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IIporpama Ha HayYHaTa CeCH:

13:30-13:40 4. OTKpuBaHe

13:40 4.-15:40 4. [TpencraBsine Ha NOCTEPHU

15.40-15.50 4. HarpaxxnaBaHe Ha OTJIMYEHH IOCTEPU

15.50-16.00 u. 3akpuBane




. CIIMCBHK HA YYACTHULIUTE




ITocTep Neo 1
C. Baxosa, U. I1auesa, K. Tpoes, B. Murosa

Hszcmenqpanme nporjeca Ha riarosH3a Ha oraagbded IIKT B MHKpOBEJIHOB

pearTop

NucruryT o mosmumepu — BAH

ITocTep Ne 2

Bb. Kapamauosa , JI. Cocepos, Xp. Hosakos, 1. lumurpos, A. CrossHoBa

ErerTpoxumMuyHE H CTPYKTYPHH H3CJICIBAHHA HA €KOJIOTHIYEH XHODHIEH

CYIIEePKOHIeH3aTOp C IMOJTHMEPHO CBBP3BAII[0O BEII[BCTBO

NHCcTUTYT 110 €7IeKTPOXUMUS U eHePTUMHN CUCTeMU, bhirapcka akaaeMus: Ha
Haykwute, Codpusa, beiarapus

NucturyTt o momumepu, brarapcka akagemus uHa Haykute, Codus,
Boarapus

ITocTep No 3
N. Nachev, M. Spasova, N. Manolova, I. Rashkov, M.Naydenov

Polymer composite fibrous materials with imparted biological activity

Institute of Polymers, Bulgarian Academy of Sciences, Sofia, Bulgaria
Department of Microbiology, Agricultural University, Plovdiv, Bulgaria;

ITocTep Ne 4

M. Urnarosa, H. Haues, M. Cmracosa, H. MauosoBa, 1. Pamxos, M.

Haiinenos

llosryuaBare, oxapakTepH3HpaHe H IIPOTHBOIFOHYHA AKTHBHOCT HA HOBH
eJTeKTPOOB.IAKHEHH MATEPHAJIH OT IO TH (3 XHPOKCHOYTHPAT) H

IIO/THBHHHAIITHPOJIH/IOH, C BRJIDYECHO IIPOH3BO/JHO HA 8 XA/IPOKCHXHHOJIHHA

NucturyT 1o momuMmepu, Bearapcka akagemus Ha Haykure, Codus,
Brearapusa

Karenpa ,,Muxpobrosiorus 1 eKoJOrMYHY OMoTeXHOoJI0run", ArpapeH
VYuusepcurer, Ilimosnus, bearapus



IToctep Ne 5

M. Sabeva, R.Stancheva, E. Haladjova, S. Pispas, S. Rangelov

FEffect of concentration on the physico-chemical properties and drug release

profile of cationic polymer micelles

University of Chemical Technology and Metallurgy, Sofia, Bulgaria
Institute of Polymers, Bulgarian Academy of Sciences, Sofia, Bulgaria
Theoretical and Physical Chemistry Institute, National Hellenic Research
Foundation, Athens, Greece

ITocTep No 6

R. Stancheva, E. Haladjova, T. Damyanova, T. Topouzova-Hristova, P. Petrov

Mixed polymeric micelles of different composition as vehicles for delivery of

antibiotics

Institute of Polymers, Bulgarian Academy of Sciences, Sofia, Bulgaria
Faculty of Biology, Sofia University “St. Kliment Ohridski”, Sofia, Bulgaria

ITocTep Ne 7

P. Dimitrova, Ts. Paunova-Krasteva, E. Haladjova, R. Stancheva, S.

Stoitsova

Destruction of preformed bacterial biofilms bymixed polymeric micelles

of different composition

NucturyT mo mukpoduosiorus ,,Credau Aurenos”, beiarapcka akagemus
Ha Haykure, Codusa, brarapus

NuctutyT mo moauMmepu, boarapcka akamemus Ha Haykure, Codus,
brearapusa

IToctep Ne 8

C. Cromiosa, A. Jlauos, B. Kocrosa, I1. ITerpos

Poly(N,N-dimethylacrylamide)/6-cyclodextrin nanogel for drug delivery

Faculty of Pharmacy, Medical University of Sofia, Sofia, Bulgaria
Institute of Polymers, Bulgarian Academia of Science, Sofia, Bulgaria



ITocTep No 9

S. Dimova, K. Zaharieva, V. Hubenov, R. Eneva, F. Ublekov, I. Stambolova, D.

Stoyanova, L. Dimitrov

Preparation, antibacterial and photocatalytic properties of
Polylactide/Hydrozincite and Polylactide/Hydrozincite/Polyvinylpyrrolidone

nanofilms

NucturyT 1o monumepu, brarapcka akagemus Ha naykure, Codusa, beiarapusa
NuctutyT 110 katanus, bearapcka akamemus Ha Haykute, Cocdusa, brarapus
NuctutyT 1o Mmukpoouosiorus ,,Crecpan Arresos”, beirapcka akameMmus Ha
Haykwute, Cocdusa, brarapus

NucTtutyT 110 001112 1 HeopranudHa Xxumus, bbiarapcka axageMus Ha HAyKUTe,
Codus, brarapus

NuctutyT 110 MuHepasorud u kpucragorpadua “Axan. Isan Kocros” ,
Bovarapcka akagemus na maykure, Codusa, Boarapusa

ITocTep Ne 10

M. Alexandrova , S. Ivanova, N. Minev , V. Marinova , D. Christova

Poly(vinyl acetals) from aromatic aldehydes for nanocomposite aqueous

graphene dispersions and thin films

Institute of Polymers, Bulgarian Academy of Sciences, Sofia, Bulgaria
Institute of Optical Materials and Technologies “Acad. J. Malinowski”,
Bulgarian Academy of Sciences, Sofia, Bulgaria

ITocTep Ne 11

W. Tynaposa, JI. Hurkososa, K. Pycesa, M. Cumeonos, JI. Xpucros, X. I{aues,

E. Bacunesa
Hopwu s1erapcrBeHH HOCHTEIH 38 MOJH@HIIHPAHO JIEKAPCTBEHO JOCTABAHE HA
THMO.JTOT MaJIeaT Ha 6a3ara Ha moJIH(CyI¢hobeTarH MEeTAKPHIIAT) H XHTO3AH

Oaxynarer mo xumusa u papmanms, CV ,,Cs. Kimument Oxpunckn®, Codpus
Brvarapus



ITocTep Ne 12

3. Tomoposa, A. Bakasosa, /1. Jluuena, . ITerposa, H. Kocena

11 o/IydaBaHe HA CHHTETHY€EH IIOJTHMEPEH CJI OH C IT OTeHITHAJIHO

AHTHOAKTepHAaJIHO JJeHCTBHE

NuctutyT mo monuMmepu, buarapcka akagemus Ha Haykute, Codus,
brwiarapusa

ITocTep Ne 13

K. Kamenova, V. Kortenova, G. Grancharov, P. Petrov

Shell-crosslinked mixed micelles for intracellular drug release

Institute of Polymers, Bulgarian Academy of Sciences, Sofia, Bulgaria

ITocTep Ne 14

D. Petkova, E. Haladjova, S. Rangelov

New strategy for preparation of Spherical Nucleic Acids with hybrid
Ilipid/polymer cores

University of Chemical Technology and Metallurgy, Sofia, Bulgaria
Institute of Polymers, Bulgarian Academy of Sciences, Sofia, Bulgaria

ITocTep Ne 15

S. Bozhilova, K. Lazarova, S. Ivanova, Ts. Babeva, D. Christova

Colloidal dispersions of methyl acrylate grafted poly(vinyl alcohol)s:

synthesis and application for optical sensing of acetone

Institute of Polymers, Bulgarian Academy of Sciences, Sofia, Bulgaria
Institute of Optical Materials and Technologies “Acad. J. Malinowski”,
Bulgarian Academy of Sciences, Sofia, Bulgaria



IToctep Ne 16

A. Danailova, S. Stoichev, D. Manga, I. Iliev, S. Taneva, T Andreeva

FEffect of grapheme oxide incorporation on the biocompatibility of natural

polyelectrolyte multilayers

Institute of Biophysics and Biomedical Engineering, Bulgarian Academy
of Sciences, Sofia, Bulgaria,

Institute of Experimental Morphology, Pathology and Anthropology with
Museum, Bulgarian Academy of Sciences, Sofia, Bulgaria

ITocTep Ne 17

V. Uzunova, A.-R. Tsiapla, E. Myrovali, I. Georgieva, M. Popova, T.

Stoyanova, M. Angelakeris, O. Kalogirou, R. Tzoneva

Magnetic hyperthermia and magnetomechanical treatment on breast

cancer cells

Institute of Biophysics & Biomedical Engineering, Bulgarian Academy of
Sciences, Sofia, Bulgaria

Department of Physics, Aristotle University of Thessaloniki,
Thessaloniki, Greece

ITocTep Ne 18

G. Borisov, H. Penchev, M. Staneva, D. Bodurova, F. Ublekov, E.

Slavcheva

Highly advanced aem water electrolyzer with composite

Polybenzimidazole/Zif-8 based polymer electrolyte membrane

Institute of Electrochemistry and Energy Systems “Acad. Evgeni
Budevski”, Bulgarian Academy of Sciences, Sofia, Bulgaria
Institute of Polymers, Bulgarian Academy of Sciences, Sofia, Bulgaria



IToctep Ne 19

N. Borisov, G. Borisov, E. Slavcheva

AEM water electrolyzer in stack mode with PBI-membrane

Institute of Electrochemistry and Energy Systems “Acad. Evgeni
Budevski”, Bulgarian Academy of Sciences, Sofia, Bulgaria

ITocTep Ne 20

K. Mianeunosa, E. Jlumurpos, H. Tomuesa-Monuesa, I1. Bakbpmxues, C.

IIerposa, II. Buges, B. Mockosa-J{ymanosa, . Jymanos, C. Paurenos

JIHAzma o tHmassHa aKTHBHOCT BbPXY JIHIIO30MHH CQOEePHIHH

HYRJIICHHOBH RHCEJIHHH

Buomnoruuecku paryirer, Copuiicku Yuupepcurer ,,Cs. Kaument
Oxpunckn®, Codus, Boiarapus

NucturyT mo Ilonumepn, Boiarapcka akagemus ua Haykurte, Codus,
brearapusa

ITocTep Ne 21

E. Dimitrov, N. Toncheva-Moncheva, P. Bakardzhiev, K. Mladenova, S.

Petrova, P. Videv, V. Moskova-Doumanova, J. Doumanov, B. Trzebicka, A.

Forys, S. Rangelov

Synthesis and characterization of liposomal spherical nucleic acids via

Incorporation of an original nucleolipid

Institute of Polymers, Bulgarian Academy of Sciences, Sofia, Bulgaria
Faculty of Biology, Sofia University “, Sofia, Bulgaria

Centre of Polymer and Carbon Materials, Polish Academy of Sciences,
Zabrze, Poland



ITocTep Ne 22

E. Dimitrov, E. Vlassi, N. Toncheva-Moncheva, K. Mladenova, dJ.

Doumanov, S. Pispas, S. Rangelov

Development of spherical nucleic acids from novel
poly(chloromethylstyrene)-oligonucleotide conjugates via rapid and

Initiator-free click chemistry

Institute of Polymers, Bulgarian Academy of Sciences, Sofia, Bulgaria
Faculty of Biology, Sofia University, Sofia, Bulgaria

Theoretical and Physical Chemistry Institute, National Hellenic
Research Foundation, Athens, Greece

ITocTep Ne 23

D. Yordanova, E. Dimitrov, N. Toncheva-Moncheva, D. Momekova, P.

Petrov, G. Grancharov, S. Rangelov

Novel amphiphilic polyglycidol/poly( -caprolactone) and
polyglycidol/poly(a-cinnamyl-e-caprolactone) copolymers as highly

effective cannabidiol-loaded nanocarriers

Institute of Polymers, Bulgarian Academy of Sciences, Sofia, Bulgaria
Faculty of Pharmacy, Medical University of Sofia, Sofia, Bulgaria

ITocTep Ne24

C.A. C. da Silva, N. Koseva

Glycolysis of Polyethylene Terephthalate (PET) - Literature Search

Faculty of Chemistry and Pharmacy, Sofia University “St. Kliment
Ohridski”, Sofia, Bulgaria
Institute of Polymers, Bulgarian Academy of Sciences, Sofia, Bulgaria



ITocTtep Ne25
X. Mawnos, JI. Cranmesa, C. Crosuos, 1. ['pabues

DoT0YyBCTBHTEIHH JEHIPHMEPH KaTO J00pa a/ITePHATHBA HA
AHTHMHEPOOHA (QOTOqHHAMHYHA TepallHd cperry I pam orpuraresam

63R‘TepHH C IIPDOTHBOTYMOPHA ARTHBHOCT

Qaxyarer mo xumus u papmarust, CY“Cs.Kia.Oxpuncku®, Codus,

Boiarapusa

XUMHKOTEXHOJIOTHYEH U MeTayprudeHr yuusepcurer, Codust, Brarapus
Menunuucku paxyarer, CY“Cs. Kn.Oxpuncku®, Codusa, bearapus
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ITocTep 1

B OBAHALOECETA HAYYHA CECUA ,MIIAOUTE YYEHU B CBETA HA HOHVIMEPI/ITEY
B“SEU,\% Eﬁus' 3 roHu 2021 200uHa, UMN-BAH, 2p Coghus, yn. Akademuk Neopau Bor4ee 103

L CARIAN AAOFAS FNCFS,

U3CIEABAHE MNPOLIECA HA TTIMKOJTU3A HA OTINAABYEH MNET B
MUKPOBBLJIHOB PEAKTOP

CumoHa 3axoea, MeenuHa Ljayeea, Konbo Tpoee, Buonema Mumoea
HMrcmumym no nonumepu, Bbnzapcka Akademus Ha Haykume, yn. Akademux leopau Boxyee 103-A, 1113 Cogpus, Bunzapus
e-mail: s.zahova@polymer.bas.bg

MonuecTepuTe ca eAHN OT HaW-4eCTO U3NON3BaHWTe NONUMEpPH B HaleTo cbBpemue. Mony4aBaT ce Ype3 peakUus Ha NONMKOHAEH3aLUWs MeXAay AUON UMW ANanKoxon
C AukucenuHa. Cpen TaX nonuetveneH TepedranatsT (MET) e npeAnovnTaH 3a ynotpeba, KaTo ONakoBbYEH MaTepuan 3a XpaHW M HanuTKW. HaW-BaxHuTe My
XapaKTepUCTUKU Ca BMCOKA MeXaHM4YHa YCTOWYMBOCT, TepMUYHA CTaBMUNHOCT, OTNUYHU GapuepHU CBOWCTBA, HUCKA NPOM3BOACTBEHA LieHa. He Ha nocneaHo MACTO,
NoNMMepsLT € HaNbITHO peunknupyem. Cnopea npoyysaHe Ha Greenpeace BbB BenukoGpuTaHna 245 MMNMOHA TOHA NnacTMaca ce M3non3saTt BCAKa roauHa, oT TAX
OnaKkoBKWTe Ca efiHa YeTBLPT, KaTo caMo 14% ce peuuknupar. MET 6yTunkuTe ca BTOpaTa Mo ronemMuHa KaTeropms NNacTMacoBy ONaKoBKM, a TAXHOTO NPOU3BOACTBO
pacTe HenpekbCcHaTo. ToBa ce AbMXKM Ha hakTa, Yye MET Moxe Aa 3aMeHW CTBKMOTO. [lBa ca OCHOBHMTE MeToAa 3a peuuknupaHe Ha otnagbyeH MET matepuan —
MeXaHW4HO U XMMUYECKO peuunKnupaHxe.

5 ~ mepeghmanoea kucenuHa(TK)+
amnﬁs;ven \ ) 4 Vé O Xxudponu3sa emuneH enuxon(En
:"> i? LT " 3a OuM mepegpmanam(gMT)+El
% . 6uc(xudpokcuemus)mepeghmanam|
Rl_ C+£0- R2 2nukonusa) [ (EXETy+onuzomepy
\ amuHonu3sa Ouamuou Ha TK+EIr
b pasKbceaHe Ha ecmepHa epb3ka aMoHonu3a mepegpmanamud(TA)+Elr
ner Pt 9‘ | nusnupare“
reiiku '; <:: \ 3 <::] MeToauTe Ha XMMUYECKO peuMKnupaHe ca no-gobpa antepHaTMBa 3a ONON30TBOPABAHETO Ha
: & MET oTnaabuuTe, Thil KaTo MpeACTaBNABaT HaYYH 3a BbL3CTAHOBSBaAHe Ha OCHOBHUTE My

MOHOMepu. MuUKonMu3aTa M CBBbP3aHUTEe C Hes npoueck, AONPUHACAT 3a no-yctonuusa MNET
MeToabT ce OTHAacA A0 MEXaHMYHOTO CMMUIIaHe M MOflyYaBaHe Ha MKOHOMMKA, BLMPEeKW BMCOKMTE eHepruitH pasxoam 3a noagbpXaHe Ha TemnepaTypu v AbAru
PasnuyYHM U3aenus Npu NOBTOpHa NpepaboTka Ha MaTepuana. peakuMOHHU BpeMeHa, Heob6xoauMu 3a echeKTMBHA AenonMMepuU3aums.

