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FORWARD
Dear Colleagues,

2nd Chemical Research Conference of Kavala Students (2CRC-KS) is an endeavor of the Department of Chemistry of
Democritus University of Thrace to introduce research-driven education to undergraduate students. Following the
great success of the 1st Chemical Research Conference of Kavala Students (1CRC-KS), which was held on June 8th,
2023, the initiative continues to inspire and engage students in research activities. The first event demonstrated the
effectiveness of integrating research into the chemistry curriculum, making it the first of its kind in Greece. The
positive outcomes strongly support the continuation of this approach.

The 2nd CRC-KS took place on June 6th, 2024, at the Grid Lab of our University at Kavala Campus. This year
conference featured 23 participant groups, totaling 87 students, who presented 6 oral and 17 poster presentations over
a span of 4 hours. The students' work was of exceptionally high standards, with some contributions being remarkably
innovative and intriguing. Topics covered all areas of Chemistry: Physical, Organic, Inorganic, Analytical,
Biochemistry, Chemical Technology, and Material Science.

Both the supervisors and the students greatly benefited from the experience, exchanging ideas with colleagues and
reinforcing their enthusiasm for incorporating research into their future academic and professional pursuits. As in the
previous edition, the works will be reviewed by two referees, necessary corrections will be suggested, and the final
articles will be included in the Conference Proceedings Book of Abstracts, which will be available on the Chemistry
Department's website (www.chem.duth.gr).

The Conference Organizing Committee would like to congratulate and thank all participants for their contributions to
2CRC-KS, ensuring another successful event that fosters a strong research culture among undergraduate students.

On behalf of the Organizing Committee
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Prof. A. Ch. Mitropoulos
Dpt. of Chemistry, Democritus University of Thrace
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DEVELOPMENT OF AHYBRID WATER-SOLUBLE PORPHYRIN-CARBON DOT MATERIAL
AS PHOTOTHERAPEUTIC AGENT

S. Chouliaras, S. Eginloglou, M. Katsanopoulou, C. Tsamtzidou,
Division of Inorganic Chemistry, Analytical Chemistry and Environmental Chemistry,
Department of Chemistry, Democritus University of Thrace, St. Lucas 65404, Kavala, Greece

Photodynamic therapy (PDT) is a noninvasive cancer treatment with fewer side effects than chemotherapy,
radiotherapy, and immunotherapy. It uses a photosensitizer (PS) activated by light and oxygen to produce reactive
oxygen species (ROS) that kill targeted cells. Porphyrins, common PSs, are favored for their high quantum yield and
low toxicity, but their low water solubility and tendency to aggregate are limitations. To overcome these issues,
researchers are integrating PSs with nanomaterials like silica, iron, gold nanoparticles, and carbon-based materials.
Carbon dots (CDs), a new type of carbon nanomaterial, are particularly promising due to their excellent optical
properties, high water solubility, low toxicity, biocompatibility, cell permeability, and ease of modification. CDs are
being explored for applications in bioimaging, theranostics, optoelectronics, and sensing.[1] Porphyrins are
heterocyclic macrocycle compounds found in hemoglobin, cytochromes, and plant photosynthesis. Recently, they've
been used in sensing, photocatalysis, light harvesting, and photothermal therapy. Their red-emissive fluorescence is
useful for biological imaging, but they lack photostability and suffer from self-quenching. Combining porphyrins with
photostable carbon molecules can improve their stability.[2]

The aim of the present project is to combine a porphyrin-carbon dot complex in order to synthesize a novel water-
soluble porphyrin-carbon dot hybrid material as a phototherapeutic agent for cancer treatment. This approach presents
the advantage of easy preparation of the compounds and the combination of their advanced photocatalytic properties
towards their anticancer activity (Figure 1).

Initially, TPP-(COOCHj3), was synthesized by reaction of 4 equivalents of pyrrole with 4 equivalents of
benzaldehyde, in the presence of propionic acid under reflux for 1 hour. After cooling down the reaction mixture to
room temperature, purple crystals were afforded. Then, the purple solid was isolated by filtration under vacuum in
order to obtain 0.622 g of TPP-(COOCHj3), in 10.34 % vyield. Subsequently, hydrolyzed porphyrin TPP-(COOH),
was synthesized by reacting 103 mg of TPP-(COOCHj3), in THF:MeOH in a 2:1 ratio and 2.78 g of KOH dissolved
in 48 ml H,O, under reflux for two days. The reaction mixture was distilled in a rotary evaporator to remove the
solvents and then acidified with HCI to pH 3.10, filtered under vacuum to obtain 0.100 g of precipitate in 97.09 %
yield. The compounds TPP-(COOCHS3;), and (TPP-(COOH), were characterized with TLC, where their Rf values
were calculated and compared to literature values, UV-Vis spectroscopy in order to determine their molecular
absorbance (¢), and FT-IR to observe characteristic vibration peaks. The carbon dots were synthesized through
hydrothermal treatment. The reaction was carried out in an autoclave where an equivalent of both ethylenediamine and
citric acid were dissolved in ultrapure water at pH = 12.10. The autoclave was heated at 180 °C for 8 hours in an oven
and allowed to reach room temperature overnight. The mixture was then centrifuged once for 30 minutes at 4 000 rpm
and then filtered with an osmosis membrane of 1 KDa to remove unreacted starting material. Then the water was
removed with a freeze dryer and the product NCDs was isolated as a red powder. The material was characterized by
UV-Vis, FT-IR, SEM and Nano-Sight techniques (Figure 1). The hybrid NCDs@ TPP-(COOH), was synthesized in a
similar way, simply by adding 1.0047g TPP-(COOH), to the initial mixture in the autoclave.

Following the successful synthesis and characterization of NCDs@TPP-(COOH), and NCDots, their
photodegradation was researched upon visible light irradiation. Each substance was diluted in ultra-pure water in
quartz cuvettes and irradiated with a 100 W white LED light. The samples were set up in a closed space with the light
source placed 15 cm away. In order to monitor the photodegradation, UV-Vis spectra were obtained every 10 minutes.
The light irradiation stopped when the absorbance value showed no significant change. The Amay Of €ach substance was
recorded and the data were illustrated in Figure 3.

Overall, during this work an efficient photocatalyst NCDs@ TPP-(COOH), was prepared. All synthesized molecules
and final composites were characterized with UV-Vis, FT-IR and SEM methods (Figures 2,4). The hybrid material
exhibited photo induced degradation ~ 25 % due to enhanced ROS generation ability of NCDs@TPP-(COOH),
photosensitizer. In order to clarify this issue, further monitoring of the singlet oxygen generation should be performed.
On the other hand, NCDs exhibited a lower self-degradation process (almost 13 % lower). Our future work includes
the estimation of photodynamic therapeutic efficiency of the hybrid photosensitizer as well as the performance of
cytotoxicity essays before and after PDT treatment.
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Key-words: Porphyrins, carbon dots, photocatalytic reaction, phototherapeutic agent.
Acknowledgements: The authors would like to thank Dr. K. Ladomenou for her supervision.
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ANAIITYZEH ENOX YBPIAIKOY YAATOAIAAYTOY YAIKOY ITOP®YPINHX-NANOTEAEIQN

ANGOPAKA QY PQTOGEPAIIEYTIKOX ITAPAI'ONTAX

H pwrodvvapuxn Oepomeia (PDT) eivou pua un emeufatiy Oepomeio tov kapkivov, ypnoiomolel pmtogvoiodnTomoinTés
(PS) mov evepyomorovviar amd 10 QWS yio. ™y wopaywyn opactikwv 10wy ocvyovov (ROS) mov Qavorwvovy ta
Kopxvike, kotapo. O mopeopives, kowvég PS, épovv meplopiouods omws n younty oiolvtotyro. aro vepo. Etoi, ot
gpevvntes avvovalovy PS ue vavoiiike. Ot teleieg avBpaxa (CD) eivor moidd vmoaydueves Aoy e vdatooioAvtoTnTas
T0UG Ko TS froooufototytdg tovg. Xy mopovoo. spyacio. ovviénke éva véo vfpioiké viiké NCDs@TPP-(COOH),
yio. ) Oepomeia tov koprivov. To viikd yapoxtypiotnke pe UV-ViS, FT-IR, SEM ka mopovaiooe pwtootalepitnra kata
™MV pwtofoinon tov ue Adumo LED. Or uellovurés uelétes Qo alioloynoovy ) Oepamevticy T00 AmoTEAETUATIKOTHTO.
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EVALUATION OF BIOACTIVES’ CONTENT AND ANTIOXIDANT CAPACITY OF AVOCADO BY-PRODUCTS
N. Koutis, V. Manousakis, G. Zervas
Laboratory of Biochemistry,
Department of Chemistry, Democritus University of Thrace, St. Lucas 65404, Kavala, Greece

Avocado by-products are agri-food bio-wastes with increased environmental footprint and waste
management cost. However, they contain valuable compounds of lipid nature that if appropriately valorized as
ingredients in other novel products, including functional cosmetics and foods, they can enhance their bio-
functionality and their health benefits. Bioactive compounds of lipid nature that remain in avocado waste include the
amphiphilic polar lipids, phenolics and carotenoids that possess antioxidant activities against oxidative stress and
associated disorders [1]. The objective of the present study was to quantify the content in lipophilic and amphiphilic
bioactives (i.e. carotenoids and phenolics, respectively) of avocado by-products’ lipid extracts, as well as to evaluate
their antioxidant capacity, along with their structural elucidation.

The total lipids (TL) were extracted from by-products of organic Cretan Hass avocados and further separated
into extracts containing the total lipophilic compounds (TLC) and the total amphiphilic compounds (TAC), in which
their content in phenolics, carotenoids and their antioxidant activities were quantified according to Tsoupras et al [2],
based on gallic acid equivalent (GAE), carotene equivalent (CE) and the 2,2-diphenyl-1-picrylhydrazyl (DPPH) and
2,2'-azinobis-(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) bioassays, respectively, while their structural
elucidation was performed by attenuated total reflectance (ATR) FTIR spectroscopy [3]. All reagents (Folin-
Ciocalteu, DPPH, ABTYS), solvents (chloroform, methanol, petroleum ether, ethanol, n-octane, isopropanol), phenolics
(trolox, gallic acid, quercetin, catechin) and lipid standards (soy polar lipids, p-carotene) were purchased from Sigma
Aldrich (St Louis, Missouri, US). UV-Vis spectroscopy analyses were performed in a LLG-uniSPEC 2
Spectrophotometer and ATR-FTIR spectroscopy in a Perkin Elmer Frontier ATR/FT-NIR/MIR spectrometer.

The avocado by-products’ TAC extracts showed higher phenolics’ content (285.96 — 703.48 mg GAE g*
extract), in comparison to their carotenoids’ content (12.11 - 89.07 mg CE g™ extract), while similar outcomes were
also found for the phenolics’ and carotenoids’contents of the TLC extracts too (58.77 — 89.74 mg GAE g™ extract, and
1.21 — 3.90 mg CE g extract, respectively) (Figures 1 and 2). Subsequently, the TL extracts of avocado by-products
showed a higher phenolics’ content too than their carotenoids’ content, suggesting that the avocado by-products are
rich in more amphiphilic bioactives like phenolics, rather than in more lipophilic bioactives like carotenoids. With
respect to the antioxidant capacity of both the TAC and TLC extracts of the avocado by-products, only the TAC
extracts showed potent antioxidant activities at the DPPH assay, with ICs, values ranging from 143.99 to 633.76 mg
mL™ and Trolox equivalent (TE) antioxidant capacity (TEAC) values ranging from 0.02 to 0.11. In contrast, by
applying the ABTS-based bioassay, such a potent antioxidant capacity was observed in both TAC and TLC extracts,
with ABTS values ranging between 1.32 and 25.08 umol TE x g dry weight (DW) of extract. Nevertheless, this
assay also showed that the amphiphilic TAC extracts possess more potent antioxidant activities. The differences
observed in the outcomes obtained by the two different assays may be attributed to the different types of free radicals
being scavenged by the TAC and/or TLC antioxidant bioactives, and/or to implications in the DPPH assay due to the
presence of carotenoids that highly absorb light of similar A (nm) to that applied in the assay.

The ATR FTIR structural analysis based on comparable fingerprint regions to those of assessed known
standards, also exhibited that the extracts with amphiphilic compounds contained indeed specific phenolic bioactives,
such as hydrolysable tannins like Gallic acid and highly bioactive flavonoids like the flavan-3-ol Catechin (similar
peaks to standards, at ~3300 cm™ (O-H), 2950 cm™ (C-H) and ~1700 cm™), as well as bioactive polar lipids (similar
peaks with standards at 2922 cm™, ~2858 cm™ and ~1729 cm™), but also carotenoids (similar peaks with standard at
~2927 cm™ (C-H) and #1721 cm™ (extended. -C=C-)).

Overall, within the present study several antioxidant bioactives were identified and quantified in the avocado
by-products’ extracts (mostly amphiphilic phenolics with potent antioxidant capacity, which further suggests that
avocado by products are sustainable natural sources of such antioxidants that can be valorized as ingredients in several
bio-functional products with health promoting properties, in a circular economy design.
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AZEIOAOI'HXH THX NEPIEKTIKOTHTAZX XE BIOAPAXTIKA YXYXTATIKA KAI THX

ANTIOZEIAQTIKHX IKANOTHTAX ITAPAITPOIONTQN TOY ABOKANTO.
Ta napanpoiovta tou aBokavto mepléyouvv moAutiua Biodpaoctika cuotatikd AUTOeLSIkNC @Uoswc. H mapovoa
UEAETN EiYE OTOXO TOV MOOOTIKO NMPOTSLOPLOUO TETOLWV BLoSPACTIKWY EVWOEWYV UE avTioéeldbwTikn dpaon amnd ta Blo-
aréBAnta tou aBokavto w¢ mudavd BLOAEITOUPYLKA CUOTATLKA YL KALVOTOUX TTPolovTa (KAAAUVTIKA Kol TPO@LUA) TTou
podyouv TtV Uysia. Bpédnke 0Tl auta ta napanpoiovra eivat mAovota nnyn @awvoiikwv Blodpaoctikwv (440 mg
GAE g extract), aAdd kat kapotevosldwyv (28 mg CE g™ extract), mou aviyveltnkav Kupiw¢ ota au@igia
ekyUAiouata toug. Ta amotedéouata auta ouvadouv UE TNV Loxupn avtioéelbwtikny dpacn mou mapatnpidnke
KUplw¢ ota ekyvAiouata ouU@EPUAWY CUCTATIKWY TwV Tapanpoioviwv tou abBokavro, kal emiBeBaitwdnkav
TIEPETAIPW LIE TTOLOTLKO SOULKO YopakTnpLlouo Ue ART-FTIR autwy Twv eKYUALOUATWY, OTTOU QVIXVEUTNKAV Kot oL SU0
Taéelc auTwy Twv BloSPACTIKWY CUCTATIKWY TTOU UEAETHONKAVY, CUU@WVA UE QVAAUOCN Kal TTPOTUNWY oudlwv. Ta
UTTOOXOUEVA QTIOTEAEOUATA QUTHC TNG UEAETNG mpodyouv tnv aflomoinon moapanpoioviwv aBokavro w¢ Blwaotun
nnyn avtloéeldwTtikwy B1odpactikwy mou Umopouv va xpnaotuomnoltndouv os nmpoiovta Ue opeAn yia tnv Yyeia, ota
nAaiota KUKALKNC olkovoulac.
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THE EFFECT OF NANOBUBBLES ON THE DIFFUSION OF INK FRACTALITY
I. Xylouri, D. Pliakouras, M. Tsaroucha, E. Tsintziras
Division of Physical Chemistry and Chemical Technology, Department of Chemistry
Demaocritus University of Thrace, St. Lucas 65404, Kavala, Greece

Nanobubbles (NBs) are gaseous cavities that have sizes around 200 nm. According to Young-Laplace's
equation they shouldn’t exist for more than a few ms; however, they do exist for weeks, even months. Although a full
thermodynamic or a non-equilibrium thermodynamic analysis has not been developed yet, industry uses NBs in many
processes in order to intensify them. Nanobubbles are classified to surface and bulk NBs. The existence of surface
NBs has already been proven by an atomic force microscope. The existence of bulk NBs is a subject of intense debate
among the scientific community; one reason being that NBs and nanoparticles conclude to the same detecting results
[1]. He and Qian have studied the diffusion process of red ink in saline water. They have concluded for the fractal
dimension of pure water D = 1.92 [2]. Zhou et al. have also studied the penetration of red ink in saline water. They
have suggested a zig-zag curve linking for the water lattice that explains the selected penetration of the ink [3].

