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Improving the water-repellent and antifungal properties of electrospun i 3}
cellulose acetate materials by decoration with ZnO nanoparticles e TR

Nasko Nachey'. Mariya Spasova', Nevena Manolova', lliya Rashkov' and Mladen Naydenov?
*Laboratory of Bloactive Polymers, Institute of Polymers, Bulgarian Academy of Sclences, bl 103A, BG-1113 Sofia, Buigara,
2pepartment of Microbiology, Agricuktural University, BG-4000 Plovadly, Bulgaria

In the recent years, slectrospinning 2 congidered as one of the most perspective and effective technologles for the fabrication of continuous
polymer fibers having micro- and nanoscale diameters and length reaching several meters. Cellulose acetate (CA) Is one of the most
Important esters of cellulose. The advantages of CA are Ifs low cosf, ease of solubliity In solvents suitable for electrospinning, faclie
production and wide variety of applications. ZnO Is nontoxic and exhibits photochemical and antibacterial activity. The alm of the present
ahndywntopmpaueloctroopunmtmanpommnmmmeﬂumoaeohbaulmmmmmmmnm

Folymerird
SUTHANLRNY

Celiulose acefate (CA) Polysthyiens glycol (PEG) Zinc oxide {ZnO)
Mn = 30 000 gimol Mr = 1,800-2,200 gimol

Zn0-in-CA Zn0-in-CA

x:410:000

£2.0.€6

151°£2.0°
CA mat ZnO-in-CA mat Zn0-on-CA mat ZnO powder l L

Antifungal activity

Zn0-on-CA mat

CA mat

ZnO-in-CA mat ZnO-on-CA mat =1 N B S et
2 theta angle (%)
Conclusion. CA fibrous materials and CA/ZnO hybrid materials have been successfully prepared by conjunction of
electrospinning and electrospraying techniques. It was found that the concentration of the splnnmg solubonslduspersuons
influenced the mof the obtained bers. The incorporation of ZnO mz)amd
superhydrophobic and a gal properties to -on-CA mats. Thesefeahresmdncateﬂuttheobtamedhyhd
materials could find application in agriculture for plant protection against adhesion and growth of pathogenic fungi.

Acknowledgement: Financial support from the Bulgartan National Sciencs Fund (Grant KP-06-OPR03/2)
is gratefully acknowlsdged.
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TiO, Prospeétlve for Esca Tr’eatmé’ht

N. Stoanova, O. Stoilova, M. Spasov . Manolov#,
{d. Raskhov, M#Nayde :
$45 N Laboratory of Bioactive Polymers,*lnﬁﬂute of Polyme
: ulganan Academy of Sciences, A¢ad./,G. Bonchev St, bl. 103A,

Esca is a disease of grapevines that causes trunk damage and entire-plant wilting. Phaeomoniella
chlamydospora is one of the main fungi causing Esca. The aim of the present study was to obtain
eco-friendly materials with potential antifungal activity against P. chlamydospora based on
biodegradable and biocompatible poly(3-hydroxybutyrate) (PHB), nanosized TiO, (nanoTiO,), and
chitosan oligomers (COS).

Two types of fibrous materials based on PHB and nanoTiO, (anatase) were fabricated by electrospinning
alone or in conjunction with electrospraying.

TiO, powder
. 100 -
3 B
PHB z £ w0 TiO,-in-PHB
3 2 TiO,-on-PHB
T’“\Awm"“ £ g PH;
TiO,-in-PHB 60 4
) \'M'“Jr(f“' 40 4
TiO,-on-PHB
20 A
7,3%
0 T T T y d
r . . v r ; . 5 10 20 30 a0 50 60 70 80 o 200 400 6(:0 800 1000
4000 3500 3000 2500 2000 1500 1000 500 2 Theta, degree Temperature, °C

No interaction between PHB and nanoTiO, was detected in the FT-IR spectra of fibrous materials.
Characteristic diffraction peaks of TiO, (anatase) and PHB were detected in the XRD spectra. The residual
weight determined by TGA was close to the welght of T|O2 in the feed.

The higher roughness of the TiO,-in-PHB and T|02-on-PHB fibrous materials led to more difficult passage
of the conidia through them and resulted in a higher filtration efficiency compared to the PHB. The
TiO,-on-PHB fibrous material that contacted with P. chlamydospora during filtration experiment showed
complete inhibition of the growth of the fungi remaining in the flbrous material after the flltratlon

Filter of PHB PHE :

electrospun
fibers

A - zone inaccessible
for spores
B - filtration zone

comdla
" N
Duter 1.5-2 H{ﬁk
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spasova@polymer.bas.bg g = eI Acknowledgements FlnanCIaI support from the Bulgarlan National

stoilova@polymer.bas.bg =& wemmant - Seience Fund (Grant KP-06-OPR03/2) is gratefully acknowledged.
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Preparation and characterization of novel fibrous materials from polylactide ...

and Schiff base derivative of Jeffamine ED® and 8-hydroxyquinoline-2-carbox- j’
aldehyde and its complex with Cu?* d ‘r?’os\‘rTrquEEE

M. Ignatova', N. Stoyanova', N. Manolova', |. Rashkov', R. Kukeva?, R. Stoyanova?
Laboratory of Bioactive Polymers, Institute of Polymers, Bulgarian Academy of Sciences, Akad. G. Bonchev St,
Bl. 103A, BG-1113 Sofia, Bulgaria; ZInstitute of General and Inorganic Chemistry, Bulgarian Academy of
Sciences, Akad. G. Bonchev St, Bl. 11, BG-1113 Sofia, Bulgaria

8-hydroxyquinoline and its derivatives are well known for their high antimicrobial, antioxidant and antitumor activity. It is
assumed that their biological activity is related to their chelating ability against transition metal ions (Cu?*, Fe?*, Fe3*, etc.)
of biological importance. The incorporation of these biologically active compounds in electrospun non-woven textile can
impart favorable biological properties to the textile. The present study is aimed at the preparation of fibrous mats of
polylactide (PLA) containing a Schiff base from Jeffamine ED® and 8-hydroxyquinoline-2-carboxaldehyde (Jeff-8Q) or its
complex with Cu?* (Jeff-8Q.Cu?*) of various designs by applying one-pot electrospinning or electrospinning combined with
dip-coating. The coordination of Cu?* in Jeff-8Q.Cu?* -containing fibrous materials was studied by EPR spectroscopy.
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The EPR spectrum of type “in” mat consisted of at least two overlapped signals - a broad signal (180 K-295 K)
and a low intensive signal appeared at weak magnetic fields (blue line). The EPR spectrum of type “on” mat
contained only one slightly asymmetric signal with a g-factor and line width, which matched those observed
at type “in” mat.

CONCLUSIONS: For the first time Jeff-8Q- or Jeff-8Q.Cu?*-containing fibrous materials of various design were prepared. To
achieve this, one-pot electrospinning or combining electrospinning and dip-coating were applied. The performed EPR
analyses showed intra- and intermolecular coordination of Cu?* with O- and N-atoms of Jeffamine moieties of the fibers. In
Jeff-8Q.Cu?*/inPLA mats the 8Q moieties bridged Cu?* ions into dimeric [Cu?*-8Q] complexes. In the case of type “on” mats

only the coordination of Cu?* ions with Jeff in Jeff-8Q chains of the fibers was evidenced. Shialla?
R . R i ; ignatova@polymer.bas.bg
Acknowledgements: Financial support from the Bulgarian National Science Fund nstoyanova@polymer.bas.bg

(Grant KP-06-N39/13/2019) is kindly acknowledged. manlovearolymer bas by
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we==o, NOVEL POLYMERIC NANOSIZED SYSTEMS CONTAINING BIOLOGICALLY -
Y ACTIVE COMPOUNDS: PREPARATION AND ANTIOXIDANT ACTIVITY ]
L POLYMERS

S. Kyuchyuk, N. Stoyanova, M. Ignatova, N. Manolova, I. Rashkov e
Laboratory of Bioactive Polymers, Institute of Polymers, Bulgarian Academy of Sciences
Akad. G. Bonchev St, Bl. 103A, BG-1113 Sofia, Bulgaria

Aims: To prepare polymeric nanosized systems (electrospun nanofibers and nanoparticles)
containing biologically active compounds (Schiff base from Jeffamine ED® and 8-
hydroxyquinoline-2-carboxaldehyde (Jeff-8Q), its complex with Cu?* (Jeff-8Q.Cu?*) and
berberine chloride (Brb)) with antioxidant activity. To explore the effect of the composition of
the obtained nanosized materials on their antioxidant properties.

Preparation and antioxidant activity of Jeff-8Q- and Jeff-8Q.Cu?*-containing fibrous materials

SEM micrographs In vitro release profiles Antioxidant acthlty
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CONCLUSIONS: Novel Jeff-8Q- or Jeff-8Q.Cu?*-containing nanofibrous materials and Brb-containing nanoparticles were
prepared. The Brb incorporated in the Brb/PMA (PAA) NPs was in the amorphous state, which is favorable for use as a
drug dosage form. It was found that the in vitro release of Jeff-8Q (Jeff-8Q.Cu?*) from the type “on” mats was more rapid
than that of the type “in” mats. The Brb release profile was pH-dependent. Jeff-8Q-, Jeff-8Q.Cu?*- and Brb-containing
nanosized materials displayed high antioxidant activity. Al

selin.erdinch@polymer.bas.bg
& 2 X ” ! nstoyanova@polymer.bas.bg
.{el (\[0) )R]l VIS Financial support from the Bulgarian National Science Fund ignatova@polymer.bas.bg

rashkov@polymer.bas.bg

(Grant KP-06-N39/13/2019) is kindly acknowledged. manolova@polymer.bas.bg




Noctep 5

PREPARATION OF MIXED MESOGLOBULES FROM CATIONIC
TERMORESPONSIVE COPOLYMERS

Siyka Stoilova!, Karolina Ivanova!, Emi Haladjova2, Natalia Toncheva-Moncheva2, Stanislav Rangelov?

1 - Faculty of Pharmacy, Medical University of Sofia, 2 Dunav St., 1000 Sofia, Bulgaria
2 - Institute of Polymers, Bulgarian Academia of Science, Acad. G.Bonchev St. bl. 103-A, 1113 Sofia, Bulgaria

INTRODUCTION

Mesoglobules are colloidally stable and typically nanosized particles which are formed in dilute aqueous solution of thermosensitive polymers upon heating above certain
critical temperature. These particles are of considerable terest for drug and gene delivery. Whereas the scientific literature for mesoglobules prepared from copolymers
comprising thermosensitive moieties is huge, only few studies for preparation of mixed mesoglobules are present.

In this contribution we report on the preparation and physicochemical characterization of mixed mesoglobules obtained from two cationic thermosensitive polymers.

Positively charged mesoglobules of different compositions were prepared by applying two heating protocols - gradual and abrupt heating. Their properties were nvestigated by
dynamic and electrophoretic light scattering.

COPOLYMERS

Copolymers comprising thermoresponsive moieties based on PNIPAM or

B C‘Jﬁ'\' /—\/E‘nn\f\ . /\/’:}OH PIPOX and hydrophilic cationic moieties based on PLL or PEI were used.
n

PNIPAM and PIPOX are structural isomers, therefore, we expected their

0—¢ mixing during aggregation. The PLL and PEI moieties of copolymers were 5
J expected to provide positive charges of the particles. \NH,
H
1’ on Copolymer Code Mn | Cationic content,
g/mol %
PNIPAm-PEG-PLL;, PLL37 20 800 30 oG g i ral ok et gyeol)
poly(N-isopropylacrylamide)-graft-poly(ethylene glycol)-
poly(2-isopropyl-2-oxazoline)-ran-polyethylenimine PNIPAmPEGPLL, | PLLIO | 15200 10 (L
. PIPOX.PEL PEI 7300 50 bpoly{lysing)
PIPOX-PEI e ! PNIPAm-PEG-PLL

PREPARATION OF MIXED MESOGLOBULES

Mixtures from PLL and PEI based copolymers were used in three weight ratios: 70/30, 50/50 and 30/70. The aqueous solutions of the mixtures were prepared at a 0.5 g.Li!
total concentration. The solutions were kept at 4 °C prior to use. The behavior of neat polymers was investigated for comparison. Two heating rate protocols (gradual and
abrupt) were used. Gradual heating was performed as the copolymer solutions as well as their mixture were heated from 20 to 80 °C with heating rate of 5 °C/min. The phase
transition was followed by the changes in the scattering intensity and respectively by the hydrodynamic diameter, Dy, of the aggregates. Abrupt heating was achieved as the
copolymer solutions were abruptly heated at 70 °C. The formation of mixed mesoglobules was evaluated from the size distribution curves and I potental values.
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: CONCLUSION

The ability of PNIPAm-PEG-PLL and PIPOX-PEI termoresponsive copolymers to form cationic mixed mesoglobules was investigated. When gradual heating was
applied the particle dimensions were found to increase with temperature for PLL10/PEI mixtures at all of the investigated ratios. In contrast, when PLL37 was used
changes in D;, was observed only at the 30/70 weight ratio. In addition, upon abrupt heating PLL37/PEI mixtures exhibited bimodal size distributions with the first
maximum close to that of pure PLL37. On the contrary, PLL10/PEI mixtures resulted in monomodal size distributions with dimensions different from those of pure
mesoglobules indicating successful mixing of both copolymers. The decrease of { potential with PEI content was another indication for formation of mixed
mesoglobules of PLL10 and PEL The resulting cationic mixed mesoglobules presumably possessed a mixture of primary and secondary amines on their surface,
therefore, they were considered promising as gene delivery vehicles.