NET rnukonu3sa

Fnukonusata Ge3 katanusatop e MHoro 6aseH npouec. He Moxe Aa ce nocTurHe mMbnHa Aenonumepusauma Ha MET ao BXET. [JoGMBBLT ChbALPXa 3HaYMTENHO
KONMYeCTBO ONIUroMepH, KOeTo 3aTpyaAHsABa Bb3CTaHOBABAHETO Ha XenaHus MOHOMep. U3cnenoBaTenckuTe YCUNMA Ce Haco4BaT KbM yBennyasaHe ao6usa Ha BXET
ype3s paspaboTBaHe Ha BUCOKOe(DEeKTUBHM KaTanusaTopu W ONTMMM3MPaHe Ha APYr TEXHWUKW M pPeakuMOHHM yCnoBus (TemnepaTypa, Bpeme, ChoTHoweHue MNET/ET,
ue MET /katanusatop). Uma 4eTupy MeToaa 3a rmuKkonusa Ha otnaabyeH MNET matepuan:

"El/duemunen a2nukon
nponunex (o] V 6 npucbcmeue Ha pa P pO2EeHHU pu
2nukon/dunponunex o~ Vv cepbXKpumuyHa P PP
5 2nuxon o  MUKpo8b/IHo8a }
$»7// }—( ‘Glycolysis Ho BXET  kamanumuyHa {oHHU meyHocmu
\— o MoHomep
NET nonumep
MonyuyaBaHe Ha TutaHoB(IV)docdar (TIP)
TiCla + 5(C2Hs0)3 P(O) o
-5C2HsCl ‘ /J\\
OP(0)(OC2Hs)2 J—J T

‘ Oua.1 (a) 'H SIMP Ha TiP; (6) 7P SIMP Ha TIP

[(C2Hs)2P(0)O]s Ti{ O — Ti |- O — Ti[OP(0)(OC2Hs)z]s

Intensity {a.u)

| Ix
OP(0)(OC2Hs)2

1 D 20 30 40
duz. 2 Llupokobzosa peHmaeHosa auaa pama Ha TiP

Fnukonuaa Ha NET/TIiP

Ycnosusima 3a npoee)«dane Ha eflukonu3sa 4pe3 KOHeeHYuoHalleH mMemoo u e MUKpPO8bLJ/IHO8 peakmop ca Mnoco4YeHu e madnuuu 1u2#un npu deama memooda

monHomo omHoweHuemo IMET/El e 1:2,77. 4

Tabnuua 1. KoneenyuoxanHa anukonusa

k0d | TiP T spemesa | pypr g
npo6a | (me2%)| (°C) ”‘”{‘;fl’:;’“"e (%) |
1 - | 190-200 540 5913 l |
2 | 005 |190-200 175 63,90 , — —
M5 110 105 100 95 90 85 80 15 TN 55 60 55 50 45 pom
3 01 | 190-200 155 66,37 Al R AR
4 02 | 190-200 130 64,66
5 | 03 | 190-200 120 67,11 o
6 05 | 190-200 125 65.26
T. 2.1 6 MUKPOBBLIIHOE p »RotoSynth*
TiP speme 3a
Kod T MouwHocm BXET
axoaHe
npo6a {';33 (’c) w) pa’e(f,,,,,) (%)
MW1 | - | 217220 450 260 4428
MW2 | - | 217220 450 320 49,20 r o
MW3 | - | 217220 500 225 48,09

Ouz 4TrA Kpuea Ha npodykma Ha znukonusama
MW4 | 0,05 | 217-220 450 57,50

MWS5 | 0,1 | 217-220 450 58,95

65 Uasopu:
50
MW6 | 0,2 | 217-220 450 45 61,71
41
38

> Mony4eH e kaTtanusaTop, KOWTO edeKTMBHO pasrpaxaa MET A0 BMCOKO YMCT MOHOMEP MpU CPaBHUTENHO
MeKM YCOBMsi, KOETO ONTUMMU3NPA NPOLIECUTE HA PeLMKNupaHe.

MW7 | 0,2 | 217-220 500 53,83
MW8 | 0,2 | 217-220 600

> pu KoHBeHUMOHaNeH MeToA Ha FMMKONM3a, Han-Ao6po pasrpaxaaHe ce nony4asa npu 0,3% KaTanusatop,
56,03 3a BpeMe 120 MUH 1 06UB Ha BXET-67,11%.

MW9 | 03 | 217-220 450 42 55,09 > Mpyu rAMKkonusa B MUKPOBLIHOB peakTop, Han-Ao6po pasrpaxaaHe ce nony4asa npu 0,2% KaTanusaTop ¢
MW10 | 0,5 | 217-220 450 45 56,41 Bpeme Ha pasrpaxaaHe 45 MWH U no6uB Ha BXET-61,71%.




ITocTep 2

| . EnekTpOXHMHYHHU H CTPYKTYPHH H3CJIEIBAHUSA HA €KOJIOTHYEH

' XHOPHIEH CyNEePKOHAEH3aTOP C MOJHMEPHO CBHP3BALI0 BEIEeCTBO
B. Kapamanosal-*, JI. Cocepos!, Xp. Hopakos?, U. Jumutpos?, A. CTosiHOBa!

|2

INSTITUTE of
. POLYMERS

1 Hucmumym no enexmpoxumus u enepauiinu cucmemu - Bvreapcka axademus Ha naykume, 1113 Cogpus, yn. Axao. I. Fonueg 61. 10

2Hucmumym no nonumepu - Bvnzapcka akademus na naykume, 1113 Cogpus, yn. Axao. I Bonyee 61. 103

XHOpHIHUTE CYNEPKOHIECH3aTOPH ca IEePCIEKTHBHU CHCTEMH 33 ChbXpaHEHHE Ha €HEpris. BBIPeKH 3acHICHIAT H3CIeI0BaTEICKH
HHTEpeC I MHTCH3HBHaTa paboTa B Ta3H OOJACT, OCTHIAHETO ¢IHOBPEMEHHO Ha BHCOKAa CHEPIHilHAa ILTBTHOCT M ILUTPTHOCT Ha
MOIIJHOCTTa 4pe3 H3M0I3BaHE Ha €KOJOrochoOpasHH MaTepHall € aKTyalHa 3ajada, KOSTO H3HCKBA JOIBIHUTEIHH Pa3pabOTKIL.
VYcTaHOBEHO, U€ CBBP3BAIOTO BENIECTBO JeiicTBa BHPXY CTPYKTypaTa Ha TOPHTe H OTTaM BbPXY pabOTHHTE mapaMeTpu Ha
CYTIepKOH/ICH3aTOPUTE CHCTEMIL.

TMomuneHTadIyopOCTHPEHBT U HETOBHTE CHIIONIMEPH MPEIH3BHKBAT HHTEPEC MOPaJN HATHIHETO Ha JaOwieH (IyopeH arom,
Pa3MoONOXKEH Ha P-TIO3UINS B apOMAaTHOTO SO, KOIfTO IO3BONSABA JIECHO MoauduimpaHe Ha MOTNMepHaTa Bepura. HMHTepec
TIPE/ICTaBIIsIBA H3IIOI3BAHETO 32 MBPBH BT Ha polyvinylidene fluoride—co-hexafluropropylene (PVDF-co-HFP) xato cBbp3Bamio
BEIICTBO B EEKTPOJIHATA aKTHBHA Maca Ha CYIIepKOH/ICH3aTOPHH KICTKH.

Ifenta ©e momyyaBaHETO Ha  BHCOKOMOJEKYIIEH
CHIOJIIIMED H OXapaKTEPU3MPAHETO My C IOMOIITA Ha
TeJI0BO-IIPOHHKBama Xpomarorpadus. OnpeneneHu ca
cToifHOCTH 3a cpemHH OpoitHa (Mn) m MacoBa (Mw)
MoJleKyTHH Macu oT 78 kDa m 225 kDa, pecnm. u
nomuaucnepcaoct (Mw/Mn) 2.86

CuHme3 Ha poly(PVDF-co-HFP)

F\ - JF (NH4)252°a F '|:
LC=C_ C —C
F CF J .

3 F/ \F CF3 v

Kato BBIIEpONIeH €NeKTpOieH MaTepHal € MOAOpaH aKTHBEH BBIVICH, THPrOBCKU MpoaykT Ha ¢upma “Kuraray Europe” GmbH,
monyueHn ot 6momaca - YP-50F. Toit € MOp(OIOrHIHO U CTPYKTYpHO OXapaKTepH3HPaH H € MOKa3aHo, Ue MPHUTEeKaBa BHCOKA
crienidIyHa MHKPOTIOpecTa MOBBPXHOCT (Sper = 1756 m?g!) m OCHOBEH XapakTep. 3a KOMIIO3UTCH €IEKTPOICH MarepHal e
m3nom3Bad of-Ni(OH),, KoliTo oKa3Ba BUCOKH H CTAOMIHN KallallUTHBHH XapaKTEPUCTHKH.

AceMOnmmpaHn ca XHOPHUAHN CYNEPKOHAEH3aTOPHH KIETKH ¢ enekrpomuT 1-ethyl-3-methylimidazolium tetrafluoroborate
(EMIMBF,) n no6aBka Ha 22 ter1.% anetoHutpul (AN). IIpoBeneHH ca €lIeKTPOXHMIYHU TECTOBE H ex-situ (U3NKOXUMUYHH

H__F
c=c_ +
H F

AQHAIH3N.
'b2bJ1 Ha OMOKPSIHE Ha KOMMO3UMHUSI ef1eKmpod ll
o
98.9 °§ §328°
N ﬁ - - - - |
[ionic - co-| |
'E 15 ] EMINBF  + 22 wi% AN, 5% PVDF CoHFP ionic liquid/ PTFE| [ionic liquid/ PVDF HFP o
o ‘:" 160 =C= EMIMBF,, 10 wt. % PTFE
< 10 & === EMIMBF ;#10 wt.% AN, 10 wt. % PTFE
E CpaBHCHHCTO MEXAY TpaTUuIlHOHHO B 1404 —=— EMIMBF +10 Wt.% AN, 10 % PVDF-Co-HFP|
5+ & 1204 EMIMBF + 22 Wt.% AN, 5% PVDF-Co-HFP
> H3II0JI3BAaHOTO B TE3H CHCTEMH CBHP3BAII0 B —a— EMIMBF # 22 Wt % PC, 5% PVDF-Co-HFP
= BemiecTBo- nomurerpadayopermie (PTFE) u & 5
< <
< p CHHTE3HpPAHHS CHIOIHMED ITOKa3Ba, 4e S
— 100 MVs™ -] ]
T 0 % mv . crpykrypara Ha PVDF-co-HFP nrpae 2 -
— mvVs 9
S 15 0,05-36V — 1mvs' CHINECTBEHA PO 3a IO0OPSBaHE Ha 2 5] oy
- T T T T T T T o e —————
5 00 05 10 15 20 25 30 35 OMOKPSEMOCTTA Ha CJIICKTPOJUTE U CBOTBETHO HA | & o — i s——
) 0 50 100 150 200 250 300 350
o Voltage, V €IEKTPOXUMITIHATE XapaKTEPHCTHKN Ha g ;
w) T “ -
L U3CIEBAHUTE CYNIEPKOHICH3aTOPH. Llirrent matesma g
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Polymer composite fibrous materials

INSTITUTE or

with imparted biological activity POLYMERS

BILGARIAN ACADEMY OF SCIENCES

Nasko Nachev', Mariya Spasova', Nevena Manolova', lliya Rashkov' and Mladen Naydenov?
Laboratory of Bioactive Polymers, Institute of Polymers, Bulgarian Academy of Sciences, bl. 103A, BG-1113 Sofia, Bulgaria,
2Department of Microbiology, Agricultural University, BG-4000 Plovdiv, Bulgaria

Grapevine trunk diseases, especially esca, are of major concern since they gradually alter vineyards worldwide and cause heavy economic
losses. Phaeomoniella chlamydospora and Phaeoacremonium aleophilum are the two main fungal causal agents of esca. Cellulose acetate (CA)
is one of the most important esters of cellulose. The advantages of CA are it's low cost, ease of solubility in solvents suitable for
electrospinning, facile production and wide variety of applications. PEG is a biocompatible and nontoxic polymer . It is highly hydrophilic, with
excellent solubility in water and in organic solvents. 8-Hydroxyquinoline and its derivatives manifest antibacterial and antifungal activities and
are of low toxicity to humans. The aim of the present study was to explore the possibilities for designing innovative polymer composites that
possess biological activity against the two fungal strains Phaeomoniella chlamydospora and Phaeoacremonium aleophilum.

Cellulose acetate (CA) Polyethylene glycol (PEG) 5-chloro-8- spores
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Conclusion. Novel micro- and nanofibrous membranes of cellulose acetate and cellulose acetate/PEG containing 8-Hydroxyquinoline

(5-C18Q) were successfully prepared by electrospinning. The addition of PEG led to the hydrophilization of the membranes and facilitated their

wetting. It was demonstrated that the 5-CI8Q release profile can be modulated by the appropriate selection of the composition of the

electrospun membrane. The incorporation of 5-CI8Q in the membranes imparted a considerable antifungal effect against Phaeomoniella

chlamydospora and Phaeoacremonium aleophilum fungi. These features indicate that the obtained hybrid fibrous materials could find

application in agriculture for plant protection against growth of pathogenic fungi.

References: * [1] Spasova, M; N. Manolova; Rashkov, |. Composition of plant protection product. Utility model request Ne4353 in Patent office of Republic of Bulgaria, 2019.

[2] Spasova, M.; Manolova, N.; Rashkoy, |.; Naydenov, M. Electrospun 5-chloro-8-hydroxyquinoline-loaded cellulose acetate/polyethylene glycol antifungal mats against Esca.

Polymers ,2019, 11, 1617, 1-13.

[3] Nachey, N.; Spasova, M.; Manolova, N.; Rashkoy, |.; Naydenov, M. Polymer membranes from biodegradable polymer and chemical fungicide prepared by electrospinning.

IOP conference series, 2021, submitted.
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7 t MNonyyaBaHe, oxapakTrepu3upaHe U NPOTUBOIMbOMYHA aKTUBHOCT Ha ] e
/ HOBM eNeKTPOOBNaKHEHN MaTepuanu ot nonu(3-xnapoKcudyTupar) A POLYMERS
T M NONMBUHUINUPONNAOH, C BKIIOYEHO NPOM3BOAHO Ha
8-xnapoKCUXMHoONUHa

M. UrHatoBa', H. HaueB', M. CnacoBa’, H. MaHonoga', U. Pawkos', M. HaitneHoB?
1Jlabopamopusi ,,BuonoauyHo akmueHu nonumepu”, Mucmumym no nonumepu, Bbnzapcka akademusi Ha Haykume, Akad. I. BoH4es,
6n1. 103A, 1113 Cogpus, Bbnzapusi ,’Kamedpa ,,Mukpo6uosioausi u ekosnio2u4Hu 6uomexHosiozuu*, AzpapeH YHueepcumem, 4000
Mnoedue, Exnzapusi

LlenTa Ha HacTosALWEeTO uscrnegBaHe e ga ce nosiy4yat HOBU BJlaKHeCTU Mmatepuanu ot I'IO.I1M(3-XM£|-
pokcubytupar) (MXB) wu nonuBuHunnuponuagoH (MBI) c¢ BR4YeHO NPOM3BOOHO Ha
8-xugpokcuxuHonuHa (8XXI) u4pe3 enekTpooBnakHABaHe. Llenu ce pa Obae oueHeHa U
I'IpOTVIBOI"bGVI‘-IHaTa AKTUBHOCT Ha nolny4YeHUTe BJlaKkHeCTU mMartepuanum cnpaAmMo ABa LwWama
ackoMuueTHU rb6u Phaeomoniella chlamydospora u Phaeoacremonium aleophilum — OCHOBHMU
NMPUYUHUTESIN Ha 3abonsiBaHeTO ecKa Mo yio30BUTe HacaxgeHus.

CxemaTtnyHo npeactaBsaHe u CEM mukporpacduu Ha BnakHecTUTe MaTepuanu
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MpoTuBOrb6MYHa aKTUBHOCT Ha BMakHeCTUTe MaTepuanu

NX6/NBM mar NXB/NBM/8XXM maT
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3akntoyeHue: 3a NbpPBU MbT 6siXa ycnewHo nosly4YeHU HOBU BnakHecTu matepuanu ot MNXB v MBI u 8XXI
ype3 efHoOeTanHO eneKTPoOBriaKHsABaHe. YcTaHoBeHO Oelue, ye 8XXIl, BKNYEeHO B MaTtepuanurte OT
MNXB/MBM e B amopchHO cbeTosiHne. MUKpOGUONOrMYHUTE TecToBe MoKa3axa, Ye MoslyyeHUTe BRaKHeCTU
MaTtepuanu, cbabpxawm 8XXIM nposiBABaT NO-CUMHO U3pa3eHo (YHrMUMAHO OeNcTBMEe cnpsiMo rboute P.
chlamydospora OTKONKOTO cnpsiMmo rboute P. aleophilum. Te3n cBoOWCTBa NpaBAT NONlyYeHUTe BIaKHECTU
MaTtepuanu nepcnekTUBHM KaHOAMAATU 3a MpurnaraHe B CEJICKOTO CTOMaHCTBO 3a 3aluTa Ha 1o3oBuUTe
HacaxpaeHusl oT ABaTa OCHOBHU NPUYMHUTENU Ha 3abonsiBaHeTo ecKa.
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EFFECT OF CONCENTRATION ON THE PHYSICO-CHEMICAL PROPERTIES
AND DRUG RELEASE PROFILE OF CATIONIC POLYMER MICELLES

Maria Sabeva!, Rumena Stancheva?, Emi Haladjova?, Stergios Pispas?, Stanislav Rangelov?