In this study, we have prepared 12 solutions with and without NBs as follows: 3 solutions of plain deionized
water (DIW), 3 solutions of DIW with NBs, 3 solutions of NaCl (10% wi/v) with DIW and 3 solutions with
DIW/NaCI/NBs. A drop of blue ink is allowed to sink within solutions and their track was recorded. The time required
for the ink blob to reach the bottom of the beaker, in the case of the above-mentioned various solutions [2], along with
the conductivity of the solutions measured with a Paar conductometer. Data analysis of the results is conducted in the
frame of fractal geometry. The relation between the perimeter (P) of the area (a) of the ink blob was estimated by
using the image processing and analysis in Java [4] and the fractal dimension D was calculated by: P=KA®? where K
is a proportionality constant.

Figure 1 shows the fractal analysis. In the case of plain water D=1 indicating the smoothness of the drop. In
the case of DIW/NBs D=1.3 indicating the formation of a fractal perimeter. A similar D=1.4 is given in the case
DIW/NaCl too. In the case of DIW/NaCI/NBs, D=1.9. The result is in an excellent agreement with a quadric Koch
Island of fractal dimension between 1.6 and 1.7. That is, a finite pinch of energy spreads a square ink blob around.
Then the original eddy splits into smaller scale eddies, the effect of which are more local.

2,2
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Fig. 1 Fractal dimensions for various ink solutions. Violet line and dots DIW, D = 1; Red line and dots DIW/NBs, D = 1.3; Green line and dots
DIW/NaCl, D = 1.4; and Blue line and dots DIW/NBs/NaCl, D = 1.9.

Figure 2 shows snapshots of ink in plain water, DIW/NBs, DIW/NaCl and DIW/NBs/NaCl. Different
solutions show a different cascade fall. Plain water follows a quick drop of 13.5 s to the bottom of the beaker.
DIW/NBs and DIW/NaCl produce different cascade falls for the same drop time (~23 s). DIW/NBs/NaCl has a rather
large drop time of 87.2 s. Contour lines indicate an ellipsoid fall for the case without NBs and a circular fall for the
case with NBs. The combination of salt with NBs creates constrictions within the paths of DIW that increase the
buoyancy effect on the y-axis and a spread on the x-axis, NBs delaying the cascade fall.

11



§ A=8.244 cm?
P=20.740 cm

A=10.698 cm?
P=33.739cm

[ >
A=8.046cm? =
P=24.728 cm

A
G

Ak |
PASem |

| As12735 cme
/ P=28.635cm

(l

\
~ {\‘z
D) b <
— ) "

A=15.788 cm*
P=35.486 cm

| Amam £=9.333 e N\

P | Pes4s7zem P=27.223 om : \
= N izt

Ly P=30383m |

T 5

Fig. 2 Snapshots and contour lines of ink cascade fall for different solutions. Left column: DIW; upper frame 9 s drop and area to perimeter
A/P=11/34, middle frame 12.5 s and A/P=16/35, bottom frame 15 s and A/P=17/47. Middle left column: DIW/NBs; upper frame 9 s drop and
AIP=22/39, middle frame 12.5 s and A/P=13/29, bottom frame 15 s and A/P=17/35. Middle right column: DIW/NaCl; upper frame 9 s drop and
A/P=8/21, middle frame 12.5 s and A/P=8/25, bottom frame 15 s and A/P=9/27. Right column: DIW/NBs/NaCl; upper frame 9 s drop and
A/P=6/22, middle frame 12.5 s and A/P=6/29, bottom frame 15 s and A/P=8/30.
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H EINIAPAXH TON NANOO®YXZAAIAQN XTH MOPOPOKAAXMATIKOTHTA
AIAXYZHXZ THX MEAANHZ

O1 vavogpooolides (NBS) aupiofnrodv v eéiowon Young-Laplace, watéoo ypnoomoiodviar evpéwg oty frounyovia.
Avtip n peiétn diepevva NBS oe vdotika dialopoza pue kor ywpic NaCl. Iopaokevdotnkay dwdeko oratvuora: DIW,
DIW/NBs, DIW/NaCl xa: DIWINBS/NaCl. Xuyuiétomo and v kivion wiag otoyovas umle UEAGVHS o€ avtd To.
oroAduaro. amecoviotnay. H {oppoxlaouotiky Yewuetpio. Tov TEPIYPOUUATOS ODTOV eKTUOnKe amd 10 A0yo ¢
empaveiog Tpog v mepipépeia. To amoteléouoto édeiav ott to DIW maprnyoye pio opaln mepipetpo mrarons pelavnyg
D=1, evw to DIW ue NBS édeile pio popporlacuotixn mepipetpo D=1.3. [lapouoies 0100T00€IS LOPPOKIOTUATIKOTHTOS
ropaznpfnrav yio. to DIW/NaCl D=1.4. Ztnyv repinrwon tov DIW/NaCI/NBs, D=1.9. Ta evpnuoza vrooniovovy ot
ot NBs ka1 1o NaCl mpokalodv poppokioouatiké yopoktpiotikd. oe OlaAduaTe, EVIGYDOVIAS TV Gvmon Kol T
O100TOPC. THS UEAGVIG, UE OLOPOPETIKODS, (GTOGO UNYOVIGUOVG.
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SYNTHESIS AND CHARACTERIZATION OF EMULSIONS WITH LIPID NANOPARTICLES

FOR TRANSDERMAL DELIVERY OF RETINOL AND HYALURONIC ACID
K. Koutsogianni, V. Mesazou, D.R. Bitsos, K. Tsakiri
Division of Physical Chemistry and Chemical Technology,
Department of Chemistry, Democritus University of Thrace, St. Lucas 65404, Kavala, Greece

Introduction
Lipid nanoparticles (LNPs) are a class of nanoscale particles (1 to 1000 nm) primarily composed of lipids and have
shown great success in the pharmaceutical and cosmetic industries.! Their success is attributed to the precise delivery
of active compounds to specific sites within the body, enhancing therapeutic efficacy, protecting actives from
degradation, and ensuring a longer shelf-life. Additionally, they promote sustained drug release, increasing the
bioavailability of lipophilic drugs and facilitating the delivery of drugs through transdermal routes.” Hyaluronic acid
(HA) is a widely utilized ingredient in the cosmetic industry, renowned for its exceptional hydrating and anti-aging
properties. Retinol, a derivative of vitamin A, is also another highly regarded ingredient in the cosmetic industry,
particularly known for its powerful anti-aging and skin-renewing properties.®> However, HA and retinol encounter
significant obstacles in penetrating the skin barrier because of their large molecular size and lipophilic nature,
respectively. In this work, we overcome this challenge, encapsulating HA and retinol in LNPs synthesized by chitosan
(CS) and lecithin (LC). Then, the prepared LNPs were incorporated into the oil in water (O/W) emulsions.
Experimental method
For the preparation of the LNPs, CS was dissolved in water with acetic acid, while TPGS (d-a-tocopheryl
polyethylene glycol 1000) and LC were dissolved in ethanol. The two solutions were then mixed in a 20:1 ratio
(LC:CS). To create the O/W emulsions, two separate solutions were prepared: the water phase (70%), containing
water and glycerin, and the oil phase (30%), containing shea butter, almond oil, and phytocream. Both mixtures were
heated to 70°C, and the oil phase was gradually added to the water phase to form a homogeneous emulsion. Then, the
prepared LNPs were added in emulsions to produce Em-NPs-HA and Em-NPs-Retinol. Additionally, an emulsion
without LNPs (Blank) and emulsions with dispersed HA and retinol were prepared to compare the results (Em-Retinol
and Em-HA). The prepared lipid nanoparticles (LNPs) and emulsions containing LNPs were then evaluated for their
physicochemical properties and their efficiency in delivering HA and retinol transdermally (ex vivo).
Results
The successful synthesis of LNPs was confirmed via FTIR measurements. The characteristic peaks of CS, LC, and
TPGS were observed in LNPs spectra. Additionally, the spectra of the NPs with encapsulated active retinol and HA
(CS-SLNs-RETINOL and CS-SLNs-HA) are almost identical to the spectra of the corresponding empty CS-SLNs NPs
(fig. 1la and b), indicating the successful encapsulation of actives in the NPs. The SEM image confirmed the formation
of uniform CS-SLNs NPs with a well-formed spherical structure with an average size of about ~600 nm (calculated
using ImagelJ software) (fig. 1c).

The prepared emulsions presented enhanced pH, and viscosity stability as well as they avoided phase separation after
the use of centrifugation. However, it was found that the addition of LNPs and active substances slightly increased the
viscosity and pH of the emulsion (fig 2). The transdermal delivery and release of HA and retinol were investigated
using Franz cells and UV/VIS SPECTROPHOTOMETERS. It was found that the LNPs increased the permeability of
the active substances to the simulated human body fluids and the HA presented enhanced release efficiency due to its
hydrophilic nature compared to lipophilic retinol (fig 3).
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Figure 1. a) FTIR spectra b)SEM image of CS-SLNs
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YYNGOEXH KAI XAPAKTHPIEMOX TAAAKTQMATQN ME AIIIIAIKA NANOXQMATIAIA T'TA
ATAAEPMIKH XOPHI'HXH PETINOAHX KAI YAAOYPONIKOY OEEOX

H mapodoo epyacio otoyeder oe éva mponyusvo odeTnia SLAOEPUIKHS XOPHYNONS DOAOVPOVIKOD 0EEOC KOl pETIVOANGS OTIC
KOTOTEPES OTIPAOES TOV OEPUOATOS UE THV YPHON THS VOVOTEYVOLOYIOS KOI TV YOAOKTIWUATOV VIO EQOPUOYVEC GTHV
KOOUNTOAOYIO. 2VYKEKPIUEVO, KOTOOKEDGOTIKAY MoK Vavoowuotiolo. amd fiomoivuspéc yitolovy kar AskiBivy ot
omoia evOvloxdOnkav vailovpoviko ol koi petivody. To TopacKEDATUEVO VOVOOWUATIOIN TPOTTEONKAY 08 QUOIKA,
AddL oe vepo (A/N) yadoxtouota. Ta vavoowuotiolo kalme ki to YOAGKTOUOTO. UE Kou YWpIC TRV TPooOiKky twv
VOVOGWUATIOIWY UEAETHONKOY ¢ TPOC TIC QUOIKOYNUIKES TOVS I0IOTHTEC KOl THV IKOVOTHTO. YOPHYHOHS KOl
amedevOEPWONS TV OPAGTIKDV CVOTOTIKOV OTO EGWTEPIKO TOL avBpawmivov opyovicuov. To amoteléouata omédeiéay
mv emtoyn ovvleon TV Vovoowuatiolwy, v avénuevy otabepotnto. Twv YoOLOKTWUATWY KABWOS Kol THY TPONYUEVR
IKOWVOTHTO. TV VOVOGOUATIOIWV VO, OIOTEPGGOVY TOV OEPUATIKO PPOYUO KOl VO ATEAEDOEPDOOVY TIC IPATTIKES OVGIES
OTTO TO EGMWTEPIKO TOVG.
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USE OF RECYCLED AND SPECIALLY PROCESSED EXPANDED POLYSTYRENE AS
AGGREGATE MATERIAL IN CEMENT MORTAR: STUDY OF MECHANICAL AND THERMAL
PROPERTIES
A. Azoidou,, K. Ntinidou, M. Mero, A. Terzopoulou
Division of Physical Chemistry and Chemical Technology
Department of Chemistry, Democritus University of Thrace, St. Lucas 65404, Kavala, Greece

Every year approximately 23 million tons of plastic waste leaks into aquatic ecosystems, polluting lakes,
rivers and seas. A major source of marine plastic waste is expanded polystyrene (EPS)- a type of plastic that is
lightweight, buoyant and waterproof. In addition, the construction sector has a significant impact on the environment
due to the major quantities of aggregates used in the production of concrete. Aggregates are a broad category of
materials used in construction, including sand and gravel. The increased consumption of sand as an aggregate has led
to the depletion of existing resources. Sand is being depleted faster than it can be replenished that has resulted to
global and local shortages [1].

EPS is an inert, hydrocarbon-containing, highly thermally insulating, moisture resistant and low thermally
conductive thermoplastic material with low density that is stable in the presence of most chemicals [2]. Recycling is
one way to reduce the amount of EPS in the ocean and the pollution caused by this material. Therefore, recycled
expanded polystyrene becomes an interesting choice for use as lightweight aggregate to replace natural sand.[1]
Studies have shown the possibility of using EPS as an environmentally friendly alternative for the partial replacement
of sand in mortar [3]. However, there are still some knowledge gaps regarding the use of EPS as a substitute for
natural sand in cementitious materials [4]. In this study, a novel method was developed to process EPS waste collected
from the Aegean archipelago. The thermally processed EPS was used as an aggregate in cement mortar matrix
substituting sand by 50 and 100%. The mechanical properties (compressive and flexural strength), the thermal
properties and the density of the developed composites were investigated.

The materials used to prepare the thermal EPS mortars included: (a) Portland cement CEM Il 42.5 N, (b)
natural river sand, (c) water, (d) thermally treated EPS and (e) superplasticizer GR 120. The EPS waste was collected
for the sea, cut using a special granulator, thermal treated at 130°C for 30 min and sieved (Figure 1).

Figure 1. EPS processing flow chart
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Three mortar mixtures were prepared to evaluate the impact of thermal EPS as a lightweight aggregate. A
reference mixture without thermal EPS, and mixtures with 50% and 100% of thermal EPS replacing sand by volume,
respectively. The mortar mixtures composition was according to the EN196-1 standard. A total of nine (9) specimens
having dimensions of 40x40x160mm were produced from each mixture for flexural and compressive strength tests
and density determination. Additionally, two (2) specimens of 205x205x50mm were prepared from each mixture to be
used for thermal conductivity measurements. The flexural performance of the mortars was evaluated through three-
point bending tests conducted at 7 and 28 days using an electromechanical VTS 10kN machine according to ASTM C
293-02 with a displacement rate of 0.2 mm/min. After the flexural tests, the compressive strength of the mortar was
assessed on half prisms, according to the EN196-1 standard, using a closed-loop servo-hydraulic MTS 25 kN testing
machine with a displacement rate of 0.2 mm/min. Finally, thermal conductivity was measured using a Laser Comp
Fox 200HT device according to the BS EN 12667 standards for temperature differences of 20°C and 40°C, and the
density of the mortar was measured according to ASTM C642.

The mechanical properties (compressive strength and flexural strength), thermal properties (thermal
conductivity coefficient) and density results of the reference mortar (0%) and mortars with thermal EPS over sand
substitution levels of 50 and 100%, are depicted in Figure 2 (a), (b), (c) and (d), respectively. The limits according to
RILEM for the material to be characterized as structural (Class I), structural and insulating (Class Il) and insulating
(Class I11) with regards to the compressive strength, thermal conductivity coefficient and density are shown in the
graphs.
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It is observed that there is a linear correlation between the content of thermal EPS and the measurements,
whether in mechanical properties, thermal properties, or density. Specifically, a 28% reduction in material density was
observed with a 50% replacement of thermal EPS, and a 65% reduction with a 100% replacement of thermal EPS,
while the corresponding reduction in the thermal conductivity coefficient (A) was 59% and 83%, respectively. The
mechanical properties showed a decrease due to the fact that EPS has lower mechanical properties compared to sand.
It is interesting that despite the reduction observed, mortar with 50% content of thermal EPS is suitable for structural
applications.