[ ——
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INTRODUCTION

Polyplexes are promising non-viral gene delivery systems. The polyplex formation is based on electrostatic interactions between synthetic polymers
or polymer particles and DNA. A necessary prerequisite for the polymer partner is the presence of positively charged groups in the polymer chain such
as amino groups. However, the type of the amino group (primary, secondary, tertiary) has been found to be essential for DNA/polymer interactions as
well as for further biological relevance of the resulting complexes. The primary amino groups are known to possess high binding affinity and to form
stable complexes with DNA, but they are usually associated with high toxicity. The secondary and tertiary amines are able to protonate to varying
degrees depending on the pH of the medium and are responsible for the successful endosomal escape and transfection efficiency.

In this work positively charged mixed mesoglobules were used as platforms for DNA condensation. They were formed from poly(N-
isopropylacrylamide)-graft-poly(ethylene glycol)-b-poly(L-lysine), PNIPAm-PEG-PLL, and poly(2-isopropyl-2-oxazoline)-ran-polyethylenimine, PIPOX-PEI,
copolymers upon heating at temperatures well above the transition temperatures of the thermosensitive moieties. The mixed composition of
mesoglobules ensured different primary to secondary amine ratios that could be important for the whole process of DNA binding, delivery, and release.
The complexation ability of mixed mesoglobules was investigated by dynamic and electrophoretic light scattering.

¥ MIXED MESOGLOBULES '

Mesoglobules were formed from PNIPAm-PEG-PLL and PIPOX-PEI cationic polymers
containing thermoresponsive moieties at three different weight ratios: 70/30, 50/50 and
30/70. They were prepared at total concentration of 0.5 mg/ml by abrupt heating

ol o PLL 43 31.4 -

protocol a A % .

The molecular characteristics of the copolymers were as follows: :g:g :gg 2287' 146 23.'160
PNIPAm-PEG-PLL denoted as PLL, Mn=15 200 g/mol, cationic content 10 wt%; 30:70 115 24'7 1:14
PIPOX-PEI denoted as PEI, Mn=7 300 g/mol, cationic content 50 wt%. * s :

PEI 235 18.4 -
g BINDING OF DNA 4

Polyplexes were prepared by drop-wise addition of appropriate amounts of water solution of DNA (salmon testes, 2000 bp) into a heated at 70 °C
aqueous dispersion of the mixed mesoglobules, under stirring. The DNA initial concentrations was 0.1 mg/ml. Polyplexes at N/P ratios in the range of 1
to 10 were prepared. The size and { potential of the systems were firstly determined at 60 °C and then after cooling to 25 °C.

Size g potential
e ——60°C e ——60°C 301—e—60°C 01+ 60°C
< o o o
400 ——25°C a0 . Al 20 _'_%:1:::1 e
: 10
S 7 =
) 2 m — @ "7 E
= 200 :;':é - 200 % ;:? E DFS
z 2 ] 2 2 20
100 ,’éé: 100 N ?45 e
% ,,' A -
ol Y 0 . PEl % PLL S
2 4 6 8 10 prs
N/P ratio N/P ratio N/P ratio
0 ——60°C 500 —+—60°C 3] ——60°C
° °
. ——25°C ——25°C — 2] ——25°C
> 10 P
7 > £ v
" ™7 . = 5 ° %
€ € 2 T~ g £ 2
= 200 =200 4 8] i\:-/_//" 5 g0 5
o o g
- g S 18
100 01 * g/i AR v ?ﬁ
& 30 v
0 7020 0 % 50/50 70130 oL 50/50
2 4 6 8 10 2 4 6 8 10 10 0 2 4 6 8 10
N/P ratio N/P ratio N/P ratio
500 —=—60°C
——25°C
400 — .
7 The size of polyplex > 7 The { potential of polyplex
. 5 E . :
i é particles formed from mixed - é particles formed from mixed
€ 4 = = 5%
=200 * ;/2 . mesoglobules was found to § 3 g/’? mesoglobules was found to
=4 — . o %4 i iti
i —t g}j depend on their composition g g/./i depend on their composition
74 o/ 5
% and temperature. 7 and the N/P ratio.
0 30/70 ) 30/70
2 4 6 8 10 3 P 3 3 0
N/P ratio N/P ratio
L CONCLUSION

Positively charged mixed mesoglobules formed from PNIPAm-PEG-PLL and PIPOX-PEI copolymers were used for DNA condensation. They differed by
composition as well as by primary to secondary amine ratio. Mesoglobules formed from pure copolymers were used as references. Polyplexes based on
pure PLL precipitated at N/P=1. At N/P>1 the complexes were positively charged ({(=18+3 mV ) of size ca. 200 nm independently from temperature.
Similar dimensions were determined for polyplexes formed from pure PEI at 60 °C. In contrast, they were strongly negative independently from the N/P
ratio and started to increase in size and even to precipitate upon cooling. The variations of Dy, and { potential were completely different when mixed
mesoglobules were used for complexation. Precipitation was detected at 50/50 and 30/70 compositions and the precipitation area shifted to higher N/P
ratios with increasing PEI content. In general, the dimensions were smaller than those of the polyplexes prepared from the pure copolymer
mesoglobules and without tending to increase upon cooling to 25°C. The { potential of all systems exhibited the typical sigmoidal curve pattern with
values changing from negative to positive upon increasing N/P. In conclusion, important physicochemical parameters of the polyplex particles can be
controlled by varying the composition of the mixed mesoglobules. Evaluation of their biological performance is the next goal of this study.
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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

Seeded radical
" copolymerization '+

= Acrylic monomer, %
* BIS&5C, 3 5h

= 65°C, 45 min

1 Y MET,
FPa

KOTEXHg,
C or,,

I
<, B
¥, o
“oaaganh

Coon? '

ODNs,

polymeric shell, and (iii) grafting of the shell with oligonucleotide strands. Liposome Polymer coated SNA with )
liposome L lipid/polymer core /
Preparation of liposomal cores Il Future goal _I
Lipid Code Structure Catoms | T,,°C
1,2-dipalmitoyl-sn-glycero- | DPPC /\/\/\/\JJ o 16 41 Liposomes were prepared by freeze-thawing
3-phosphachaline /“‘:“:j‘ij\r”\(‘vg"f’vm: and extrusion of aqueous dispersions of the two
12-distearoyl-snglycero- | DSPC . & 55 lipids differ‘fng. by T Cholesterol was used as a
3-phosphoacholine /\-A/\/\/\/\/\/\)ko/\{\a_g_c\/\ B membrane stabilizing agent.
MMAAWG 1 o
[o]
The size and { potential of liposomes were determined by  '™] 25°C 1 DPPC " pspc ﬂ | 25°C
dynamic and electrophoretic light scattering at 25 and 65 °C. The w1 65°C A | E m f‘ esc
®
size of the DPPC based liposomes was around 125 nm while that of 5;5" / | \\ " f ‘|‘
DSPC was larger (ca. 190 nm). Increasing the temperature results E‘“ k I g / | ‘
in a slight increase of particles size. All liposomes were negatively S \ . 2 / |
charged . i ¢ potential = 18,7 mV’ ¢potential = -17,2 mV B ’ |
50 100 150 200 250 50 100 150 200 250
. 3 D, nm D, nm
Coating of liposomal cores
Liposomes | Coating| D,*® " | D, %5 °¢| T potential 25 Shell /M
The coating of liposomes was achieved by seeded radical nm nm mV thickness, | ratio
N . . . nm
copolymerization of an acrylic monomer (N-isopropylacrylamide, oA 229 | 157 172 365 01
NIPAM, or 2-Hydroxyethylmethacrylate, HEMA) and NN- oPpC 266 | 165 201 55 03
methylenbisacrylamide used as a cross-linking agent, initiated by 2,2'- HEMA 169 146 210 7 01
azobis(2-methylpropionamidine) dihydrochloride. The polymer shell 182 155 -19.1 13 03
thickness was controlled by the initiator to monomer (I/M) molar ratio. T = AR AdTe A i R
L . . iposomes | Coating| Dy, W potentia e
Indications for the successful coating of liposomes were the " m mV thickness, | ratio
increase of particle size and the change of the initial T potential value. nm
The formation of a polymer layer on the liposomal surface was detected NIPAM 323 | 530 -24 67 0.1
spectrophotometrically by the appearance of characteristic absorption DSPC 460 | 910 21 135 03
262 | 298 -13.8 365 0.1
bands of NIPAM and HEMA at around 230 nm.
f HEMA 574 | 221 1956 25 | 03
Conclusions 00, .
—— DPPC liposomes ::"Eol:’.;\m;::;f ¢ \'\ r
A new strategy for preparation of SNAs with hybrid lipid/polymer 7ﬁg@r;ﬁ:‘! & liposomes at 65 °C ; I‘ I‘I
cores was proposed. The obtained liposomes were of small size, narrow g *® 604 ‘
size distribution and negative T potential. Polymer layers based on 5 %m / f \
= o
NIPAM or HEMA were successfully formed on the liposomal surface. g £ ,] v "
The presence of polymer coating was proved by UV absorption, dynamic < ‘T;*_::\‘:E:At_: ) J ju
and electrophoretic light scattering analysis. 00
200 25 250 275 300 325 350 0 50 100 150 200 250
D,, nm

Future goals

v Grafting of the polymer shell with short oligonuclectide strands.
v Physicochemical characterization of the resulting structures.

v Biological evaluation of the novel SNAs with hybrid lipid/polymer cores.

Wavelenght, nm
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IIOBBPXHOCTHO NPUCAXKJaHe Ha BbIVIEXHMAPATH BbpXY siiiueHa .j"

MeMOpaHa 3a noJiyyaBaHe Ha CTPYKTypa THN ,,YeTKa" pol
IloTeHMa/IHO NpUIOKEeHH e 32 QUATHPHU MaTepUaJIU. INSTITUTE of
1869 . POLYMERS

3opnuya Todopoea, Aumonus bakanoea, Jlecucnaea [luneea, na Illempoea, Heau Koceea — TRSINIENENTRRER:
Hucmumym no noaumepu - BAH
Cogpusi, yn. Akad. l'eopzu Bonues, 62. 103, 8x. A
BwseedeHue

B mpupojaTa HMa MHOTO NpPHMEPH 3a MeMOpaHH, KOMTO MIpasiT posisiTa HAa MaTepHalH 3a QUATpYBaHe, KaTO HAmpuMep MeMGpaHaTa Ha
siiyenara yepynka (ESM). ESM e ¢usnyecku ctabuiHa, nopecta, eBTHHa (CYMTa ce 3a OTNA/bK), U NMpUTEXKaBa KaKTO aHTHOAKTEpHAJIHU
dyHKIMH, TaKa U clIOCOGHOCTTA 3a 3a/IbpKaHe Ha OPraHHYHH MOJIEKYJIH U MeTaJIHK HOHH. ChCTaBbT H Ce ChbCTOH OT IJIMKAHH H IPOTEUHH, KOETO

A IIpaBH JIECEH 3a MOAH(l)HKal.lHﬂ MaTepHasl.

BbriaexuapaTuTe ca NPHPOAHH BellecTBAa ¢ BaKHH (QYHKIHH B XHMBHTe opraHuaMu. Te ce HaMMpaT MO MOBBPXHOCTTA Ha KJETKHTE M ca
OTTOBOPHH 3a Pa303HaBaTeJIHUTE UM CBOHCTBA, T.e. CBbP3BaT Ce CeJIEKTHBHO K'bM IPOTEHHH (Hanpumep BUpPycH). JIOKOJKOTO HH € H3BECTHO,
Ta3W XapaKTepHUCTHKA Ha BbIVIEXH/IpaTHTe He e H3II0JI3BaHa JIo cera NpH paspaboTBaHe Ha QUITHPHH MaTepHaIH.

Hacrosiniata pa6ora npejicraBs e/jHa OT CTpaTernuTe 3a MojuduiHpane Ha ESM, a HMeHHO 4pe3 npuKauBaHe Ha aJlJIeXH/I-Ch/bpKalllk 3axXapH
KbM aMHHOTPYIIHTE Ha MeMGpaHaTa 3a IoJlyyaBaHe Ha CTPyKTypa THI ,4deTka“. Taka Mmoaudunupanara ESM me 6bie 4acT OT WbPBHUsI CJIOH Ha

dunTwpen marepuasn (Pur. 1).

Ilpoyedypa u Memodu
» Otnensine Ha ESM ot cypoBo siiinie;

» CuHres Ha (2-amuHoO-2-s1€0KCcH-1,3,4,6-TeTpa-0-TpUMeETHI
cusna-anda-B-D-raukonupanosa) (A);

» CuHTe3 Ha apomaTeH auangexus (B);

» CHHTe3 Ha aJIZIeXH/I-Ch/IbPIKalllo IPOM3BO/HO HA
Bwraexupar (C);

A oH B
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» Moaudukanusa Ha ESM upe3 peakijusi Ha IOBbPXHOCTHHUTE
AMHHO IPYIH € ajl/ieXu/i-GYHKIIMOHAIM3UPAHH BbIJIEXH/|PATH;
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Que. 1: [laycaoen puamepen mamepuan.

» Ilpoaykrute Ha peakuuu (A), (B), u (C) ca oxapakTepu3upaHu C
SIMP-cnektpockonust (Bruker 250 MHz u 600 MHz), a
MojudukanusaTa Ha ESM e nokasana ypes UY-ciekTpockonusi.

BaazodaprHocmu

Pezyaimamu
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Que. 2: 'H SIMP- P Ha andexud-cedsp
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Que. 3: HY- pu Ha A P npedu u caed yHKyuoHaAu3UpaHe ¢
dexudcudvpacauy 66 Ip
Hw Te abce HBHIIH, KOUTO ce HaboAasar B o6sacrra ot 1100

P
A0 1000 1/cm na HY-cneKkTphbpa Ha ¢ I Ta p s
npucaxaaHero Ha sepurure ot IEI' Cbe 3aXapHu 0CTATBIM.