1 University of Chemical Technology and Metallurgy, 8 KI. Ohridksi Blvd., 1756 Sofia, Bulgaria
2 Institute of Polymers, Bulgarian Academy of Sciences, Acad. G. Bonchev St. bl. 103-A, Sofia 1113, Bulgaria
3 Theoretical and Physical Chemistry Institute, National Hellenic Research Foundation, 48 Vass. Constantinou Ave., 116 35 Athens, Greece

Cationic polymer micelles have been extensively studied because of their ability to transfer agents, such as Cll'LIQS and nucleic acids.

This study aims at investigating the effect of micellar concentration on the physico-chemical as well as on the drug loading properties and
release of cationic polymer micelles.

Polymer micelles

Polymer micelles were prepared at three different Initial concentrations (0.1, 0.25 and 0.5 mg/ml) from polystyrene-b-poly(quaternized 2-
vinylpyridine) (PS-PSPQVP) diblock copolymer (Mw=115 000 g/mol, ® = 1.02, PQVP content 56 wt%). The resulting micelles consisted of a
hydrophobic PS core and a positively charged hydrophilic PQVP shell.
E @ :
| v .

m‘. 1 e
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E": | i 2] g PQVP
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ol HoA\ ] The hydrodynamic diameter (D,) and polydispersity of the micelles were
R e & ol . . .i strongly dependent on their concentration. In contrast the zeta potential of
01 025 0s

the particles was only slightly influenced by the concentration.
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Drug loading of PS-PQVP micelles

The resulting polymer micelles were loaded with the antibiotic ciprofloxacin (CF) used

as a model drug. The loading was achieved by sonicating micellar dispersions ™ A % m.
containing CF at a polymer to drug weight ratio 10:1 for 1 h at 60 °C. The shift of 1 l s %0l
zeta potential to lower values suggested a possible interaction of PQVP with CF that is «l I %
negatively charged at neutral pH. = f 1 m'
- ]
The encapsulation efficiency Micellar concentration EE DLC [ | E 1
(EE) and drug loading content mg/ml % % ”: ’ g
(DLC)  were  determined  [g [95.9 [13.4 | ol |
spectrophotometrically by the [0.25 l97.6 1102 | e W M0 ¥ 0 w0 0l
characteristic absorbance band = (=L e 1 O o1 0.25 0.5
of CF at 270 nm'. (0.5 197.7 [10.4
Drug release from PS-PQVP micelles
W01 HTe pe . _ _ _ et B pH12
wl A - The drug release profiles were investigated in a 0.1 M HCI solution (pH=1.2) wl .f
{ ¢ and phosphate buffer (pH=7.4) according to approved by USP/EP/BP 2 | f atees - .
< “1 4 . methods. The amount of released CF was determined spectrophotometrically. g "’:
! w " A strong concentration dependent release was observed independently from wfs
5 f' .o the medium used. The micelles observed at higher concentration (0.25 and o »l , —01
i 025 0.5 mg/ml) exhibited fast release for the first 4-5 h. In a contrast, the i vt
o4 05 : : odd r
32 micelles of 0.1 mg/ml concentration showed a delayed release over the T % 3 3
Tume, b period of 24 h. Time, h

Conclusion

Cationic polymer micelles based on PS-PQVP diblock copolymer were prepared at three different concentrations. The hydrodynamic size of the resulting
particles as well as their polydispersity were dependent on the micellar concentration as the value of both parameters increased with increasing
concentration. The zeta potential of the micelles was only slightly influenced by their concentration. All dispersions exhibited zeta potential values in the
33.9 - 39.2 mV range. The micellar systems were successfully loaded with CF with EE of above 95.9 %. Both the D, and zeta potential of CF loaded
micelles shifted to lower values implying interactions of CF with the positive PQVP shell of the micelles due to the zwitterionic character of the drug
exhibiting a negative charge at neutral pH and positive in acidic medium. The CF release from the PS-PQVP micelles was investigated at physiological
conditions at dissolution media of pH 7.4 and 1.2. Strongly concentration dependent release profiles were observed. The micellar systems at higher
concentrations (0.25 and 0.5 mg/ml) exhibited fast release for the first 4-5 h. In a contrast, the micelles of 0.1 mg/ml concentration showed a delayed
release over the period of 24 h. It was noticeable also that the release was much faster at pH 1.2 that could be attributed to the protonation state of CF in
acidic medium. We can conclude that the initial concentration of the resulting cationic polymer micelles was essential for their physico-chemical, drug
loading and release properties providing control over a wide range of parameters.
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MIXED POLYMERIC MICELLES OF DIFFERENT COMPOSITION AS VEHICLES FOR DELIVERY OF ANTIBIOTICS

-

R. Stancheva', E. Haladjova', T. Damyanova’, T. Topouzova-Hristova,’ P. Petrov'
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famewen acemer 0 s ? Faculty of Biology, Sofia University “St. Kliment Ohridski”, 8 Dragan Tsankov Blvd, 1164 Sofia, Bulgaria SOFIA UNIVERSITY
Ciprofloxacin (CF) is a wide spectrum antibiotic approved by FDA against various bacterial infections. The effective antimicrobial therapy, h depends on the CF solubility and its

efficient delivery to the target site of infection. Polymeric micelles (PMs) have been extensively studied as drug delivery carriers. In the recent years v.ious micellar systems carrying a positive
charge have been found to exhibited strong antibacterial activity.

In this work the loading of CF into polymerk micelles of different composition was investigated. Cationic polymer micelles (CPMs) based on poly(2{dimethylamino)ethyl methacrylate)-b-
poly(e-caprol. Jo-poly(2{dimethylaminoJethyl methacrylate) triblock copolymer noted as POMAEMA and non ionic polymer micelles (NPMs) formed from poly(ethylene oxide)-b-
poly(propylene oxide)-b-poly(ethyl o:ddz) k as Pluronic F127 were used. Since the polycations are usually associated by pronounced cytoxicity, a mixed polymer micelles based on
both copolymers were also prepared. All the systems were characterized by dynamic and electrophoretic light scattering. Their encapsulation efficiency (EE) and drug loading content (DLC)
were determined spectrophotometrically. Finally a cytotoxicity evaluation of the resulting drug delivery systems was performed.

CPMs and NPMs were formed by dropwise
addition of copoly organic solution to
medalolowedbydalyslsagahstwa(u The
mixed PMs were prepared by co-assembly of both
copolymers following the same procedure. Three
different molar ratios (3/, 11 and 1/3) were used.
The concentration of all micellar dispersions was 1
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Loading of CF was performed by addition of drug powder to the micellar dispersions in The cytotoxicity of the resulting micellar systems was determined by standard crystal
order to obtain polymer to drug weight ratio in the rage of 1/1 to 50/1. The mixtures were violet assay. Normal diploid human skin fibroblasts (HSF) were used for this study.
ﬁl'stsonkatodlot1ha|6o°cfu&ugsohbllsatbnandthmflt«ed. 'lheemaps\lation Empty polymer micelles as well as loaded with CF syst were i igated. The
efficiency (EE) and drug loading content (DLC) were d ined spectrop ically. possible deviations in cell morphology were also monitored under light microscope.
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PMs were formed from cationic poly(2«{dimethylamino)ethyl methacrylate)-b-poly(e-
caprolactone)-b-poly(2{dimethylamino)ethyl methacrylate) and non ionic poly(ethylene oxide)-b-
poly(propylene oxide)-poly(ethylene oxide) triblock copolymers. Mixed poly micelles based
on both copolymers were also prepared. The micelles differ in composition as they were
composed of mixed PCL/PPO core and mixed POMAEMA/PEO shell. All systems were
characterized by dynamic and electrophoretic light scattering. The micelles were of small size in
the range of 16 to 38 nm depending on their composition. They were of positive {-potential
excluding the micelles based on F127 exhibiting value close to o.

All micellar systems were loaded with CF as various polymer to drug weight ratio were used.
The EE and DLC were found to depend on this ratio as the optimum values were observed above
10-1 for all compositions. The size and {-potential of loaded micelles were also influenced by the
various polymer to drug weight ratio. The D, increase with CF amount while (-potential value start
to decrease. In addition a zone of instability was reached at high CF concentration. This could be
due to the partial electrostatic interaction between PDMAEMA and the drug which is with
negative potential at neutral pH. In contrast the {potential of F127 based micelles was
independent from the CF amount.

The cy icity of the syst. was i igated as well. The empty micelles exhibited a
strong composition depended cell viability. As expected their toxicity increase with POMAEMA

t. In ¢ the CF loaded micelles showed a well exp d cytotoxicity independently
of their composition. The presence of micelles led to small changes in cell morphology associated
mainly with disruption of cell contacts. No cell destruction or morphological signs of cell death
were observed. This behavior could be associated with the ability of the micellar systems to
3 deliver and released the loaded drug. Therefore they could be considered as promising candid.
l » for treatment of bacterial infections.
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Destruction of preformed bacterial biofilms
by mixed polymeric micelles of different
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INTRODUCTION

composition BULGARIAN ACADEMY OF SCIENCES

Biofilms are communities in which bacteria are a serious risk factor for human health. The development of biofilms during infection is reported to be between
60 and 80%, because they are significantly more resistant to antibacterials than other microorganisms. The combination of multidrug resistance and their

protective character puts forward the urgent need for the development of novel anti-biofilm agents.

The AIM of our study is to evaluates the effectiveness of polymer micelles differing by composition against pre-formed biofilms by Gram (+) and

6Gram (-) bacteria.
MATERIALS AND METHODS

Preparation of mixed polymer micelles and their loading with CF. Polymer micelles from poly(2-(dimethylamino)ethyl methacrylate)-b-poly(e-caprolactone)-b-poly(2-(dimethylamino)ethyl
methacrylate) (Mn =17100 g/mol, ® = 1.20, noted as PDMAEMA) and poly(ethylene oxide)-b-poly(propylene oxide)-b-poly(ethylene oxide) (Mn=12600 g/mol, known as Pluronic F127) triblock
copolymers as well as their mixtures at different molar ratio (3-1, 1-1 and 1-3, respectively) were used for this study. The micelles were additionally loaded with Ciprofloxacin (CF) at polymer to
antibiotic weight ratio 10-1. The encapsulation efficiency was in the 91-99 % range. All systems were prepared at concentration 1 mg/ml. Their size and zeta potential were determined by dynamic
and electrophoretic light scattering.

In vitro drug release. Drug release profile from the systems was investigated in a phosphate buffer (pH=7.4) at physiological temperature. The amount of released CF was calculated
spectrophotometrically by the characteristic absorbance band of CF at 270 nm1.

Biofilm biomass - Crystal violet (CV) assay. For comparative biofilm biomass estimation, the crystal violet assay (CV) was applied. For biofilm cultivation, M63 minimal salt medium was used. The
bacterial strains used were E. coli 26922 (ATCC) and S. aureus 29213 (ATCC). An overnight bacterial TSB culture was diluted 1:100 in M63 medium, vortexed and distributed in the wells of 96-well
U-shaped polystyrene plates, 150 ml per well, 5 wells per experimental variant. To avoid drying during biofilm cultivation, the wells at the periphery of the plate were filled with sterile distilled
water. The plates were cultivated for 24 h at 37°C at static conditions. Then the non-adherent bacteria were removed, the wells were washed in 3 changes of PBS, and the wells were filled with 150
ml per well of cationic micelles, or cationic micelles loaded with CF. The agents were applied at final concentrations of 0.5 mg/ml-'. The plates were incubated for 4h at 37°C. The plankton was
removed, the wells were washed and stained for 15min with 0.1% aqueous solution of CV. Then the wells were rinsed extensively in several changes of PBS and the dye was solubilized with 70%
ethanol. The absorbance of the solubilized dye was measured at 570nm. The results are presented as % of the control (addition of M63 only in the wells).

Metabolic activity of the biofilms. To estimate the metabolic activity of the biofilm bacteria, the redox indicator Alamar blue (Invitrogen) was used. Briefly, the biofilm was cultivated and treated
with 0.5 mg ml_1 of micelles, AQNO3, or M_AgNPs for 4 h as above, with the same controls, 6 wells per variant. As a blank probe, wells containing M63 medium but no biofilm were included. Then, 5
ml of Alamar blue were added per well, and the plates were shaken for 5 min. Following incubation for 4 h at 37°C, the amount of reduced dye was measured at 620 nm, and also the amount of
oxidized dye at 570 nm, using a plate reader. The percentage reduction of the dye due to the metabolic activity of the biofilm cells was calculated according to the formula:

(e0x) A2xAA1-(e0x)A1xAA2

x100
(ered)A1xA'A2-( ered)A2xA'Al
where the values of eox and ered were the molar extinction coefficients for the respective wavelengths (Al = 570nm and A2 =620 nm), which were provided in the instructions of the producer; ‘A’
stands for the absorbances at the respective wavelengths, and 'A’ to the absorbances at the two wavelengths of the blank probe (M63 with no biofilm). The results were plotted as the percentage
reduction of the Alamar blue dye.

RESULTS
CHARACTERIZATION OF POLYMER MICELLES AND IN VITRO DRUG RELEASE
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THE POLYMER MICELLES REDUCE REDUCTION OF BIOMASS IS Conclusion:
SIFGNIFICANTLY THE BIOMASS ACCOMPANIED WITH REDUCTION
OF PRE-FORMED BIOFILMS OF METABOLIC ACTIVITY

Polymer micelles based on cationic poly(2-
(dimethylamino)ethyl methacrylate)-b-poly(e-
caprolactone)-b-poly(2-(dimethylamino)ethyl
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Poly(N,N-dimethylacrylamide)/B-cyclodextrin nanogel for drug delivery

Siika Stoiloval, Yavor Danov 2, Bistra Kostoval, Petar Petrov 2
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INTRODUCTION

Aripiprazole is an atypical antipsychotic. It 1s primarily used in the treatment of schizophrenia and bipolar disorders. However, it’s poorly soluble in water. Many researches
are dedicated to finding ways for improving its solubility. Creating a drug delivering system is one of the methods. In this contribution we obtained inverse nano-emulsion
nanogel comprising B-cyclodextrin (B-CD) moieties. The nanogel was synthesized by crosslinking of N,N-dimethylacrylamide (DMAA) and B-CD triacrylate (3-CD-Acs),
using ammonium persulfate (APS) and N,N,N’,N'-tetramethylethylenediamine (TEMED) as initiators. The nanogel carrier was loaded with Aripiprazole via procedure
favoring inclusion of drug molecules into the hydrophobic cavity of $-CD. Our goal is to improve Aripiprazole’s solubility by forming inclusion complexes with 3-CD and
thus creating a favorable release profile of the drug delivering system.
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Figure 1. Synthetic scheme of 3-CD-Ac; preparation. Figure 2. Proton NMR spectrum of B-CD-Acgin D,O
In the first step, B-CD-Ac; crosslinking agent was obtained by reacting acryloyl Both pre pf signals characteristic for the vinyl pr otons‘ ;m‘d oligosaccharide proAtons
chloride and B-CD in the presence of triethylamine. An excess of acryloyl chloride were identified on the spectrum. The degree of substitution (DS) was determined
was used to ensure attachment of several acrylate groups onto one B-CD molecule. taking ntoraecount the relative peak integrals assigned to the 3-CD profons;at 5.0 ppm
and the vinyl protons at 5.8-6.5 ppm. Hence, DS~3 was calculated, which means that
0 a crosslinking agent w1 ree reactive groups was synthesized.
SYNTHESIS OF THE NANOGEL linking agy th thr group: yntl d
o
HCs, J-ko " C)l\f o
# ~o\-0
0 S,
HaCe I\ S X
o\-ou N
2V N /CH3 + m’)§on o0 & Heptane, Triton EREA
o
! Kom no)fpo =%
CHs ”g"j\[%“ St APS, TEMED ’
N;S —/—B-Cyclodextrin
Z
DMAA B-cyclodextrin triacrylate

Figure 3. Synthetic scheme of poly(N,N-dimethylacrylamide)/B-cyclodextrin nanogel fabrication.