In conclusion, mortar with 50% content of Thermal EPS can be classified as lightweight due to weight
reduction, having a low thermal conductivity coefficient, making it suitable as construction material with very good
insulating properties. On the other hand, mortar with 100% content of thermal EPS is classified as an insulating
material that demonstrates improved compressive strength that could be also suitable for construction.
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XPHXH ANAKYKAQMENHYX KAI EIAIKA EIIEZEEPTAXMENHX AIOTKQMENHX
HOAYXTEPINHYX Q¥ AAPANEX YAIKO XE KONIAMA: MEAETH TQN MHXANIKQN KAI
OEPMIKQN IAIOTHTQN

H pbraven omé mhaotiko, kai ovykexpiuéva omo o pelilod, amoteiel 0 90% olwv twv Qoldociwv vroleyudtwy,
KaBwe eivar Pooiog poylog armielos e PLomoikilOThTog Kol vIofabuions TV OIKOGOOTHUATWY, EVED COUPOALEL Kot
otV KALOTIKY) 0AAoyn. ZHUavTiko mpofAnua, Emions, amotelel i alOYIoTH XpHON 0OPOVMV DAIKMV Kol E10IKOTEPO, THS
QLUOD, UE OTOTEAECLO. 1] COVEXNS ECOPVEN THG VO. OTTEIAET OA0 KO TEPLEGOTEPO TOVS (WIKODS 0PYaVIGUODGS. 2TV TOpovae.
EPYOCIO. TPOYUOTOTOLNONKE EPEVVO. TYETIKO. UE TIC UNYOVIKES KOl BepUIKES 1010THTES THS OVOKVKAWUEVNS OO THV
Odlacoo ko1 Ocpuura emelepyacuévne (EPS), w¢ wa pidikiy mpoc to mepifdilov evarloktiki lbon yio ) uepiky kol
oMikn avtikataotaon S opuov o koviauota. BpéOnie ott ue t uepikn (50%) kou odikn (100%) ovrikotaotaon g
dupov aro Beppura emelepyaouévo EPS umopodv vo avamroybodv elappofap koviduoro ue eCoipetikés povTIKES
1010TNTEG.
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INVESTIGATION OF FACTORS AFFECTING PURCHASE INTENTION TOWARDS GREEN COSMETICS AMONG
GEN Z CONSUMERS IN GREECE

Amygdalou A., Zafeiriadis N., Kalafatas A., Orfanidis E., Tsifetaki I., Chatzimanoli V.
Division of Inorganic Chemistry, Analytical Chemistry, Environmental Chemistry.Department of Chemistry, Democritus
University of Thrace, St. Lucas 65404, Kavala, Greece

The Cosmetics Industry constitutes a dynamic and rapidly evolving market that was valued at approximately
$565 billion in 2023, whereas it is expected to exceed $800 billion by 2027, worldwide. Apart from other key trends
that drive the growth of this industry, there is an imperative demand for Green Cosmetics that promote sustainable
and eco-friendly practices to ensure both consumer health and environmental protection [1]. The shift toward
“sustainability beauty” is also considered a key driver for ensuring the loyalty of the Generation Z (Gen Z) consumers,
since a plethora of surveys have reported that (a) Gen Z constitutes a major part in the growth of the industry and (b)
Gen Z consumers have declared that they would be more willing to pay more for sustainable products, due to the
fact that they value sustainability and ethical practices highly. From the consumer’s point of view, however, there are
many factors that may affect the decision to buy Green Cosmetic products and for this reason, there has been noted
a growing research interest on the identification and understanding of these determinants [2].

Recognizing the research gap in investigating the above research trend, the motivation of the present study
was the examination of the effect of factors on the intention of purchasing Green Cosmetics among Greek
consumers, with a strong focus on tertiary students and young people belonging to Gen Z. To meet our objectives
and based on the Theory of Planned Behaviour (TPB), a questionnaire-based cross-sectional survey was designed in
order to collect data that were used, in turn, for the investigation of the posed research hypotheses (Figure 1). The
instrument consisted of two sections that comprises a set of (a) demographic questions and (b) items aiming at
measuring the six constructs of the study based on previous research attempts. The instrument consisted of 27 items
measuring the following constructs: Environmental Knowledge (EK) (five items) [3], Environmental Concern (EC) (five
items) [4], Attitude (ATT) (four items) [3], Subjective Norm (SN) (four items) [4], Perceived Behavioural Control (PBC)
(five items) [5] and Purchase Intention (PI) (four items) [5] measured on five-points Likert scale, with anchors ranging
from “Strongly disagree” to “Strongly agree”.

Measures for Goodness of Fit (GOF)
Xx* = 294.049 with 154 degrees of freedom, CFI = 0.922, TLI = 0.903, RMSEA = 0.065, SRMR = 0.059

H, (Accepted)
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H.(Accepted)

=k p < 0,001, p < 0.01,+p < 0.05 £ =0230m.s

ms:p < 0.10

I Moderator variables: Sex, Department of Studies, Age, Semester of Studies |

The demographic profile of the 216 respondents indicates that 30.1% were male, 68.5% female, while 1.4%
did not declare their Sex. The vast majority (90.2%) of the respondents were students and young people that belong
to Gen Z, whereas 9.8% of them were above the age of 30. In terms of their educational background, 87.3% and 5.6%
were under-graduate and graduated students, respectively, whereas 60.6% of the respondents were either under-
graduate or graduated students from chemistry or other related to chemistry departments. In order to assess the fit
of the proposed measurement model, we made use of Confirmatory Factor Analysis (CFA). Following the
recommended best practices for the evaluation of the reliability, convergent and discriminant validity of the CFA
model [6], we decided to exclude, through an iterative process, items that presented standardized factor loadings
less than 0.50. The reliability of the measurement model was assessed through Cronbach’s alpha (a) and Composite
Reliability (CR) indices suggesting satisfactory levels of internal consistency for all items that exceeded the threshold
value of 0.70 (a = 70). The fit indices of the hypothesized model indicated an acceptable fit to the data, y* =
294.049 with 154 degrees of freedom, CFI = 0.922, TLI = 0.903, RMSEA = 0.065 (90% Cl [0.054,0.076]),
SRMR = 0.0591 (Figure 1). All standardized factor loadings were statistically significant (p < 0.001) ranging from
0.561 to 0.938 indicating a strong relationship between the observed variables and their respective constructs [6].

! CFI stands for Comparative Fit Index, TLI for Tucker-Lewis Index, RMSEA for the Root Mean Square Error of Approximation,
and SRMR for the Standardized Root Mean Square Residual
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The convergent validity was assessed via the Average Variance Extracted (AVE) indicator and the findings revealed
that four (EC, ATT, SN, PI) out of six constructs presented values greater than the cut-off level of 0.50 (they explained
more than 50% of the total variance). For the cases of EK and PBC, the AVE measures were higher than 0.4 but they
were still considered acceptable, since their CR indicators were higher than 0.6 and thus, convergent validity was
achieved for each examined construct [6]. Finally, the estimated factor correlations showed that none of the pairwise
comparisons among the six constructs was significantly higher than the threshold value of 0.80 providing sufficient
empirical evidence for discriminant validity.

Structural Equation Modeling (SEM) was conducted to investigate the hypothesized relationships between
the latent constructs (Figure 1). The path coefficient between EC and ATT (f = 0.681, p < 0.001) indicated a
statistically significant positive effect of EC on ATT supporting H,. This also holds for the path coefficient between EK
and ATT (8 = 0.387,p = 0.005) supporting H,. ATT revealed a statistically significant positive effect on Pl (f =
0.601,p < 0.001) confirming Hs. Additionally, SN presented a statistically significant positive effect on PI (§ =
0.292,p = 0.013) providing sufficient empirical evidence for accepting H,. Finally, the path coefficient between PBC
and Pl presented a p-value that is higher than the alpha level of 0.05 but still significant at a = 0.10 (§ = 0.230,p =
0.088). Summarizing the above findings, the path analysis signified that ATT is the most important factor affecting PI
as indicated by the highest standardized coefficient followed by SN and PBC, whereas the effect of EC on ATT can be
considered as more important compared to the corresponding effect of EK on ATT. Finally, Multiple Group Analysis
(MGA) were performed to investigate the moderator effects of demographic variables on any path of the model. The
findings showed that for under-graduated students, there was a statistically significant moderating effect of Semester
of Studies on the relationship between EK and ATT. In this regard, the path coefficient for under-graduated students
of the 1* and 2" was significantly higher (8 = 0.856,p < 0.001) compared to the insignificant path coefficient of
respondents studying in higher semesters (§ = 0.317,p = 0.061).
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AIEPEYNHZH NMAPATONTQN NMOY ENIAPOYN ZTHN NMPOGEZH ATOPAX NMPAZINQN NMPOIONTQN
KOZMHTIKHZ TQON KATANAAQTQN THZ TENIAZ Z ZTHN EAAAAA

H Biounyxavia KaAAuvtikwv amotelel Evav SUVAULKO Kol TAXEWG AVAMTUOOOUEVO Blounyaviko kAado aiyunc otov
ornolo umapyel erutaktiky {Atnon yla Blwaotlua mpoiovta Ue QUOLKA Kal MTPAoLVa CUOTATIKA WOTE va SLao@alloTel
TOOO N UYEid TWV KATAVAAWTWY 000 Kat n nmpootaoia tou neptBailovroc. MapdAAnAa, ot ARMTEC AMOPACEWVY TNG
Blounyaviag kadouvtal va mPOCEAKUCOUV TOUG KATAVUAWTEG TNG Mevidc Z kadwe UEAETEC avaPEPOUV OTL amoTEAE(
ONUOVTIKO UEPOC TNG aVATMTUENG TNC, UE KATAVOAWTEC, oL oroiol dnAwvouv mpoBuuol va mAnpwoouv UEYAAUTEPO
avtito yla Mpdowva Mpoidvta Koountikrg. 2tnv napovoa epyacia SIEPEUVWVTAL MAPAYOVTEC TTOU eNMNPealouv ThV
Mpoveon Ayopdc lMpaaotvwy lNpoiovtwv Koountiki¢ amo toug EAANVeG KatavaAwTEC, UE EUQAON OTOUG KATAVOAWTEG
¢ levidg Z. Baotlouevol otnv Oswplia Mpooyediaouevne Zuumeplpopds Sleénytn Epeuva UEow NAEKTPOVIKOU
gpwtnuatoloyiou kat ta Sedoucva mou cUAEYTnoav avadudnkav ue kardalAndec pusdobdoug moAuvuetaBAntrg
otatiotikng avalvong (EmiBeBaiwtikn Avaduon Mapayoviwy kat Aouika Movtéda E§lowoswv) wote va avadeiySouv
oL mapdyovteg mov enidpouv atnv MNpodeon Ayopac lMNpdowvwy lMpoidvtwv Koountikng.
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AMPHIPHILIC AND LIPOPHILIC ANTIOXIDANT BIOACTIVES OF NATIVE GREEK AND IMPORTED
SHRIMP SPECIES
P. Cholidis, D. Kranas, A. Chira
Laboratory of Biochemistry,
Department of Chemistry, Democritus University of Thrace, St. Lucas 65404, Kavala, Greece
Marine sources, including shrimps, seem to be a rich source of antioxidant and anti-inflammatory bioactives [1]. The
objective of this study was to evaluate the total content in carotenoids and phenolics and the antioxidant activity and
structural activity relationship of lipid extracts from samples of three Greek shrimp species (Melicertus kerathurus and
Parapenaeus longirostris from the Thracian Sea and Aristeomorphea foliacea from Rhodes) compared to those of an
imported specie (Litopenaeus vannamei from the Indian Ocean), all of which were obtained from the Fisheries
Research Institute (FRI) at Nea Peramos, Kavala, Greece.
Standards of phenolics (Gallic acid, quercetin, catechin), soy polar lipids, p-carotene, reagents of 6-hydroxy-2,5,7,8-
tetramethylchroman-2-carboxylic acid (Trolox), 2,2-Diphenyl-1-picrylhydrazy (DPPH) and 2,2'-azinobis-(3-
ethylbenzothiazoline-6-sulfonic acid) radical cation decolorization (ABTS) assay kits, and solvents (methanol,
chloroform, n-octane, ethanol, isopropanol, petroleum ether) were obtained from Sigma Aldrich (St. Louis, Missouri,
US). The LLG-uniSPEC 2 UV-Vis spectrophotometer was used for all spectrophotometric quantifications. Structural
analyses were performed in a Perkin EImer Frontier ATR/FT-NIR/MIR spectrometer.
The extracts of the total lipids (TL) were obtained from all samples and further separated into their total lipophilic and
amphiphilic contents (TLC and TAC, respectively), according to Tsoupras et al. [2]. In all extracts, the total carotenoid
and phenolic contents were quantified and expressed as carotenoid equivalent (CE) and Gallic Acid Equivalent (GAE)
per gram of extract, respectively, and the total antioxidant activity was also evaluated as previously described [2], by
both the DDPH and the ABTS bioassays, using Trolox as the standard and thus expressed as Trolox equivalent (TE)
antioxidant capacity (TEAC) and ABTS values (umol TE / g of extract). ATR-FTIR spectra analyses for structural
elucidation were performed according to Vordos et al [3].
Carotenoids were mostly detected in the TLC extracts of all shrimp species in comparable amounts, and much less in
their TAC extracts. Phenolics were detected only in the TAC extracts of all shrimp species, with the Thracian shrimp
species (M. kerathurus and P. longirostris) showing comparable phenolic content with that of the imported shrimp (L.
vannamei). Both TAC and TLC extracts of all shrimps showed antioxidant capacity to scavenge free radicals based on
the DPPH assay, with the two Greek native shrimps grown in the Thracian sea (M. kerathurus and P. longirostris)
displaying comparable TEAC antioxidant capacity to that of the imported specie. Similar outcomes were obtained
from the ABTS assay in TAC extracts too, whereas much higher antioxidant activities were found in the TLC of
Indian shrimp. ATR-FTIR analysis of the TAC extracts exhibited that all shrimp species contain polar lipids, and
marine phenolics, including flavonols and hydrolysable tannins in TAC and -carotene. Overall, these promising
results outline the antioxidant potency of bioactives of Thracian shrimps, which were comparable to that of a well-
known imported specie rich in lipid bioactives.
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Figure 1 Total carotenoid (a) and phenolic (b) contents expressed as mg of CE and mg of GAE per g of extract, respectively, for the TAC, TLC
and TL extracts of all shrimp samples.
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Figure 2. Antioxidant capacity for the TAC, TLC and TL extracts of all shrimp samples expressed as Trolox equivalent (TE) antioxidant
capacity (TEAC) based on the DPPH assay (a) and as ABTS values (umol TE/g of dry weight) based on the ABTS assay (b), respectively.
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carotenoids (B-carotene) and soy polar lipids (right)
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AMOIDIAA KAI AITTIOPIAA ANTIOZEIAQTIKA BIOAPAXTIKA XE 'HIT'ENH EAAHNIKA AAAA KAI
EIXAI'OMENA EIAH I'APIAAX

Edwoiua Qalaooio. €idn, omwe o1 yapideg mepiéyovy fiodpactixd cvotatike. MToeldkns poaews. O okomog TS
TOPOOOAS UEAETHS HTAV 1] GOYKPLON THS TEPIEKTIKOTNTOS KOl JOUNS PIOJPOTTIKDY 00OLMV (KOPOTEVOELY, PaIVOAIKG,),
K0Oi¢ Kar 01 avTioLeldWTIKES 1010TNTES TWV MTIOLAKDOV EKYOAMOUGTMV aTto Tpio eEAAnVIKG. gion yopioag (M. kerathurus
xou P. longirostris aro o Opakixo I[TéAayog kou A. foliacea axd i Podo) oe abykpion ue éva eioayousvo gidog (L.
vannamei azo tov Ivoikoé Qreovo) mloboio o ovtioeldwtikd. fLodpaotikd. ZovoAkd, o amOTEAETUOTA TS EPEVVAS
OKIOYPOPODY TO, TOAAG DITOGYOUEVO, OVTIOLEIOWTIKG. OPEAN YIOL TRV DYELO. OO TO. YNYEVH EAANVIKG. €I0N Yopidog TS
Opadxng, to. omoia upavi{ovy avialleg CVYKPIGEIS LUE TO, YYWOTA EIGAYOUEVA. EION OV EIvol TAOVG1I0, o€ SLOdpacTikd.
Aiziia.

e-Poster

20


https://drive.google.com/file/d/1QRdxT2Ug22XrTgw8oXgsvrgopHex-kMq/view?usp=sharing

Bioactives of Water kefir microbiota extracts with antioxidant activity
V.Chrysikopoulou , A.Rampaouni,
Laboratory of Biochemistry,
Department of Chemistry, International Hellenic University, St. Lucas 65404, Kavala, Greece

Kefir is an ancient, handmade, acidic beverage obtained by the fermentation of liquid culture media from
kefir grains, using milk as the optimal medium, but also sugary water solutions, the production of which has now
been industrialized and commercialized. Kefir grains consist of a symbiotic colony of microorganisms, including lactic
acid-active bacteria, acetate bacteria, Bifidobacteria and several other bacteria like Z .mobilis, as well as fungi and
yeasts. These microorganisms coexist in the granules and some can be transferred to the liquid phase. In addition,
they are non-pathogenic and, in combination with the metabolites they produce, they induce a variety of health
promoting effects [1].

The objective of the present study was to quantify the content of both amphiphilic bioactives (phenolics and
polar lipids) and lipophilic bioactives (carotenoids) in extracts of a commercialized water kefir microbiota and assess
their anti-oxidant capacity, in combination with structural quality analysis, in order to evaluate the potential
antioxidant health promoting properties of water kefir microbiota and its bioactives against oxidative stress and
associated manifestations.

