), KOATO e NpefHa3HaueHa 3a
H 7-“‘@1 yckopagade Ha  apasuenuTe  uacTiuM  w
i L CMECBAHETO Ha Bb3AYWHNA W aBPa3NBHUA NOTOK.
[Rrmee————r T
YT T s s ey 5! AGDa3MBHAAT MaTepWan npeau nocrasae o
tilin] - Arm— W Kameph (1) v (2) ce npecasa npes KOMNAEKT o
Coratn paswes =3 stosseamme vxcmin 3
Macoso usroceare By Reon rvorasion, [ wj  CUTA W Ce MOACYW3BA B Cywwnen wkab 33
©om spememo. cned 500 yuxena. bo AR OTHEMAHE Ha BNAraTa OT YacTuumTe.
e .
s §223 . Bu3ayuSHT NOTOK Ce NOATOTBA OT UITOMHYK Ha CrbCTeH Bb3ayx (4); nHesmo-noaroTeAWa rpyna (MNF) 3a
s 3 o NPEUNCTBAHE HA BB3AYX3 OT MEXaHWUHW HACTULW, BNAra W MacneHu napw; npeskakougaten (S) u
e £ s X = perynatop Ha Hanaraxe (6) 3a W Ha BUKCUpaHoTO Hanarawe Pe
0 Obpasey (1) e sakpenen evpxy Hocew x Kamepa (7). HanAraHeto P ce M3MepBa No CKanaTa Ha MaHOMETBP (8), BRNIDUEH Kim Kamepa (,
smen T 7S nibs KOO ce 33pEwKea oT e
o00s0e. § w0 x i ckopocT (5) 60 [06/mun]. ponka Omrocumenta i
oo, 3 5 3 . Ha epo3uiiHo eposuiina
i H s : 5 nnactwsen aBpasveen matepuan CS 10, & MOHTMpaHa BBPXY P Rpomich H
jim e e U5 Yo (1) n uskocsare xamo. usHOCOyCmOTUBOCM !
Ao } £k PONKaTa (3) ce HAMMPAT Ha ABe NEPMEHAUKYNAPHU OCU W MpU n:’:"::‘::u:;n
el 1% B NOCTOAHHATa brAoBa ckopocT (S5) Ha obpazeua (1) U NOCTOAHHO ~:MBHY f
L gEE Rar TaE s Tee 2uT 7 LR ST SR P I'
et [ NOCTOAHHA CKOPOCT Ha POTauMA Ha ponkata (3). KoWTakTHoTO 3,:. i
HmensusHocm wa usnoceane Ha ramo ce npeaasa ¢ TewecT (6) 4pe3 ocra Ha 2z : e
L Hamo cbyHKyUA oM NbMA Ha mpueHe. yHKYUR HO MOMA HG MpUeHe. ponkata. HomsrionTY, /CECTORiYA Co OT MATPI 07 Somaaia. cMona. 1 EMCK ROHLISHTPALAN, TsiTen o7 Mroroceanm BHT. ca
5 33 NOANATaHE Ha YASPHO BYIASACTBNE OT TELPAM HACTHIW, TAXHATA NOBMLIEHA YCTORYMBOCT KbM POIMAHO
( " M3HOCBAHE CE AbMKM HA HAMANABAHE HA KPEXKOCTTA HA YMCTaTa ENOKCMAHA CMONA B NPUCHCTBMETO Wa BHT, xouto
TpueHe B cma3ouHa cpepa (npec/lumon 24) L R06pM CBOMCTBa 1 KOWTO Te NPEAABaT Ha MATPHLATa
obpasey (1) e 3a gupad (3) U ce BbPTH 338AH0 © 4 rf

Hero OKOMo OBWATA CH BEPTMKaNH3 OC C NOCTOAHHA BINOBA CKOPOCT, NOCPEACTEOM
enexktpoasuraten (5) w pembuHa npeaaska (4). O6paseu (1) KOHTaKTYBa C XOPU3OHTANHO
8 ALPHAY ¥ NIOTONEHO B CMA30UEH MaTepuan
Bb8 BaHa (7). HOPMaNHOTO HaToOBapBaHe B UEHTbPa Ha obpaseua P ce 3afasa upe3s
TEMECTH Ha NOCTOBA CUCTEMa (8).
KOHTaKTHaTa CUCTEMa B CAy4aA Ce CbCTOWM OT MPOTMBOTANOTO (3), NpeacTasnABaWo
onopa, u Buck - obipasey (1). TpuGonornuHa
CMCTeMa OT TO3W BUAL € M3BECTHA Olle NOA MMETO “nema” unw “nemos nazep”,
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“UNMT Nanoindenter” (Bmkw, USA}
, KOMGUHUPGH C GmOMHO-C
Mmuxpockon “Q-Scope” [Amb:ox EAMH UMKBA H3 HAHOMHAEHTAUMA CE CLCTOW OT CAEAHMTE CTHIKK:
Technology, USA)