The nanogel was synthesized as follows: Triton (surfactant) was dissolved in heptane (oil phase), APS, TEMED, B-CD-Acsz and DMAA were dissolved in water (aqueous
phase). The mixture (emulsion) was left under stirring for about 20 h, so that nanogel was formed. The heptane was removed via evaporation and the triton via extraction.
After that a dialysis was performed. The sample was frozen, followed by lyophilization to remove the water. Yield: 81,7 %.
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Figure 4. FTIR-spectra of DMAA monomer and the nanogel. Size distribution (nm) Zeta Potential, (mV)
The FTIR-spectroscopy demonstrates that the monomer (DMAA) and the ) o ) . )
crosslinking agent (B-CD-Ac ) are incorporated into the gel network. Figure 6. Dynamic Light Scattering (DLS) and Electrophoretic Light Scattering (ELS) graphs.
» DLS measurement proved that the particles obtained are nano-sized, while the ELS
iy ey ab measurements revealed a negative surface charge (sample concentration - 5 mg/ml).
0.0 .
] 3 ~£CHp—GH=
( & DRUG LOADING
E““’ ____J cﬁ ™ Firstly, Anipiprazole was dissolved in acetone and, then, added to an aqueous solution of
E.Em' d b nanogel. The loading was triggered by evaporating the organic solvent. The ability of the
§ i carrier to release the drug is yet to be examined.
™ 9
003 d C o b a
00z o g & \', 0 © 2
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2 . NS Y e e |
003 080 009 019
(‘: 3‘ vJ 2‘.’1 2‘[ 15 10
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Figure 5. Proton NMR spectrum of the nano gel. k/”
The NMR spectrum gives us qualitative and quantitative analysis. It shows that ° N °
the ratio of PDMAA and B-CD is approximately close to the initial ratio (5:1). Figure 7. Structural formula of Aripiprazole.
CONCLUSION

Novel nanogel was developed by crosslinking DMAA and B-CD-Acj, using APS and TEMED as mtiators. The incorporation of B-CD-Acg in the PDMAA net was proven
by FTIR and NMR spectroscopies. The nano size of the particles was confirmed by performing measurements on a Zetasizer (DLS and ELS). Aripiprazole was loaded onto
the carrier. The drug loading efficiency of the carrier and the release of the drug are yet to be explored.
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Preparation, antibacterial and photocatalytic properties of

Polylactide/Hydrozincite and

Polylactide/Hydrozincite/Polyvinylpyrrolidone nanofilms

Silvia Dimova’, Katerina Zaharieva?,

Venelin Hubenov?, Rumyana Eneva?®, Filip Ublekov, Irina Stambolova®, Daniela Stoyanova®, Ljubomir Dimitrov®

Iinstitute of Polymers, Bulgarian Academy of Sciences
2Institute of Catalysis, Bulgarian Academy of Sciences
3The Stephan Angeloff Institute of Microbiology, Bulgarian Academy of Sciences
“Institute of General and Inorganic Chemistry, Bulgarian Academy of Sciences
®Institute of Mineralogy and Crystallography “Acad. I. Kostov”, Bulgarian Academy of Sciences

In recent years, the interest in the development of inorganic/polymer hybrid materials on nanometer scale has grown due to a wide range of
potential opportunities for application in various fields. New composite material is expected to possess synergistic effect and improved properties
between the polymer and inorganic part namely biodegradability, photocatalytic and antibacterial properties.

In the present study was used a simple method for obtaining composites in the spirit of Green Chemistry. A minimum number of non-toxic
reagents and mild conditions were used. Two hybrid polylactide/hydrozincite nanocomposite and poly(lactide)/hydrozincite/polyvinylpyrrolidone
films were prepared. The nanosized hydrozincite exhibits photocatalytic and antibacterial activities, and is therefore a very attractive component
for incorporation in new hybrid materials.

AIM

>
>
>

Preparation of poly(lactide)/hydrozincite and poly(lactide)/hydrozincite/polyvinylpyrrolidone films.

Characterization of synthesized nanocomposite films using FT-IR spectroscopy and XRD analysis.

To study the photocatalytic ability of the new materials in the reaction of degradation of Malachite Green dye under
UV light and antibacterial activity towards the pathogen Escherichia coli.

Hydrozincite Zng(CO,),(OH)g
—also known as zinc bloom.

EXPERIMENTAL

Preparation of nanostructured films via sol gel method

Nanocomposite PLA/Hydrozincite film were prepared by the
following steps: (i) Preparation of a suspension of hydrozincite
(Zng(OH)4(CO5),), 1wt% (synthesized by hydrothermal method at
180°C using Mint extract) and dichlormethane; (ii) Add solution
poly(lactide) PLA in dichlormethane. After mixing hydrozincite and
PLA, the resulting solution was sonicated for 15 minutes until the
suspension is homogeneous; (iii) Thin films were prepared.
Nanofilm PLA/Hydrozincite with copolymer polyvinylpyrrolidone,
1wt% was prepared as described above, but dissolving PVP in
ethanol added to the nanocomposite suspension.

PLA/Hydrozincite/PVP
Sample 1-PLA

Sample  — PLA/Hydrozincite 1%

Sample 3 — PLA/Hydrozincite 1%/ PVP 1%
Control— E. coliK12 suspension {1,5-3,0 * 105 CFU)

Samples were prepared using 24 well test plate
(Techno Plastic Products AG, Switzerland). It was
shake continuously using Advantage-Lab, AL05-06
at 150 rpm. The shaker was kept in thermostatic
roomat20+1°C.

PLA/Hydrozincite

Absorbance, u.u\

i * PLAHyroznclePYe

FT-IR spectra of prepared PL

R
E
S
U
L
T
S

ite and PL

nanofilms.

X

o PLAMysozincte

2 o e

& W m W e
Time min

The ratio C/C, of

Green dye as a function of the time of UV
illumination using prepared PLA/Hydrozincite
and PLA/Hydrozincite/PVP nanofilms.

o

\

Antibacterial effect of different polymers depending of

x
- The presence of PLA was registered e =1 ) )
only. The absence of the hydrozinciteis = Degree of of Green dye A
due to that it is in the form of quantum : in aqueous solution after 150 minutes under time and polymer type.
dots. § i i UV light using synthesized PLA/Hydrozincite
] and PLA/Hydrozincite/PVP nanofilms.
— E -
L "~ p
nanofilm. R TV ——y —
* The photocatalytic degradation of Malachite Green (MG) dye as model pollutant in aqueous solution (5 ppm) under UV light was i d using synthesized PLA/Hydrozincite and PLA/Hydrozincite/PVP
nanofilms as photocatalysts.
The results established that the prepared PLA/Hydrozincite/PVP nanofilm possesses the higher photocatalytic ability towards degradation of MG dye in comparison with the PLA/Hydrozincite.

CONCLUSION | .

PLA/Hydrozincite 1%/PVP 1% film has excellent bactericidal activity against £.Coli. It show strong antibacterial effect even after 1 hour of contact the other composite reach the same result after 24 hours.
*  In conclusion, the work indicates that the two biocomposites film are suitable for food packaging application because it shows excellent antimicrobial activity to E. Coli already after 24 h.



ITocTep 10

I INSTITUTE o
POLYMERS
oo oo oo

POLY(VINYL ACETALS) FROM AROMATIC ALDEHYDES FOR NANOCOMPOSITE
AQUEOUS GRAPHENE DISPERSIONS AND THIN FILMS

Mariela Alexandroval, Sijka Ivanoval, Nikolay Minev?, Vera Marinova?, Darinka Christoval

I Institute of Polymers, Bulgarian Academy of Sciences
2 Institute of Optical Materials and Technologies “Acad. J. Malinowski”, Bulgarian Academy of Sciences

Graphene is a nano-carbon material with a 2D network structure that attract increasing attention owing to properties such as large specific
surface area, high mechanical strength, and superior electrical and thermal conductivity. Currently, graphene is being applied in various
products such as thermal sensors, battery electrode materials, and super capacitors.

On the other hand, polyvinyl alcohol (PVA) is an interesting commercial polymer with production over 1.2 billion kg annually including its
derivative poly(vinyl acetals)s such as poly(vinyl formal) and poly(vinyl butyral). In the past two decades, researchers have increasingly
exploited naturally occurring aromatic molecules as building blocks for sustamable polymers. The inclusion of such bioaromatics often
confers improved thermal and mechanical properties. One approach 1s to incorporate the bioaromatic within the main-chamn of the polymer,
but an alternative approach is to introduce the bioaromatic onto the polymer as pendent groups, e.g. via acetalization.

Objective: to synthesize poly(vinyl acetals) from PVA and aromatic aldehydes and to study the possibility of obtaining
nanocomposite thin films by using poly(vinyl acetal)/graphene aqueous dispersions

POLY(VINYL ACETALS) SYNTHESIS AND CHARACTERIZATION

{’\rl' _— W“" e o, ~
H:0; H'1 30 °C T

A___JJL_I_JJMJ &de L_

NMR spectrum of DMABA-modified PVA
Calculated DMABA content: 4.6 mol. %

PVA-Vanillin

| | -
3,48 J ‘l JJ
CH. = 2 |
oH ) w h\ PP A Li .
NMR spectrum of vanillin-modified PVA =
Calculated vanillin tent: 2.3 mol. % FTIR spectrum of vanillln—mlodined
1
i
POLYMER/GRAPHENE AQUEOUS DISPERSIONS AND THIN FILMS |
Graphene nanopowder supplied from Graphene Supermarket in the I‘
form of flakes with § nim average size (20-30 monolayers) was used. Optical images of PVA-DMABA and PVA-Vanillin Transmittance spectra of
thin films deposited on glass substrates PVA-DMABA and PVA-Vanillin thin
SEM images of films at UV-VIS range

e PVA-DMABA

nanopowder

Aqueous  polymer/graphene  dispersions were
btained at copolym 10 g/L and

graphene content 0.6 g/l. Dispersions were used to
obtain thin films on glass substrates by applying
spin-coating method at following conditions:

0.250 mL of the solution

first step - 10 s at 1000 rpms

second step - 40 s at 4000 rpms

PVA-Vanillin

]

Transmittance (%)
£
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Hoeu nekapcmeeHu Hocumesu 3a MoOuuyupaHo
JlekapcmeeHo docmaesiHe Ha muMOoJ10J/1 Majsieam Ha
6asama Ha nonu(cyngobemauH Memakpusnam) u xumo3aH

W Tynaposa'. [1.Hukonosa', K.Pycesa', M. CumeoHos', I1. Xpuctos?, X. Llaues?, E. Bacunesa’

1 Nabopamopus no cmpykmypa u ceolicmea Ha nonumepume, ®akynmem no xumus u ¢papmauus, CY ,Ce. KnumeHm Oxpudcku®,
Codgpus 1164, bwneapus, 6yn. [Dxetimc bayyep Ne1
2 [labopamopus no godopa3meopumu MonuMepu, nonuenekmponumu u 6uononumepu, @akynmem Mo Xumus u ¢hapmayus, CY
.C8. Knumernm Oxpudcku®, Cogpus 1164, bwnzapus, byn. [xelimc bayyep Net
3 labopamopus o mexHonoaus Ha fekapcmeeHume ¢hopmu u 6uoghbapmayusi, @akynmem ro xumus U gpapmauus, CY ,Ce.
Knumenm Oxpudcku®, Cogpusi 1164, bbneapus, 6yn. [xelmc bayyep Ne1

|. BbBegeHue: IV. PesynraTu:
Mmaykomara e ouyHo 3aGonsBaHe, 3acAraljo W ABEeTe 04K, MPU KOETO MOBMLLIEHOTO IV.1. Paamep u {- nomeHyuan Ha nekapcmeeHume
BLTPEOYHO HansraHe BOAW A0 NPOrpecUBHO HamansBaHe Ha 3peHUeTo W [0 MbiHa Hocumenu
cnenota. KoHBEHLUMOHANHOTO NedeHuWe BKNlOYBa Tepanus ¢ HecenekTsHWA Beta . i . } :
6nokep Tmonon maneart (TM), BHAacsAL ce B OKOTO nog (hopMata Ha Kanku 3a 4. 3soo0 - ) 1 MonumepHuTe HocuTenu Ha Gasarta Ha PSB
Te He ocurypABaT ebeKTUBHO TepaneBTUUHO [eicTBMe, NOpaau KpatkoTo BpeMe It PSB Lin noKkasear AonHa KpuTWYHa Temnepatypa Ha
Ha KOHTaKT MexXqy neKapcTBoTO W Oo4YHata MOBLPXHOCT, AbIDKawo ce Ha [ paateapsiHe (OKTP), kato PSB NP umar no-
OTMUBaHETO MY OT Cbn3ara. 2500 1 Y 1 Hucka [KTP B cpaBHeHwe ¢ PSB Lin.
Do6aBsHeTo Ha NonuMMepeH HocuTen, KOWTO efHOBPeMEHHO Aa B3aumopencTsa ¢ ¢, [ | . L ] BepoATHo, oOMpexeHaTa WM  CTPYKTypa,
0O4HaTa nuraesvua v NexkapcTeeHoTo BeLecTBo, 6un YBENUYANO BPEMETO 3a KOHTaKT Z . 3 npeyd Ha TAXHata arnomepayus CBC
mexay TM 1 oKoTo, KoeTo Aa AoBede [0 No-ronAaMa nekapcteeHa BuoHanuuHocT, a 2 1500 CbCeHW YacTULM, [OKa3aTencTBo 3a KoeTo e
oTTam 1 no-eeKTMBHO AeNCTBME Ha NekapcTeeHaTa opmMa. 1000 i * ] W pasMmepa Ha [Bara Buga 4acTuuM npu no-
B : BUCOKWUTE TemnepaTtypu - ~6 nm 3a PSB Lin
Il. Uen: S0 & s 1 n~11nm 3a PSB NP.
.
Llen‘ra Ha HacToAwarta paﬁo‘ra e paapaﬁoraaHe‘ro Ha HOBW NekapcTBEHW HOCUTenu ° 24 2'6 :a £ ;u = ;:, £ 3‘4 2 3‘6 - m"rypa 3. Temnepa'rypna 3aBMCMMOCT Ha
3a TuMonon maneatr Ha 6asata Ha nonu(cyndgobetanH metakpunart) (PSB) n T.% XUAPOANHAMUYHUS AWAMETBP Ha
XuTo3aH. Tean HocuUTenw ce oyakea fAa: (i) B3aumopgeWcTBaT MO-CMMHO C O4HaTa nonumepHuTe HocuTenu Ha 6asarta Ha PSB
nvrasvua, nopagv MNONMOXWTENHWA 3apAg Ha XWTO3aHa, KaTto Nno TO3W HayvH
yOBLMKaT NpecTos Ha naerll(achBeHaTa ¢opma B 0KoTO; (ii) Aa ocBOZ:mmaBaTPSTgI Mg PSE; - T T T T ]
KOHTPONMpaHo B 0KOTO GnarofapeHne Ha aHTUNONMENEeKTPONUTHUA edekT Ha , - . w _ 3
a eHOBpeMeHHo c Tosa (iii) Te ca gokasaHo GMOCHBMECTUMM N HETOKCUYHHN. : : s FBLn L 't : EpSaBaHI:EM:N(I:ang T_?:b:ogmn:roe;:“;:’c:
sl . " | oBficHM ¢ ompexeHaTa UM W no-3anpedeHa
lll. ExcnepumeHTanHa vact: sob =" . * | cTpyktypa. Taka pesynratute or Teau apa
lll.1. Cunme3 Ha nekapcmeeHume Hocumenu el " Le - | HesaBUCMMU eKcnepuMeHTa noTELpXIaBar
CuHTesnpaHu ca Tpu Tuna HaHorenHum wuactyu: (i) or PSB, ompexeH c wl . ¢ ] eCheNTUBHOCTTA Ha OMpeXBaHe.
nonu(etuneHrnukon auakpunar) (PSB NP); (ii) oT xWTo3aH, OMpeXeH ¢ HaTpueB sl * 1
Tpunonudocdart (TMNM), kakTo u (jii) ot nuHeeH PSB (PSB Lin) (durypa 1). wl s . | ®urypa 4. TemnepaTypHa 3aBUCMMOCT Ha
P 1 - noteHuwana Ha NONMMEPHUTE HOCUTENM

. . . : : » Ha Gasarta Ha PSB

W
C??L:“s MNpoGa XuaopoauHa- e on]  Ta6nuua 3. XuapoguHamuueH
\ O oH XUTO3aHOBU MUYEH [mV] paguyc W {- NoTeHuMan Ha
I N A~ A, HacTHum AnameTbp npo6uTe XuTo3aH
I OH o el [nm]
CynchoBeTanH MeTakpunar PasmepbT W - noTeHuwansT
c1 299.7+5.4 225+13 Ha XUTO3aHOBUTE HAHOYACTMLM
2 2449+ 1.5 24+129 He 3aBWUCKM OT KONMWYEeCTBOTO
OMpeXBall, areHT.
C3 2304+32 -
oH IP“ b
/‘iﬁ:,.o A0, o/\%"’\ on Harpies Tpunonudocdar IV.2. EcpexkmueHocm Ha nekapcmeeHo HamoeapeaHe (F)
[ TN e W e T -
TN T ], wi pH= 4.6, 40 MuH, M3nonsgaHm Gsixa ABa HauMHa 33 NEKAPCTBEHO HATOBAPBaHE — NO BpEME Ha CHHTE3a

craiHa T (8)

XWTO3aH B OLETHA KMCenuHa Ha Chi NP u gudysvoHHo HaToBapBaHe 3a PSB NP. EdexktvBHocTTa M npu geata

durypa 1. Cxema Ha cUHTe3 Ha (a) NnuHeeH nonu(cyndobetand meTakpunar) (PSB TUNa HacTULM € CpaBHMA.

Lin); (6) HaHowacTvum nonu(cyndobetanH metakpunar) (PSB NP); HaHouacTuum
xuTo3aH (Chi NP).