The water kefir grains used were obtained from Ferment (Netherlands). Total lipids (TL) of water kefir
samples were extracted and further separated into their total amphiphilic content (TAC) and total lipophilic content
(TLC), as previously described [2], The total content in phenolics and carotenoids expressed in gallic acid equivalent
(GAE) and B-carotene equivalent (CE) per gram of extract, in these extracts were determined as previously described,
while their antioxidant activities to scavenge free radicals were evaluated by the ABTS (2,2'-azinobis-(3-
ethylbenzothiazoline-6-sulfonic acid)) radical cation decolorization and the 2,2-diphenyl-1-picrylhydrazyl (DPPH)
assays, expressed as umol of Trolox equivalent (TE) / g extract and TE antioxidant capacity (TEAC), respectively, as
previously described [2]. All spectrophotometric analyses were performed in a LLG-uni SPEC 2 spectrophotometer,
while a Perkin Frontier ATR/FT-NIR/MIR spectrometer was used for structural analyses of the bioactives of these
extracts in comparison to spectra obtained from standards of phenolics (gallic acid, catechin and quercetin), b-
carotene and polar lipids, as previously described [3]

All extracts were rich in both carotenoids and phenolics, which explain the observed antioxidant capacity, as
assessed by the ABTS assay. Nevertheless only TAC extracts showed potent TEAC antioxidant properties based on
both the DPPH and ABTS assays, which seem to be consistent with the higher phenolic content found in these extracts
of water kefir microbiota, in comparison to their TLC extracts which showed none bioactivity in this assay as well as
in phenolic content evaluation too. Thus, the more bioactive compounds are mostly present in the TAC extracts of
water kefir. These results seem to be related to the different lipophilicity of the TAC and TLC extracts, as the more
lipophilic phenolic bioactives of TAC seem to more efficiently neutralize free radicals then the lipophilic carotenoids.
High ABTS and TEAC values highlight the free radical scavenging abilities of these antioxidant bioactives against
oxidative stress and the associated inflammatory manifestations and related disorders.
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Figure 1. Total carotenoids (a) and phenolics (b) content and associated antioxidant capacity in ABTS (c) or TEAC values (d) of water kefir
TAC, TLC and TL extracts

According to the obtained ATR-FTIR spectra of both extracts and standards several characteristic peaks were
identified that can facilitate the structural analysis of the bioactives present in water kefir TAC extracts. The
prominent peak at 3300 cm™ (Peak 1) indicates the presence of hydroxyl (-OH) groups. Peaks in the range of 2900-
3000 cm™ (Peak 2) correspond to the stretching vibrations of simple C-H bonds, akin to those found in B-carotene
and polar lipids. At around 1650 cm™ (Peak 3), a peak appears indicative of C=C double bonds, which aligns with the
characteristic peak of polar lipids. The region between 1300-1500 cm™ shows three distinct peaks (Peak 4), likely
associated with C-C bond phase vibrations and ring vibrations, confirming the existence of rings in the sample. In the
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fingerprint area, at approximately 1100 cm™ (Peak 5), the ether bond (C-O-C) is identified, which is also present in
catechin and quercetin. The peak at about 950 cm™ (Peak 6) corresponds to hydrogen atoms associated with double
bonds, similarly to B-carotene. Lastly, the peak observed at around 800 cm™ (Peak 7) is attributed to the C-H out-of-
plane bending vibrations typical of aromatic rings, which is consistent with the known structures of catechin and
qguercetin. This comprehensive spectral analysis suggests the existence of unsaturated polar lipids, such as
phospholipids or glycolipids, B-carotene and bioactive flavonoids.

b-carotene

atechin

Gallic acid
— Polar lipids
— quercetin
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Figure 2.ATR-FTIR spectra (transmittance - wavenumbers) of standards (a) and water kefir TAC extracts (b)

Overall the outcomes of the present study showed that the most bioactive antioxidants of water kefir
microbiota are predominantly its amphiphilic compounds, such as detected phenolic bioactives like the flavan-3-ol
catechin and the flavonol quercetin flavonoids, which further support the antioxidant protection of water kefir based
products and beverages against oxidative stress and associated disorders.
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BLoSpOaLOTIKA OUOCTATLKA EKXUALOHATWYV TNG HKpoXAwpidag kedip He avilofeldwTikr dpaon

To kepip mepléxel uta ouUBLWTLKN amolkia Baktnpiwv Kal HUKATWVY KAl XPNOLUOTOLE(TAL YLa TNV apaywyn
moAAwv mpoiovtwy {UUwong. ZKomog tne mapouons UEAETNG Ntav n avalitnon oto Kepip vepou BLoSpaCTIKWY
oUOTATIKWY OUEIPUANG Kot AUTO@UANG @uonc Ue avtloéelOWTIKEG 1OLOTNTEG. o TO OKOMO aUTO, AavarTtUYOnKe
uedodoloyia mov neptAauBave ekyUALON TwWV CUOTATIKWVY AUTOELOLKNG UONG om0 KOKKOUG KEPIP VEPOU, N MOCOTIKN
EKTIUNON TWV EMUTESWV QALVOALKWY KAl KAPOTEVOELOWV BLOSPACTIKWY O€ QUTA TA EKYUALOUATA TOU KEPIP, KaBwe Kal
n ektipunon ¢ avrioéeldwtikic Ttouc dpdonc Ue TNV xpron mpotunwv Biodokiuactwy, evw UEe tThv xprion ATR-FTIR
PACUATWVY TOOO TWV €V AOYw BL0SPpACTIKWY OG0 KAl CXETLKWV MPOTUNWV EMITEUYIEL UL SOULKT) OOUXETLON Soung Kol
épaonc twv popiwv autwv. Mapatnpridnke OTL mo Loxupn avtloéeldwTikn dpdon aviyveUTnke ota eKxuAiouata Twv
QUQPIPUAWY CUCTATIKWY TOU KEQIP TTOU CUVAOEL UE TO MAOUGCLO TTEPLEXOUEVO TOUC OE PALVOALKA QVTIOEELOWTIKC, OITWC
Ta BlopAaBovoeldn kepketivn kal kateyivn, oAdd kot oe kapotevoeldn Blodpaotika. Ta umooyoueva outd
QITOTEAECUATO EVIOYUOUV TNV MEPETAIPW UEAETN YLO TNV XPHON TWV ULKPOOPYAVICUWY TOU KEQIP Kol TWV MPOoIoOVTwY
{Ouwong ToUu Kol Twv WUETABOAITWY TOUG yla TNV mapaywyn VEwV BLOAETOUPYIKWY Tpoloviwy (Tpo@iuwy,
OUUTIANPWUATWY, TIPOBIOTIKWY, KOOUNTIKWY KOl @QOPUAKEUTIKWY TPOIOVTWY) mAoUOLwWV Of avTlOEELOWTIK
BLodpaoTiKd TTOU TTPOdYOUV TNV UYEIX .
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ANTIOXIDANT BIOACTIVES OF THE FRESHWATER AQUATIC PLANT, LEMNA MINOR
C. Kotanidou, M. Lefkaki
Laboratory of Biochemistry
Department of Chemistry, School of Science, Democritus University of Thrace, Kavala University Campus, Greece

Natural sources rich in bioactives with less toxic side effects, such as those derived from pharmaceutical plants,
have gained attention against oxidative stress related chronic diseases. This article discusses the potential of Lemna
spp., a neglected freshwater aquatic plant that typically grows naturally in wastewater treatment facilities, as a
sustainable source of bioactives, particularly amphiphilic phenolics and lipids with antioxidant potency [1]. The
objective of this study was to evaluate the self-grown in wastewater treatment facilities Lemna minor plant as a
sustainable source of amphiphilic and lipophilic antioxidant bioactives, by evaluating its content in bioactive
carotenoids and phenolics and their antioxidant activities in scavenging reactive oxidant species, along with structural
elucidation based on Attenuated Total Reflection (ATR)-FTIR spectra analysis.

Samples of Lemna minor were obtained from the Fisheries Research Institute (FRI) and the wastewater facilities
placed in Nea Peramos of Kavala, Greece. All UV-VIS spectrophotometric analyses were performed in a LLG-
uniSPEC 2 spectrophotometer, evaporation in a Rotavapor R-300 Flash Rotary Evaporator and the ATR-FTIR
analyses at the Perkin Elmer Frontier ATR/FT-NIR/MIR spectrometer. All reagents [Tris, HCI, Acetic acid, potassium
persulfate, sodium carbonate, folin ciocalteu, 2,2-diphenyl-1-picrylhydrazyl (DPPH) and 2,2'-azinobis-(3-
ethylbenzothiazoline-6-sulfonic acid) (ABTS)], solvents (octane, isopropanol, petroleum ether, methanol, ethanol,
chloroform) and standards (trolox, galic acid, catechin, quercetin, soy polar lipids, B-carotene) were purchased from
Sigma Aldrich (St Louis, Missouri, US). Extractions of total lipids (TL) and further separation into the total
amphiphilic compounds (TAC) and total lipophilic compounds (TLC) were performed according to A. Tsoupras et al.
[2]. The total phenolic and total carotenoid contents for each extract were measured as previously described .[2], using
galic acid and b-carotene as standards. Total phenolic and carotenoid contents were expressed in mg of Galic Acid
Equivalent (GAE) and B-carotene equivalent (CE) per gram of extract, respectively. The antioxidant activities of all
samples were evaluated by applying the two different and distinct DPPH or ABTS based bioassays, using Trolox as a
standard, as previously described [2], while the results were expressed as Trolox Equivalent (TE) Antioxidant
Capacity (TEAC) and ABTS values (umol of TE/g extract), respectively. ATR-FTIR based structural analysis of all
samples was conducted according to N. Vordos et al.[3], using standards of different classes of bioactive phenolics
(gallic acid, quercetin and catechin), soy polar lipids and B-carotene.

The TAC extracts of Lemna minor showed a higher total phenolic content than that of the TLC extracts, whereas
carotenoids were identified in both extracts at comparable levels (Figures 1 and 2). The outcomes of the DPPH-based
bioassay revealed that TAC extracts possess strong antioxidant activities, whereas TLC extracts did not show any such
bioactivity at all. In contrast to DPPH, the results obtained by the ABTS-based bioassay revealed that both TAC and
TLC extracts of Lemna minor possess antioxidant capacity, with the more amphiphilic TAC extracts being again the
most bioactive antioxidant ones (Figures 3 and 4). Structural elucidation of the most bioactive TAC extracts, based on
the obtained ATR-FTIR spectra, showed that different kind of bioactive phenolics were present in these extracts, since
hydrosylable tannins like Gallic acid and highly bioactive flavonoids like the flavan-3-ol Catechin and the flavanol
quercetin, as well as bioactive polar lipids and carotenoids, were identified according to characteristic fingerprint
peaks when compared to spectra of the assessed standards (Figure 5). Overall, this aquatic plant contain bioactive
carotenoids and phenolics with potent antioxidant potency, which can be incorporated as ingredients in functional
products with health promoting properties against oxidative stress and associated disorders. These promising
outcomes urge further study for this aquatic plant, in order to fully elucidate their potential as alternative sources of
such antioxidant bioactives.
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Figure 1. Total phenolic content of TAC and TLC extracts Figure 2. Total carotenoid content of TAC and TLC
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Figure 5. ATR-FTIR Spectrums of TAC extracts of Lemna minor samples (PTACI2) and solvent Isopropanol (A) and those of standards of
Quercetin, B-Carotene, Catechin, Galic acid and Soy Polar lipids (B)
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BIOAPAXTIKEX OYXIEX ATIO TO ®YTO LEMNA ME ANTIOZEIAQTIKH APAXH

To avtopvés vopofio pvto Lemna spp., to omoio cvviBws avorTdeoETON 08 EYKATATTOOELS floloyikol kabopiouod,
eletaletanr oe avty ™ ueléty w¢ uio whovy agipopo. Topoxn PLOEVEPYDY 0VOLAV, 101G GUPIPLAWY KOl ATOELODV
OVOTOTIKOV UE OVTIOCEIOWTIKES 1010TNTEG.  [lpoKkeyévov va eviomiotodv milavis Piodpactikés ovoies Omws To
KOPOTEVOELON KAl TO. POLVOAIKG, Kol Va ol10A0ynOel mepautépw 1 aviioleldwTiKn OPaocn DTV e GOPWTH EVEPYDV ELODV
olvyovov, n ueAéty emdiwle ™ diaxpion petold Amopiiwv koir oupipilowv cvototikwyv. To amoteAéouaro mwov
TPOEKDYOY OO OUYKPITIKES UELETES OTOL EKYVAIGLLOTO. TOD YUTOD TOPOVCLO.COY TOPOUOLES VYNAES TILES 0T KOPOTEVOELDH,
eve ota paivolika. Pppédnkav vyniés uovo ota aupipila exyvliouota. H avtioleidwtikny opdon uetpnbnke ue g
wedooovg DPPH xor ABTS. To aupipila ovototikd mopovsiosoy aviloleidwtiiy opaon kol ot 000 uedooong eva ta
10 MTOPILaO ELPAVIGOY amOTEAEGUOTA UOVO ue THY uéBodo ABTS.

Olorlnpavovrag 10 ekydrioua mopovoiaoe Pirodpocurdtyio kol emoueévaws Bo. umopovoe va ypnowyomoinbei yio
AEITOVPYIKG, TPOPLUO. KO KOALDVTIKG.

e-Poster
24


https://drive.google.com/file/d/1fggB4Tz8-qn1_37GWVCAA8eXcYVUOKFb/view?usp=sharing

EVALUATION OF ANTIOXIDANT PROPERTIES OF KIWI BY-PRODUCTS’ AMPHIPHILIC
AND LIPOPHILIC BIOACTIVES
Spyridoula Koutra, Konstantina Cheimpeloglou
Laboratory of Biochemistry
Department of Chemistry, Democritus University of Thrace, St. Lucas 65404, Kavala, Greece

Oxidative stress has a remarkable thesis in the occurrence of chronic diseases, and naturally derived antioxidants
appear to have beneficial properties against these manifestations. Kiwi is a fruit that contains such beneficial
antioxidants. The purpose of this paper is to evaluate kiwi by-products as a sustainable natural source of antioxidant
bioactives while reducing environmental footprint and waste management cost, in a circular economy design, along
with potential valorization of natural bioactives from this low value by-products as ingredients for high value
functional products (nutraceuticals, cosmetics and pharmaceuticals) with health promoting properties [1] .

Samples of kiwi (Actinidia deliciosa) were of native Macedonian-Greek organic cultures,. Solvents (methanol,
isopropanol, ethanol, n-octane , petroleum ether, chloroform), reagents (Tris-HCL ,Na,CO;, DPPH, ABTS, sodium
persulfate, acidic acid, acidic sodium acetate) standards of phenolics (gallic acid, catechin, quercetin), soy polar
lipids:p-carotene and trolox were purchased from Sigma Aldrich (St. Louis, Missouri, US). For all spectrophotometric
analysis the UV-VIS vis spectrophotometer was used while the Attenuated total reflectance (ATR) - Fourier Transform
Infrared Spectroscopy (FTIR) spectrometric structural analyses, of both samples and standards, were performed in a
Perkin Elmer Frontier ATR/FT-NIR/MIR spectrometer.

The extraction of total lipid compounds (TL) of kiwi by-products and their separation into total amphiphilic content
(TAC) and total lipophilic content (TLC), as well as the quantification of the total phenolic content (TPC), the total
carotenoid content (TCC) and the antioxidant activity of all extracts, based on both the DPPH and ABTS bio-assays,
where performed according to Tsoupras et al., 2024 [2]. ATR and FTIR spectrometric structural analyses were
performed according to Vordos et al., 2018 [3].

TAC and TLC extracts of kiwi by-products showed similar antioxidant activity in DPPH, ABTS and TCC and TPC
content (Figure 1). Thus, the antioxidant activity of all extracts of kiwi by-products can be attributed to both their
lipophilic (TCC) and amphiphilic (TPC) bioactive molecules. ATR-FTIR spectra of the TAC. Overall, kiwi by-
products contain both phenolic and carotenoid antioxidant bioactives that are potential candidates as natural
antioxidant ingredients for developing health promoting functional products.