3akao4yeHue

» 3a npeB NBT e MoAMGMIMpaHa MNOBBPXHOCTTA Ha siifueHa
MeMmGpana (ESM) B crpykTypa THN ,4eTKa“ ¢ BbIVIEXH/JPATH C
LieJ ToJyyaBaHe Ha AaKTHBEH CJIOHM, 4MsATO QYHKUUS € Ja
3aldTaBa W yjgaBd YacTHIH OT OHoJoruyeH (6Ho-
pasno3HaBaTeJHH CBOHCTBA) U HEGHOJIOTHYEH ITPOH3XO/.

» llpeacrosT TecToBe 3a GHOpa3NO3HABaTEJHH CBOMCTBA ¢
nporeuH (Concanavalin A).
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Introduction

Recently drug delivery systems based on block copolymer nanoparticles have focused much attention for contrelled delivery of cancer therapeutics. Multifunctional nanosystems have been used as

carriers of two or more anticancer drugs with different pharmacological mechanisms for combination therapy, which aims at achieving synergistic effect in cancer curing and overcoming the increasingly

common problem of drug resi phiphilic block copoly
synthesis of well-defined block copolymers enabling fine tuning of the macromolecul

s frequently self-assemble in aqueous media into spherical core-shell micelles. Controlled polymerization techniques are preferred for the

structure, comp

ition, and functionality. All these factors play important role considering the preparation of polymeric

A|m * This work aims at developing functional mixed nano-sized micellar carriers of two bicactive substances, dexerubicin (DOX) and caffeic acid phenethyl ester (CAPE). 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-PEQ) and poly(acrylic acid)-block-poly(e-caprolactone)-

block-poly(acrylic acid) (PAA-b-PCL-b-PAA).

Synthesis of PAA,;-b-PCL ;:-b-PAA , triblock copolymer via
Atom transter radical polymerization on tBA and hydrolysis
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CAPE was entrapped into the PCL core via hydrophebic interactions. 2] -

DOX was loaded in the middle layer through complexation .

Tene (1)

Simultaneous in-vitro release of DOX and CAPE
ina phosphate buffer (pH=7.4).
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Drug release and cy‘tofoxu:lfy

Viability of mouse T-lymphoma L5178Y MDRI cell line after 72 h
treatment

/ Conclusions:
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micrographs of: PO bk b otelat by coppes

mediated “click” coupling reaction of preliminary
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Amphiphilic PAA-b-PCLU-PAA triblock capolymer

(B) duel drug ized via ATRP and sub hydrolysis

loaded mixed MR ond 6P reuls revealed that she two reachians

micalles were well-controlled. Functional micellar nanocarriers

for ae-dshvcry of doxcrublcm and enﬂcu: acld
vl ester were by

asse-mhly of PEOs-b-PCLys-b-PEOIS and PAA.a-b-
PCLas-b-PAA1s in water. The proper design of
copolymer composition macremolecular
characteristics and  functionality afforded the
formation of nano-sized carriers comprising a PCL
core, o middle PAA/PEQ layer and a protecting PEO
auter layer. CAPE was entrapped into the PCL core
via hydrophobic interactions, while DOX molecules
were leaded in the middle layer threugh complexation
betwean the amine and carboxylic groups of DOX and
PAA, respectively. The dual drug loaded micellar
carriers exhibited superior colloid stability and
sustained drug release profile. The developed system

good potential for effective antitumor therapy

has
Qﬁ;r reducing the negative adverse effects. /

ormtein frgL)

with DOX/CAPE loaded micelies, combination of fre:
DOX+CAPE, free DOX and free CAPE.
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Nanoparticle diffusion in polymer melts: Molecular dynamics simulations and mode-coupling theory

Hristina Popova!, Sergei A. Egorov>3#, Andrey Milchev'*

x Unstitute of Physical Chemistry, Bulgarian Academy of Sciences, 1113 Sofia, Bulgaria ERJITAPCKA
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3Institute of Physics, Johannes Gutenberg University Mainz, Staudingerweq 7, 55128 Mainz, Germany 1869 —
“Leibniz Institut fiir Polymerforschung Dresden, Hohe Strasse 6, D-01 069 Dresden, Germany
INTRODUCTION: Nanoparticle diffusion in polymer melts is studied by combination of Molecular Dynamics (MD) simulations and MODEL
Mode-Coupling Theory (MCT). In accord with earlier experimental, simulation, and theoretical studies, we find that the Stokes- 4 P,
Einstein (SE) hydrodynamic relation D,~1/R. holds when the nanoparticle radius R. is greater than the polymer gyration radius Ry o
while in the opposite regime the measured nanoparticle diffusion coefficient D, exceeds the SE value by as much as an order of e 4
magnitude. The MCT values of D, are found to be consistently higher than the MD simulation values. The observed discrepancy is e
attributed to approximations involved in constructing the microscopic friction as well as to the approximate forms for dynamic structure '
factors used in MCT. In a thorough test of underlying MCT assumptions and approximations, various structural and dynamical y 20F
quantities required as input for MCT are obtained directly from MD simulations. We present improved MCT approach, which involves 5
splitting the microscopic time-dependent friction into two terms: binary (originating from short-time dynamics) and collective (due to
long-time dynamics). Using MD data as input in MCT, we demonstrate that the total friction is largely dominated by its binary short- 08 ; :
time term, which, if neglected, leads to severe overestimation of D,. As a result, the revised version of MCT, in agreement with the : polymer melt -
present MD data, predicts 1/R,” scaling of the probe diffusion coefficient in non-hydrodynamic regime when R,<R, . If the total friction BT A : g
is dominated b¥ the collective Iong-time component, one wouﬁ observe 1/R,* scaling of D, in accordance with previous studies. B = > “
POTENTIALS: 1) Potential between nanoparticle and monomers 2) Kremer-Grest (FENE+WCA) potential 3) Weeks-Chandler-Andersen (WCA)
between bonded monomers potential between nonbonded monomers
e Nanoparticle radius R, = 0.5+5 s 2 —
-l ﬂ;::l Polymer chain length N = 103240 = u,n U,,(r)=4¢ [2) '—‘2)
1S a3 Polymer gyration radius R #~ 1.5:8 0 - = Uyeu?) I . S s B
= y v Uy, r<2™
= @ / ‘ Um(rl—{o“' R
L oo———— Cor = U 20 +U w | |
) = - ke=UrenetUwea X . :
=) = 1
=] !
i ———— | H =250
£ Nt g - S %
. A S cop == 1, My —m—1 and c — 1 . o o { r=2"%
r[o] F. Bresme and N. Quirke, Phys. Rev. Lett. 80, 3791 (1998) 2
B. L. Holian and D. J. Evans, J. Chem. Phys. 78, 5147 (1983) L 4 rlc 2 L)
Nanoparticle diffusion coefficient D, Mode-Coupling Theory (MCT) Revised Mode-Coupling Theory
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MD simulation and MCT theoretical results for nanoparticle diffusion coefficient D, | MD simulation and MCT theoretical results for total microscopic friction { s
as a function of the nanoparticle radius R, scaled by the polymer gyration radius R, | and microscopic time-dependent friction at time t=0 vs nanoparticle radius R
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CONCLUSIONS
> We present an extensive comparison between MD simulation and MCT theoretical results for the diffusion coefficient of a nanoparticle in a polymer melt of flexible chains.
> We present an improved MCT approach which involves splitting the microscopic time-dependent friction into two terms: short-time binary term and long-time collective term. The key finding
is that the microscopic friction is largely dominated by the short-time binary contribution and the neglect of the latter leads to severe overestimation of the nanoparticle diffusion coefficient.
>The revised version of MCT, in agreement with the present MD data, predicts the size-dependent scaling of the nanoparticle diffusion coefficient following 1/R? behavior when the
nanoparticle radius R, is smaller than the gyration radius R_ of the polymer chains in the melt, while in the opposite regime,when R,>Ry, the expected Stokes-Einstein 1/R_ behavior is observed.
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. LOADING OF CIPROFLOXACIN INTO POLYMERIC MICELLES OF
]33 DIFFERENT COMPOSITION

! wg&mg%g R. Stancheva, E. Haladjova, P. Petrov

BULGARIAN ACADEMY OF SCIENCES

Institute of Polymers, Bulgarian Academy of Sciences, Acad. G. Bonchev Str. Bl.103-A, Sofia 1113

. INTRODUCTION |

Ciprofloxacin (CF) is a wide spectrum antibiotic approved by FDA against various bacterial infections. The effective antimicrobial therapy, however, 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. The micellar
hydrophobic core ensures the solubilization of water insoluble drugs while the hydrophilic shell improves their biocompatibility, stability etc.

In this work the loading of CF into polymeric micelles of different composition was investigated. Non ionic polymer micelles (NPMs) formed from a triblock
copolymer based on poly(ethylene oxide) and poly(propylene oxide), known as Pluronic F127, as well as cationic polymer micelles (CPMs) based on a poly(2-
(dimethylamino)ethyl methacrylate)-b-poly(s-caprolactone)-b-poly(2-(dimethylamino)ethyl methacrylate) triblock copolymer were used. The two systems were

characterized by dynamic and electrophoretic light scattering. Encapsulation efficiency (EE) and drug loading content (DLC) were determined
spectrophotometrically.

1004

NPMs SR FORMATION OF POLYMER MICELLES | 197 CPMs
804
NPMs were formed in aqueous media under sonication at
2 604 . R
= 60 °C, and polymer concentration of 1 mg/ml. >
@ 404 CPMs were prepared by dropwise addition of copolymer, s x
2 w0l dissolved in methanol to deionized water followed by é 20
evaporation of the organic solvent giving a final concentration
(=273 mV
0 of 1 mg/ml. 0
0 20 40 60 80 100 20 40 6 8 100
D,,nm D,,nm
o LOADING OF CIPROFLOXACIN PMs CF loaded
—— into PMs
CF
Loading of CF was performed by adding appropriate amount of drug powder to the micellar dispersion in order é“‘?
to obtain polymer to drug weight ratio in the rage of 1/1 to 50/1. The mixtures were first sonicated for 1 h at 60 °C for h""m
alleviating drug solubilisation and then filtered. The filters were rinsed with ethanol and the filter fractions were
quantified spectrophotometrically in order to determine EE and DLC. The size and { potential of micelles loaded %’z,l
with CF were determined as well.
NPMs CPMs
Sample EE% DLC % Sample EE% DLC%
50-1 96.4 1.9 50-1 90.9 2.0
101 83.4 10.0 10-1 87.5 9.6
51 7341 15.3 51 89.9 19.8
12,51 30.2 13.1 2,51 94.5 37.8
11 41.0 41.0 11 61.0 61.0
250 o 250 o
200 200 . '
z 20+ .
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E Sy < 0
[=ITN g o 10 5
a L a g
50 A N 50 T e
o4 10— . - . . . - : . . - .
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of1
, 501 5 51 7 50/ 0 5
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® S CONCLUSIONS | N

PMs of two different compositions were formed from poly(ethylene oxide)-b-poly(propylene oxide)-poly(ethylene oxide) and poly(2-(dimethylamino)ethyl
methacrylate)-b-poly(e-caprolactone)-b-poly(2-(dimethylamino)ethyl methacrylate) triblock copolymers, respevtively. The micelles possessed small size (D, from 18-
32 nm) and narrow size distribution. {-potential of NPMs were close to zero due to the presence of PEO hydrophilic shell, while the cationic PDMAEMA chains
provoked strong positive value (ca. 27 mV) for CPMs. Both systems were effectively loaded with CF as the determined EE was in the range of 40-96 %. The DLC as well
as the size of the micelles were found to increase with the CF concentration. The {-potential of NPMs was independent from the CF concentration. In contrast, for
CPMs, the value started to decrease with increasing the CF amount. This could be due to the partial electrostatic interaction between PDMAEMA and the drug which
is with negative potential at neutral pH. The developed micellar systems are considered promising candidates for treatment of bacterial infections.
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XnbpuaHu xuaporenose Ha
nonu(akpunoBa KUCeNnHa-Cb-akpunamMmug) U MarHeTuT

M. CumeoHoB, A. AnocTtonos, E. Bacunesa
Jlabopamopusi no cmpykmypa u ceolicmea Ha rnonumepume, @akynmem o xumus u ¢papmayus, CY ,Ce. KnumeHm Oxpudcku

BneedeHue

aHTubakTepuanHu NOKpUTUA, KaTanusaTopu u ap.

MonumepHuTe xugporenose npeacraenasar edeKTBHA MaTpuua 3a nonyyaBaHeTo Ha MeTanHu yacTuum ¢ peduHMpaH cbcTae U
pasmep. XubpuaHute xuaporenope NpeaocTaBAT LUMPOK Ha6op OT Bb3MOXHOCTU 3a NPUIOXEHWe B pasnnyHu HanpaeneHusa Hanp.

Len Ha uzcnedeaHemo

» PaspabotBaHe Ha xubpugHM Xxugporerioee Ha
nonu(akpunoea KucenuHa-cb-akpunamug) u MarHeTuT Karto
HOB UHTENUreHTeH martepuan;

3adayu

» CMHTE3 Ha CHLMOMUMMEPHU XMAPOrenose Ha Monu(akpunosa KucenuHa)
1 nonuakpunamug c in situ ghopmupaHu MazHemumHu Yacmuyu.