Tabnuua 1 o6o6LjaBa XUMUYHUTE POPMYN Ha M3MNON3BaHNTE peareHTy.
Audpy3anoHHo HaToBapBaHe B
pamkuTe Ha 24 uaca
Monumep : TM=10:1

Tabnuua 1. XMMU4HK hOpMYnK U POIs Ha U3NON3BaHWUTE peareHTn

Wme Ha pearenTa Ponsa Ha XumuuHa chopmyna
pearexTa

S Mg CN
4-LinaHo-4-(dheHun- AreHT 3a npeHoc N M
KapGoHOTMOMNTHO) Ha Bepurata | e et
NBHTaHOBA KHCENMHA # NHy

NH

2,2"-A306uc(2- WrHuynarop H NJx%,NHZ
METHNNPONMOHWMNONH) ¢

NH

ANXWAPOXNOPHA . ™
o
Ompexealy WGVM?CHE HatoBapeaHe no Bpeme Ha
areHT o " chHTE3 Ny
TNexapcTeeHo O. nonumep : TM=10:1 4
BELIECTBO, E j
Tumonon maneat W3non3saHo 3a i OH NH;
neyeHue Ha NA)/D\AJX _ Nty
rnayroma 5N Chi NP (C2) F =2545%
3aknoyeHue:
Ta6nuua 2. CbeTas Ha Chi NP. CMHTE3MpaHW W OXapaKTepusWpaHi ca NekapcTBEHW HOCUTENW Ha OcHOBaTa Ha PSB
Npoba — — 1 Chi. OnpeneneHa e 1 TAXHaTa CTeneH Ha HaToBapBaHe C NeKAapCTBEHO BELLecTBO
- Tabnunya 2 npeactass  TpW TUMonon Manear. lMpeAcToW MacnefBaHe Ha TeXHUA Npocun Ha NeKapcTBeHo
c1 3 1 pasnuuHu cbcTaBa Ha ocBoGoxaaBaHe.
c2 4 1 HAHOUACTULIMTE OT XMTOSaH. BnaropapHocT: Tasi paBoTa ce ochljecTsBa ¢ (uHaHCOBATa NoAKpena Ha BoHE HayuHIA

c3 5 1 wacnegsaHua Ha CY“Ce. Kn. Oxpuacku®,
MpoekT B Nogkpena Ha AokTopaHTh No 80-10-72/25.03.2021 .
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Ilosly4yaBaHe Ha CHHTETHY€H NoJIMMepeH CJIOM C ::}

MOTEHIUAJTHO aHTllﬁal('l‘epHaJlHO AeUCTBHEe INSTITUTE of
. POLYMERS

BULGARIAN ACADEMY OF SCIENCES,

3opruya Todopoea, Aumonus bakanoea, Jecucnaea [uneea, Ana llempoaa, Heau Kocesa

Hucmumym no noaumepu - BAH
Cocpus, yn. Akad. leopzu bonves, 64. 103, ex. A

'l
BegedeHue

IIpes mocieAHUTE FOAMHM pa3paGoTBaHeTO Ha GUITHPHU MaTepHaIM 3a MHAYCTPHATA M 3a NIePCOHAIHA 3alUTa € C BCe N0-HapacTBallo 3HayeHne. OCHOBHA
1jeJ1 Ha MHOTO M3CJ/Ie/IBAaHUS € N0JIy4yaBaHeTO Ha MHOBATHBHM CAMONOYMCTBAILH Ce MaTePHaIH, KOUTO Ja GHATPUPAT GHOJOTHYHH H HEGHOJIOTHUHH YaCTHUKH.
Hacrosimara pa6oTa npejictaBs noJy4aBaHe Ha akTHBEH I10JIMMepeH cJIol ¢ QyHKIMSA 3a eIMMHHHPaHe Ha 6aKTePHH M BUPYCH, KOMTO Ja 6'b/ie M3M0JI3BaH KaTo
yacT oT HOB ¢uarbpeH Marepuan (dur. 1). Tosm ok mnpeAcraBasBa ¢uiuM  Ha 6Gasara Ha nosu(xiopomerwiactupes) (PCMS) u
noau(auMeTraMmuHoetTnaMeTakpuaat) (PDMAEM), Hocem potocencubunnsarop (Benrascka posa (RB)).

Ilpoyedypa Pezyarmamu ry—
' Aa) poly(CMS).
S A 6) poly(MS-RB)

wsned IMALA
s ‘
IAEMA)

) St
poly(CMS-co-DMAEMA) reJ

e Pobun

)

A) a) IlonyyaBane Ha poly(CMS); 6) IlpuchepnnaBane Ha RB
BBPXy poly(CMS);

B)

B L R Ta6auya 1. CunmemuHU NOAUMEPHU CA0ege.

PCMS

6)

B) lonyyasane Ha poly(DMAEMA) upe3 ATRP-nosmmepusanus;

iy
2¢q. PMDETA
1o 258 ke
Lo Gt g+ 10 K SoH, @ 66°C
proy
@ue. 2. 13C NMR Ha poly(CMS).

= pmm—— -t

Wwow W m o B W& D bpe

duz. 4. C NMR Ha poly(DMAEMA).

B) Papukanosara mosuMepusanua wmexay p-CMS u
DMAEMA 0 nosny4asane Ha poly(CMS-co-DMAEMA);

"

I') MNosyuaBaue Ha pusm ot poly(RB-MS) u poly(DMAEMA).

Due. 8. I'lIX-ananu3s Ha poly(CMS).

@ue. 5. H4-cnekmep Ha poly(CMS).
@ue. 7. HY-cnexmsp Ha
poly(CMS-co-DMAEMA).

ooy W Dis¥utan Cune.

Puz, 10. HY-cnexmsp Ha noaumMeper duam om
poly(DMAEMA) u poly(CMS-RB).

Ma 7760
Mw 11900
Mz 16800
Mn/Mw 153

Memodu
Ta6auya 2. MosexyHo-mMacoeu

IlosyyennTe noMMepHH cI0eBe ca I0Ka3aHu ¥ Xapaxmepucmuxit a PCMS.
oxapakTepusupanu upes H4-cnexrpockonus, I'MX-ananus,
AMP-cnexrpockonus (Bruker 250 MHz n 600 MHz) u TT'A.

- = — ./ _._'_-———
3akaovyeHue

B nacrosimata pa60'ra 6e T0JIy4eH HOB CHHTeTHYEH IN0JIMMEepeH cI0#, CbAbprKall Benrasicka po3a ¢ NOHTEeHIIHAJIHO aHTHﬁal('l‘epHaJlHO ,uex‘vicmne. Cnosat
caeasa 1a 6'5}1(9 AONM'BJIHUTEJIHO ONITUMHU3NPAH U KBaTePpHU3HPaH. l'lpencrom‘ aHTn6a1crepnaJmn W aHTHBUPYCHHU TECTOBE 3a oNpejiesiAHe Ha
e(belcmnnoma Ha MaTepualia, KaKkTO ¥ TECTOBE 3a ollpe/ieJiAHe Ha (l)HBHKO-MeXaHH‘{HH CBO#CTBA.

@uz. 12. [Toaumepen duim om
poly(DMAEMA) u poly(CMS-RB).

- Ll ) - M) O - — B 7 )
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Shell-crosslinked mixed micelles for intracellular drug release

Katya Kamenova, Vassilena Kortenova, Georgy Grancharov, Petar Petrov

nu.ui-)emn.ww o

Laboratory of Functional and Nanostructured Polymers, Institute of Polymers, Bulgarian Academy of Scie .Akad. 6. Bonchev” str., bl. 103A, 1113 Sofia, Bulgaria

Introduction

Good structural stability and controlled release profile are of primary m\por*tame for any advanced drug delivery system. In particular, polymer micelles-based carriers can p superior in
vivo stability as well as the release of cargo can be precisely controlled. Redt p yst g cy ine moiety have been widely studied as the bioreducible dlsulﬁde (DS) bonds can

be cleaved in the presence of a redox reagent. DS linkages are relatively stable under normal physiological conditions such as in the blood stream, but they can be easily cleaved in the presence of
reducing agents such as glutathione (6SH) and dithiothreitol (DTT).

The aim on this work was to obtain stabilized polymeric micelles via crosslinking with cystamine for glutathi diated intracellular drug release. Nanocarriers were prepared by co-
assembly of two well-defined amphiphilic triblock copolymers, poly(ethylene oxide)-block-poly(e-caprolactone)-poly(ethylene oxide) (PEO-b-PCL-b-PEO) and poly(acrylic acid)-block-poly(e-
caprolactone)-block-poly(acrylic acid) (PAA-b-PCL-b-PAA). Caffeic acid phenethyl ester (CAPE) was selected as the model drug to evaluate drug loading and release capacity of non crosslinked and
crosslinked mixed micelles.

Preparation of crosslinked mixed micelles

= o 2 o NN AN : | l |
ey | [y 2 N \\/‘r }? - \ )Li/\/\/\}\( ]
4 t J X ey e o
ERGaee aar- SN £ igdh 4 :
6% - b .

with the carboxyl groups of the triblock
copolymers in presence of EDC/NHS.

mixed micelles

| PAA-PCL-PAA/PEO-PCL-PEO ‘ PAA-PCL-PAA/PEO-PCL-PEO ‘ Scheme 1. Cystamine crosslinker was reacted

PAA,-b-PCLy-b-PAR, X \ | mixed micelles

Dy & potential CMC = (] -
Copolymers = ‘
(nm) mv) (@LY) e E 3 . .
: -
PO, b-POLybPEOy,  Z6nm  06mV 000 o . | e
PEO, 3-b-PClLss-b-PEO;; / g o g L g
PAA;s-b-PCLys-b-PAA;;  32nm 22mv 0078 - 7} 3% w ‘ | ‘PP :
(mol. ratio 3:1) =Y - I} = .
2
PAA,3-b-PCLys-b-PAA s 86 nm -33mV 0063 ‘J ‘\\
Table 1. Physical chemistry characteristics of polymeric micelles : = > = T IS S el - o s -y =
Dh (nm) Dh Dh (nm)
Figure 1. Size distribution of non-crosslinked mixed Figure 2. Size distribution of crosslinked Figure 3. Size distribution of crosslinked mixed micelles
micelles (3:1 mol ratio) mixed micelles dialyzed against THF
Drug loading into mixed micelles
100 -
E 0
= g
i .
g - 5
20 - L
L B SR S R
Figure 6. Drug release profile of
non-crosslinked micelles

- ® HYPOTHESLS: The
E g breaking up of the
* a “ DS bonds in the
presence
- o of 10 mM GSH could
trigger drug release
from the inner core.
e R E s o e e e EY o @ 0 100
Dh (nm) Dh
Figure 4. Size distribution of CAPE loaded non Figure 5. Size distribution of CAPE loaded A -
crosslinked mixed micelles crosslinked mixed micelles Scheme 2. Expected mechanism of action into the cell
Conclusions
Functional micellar nanocarriers were fully loped by bly of PEOm-IrPCl_,5-b PEO;;; and PAA;-b-PCLys-b-PAA,; in water. The proper design of copolymer composition,
macromolecular characteristics and functionality offordad the formnhon cf nano-sucd cnrrlm comprising a PCL core, a middle PAA/PEO layer and a protecting PEO outer layer. CAPE was entrapped
into the PCL core via hydrophobic interactions. Cr i ined by cr g the micellar shell with cystamine. CLMs showed good sfablllfy and excellent ability against extensive
dilution by aqueous solution. The in vitro release profiles indicated ﬂm this mixed polymerlc micelles had burst drug release. In the simulated normal phy gical environment (pH 7.4), the drug release

of the crosslinked polymeric micelles was negligible.
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 Introduction -

Spherical nucleic acids (SNAs) are nanostructures composed of inorganic
or organic cores to the surface of which highly oriented oligonucleotide strands
are covalently attached thus forming a dense layer. The three-dimensional
architecture of these structures gives rise to specific properties of SNAs that
are different from those of their linear nucleic acid counterparts and are of
great interest.

Herein, we employ a novel synthetic approach for preparation of SNAs
with hybrid lipid/polymer cores. The approach involves three steps: (i)
generation of a liposomal core, (ii) coating the core with a cross-linked polymeric
shell, and (iii) grafting of the shell with oligonucleotide strands.

1.Preparation of liposomal cores

Step I

ITocTep 14

New strategy for preparation of Spherical Nucleic Acids
- with hybrid lipid/polymer cores

2.Coating of liposomal cores

SNA with
lipid/polymer core

The coating of liposomes was achieved by seeded radical copolymerization

25°C i DPPC of N-isopropylacrylamide, NIPAM, and N,N-methylenbisacrylamide used as a
w] 65°C ;{‘. cross-linking agent, initiated by 2,2'-azobis(2-methylpropi idine)
R ; \‘ dihydrochloride. The polymer shell thickness was controlled by the initiator to
E“ “ \l monomer (I/M) molar ratio.
=2 [ |
. | 1| coommtoi= 107 mv UM | RS RS T RS Shell |{ potential 7 potential %]
| ratio | Before Before After  thickness ‘¢ ‘¢
% 100 150 200 2% Costing | costing | ceeting Before coating After coating
D, nm nm nm nm mV mv
Liposomes were prepared by freeze-thawing and extrusion of 01] 785 | 828 | 920 92 -10.7 Al
aqueous dispersions of 1,2-dipalmitoyl-sn-glycero- 147, —— DPPC iposomes
\ NIPAM Mpomomes
3-phosphocholine (DPPC). Cholesterol was used as a membrane 12} \ o
sl 104 |
stabilizing agent. if ‘.\
. 1 0sf \
| Conclusions > : - \
A new strategy for preparation of SNAs with hybrid "% 2 Zo 2 % 25 0
lipid/polymer cores was proposed. The obtained lip were i s

of small size, narrow size distribution and negative I potential.
Polymer layer based on NIPAM was successfully formed on the
liposomal surface. The presence of polymer coating was proved
by UV absorption, dynamic and electrophoretic light scattering.
The particles were visualized by cryo-TEM showing their
spherical morphology and vesicular structure. The successful
formation of the oligonucleotide-grafted particles was
demonstrated spectrophotometrically. For detailed

3.6rafting with oligonucleotide strands

The surface functionalization of the resulting lipid/polymer cores was achieved
by oligonucleotide strands with non-specific base sequence, functionalized with a
methacrylamide group. The oligonucleotide strands were covalently attached to the
PNIPAm shell by copolymerization reaction with an additional portion of NIPAm.

characterization of the resulting hybrid SNAs as well as for "‘;\ - - g ol oy i 2 X
determination of the oligonucleotide grafting density staticand  _os/ | 7 i P — i 4
dynamic light scattering were employed. The R, was consistent ',,E k = o o ..’“‘ "
with R,, giving rise to R;/R, value compatible with morphology of ol \ O\ e g &~
spherical vesicles with thin shells. The strategy give rise to | ‘\g\_\“‘ g [ - .."‘
obtain SNAs with high number of oligonucleotide strands per "% & = 2 \= % we 0 a'n_ ;.n'( & w "ae B e
particle and grafting density comparable of those of
conventional SNAs. R, [Do x 10| R, | R/R, [T potential| Number oligo |  6rafting

) | nm | mist nm mV mo!eculu per ‘ dmﬂ:y ‘

‘ Acknowledgement: - [885| 313 |783| 113 | -142 5868 ,\ 0076 \
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Colloidal dispersions of methyl acrylate grafted poly(vinyl al

BbAI'APCKA

UHCTUTYT no synthesis and application for optical sensing of acetone ARAAEMIS
R S. Bozhilova ¢, K. Lazarova®, S. Ivanova 2, Ts. Babeva b, D. Christova @ Sl

2 Institute of Polymers — Bulgarian Academy of Sciences
b Institute of Optical Materials and Technologies “Acad. J. Malinowski”,
Bulgarian Academy of Sciences, Sofia, Bulgaria.

AlM

The aim of this work was to design and synthesize acetone-sensitive copolymers for optical ing application. Grafting of poly(methyl acrylate) (PMA) side chains onto
poly(vinyl alcohol) (PVA) precursor was performed in aqueous solution and in situ generated copolymer aqueous dispersions were used to obtain thin films on silicon
substrates by applying spin-coating method. In order to evaluate sensing properties of studied PVA-g-PMA, optical characteristics of the films were investigated and
h of the refi spectra in the presence of acetone vapors was followed.