TOTAL PHENOLIC CONTENT] TOTAL CAROTENOID CONTENT]|

-

TPC (mg GAE/g extract)
—
—
TCC (mg Pcamotenefg extract)

0,003

0,0025
0,002
9
% 00015 [
2

0,001

o
)
)
I
-

ABTS

w
=}

e
HoB R
—

=

0,0005

ABTS VALUE ( pmo| TE/ g DW)

S

0

TAC TLC T TAC TLC b

Figure 1. TPC (A), TCC (B) and Antioxidant Activity based on the DPPH assay (C) and the ABTS assay (D)
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Table 1. Characteristic ATR-FTIR Fingerprint Peaks of samples compared to those of samples
Compounds B-carotene | Catechin Gallic acid Polar lipids Quercetin
Peak (cm™) | 1644 3600-3100 3400-2800 3550-3100 3600-3050
Functional Cc=C O-H alcohol COOH carboxyl 0O-H alcohol O-H alcohol
groups alkene acid
Peak (cm™1) 1630-1600 1610 2860 1670
Functional C=C aromatic, C=C aromatic C-H alkane C=C alkene, C=0
groups C=C alkene ketone
Peak (cm™1) 1450 1635 1450
Functional C=C aromatic C=C alkene, C=0 | C=C aromatic
groups ketone
Peak (cm™) 814(Fingerprint 1455 950, 814,640

region) (Fingerprint region)
Functional C=C aromatic
groups
Peak (cm™) 822(Fingerprint
region)
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EKTIMHXH TQN ANTIOZEIAOTIKQN IAIOTHTQN TQN AMPIPIAQN KAI AIITIOPIAQN
BIOAPAXTIKQN AIIO ITAPAITIPOIONTA AKTINIAIOY

O oxomdg ¢ mapovoag epyociag eivar n allolOynon TwV TOPOTPOIOVIMV TOD GKTIVIOIOD WS flociun gvoiky mnyn
Srodpootikdv ovtioleldwTik®y ovolmy UE TODTOYPOVH UELWGN TOV TEPIPAILOVTIKOD OTOTOTMUATOS KOl TOV KOGTOUG
owoyeipions  amoppyuctv. IpayuotomomOnke mpoadiopiouos ¢ moootyrog v  @awvolikwv (TPC), wv
rapotevoeioayv (TCC) kou ¢ avrioleidowtikns dpdons tovg ue Paon mpotdmwv uedoowv (DPPH koi ABTS) kou
ootk oopikyy avedvon pe ART-FTIR. Ta exyvliouora twv limépilov kor twv aupipilov Biodpactikov twv
TOPATPOIOVIWY OKTIVIOIOD ETEOEILOY TOPOUOLL OVTIOCEIOWTIKI] OPACH TWV OEIYUCTOV, TOD CUVAJIEL UE THY TOPOUOL
ovoTOoN TOVS O OUPIPVAO. POIVOMIKG Kol WO MTOPIAla Kopotevolgldn Piodpaoctika. Télog ue v tavtomoinon
xopoxtnpiotik@v kopvpwv ota. paocuoato. FTIR twv deryudrwv oe adyxpion pe pdouara mpotomwv poivolikdv ko
Aimoegidwv emifefoucdvetar 1 mopovoia TETOIWV avTIOLELOWTIKOV LIOCVDOTOTIKOV 010, EKYVAIGLOTO. TOPATPOIOVIWY
axtvioiov. To amoteAéouara avta eviaydovy v TpoTelvouevy allomoiney Topampoioviwy aKTividlov yio, EKyviiouora.
whodoia o€ aupipilo kai To MTOPvAa oVTIOCEIdWTIKG, (G TVOTATIKG VLo AEITOVPYIKG, TPOoiovTa. vynANs aliog (tpopiua,
KOAADVTIKG K01 QOPUOKEDTIKG TPOIOVTQ) TOD TPOCYOLY THY VYELQ, 0T0. TAOLOI0, THS KUKAIKHG O1KOVOULOS
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SYNTHESIS AND CHARACTERIZATION OF GRAPHENE-BASED SORBENT MATERIALS
J. Tzaferri, G. Cholevas, H. Koronis, R. Vasilopoulos
Division of Physical Chemistry and Chemical Technology.
Department of Chemistry, Democritus University of Thrace, St. Lucas 65404, Kavala, Greece
In the present work, an attempt is made to remove diclofenac from aqueous solutions using graphene oxide
composites as adsorbents. Diclofenac (DCF) is a non-steroidal anti-inflammatory drug (NSAID), which has been
detected at the water surface and appears to threaten aquatic ecosystems. Therefore, the removal of this contaminant
using a novel GO@ZnO-chitosan-lignin material is an interesting approach with applications in municipal wastewater
treatment [1].
Graphene oxide (GO) is a special material, which could be considered as a single unimolecular layer of graphite with
numerous oxygen-containing functional groups, for example epoxide, carbonyl and hydroxyl groups. GO finds
application in nanocomposites, synthetic polymers, energy storage, physical processes such as catalysis and adsorption
[2]. Zinc oxide (ZnO) is a crystalline semiconducting material exhibiting diverse outstanding physical and chemical
properties such as piezoelectricity, optical transparency and biocompatibility. ZnO nanocrystals, enhance the
photocatalytic performance since they organize the morphology, size and orientation of the crystallites [3] [4].
Chitosan (Cs) is a biopolymer whose molecular structure contains -NH, and -OH groups. The presence of these
increases its adsorption applications with other adsorbent molecules. Its main advantage is the decontamination of
wastewater from organic or inorganic pollutants. Furthermore, it exhibits good adsorption performance due to its high
stability and simple polymerization process and combines low cost [5] [6]. Similarly, the amorphous, phenolic
polymer of lignin (Lgn) is a complex material, which is distinguished by its ability to adsorb organic and inorganic
pollutants from water. This is due to the abundance of the material, its physicochemical properties, low cost and the
presence of active centers [7].
The GO synthesis was performed by the modified Hummers method. Two composites were produced: chitosan-lignin
and chitosan-lignin-GO-ZnO. For the synthesis of CS-Lgn, a 1:1 ratio with 2% acetic acid solution was used and
ultrasonic processing was performed with the addition of each material. Finally, after the addition of acetic acid, the
solution was stirred for 4 hours and afterwards glutaraldehyde was added. The CS-Lgn-GO@ZnO was synthesized in
a similar way and the final products were freeze-dried. The experimental part continues by evaluating their adsorption
efficiency at different pH values (3-11) and contact times (5-90 minutes).
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Figure 1: Effect of pH Figure 2: Effect of contact time

According to Figure 1, maximum removal of the pollutant was observed at pH=7, where the removal rate exceeds
92.5%. Subsequently, at this pH value, the removal time of the pollutant was studied, where it is shown in Figure 2.
More specifically, the kinetics of the adsorbent is quite fast, as equilibrium is reached within 15 minutes. A better
adsorption model, seems to be the pseudo-second model, as both the fitting and the R? coefficient, take higher values,
compared to the pseudo-first model, as indicated in Table 1. This fact, suggests that chemisorption takes place,
therefore the adsorption rate depends on the adsorption capacity of the material and not on the concentration of the
adsorbed substance.

The existence of lignin in the material is confirmed by the strong aromatic vibrations at 1605, 1516 and 1425 cm™.
The broad band at 3500-3200 cm™ is attributed to aromatic and aliphatic -OH groups. The presence of N-acetyl groups
becomes visible at 1600 cm™ (C=0 amide group voltage vibration). Also, chitosan gives the vibrations at around 1650
and 1560 cm ', which are related to the carbonyl bonds of amide 11 and the vibrations of amide I, respectively. XRD
analysis shows the characteristic peaks of each material. The addition of GO@ZnO is confirmed by the peak at ~10°
which corresponds to GO.
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Figure 3: FTIR spectra Figure 4: XRD diagram

YYNGOEXH KAI XAPAKTHPIEMOX PO®HTIKQN YAIKQN ME BAXH TO I'PA®ENIO

To oéeidio tov ypageviov, amotelei eva Eeywpioto vVAIKO, A0Yw TV 1010THTWY TOL EUPOVILEL, TO OO0 YPNOIUOTOIEITAL
oVYVG OE QUOIKES OlEpyaoies, OTw¢ avth e mpoopopnons. H ovauesién tov GO ue vlikd omwe 1o oleidio tov
wevdapyvpov, n yirolavy kai 1 Ayyvivy, Oonuiovpyovy éve ovvlsto vAiko, T0 0mol0 oVVOVALEL TIC LOLOTHTES KOI TWV
TEOOGPWYV DAIKDV, UE QTOTEAECTUA VO, TPOKDATEL EVO.  OPKETG. KOAO DTOWHPLO TPOCPOPHTIKO UECO POTOV OOTIKDV
Avucrwv, omwg eivar 1 popuaxevtiky ovoio, dikAopevikn. To t advleon tov GO, axolovnbnke n uéBodoc Hummers.
2N ovvéyela, o€ DOOTIKG O1aADuaTO. dikAopevaxng, mpootifeviar oteped CS-Lgn kor CS-Lgn-GO@ZnO0. AxoiodOnoay
TELPGUATO, TPOTPOPHONG, T OLapopes TIES Tov PH, ko émeito eletdolOnre n emidpoaocn Tov ypPOVov TPOCPOPNONS, OTN
Pértiorn tun PH. Ano 1o amoteAéouara, mposkvye 6t n feitiotn ru PH yia v amoudxpvven e DCF eivor 1o 7, koa
N 160pPPOTIO, KOTA TNV TAPOO0 THS ATOUCKPVVONG, emitevyfnke ota 15 Aemra. Katalnyoviog, 10 novieio mov exppdlel
710 0pla, T TOPOTAVEW ATOTEAETUATO, AVTO THE WEVOO-OEVTEPNE TACHS, ETOUEVIE YIVETAL ADYOS VIO, YHIUELOPOPTIOH.
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Efthymiopoulos for their assistance.
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ANALYSIS OF IONIC LIQUIDS: AMOLECULAR DYNAMICS STUDY
A. Kolidaki, E. Argiropoulou, S. Kosidou

Division of Physical Chemistry and Technological Chemistry,
Department of Chemistry, Democritus University of Thrace, St. Lucas 65404, Kavala, Greece

lonic liquids (ILs) are a new class of solvents fully composed of ions and existing in a liquid state at or near
room temperature. These liquids, which are typically below 100°C, consist of an organic cation and either an organic
or inorganic anion [1][2]. The combination of different anions and cations in ILs creates an infinitely large number of
compounds with varied physical and chemical properties, allowing for the judicious selection of the optimal IL for
specific chemical reactions [1]. ILs have garnered significant interest among researchers in physics and chemistry due
to their unique properties compared to conventional molecular liquids, such as negligible vapor pressure and thermal
and chemical stability [2]. These properties make ILs suitable for environmentally benign industrial processes, serving
as alternatives to toxic, volatile organic compounds [1]. Moreover, ILs have been used as solvents to perform organic
reactions with high yields [2]. The intriguing characteristics of ILs can largely be attributed to specific interionic
interactions, which are crucial for understanding their behavior at the molecular level [2]. Both experimental and
theoretical studies have focused on how these interionic interactions, a type of intermolecular interaction, influence the
physical and chemical properties of ILs within the realm of condensed-phase research [2].

Molecular dynamics (MD) simulation is a technique used to calculate the equilibrium and transport properties
of a classical many-body system. “Classical™ refers to the nuclear motion of the constituent particles adhering to
classical mechanics, which effectively approximates the translational and rotational motion of a wide range of
molecules [3]. It has been demonstrated that using classical atomistic-level simulations to estimate the physical
parameters of ionic liquids is an effective method. Pure liquid characteristics including density (liquid and crystalline),
structure, heat capacity, enthalpy of vaporization, compressibility and volumetric expansivity, self-diffusivity, and
viscosity have all been calculated using molecular dynamics simulations [4].

We decided to study particularly with the imidazolium-based ionic liquid 1-ethyl-3-ethylimidazolium
ethylsulfate as it is an important ionic liquid due to its unique combination of low toxicity, biodegradability, and
excellent solvation properties, making it highly suitable for green chemistry and sustainable industrial applications.

The methodology for creating a simulation model using molecular dynamics simulation was as follows: First,
thorough research was conducted in order to find the proper and most accurate force field parameters of our ionic
liquid, by studying various articles. Then, Avogadro was used for the visualization of both molecules ([EEIM] and
[ESO4]) and for the calculation of some parameters. Once all the force field parameters were established, an input file
was created with all of the force field parameters. Finally, LAMMPS software was utilized for the modeling
simulation.

Simulation Details; Force field:

A COﬂVE‘n'[IOHa| Classlcal force field |S Uln[;\l: Ubnnd + Uang]c+ Umrsi0n+ Uimpropcr+ U\"d\\'-l— qu (I)
empl_oyed, _Whlch mcludes_ bond stretchln_g, angle U= 2 k= + Z k(0 — 0 +
bending, dihedral or torsion angle rotation, and bonds angles
improper angle bending. Additionally, it models both Y Ykl tcostig— 0+ Y, k- o)+
intramolecular and intermolecular van der Waals and diheduals m impropers
Coulombic interactions. The functional form is as gl o\ (6] g4
f . > ¥ el 2] |+
ollows [4] i=1 j>l ! Py Tij 4€0rff

Simulation Methods:

A variety of simulation methods, algorithms, and programs were employed to compute the wide range of
properties in this study. The simulations utilized a timestep of 1 femtosecond, with systems equilibrated for 50,000
timesteps in the NVT ensemble, followed by equilibration for 200,000 timesteps in the NPT ensemble, and finally
500,000 timesteps in the NPT ensemble for statistical calculations of means. Cell volume was 9299.66 AZ and the
results were obtained at 298.031 K.
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While the temperature is 298.03 K, the given density is 1.20337 g/cm?® [6], while the experimental density
measures 1.43054 g/cm?, underscoring a noteworthy disparity requiring examination and interpretation.

Given the complex nature of the rest calculations, they may contain errors or require reconsideration, necessitating
careful review and validation:

Potential energy u -5.2345 kcal/mol
Pair energy Epair -41.2079 kcal/mol
molecular energy E 35.9734 kcal/mol
total energy Etotal 1.8585 kcal/mol
Van der Waals energy Evaw 1.2788 kcal/mol
Coulomb energy Ec 7.4245kcal/mol
Bond energy D/Ep 24.9464 kcal/mol
Angle energy Eq 11.027 kcal/mol
Dihedral Angle energy E¢ 0 kcal/mol
Long Range energy Eir -49,9198 kcal/mol
Enthalpy H 1.8510 kcal/mol
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ANAAYZXH IONTIKQN YI'PQN: MEAETH MOPIAKHXE AYNAMIKHX
Ta 1ovika vypd eivor uio Katpyopio. O1OAVTOV TOV ATOTEAODVTOL QO 10VIQ, EYOVV UOVAOIKES 1010THTES KobloTdVTogS TO!
KoTaAAnAa yia pilikég mpog to mepifialiov Prounyovikég diepyacics. H avamrtoén twv dvvauixwv wediwv kot twv eCeAryuévav
HeBOdwv povrelomoinons, oe avvovaoUO e THY aOENoN TG DTOALOYICTIKNG 10)DO0G, KOTEGTHOOY TIC OTOUIKES TPOCOUOIDTELS
popioxns ovvourkns (MD) twv 10vtik@v vypdv axapaityteg yio. v KaTovonon Twv oyécemv JOUNG-1010THTWV G LOPIOKH
KAluaka. 2ty mopodoa epyacio ypHoYWOTOLEITOL EVaL EVIOIO KAOGIKO TESIO ODVAUEMDY Y10, TOV DTOAOYIOUO EVOS POACLOTOS
Oeppodvvopukdv 1010thty yia 1o 1ovxo vypo [EEIM]-[EtSO4].
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CREATION OF AN EDUCATIONAL SCENARIO FOR THE PURPOSE OF TEACHING THE
SUBJECT OF pH
Giota Konstantina, Grammatikou Argyra, Thanou Anastasia, Kanavou loanna
Department of Chemistry, Democritus University of Thrace, St. Lucas 65404, Kavala, Greece

The motive behind the creation of this assignment was the fact that students face difficulties understanding in
depth the various terms in chemistry, resulting in a poorer performance when it comes to achieving a satisfactory
grade in the PanHellenic (university entrance) exams. The objective of this assignment is, on the one hand, the
enumeration of the teaching suggestions already applied and, on the other hand, the presentation of new educational
scenarios that will bring about a simplified explanation of the subject matter and the best results regarding its
acquisition.

The main causes are the lack of understanding of the subject matter as well as the insufficient motivation and
encouragement by teachers, in order to deconstruct the belief that chemistry as a subject — and specifically teaching
about pH — is full of difficulties. In most classrooms, chemistry is taught in the form of lectures. The teachers usually
exclusively use the school textbook and dictate information to the students without any further explanations. The
school textbook structures the lesson plan, provides the basic theory, trains and evaluates the student. In other words, it
possibly occupies the most important place in the teaching process. Its content is considered to be incontrovertible, it
is provided by the state free of charge and it is simultaneously used by all school units nationwide [1]. Finally yet
importantly, it is taught in a regular classroom where practical application in a laboratory is completely absent. All of
the above undermine the value of chemistry as a science making it less interesting and worth-pursuing to students,
who do not get acquainted with the laboratory background of the subject, which comprises its greatest part. When
teaching about pH specifically, the teachers settle on simply reading the theory as presented in the school textbook and
doing some basic exercises. The detailed explanation of hard-to-understand terms, like the definition of pH and
various phrases regarding acids and bases, is usually disregarded, while emphasis is given on learning the theory by
heart and doing exercises. The main exercises students are asked to solve are about titration, which is a relatively
complex procedure when only explained in theory.