» VacnenBaHe cBoicTBaTa Ha nonyyeHuTe XMbpuaHu xmaporenose

CuHmes Ha xudpozenoge 6e3 u c in situ S ‘ ' ' T R R N N = aseo0
a0l ® AABO N * * = 1 1| o AasoMm
¢gopmMupaH MazHemum 3 Ans0m + %0 4 AASO
g "l v Arsom . g® ¥ ¥ ¥ 3 F ¥ gyoaew
ésﬂ. g mgM 2 A A 1 é 70 ; < AA20M
. “ 4 L .

cm & 7 . 3 % & 7 8 { ]

AxpunoBa KucenuHa, akpunamug, 2 o] 4 3 a | I ] % &

Kanues nepcyndart (0.3 mol%), % ] y E 40 LR R g

,N’-meTuneH-6uc-akpunammg, (2 mol% g2 : § 21 F 1

S ol z 4 1 S o] 8 ]

v L
CcMbKIO R ° 1 10+ ]
; ; ; ; TEw = SR
Temnepamypa [ C]
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60°C, 45min
®urypa 2. pH 4yyBCTBUTENHOCT Ha
xugporernoseTe ¢ 1 6e3 bopmupaH in

MamuBaHe un situ MmarHeTuT

cylleHe

Habs6BaHe B
| Hab6w6BaHe B NaOH 1

MamuBaHe n

Tabnuua 1. CbcTaB Ha NonyyYeHuTe Xxugporenose

T
| 6e3 marHeTwT
/A ¢ marveTur

Mpo6a AK AAM | MarHeTuT
(Mon%) | (Mon%) ®urypa 4. TepmnyHM CBONCTBA Ha

AAS80 80 20 R nonyuyeHuTe xugporenose ¢ u 6e3
AA50 50 50 copmMupaH in situ MarHeTUT
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®urypa 5. Y cnekTpu Ha nonyyeHute
xugporenose ¢ U 6e3 popmupaH in situ
MarHeTuT

Qurypa 1. BbHweH Buag M geMoHcTpauus
Ha MarHWTHUTE CBOWCTBA Ha MONyyYeHwUTe
xugporenose AAS0M (B Cyxo CbCTOSRHUE).

Intensity, c/s

®urypa 3. TemnepatypHa
YYBCTBUTEMHOCT Ha XMAPOrenoBeTe ¢ U
6e3 hopmupaH in situ marHeTuT

08 L L L
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AA20M

—— Magnetite

2.53
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o
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Purypa 5. udpakrorpamu Ha
nonyyYyeHuTe xugporenoee ¢
cdopmupaH in situ MarHeTuT

12k

X38, 8|

®urypa 6. CEM nsobpaxeHune Ha npoba
AA50M

3aknroyeHue

» YcnelwHo ca cuHTeaupanu xugporenose Ha nonu(AK-cb-AAM) ¢ in situ popMrUpaHn MarHeTUTHU YacTuum;

» lMonyuyeHute xubpuaHu xuaporenose NposiBsiBaT pH YyBCTBUTENHOCT;

» Jluncarta Ha TemnepaTtypHa YyBCTBUTENHOCT y XUOpUAHUTE XMOporenose ce AbIMKU Ha paspyllaBaHe Ha BOAOPOAHUTE BPL3KU Mexay

cTpaHuyHuTe rpynu Ha MAK n MAAM (notebpgeHu ¢ gadHute ot U4 n [CK).

» CowoTtHowweHueTo MAK/MAAM noenusiBaBbpxy KpUCTanNHOCTTa Ha hopMupanus in situ marHetut (aaHHu ot LLUBPP).

BnazodapHocmu: Tosa uscriedeaHe e nposedeHo ¢ puHaHcoeama nookpena Ha @oHO ,HayyHu uscnedsaHus“ no npoexm AM19/4.
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mﬂ . Hanokomno3autHu katanusaropu ot Ni, Co u Mn 3a ankanHa enektponu3sa
AKAAEMUSA
Ha H.\\n\‘l ITE
KamepuHa Makcumosa-flumumposa, Enegpmepua Jlepmepoea, anuH Gopucos, EsenuHa Cnasyesa 1869
UHcmumym no Enexkmpoxumusi u eHepauliHu cucmemu ,,Akad. EezeHu bydeecku” - brnzapcka Akademus Ha Haykume
Akad. I". bonyee 10, 1113 Cogpusi, bbnzapus
katerina.maksimova@iees.bas.b

CuHTeaupanm ca karanusaropute NiMn, CoMn, NiCoMn, Co30, Ni40 Bbpxy 6e3BbrnepoaeH HocuTen no 3on-refl MeTo, KaTo CbAbPXaHNETO Ha
metan B TAx e 40 1.% u 3071.%. U3non3sanu ca metoaute SEM n XRD 3a uscnegsane Ha mopchonorusita, XuMU4HaTa CTPyKTypa u cpasute Ha
KaTanu3aartopute. 3a u3cnefiBaHe BIUAHUETO Ha CbCTaBUTE BbPXY KaTanMTM4HaTa aKTMBHOCT Ha KaTann3aTopuTe Ca U3NoN3BaHu eNeKTPOXUMUYHU
TecToBe- UMKNWYHA BONTaMeTpMsA, NONAPN3aLMOHHA KPMBM M NOTEHLMOCTaTMYHM KpuBM. KaTanusaTopute ca TecTBaHu B ankanHa cpeaa 25% KOH
¥ NONUMepPHa aHNOHNPOBOASALLA eNeKTPONUTHAa MeMOpaHa 3a peakuuuTe Ha OTAensiHe Ha BOAOPOA U KUCTIOPOA.

3on-ren meToAa:

v Otnarane Ha Ni, Co u Mn kato UM BBPXY MPT (Ti-dy ics Co.) N82
v Ay pekypcopu (M ((CsH102),|),,l ('M Ni, Co, Mn), (Alfa Aesar).
v Xomor paHe Ha npekypcopuTe 1 npu nporpama ¢ y Ha paTyparta B peay atmoctpepa ot H, npu 240°C

KaranutuveH Hocuten N82
800 b NiCoMn@N 82

v' Buocka enexTpuyHa npoBOoAMMOCT NiMn@NB2
v KopoauonHa ycroiunsoct s00 | —— Comn@nsz

Karanusaropu

v NiMn/N82 - Ni-fcc (Ni-kybuuHa cuHronus)
v" CoMn/N82 - Co-hcp (Co-xekcaronansa

v [ise kpuctantm cazm: e 30 cuHronus) u Co-fcc.
Marneny dasm Turau (Ti,0;) 2 | v NiCoMn/N82 - fcc chasa, NiCo Tebpa
Xonaugut KxTigOyg (1<x<1.2) %’ 300 | N adal paaTsop.
v P Ha < ) IR, ), LAy v Mn npucbeTsa noa dhopmpara Ha okcua
v' Paamep Ha yactuuure 100-150 nm E NN ul‘r’ ‘-‘v‘v'-j ¥, MNK WnuHen
v TosbpxHocTHa nnouy 45-50 m2.g-! 100F 4 W le v' Paamep Ha kpuctanutute 14-40 nm

P 20 30 & 40 50 50 70 20 90

ne2
* o7
- KxTBO%E

Intensity / cps

MoteHyvoctaTuykm kpueu,E =2 V, MemBpaxeH enektpoaeH
naket (MEA) ¢ Ni40 katog u Co30 aHog

RH 30% | RH'50% |

600 842 1030 1140 150F _— Niso/PBI/Co30C 1
— PYPBI/Pt

P-PBI/MMT/KOH 235 610 1070 | 1320 | 1420 100 ]

T T T T T

AnnonHa nposoaumoct (MS.cm’) va p-PBI memGpann npu 110 ° C u paznuuna RH, p-PBI // §

KOH: 15.3 wt. % p-PBI, 84.7 wt. % PazTeop Ha enekrponut Ha KOH, p-PBI / 50% MMT / KOH: 5.5 § 50 g
wt. % p-PBI, 2,25 wt. % MMT, 92.25 Tern.% Pa3tsop Ha enektponut Ha KOH. 3a 50% sogex 3

p p Ha KOH e P npu 100 °C ot okono 1400 mS.cm.
H. Penchev G. Borisov, E. Petkucheva, I. Radev, E. Slavcheva ,Highly KOH doped para- S 1
polybenzimidazole anion exchange membrane and its performance in PUTinO,,, catalyzed
water electrolysis cell, Materials Letters 221 (2018) 28-130
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EnekTponuana knetka ¢ 4 xepMeTU4eCKH M30NMPaHK KaMepu, paGoTella ¢ aHUOHNpPOBOAALWA |
memBpana (AEM), Temnepatypen ananaaoH Ha pa6ota - ot 25°C go 160°C
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—— Co30
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E/V ENV vs. RHE ENVvs. RHE
v K N82e W ycTOM puan 3a NpW BOAHA ENEKTPONK3a 1 Npu P c (AEM)
v | pu oT Heb. POAHN MeTanu pupaT Bucoka ed cnpsamo Ha Ha ] c
YCTOWYMBOCT.
v MEA c erpageH Ni / MPT katog u Co / MPT anop nokaasat no-fobpu nokasatenu Ha MEA ¢ Pt/ MPT enextpoau.
v OtyeTeHaTa NTLTHOCT Ha Toka 3a 3a MEA ¢ PoAeH MeTan, BBbpXy P N82 e 36-38 mA .cm . Taau cToiHocCT € 1,5 MbTH No-BUCOKA OT NITLTHOCTTA Ha
Toka 3a MeMDb| naker ¢ kosTo e 22-25 mA.cmZ.

v" Karanuaaropure Ni/Co/Mn, Co / Mn » Ni/ Mn umar npu uabp
v Hait-BUCOKaTa CKOpOCT Ha AABETE YaCTUYHW eNeKTPOAHM Peakuun e Janucana 3a CoMn 160 mA.cm? npu KaTofeH noTeHuman ot -0 7V u 58 mA.cm?, npu aHoaeH noteHuuan chotsetHo 1,8 V. Tean

or y MO-PaHo AaHHM 3a Ha Co, BBLpXY Chbiums Toit kato Kob: e fobpe CbC cBOATa
aktusHocT kbM OER, Ho He np: pa HER, PP Ha CoMn AQHO Ce ABIKKM Ha HaMnun P a Mexay ABara MeTana.
Bnarogap H: Hayuna Mporp HHi p prus 3a Tp pTa u Guta - ENNIOC*, forosop [101-2014/28.11.2018

Hauuonanna Hayuna UncppacTpykTypa 3a np " Ha HOBM P WHOPAMAT, florosop /101-155/28.08.2018
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“MJIAJMTE YYEHHU B CBETA HA IIOJIMMEPUTE” 10 CENTEMBPH 2020

Enektpoau 3a metan-xuapug (MX) — Bb3ayx 6arepus, cbabpxawm TedIoOHM3UpaHu BbIrnepogHn Mmarepuanu

Basentun Tep3ues*!, bopucias A6pames!, Tonn Cnacos?, Cranunciasa Togoposa?,

JlIrwoen Muxaiiios?, Esesmnna Bacniesa?, Koncrantun Ilerpos!

HHcmumym no enekmpoxumust u eHepauiiHu cucmemu, baazapcka Akademus Ha Haykume, Baazapus, Cogpus 1113 ya. Akad. I Bonves 6a. 10
2Cogpuiicku ynueepcumem ,Ce. Knumenm Oxpudcku’, Pakyamem no xumus u papmayus, buazapus, Cogpus 1164, ya. [|xceiimc Bayyep 1

*Corresponding author: valentin.terziev@iees.bas.bg

AxymyJ1aTop 6a3MpaH Ha CHCTEMHTe MeTaj — Bb3IyX H/HIH MeTajleH XHIPHI-Bb3AYX € H3K/IIUHTEIHO NepCneKTHBeH, Thil KaTo ChueTaBa NPeIMMCTBATA HA HHUKeJI-MeTaj
XWIpHWIHHTe 6aTePHH OT eIHA CTAHA M NPAKTHYECKH HeOrPaHHYeHHs TeT Ha KHCJI0P ejeKTpox ot Apyra. IIpenMyiiecTBaTa Ha eJHAa TAKABA CHCTEMA Ca: BHCOKA
IUTBTHOCT HA eHepPrusiTa, BHCOK KANANMTeT, HHCKA IeHA H eKOJIOIHYHOCT Ha m3xoanuTe Marepnaian. Ilpes roxmuure rasoamdysmonnust ciaoii (IJIC) Ha enexTpoza ce
NPHIoTBs OT XHApPodobeH BbIIepoaeH MaTepuaJl, MoAHPHIHPAH ¢ TelI0OH 10 Ch3JaJeHa 32 eJITa TeXHOJIOIHsl, KOHTO OCHIYPsiIBa MeXaHHYHA cTalmIHOCT Ha eexTpoaa. IJIC
npuTeRaBa BHCOKAa mopucrocT (oko0 0,9 cm?/g), Taka de ja ocurypn Obp3a audysus u edeKTHBHO 3axpaHBaHe ¢ Kuciaopoa. ITopaau Bucokara cm xuapododHoct, Toi
NpPEeIOTBPATABA H3THYAHETO HA €1eKTPOJIHTA npe3 eiextpoia. Ilpes 2016 roamHa Gemie 10Pa3BHTa M YChBbPIIEHCTBAHA WHOBATHBHA TEXHOJIOTHS 32 TeduIOHH3HpaHe Ha
BBIVIEPOHH MaTePHAIH (Ca/KIH) ¢ BHCOKO ChAbP/KaHNe Ha TedwioH, 10CTHramo o 60 Ter0BHA nponenTa. Ypes Taka pa3paboTeHaTa TeXHOJIOIHSI Ce MOCTHIHA W XOMOTeHHO
pasnpenesienne Ha TeduioHa BbPXY BbIVIeHOBHTe YacTHUH.. H310/13BaHeTo Ha TeduIOHH3HPAHH CA/KIH € B OCHOBATA HA MOJYYaBAHETO HAa MeXaHHueckH crabmann MX u
KHCJI0OPOIHH e1eKTPoaH. 3a HANpaBaTa Ha eJIeKTPoxnTe Gsixa H3no/a3Bann xuapododnsupann cazan ot Tun Vulcan XC-72.