RESULTS

Series of PVA-g-MA polymers were synthesized by grafting methyl acrylate (MA) onto PVA using cerium ammonium
nitrate as an initiator. The polymerization reaction was carried out under a nitrogen atmosphere in aqueous medium at 35

°C thus applying envir ly friendly r ion conditions. @ctive diameters (D'f')_ and poly dlsp.ersity
The obtained copolymer aqueous dispersions were purified from reagents residues by dialysis. Copoly position index(Eb)oftheobiaineinanonarticies
and structure were studied by using Proton Nucl M ic R ('"H NMR) and Fourier-transform Infrared Sample c Dot PDI

spectroscopy (FTIR). Nanoparticle morphology and size were determined by using Transmission Electron Microscopy | oL (nm)

i " 1 05 | 4634 | 0434
| (TEM) and Dynamic Light Scattering (DLS). 1 . | T 06T
T o ™ T 1 5 | 7260 0401

\)J\o/ - [ 2 05 | 6845 | 0098
: 2 1 2 ooe
OH i (NN ‘E - 2 5 ‘ 7 ‘ 0.090
5 °C; under nitrogen P 3 [ 66 0.086
ExaA Sl 3 1| 70 | 0.068
) il ‘ 3 5 | 7053 0.033
Obtained 20| — +
I = | © : coMloidal [;D‘ani”"’" 4 0.5 82.99 0.075
i In situ prepa'r?tigfr of cc’alloidal | drspersion -: PDI=0.60 r 7 ‘ 5 0,060
| PR | PVA¢-PMA R L 4 5 | 8191 | 0105
DLS report of PVA-g-PMA nanoparticles
A [FRA] [PVA
[ |

143698
82748
buzo

T —

‘ a J :

z [ p A

: N 5. WAVAN S VA V1Y)
"""""" mem'“w—-—m 60 sa s a2 s :.pnw; 24 s 12 06 00
FTIR spectra of PVA-g-PMA copolymers TH NMR spectra of PVA-g-PMA copolymers

APPLICATION AS OPTICAL ACETONE SENSORS

Copolymeraqueous
dispersion

As acetone is one of the widely
, detecting its vapors indoor is of
significant importance. In this context optical
sensors have the important advantages such as
room temperature detection without need of
electrical power supply and easy detection based
on color/reflectance change.

used organic

p ! _,._"‘. - Spin-coating thin film

deposition process

' e L R e et =

v Optical properties of the films including
refractive index (n) and extinction coefficient

F (k), as well as thickness (d) were determined
3 Argon from measured reflectance spectra (R) by
| 3 using two-stage nonlinear curve fitting method
F : Y= v To evaluate sensing properties of the films
P e Al they were placed in quartz cell and reflectance
E Acetone tra (R) were d in air, in argon and
o e R e in phere. Then reflect:
Wavelength(nm) hange (AR) was d
Scheme of the sensor preparation and process of Jo] detecti

< Acetone-sensitive copolymers are successfully designed by grafting poly(methyl acrylate) side chains
onto poly(vinyl alcohol) precursor.

< Thin films of poly(vinyl alcohol)-graft-poly(methyl acrylate) of different composition are successfully
deposited via spin-coating method.

“» The ful ing of vapors by using thin films of poly(vinyl alcohol)-graft-poly(methyl
acrylate) copolymers was demonstrated.

<+ A possibility of acet color detection in via ements in refl
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EFFECT OF GRAPHENE OXIDE INCORPORATION ON THE BIOCOMPATIBILITY OF
NATURAL POLYELECTROLYTE MULTILAYERS

Avgustina Danailova’, Svetozar Stoichev?,
Dardana Manga?, Ivan lliev2, Stefka Taneva', F:ﬁ:ﬁﬁﬂ‘-&‘-ﬁgam
NTI

b b a
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Introduction Results

Polyelectrolite multilayer (PEM) films for biofunctionalization of
surfaces provoke great interest worldwide and have strong
potential for biomedical applications associated with drug delivery
and fabrication of coatings for medical instruments?-2.

Nowadays, the interest in biopolymers of natural origin to build-
up multilayer films for medical applications is constantly growing.
Constructed layer by layer films of natural charged biopolymers
such as hyaluronic acid (HA) and chitosan (Chi) are
biodegradable and do not induce an immune response when < ' compounas  —°
introduced into the body?. _ Note: cell cytotoxicity was expressed as percentage of dead cells

The insertion of non-polymer components into the polymer : i 5 8 i -
matrix is another strategy employed for modulation of the bulk and Antiproliferative effect of HA/Chi/GO films
surface properties of PEM4. 3T3/72h

We have already found that incorporation of graphene oxide
(GO)-layers into the highly hydrated HA/Chi films strongly affects
their surface properties (roughness, stiffness, hydrophilicity,
growth mechanism) and thrombo-resistance®.

The present investigation is aimed to test the biocompatibility
of hybrid polyelectrolyte multilayers constructed of Chi/HA and Compounds
graphene oxide layers. GO is known as the thinnest and most ;
robust carbon nanomaterial with unique electrical, thermal and Cell adhesion

Cytotoxicity of HA/Chi/GO films

3T3/ 24h

~
@

v The investigated
model PEMs are not
cytotoxic to BALB/c 3T3
cells

Cytotoxicity (%)
5 8

¥ The hybrid
nanocomposite films do
not show a significant
antiproliferative effect

Cell Viability (%)

— . - - m
Materials and Methods g, Contro a/ching

< Simplified scheme of PEM
films build-up by Layer-by-
Layer (LbL) technique of
alternating adsorption of — ates bl 3. [na/cnis [GO/Chi] Il & IMA/ChIIZ [GO/CHIZ [HA/Chi) 5. [HA/Chi]2 [GO/Chil6
positively charged (Chl+) and Optical microscope images of mouse fibroblast 3T3 cells adhered onto 24-well

z - : = = lates coated with PEM films. Control refers to weil plate without coating.
negatively charged (HA) Fr==r : P P ing.

polysaccharides. | =N W3I72h v PEM 1 shows a
D significant decrease in

the cell adhesion.
PEMs were degosrted onto 24-well plates as foﬂows
C - negative control, PEM'’s free plate; 1 - v PEMs 2-5 show cell

[HA/Chi]yq; \ adhesion comparable to
2 - [HA/Chi]4GO; the control

3 - [HA/Chilg [GO/Chi]; . Compounds

4 [HA/Chi], [GOIChl]T[HAIChl]

% Cell culture — Culture B[ﬂmhlmc’l%u fbecco Modified Eagle's Conclusions
medium (DMEM) with 10% Fetal Calf Serum,

~N
[

 Cell Viability (%)
% 8

-]

100 units/ml penicillin and 100 pg/ml streplomycin Dat;_ldemon:tlrate gt_::_?‘d bi::ct;mpa:ibility of t!:etsttfd'ited hybri:
in a humidified incubator at 37°C with 5% CO.. muitiayer fims. The fack of any Ccitoloxicily, wea
. . - antiproliferative effect and good adhesion potential provide
<+ Cytotfoxicity assay — Neutral Red Uptake (NRU) cytotoxicity test strong evidence that the hybrid HA/Chi/GO films can be used

and reading the results by ELIZA plate reader (TECAN, Sunrise TM,| | to build up biocompatible surfaces for medical applications.
Grodig/Sazburg, Austria).
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The exertion of magnetomechanical forces is a Magnetomechanical Device
powerful tool for handling magnetic Field amplitude: 200 mT
nanoparticles (MNPs) in biological

environments by converting electromagnetic )
to mechanical energy, cousing stress on ./ Non-tumrogemc Breast HimoF
malignant cells. [1]. Magnetic hyperthermia is Magnetic Hyperthermia (set-up) _— cell line (MCF-10A) cell line (MCF-7)
a potential cancer treatment aiming to — - .

increase the temperature of the body's Y
cancerous tissues to 41-45°C, causing cell ‘
apoptosis [2].

Typical device v Frequencies (200-800 kkiz) Vs doty 0

V/  AC Fields (15- 80 mT) o
The purpose of the current study was to investigate
the cumulative effect of combination hyperthermia 200 MCF-7 200 MCF-10A & 2h
with magnetomechanical forces using magnetic

Static/
Pulsed

Frequency: 2 Hz

Magnetic Nanoparticles (Fe304)

v’ Combined treatment (Hyperthermia and Magnetomechanical)

nanoparticles (MNPs) against breast cancer cells. £ E; 20
2 £
2 3 100
3 3 s
0
U Magnetite MNPs (Fe;0,) with a hydrodynamic Q°
diameter of 250 nm were used. \\.\“
U To induce mechanical effects MNPs were °°¢6°

applied inside a pulsed magnetic field (200
mT, f = 2 Hz, exposure duration 30 min) and/or
in combination with hyperthermia (field
amplitude 60 mT, f = 375 kHz, exposure
duration 15 min)

MCF-7 MCF-10A
H (15min) yp (15min)

= ==

Pulsed+ MNPs

Tompunre (C)

+ Pulsed + Pulsed

OMTT and phase-contrast microscopy data
were collected at 24 and 120 hours to monitor
the cell viability.

Pulsed+ MNPs

The combined treatment leads to:

v All samples with MNPs reached the
hyperthermia limit T

v’ Decreased viability in breast cancer cells + MNPs

v’ After treatment cell viability of non-
cancerous cells remained high

v’ Potential use in anti-tumor therapy with
low side effects on normal cells

Nanoparticles are biocompatible and can be

used for theranostic. [ Acknowledgements: This work was supported by the National Research Program DCM#577/17.08.2018 “Young scientists and postdoctoral students”. [
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HIGHLY ADVANCED AEM WATER ELECTROLYZER WITH COMPOSITE
POLYBENZIMIDAZOLE/ZIF-8 BASED POLYMER ELECTROLYTE MEMBRANE

Galin Borisov', Hristo Penchev?, Maya Staneva?, Desislava Bodurova?, Filip Ublekov?, Evelina Slavcheva’
TInstitute of Electrochemistry and Energy Systems “Acad. Evgeni Budevski", Bulgarian Academy of Sciences, 1113 Sofia, Bulgaria
?Institute of Polymers “Acad. G. Bonchev 103A Str., Bulgarian Academy of Sciences, 1113 Sofia, Bulgaria

Introduction:

The AEM water electrolysis based on alkali-doped polymer electrolyte membrane is an efficient method to produce hydrogen with higher purity, which offers
several advantages over the traditional technologies: higher current density, low ohmic resistance, possibility to operate at higher working pressure, as well as
usage of platinum free electrocatalysts. The technology still has some problems such as non-sufficient stability of the polymer electrolyte at elevated
temperature, low conductivity of the commercially available membranes, and intensive corrosion on the bipolar plates of the cell. This work presents a
research on development of highly efficient and thermally stable membrane electrode assemblies (MEAs) with carbon free electrodes containing non-noble
metal catalysts (Co and Ni supported on Magnelli phase titania), and three-layered composite meta-PBI based membranes with incorporated 20 wt.%
commercial zeolitic imidazole framework, ZIF-8 microparticles (Basolite® Z1200, BASF) and its performance was compared with pristine m-PBI membrane,

doped with KOH. SEM-
XDR measurements: = :

PEM screening:

+ Nis&Cofec
Co-cph

g

‘ Cod/MPT

Intensity / cps
g

Intensity / cps

D (100) D(o02) D101y Doy D(200)
B - - e e
e < o o~ - -
The XRD spectra show crystallographic ori 7 The both nano sized catalyst
of the Ni particle mainly (D100, D002) and (D101). applicable for partial reactions are
The calculated particle size variates in range 16nm to very well dispersed over the catalytic
33nm. The Co particle orientation are mainly (D111 carrier surface.

and D200) with size 18nm to 26nm.
EC results:

25

|

U, /V,j/Acm?, P/ W.cm*

|,o—~jN—l_/\/!\
054

Time / min

Conclusions:

v" The developed membrane electrode assemblies demonstrates possibility
to operate at 60°C.

v" The current density reach value at about 1A.cm™ at elevated temperature.

v The composite multilayered polybenzimidazole/ZIF-8 membrane are

suitable for AEM water electrolysis cells.

This research was performed on equipment of Research Infrastructure “Energy Storage and Hydrogen Energetics” (ESHER), included in the National Roadmap for Research Infrastructure
2017-2023", granted by the Ministry of Education and Science of Republic Bulgaria, grant agreement Ne DO1-160/28.08.2018
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Introduction:

Experimental

XRD

[l

lectrochemical t

n.borisov@iees.bas.bg

Electrochemical characterization: polarization curves, dynamic stress test

Activation

electrode reactions with optimized amount of non-noble catalysts for both partial reactions.

Catalyst synthesis: acetilacetonate precursors (M[(CsH702)sJm or M-acac, M=Ni, Co, MPT (N82)
Physical characterization: X-ray diffraction (XRD), Scanning Electron Microcopy (SEM) M

MEA (membrane electron assembly) preparation : Direct assembling in the electrochemical cell

ests

0,10

— 20mgem”

‘
008 -
0,064}

le.cm'z

1,00 1,25
ENVvs. RHE

Cyclic voltammograms and polarization curves of
Co/MPT 40% wt.

075

all integrated MEAs

—05em?
1 —10em”

1.5em”
—20cm’

v o

08 06 -04 02 00 02
E/V vs. RHE
Cyclic voltammograms and polarization curves of

Ni/MPT 40% wt.

0,4

Conclusions:

v The optimal catalytic loading of anode catalyst is 0.5 mg.cm?
¥ The optimal catalytic loading of cathode catalyst is 1.0 mg.cm™
¥ The developed MEA demenstrates possibility to operate under 60C

¥ The developed stack demonstrates stable electrochemical parameters for

Bulgaria, grant agreement Ne DO1-160/28.08.2018

Single cell activation procedure at 20C

40
- o MEA components
Anode: ColN82 40%wt.
2 Ni&Co-ec i Cathode: NUNB2 40%wt
s + Cocph & 30— Membrane: AB-PBIDaposy M40
21000 N0 @NBZ E %
| S s
) |I \'| 1 33 1 l
| I A =2 S
500 | i <
J‘JMJ\.‘*I\-—AJ\‘JMI_/ LAV RN R S 3 104 .
R ° g H W s
gm DERG ot £l [SIE
fm 0 100 200 300
- Time / min

Voltage / V

Voltage / V

AEM WATER ELECTROLYZER IN STACK MODE WITH PBI-MEMBRANE

Nevelin Borisov*, Galin Borisov, Evelina Slavcheva

Institute of Electrochemistry and Energy Systems — BAS, Acad. G. Bonchev Str. Bl. 10, 1113 Sofia, Bulgaria

Water electrolysis based on alkali-doped polymer electrolyte membrane is an efficient method for production of very pure hydrogen. It
offers several advantages over the traditional technologies like higher current density, lower ohmic resistance, and possibility for
operation at higher working pressure. Both partial electrode reactions (hydrogen evolution reaction, HER, and oxygen evolution
reaction, OER, are of particular interest as they appear to be the main sources of energy losses and membrane electrode degradation.
The major problem of the technology is among of the active catalysts for both partial reactions. This work presents a development of

laboratory water electrolyze with 4 MEAs with anion conductive membrane working without precious metal catalysts for both partial

AEM and MEA

Ry

PEM test cell

EC —_prootype

|

6,0- — m g ; Temperature 20C|

4,54
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This research was supported by the National science fund under the grand agreement number KI1-06-OITP04/3. Part of the experiments are performed on equipment of Research Infrastructure
“Energy Storage and Hydrogen Energetics” (ESHER), included in the National Roadmap for Research Infrastructure 2017-2023", granted by the Ministry of Education and Science of Republic

Laboratory of PEM Hydrogen Energy Conversion
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JAHA3na n gochonunasna aKTHBHOCT BhLPX)
JHNO30MHEN chepuIHE HYKICHHOBH KHCCINHY

LCB. KAMMEHT

OXPUACKIA®
P I Kupnnka Miaznenosa', Epux Jfumirpos?, Harams TonueBa-Monuea?, ITaBen bakbspkies?, Cetna ITerposa’, ITal
JymanoBa', Mopnan JIymanos!, Crauncias Panrenos?

! Buonornyeckn dakyinrer, CV , Cs. Kimument Oxpuzcku®; > MucruryT no Iommmepn,

BnBenenne

Cdepnunnre HyKJIeHHOBH KHceaunn (SNA) ca
HYK/IGHHOBH KHCEIHHH Pa3MOTOKEeHH OKOIO AAPO OT HaH

HMMAT TOJISIM NOTeHIHSA KaTO YaCTHIH-IPEHOCHTEIH HIH
/ S s \ MOpajH TAXHATA HHCKA TOKCHYHOCT, NOBHINCHA CTA0H
DHP-co-PAGE-co- p. co-oligonucleotide
oligonucleotide npe3 paHaTa Ha KJIETKHTe H CIIOCOGHO

P
ermiepMHca. B mociieIHHTe TOJHHA Te HaMHpPAT MPHIOKE]
e()eKTHBHH peryIatopH Ha JbIrH Hekomupamm PHK wmorel
paspaGoTBaHe Ha HMY P 3a PaKOBH H 7Ip.

Ot ocobeHo 3HaueHHe mpH jH3aiiHa Ha SNAs e mpmial
(opMHpaHe Ha KOHIOTaTHTe MeXIy HyKIeHHOBHTE KHCETHHH H
ydacTBa B 00pazyBaHeTO Ha Te H C TO HA B3

P

Le @ GHOMOIEKYIIH B KJIETKaTa.
2 3 T Tyk HHe mpejicTaBAMe HOBH JIMIO30MHH CTPYKTYpPH Ha 6a
i R S , co-oligonucleotide m DPH-co-PAGE3-co-oligonucleotide. Te ce
2mol % 32.66 mal % 65.33 mol % OCHOBHH CBOJiCBa Ha MO/TyuaBaHe:

* ExasocThnaneH peakIHOHEH Ipolec.

* MeKH peaKkIHOHHH YCIOBHS.

* Besnyxnaor u 0 Ha P
* Hsnomspaxe Ha Ge3Bpe/IHH Pa3TBOPHTEIH.

* VeraHoBkara ce ¢bTOH OT 6 LED-CBeTOAHOAH H3TBUBAIIH

BBJIHATAa OT 365 nm, KOeTo NpaBH ymoredara H IOIXOAAMA
\ MOHMEPHH H GHOTOTHYHH MaTePHAH, KAKTO H 3a ()yHKIHOHAIH
* bppza H BHCOKO edekTHBHAa THON-eH ,click” npHCheaHHHTE!

pa3TBOp.
KommecTseno npesphinane ¢ BHCOK JOGHB.