Finding a proper way of teaching in relation to the acquisition of new knowledge is the object of debate
among many researchers and it is especially interesting in terms of research. This teaching scenario is comprised of a
series of coordinated activities aiming at one or more subjects, using both everyday and innovative ICT tools. It
consists of the total of all the school textbooks, worksheets, software, learning theories and teaching practices. It is all
the educational practices daily conducted in classrooms and the roles played by students and teachers alike in order to
achieve a specific educational goal. This educational scenario is something applicable and not more complex than
what is already happening in the classroom. Simply put, some basic interventions regarding the organization and
planning of the lesson and the evaluation of the results of these changes are suggested. The educational scenarios
suggested and analyzed in this assignment (figure 1) are the application of new technologies in education, laboratory
experiments, changes in educational exercises outside the school environment, the introduction of projects in
education, thematic educational visits, teaching by scientists of a relevant field and finally it would be a serious
omission not to mention the DESTE educational model [2]. The presentation of an experimental procedure in person
or via audiovisual media has the potential to benefit students in comprehending and quickly doing exercises, the same
as in other educational scenarios.

Student participation and doing exercises on the board, which can be made more appealing and urge children
to study more meticulously and thoroughly, are equally important. Besides that, this kind of activities improves their
memory and performance speed. Despite the fact that schoolbooks are updated and sufficiently clear in meaning,
teachers should enrich the teaching materials with articles, extracurricular exercises or video projections. Actually,
using interactive tools and software applications, conducting games and activities focusing on pH, like interactive
experimental simulations or Q&A games, becomes possible.
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Figure 1: Proposals to reinforce the teaching of pH

Finally, alternative suggestions that could be employed in order to turn teaching chemistry and teaching about
pH specifically into a more pleasant, appealing and comprehensible process for students, are presented. All of the
above are the writers’ suggestions aiming at differentiating and improving teaching about pH. In conclusion, it can be
effortlessly inferred that the application of the aforementioned teaching scenarios can result in the best possible
comprehension of the unit with the aid of a more amusing and student-friendly method. If the teaching method
changes in even one of the categories mentioned above, it is believed that the future generations will have the ability
and the appropriate materials to master the required new knowledge in order to evolve in the area of exact science.
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AHMIOYPI'TA ATAAKTIKOY XENAPIOY I'TA TH AIAAXKAAIA THX OEMATIKHYX ENOTHTAX
pH

H mpoxlnon mov mopovaiaatnke oty epyocio avth HTav 1 OIEPEDVNON TWV NON EPOPUOCUEVMV TPOTATEWDY O1O0CKOALOS
Kou 1] TOPOVOLACH VEWY O100KTIKOV oevapiwV yio. ) Ocuatixy evotno tov PH. Kopio mleovéktnud omotedel n mpaxtiky
EQAPUOYN TTHV EKGOTOTE GYOLIKI EYKATOGTOON KOL TOPGAINAC ) GOVELGPOPA. oTH VéEQ Yyvawon 1 omoio Oo. empépel Oi1TTa.
OTOTEAELOTA TOOO WS TEPOS TOVS Pabuods wov Ba 0donyncovy atny eloaywyy o€ o, itofabuio oyoln e exLoyRS T0D
DTOYNPIOD OGO KOl (WG TPOS TV EVIGYVON TOV EVOLAPEPOVTOS OVOPOPIKG UE QDTN TH UOVAOIKY ETIGTHUN TOD PEPEL TO
ovoua ynueio. Méoa amo avtég tig dpdoels Ba umopéoel n wapecnynuévy, 00oKoAn kor ovevonty ynueio vo. LeTovolmBel
0€ 10 EVOI0PEPOVTO. KOI TOVITYVPY ETLTTH.
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HOLISTIC DIDACTIC APPROACH, FOR TEACHING THE THEMATIC UNIT OF “ACIDS-
BASES-SALTS”

A. Karagianni, K. Karampinas, G. Papakostas, D.M. Paschos
Department of Chemistry, Democritus University of Thrace, St. Lucas 65404, Kavala, Greece

This study aimed to investigate the teaching method applied to the subject of chemistry in secondary education and
more specifically to the area of acids, bases, and salts. Traditional pedagogical strategies hold the primary position
however their effectiveness in promoting the understanding of new knowledge is increasingly challenged. Therefore,
the main objective of the authors was to propose new and innovative teaching strategies that not only enhance
understanding but also modify the educational process for both students and teachers.

The difficulties in understanding and consolidating the acids, bases, and salts modules are a multifactorial issue.
First of all, the limited time available, combined with the textbooks used to teach this chapter, does not allow the
students to understand and simultaneously consolidate the chemical terms. To begin with, the terms acids, bases, and
salts would be wise to teach the terms first in order to be fully understood by the students and to avoid confusion with
the term pH. Additionally, the textbook mostly presents the Arrhenius theory of acids, bases and salts, with no
inclusion of the more recent Bronsted-Lowry and Lewis theories. These theories are only introduced in the senior year
of high school, by which point students are considered to have grasped the broader concepts of acids, bases, and salts
and are introduced to more difficult terms and methodologies such as ionization, volumetry, buffering solutions, and
solubility. Teachers should also have a relevant subject area, given the fact that chemists have extensive training that
focuses specifically on the principles, theories, and practical applications of chemistry. Their deep understanding of
chemical reactions, bonds, structures, and the periodic table equips them with the necessary expertise to effectively
convey complex concepts to students in a way that encourages understanding and critical thinking.

In this research, a fundamental reconfiguration of teaching and assessment methods are proposed. The integration
of interactive and experiential learning methods is advocated, utilizing a variety of resources, experimental learning,
and collaborative activities to explain the detailed principles that dominate in acids, bases, and salts, such as teaching
through experiments, and workshops as a means of teaching, the use of videos during teaching, teaching through the
project method and teaching with concept cartoons. The incorporation of experimentation into the teaching process
promotes an active approach to learning. This makes the learning process more exciting and interesting, while at the
same time increasing students' confidence in their own abilities. The teacher in collaboration with the school and with
a university institution or an industrial facility has the possibility to organize excursions to organized laboratories,
given the fact that laboratories and reagents are usually not available in the school units. This offers a very special
opportunity for students to extend their knowledge beyond the confines of the classroom and to have a real
educational experience. At the same time, this activity facilitates the link between theoretical knowledge and practical
application, providing an exciting educational step for students, to discover the importance of chemistry for everyday
life [1]. The project teaching method, as it is referred to, helps students as they investigate, share knowledge and
experiences, and design the experiment in the specific case they are studying, thus enhancing the deepening of
learning and the acquisition of skills. It is very much reminiscent of a combination of what Piaget refers to as the
Constructivist Model of Teaching and what Bruner identifies as Discovery or Exploratory Learning. On the one hand,
students construct new knowledge out of the existing one, as they connect their actions to previous ones through active
participation in experiences and problems (experimentation), creating a learning continuum, while on the other hand,
they are encouraged to discover knowledge through interactive tasks and experiments [2]. The use of video screenings
of chemical experiments in the classroom is an essential part of the modern educational process, bringing
revolutionary benefits for students and teachers alike. Video provides a realistic view of the process and results,
allowing students to understand more easily the scientific phenomena presented because of the visual representation of
the experiments [3]. The idea concept cartoon in education came from Stuart Naylor and Brenda Keogh in 1991, with
the aim of being effective because they are based on everyday situations, making science less intimidating and more
engaging for students. Conducting a chemistry lesson requires a course of instruction with the ultimate goal of not
only acquiring new knowledge but also keeping the learner's interest undiminished [4]. The educator must, depending
on the class, the age, and the particular characteristics of both the lesson and its audience, follow a tactic to enable the
student to develop their skills, consolidate the knowledge given to them, and master 'learning'.

In addition, innovative assessment techniques such as true or false questions, matching, crossword puzzles, and
other playful approaches designed to assess understanding while promoting critical thinking and problem-solving
skills are provided (Figure 1). Apart from the evaluation examples, there is also the solution and more detailed
exercises of right/wrong, matching, and crossword puzzles, in order to enable the use of this teaching material by each
teacher.
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Figure 1. Innovative evaluation technique

By embracing innovation and adapting new educational practices to meet the evolving needs of students, it is
possible to unleash the full potential of every student and foster a generation of scientifically developed individuals
capable of facing the challenges of the scientific world.
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OAIXTIKH ATAAKTIKH ITPOXEITIXH, I'TA TH ATAAYXKAAIA THX OEMATIKHY ENOTHTAX
«OZEEA-BAXEIX-AAATA»

H mopovca epyacio egetdlel ™ dwdackario g ynuela ota eAANVIKE oyoleio g devtepoPdbutoc ekmaidevong, e
éupaon ot Oepotikny evémra o&éa, PAacel Kol Ghata. Avoeépovtol ot Tapadootakés pEBodolr ddackaiiog,
OTOKOADTTTOVTOG TTEPLOPIGHOVG Kol TOopElS mpog Pertivon. AkolovBdvtag ta TPOTOKoAAL Tov Ymovpyeiov IToudeiog,
Opnokevpdtov Kot ABANTIGHOD, 6TOOC TV GVYYPAPEMY €IVl VO TPOTOOOVY KAUVOTOUEG TOOUYMYIKEC TPOGEYYICELS
Yoo TNV gvioyuon g EUTAOKNG TV pobntodv kot v eupdduvon g koatavonone. Ta evprpata vroypoppilovv v
ekTeTOUEVT YpNoN cvpuPatikdv pebddwv dwackariog mov yapaktnpilovior amd ) pdonon Kot Tov TEPLOPICLEVO
mpoktiko mepopatiopd. Ipoteivetar pio petdfaon ot ddackario Baciopévn 6NV EPEVVA, TOV GLUTANPOVETOL AT
OudpaoTiKéG EMOEIEELS, EPYACTNPLOKES OOKNGELS, TOAVUEGH KoL O EUTAOLTICUOG TV HeBOdwV ddackaAiag Le TNV
Topoy EVKAPLOV PlopaTikng Ldnong LEcm eMOKEYEMV GE MOVETIGTALLIN KOl Blopnyovikd kévipa, Le otodyo TV
Babvtepn Katavonon g véag Yvaong.
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PURIFICATION OF REAL WASTEWATER FROM THE PLASTICS INDUSTRY BY THE
ELECTROCOAGULATION METHOD
A. Nalmpant, A. Ramantanidis,, E. Kalli, E. Kyparissis, G. Papageorgiou, |. Neonaki, Z. Pelekidou
Division of Inorganic Chemistry, Analytical Chemistry and Environmental Chemistry,
Department of Chemistry, Democritus University of Thrace, St. Lucas 65404, Kavala, Greece

This study considers the removal of different pollutants, such as microplastics, biocides and dyes, from real
waste waters by electrocoagulation (EC) treatment. Metal electrodes and electrical current are used in
electrocoagulation by releasing metal ions that interact with pollutants and aggregate to form flocs. EC can effectively
remove oils, heavy metals, and organic matter.[1]

Electrodes composed of iron and aluminum are essential to the electrocoagulation process used for treating
wastewaters. Iron electrodes release ferrous ions, forming effective coagulants, while aluminum electrodes release
aluminum ions, yielding similar results. Iron is inexpensive, less susceptible to pH shifts, and appropriate for a variety
of pollutants. But it creates additional sludge. Aluminum is less sludge-producing and effective, but it is sensitive to
pH changes and needs to be monitored carefully. Despite this, aluminum is favored for its lower sludge production.[2]

The amount of oxygen required for the chemical oxidation of both organic and inorganic substances in water
is measured by Chemical Oxygen Demand (COD). It's an essential indicator for evaluating the quality of water,
especially for tracking organic pollutants. High COD levels signify increasing levels in organic matter, which can have
an adverse effect on aquatic ecosystems. Seeing as COD tests yield results quickly and are used by environmental
organizations to guarantee that legislation is adhered to. The unit of measurement is mg O,/L H,O. For a wastewater to
be suitable for discharge to the phreatic zone it must have a value of less than 120 mg/L. [3]

The experiments were conducted using an electrochemical reactor equipped with a magnetic stirrer. A DC power
supply was used to provide constant current and a multimeter to measure electric current. Also, a small amount of
NaCl was added as an electrolyte to assist the electrochemical treatment with both Fe and Al electrodes. In both
measurements the parameters were kept constant; the electric current intensity at 900 mA, the total time of treatment 3
hours and the sampling 10 ml which was taken with a pasteur pipette every hour. The sample obtained was filtered and
then transferred to the refrigerator for storage. To keep the intensity of the electric current constant, the potential
difference of the system varied. In addition, both in the initial waste and after each sampling, the temperature was
measured with a thermometer. For the measurement of COD, the sample was added to a glass vial with a specified
amount of K,Cr,0; (calculated on the basis of the measuring instrument) to oxidize the organic compounds it
contained. Then the solution, put in a thermoreactor, for boiling where it stood for 2 hours at 148°C. Finally, the
sample was transferred to a spectrophotometer where the COD value was measured in mg O,/L H,O. The results as

. - .. . COD (g time)—CODj time
well as the % yield (relative to the original waste) are shown in the tables below. % yield = ——%&me (G time)

COD(o time)
Table 1; Results with Fe electrodes
Time (h) | Temperature(°C) Intensity (mA) \oltage (V) | COD (mg O,/L H,O) | % Yield
0 19 900 3.5 18,100 0
1 21 900 3.5 11,300 37.57
2 26 900 3.5 8,200 54.70
3 26 900 6.5 7,100 60.77

Table 2; Results with Al electrodes

Time (h) Temperature (°C) | Intensity (mA) | Voltage (V) | COD (mg O,/L H,0) | % Yield
0 18 900 5 18,100 0

1 22 900 5 11,200 38.12
2 29 900 5 7,800 56.91
3 37 900 5 6,700 62.98
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Figure 1; Diagram representing the comparison of COD reductions as a function of time for the 2 electrodes

Therefore, it is found that with time, the degree of pollutants removal increases, which happens in the first
two hours of treatment. It is observed that after two hours the efficiency of the treatment is significantly reduced,
because some of the chemical compounds contained in the waste cannot be removed by this process. For this reason,
further investigation is needed to apply another method of treatment. It is worth noting that during the experiment the
temperature of the waste increased. A part of the pollutants is brought to the top, as it is carried by the hydrogen
produced in the cathode, while another part, due to the large flocculants generated, settles to the bottom as sludge
under the effects of gravity. Finally, in the middle there was pure water.
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KAGAPIZMOXZ MPATMATIKQN ATTIOBAHTQN AITIO TH BIOMHXANIA TAAXTIKQN ME THN
ME®OAO THX HAEKTPOKPOKIAQXHX
Ta vypd oamopinta amo Prounyovies miaotikwv umopel vo kabopiorody o€ moocooté movew ambé 60% ue
nlextpoynuiky emecepyacio. ypnoIUOTOIOVTOS NAEKTPOSLIo. o1ofpov  kai clovuiviov. H mnlextpoxpokxiowon eivai
Kpokidwon kotd v omoia ta. kpokidwtikd Fe(OH)s ka1 AI(OH)s, dev mpootifevtar oto emelepyolouevo didivuo oria
onuiovpyodVIaL €T TOTOL UECW HWAEKTPOOLGAVONS THS OVOOOVL amb oionpo 1 apyilio avtictoryo. To kpokidwtikd
eykAwPilovy ka1 6VLEOWUATWVOVY TOVS POTOVGS, 01 0TToI0L TEAIKA A0y PopiTntog Kabilavoov.

e-Poster

36


https://drive.google.com/file/d/1Yc8ztHuEZGIC66-_Kl7BZT9ya-vGpCnl/view?usp=sharing

INVESTIGATION OF THE EFFECT OF SiO, MICROSPHERES PERCENTAGE ON MECHANICAL
PROPERTIES WHEN ADDED TO POLYMERIC MATERIALS FOR USE IN ADDITIVE
MANUFACTURING PROCESSES

N.Mourlidis, E.Anagnostou
Division of Inorganic Chemistry, Analytical Chemistry and Environmental Chemistry,
Department of Chemistry, International Hellenic University, St. Lucas 65404, Kavala, Greece

The study of the effect of SiO, microsphere percentage on mechanical properties when added to polymeric
materials for use in additive manufacturing processes is an important topic in the development of high performance
materials for 3D printing. The incorporation of microparticles, such as silica (SiO,) microspheres, into polymer
matrices can significantly modify the mechanical properties of the final material, including strength, hardness,
toughness, and thermal stability. The production of a glass-polymer composite material suitable for printing products
is of crucial importance in order to achieve the best possible result in polymer composition and in determining the
maximum degree of filling percentage.