1)MHAEHTOPLT ONPeAens PaBHUHATA Ha NOBLPXHOCTTa Ha ofpaseua uypes

L] e e o Ut VSNON3B3HE HA MHOTO HUCKW CKOPOCTH Ha NPUGAVKABAHE; Tau PasHMHa ce
MGaKCUMG/IHO USHOCBAHE CNPAMO MHmer3ugHOCM Ha UIHOCBGHE KamO = 83MMa 33 HYNEBA NPU U3MEPBAHKATA.
KOHUEHMPAUUAMA Ha MBHT DYHKUUA OM UIMURGMUA FSM e 2)3anousa Npunarae Ha cunal, KOATO Hapactea ot 0 4o 100 [mN] 3a 15
e CeKYHAM.
W3HOCOYCTOMYMBOCTTA HA UMCTATa ENOKCHAHA CMONA Ha TPMEHE B CMA304YHa cpepa ce lw[lbsma ! o 3)MaKCMManHoTo AOCTUIHATO Hatogapsane ot 100 [mN] ce saabpka 3a 10
T s e vy cexyHam
HaHo , KoeuTo AoBpM , TEDMUMUHI W ENeKTPUUHY o 4 54 10 i 4)Pastopapsare A0 10 [MN], K0ETO & 10% OT MaKCHMANHOTO HaTOBapBaHe.
CHQMGIE, upes e lafal: Ha. ’ 5)3aLpiaHe Ha HaToBapsaneTo ot 10 [mN]
3 R—— W3 7 w6)flbiHo pasTosapeaHe W NPEMECTBaHe Ha WwAeHTOpa Ha 80 [um] 3a
P Onpe.&e}linﬂe = — —= \ M3BLPWBAHE HA CIEABALIATA MHACHTAUMA.
PeoNoTUYHI XapaKTEPUCTUKN ‘
N3soau
nokassar wa v v 3aT08a ca 3
ynotpe6a TpUBOROTMIHI
flo6asaneto Ha BHT okassa BNUAHKE BLPXY 4MBOCTTA Ha cmona npu cyxo abpasueHo
mpuene. Ta ce nokausa c y Ha Ha KaTo Hai#-A06PH PesyNTaTH NoKa3sa MaTepHansT ¢ 0,5% BHT —
2 METH NO-BUCOKM OT Te3W Ha YMCTaTa cMONa. Ha 0,1% BHT ne e 3acyxo
, Thit KaTo FiMMBOCTTa Ha WACTaTa CMONa HaMaNABa.
KOMAO3UTI € MATPULA OT eOKCHAHA CMONA H HICKI KOHUISHTPALMI HAHOMBAHMTEN OT MHOroCTeHHM BHT (0,1%-0,5%) ca noaxoaauw 3a
S wa ydapHo i om mebpdu yacmuyu. Ynotpebata Ha BHT HaManABa KPeXKOCTTa W NOKaNBa 3HOCOYCTORMMBOCTTa Ha
MWCNTs concentation (wis] CMONaTa 8 YCIOBMA Ha epO3UHO U3HOCEaHe C 200 A0 400%. Hait-yCTOMYMB Ha EPO3UA e MaTepHanbT, Chibpauy 0,3% BHT.
F4MBOCTTa Ha CMONa NpU mpueHe 8 cMa304Ha cpeda ce NooGPABa NPY AOGABAHE HA Pa3NMUHM KOHLEHTPALMK
” i g Ha Hait 33 TaKbB BUZ TPUEHE Ca KOMNO3UTUTE C KOHUEHTPaUuK 0,1% u 0,3%; NPy TAX 3HOCOYCTOMYMBOCTTa @
lo AR-G2 peomembp ¢ dunamusen Angular frequency. o [s') o cbe 110% Mo-BUCOKA OT Ta3n Ha YMCTaTa cmona. Hait-cnabo e npu 0,5% — eaga 10%, 3apaan
Mmexanuver ananus (TA Instruments, USA) - BEPOATHM fledeKTu, npi or BMCOKaTa Ha
B Ha or cmona u MBHT e K U3rOAHO, BBNPeKM BucoKaTa
¥ Ha 3arybuTe g X BCe OLLE L{eHa Ha HAHOTPLOUNKATE, NOPAM M3NONIBAHETO Ha CHBCEM HHCKM KOHILEHTPALMN
ca MBMED@HV‘ B HecToTHaTa 05/'3“ ot 0,1:100 fﬂd/s NPy Mafika amnauTyaa OT eKoNOrMuHa r1efHa TOYKa YNOTPeBaTa UM @ CHULO H3roAHa — ce 10 TO3M HauH He ce
Ha ot 0,1% 1 20°C, upes cucrema § UaNEPNBaT NPUPOAHHTE pecypeH.
KoHyC (60 mm)-Peltier nnoya. nnueunata BUCKO30eNaCTUYHA oﬁnad‘ Ha ] 3a Ha Takusa - 3a Ha NIb3rawm narepu.
amnanTyaaTa Ha AedpopMaumaTa e onpeaeneHa upes “strain sweep test” npn 8" g
BI0Ba YECTOTa OT 1 Hz. YCNOBMATA Ca e1HAKBU 33 BCHHKA 5 » Enaro,qapuocm
—~ Codun
. Orsopena mexannka, MHcTuTyT ), 1 Ha HayKuTe.
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Influence of metal loading on morphology and performance of Co-based Magnelli-phase
titania supported electrocatalyst for application in AEM water electrolysis
K. Maksimova-Dimitrova, E. Slavcheva