Llen
IlenTa Ha H3C/IGIBAHETO € 1a OBl ONMpeeIeHo BIHAHHeTo Ha en3umvuTe J{Haza [ u oconnmaza A, BEPXy JHIIO30MHH C(EPHIHH HYKICHHOBH KHCETHHA
coabpiaty DPH-(EO);-co-oligonucleotide.

MeTtonn
3a BH3yanH3HpaHe Ha JIHNO30MHTe, chabpkamu DPH-(EO)7-co-oligonucleotide, Geme n3nonspana AS549 knerbuna minns. Knerknte 6axa nHKyGupann B cpesia DME
fetal calf serum n penicillin / streptomycin (0.1 mg/mL / 0.06 mg/mL) B Tepmoctar Ha 37°C u 5% CO,. Kinerkure 6sxa muxyGupann ¢ 0.2 pg JIHK / 1x10° kie
3aCHeMaHeTO Ha TPeTHPaHHTe KIeTKH Geme mamomn2Ban Mukpockon GE Delta Vision Ultra Microscopy System npn ysemmngerne 600x i ¢pirsp 2a 430 nm.
OmnpenensHeTo Ha eHAOHyKIeazHaTa akTHBHOCT Ha J[Haza I BEpXy KOHIOTaTHTe H JIHIIO30MHTE Ce H3BBLPIIH 4pe3 MeToaa Ha Kuniz. Exna enzumua exnHnna Geme
xomriecTBoTo Ha J[Haza, koeto ce noGass kbM | mg/ml OTHIOHYKIEOTH. KOTO NMpeIH3BHKBA MpoMsHA Ha aGcopOmmara ¢ 0,001 mpu 260 nm (A260). En3
nposesiena B 6ydep ckbe creras: 0.1 M NaOAc (pH 5.0) buffer, 4.2 mM MgSO, and 25 mM NaCl. Beme cpaBnena cnenm¢ianara aktupHocT Ha J/[Haza I BEpxy
DPH-(EO),-co-oligonucleotide, 2) THIIO30MH ChABPKANIH CAMO KOHIOTATa H 3) [ 9HCT" OIHTOHYKIEOTHI.
@ocdonnnasnara akTHBHOCT Gemme omp KaTo H Ha abcopOmmaTa mpu 280 nm ciex TpeTHpaHe HA THIO30MHTE, KOHIOTATHTE, H OTHTOHYKTEOTHAA
(pancreatic secreted PLA,, EC 3.1.1.4, PLA2GIB, pPLA2) Eusumuara peakuus Geme mposenena B Gydep cbe cheras: 25 mM Trs HCL, pH 8.0, 5 mM
H3menennero Ha A260 Gele OTYHTAHO B IIPOIB/DKEHHE HA 15 MHH IIpe3 HHTepBaH OT 1 MHH.

Pesyararn

CneumduyHa akTMBHOCT Ha /lHa3a |

1 i\
|
\
| .
\
0 i i |

EAMHULW/MG BENTBK)
N W h WU o N ® O O

CNELUMOUYHA AKTUMBHOCT (EH3MMHM

Drase | + Oligo Drase | + wovsorar
@ur.]1 Busyanusupase Ha JIHIO30MHH c(ePHUHH HYKICHHOBH KHCEIHHH, @nr. 2 Crienmrrama usoct Ha {Haza I sspxy 7 c’ :

chappxamu DPH-(EO),-co-oligonucleotide, B kiietkn A549. Chbe cTpeikH ca YK J— DPH-(EO),-co-oligonucleotid
OCOYEHH JTHITO30MHTE.

AA260 chep 5min docdonmnasHa akTMBHOCT

0.04 0.31
0.035 i 0.3
.29
g 0.025 | §°Z
> <
3 oo 0.28
.01
0.013 0.27
0.01
0.005 0.26
0 [sene =) 0 5 10

SNA-conjugate SNA-lipo BPEME, MIN

@ur. 4 TTpomsana Ha abcopOunsaTa npu 260 nm b
@ur. 3 ITpomsna Ha aGecopOumaTa npu 260 nm Xb/DKHHA Ha BhIHata Ha DPH- S THTOS0MR BRI DPH-(EO),~co-oligonucl

(EO);-co-oligonucleotide (SNA-cojugate) u smmo3zomH, chaspxamu DPH-
(EO)7-co-oligonucleotide, 5 mim crexr Tpetnpane ¢ gocdommmaza A,. docdommnaza A, 3a 15muH.

yeHIe:
JunozomunTe cepnuHn HyRIeHHOBH Kuceannn chabpkamn DPH-(EO).-co-oligonucleotide
MOLaT 1a HAB/JIH3AT B KJICTKHTE H MOI'aT [1a €€ pasrpakiar or KICTh'THHTE ,111;] JHH
dochonnnazm.
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Synthesis and characterization of liposomal spherical nucleic acids via %

incorporation of an original nucleolipid

-as.
3 N ‘ o : o —
l...‘-’? Erik Dimitrov', Natalia Toncheva-Moncheva, Pavel Bakardzhiev', Kirilka Mladenova?, Svetla Petrova?, Pavel Videv?, VIIREPCIATET

IPNOSIINIKII\;@EHS( Veselina Moskova-Doumanova?, Jordan A. Doumanov?, Barbara Trzebicka?®, Aleksander Forys?, Stanislav Rangelov'

1nstitute of Polymers, Bulgarian Acad: of Sci Akad. G. B hev St. 103A, 1113 Sofia, Bulgaria

2 Faculty of Biology, Sofia University “St. Kliment Ohridski” 8, Dragan Tsankov Blvd., 1164 Sofia, Bulgaria A

3Centre of Polymer and Carbon Materials, Polish Academy of Sci M. Curi iej 34, 41-819 Zabrze, Poland i

Spherical nucleic acids (SNAs) are nanostructures, composed of highly oriented and densely grafted oligonucleotides on the surface of a nanoparticle which can
be inorganic, hollow or organic. The dense three-dimensional arrangement of the oligonucleotides imparts unique advantages over traditional nucleic acid
delivery methods, including cellular uptake with no need of transfection agents, resistance to nuclease degradation and ability to overcome different biological
barriers. SNAs with hollow architectures are one of the new forms of SNAs. These particles consist of liposomal cores composed of phospholipids, the surface of
which is functionalized with DNA strands, modified with a hydrophobic residue, which intercalates into the phospholipid bilayer. In this study we develop a novel
synthetic route for preparation of a conjugate to be intercalated in the phospholipid bilayer. The conjugate consists of a lipid-mimetic anchor to which an
oligonucleotide strand is attached. The conjugation is performed by an initiator-free, click reaction in mild conditions not harmful for the nucleic acid.

Key words: Nucleic acid-polymer conjugates, “click” reactions, spherical nucleic acids, liposomes)

Synthesis of DHP (Mn=540 g.mol-}) Synthesis of DHP-(EO),-OH (Mn=848 g.mol}) Mesylating DHP-(EO),-OH

(g]ljy}c{f:lyﬁ) g?ﬁt;?ezﬁ;l:m(%ﬁg-o&:;g 2b;lﬂ;i.,)ﬁ mﬂ DHP-(EO),-OH was obtai:_:ed by anionic polymerization of The DHP-(EO),~OH was mesylated with mesyl chloride in
5 » » S » propylene oxide monomer. The number (n=7) of ethylene DCMq using TEA and DMAP as a base.

Hexadecanol — (HDA, Mn=24244  gmol) and glycol functional units was calculated from "HNMR spectrum.
SnCl,(260.52 g.mol ) (Scheme 1).
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'HNMR spectrum of DHP in CDCly 'HNMR spectrum of DHP-(EO),~OH in CDCl; THNMR spectrum of DHP-(EO),-OMs in CDCly
First synthetic strategy ” " : L
Conjugating with oﬁgonucleotide - and weight of the ohgolnudeoudes used. DBCO -
ibenzocyclooctyne, EG — ethylene glycol, spacer 18 — phosphodiester followed by 6 ethylene
o, glycol units.)
/\’\’\/\,\/\/\/ - Conjugation with alkyne functi lized olig leotid - . . .
01 gy MOCLTEA DMAP was made via click reaction with the azido group.
- [revpery
..,‘/\/\/\/\/\/\/\"0 b Q, e
g/ ‘l,v..ﬂ- !“.0".0 DBCO-Oligo DBCO-(EG),-(spacer 18), ta ata cga ctc 6950 230600
\=< act ata gg
lﬁ?" ‘ Nucleo-Lipid_2 10
‘ S
w NN ¢ . _— DI =0.090
SN 2
Azidation of DHP-(EO),-OMs % o0
0 min k]
The mesylate functional group was substituted with azide at E: =
40°C using DMF/DMSO as a solvent system. ]
o
e e LA 0l
D oligonucleotide after
_ D () S dialysis in 13ml
Particle size distribution Nucleolipid2 at T ey
©=0.0398 mg/ml, 25 °C, and 6 = 90°. P
‘ Agarose gel it lysis of functionalized
oligonucleotides and DHP-co-PAGE-co-oligonucleotide
100+
POI=0.106
= 50 Nucleo-Lipid_2
g o0
= o-TEM
DPPC Nucleo-Lipid_2
o :
'HNMR spectrum of DHP-(EO),—N; in CDCly 125 130 135 140 145
D, (nm)

Incorporating the conjugate in liposomes Particle size of DPPC/C p
liposomes at ¢ = 2 mM total lipid, 25 °C, and 6 = 90°.

2000 D =368x10" ms
R, =66.6nm

1) thin film formation/Ar
) 2) hydration/pH 7.4

. 3 C l .‘(Isc:::::;r;n_Mur'pnrrdlmnrlrr 100w ‘% . § 1000 1154 1120 097 TS

CF 4) freeze-thaw/liquid nitrogen - 55°C b‘u‘—m‘,\--» €

(10 cyeles) = ==
66.6 78.0 1.17 -17.8

0
DPPC Nucleo-Lipid_2
2 mol % 32.66mol % 6533 mol % R, = 66.6 nm, Rg =78.0 nm, {=-17,83 mV. 00 02 04 06 08
sin’(6/2)
Acknowledgements: This work was supported by the National Science Fund (Bulgaria) Angular dependence of the rate (') of DPPC/C lipid2 lj ate=2

Project No DN19/8-2017. mM total lipid and 25 *C for determination of R,
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Development of spherical nucleic acids from novel R Y
polystyrene/poly(chloromethylstyrene)/oligonucleotide conjugates via fﬁ{
I initiator-free click chemistry A A 8
INSTITUTE of OXPHACK M -
POLYMERS

Erik Dimitrov?, Eleni Vlassi?, Natalia Toncheva-Moncheval, Kirilka Mladenova?, Jordan A. Doumanov?, T e
Stergios Pispas?, Stanislav Rangelov!

Anstitute of Polymers, Bulgarian Academy of Sciences, Akad. G. Bonchev St. 1034, 1113 Sofia, Bulgaria, “Department of Biochemistry, Faculty of Biology, Sofia University "St. Kliment Ohridski” 8, Dragan Tsankov Blvd., 1164
Sofia, Bulgaria, *Theoretical and Physical Chemistry Institute, National Hellenic Research Foundation, Athens, Greece

Spherical nucleic acids (SNAs) are nanr-s[ruc[ur.., Lomposed

highly oriented and densely grafted oligonucle
arrangement of the oligonu i

ides on the surface of a nanoparti

le which can be inorganic, hollow or orpam (1,2). The dens
luding cellular uptal

d of transfection agents, resista and ability to ov

thetic polymer chai

Synthesis of poly(chloromethylstyrene) homopolymer and polystyrene/ poly(chloromethylstyrene) copolymers ‘

| M,=11000 g.mol,, M, /M, IASWWM‘—IDCI i

M,,=10 000 g.mol., M,,/M,=1.28 W% pcys = 30 M,=16 500 g.mol, M,/M,=1.14 Wt%ycps = 11 |

| Functionalization of the polymers with azido-groups \

e e

O
1%

Degree of conversion 100%, Yield 86% ‘

g
? fhh
N PN
T e, R

d
©

| Degree of conversion 100%, Yield 99% ‘

1H NMR spectrum of PCMS before and after azidation H NMR spectrum of P(ScoCMS) before and after azidation H NMR spectrum of PS-b-PCMS before and after azidation

€DCly 600MHz. €DCl, 600MHz. €DCly 600MHz.
- . . . . - it and lecular weight of the olij leotides used. DBCD— il looctyne,
‘ Conjugating the obtained polymers with Dl"gonUdeot'des| EG — ethylene glycol, spacer 18 — phosphodiester followed by 6 ethylene glycol unif
-
- S - ligo DBCO-(EG 18), ta ata cga ctc act s
DMTTMED DBCO-0l acer c 6950 230 600
. + h""‘”NW prs n ligo -(EG),-(spi mggh cga

O UV me

Concentration of the obtained conjugates obtained:

N, Random copolymer-co-DNA = 36.63 pg/ml (Yield=540 pg

Z calculated against DNA strains) r—
Yield = 765 g, 99,7% ; Homopolymer-co-DNA = 455 pg/ml (Yield=720 pg caleulated w1 =
g against DNA strains)
] Block copolymer-co-DNA = 38.26 (Yield=765 pg calculated against
&
oM DNA strains)
: ! I o
p ® =
 spr e T L D s : e B A
e 300 400 00 800 700 800
512 05 as6iLE
om DLS measurements:
00025
3000
D =4.44x10™ m'/s
moaf Ru=552nm 0,0020
PDI=011
i= - £
j‘? = E"‘m -
oos R =526 nm
o
. o 0.0010
f.’,f. 4 Y] ) Yy o8 10,0000 0,0002 0,0004 0,006
i p sn(u2) 4 (nm)
o TN 1) for PS-OM-Home at ¢ = 45.5 pgfmi " ination of .
an 25 °C for determination of &, -
Gel electrophorasis
pem= measurement References:
CHEMISTRY 1) NTonchy chevaM,
Finsitu"UVirradi 1025214.ht.
sif/doi.org/10.1039/DORA03IS02K
2 Toncheva-Monchey Petrova,PNIdevNMoskov TTopouzva-
- — Hristova, Rangelow -
e 1.2020,131,
This 100 bp DNA Lader 109692, hittps: //oi.org/10.101 6/| eurpolym].2020,109692
(Bulgaria) Project No DN19/8-201: 3) . Tsoukatos, 5. Pispas , N. Hadjichristidis, Macromolecules 2000, 33, 9504-9511, hitps://dol.org/10.1021/ma0011345
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P Novel amphiphilic polyglycidol/poly(e-caprolactone) and
cetmese  polyglycidol/ poly(a-cinnamyl-g-caprolactone) copolymers as highly effective cannabidiol-loaded
nanocarriers
a3
Diana Yordanova?, Erik Dimitrov!, Natalia Toncheva-Moncheva!, Denitsa Momekova?, Petar Petrov!, Georgi Grancharov?!, Stanislav Rangelov! O;Y
Institute of Pofymers, BulgarranAcademyof Sciences, ,Akad. G. Bonchev” str, bl. 1034, 1113 Sofia, Bulgaria =
2 Department of P) stical logy and Biophar ics, Faculty of Ph Medical University-Sofia, 2 Dunav Street, 1000 Sofia, Bulgaria &

Recently drug delivery systems based on amphiphilic block copolymer nanoparticles have focused much attention for controlled delivery of biological active substances (low-molecular-weight
drugs, enzymes, DNA, and RNA). Amphiphilic block copolymers frequently self-assemble in aqueous media into nanosized, spherical, core-shell micelles. Recently, for the synthesis of well-defined
block copolymers the highly efficient “click” chemistry-reactions are preferred. In this work by applying the copper-catalyzed azide—alkyne cycloaddition, novel linear block copolymers comprising

PEEGE(protected PG) and PCL was successfully obtained. Further, we report on the preparation, physicochemical and biological characterization of well defined nano-sized micellar carriers loaded
with cannabidiel (CBD).

Linear Polyglycidol-polycaptol copolymers as novel platforms for controlled delivery of
natural bioactive suhstam:es Micelle formation.

L MB:-. W/»“;WW‘*?W%IIW“%W ‘PE:"* s,

PGy 5-{PO,H-PCLyy b-{POL)-5-PGy

- f""gfw‘i'n’m & P
é\d’tﬁq i PGu-b{POa}b-PﬂnHPO"lf:-;:bﬂw ]-{ g qm

n . e
e I N e e,

PGy B-{POI-b-PICYCLcO-CLI-B-{POLb-PG

Physicochemical characterization of agueous micellar solutions containing CBD.