In [1], B-TCP powder and polyetherimide (PEI) were used as dispersion mediums. The materials were mixed
and ground by ball milling with the addition of silica in various concentrations (0.0-1.5 wt% SiO,). After drying and
sieving, the powders were pressed and sintered. The results showed a decrease in shrinkage and an improvement in the
density of the ceramics.

In this work, the synthesis of a mixture of PLA and SiO, beads with a content of 2%, 5%, and 15% wi/w,
respectively, was carried out. The mixtures of PLA and SiO, were mechanically stirred in order to produce a
homogenised solution. Filaments with a diameter of 1.75 mm using pure PLA, and the mentioned mixtures were
produced using a desktop extruder, applying the following process parameters: Screw speed: 3.5 RPM, temperature of
heaters: between 170 and 188 °C. The produced filaments were used to manufacture cylindrical specimens for
compression testing, using a FDM 3D printer (Bambu Labs Carbon X1). A layer height of 0.2 mm and hot end
temperature of 210°C were applied during the printing of the specimens. The specimens had a diameter of 12 mm and
a height of 24 mm. Four specimens for each filament were manufactured (pure PLA, mixtures of 2% / 5% / 15%). In
figure 1, the extruder (on the left) and the produced specimens (on the right) are illustrated.

Figure 1 The extruder (on the left) and the produced specimens (on the right).

The compression tests of the specimens were carried out using a universal testing machine (UTM). During the
test, the specimen is placed between two plates and pressed until it deforms or breaks. The forces and deformations are
recorded in order to determine the mechanical properties of the material, such as its resistance to compression. The
test was made according to the method described in ASTM D638 standard. The deformation rate was 2mm/min and
compression was made until 50% of the sample height. Also, the preload was 20-25 N. Preloading is done in order to
stabilise the machine. At the end of the testing process, the results shown in the diagram below were found. They show
that the specimens with 5% w/w SiO, show higher resistance than even pure PLA. As expected, the other tests follow,
with those with 15% w/w showing the lowest resistance. The 5% tests may have been more resistant because of the
forces between the SiO, molecules. These forces don't appear in the 2% w/w tests because the low percentage of SiO,
beads, while they are very high in the 15% w/w tests, making the beads fragile. The obtained stress — strain curves are
shown in figure 2.
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Figure 2 Stress — strain curves as determined from the compression tests.
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ATIEPEYNHXH THX EITITAPAXHX TOY ITOXOXTOY MIKPOX®AIPIAIQN SiO, XTIX MHXANIKEX
IAIOTHTEX KATATHN IMPOXO®HKH XE IIOAYMEPIKA YAIKA I'TA XPHXH XE AIEPTAXIEX
MNPOXOETIKHY KATAXKEYHX
H uelétn e eniopaonc tov mocootod twv pikpoopaipidiwy SiO; otic unyovikés 1010TNTes TV TOADUEPDY DAIKDV YIo;
mv mpoobetiki kotaokevy kobiotatar onuoviiky. H evowudtwon vavoowuatidiowv omws to pikpoopaipioio. SiO,
UTOpEL Vo, eviayDaetl Tnv ovtoyn, ) okinpotyto, v ovBektikotnro kol ) Oepuikiy ota.fepothTo. Tov TEAIKOD DAIKOD. XE
oyetikn, oxovy B-TCP xar PEl ypnowomomnOnkoyv w¢ uéoo diaomopds, avoueiyOnkoy ue o010leidio tov mopitiov oe
OLAQPOPES CUYKEVIPWOEIS KOI TUPOTVOOWUOTOONKAY ueta oro CHpaven kai kookiviouo. To amoteAéouoaro éoeiéav
Uelwon e ovppikvwons koi feitioon e mokvotntog twv kepopukav, ue 1o 1,0 % k.p. SiO; va mepiopiler v
oVOmTOEN TV KOKK®MV KOl VO, ODCAVEL THYV TOKVOTHTO, KOOLoTOVIOS T0. KOTOAANAO, Yo Tp1o01a0T0TH EKTOTWOH

KEPOLIKDV.

210 meipoua wov owelnyln, ooviéOnke éva peiyua opoupioiowv PLA kou SiO; ue mepiextikotnta 2% 5% kou 15% k.p.,
eCwbnbnke oe vijuo. wayovs 1,75 MM kou extomabnke tpiodidorato. To doxiuio eEETAOTHEAY WG TPOS TV IKAVOTHTO,
TOVG VO, TOPOVOLALOVY HIKPES TOPOUOPPATEIS TPV amo T Opadon. H doxiun ovuricong Eytve ooupmva (e t0 TpoTOTO
ASTM D638, e pobuo wopoudppwons 2mm/min ko zpopoption 20-25N. H ovuricon éyive uéypt to 50% tov dyouvg
TOD OEIYUATOS VIO TOV TPOTOIOPIGUO TV UNYOVIKDV 1010THTMY TOD DAIKOD, OIS § OVIOXH T0V o€ ovumieoy. Me to mépag
NG O1OOIKOGIOS TOPOTHPEITOL TS T OOKIUIO UE TOGOOTO GPoiploiwv 5% mapovoialovy tn ueyaldtepy ovioxn oe
ovumicon eva avtd mooootod 15% tn pikpotepn. H ueyaln avroyn dokiuiov 5% mepiektikotnTos umopel va omodoei
OIS OVVOUELS TOD aoKOVVTAL UeTOLD TV opaipidiwy SiO,.
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EXPLORING NEW FRONTIERS IN THE SYNTHESIS OF BIOACTIVE
CHALCONE DERIVATIVES

D. Giannou. K. Katsivelou, V. Katsoti, C. Krokou, S. Liotsaki, M. Christofidi
Laboratory of Organic Chemistry, Division of Organic Chemistry and Biochemistry
Department of Chemistry, Democritus University of Thrace, St. Lucas 65404, Kavala, Greece

Chalcones, a type of flavonoid, are abundant natural products with significant biological importance. They
have potential as antioxidants and cytotoxic and antiviral agents, sparking considerable interest and ongoing research
[1]. Chalcone derivatives' structural simplicity and potential therapeutic applications have led to numerous syntheses
reported in the literature [2]. Their unique structural framework makes them versatile molecules for developing and
enhancing pharmaceuticals. Our current work aims to synthesize chalcone derivatives and investigate the synthetic
method's influence on the resulting compounds' quantity and characteristics. To achieve our objective, various
aromatic aldehydes and substituted acetophenones were subjected to a Claisen—Schmidt condensation reaction to form
an a,B-unsaturated carbonyl compound, corresponding to the chalcone derivative. In addition to the conventional
method, we explored the potential of environmentally friendly methods, such as sonication, UV radiation and grinding
techniques, to enhance product yields and uncover possible alternative reaction pathways.

Synthesis of chalcone derivatives. Conventional method. Equal amounts (1,5 mmol) of aromatic aldehyde and
acetophenone derivative were mixed in 95% ethanol (10 mL) and cooled in an ice bath for 5 minutes. Then, 0.2 mL of
40% sodium hydroxide solution in water was added dropwise. The mixture was stirred at room temperature for 30
minutes, poured into a beaker with crushed ice, and neutralized with 10% HCI. The resulting precipitate was collected,
washed with cold water, and dried. If no precipitation was observed, the reaction mixture was extracted with
dichloromethane to obtain the crude product. Grinding technique. The grinding process was performed by grinding
together an equimolar mixture of aldehydes and acetophenones with pellets of sodium hydroxide in a mortar at room
temperature for 20 minutes. The reaction mixture was worked up in the same way as described in the conventional
method. Sonication. The mixture of raw materials was subjected to ultrasound irradiation in an ultrasound bath at
room temperature for 30 minutes. UV radiation. The raw materials were prepared as per the grinding technique and
then subjected to 20 minutes of ultraviolet (UV) irradiation at wavelengths of 365 nm and 254 nm simultaneously. The
crude reaction mixture was analyzed using the Agilent 7000E triple quadrupole GC/MS without prior purification. The
mass spectra were used to identify the organic compounds present, and all concentrations were determined based on
relative area percentages.

Results and Discussion. Monitoring the progress of a reaction is essential in organic synthesis. In the case of complex
reaction mixtures and isomeric products, thin-layer chromatography, which is often used, proves insufficient. In this
paper, we report the use of GC-triple quadrupole MS/MS as a method for the unambiguous identification and
differentiation of the desired chalcone isomers in the crude reaction mixture. The chalcones synthesized in the present
study are shown in Figure 1.

(1-R} %11}

=

Entry 1 2 3 4 5 6 7 8 9 10 11 12
X H | 4-OCH; | 3-NO, | 3-OCHjs H 4-OCH3 | 3-NO, | 4-OH, H 4-OCH3 | 3-NO; | 4-OH,
4-OH 3-OCH3g 3-OCHj3

Y H H H H NH, NH, NH, NH, NH, NH, NH, NH,

Figure 1. Synthesis Scheme of chalcone derivatives

The prepared compounds exhibit a variety of substituents at different positions of the aromatic rings. Chalcones can
exist in trans (s-cis or s-trans) or cis isomeric forms, with the trans isomer being the predominant configuration. It is
important to note that in some studied reactions, such as the reaction of 4-aminoacetophenone and benzaldehyde,
ultrasound has been found to promote the isomerization of chalcone derivatives from s-cis to s-trans. GC
chromatography analysis revealed multiple peaks, indicating the presence of coexisting isomers in the unpurified
product mixture (Figure 2). In contrast, when using the grinding technique, the main product obtained was the
unexpected Schiff base derivative 9. Schiff base derivatives are significant compounds used in biological and
pharmacological studies and various industrial applications [3]. In the reaction between acetophenone and vanillin 4,
the desired chalcone product was only obtained when UV radiation was used.
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Figure 2. Comparison of the Total lon Chrofﬁét'(')d'r'a-r'ﬁ's (TIC) of the crude reaction mixture of 4-aminoacetophenone and ben'zaidehyde using
conventional, grinding techniques and sonication, and the mass spectra of the main products

To conclude, some of the compounds that have been prepared are of significant interest due to their unique
compositions not found in existing literature. Additionally, including methoxy, nitro, or amino groups in the aromatic
rings in the Schiff bases chalcone derivatives shows excellent potential for antioxidant activity, making them suitable
for further exploration in the development of new drugs and biological products. In most reactions studied,
conventional and ultrasound methods yielded better results than grinding. The GC-MS analysis of the crude reaction
mixture proved to be a powerful tool for monitoring the reaction and finding alternative synthetic pathways. The next
step in this work will be to test a more extensive series of chalcone derivatives with unconventional preparation
methods and use them as a 2w electron system in [4+2] cycloadditions with quinodimethane derivatives.
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AIEPEYNHXH NEQN XYNOETIKQN MONOIIATIOQON BIOAPAXTIKOQN ITAPAT'QI'QN
XAAKONHX

O1 yoAkoves OmoTEAODV IO OO TIC TO OHUOVIIKES OUAOES QPUOIKOV TPOIOVIWV UE TOIKIAES [loloyikes Kal
popuaKoroyikés opdoels. H Opaotikotntd, 1008 Kol 0 €DEAIKTH yNuIKY) OOul TOUC TIC KOOLOTA 100VIKG UOPIO. VIO TN
o0vleon véwv evaoewv pe emBountéc ProdpooTikéS 1010TNTES. 2TV TOPOVOA EPYATIO. oVvapépetol 1 obvbeon kar o
XOPOKTHPLOUOS VEDV TOPOYDYDV YOLKOVAV UE ovufatikés aila kor mpaoives uebodoloyies ovvBeons. H epopuoyn
DIEPHY WV, DIEPIMOOVS OKTIVOPOMIOS KOl TEYVIKWV GAETHS 00NYNoE 0Tl oDVOESH VEDV OTEPEOICOUEP DV YOAKOVAV KOl
otov oynuotioud facewv tov Schiff ae onuaviikés avaloyies. Ot evaoeic mov mopackevaoTnKay Eupavilovy Toikidio
DTOKOTAOTOTOV o€ Ola@opetikés Béoeic TV opopatikayv daxtodiov. H ypnon e oépiag ypwupotoypopiog
pacuazouetpiog udalog (GC-MS) otn uelétn tov akoatépyactov ueiyuatog aviiopaons omodeiyOnke éva 1oyvpo gpyoleio
YLO. TV TOPaK0LovONaN TS AVTIOpacHS Kol THY EDPECH EVOALOKTIKOV GOVOETIKDY 00MV.
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SYNTHESIS AND STUDIES OF GREEN CARBON DOTS FROM ORANGES AS SENSORS FOR FAST
MONITORING THE POLARITY OF SOLVENTS
E. Kyriazi, C. Malerou, V. Rammou, A. Sparaggi
Division of Inorganic Chemistry, Analytical Chemistry and Environmental Chemistry,
Department of Chemistry, Democritus University Of Thrace St. Lucas 65404, Kavala, Greece

A problem that plagues today’s researchers is the fast and precise monitoring of solvent polarity, because it
affects reaction kinetics, solubility, as well as molecular conformation during the interaction in a chemical process.
Moreover, in biological systems, polarity is vital for establishing and reflecting a large number of sophisticated
physiological functions and pathological effects. The polarity of a solution can be determined by several methods
either using laboratory equipment or through polarity detectors. More specifically, laboratory methods include Karl
Fischer titration and gas chromatography. In biological systems polarity sensing can be performed via transmission
electron microscopy. However, these methods require skilled operators, specific reagents, and prolonged measurement
time. In contrast, fluorescent sensors crafted from nanoparticles exhibit outstanding biological affinity and distinctive
photoelectric properties. These benefits render carbon dots exceptional for the real-time detection and imaging in
polarity response. ™

For the aforementioned reasons, this project is focused on utilizing carbon dots (CDs) as fluorescent sensors
derived from orange peels and orange juice. The preference for biomass-based carbon source over small molecules
was driven by their cost-effectiveness, environmental friendliness, and widespread availability (Figure 6). @

The experimental procedure was conducted as follows. The orange peels were thoroughly washed and placed
in an ultrasonic bath at room temperature for 3 minutes. Next, the peels were heated at 70 °C before being pulverized.
2 g of the resulting powder were added to 20 mL of deionized water and sonicated for 30 minutes. The mixture was
then poured into a 25 mL stainless steel autoclave lined with Teflon and heated at 180 °C for 8 hours, after that the
reactor left to reach room temperature, overnight. The mixture was centrifuged at 4000 rpm in order to remove large
particles. Then, the orange liquid was placed in a semi-permeable membrane filter of 1 KDa in order to remove low
molecular weight particles. The filtered liquid was freeze dried in order to obtain a light yellow solid. The overall
yield was 1.5 %.

In the case of the juice, 40 mL of orange juice was used and a large portion of the solid residues were removed
via filtration. Due to the presence of impurities, the juice was subjected to centrifugation at 4000 rpm for 5 minutes,
and then left to rest for around 24 hours. Afterwards, the samples were spun in a centrifuge for 1 h until the solutions
became completely clear, forming two layers. The juice was placed in an autoclave at 180 °C for 2.5 hours and it was
left to reach room temperature, overnight. Then, 9.8 mL of the liquid was purified through a membrane of 1 KDa,
freeze dried in order to obtain the final CDs in 1.3 % yield.

The materials were characterized with UV-Vis, Nanosight, FT-IR and SEM techniques (Figures 1-3). For the
UV-Vis analysis, the green carbon dots were dissolved in different mixtures of water and EtOH varying their
proportion. Upon UV irradiation the CDs emitted different colors depending on the different polarities of the mixtures.
All samples were analyzed with UV-Vis spectroscopy, where comparable absorbance peaks were noted for both CDs,
despite a notable variance in absorbance intensity (Figures 4-5). This alteration is likely to be arising from the distinct
compositions of the initial materials, particularly the occurrence of hydrogen bonds and the presence of ascorbic acid
in the orange juice.®) A gel composed of agar-agar was developed by dissolving the CDs in deionized water.
Subsequently, the gel was exposed to UV lamp in order to assess its photoluminescence. This approach has the
potential for qualitative determination of moisture content in liquids.