Motivation

Electrolysis of water in cells with a polymer electrolyte membrane (PEM) is a relatively new technology for generating hydrogen. In the advanced
stage of development are PEM electrolysers with proton conducting membranes. Such systems with different capacity are already available on the
market. PEM water electrolysis offers a number of advantages compared to the classical alkaline electrolysis: efficiency reaching 95%, a current
density of 1-2 A/ cm?, a purity of over 99.9% H,, compatibility with renewable energy sources. In the advanced stage of development are PEM
electrolysers with protonconductive polymer electrolyte membrane. Such systems with capacity up to 10 Nm3h are already available on the
market. That is why recently there is increasing interest in the development of electrolyte membranes with anion (OH) conductivity. This type of
electrolysis should combine the advantages of the classical alkaline and PEMWE - cheaper base metal catalysts and high efficiency. The main
active element in AEMWE is the membrane electrode assembly It consists of AEM on both side of which are attached the electrodes On the
cathode water splits to hydrogen and OH-ions. The OH-1ons pass through the membrane to produce O, on the anode.

Experimental

The catalysts prepared in this study are investigated as anode catalysts XRD measurements on Co 20, 30, 40 wt.%
for the OER. The cobalt is dispersed by sol-gel method on Magnelli a

phases titania (MPT) which is a commercial product of Ti-dynamics Co. M N @ Cohex
Ltd). This support has excellent electrical conductivity and high corrosion - g;%lb

resistance. The metal content in catalysts are 20, 30, 40 wt.%. The
preparation procedure includes two steps. The first one is pretreatment of
the support and the metal precursor using magnetic stirrer and ultrasonic
bath, their mixing and heating at 60° C until a fine gel is obtained. In the
second step of the synthesis, the mixture is heated at 240°C in reducing
H,-atmosphere. The composition, surface structure and morphology of
the catalysts are studied by X-Ray Diffraction, SEM, and EDX Analysis.
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Results
Electrochemical tests = —— —

The cyclic voltammograms of all three
catalysts show two well defined anodic
current peaks related to changes in the
oxidation state of Co (Co to Co?* and
1 Co to Co*), followed by intensive
4 oxygen evclution. The process starts
{1 earlier and is most intesive for the
] catalyst with 40 wt.% metal content The
06 04 02 00 02 04 06 08 1o reduction peaks during the cathodic 06 04 02 00 02 04 06 08
EMV{vs.Ag/AgCl) scan can be seen on Co30 and Co40, EV(vs.Ag/AgCl)
while for the sample with lowest metal
contet the cathodic branch of the curve
o0 is rather shapeless. The CVs do not
—Co20 change at long term cycling wich is
N indication for catalyst durability.
E The aneodic polarisation curves of the
E catalysts under study are recorded at
= scan rate 1 mV.s-'. The intensity of the
oxygen evolution reaction is nearly equal
for Co30 and Co40 and proceeds a bit
slower on Co20. . , . , . , .
00 02 04 06 08 06 04 02 00 02 04 06 08
EV{vs.Ag/AgCl) EMvs.Ag/AgCl)

Conclusions
Mmagnelli phases titanium oxide is a promising support for application in alkaline water electrolysis
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The composite catalysts based on MPT demonstrate high efficiency toward OER combined with good corrosion
resistance

The optimal metal loading of 30 wt% Co ensures best catalyst utilization

Further research is in progress to evaluate the durability of the catalyst performance
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