P \ AeGenuna na FAC = 50 wrfow’

NITLTHOCT Ha Toka (i) MA/CM’

40 45 50 55 80 &5 70

Tedhnomn suun wa caxan (XC) % rern

Torpadus Ha n3xojen npax or VULCAN XC-72 (a) u (6) cien Teduionnsannsi  3aBHCHMOCT Ha ILTHTHOCTA HA TOKA OT CTeNeHTTAa HA TedIOHA3AIHS

Hanpexetwe Ha kneTxara (MB)

P Mopan 10aepANpEpRIM LLNE 5 >250 38pAIYPESPAIHY LpKBNA 024 67 mg ranamer wa 1™ prpuae ) 0.24
itals g A :éx §
g 2
10004 1000. g 0.0 E 004
g w w
o £ o ] g
{ E 024 024
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1001 = Havan 10 3paapaspaos s
— F T T 04 T T T T T T 04 T T T
2 3 4 5 6 7 8 9 10 0 100 200 300 00:00 0200 04:00 06:00 08:00 10:00 12:00 14:00 00:00 40:00 80:00 120:00 160:00 200:00 240:00
Epcltipern Epof Lpscmi Bpeue (vacone) Bpee (sacone)

3apap/paspagHa xapaktepuctuka Ha [iE ¢ KatanutuueH cnoi ot cpebpo 3apnap/paspaaHa xapaktepuctuka Ha MX enekTpog usrotseH ot cnnas ¢be cheraB MmLag 5, Ce ¢6Niy 1sFe g5

U3sBogmn

* MaxkcHMAaJIHH ILIBTHOCTH HA TOKA NPH KHCJIOPOHHS eJIEKTPOJ ce MoJIy4aBaT NpH No-HACKA cTelleH HAa TedIoHH3aNMsI
(oxo0i10 40 Teri. %), nocTuramu Hajx 40 MA/cm2.

* Ilpoab/kaTelHa paGoTa B AJKAJeH PA3TBOP H3HCKBA MO-BHCOKA CTAOHJIHOCT HA KHCJIODOJHHS eJeKTpoa. 3a meaTa
Os1ixa u3no3Banu teduionnsupand 60 teri. % caxau, IPH KOMTO TOKOBHTe HaroBapBanusi gocturar 10-15 mA/cm?,
KO0eTo e MoBeve OT J0CTATHYHO 3a NOCTABeHHTe OT HAC IeJIH 3a peajlM3MpaHe HAa JeMOHCTpPANMOHeH NPOTOTHI Ha
OaTepHsi MeTaJl XHIPHI/Bb3IYyX.

* HsnonspaneTo Ha TeIOHH3HPAHH CAK/IH € B OCHOBATA HA NMOJYYaBAHETO HA MeXaHHYHO cTabnaan MX H KHcI0poaHH
eJIeKTPO/IH, I03BOJIsIBAINN NocTHraneTo Ha HaJX 200 3apsii/paspsIHa HHKDJIA.

BnaropgapHocTu

Pa6orara ce peanusupa ¢ puHaHcoBaTa NoMoLY Ha:

HayuoHanHata HayyHa nporpama "HuckosbrnepogHa eHeprus sa TpaHcnopra u 6ura E+, puHaHcupaHa ot MuHucrepcTeo Ha obp TO U HayKara [101-
214/29.11.2018

LleHTbp 3a KomnetreHTHOocT XUTMOBW/1 TexHonorumn U cuctemm sa reHepupaHe, Cbxpat 1 notpebneHune Ha yucra eHeprus, npoekt Ne BGO5M20P001-1.002-

0014 ce ocblyecTeaBa ¢ pUHaHcoBaTa nogkpena Ha Ol ,Hayka u o6pasosaHue 3a HTenureHTeH pacrex” 2014-2020, cbpuHaHcupaHa ot EC upes EPPP
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INTRODUCTION

Synthesis and characterization of N- and P- containing
triethoxysilanes for modification of mesoporous particles

O. Tumurbaatar?, H. Lazarova?, P. Tuleshkov!, M. Popova?, P. Shestakova?, N.
Koseval
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Silica materials are cheap, robust, and inert under most synthetic and catalytic conditions, but most importantly, the presence of
silanol moieties on the surface allows for easy functionalization of the surface by condensation reactions or protonolysis. The
incorporation of different functionalities on silica has been mostly designed through the post-modification of surfaces by tailored

molecules containing a terminal trialkoxy- or trichlorosilane.

Aminophosphonic acid derivatives with polar and conjugated

groups can be attractive candidates for different industrial applications. The results presented in this poster concern studies
focussed on the synthesis of N- and P- containing triethoxysilanes and their use for modification of mesoporous silicates.

SCHIFF BASES MESOPOROUS SILICATES
METHODS /” METHODS N
A Schiff base was prepared from (3-aminopropyl) triethoxysilane > The mesoporous KIL-2 and MCM-48 materials were prepared by
(APTES) and furfural (Schiff base ). hydrothermal synthesis and characterized by XRD, TEM and
An aminophosphonate derivative of APTES (Ph-APTES) was nitrogen physisorption.
synthesized through addition of diethyl phosphite to the »  Initial mesoporous silicas were modified with the Schiff base and
azomethine bond of the Schiff base using CdI, as catalyst Ph-APTES by post synthesis method.
The structures of the compounds were characterized by IR, 'H »  The modified mesoporous silicates were characterized by thermal
NMR and 3C NMR spectroscopy. analysis (TGA) and/or BET analysis in view of their application as
\ sorbents for carbon dioxide.
( PROCEDURE
Ny A e PROCEDURE )
= oluene
/\O/s:g\/\uu, + 0. Iﬁhi) X\\ . g‘: x‘/\/\n r [E;} t/\/\N\/Q
N Schiff base e \\ RN
T=50°C, Cdl, - .
"} H /O i 3_’- {“““" A~ toluene
\)—\ e iglyme . i P i\) HN. H Eﬂ/\/\k
/\O/H\"/\ m...%: —\ 60°C, 24 h
\ Ph-APTES / /\o/ﬂ\)/\ /\o/&\"y
/ RESULTS f TGA-Result \ / RESULTS \
NMR-Result IR-Result — -
- ‘E w o e TR s TEM N, physisorption data and.CO, adsorption
.l S o i
| - — Sample Pore Pore Co.
QL ‘7! iF ‘—JJ i B . ::zl}pg volume diameter adsorpztion
e TGA curves of the modified silica ey S e
1H and “C NMR of Schiffbase IR of Schiff base KIL-2/A in air and argon - /8 /e
enimiiiiol |11 wE — @ KIL-2 545 148 14.5 17
' 1] e KIL-2/A 485 120 14.0 1.8
J ‘ 7 MCM-48 980 0.80 2.5 1.5
L7 s ~— MCM-48/A 880  0.66 2.3 5.8

IR of Ph-APTES

'H and *'P NMR of Ph-APTES

MCM-48/Ph-APTES

{GA curves of the modified siliy

The post-modification changed the characteristics of the silica
materials

/

/ .CONCLUSION
Schiff base derived from APTES.

silica structure.

/VVVVVV

The structure of Schiff base and Ph-APTES were proved by IR, 'H and 3!'P NMR spectral data.

The mesoporous KIL-2 and MCM-48 materials were successfully prepared by hydrothermal synthesis.

The modification of initial mesoporous silicas with Schiff base was performed by post synthesis method.

The quantity of the incorporated organic modifier was about 40% determined by the TGA analysis.

The modified mesoporous silicas show increased capacity for CO, adsorption depending on the peculiarity of the

o

>

Acknowledgement

This work was supported by the Bulgarian Ministry of Education and Science under the National Research Programme E+:
Low Carbon Energy for the Transport and Households, grant agreement D01-214/2018.



Moctep 17

MHCTUTYT
NQ OPTAHWYHA XWMWA
C LIEHTBP N0 QUTOXVMIAR

Thiol-ene coupling reaction achievement and monitoring by “in
MOAAMEPH situ” UV-irradiation NMR spectroscopy

Natalia Toncheva-Moncheva®, Miroslav Dangalov?, Nikolay G. Vassilev2, Christo Novakov!
TInstitute of Polymers, Bulgarian Academy of Sciences, 103-A, Akad. G. Bonchev Str., 1113 Sofia
2Institute of Organic Chemistry with Center of Phytochemistry, Bulgarian Academy of Sciences, 9, Acad. G. Bonchev Str., 1113 Sofia,
Bulgaria

In this study, the possibilities of a new “in situ” LED UV illumination NMR speciroscopic technique for performing an initiator-free thiol-ene “click” coupling
reaction of an allyl-functionalized poly(allyl glycidyl ether) (PAGE) prepolymer with a number of mono- and di-oligo polyethylene glycol (PEG) thiols is
demonstrated. The state-of-the-art setup constructed with LEDs as UV light sources that illuminate through optical fibers directly into an NMR testing tube at a
fixed wavelength of 365 nm. The selected experimental protocol uses a series of periods of irradiation and dark periods, thus providing opportunities to conduct an
effective thiol-ene “click” reaction and simultaneously study the Kinetics of the photochemical reaction with the exposure time, as well as macromolecular association
directly in a solution applying the whole types of NMR methods: from conventional 'H or *C NMR to diffusion NMR spectroscopy (DOSY). In addition, the
molecular mass characteristics of the prepared copolymers were studied by gel-permeation chromatography (GPC).

aGE Tacm m-ﬂmm
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Synthesis of copolymers via thiol-ene “click” coupling reaction of PAGE and A) HEGDT : B) HEGMT or PEGMET LED control unit and optical fiber to the NMR tube used for
under “in sit” LED NMR irradiation at 365 nm without use of photoinitiator “in situ” UV-irradiation NMR spectroscopy
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Consumption of C=C of PAGE in the course of LED UV- 'H DOSY NMR spectra of A) PAGE and HEGDT reaction mixture before and B) after illumination at 365 nm for 48 h
irradiation: A) HEGDT rate constant 1.8 x 107 s''; O0) HEGMT rate at room temperature, taken in CgDg (600 MHz).
constant (1.1 x 10~ s, 0) PEGMET rate constant 5.4 x 106 s-!
M, e ’
“ “ Sample [gmol] Mw/Mn
* HEGDT DOSY NMR L
u HEGMT 10 . oD 20 PAGE 1300 1.08
8 " ——R, »
25 L 1s HEGDT - -
— 6 ] i ]
g e = 0 \ _ L HEGMT 600 1.02
£ — ) r1o = 3600 (1) 1.04
; 4 NE » \ 5 PEGMET 1600 (IT) 1.05
2 10 \\ -
B P . s PAGE-co-HEGDT 5800 1.25
-~ : — \‘““\1‘ . PAGE-co- HEGMT 3100 115
o 0l T T T
0 5 10 15 20 25 30 35 40 45 S0 55 60 65 PAGE  BACE o HEGMT PACE.coHEGDT PAGE <o PEGMET PAGE-co-PEGMET 9300 () L04
B) 4300 (IT) 1.06
Time (h) A
A) Change in hydrodynamic radius of PAGE-co-HEGDT and PAGE-co-HEGMT based species with the exposure time at Characterization data of starting PAGE. HEMDT, HEGDT
RT. B) D and R, values of PAGE prepolymer and PAGE-co-HEGDT, PAGE-co-HEGMT and PAGE-co-PEGMET based and PEGMET precursors and isolated copolymers
species after thiol-ene “click” coupling reaction, in CgDgat RT.
*The value is taken at 40 °C.
SH
H
( SH ¢ j C’
Sip sitn® . g y o5 s
Versatile UV-irradiated NMR spectroscopy for “in situ™ study of coupling reaction of PAGE and few oligo- SH / —
/PEG (di)thiols without any photoinitiator was fully impl ted. "H NMR spectra and GPC traces e : /d>/y ) /\,}w\/
of resulting products after LEDs UV illumination support the expected turnaround of “click” reaction and \)
formation of pegylated (co)polymers. The reaction efficiency depends on the type of thiol (mono or dithiol) at ! | v M osu
the selected PAGE molecular weight. Upon coupling with dithiol reagent, formation of a gel-fraction in a / uv copolymers
noticeable amount was observed, suggesting occurring of cross-linking reaction, which is subject of a further i . /\,X/_ﬁu-/\/\/
study. The observed differences in the reaction rates as well as in the size of species formed (the PAGE P /\f\/LT A A

corresponding hydrodynamic radiuses R, of aggregates) as a result of the coupling process of parent PAGE
prepolymers and model PEG thiols were thoroughly examined and the reaction pathway proposed.
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Alternative approaches for determination of lignin molecular weight

na Lederer!

search Dresden
stry and Pharmacy

SEC measurements

chromatograms.

One of the most abundant biopolymers on Earth;

Considered as a by-product of paper making industry;
Major environmental pollutant;

Relative Scale

Its presents 300 billion tones and rising with almost 20 billion tones each year;

Renewable raw material;

chromatograms
- BAF -Gt - B15 - U3
E=
n 06 Eal
(a) (\ (b)
n s
N
: |
501
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H
00 4

02

Presents between 27% and 37% of dry mass of
vascular plants;

Around 30% of the non-fossil organic carbon on
Earth;

100
. 00
time {min) tima (min)

Fig. 4. Lignin chromatograms from (a) light scattering detector and from (b) refractive index detector

. ulati foni 3 dn
= Assumed as the largest natural source of aromatic Calculating lignin molar mass [....M 24F
Fig.1. Spatial arrangement of building blocks. °
cellulose, hemicellulose and Cellulose I Mexp - Mexp- (l - F)
lignin in cell wallt T Meorr =
I—F Mcarr I
o 1ol
5 - Table 1. Experimental Table 2. Calculated molar
<] obtained molar masses masses
S OCH, CHO Clmg/mL] | M,lg/mol] Clmg/mL] | M, lg/mol]
Ceniteralkahel shupbillohul » Comardskohol 0.5 2,99 x 1075 0.5 3.22x10M
2
(@) 1 20210°5 1 423x10
Fig. 2. (a) Structure of the monomers that
build lignin molecules; (b) Main lignin 15 2.09x 1015 1.5 460 x 1074
structure
2 2.13x 1075 2 7.42 x 1004

Different pulping procedure leads to differences in structure, respectively to differences in
molar masses and physic-mechanical properties of obtained lignin;

Acidic pulping- lignosulfonates; Alkalin pulping- kraft lignins and soda lignins, organosolv
pulping, the Bergius-Reinau process, Steam explosion pulping, Separation by hydrolysis, etc.