Characteristies E-potential
Copolymer (mv)
Molar mass and dispersity of the i
copolymers PGys-b{PO4)-b-PCL3s-b-(POL)-b-PG5s 15,300 i
PGi5-b-(PO,)-b-PCL35-b-(PO,)-b-PGys 16,300 12 0453002 177312
6438 0354005  229+24 8 229 621
PGis-b-(PO)-b-P(CyCL-co-CL}-b-(PO-b-PGgs 13,500 11
PGo-PCL,-PG,.:CBD 62127 0.22£0.03 256421 91 233 521
N e 1 g 1 (Protocol A |, copolymer:CBD=10:1)
Sy:'llihesls °L:°|I:’E|:V‘|":t|{ po:zl(lu d by d ratectl of lhm.ircid | —OH 1e) block PGys-PPO,-PCLysPPO,PGy-Ph 13045 0039+001  357+18 - - -
co| er by click reaction followe: €| on e ol ups.
ym P L sroup 155+51 00891002 329102 92 164 339
140t24  0072:001  37af11 2,03 376
Protectul Pulygly cide] M, 5000 il ' pulya propargyl « caprolaciuie u © caprolacione)
i ) PO nar o 35+16 0.022 +0.01 18.241.2 - - =
N “Hrv—'-ﬂ-H/ DH\‘/\/\,--H(\/\/\_,M PGB (PO, ]-b-P[CyCL-co-CL)-b-[PO, ) b-PG,, a7+ 00124005 241425 9 0.004 0.008
n o . (Protocal A ll, copolymer:CBD=10:1)
A B {PO,}-b-P(CyCLco-CL)-b-{PO,}-b-PGy, 45118 00722006 294413 %0 0.005 0.009
L )" L i = e (Protocol A |, copolymer:CBD=10:1)
e - = = = 141 L2
- - - - 0.002 0.007

e

HUT-78
Folyghyrinl o P eyt Eoprsarisne . epeactons) Cytotoxicity :Cfri-ﬁ:;lsrmsl;:iliv\:::nse on PG, o0 D et oo, ao 100
; b - .5 4 PGP0, PCL, (PO} PG, Ph (Promacs B
gw g w0
PGFCL PG, = z o
3 @ 8
- % H =
£ g 40 :§ 40
= 60 =
= 20 20
3
L 4 T T T T T T .
_'2 0 2 4 6 8 10 0 2 4 6 8 10
Ll concentration (jug/ml) concentration(pg/ml)
0.00 o 004 006 oog R
‘micelles concentration (mg/mi) Cytotoxicity of micellar vs. free CBD against HUT-78 and HL-60 cell lines after 72h

continues exposure at 37°C.
Cumulative drug release profile (%).
*HNMR spectra of the copalymer before and after deprotection. 100
—a— Micelles loaded with CBD Protocol A T
*— Micelles loaded with CBD Protocal A L

HL-60 _s-cBD
~#- PG, PCL, PG,-CAD (Protocol A T}

g

- _ —4— PG, -PCL,-PG, CBD (Frotocol A T)
& FG,PCL, PG, g B
% 60 = 3
g b
£ T 40
2 E 3
a8 = 20
4 | 0
— — 0 2 4 6 8 10 0o 2 4 & 8 10
0 5 0 15 20 25 concentration (pg/ml) concentration(pg/ml)
Time (k) -
1
HUT-78 HL-60
100 10
1004,

-
PR L, 0 B Pt AT

PP 17 P B P AR

< S0 g
= H =
8 L z
= - o5
= 2 o
a9 40 2
5 % k|
=) 20
o 070 810,0.0001) 7005, B0 Pt A
PP 0L £L{FO PO CIO st A ) o ik |
0.000 0.002 0.004 0.006 0.008 0.010 0.000 0.002 0.004 0.006 0.008 0.010 0.00 0.02 0.04 0.06 0.08 0.10
concentration (mg/ml) concentration (mg/ml) concentration (mg/ml)
TEM micrographs of the well defined nano-sized micellar carriers Ioaded with cannabidiol Cytotoxicity of micellar vs. free CBD against HUT-78 and HL-60 cell lines after
(CBD). 72h continues exposure at 37°C.

This research was supported in part by the Bulgarian Science Fund (Grant KP-06-OPR 03-10/2018) and by the Bulgarian Ministry of Education and Science (Grant DO1- '
217/30.11.2018) under the National Research Programme “Innovative Low-Toxic Bioactive Systems for Precision Medicine (BioActiveMed)” approved by DCM # 658/14.09.2018).
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Glycolysis of Polyethylene Terephthalate (PET) - Literature Search

B BATAPCKA Camila Alves Claudino da Silva, Neli Koseva?
AK AAI’.‘ ':\l 1 H_ 1. Sofia University St. Kliment Ohridski, Faculty of Chemistry and Pharmacy
na HAVKHTE 2. Institute of Polymers, Bulgarian Academy of Sciences

Polyethylene Terephthalate (PET)

* Thermoplastic polyester
« One of most widely produced plastics in the world.
Main applications:

* Food Packaging (e.g. bottles, trays and films)

* Non-food packaging (containers for cosmetics, healthcare, and
detergents)

 Fibres (e.g., for clothing and bags) B 0 0
= Non-woven fabrics L o—cin-c H,,U—Ll—«:'\ ) y—c—1
= Carpets e/

. B g kg
T b ! I [
eéif&"‘:’ e a8
Synthesis of PET

« Esterification: ethylene glycol
(EG) + terephthalate acid (TA)
with elimination of water.

* Transesterification: Dimethyl
terephthalate (DMT) with excess
of EG and a basic catalyst.
Methanol (CH30H).

,_}@{I‘W.,HH N VoY S
|
oL [y O i

Methods of PET Recycling
* Mechanical Recycling: : Melt reprocessing of PET waste (typically by

extrusion or injection molding). Mechanical and rheological properties
of the mechanical recycled PET are affected.

* Chemical Recycling: depolymerization of post-consumed PET to obtain
the starting monomers and/or oligomers

* Incineration for energetic gain: thermovalorization of PET objects
through incineration (heat value of PET 22.95 MJ/kg)

Chemical Recycling of PET

Similarly to esters, PET undergoes hydrolysis, alcoholysis or glycolysis,
acidolysis, aminolysis that lead to the cleaving of macromolecules.

The mechanism of chemical recycling is always to open the ester
bonds within the macromolecular chains.

Hydrolysis: Reaction of PET with water allows the poly-ester chains to
be broken down into TA and EG. The process can be carried out under
neutral, acidic, or basic conditions.

Methanolysis: treatment of PET with methanol at relatively high
temperatures (180 - 280C) and pressures (20 - 40 atm), with formation
of DMT and EG along with oligomers.

Aminolysis: The aminolysis of PET produces diamides of TPA like bis
(2-hydroxyethylene) terephthalamides (BHETA).

Glycolysis of PET

* Simplest and oldest method of PET ngf:ng’
depolymerization g W ?0 N
o O

.

Molecular degradation of PET by glycols, in the
presence of trans-esterification catalysts

o = 0~
* Main products obtained from glycolysis with EG: A
bis(2-hydroxyethyl) terephthalate (BHET) to I L "
and other oligomers (PET glycolyzates). | '\DH ‘
* BHET can be used for PET production using any A
of the method based on either DMT or TPA. o W1
Ho—' —0H

Glycols used in Glycolysis reaction
* Diethylene glycol (DEG) KO~~~ _-OH

no\_jl/on
* Glycerol
* Propylene glycol (PG) -

- PN
* Neopentyl glycol (N- 1,3-propanediol HO OH

* Polyethylene glycols:

o H
PEGs (200, 400, 600, 1000 and 1500) H{ \/t?’

Comparison the reactivity of glycols

* Ethylene glycol (EG):
HO/-..VDH

« Dipropylene glycol (DPG)

* In presence of titanium (IV) n-butoxide

The kinetics of PET glycolysis by DEG, DPG, glycerol (Gly) and mixtures of these glycols was
studied with two experimental procedures: uncatalyzed at 220°C and catalyzed (0.5%
weight titanium (IV) n-butoxide (TBT)) at 190°C. The obtained dada revealed reactivity
order of glycols: DEG > Gly > DPG for uncatalyzed reaction at 220°C and DEG > DPG > Gly
for catalyzed reaction at 190°C [1].

* In presence of titanium (IV) phosphate

PET depolymerization by EG, DEG, and PG was studied in the presence titanium (IV)-
phosphate. [2]

Table 1: Reaction conditions and main products of PET glycolysis

SEC Analysis of the Glycolized Products
PETGrade Diol Temperature (°C) Reaction Time (min)
Monomer (%) Dimer (%) Trimer (%) Tetramer (%)

Fiber Grade EG 190 - 200 150 Bl 16 0.7 02
Fiber Grade DEG 220 12 91.2** 4.5 28 15
Fiber Grade PG 180 - 188 480 93.6%** 36 18 1
Bottle Grade EG 190 - 200 105 66.7% 289 4.4 -
Bottle Grade DEG 220 8 64.2%* 33 21 304
Bottle Grade PG 180 - 190 285 52.8*** 278 11.6 5

mol of PET/monomer unit = 0.13 mol of diol = 0.36.

-]
LI e L s "o\ O,
HOT T N

o °

T

bis(2-hydroxypropyl)
terephthalate BHPT***

bis[2(2-hydroxyethoxy)-ethyl]
terephthalate BHEET**

bis(2-hydroxyethyl)
terephthalate
(BHET)*

* Under microwave irradiation with zinc acetate as catalyst

Unreacted PET could not be detected in the reaction medium after 30 min of
reaction with EG/DEG, but with higher glycols, the extent of PET conversion
was much lower [3].

Effect of glycolysis time and
molecular weight of glycol on the
extent of PET conversion [3].
Reproduced with the permission of
the "Wiley Materials” (John Wiley
& Sons, Inc.)

Application of PET glycolysis products

* Unsaturated polyester resin

* PU foams and PU dispersions

* Plasticizers

+ Additives for construction materials
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®oTOYYBCTBUTESTHU AeHAPUMEPU KaTo AoOpa anTepHaTmBa
Ha aHTUMUKPOOHa poToAMHAMUYHA Tepanusa cpeLly
Mpam oTpuuaTenHun 6akTepum ¢ NPOTUBOTYMOPHA aKTUBHOCT

Xpucto MaHos', [lecucnasa CraHeBa?, CTaHuMup C*rom-loa’ WUBo Mpabues®
1 CY“Ce.Kn.Oxpuacku”, DakynTeT No Xumus  Gapmauun, Codmun, Syn..Jx. Bayvep” 1; 2 P!

3 CY“Ca. Kn.OXPHACKH", DAKYITET MeANLMHA, Cous, yn. Koan" 1

Pesiome:
Toau TpyAa onucBa aHTUMMUKPOOHATa M aHTUTYMOPHa aKTUBHOCT Ha ABa ¢hoToakTusHu PAMAM

AeHap MC b p ¢ 1,8-Hachranumuan(cpurypa 1 A u B). UscnepsaHuTe cTpykTypmu abcopbupar

BbB BUAUMUA crlemp 1 eMUTUPAaT XbNTO-3eN1eHa chriyopecueHuns Oelle AoKa3aHo, Ye TAXHaTa aHTUMUKPOOHA aKTUBHOCT

ce yBenM4yaBa noeeye OT ABa NbTU NpY 06NbYBaHe C AHEBHA CBET/IMHA, KOeTo Bb TTa 332 UHTErpupaHeTo

WM KaTo TBa 3a oToal YHa aHTUbaKTepuanHa Tepanus. Aurusanepuanua'ra WM aKTUBHOCT ce 3anasBa cnej

onaraHeTo UM BbpXy Namy4eH nnar. B cny4as AeakTMBMpPaHeTo Ha GakTepuuTe ce ABLINKM Ha NOoJy4aBalluA ce CMHIMeTeH Kucnopoa

oT hoTOaKTUBHUTE AeHApuMepU. HeroBoTo nony e uacn ypes ¢oTo-okcuaauus Ha Kl go I* nog UV ceeTnuHa.

EdexTnT Ha geHapumepute Bbpxy MDA-MB-231 TYMOPHM KNETKM CbLUO e uscnes, WH-BUTPO [ o Ge, Ye 3amecTUTENAT

Ha nosuuus C-4 ot 1,8-HachTanuMmUAHATA CTPYKTYPa MMa peluaBallo 3HaYeHue 3a 6MonornyHaTa akTMBHOCTHA AeHApUMepa.

Control

£ P1
uv g o
EiE 365 nm E
8 20 P2
g w0
2
_g. 200

Sunlight
%0 40 4k 50 sk &0 e 700
Wavelength / nm
Ourypa 2. cnexTbp Ha Bb36yxaane (E) u dnyopecuenuus (F)
P2

Durypa 1. Muki achus Ha namyyeH nnar HeoBarpen
i et il Ha namyyeH nnar obarpen ¢ aenapumepn P1 an

(Control) n ooarpm c nmapuuepu P1uP2

npu o6

WscnenBaHm ca LBETOBUTE XapaKTepPUCTUKKN
Ha ABa coToakTUBHM AeHapumepa PAMAM,
moaucuumpanm ¢ 1,8-Hadpranumuam m Ha
namMy“4Hu TbKaHuW, 06arpeHu ¢ Tax.

Yer e, ye 6o, Te NaMmy“Hu
TbKaHU UMAT BNECTALLO XBbNT LBAT, KOETO
ce ABLMXKU Ha XbITo-3eneHaTa
cnyopecueHUus, M3NbLYBaHa ot
AeHapumepuTe. AHTUMMKPOOHaTa u
NPOTUBOTYMOPHATA aKTUBHOCT Ha
choTroakTuBHUTE aeHapumepu PAMAM

e uacneasaHa in vitro. AHTuGakTepuanHara
AKTMBHOCT Ha AeHAPUMEpPUTE e TecTBaHa
cpelly rpaM-oTpuuaTentn 6akrepum

wigti)
gt}

A= NHCHQCHz-N/_\O -P1 A = NHCH,CH,CHj; - P2 P. aeruginosa 4pes TecTa 3a paspexaaHe.
g 4 TecToBeTe Ce U3BBPLUBAT Ha TBMHO U
Cxema 1. Ctpyktypa Ha PAMAM geHgpumepute MoauduumpaHue cnep obnbYBaHe ¢ BUAUMA CBETNMHA.
Ourypa3 Pastex (sapssen wes ODGOE) e wau c 1,8- HapTanummuaute P1 u P2 Mony4eHuTe pesynTaTi NoKasear, ve

npw p:
npu o6
¥ Ha TeMHO. (a) P1, (b) P2.

AeHapUMepUTe umaTt ABOWHO NO-BUCOKA
aKTUMBHOCT crnieql obnbYBaHe ¢ AHEBHa

CBeT/IMHA. YCTaHOBEHO e CbLUO, Ye cried OTnaraHeTo Ha AeHapuMepuTe

288 nm 35
4 A £40] B 2 BLPXY NaMy4HaTa TbKaH HerosaTa XuapoMUITHOCT HaManaBa 3Ha4UTesHO,
352 o N P KOETO MHXMBMpa OTNaraHeTo Ha 6aKkTepuM Ha MOBBLPXHOCTTA My.
' ;| -
8 3 60 min 3 22 - Mo-gobparta aHTMBaKTepuasnHa akTUBHOCT NpU CBET/IMHHO obnbYBaHe
g o o Ce ABIIKU Ha reHepMPaHETO Ha CUHITIETEH KUCNOPOA, KOMTO aTakyBa
.
§ 2 O g 15 s KneTb4HaTta MemMbpaHa Ha 6akTepuanHuTe knetku. O6pasysaHeTo Ha
< g 10 . . CcuHrneTeH poa e  upes WIOAOMETPUYHUS METOA, NpU
054" kouTo |- ce TpaHcgopmupa B 13-, konTo abcopbupa npu 288nm u 352 nm.
o — 004 4 o o 4 & o 4 o o044 W nBata geHap pa np T MHOro f06pa UMTOTOKCMYHOCT CNPAMO
Lo \;:"H “:I ) 0 10 2 0 4w N 6 YOBELLKN TPOWHO OTPULIATENHM KNETKN Ha paK Ha rbpaaTa
velonat i Time / min (kneTbYHa nuHua MDA-MB-231). B Tosu cnyyai AeHapuMepsT P1 nposeaBsa
Mo-BUCOKA aKTUBHOCT.
Cs D35
288 nm 30 k-
4 3 o
352 nm o 25 .
8 s 145 min 20 Al e®
b © et p)
323 0 min g 15 .'.'._.-
{ S10 e
"t § 05| S o0°
¢ gos] o
— X gollteenssrsnsssssnasanss
300 350 400 450 500 10 20 30 40
Wavelength / nm Time / min
Ourypa 4. Aoeopuuumn cnekTbp Ha 0.4 SM Ki nol3-8 Ha P1 karo cyHKums ot
(A); npu 362 nm, oTrosapAwa Ha 13- nony4YeH B PesynTaT Ha NPUCHCTBHETO
Ha P1u P2 (B). AGcopbunonen cnekrTsp na 0.5M KI nfol3-s Ha 1cM2 namyuen nnat obarpen ¢
P1 kaTo (hyHKUMA OT BPemeTo Ha ob. (C npu 352 nm, P Ha 13- nonyven B

)

Pe3yNnTaT Ha NPUCHCTBMETO Ha 1CM2 NnamyyeH nnat obGarpex Pi uP2 (D).
©®urypa 5 HYosewxy TPOHHO OTPULATENHM KNETKH Ha Pak Ha rbpaarta (kneTbyka nuius MDA-MB-231) - cpepa:
konTpona (A); TpeTupanm c: 7.5 EM ot P1 3a 48 4; (B); ¢ 7.5 uM ot P2 (C); 30 uM ot P1 (D) u ¢ 30 uM
ot P2 (E). ABoiHO ouseTABaHe C aKPUAWH OPaHX W NPONUANEs HoauA.

P pA Ha DOHA HayuHKU 3a Mpoexr Ne KM-06-H49/2
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Ilpencenaresr
Jorr. 7-p Eyva XasragxoBa

Y meHoBe

Ac. 7-p Kara Ramernosa-CrogeoBa

Ac. 1-p Bopruira Toqoposa
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