Made mainly from 3 monomers: Coniferyl alcohol, Sinapyl alcohol, p-Coumaryl alcchel;

The aims

The aim of this study was to develop a methed for determination of lignin molecular
weight, which have to be suitable for all kinds of lignin and at the same time affordable
and easily accessible.

Difficulties in determination of lignin molecular weight
+ Very hydrophobic;
+ Not fully dissolved in organic solvents;
No standards available;

Fluorescence.

Determination molecular weights by size-exclusion chromatography (SEC)
Standard calibration Multi angle light scattering (MALS)

Fig. 5. Plot intensity to concentration
from 3 scattering angles
Figure 5 presents a plot of the measured intensity (I) against the concentrations (c) of used lignin
solutions. It is known that the Intensity is proportional to the molecular weight (M,,),
concentration and the square of refractive index increment (dn/dc). In the case of lignin, the
intensity is also proportional of the fluorescence (F) (the intercept of the graph on Fig. 5). It is
also known that the obtained intensity to the intensity minus fluorescence are threated as
experimental obtained molar masses (Mm) to the correction ones (M, ). From this formula
easily M,, can be calculated.
Fractionation of lignin sample Fig. 6. Lignin

fractionation
chromatogram

[C
5

To prove the results,
obtained with correction
formula, another method
was supposed to be used.
MALDI-TOF-MS was
planed. For this purpose,
first fractionation of lignin
sample was proceed. 10
different fractions were

s Pasiton'3
— mo Pt 4

e Prsien 2.

it

+ Standards with exact molar mass; * Measuring the scattered from the sample light; ~ collected. MALDI-TOF-MS
+ Made of the same substance or very similar; + The radius of gyration; measurements are still in
* No available standards for lignin. = The refractive index increment dn/dc; " — T progress.
o 5 w
= Second virial coefficient A,. fm
) o ; SEC measurements of the fractions
Determining the Refractive index increment- dn/dc -
[ —
= o8| Fig. 7. SEC-chromatograms of
- the lignin fractions
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dn/dc = 0.1515 + 0.0026 mL/g Fig.8. Fluorescence measurements of (a) lignin with different
o0 concentrations of LiCl and (b) lignin with LiCl after within one

oo aoom waors == aoo0

om tg/ et

Fig. 3. Refractive index increment graph

Fluorescence measurements

week at excitation wavelength 661 nm

The refractive index increment dn/dc is a constant value for the system
sample-solvent. The solvent used for all experiments is dimethylacetamide
(DMAc) with LICl. The salt is added to the solvent to avoid interactions
between the sample and the SEC column. The dn/dc value for the system
lignin- DMAc with LiCl was found 0.155 + 0.0026 mL/g. The fit of the line was
R2=0.9992.

"

[Lignin}=0.05 mg/imi ——— 28.2.2020
- [ICZ1=3 31861 M ﬂ 2020
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Buopasrpagumun Kpuorejose NoJiy4eHd Ype3 TepMHYHO-HHIYIHPAHO OMpeKBaHe
AR Ha 2-XH/IPOKCHETHIIIEJIYJI03a ¢ IMMOHEHA KHCeJIHHA
fouraroa sozomn ) s |

Hanexna boszosa, Ilersp /I. IlerpoB

Jlabopamopusn no yukyuonannu u Hanocmpykmypupanunu noiaumepu, Hucmumym no nonumepu — bAH
en. nowa: nbozovalapolvmerbas.bg; ppetrov@polymer.bas.bg

IIpe3 mocienHuTe AECETHIETHS NPUPOIHHTE MOJIMMEPH HAMHPAT BCEe MO-IIMPOKO NPUIIOKCHHE 3a HalpaBaTa Ha pPasiIMdHH H3JICIUS C©
NPHIOKECHHE B MEAMIMHATA M (papMalMsTa IOpajH CBOSTA IOCTBIHOCT, HETOKCHYHOCT, OGHOpasrpaauMocT W HucKa neHa. [IpousBojnure Ha
LEJTyJ103aTa ca BOJOPA3TBOPHMH IIOJIMMEPH, Y€CTO M3I0I3BAHH 3a II0JIydaBaHe Ha Pa3/IMIHA OHOMAaTEpHaIH, BIJIKOUHTEIHO XHIPOTe/IoBe.

Ilenta Ha TOBa IpOydYBaHE € Ja ce pa3pabOTH METOJ 3a OMpEKBaHE Ha KPHOCTPYKTypHpaHa 2-XHIPOKCHETHIIEIYI03a B OTCHCTBHE Ha
OIIACHH 3a 3/IpaBETO PEAreHTH.

2-Xuopoxcuemuayenyrosa /XEL-OH/ - Bearemrn: COOH Jlumonena xuceaurna /JIK/ - craba opanuyna Kuceauna, Coobpica
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Hydrogen economy based on advanced materials for hydrogen storage, battery and fuel cell application
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Hydrogen is frequently regarded as one of the best ways to store energy produced by renewable power sources which have an intermittent character. The
rising capacity of localised and dispersed renewable energy sources (RES), exceeding the gigawatt range, require a proportional storage system to be set
up. At normal conditions, hydrogen, on a volume basis, is practically comparable to other fuel carriers such as gasoline and natural gas. Furthermore, in
order to achieve a sustainable hydrogen economy and completely replace fossil fuels significant technical challenges have to be addressed and overcome
in different areas: production and generation, storage and conversion to electrical energy and heat.

This presentation gives an overview on how hydrogen may be produced and stored, having in mind its envir | pra jon added value, in
comparison to other techniques.

Current methods for energy storage include: /@Q\
compressed gas, cryogenic liquid, solid metal hydrides, ol
high porosity nanostructure zeolite, and others but the >
different technologies are suited for different

applications. Metal hydrides (MH)s, for instance, have T=—=
advantages in terms of the requirements of operating

temperature, pressure and energy in comparison to

other storage materials. They are heavy but weight is DEMAND
not a big issue for stationary and niche applications,

including emergency energy supply and black start.

VOLUME OF HYDROGEN STORAGE MEDIA

4K hydrogen = S60 My, o

60 0,00
S %S, organic potymer with
T — e Mgnanoparticle @ g @ selective gas permeability

preraey

In 2011, scientists at the Lawrence Berkley National Laboratory developed a composite material based on magnesium nanoparticles embedded in a flexible organic
polymer matrix. The material is capable of selectively absorbing hydrogen gas, storing it safely at such high densities as magnesium hydride, and releasing it rapidly
when required. Photocatalytic production of hydrogen from water and storage of hydrogen using innovative nanomaterials may become the basis of a feasible distribution
infrastructure, efficiently allowing vehicles and local combined heat and power (CHP) systems to run on solar energy, stored as clean and efficient hydrogen fuel.
Moreover, polymer electrolyte membrane (PEM) electrolysis provides a sustainable solution for the production of hydrogen, and is excellently suited to couple with RES
energy sources such as wind and solar.

A good example is the work and investment done by the Hanwha Energy Business Group which has recently built the first power station in the world for hydrogen fuel
cells which generates electricity using excessive amounts of hydrogen byproduct and thus, achieving the aim of a sustainable “circular economy”.

A hydrogen economy based on different innovative technologies and techniques for production and storage of hydrogen, using novel polymer containing materials, is a
cornerstone for the future energy efficiency targets of the EU and the pursuit for energy independence. This work is part of research conducted in the frame of the
projects E+ (Low Carbon Energy for the Transport and Households) and Centre of Competence HITMOBIL (Technologies and Systems for Generation, Storage and
Consumption of Clean Energy).

o . Nel Hydrogen Electrolyser, a division of Nel ASA (Nel, OSE NEL), has received a purchase order for a 2 megawatt (MW) containenzed
Hanwha Energy - Power Plants with fuel cell - Hydrogen fuel in Proton PEM® electrolyzer, as part of a 30 MW with AG, an affiliated company of H2 Energy. The
circular economy electrolyzer will be used to produce green hydrogen for heavy-duty hydrogen trucks from Hyundai Motor Company, which will begin

operation in Switzerland during late 2019 The framework agreement represents the first phase of 60 — 80 MW needed to supply
hydrogen for the total expected 1,000 trucks and other applications.
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Rapid and initiator-free conjugation of
oligonucleotides via UV light-induced thiol-ene
. . NSTITUTE of
click reaction POLYMERS

[

P. Denkova, K. Kostova, E. Dimitrov, N. Toncheva-Moncheva, P. Bakardzhiev, S. Rangelov

XMMMKOTEXHONOTMYEH 1 METANYPrHIeH
yhusepeurer - Codusn

/ " Abstract: 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, mcluding 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 i the
phospholipid bilayer. The conjugate consists of a lipid-mimetic anchor to which an oligonucleotide strand is attached. The conjugation is performed by
an imtiator-free, UV light-induced thiol-ene click reaction in mild conditions not harmful for the nucleic acid.

Key words: Nucleic acid-polymer conjugates, Thiol-ene “click™ reactions, spherical nucleic acids, cell internalization, UV-irradiation, Poly(allyl
glycidyl ether)

Strategy benefits for oligonucleotide based conjugate preparation using a new UV set up:
v One simple reaction step.
v Mild reaction conditions.
v Initiator-free system.
v Use of environmentally friendly solvents.
v Use of LEDs as UV light sources emitting at fixed 365 nm wavelength which is appropriate for varous

polymeric and biological materials as well as functional oligonucleotides.

v Rapid and highly ffective thiol-ene “click” reaction directly in solution:
v Quantitative vields, regioselectivity.

Figure 1. The UV set up emitting at 365 nm fixed

wavelength, with six LED-diodes (4 W maximum
capacity). 3

Table 1. Ch ization data of the oligonucleotide used (Biomers). ‘ y .
ik Oligonucleotides eounﬂiol. Mw Ext. Cocll. UV set up
-1
Sequence (5'—3") (g-mol ) Pt
ThiolC6-olige  Thiol-Cs-(spacer 18), ta ata cga ctc act ata gg 6670 230600 Figure 2. 1H-NMR spectrum of DHP (Ms=540 gmal 1) in CDCl,
C6 = (CH,)g groups, spacer]8 denotes a phosphodiester followed by 6 ethylene glycol units in the DNA [y S W N
backbone [ She v )
e oy ;> \ \
Synthesis of DHP (Mn=540 g.mol ) Synthesis of DHP-co-PAGE, macroagent (Mn=882 g.mol") % “i‘ Ay
(DHP -  dihexadecyl-propan-2-ol) was obtained from DHP-co-PAGE, was obtained by anionic polymerization of AGE (allyl . ' J
glycidylhexadecyl ether (GHE, Mn=298.5 grmol!), 1- glycidyl ether) monomer. The number (n=3) of allyl polyglycidyl ether) "

Hexadecanol (HDA, Mn=242,44 gmol') and SnCl,(260.52 (PAGE) functional units was calculated from HNMR spectrum.
g.mol?) (Scheme 1).

cHE ,
CHy(CHo 0" e /\/\’\/\,\’\/\’
- — - = T
CHYCHCHOH L0C, 3 days .
oA r“’/\/\/WW\,G k. Figure 3. "H-NMR spectrum of DHP-co-PAGE; macroagent
Scheme 1 Scheme 2 (Mn=882 g.mol"') in CDCl,.
Reference synthesis 1: Reference synthesis 2: Reference experiment 3:
1) Synthesis of DHP-co-PAGE ;—co-2-Aminoethanethiol 2) Synthesis of DHP-co-PAGE, —co-PEGMET (Scheme 4) 3) Pure Oligonucleotides UV illumination at 365 nm,
hydrochloride (AT) (Scheme 3) K 4W (100% capacity of the UV lamp) for different
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The peaks maximun in DMF-DMSO mixture is | The peaks maximum in. ultra-pure water is at
2275 260 am

The oligonucleotide is stable until 1 hour UV illumination
at 365 nm 4W, inert atmosphere.
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Risctioes minsues 30 min

—Renction miviure @ min

P 4: Synthesis of DHP-co-PAGE;—co-oligonucleotide conjugate
” T (Scheme 5), Yeld,,  =552.14 pgr, Yeld=330.03 pgr

Figure 4. HNMR spectra of DHP-co-PAGE; and AT. before (0 Figure 5. HNMR spectra ofDHP-co-PAGE; and PEGMET reaction mixture, at 0 P
min) and after (30 min, 1 hour and 3 hours illumination at 365 nm.  min, 30 min, 1 hour illumination at 365 nm 4W and after purification of DHP-co- Scheme 5 e AT
AW, taken in DMSO-d6 (600MHz). PAGE, —co-PEGMET product obtained for 1 hour, taken in DMSO-d6 (600MHz). P
N o
e
¥ de after DHP-co-PAGEy aftar Gel-electrophoresis (Figure 6): P e P o
dialysis in 13ml ultrapure water dialysis in 750 ul and & ml ultrapure water T { Q {
Ageg=1.0508 Ppg=2.8979 o \ | prin =
Ay ) L
References:
1) Dircet Covalent Attachment of DNA Microamays by Rapid Thiol-Ene
> Figure 6. Agarose gel retardation “Click” Chemistry. Jorge Escorihuela, Maria-José Bafuls, Santiago
- = analysis of functionalized Grijalvo, Ramén Eritja, Rosa Puchades, and AngelMaquieira, Bioconjugate
L S oligonucleotides  andDHP-co- Chem, 2014, 25, 3, 618-627, hutps://doi. org/10.1021 be300033d
Concentration = 30.63 pgr/ml Concentration = 83.75 pgr/ml PAgGE onligonuclentide 2) Thiol—cne coupling reaction achicvement and monitoring by “in sin” UV
—_— conjupnte. (% on of the imadiation NMR spectroscopy, Natalia Toncheva-Moncheva, Miroslav
| - - Dura ! Dangalov. Nikolay G. Vassilev ORCID and Christo P. Novakay, RSC Adv.,
. experiment 25 mun.. (b) Duration 2020, 10, 25214hitps://doi.org/10. 1030 DORAD3O02K
: L of the experiment 45 min. The 3) Assembly of hiphilic nucleic acid-pol 0 into complex
E 7wy arrows  indicate of iperager i propertics. and in vitro performance,
1. s bands iated with fc PavelBakardzhiev, NataliaToncheva-Monchy KirilkaMladenova,
L. \ of a second fraction of particles SvetlaPetrova, PavelVidev. VeselinaMoskova-Doumanova,
= —_— which are retained at the starting TanyaTop Hristova, Jord » StanislavRangelov. European
line. Polymer  Joumal,  Volume 131, 15  May 2020,

Lorg/10.1016/] 2020100692
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MpebroTUYHUTE peakuun, OCHOBaBaLM
ce Ha XMMUATa Ha dopmMammnaa, ca HacoyeHu
KbM pasbupaHeTo Kak OT MO-NpPOCTH
CbeAMHEHMA MOXe Ja ce CTUrHe Ao
MHGOPMALMOHHO-CbXpaHABaWM NOAUMEpPKH
— AAHK 1 PHK. BwbnpocsT kak Hykneobasute
ca ce obpasysanu oT manku npebUoTUUHK
MO/IEKY/IM B U3BBbH3EMHA CpeAa NpeAusBmKa
roNAM UHTepec.

NMPEBMOTUYHO
OBPA3YBAHE HA
XUMNOKCAHTUH OT
®OPMAMU/,

HykneobasaTa XWMOKCaHTUH € BK/IOYEHA B HyKeo3nAa
MHO3MH, KOWTO ce Hammpa B TPHK 1 e oT cbljecTBeHO 3HaueHwe 3a
NpaBUNHOTO  MpeBeXAaHe  Ha  reHeTUYHus  kog. B
ekcnepumeHTanHata pabota Ha Lagoja w Herdewijn, e
noKasaHo, Ye XMNOKCaHTUH Moxe Aa ce obpasysa oT kapbamug,
MpaByeHa KMCeNMHA W IIULMHAMKA,.

Codus CnaBosa, BeHenuH EHues

anrapcxa aKkajeMna Ha HaykuTe,
Llen Ha NpeACTaBeHOTO TEOPETUYHO U3CAeABaHe € HaMUpaHe Ha
WHcTutyT no obuwaun HeopraHn4Ha Xxmmus, PeakuMOHHMA MBT, MO KOWTO Ce NoNy4YaBa XMMOKCaHTUH OT kapbamug B

yn. "Akag. reopl'M BoHueB" 6,1_11' 1113 C°¢Mﬂ’ BbJTAPUNA KOHAeH3WpaHa cpeAa, KOATO Wrpae poas Ha KaTaausatop W
YCTaHOBABaHE Ha MEXaHW3MWTE, NO KOWUTO Ce U3BBbPLIBAT peakuumuTe.

3a MogenvpaHe Ha MeXaHU3Ma Ha peakuuuTe ¥ oNTUMU3auns
Ha reoMeTpuUTe Ha peareHTUTe, NPOAYKTUTE U NPEeXoAHUTe
Vs CbCTOAHMA ca npoBeenn ab initio SCS-MP2/cc-pVDZ kBaHTOBO- @)
XUMUYHM  U3UNCNEHUA. BCWMUKM UM3UNCNEHUA Ca W3BBPLIEHN C
n3nonssaHe Ha nporpamata GAMESS.

sslavova@svr.igic.bas.bg, venelin@svr.igic.bas.bg
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Cxema Ha p meT OT nr AO XMNOKCaHTUH. 3a BCeKa peakums

MNpodunm Ha noTeHyuanHa eHeprus

Ha PeaKkyMOHeH MbT OT:

*  xapbamua v MpaBueHa kucennHa
Ao Andopmunkapbamma
(uepaero);

*  audopmunkapbamug "
TAMYMHAMMA  AO  XMNOKCaHTMH
(uepHo);

192 hyposanthiae
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diformyl urea

kapbamua, MpaBueHa kucenuHa
W IAMYMHAMKA A0 XUNOKCAHTUH
B8b8 popMamMmua (CUHbO).

>
(.,«“2.'?‘ o l/r
AH, e B kcal mol?, usuncnena Ha
HuBO SCS-MP2/cc-pVDZ 3a

Te Mt

YEPBEHO U YepHO, M C SMDISCS
MP2/cc-pVDZ 3a peakumoHHUAT mbt
MOKa3aH C CUHBO.

n3Boj

3a NbpBM NBT € Npea/IoXeH peal
XWUMOKCAHTUH OT Kkapbamua, mpasueHa
cpesa oT dopMamug ¥ Mo aorude
Hykneoba3aTa XMMNOKCAHTUH, KOATO Urpae Ba
Ha uHpopmauuoHHuTe noammepu AHK u P

BNNATOJAPHOCTU

Tasu pabota e noakpeneHa oT MOH upes HauyuoHanHa
Mporpama ,Mnagu yueHu u nocTaokTopaHTu", ogobpeHa
oT DCM # 577 [17.08.2018.

MNpecmATaHWATa ca M3BLPWEHM C nNomolwTa Ha
vsuncautened  komnnekc ABUTOXOJI, LleHtsp 3a
VHOBATUBHM NpecMATaHus 1 obpaboTtka Ha AaHHM — BAH.

JINTEPATYPA

[1]1. M. Lagoja, P. Herdewijn, Chem. Biodiversity, 2004, 1, 106-111

ONTMMU3NPaHN CTPYKTYPU Ha PeareHT! u NPOAYKTM M eHepretuuyeH npodun Ha
nbT Ha obpasy Ha XMNOKCaHTMH oT kapbamua (cTunku 1-8). AH,
(Et + ZPVE) e 8 kcal mol?, nauncnenu na reopernuro huso SMD/MP2/cc-pVDZ .
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The aim of this study is to explore temperature-responsive properties in aqueous solution
of star-shaped PNIPAMs and to examine their loading capacity towards the antibiotic Levofloxacin

Polymer
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5
Fe N3cnepBaHe noTeHumana Ha pas3nunyHu PEO-PCL muuenHm cuctemm
3a pa3TBapAHe Ha xMapodobHM BUONOTMYHO aKTUBHM BELLECTBA

BacuneHa KopTeHosa!, Mapus-[ecucnasa AtaHacosa?, leopru MpbHYapos?,
Feopru Oo6pukos3, Mapus LLipbogep*, Usa YrpuHosa?, Metbp A. Netpos?

1dakynter no xumus u papmaums, CY , KnumeHt Oxpuackn®; 2UHCTUTYT no nonmmepwm — BAH; 3UHCTUTYT no opraHuyHa xumua ¢ LierTop no
dutoxumus - BAH; *UHcTUTYT No MmonekynapHa 6uonorua — BAH

En. nowa: vasilenakortenova@gmail.com; ppetrov@polymer.bas.bg

HaHomeguuuHata e pasfen OT HayKaTa MeAuuMHa, KOWTO fAaBa HOBM Bb3MOXXHOCTM npu GopmyauMpaHeTo u
[OCTaBAHETO Ha IeKapCTBEeHM BelecTsa. Ta NpaBu MOCTUMKMMMU NPOMEHU BbB haKMaKOKMHETUKaTa, KOMTO N03BOABAT
NIeCHO NMpemuHaBaHe npe3 6uonornyHute 6apuepun, NopobpeH TepaneBTUYEH ePeKT U CeNeKTUBHO AOCTaBAHE Ha
61onornyHo akTMeHuTe Beuectea (BAB).

Llenta Ha ToBa Npoy4yBaHe € Aa ce CpaBHW NOTEHUMaNa Ha ABe MULE/NIHU CUCTEMM, NOYYEHU OT CbMONMMEPU Ha
nonu(etmneHos okcug) (PEO) u nonwu(e-kanponakTtoH) (PCL), KaTo HocuTenu Ha xuapodobHu BAB. Cbnonvmepute ce
pa3nuyaBaT No TOBa, Ye Npu eauHUA oT TaX XuapodobHua PCL 610K e MoAUPULMPAH U CbADPMKA BUCALLM LUHAMUIHM

rpynu.
EN Tabuya 1.
Cunonumep (xop) M M MM, ME
(gmol?)  (g.mot) %)
PEO,5-b-P(CYCLy-c0-Clyg)-b-PEO, 3 (GEGR) 15700 8800 113 6
PEO,,1-b-PCLyg-b-PEO, 1, (MAGA) 14400 9400 108 0

MF

PEO, y-b-PCLyc-b-PEO, Mpu ednaxeu yenoeus 6axa c
] o PR iy EOus npu macoeu /6AB 5:1, 10:1, 15:1 u 20:1.
. 270m il 221m
o | ';"X
| - )
I“ & | Heracpenre v > >1~.m.m.a..,,m > > rucoe
g . I g = [
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£ . I H i [
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v ) 3 160 1 e It oo
O (om) DA inm)
Quz. 2: pamep Ha e, gy 3 S ey
Seumyays O PROss b FClyr i PEOss, nonyenn o7 PEOy15-b-P(CyCly-co-Clach-b-PEOLs
Tabnuya 2. OWMKOXHMWUHW XBPAKTEPWCTKW HA NONMMEDHWTE MMULERW NOMYUEHM OT
s TPHENOKOBH CHNOMMEPH.
Ypes dunamuyuro
L) pascelieare na csemaunama (DLS) oD
PEO,43b-PCLs-b-PEO, 3 27 -67 Ge o 4e dsama - —_— - g - :

opmupam 6nusku no pasmep muyenu

PEO, ;;-b-P(CyCL,-C0O-CL,5)-b-PEO, s 29 -13

DK-184

control aKTHBHO BeWECTBO.

DK164 8 muuienm or DK164 & muenm o1 @uz. 6: CrpyxypHa Gopmyna wa waoMEaHOTO
PEO,,s-b-P(CyCLy-c0-Clyg)-b-PEO, b-PCL,

PEO,

MTT Test for H1299 cells MTT Test for A549 cells
1004 100 O,
= 2 — DK 164 In PEO113-b-P|CYCL3-co-CL46}b-PEOLI3
z z - DK164 in PEO113-6-PCL35-b-PEO113
3 3
2 s e —
> 50 z 504 ‘Muyennume cucmemu,
3 3 wamosapenu c DK164 nposessam
h u3spasena yumomoxcusHocm
0. L CNpAMO MymopHu Knemku, 72
2 H o 2 4 6 waca cned mpemuparemo
log [DK164], nM log [DK164], nM
@uz. 8: PeaynTatn oT MTT aHa/3 33 UMTOTOKCHUHOTO AEHCTBIE Ha YMCT 8 muuienn DK164 ( 20:1).

H1299 1 AS49 kneTkw ca TpeTMpanh 3a 724.

Suz. 7: wneTkn 128 M DK164, natosapen s
NOAMMEpHWTE CHCTeMM, 32 72 4.

BuonornyHo akTMBHOTO BewectBo DK-164 ycnewHo e contobuansmpaHo B HAHOPA3MEpPHU MULENHU HOCUTENw,
Nony4eHN upe3 camoacouumpaHe Ha ampuounHu PEO113-b-PCL3s-b-PEO113 m PEO113-b-P(CyCL3-co-CL46)-b-PEO113
610KOBM CbNoAMMepU. Pa3TBOpUTE Ha HATOBapeHUTEe MULENM M OT ABaTa MoAuMmMepa ca KOJIOMAHO CTabuaHu npu
KOHLIEHTpauma Ha noanmepa 2,5 g/L 1 macoBo cboTHoLEHUe cbnonnumep/bAB 15:1 1 20:1. MMbpBOHaYaNHUTE pe3ynTaTv
nokassar, 4e moaudu1LMpaHMa NOAMMeEp HAMa BUAUMMO No-A061bp noTeHuman 3a contobunmsmpare Ha DK-164.
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INTRODUCTION

The surfaces that release antibacterial compounds are effective, although ultimately they can be exhausted. Moreover, the used antibacterial agents present a potential
problem due to the possibility of occurring bacterial resistance, which is a result from the continuous release of active compounds into the environment for a long period of
time. Other type of surfaces is those that kills bacteria in contact and does not continuously release biocides. Such surfaces contain copper or silver ions, but currently they
still have not found real application in the clinical practice. One novel and innovative alternative represents surfaces that catalytically produce bactericides using externally
applied chemical, electrical or optical energy. To this group belong light-activated antimicrobial coatings. At the present exactly those coatings attract considerable research
interest, due to the possibility of continuous disinfection of the surface, overcoming the disadvantages of the other coatings. This process is a result of irradiation of certain
compounds with visible light (so called photosensitizers) that lead to the production of cytotoxic components such as singlet oxygen and free radicals as a result of the

occurring photodynamic processes. These highly reactive species are responsible for the destruction of the attacked cells.

RESULTS AND DICUSSION

Formation of photoactive polymer coatings on stainless steel (SS)
The formation of photoactive polymer coating on SS was based on “all-in-one”
approach, thus reducing the need of multilayer depositions which can affect the
processing rate and to reduce the production costs (Scheme 1).

Scheme 1. Sct ic repr ion of the preparation of pk ivate polymer

coatings: first layer - P(mDOPA)-co-P(DMAEMA+) copolymer; second layer:

P(mDOPA)-co-P(DMAEMA+)/Pox(mDOPA)/PAH; third layer: P(mDOPA)-co-
P(DMAEMA+)/Pox(mDOPA)/PAH/9-aminoacridine 3.

Quartz Crystal Microbalance coupled with Dissipation (QCM-D)

The deposition of all layers and formation of photoactive polymer coating on
SS was confirmed using QCM-D in real time on SS sensors by measuring the
variation of the resonant frequency (Df) vs. time

10

=—— P(mDOPA -0 P(DMAEMA—

F7,Hz
8

Time, s

Figure 1. Frequency change upon deposition of P(mDOPA)-co-P(DMAEMA®).
Pox(mDOPA)/PAH 1 and 9-ami idine 3 dye d by QCM-D as a
function of time at 25 °C, where the overtone number is 7

Surface and nanomechanical properties of photoactive polymer coating on SS

Atomic force microscopy measurements

a) b)

[
Tra s

T 387

Crenseus

Figure 2. 3D topology of the coatings obtained by AFM: a) pristine SS: b) P(mDOPA)-co-
P(DMAEMA-) copolymer: ¢) P(mDOPA)-co-P(DMAEMA+)/Pox(mDOPA)/PAH: d)
P(mDOPA)-co-P(DMAEMA+)/Pox(mDOPA)/PAH/9-aminoacridine 3.

Nanoindentation measurement of polymer coatings on SS
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Figure 4. a) Load—displacement curves of 48 ind; ions and b) Hard: and Young’s asa
function of contact depth on photoactive polymer nanogel coatings on SS.

Antibacterial photoactivity of the polymer coatings

Table 1. Antib ial ph ivity of SS
E. coli (Ty="7.1.10° cfu.ml’; T, — initial number of bacteria per ml used for the test).
2 h of contact 18 h of contact

covered by ph polymer coatings against

1 h of contact

S Survived Reduction Survived Reduction Survived Reduction
cells, rate, cells, rate, cells, rate,
cfu.ml! % cfu.ml! % cfu.ml! %
Photoactive SR 1105 282 8,9.10¢ 874 0 100
polymer
coating

Water contact angle of the photoactive polymer coatings

Figure 3. Water contact angle of coatings: a) pristine SS: b) P(mDOPA)-co-
P(DMAEMA) copolymer: ¢) P(mDOPA)-co-P(DMAEMA+)/Pox(mDOPA)/PAH: d)

P(mDOPA)-co-P(DMAEMA+)/Pox(mDOPA)/PAH/9-aminoacridine 3.

Scratch testing of polymer coatings on SS

0 20 40 60 80 100 120
Time, sec

Figure 5. Scratch test of polymer nanogel coatings on SS

Figure 6. SEM images of polymer coatings on SS

Conclusions
The results obtained on ion of ph i ib 1 polymer coatings showed that the applied
ique is ful for the dep oF all layers of the polymmer coatines) The) QCMED) resilis

demonstrated the deposition of each layer of the polymer coatings. and the water contact angle confirmed
the observations. The nanoindentations test showed the coating possess good mechanical propcmcs The
preliminary results of the perfc d antib ial ph tests of thus obtained ph polymer
coatings on SS d d by viable cell i method under illumination showed that after 2 hour of
contact the reducing rate increase to 87.4% and aﬁet 18 hours of contact the reducing rate of 100% was
determined. The results showed that thus prepared photoactive polymer coatings could be used as
antibacterial coatings on SS.

AsTopuTe Gnaronapar 3a GuHaHCOBaTa MoaAKpena Ha PoHA HaydHH H3cTeBanuA, [Jorosop Ne KII-06-H29/5
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Design of PEG-modified magnetic nanoporous silica
based miltefosine delivery system
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Introduction
In the pi study silica i ic iron oxides (MS) with sizes around 20 nm were developed The MS material was modified with NH,-groups and then grafted by PEG chains.
The anticancer drug miltefosine was loaded into the NH -modified and PEGy MS P by imp pi dure resulting in 11-28 % of drug content. PEG chains were also conjugated to the
miltefosine loaded MS-NH, nanocarrier. The amount of Ioaded drug and the release properti depend on thether PEGylation of the icles was performed before or after the drug loading step. The
parent and drug loaded ples were i by XRD, N, physi: i d’\ermal i i XPS and ATR FT-IR spectroscopy. ATR FT-IR spectroscopic data and
DFT calculations supported the i ion b the P silica surface and miltefosine moleeules The in vitro release profile at pH=7.0 showed sustalned drug release and dependenoe on the
experimental design. Free and i were further i i for antiproliferative activity against malignant HUT 78 oell line. F y ic effect
on the tested cells as compared to the free drug. In addition, the MTT assay of the cytotoxic potential of non-loaded silica nar p d no intrinsic cy ici iated with the carriers.
Miltefosine (Mil)
1. Miltefosine &
2. PEG-CHO L @/CHa
\o/'\/ \CH3
CHj
CHj3
T 1.PeccHo o - _ . ’
. Miltefosin % Miltefosine  (hexadecyl 2-(trimethylazaniumyl) ethyl phosphate) is an

alkylphosphocholine drug with broad activity against various parasite species,
cancers, as well as some pathogenic bacteria and fungi.

Characterization

XRD TEM images Magnetic properties of iron oxide

nanoparticles and MS composite

Miltefosine ,- PEG-Mil0.5 ; +¥e0, o
1x0.25 § A Kﬂ

MSNH,-PEG-Mil0.5
T {
|

M (emilg)

-ve|}_i1 MSNH,-PEG-Mil0.25 =5 J
= 3
E d
§ MSNH,-Mil0.5 A= 4 MS
MSNH,-Mil0.25 T
=
x3 i MSs H
1 ina,O, =1
2
10 20 30 40 50 : x 3
Bragg angle (°26) : 2 ; : = Sl :f,&) N
Textural characteristics ATR-FTIR spectra Content of grafted PEG and drug, and
Samples BET Pore volume Pore diameter 1056 loading efficienc
(m?g)  (cm¥g) (nm) 3060 885 2 Samples PEG content, Drug content!, Drug loading
MS-NH, PEG wt. % wt. % ffici 2wt %
MS 460 1.26 94 i
MS-NH, il o é VL, 2018 2852V G, | MS-NH,-PEG-Mil0.25 232 195 780
MS-NH-Mil0.25 205 083 9.1 g 2 MS-NH,-PEG-Mil0.5 232 274 54.8
MS-NH_-Mil0.5 180 0.60 9.0 = e reae MS-NH,-Mil0.25 - 14 458
MS-NH,-PEG-Mil0.25 45 0.10 - o HEEs MS-NH,-Mil0.5 5 176 352
MS-NH,-PEG-Mil0.5 36 0.08 - MS-NH- =
MS-NH,-Mi0.25-PEG 78 0.15 - Milo 5-PE G vemEe ]| A a1 a4
MS-NH,-Mil0.5-PEG 65 022 = MS-NH,-Mil0.5-PEG 243 16.3 32.6
3000 2850 1500 . 1000 3000 2850 1500 1000 wmwm analysis, cm:;mdNH,gwpsusnM%
In vitro release at pH=7 ‘Wavenumber (cm™) Wavenumber (cm™) s
- S MTT-dye reduction assay
100 - —a— Mil i —a— Mil
80 —e— MS-NH,-Mil0.25 —e— MS-NH,-Mil0.5
o~ = —a— MS-NH,-Mil0.25-PEG —a— MS-NH,-Mil0.5-PEG
£ T —o— MS-NH,-PEG-Mil0.25[ | —o— MS-NH,-PEG-Mil0.5 | |
60 the encapsulation of miltefosine Z . £ .
§ inside magnetic silica nanoparticles | |
§ e is proven to augment its
5 antineoplastic activity
& /( ——MS-NH,-Mil0.5-PEG miltefosine loading in MS-NH, i 8
204 1/ ——MS-NH,-Mil025-PEG particles led to 22 % lower ICg,
— —u?.nn,-m.iuus /',/ —— MS-NH_-PEG-Mil0.25 values in HUT-78(T-lymphocytes) L o —o— MS-NH,
—&—MS-NH, Mil0.5 A ¥ ME NI PRG WIS tumor cells, as compared to the
0 —o— MS-NH,-PEG
100 200 300 400 0 100 200 300 400 500 600 free drug HUT-78
The entrapment of the drug in 0 T T T T T T T -
Time (min) PEGylated MS-NH, led to 0 2 4 6 0 2 4 6 80 1 2
In vitro release of the drug was achieved in 2 hours for additional enhancement of the Miltefosine (M) Miltefosine (uM) Carrier (mg/mL)
the M-NH,-Mil0.5, in about 7 hours for MS-NH,-Mil0.5- cytotoxicity, relative to the free drug il of free :,',‘:’,,";Z"“’ LA (b) o o e )aNe: B S R e 37~c“(a)
- sample are loaded iefosine, (b) samy oaced o ) non-loaded ica nanocomposites
PEG and about 11 hours for MS-NH,-PEG-Mil0.5 (app.- 30 % lower IC,, values) Eac:dm st "g e D)3 SDleG o amﬂ;‘zm magr pos
Conclusions

A composite drug carrier, consisting of magnetic particles incorporated in mesoporous silica and with PEG chains grafted, with sizes around 40 nm was synthesized by a sol-gel method. XRD
investigations showed that during the synthesis of the composite, the magnetic nanoparticles were efficiently incorporated into the silica spheres. Magnetic field data evidenced that the magnetic
properties of silica composites make them suitable for medical applications. Textural characterizations also proved that miltefosine is localized in the channels of the mesoporous matrix. Loading of
miltefosine in amino modified and PEGylated MS nanoparticles resulted in about 11-25% of drug content, mainly being deposited inside the pores of the silica carrier. XRD and FT-IR spectroscopic
measurements revealed that by drug loading in amino- and PEGylated magnetic silica, more effective formulations were obtained. Spectroscopic data suggest weak bonding between the surface
of the mesoporous silica nanoparticles and miltefosine molecules. /n vitro release process at pH=7 showed sustained effect, reaching total drug release within 11 h for the miltefosine loaded
PEGylated MS systems. The formulations of miltefosine based on the PEGylated magnetic silica nanoparticles were evaluated vs. free drug for antiproliferative activity against human tumor cell
line, and proved to exert superior antineoplastic potential. In conclusion, the obtained results proved the designed composite material to be an appropriate nanocarrier of miltefosine, but also
demonstrating advantageous features of a platform for delivery of a broad range of drugs.

Ack ledg ts: Fi ial support from the Bulgarian National Science Fund (grant [1H 09/18) is greatly appreciated.
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Synthesis and photocatalytic investigations of
macrocyclic oligomer/polystyrene /TiO2/CeO2 composite

Silvia Dimova!, Katerina Zaharievaz, Filip ‘Ublekov', Irina Stambolova? , Mariya Todorova+

1 Institute of polymers, Bulgarian Academy of Sciences
E-mail: dimova@polymer.bas.bg
2 |Institute of catalysis, Bulgarian Academy of Sciences
3 Institute of General and Inorganic Chemistry, Bulgarian Academy of Sciences
4 University of Chemical Technology and Metallurgy, 1756 Sofia, Bulgaria

<+ Synthesis of segmental oligomer via copolymerization of conjugated dicarbonyl compounds and cyclooctene, using
compounds of the transition metals (WCl;) as catalyst.

“» Preparation of segmental oligomer/polystyrene/TiO,/CeO, hybrid nanocomposite.

<+ Characterization of prepared hybrid nanocomposite using PXRD analysis and FTIR spectroscopy.

<+ Photocatalytic investigations of the prepared hybrid nanocomposite in the reaction of degradation of Reactive Black 5 dye
under UV light.

U SYNTHESIS ﬁI

The commercial powders of TiO, and CeO, (Alfa Aesar GmbH & Co KG)

I
* WClg were mechanochemically treated in an agate milling container of 80 ml
o=—C—¢C=—0 + /—/— — > ¢ volume using a Highenergy planetary ball mill type PM 100, Retsch,
| I | I u Germany. The process was performed at milling speed — 400 rpm, milling
Ph  Ph ( ) Pho Pn| .
b 4

time interval of 10 minutes and mass ratio of powder to balls 1:9 in air
media. Then the mechanochemically treated TiO, and CeQ, were mixed in
weight ratio 1:1.

Benzil Cyclooctene

Experimental conditions: “!
Benzil : cyclooctene : WCIg = 1:1:1 s
Solvent-Chlorobenzene

Temperature: 90°C, Time: 3h.

The composite was prepared by sol-gel method. The synthesized oligomer
was dissolved in CHCI; and added TiO,/CeO,. After that the solution of
polystyrene in CH,Cl, was mixing with segmental oligomer/TiO,/CeO, for
1hour at room temperature. A gel form was obtained, which is dried on

[l RESULTS ‘I 30°C.

Characterization o Photocatalytic investigations
A . - : .
The photocatalytic efficiency of synthesized hybrid
nanocomposite was tested for degradation of Reactive
Black 5 (RB5) dye as model contaminant in aqueous
solution (5 ppm) under UV-light.
3
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PXRD pattern of prepared segmental o
oligomer/polystyrene/TiO,/CeO, hybrid 4
nanocomposite. 021
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FTIR spectra of A) copolymer of benzil The concentration ratio C/C, of the RB5 dye in aqueous
and cyclooctene; B) segmental solution with time under UV irradiation using prepared
oligomer/polystyrene/TiO,/CeO, hybrid H NMR spectrum of A) copolymer hybrid nanocomposite as photocatalyst.

nanocomposite. of benzil and cyclooctene.

ﬂ CONCLUSIONS 1

) Segmental oligomer (M=819 g/mol) has been synthesized via copolymerization of conjugated dicarbonyl compounds and cyclooctene,
catalyzed by WCl;.

1 The segmental oligomer/polystyrene/TiO,/CeQ, hybrid nanocomposite has been successfully prepared.

! The prepared hybrid nanocomposite demonstrates photocatalytic ability for degradation of RB5 dye under UV light.



OpraHusauMoHeH ekun

lpedcedamen

Zouy. 0-p Emu Xanaoxosa
UneHoese

[n. ac. 0-p Hamanausa ToH4yesa-MoHuesa

VHx. Mapus-/flecucnasa AmaHacosa

Cocgpus, 2020 2.