To summarize, CDs from orange waste were produced via hydrothermal condition without adding chemicals
and characterized with several analytical methods. This procedure is a facile, eco-friendly method, which may be
practicable for large scale production. It was observed that CDs from juice had higher absorbance in UV and IR than
the CDs from peels, due to difference in compositions. Green CDs could be utilized in sensing polarity, metal ions,
organic molecules and in vitro or in vivo imaging applications of plant and animal cells. Considering their exclusive
composition of natural raw materials, these products offer new opportunities for utilization in cosmetics and food
industries.
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Figure 1. FT-IR spectra of (a) CDs from orange Figure 2. Nanosight image of CDs.  Figure 3. SEM images of CDs.
juice, (b) CDs from orange peels.
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Figure 4. Absorption spectra of CDs from orange juice (left) and orange peels (right) in different mixtures of H,O-EtOH.
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YYNOEXH KAI MEAETEX ITPAXINQN TEAEIQN ANOPAKA AITO TIOPTOKAAIA QX AIXOHTHPEX
I'TA THN TAXETA IAPAKOAOYOHXH THX IIOAIKOTHTAX TQN AIAAYTQN

H molixotnra evog drarvtn dradpauotilel kaBopiotiko poio oe pia ynuiky olepyaoia, A0yw TwV OHUAVIIKOV 1010THTWV
mov ennpedlel. Ilo avto 10 Adyo, 1 TapakxolodOnon TOMKOTHTAS TV JLAAVTOV OE TPOAYUATIKO YpOVvo EIVAL Eva TPOofAnua
oV TAAQVILEL TOVS OHUEPIVODS EPEDVIITES. ZTNV TOPODOO, EPYOOILO, UE OPOPLUI] TOV TOPOTOVD TPOPANUATIOUO KOL UE THV
TPOGOOKIO UIOC TTIO TPCOIVHGS TPOGEYYIoNS el Tov Béuarog, oovienroay teleiec avOparxa amo Lroudlo kou cUYKEKPLUEVA
oo T eAoDIa KAl TO YOUO TOPTOKOALIOD uéow vOPobepuikne uedooov kair oty cvVEYelo, axolovBnoay avalvTikés
teyvikés UV-Vis, IR, Nanosight xoz SEM yia 1o yapoaxtnpiouo rovg. Tédog, eletaotnie n epapuoyn 1oug wg aviyvevTeg
TOMKOTHTOG VIO O10ADUOTO. UE OLOPOPETIKES OVALOYIES TOMKDV J10AVTOV KATW OO AGUTO. DTEPLDHOOVE.
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PRODUCTION AND CHARACTERIZATION OF BIOFUEL FROM NON-EDIBLE BIOMASS
A. Peraki, D. Vatou, N. Varnali, Z. Thomaidou
Division of Organic Chemistry and Biochemistry
Department of Chemistry, Democritus University of Thrace, St. Lucas 65404, Kavala, Greece

Global reliance on fossil fuels has led to significant environmental and economic challenges. Biodiesel, a
promising renewable and low-carbon substitute for traditional diesel fuel in transportation, is derived from various
renewable sources, such as vegetable oils, animal fats, and waste cooking oils (WCOs), through transesterification. In
this process, oils or fats react with an alcohol, typically methanol or ethanol, in the presence of a catalyst, forming
fatty acid methyl or ethyl esters (FAME and FAEE), commonly known as biodiesel. Homogeneous alkaline catalysts,
like sodium hydroxide (NaOH), are widespread in industrial-scale biodiesel production. The recycling of WCO to
produce biodiesel reduces waste and provides a clean energy source that can aid in diversification. Biodiesel, when
used as a cleaner-burning alternative to traditional diesel fuel in diesel engines, offers environmental benefits such as
reduced air pollutants and greenhouse gas (GHG) emissions [1,2].
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Figure 1. Alkali-catalyzed transesterification of triglycerides to FAMEs. Figure 2. a) Biodiesel-glycerol, b) biodiesel-water.

The experimental part of this research included the production of biodiesel from a WCO sample derived from
a local restaurant, its characterization using the well-established methods outlined in the EN 14214 standard and its
FAMEs composition using gas chromatography-mass spectrometry (GC-MS) technique. As the measured acid value
(AV) of the WCO sample was found below 2 mg KOH/g oil (0, 615), 500 mL of purified WCO was directly
transesterified with 4.61 g NaOH dissolved in 127.5 mL of methanol at a temperature of 55-58 °C for 60 to 70
minutes in a two-neck spherical flask with continuous stirring. Afterward, the reaction mixture was transferred to a
separatory funnel to receive the produced FAMEs (upper phase) and the glycerol (lower phase) (Fig 2a). After
glycerol removal, biodiesel was washed with hot deionized water to remove any impurities (Fig. 2b). Finally, the
volume of purified biodiesel was 455 mL, and the yield was calculated as 87.27% (Fig.2).

Table 1 shows the measured properties of the WCO sample, while Table 2 shows the most critical properties
of obtained biodiesel outlined by EN 1SO standards.

Table 1. Measured properties of WCO. Table 2. Measured properties of biodiesel.
Specs Test
Property
. BD EN 14214 Method|
Property wCO Test Method Density at 15°C,
. g-cm? 08866  086-091 ENTISO 12185
Density at
15°C, 0.9245 ENISO 12185 Viscosity 40 °C, 4.83 3.5-5.0 ENISO 3104
gem? mm?-sec!
Water Wat tent 460.9 <500 ENISO 12937
content, 1210.9 ENISO 12937 ater content,
mg-kg-
mg-kg!
. Acid npumber, 042 <05 ENISO 14104
Acid ~ § X mg KO H-g!
number, 0615 ENISO 14104
mg KOH-g" Sulfur, mg-kg! 228 <10 EN ISO 20846
Flash Point, °C >120 >120 ENISO 3679
CFPP, °C -2.0 Country Specific EN116
Max. +5°C
Oxidative stability
at110°C, h 018 >8 EN 14112
Todine Value, 1186 <120 EN 14111
g L,/100

The results in Table 2 indicated that all biodiesel properties met the specifications outlined in the EN 14214
standards properties except for oxidative stability, which is an indicator of biodiesel quality and performance
characteristics when stored for extended periods. Density is a fundamental fuel property, directly impacting an
engine's performance characteristics, while viscosity is a physical property of fluids that signifies their resistance to
flow. Additionally, the presence of water in fuel significantly affects fuel quality, while AV measurement offers
valuable insights into the acidity levels of biodiesel. Flash point (FP) is also a critical physicochemical attribute
essential in gauging the likelihood of fire and explosion, particularly for hazardous substances like fuels. Another
important parameter is the cold filter plugging point (CFPP), which is country-specific and is used to evaluate a fuel's
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Table 3. FAMEs composition and retention times.



capacity to operate efficiently in cold conditions without the risk of fuel filter blockage caused by the crystallization of
wax. The acceptable maximum values in Greece are -5°C and +5°C for the winter and summer, respectively. The
iodine value (1V) indicates the overall unsaturation of biodiesel, and EN 14214 establishes a maximum limit of 120
grams of iodine absorbed per 100 grams of biodiesel (g 1,/100 g). All the above properties met the requirements
outlined by EN 14214 methods for biodiesel.

Besides the physical characteristics of biodiesel, its chemical composition is equally essential in evaluating its
quantity and quality. The GC-MS (EN 14103) total ion chromatograph (T1C) chromatograph for the biodiesel sample
showed that the most abundant FAMEs were the linoleic acid (C18:2) methyl ester and oleic acid (C18:1) methyl
esters (49.8% and 37.72%, respectively). Saturated fatty acids methyl esters, such as C16:0 and C18:0, were also
found, but in lesser amounts (Fig. 3). The specific composition in FAMEs and the retention times of FAMESs shown in
Table 3.
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Figure 3. GC-MS TIC chromatograph of biodiesel.

Retention time
(min)

11.122 Myristic acid (C14:0) methyl ester traces

Palmitoleic acid (C16:1) methyl
ester

Compound % of total

15.642 traces

16.378 Palmitic acid (C16:0) methyl ester 7.82
21.699 Linoleic acid (C18:2) methyl ester 49.8
21.835 Oleic acid (C18:1) methyl ester 37.72
22.435 Stearic acid (C18:0) methyl ester 4.13

Eicosenoic acid (C20:1) methyl

25.280
ester

traces
25.636 Arachidic acid (C20:0) methyl ester 0.07

28.125 Behenic acid (C22:0) methyl ester 0.41

Lignoceric acid (C24:0) methyl

30.197
ester

0.05
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IHAPAT'QI'H KAI XAPAKTHPIZEMOZX BIOKAYXIMOY AIIO MH-BPQXIMH BIOMAZA

Mo mv avtipetdmon g KMUATIKNG oAAayNS TpoteiveTat n petdfoocn omd to cuUPATIKA 0pLKTA KOG TPOG T
QUKEG TTPOg To TEPPAALOY EVAALAKTIKEG AVGELS, OTMG Ta ProKavciua mov Tapdyovior and un Ppooiun Propdla,
on®g 1o ypnolponotmuévo payepkd Aadt (WCO). Zmnv mapovca gpyacio diepevvdrtal 1 ovvleon Provtiled and éva
delyua WCO péow g Packd KotaAvOPEVNS OvTIOPOOTNG WLETECTEPOTMOINGONG, 1 WEAETN TOV GNUAVIIKOTEP®V
WTNTOV TOL Kol 1 cvotacn tov o FAMES. Apyikd, pe epyaoctnplokés HETPNOEIS YOPOKTNPIOTNKE 1| TPMTN VAN
(mokvotta, vypacio kKot aplipods 0EVTNTAG) KOt 6T GLVEXELN TO TopayOuevo Provtilek (mukvotnta, vypacio, 1EDOES,
ap. ofvtmrag, Oelo, onueio avdoretng, CFPP, o&ewdotikr otafepdmto ko apBpog wdiov). 'Ernsura
TPOYUATOTOMONKE TOLOTIKOG KOl TOGOTIKOG TPOGIIOPIGHOG TOV TTapayouevoL Provtiler oe pebuieotépeg (FAMES) pe
™ pébodo g aéplag ypopatoypapiog ovlevypuévn pe eacpatopetpion palog GC-MS. Ta omotedéouata
emPePaiocav 0t To Tapayouevo ProvtiCed TAnpol wg ent 10 mheioTov TIG PLOUNYOVIKES TPOdYpaPES Tov opilel TO
evponaikd tpotvmo EN 14214. H ev Adyw épevva Oyt povo evBoppivel ) Pldoiun mopoyoyn KOvcipnmv, oAld
EMKEVIPOVETOL KOl TN dopoponoinon twv mnydv Propdlag, otn dnuovpyio EVEPYEWNKNG OCPAAEINS KOl OTN
dloeaMon TG TePPOALOVTIKNG PIOGIULOTNTOGC.
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PRODUCTION AND PROPERTIES DETERMINATION OF CONVENTIONAL FUELS FROM REAL PETROLEUM

DISTILLATES
I. Bogdani, A. Fassari, M. Kyriakidis, V. Roka, S. Spyridakos
Division of Organic Chemistry and Biochemistry
Department of Chemistry, Democritus University of Thrace, St. Lucas 65404, Kavala, Greece

Crude oil is typically extracted from underground reservoirs through drilling operations. Initially, fraction
distillation of crude oil takes place adhering to standard experimental instrumentation, such as Eurodist, and
experimental procedures outlined by ASTM D-2892. This method involves heating a sample of petroleum distillate in
a distillation apparatus, causing it to vaporize and condense into different fractions based on their boiling points.
Important characteristics are measured using standardized methods established by organizations such as ASTM
International and the American Petroleum Institute (API). For Kazakhstan's crude oil (net weight 2405.8 g, gross
weight 4553.4 g, pour point 15°C and humidity 414.8 ppm), the octane number, the flash point, the API gravity, the
sulfur content, the cloud point and the pour point, as well as the mixing fractions (1-2,3-4,5-6,7-8,9-10,11-12,13-14)
and the mixing fractions of the preceding fractions (1-6, 9-12) were successfully determined. The primary obstacles to
the aforementioned process were: i) the extreme experimental conditions (high temperatures for organic samples) ii)
small scale laboratory column to industrial scale iii) sample stabilization and management iv) maintaining the
column’'s ideal temperature and pressure v) the requirement to monitor temperatures at various points (oil, column, and
fraction collection).

A full stock property determination of Kazakhstan's crude oil was carried out in our lab according to
ASTMD-2892. In order to fully utilize Kazakhstan's non-renewable crude oil, a methodical and resource-efficient
distillation process was developed, achieving optimal use, reducing waste, and increasing yield. A wide range of
valuable components were recovered from the crude oil by careful fractionation and temperature control. Furthermore,
these cuts were converted into extremely effective fuels ensuring a high degree of worth and utilization of the raw
material. A fractionation column, a top condenser, and a specially made glass flask with thermocouples inserted were
used in the distillation process. A 2.5 L sample of stabilized crude petroleum is subjected to distillation at a maximum
temperature of 400 °C AET. At 100% reflux, the fractionating column can operate with an efficiency of 15 theoretical
plates. With the exception of the lowest pressures (0.674 to 0.27 kPa), where a 2:1 ratio is optional, a 5:1 reflux ratio is
always maintained during operation. It is required to have prior agreement on operational settings. Frequent
observations are performed, fractions are gathered and quantified, and yields are computed using density and mass.
Fractionation is possible from 15 °C to 420 °C AET at pressures as low as 1 Torr when using the ASTM D-2892
technique. The procedure runs automatically, passing through several vacuum stages to go from ambient pressure to at
least 1 Torr. Fractions are gathered in receivers that are either adjusted to -60°C or cooled with dry ice. Two gas traps
are utilized to capture butane. Taking into account the above, Kazakhstan's crude oil belongs to a paraffin base with
low sulfur percentage (0.60 %w/w), API gravity value 44.68° and low density (0.808 g/cm?). According to Figure 2, it
is concluded that 50 % of the mixture has distilled at a temperature lower than 250 °C, which is cost-effective for the
refinery.
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Figure 3 Total naphtha distillation (Recovery:  Figure 3 Total sulphur concentration in
97.6 %v/v, Distillation residue: 0.7 %v/v) function with temperature

Figure 4 Kinematic viscosity, dynamic
viscosity and density of the straight run cuts
in function with temperature

Table 2 Properties of the blends of straight run cuts. (N/A: Not available or not applicable, SG: Specific Gravity, DVPE: Dry Vapour
Pressure Equivalent, ASVP: Air Containing Vapour Pressure, CN: Cetane Number, CI: Cetane Index)

MASS CLOUD | POUR
STRAIGHT DENSITY | G SATURATES | OLEFINS | AROMATICS
° J J . %
AET®C AU cuTs | DESTILLATES | PERCENTAGE | 0 ¥ () o) | DVPE |ASVP| RON | MON | AKI| €. | €1 =5 — = Pongx‘r Pci]é\‘r S(ww) ppm| METHOD
% wiw (a: (A (A
DEBUTANIZATION| GAS GAS 0.594 NA Na | wa | wa | wa [ va|wa|wa|val wa NA N/A Y ENEN NA
1568 LIGHT
S S 0.06 (600) | ASTM D453
6815 NAPHAS (600) 545
75- 100 MEDIUM
— 54 2! 2! N/ N/ 5. A . N/ /.
s NAPETHAs | NAPHTHAS 33659 07288 | 0729 | 316 | 367 | s46 | 78 |83 | WA |Na| sse 37 104 NA | NA
0.15 (1500) | ASTM D4294
125150 HEAVY
150 - 175 NAPHTHAS
175200 i i ) N i i ) i
00 KEROSENES | KEROSENES 12,052 07989 | 0799 | NA | WA | NA | NA | NA [ 498 572 wa NA 296 NA | WA |022(2200)|ASTM D4294
p - 243
225250 LIGHT
250275 GASOILS
GASOILS 2418 0833 | 08333 | NA | NA | NA | NA | NA | 535|561 NA NA 18.1 59 | 24 | 0.64(6400) | ASTM D4294
275300 HEAVY
300- 340 GASOILS
340 - 360 VACUM VACUM
——— 7.789 0.8838 0.8846 NA NA NA NA NA | 503 | 547 N/A N/A 205 194 N/A 0.91(9100) |ASTM D4294
360- 380 GASOILS GASOILS T B (o100)
350+ RESIDUES | RESIDUES 21743 NA Na | wa [ ~va[wa[va|va[wa|wal wa N/A N/A wa | Na | Na NA
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IHAPAT'QI'H KAI ITPOXAIOPIEMOX IAIOTHTQN XYMBATIKQN KAYXIMOQN AIIO TIPAI'MATIKA

AIIOXTAI'MATA IIETPEAAIOY

To apyo metpélaio amoTeAel Evay un avoveDTIUO EVEPYEIOKO TTOpo, Kabiotwvrag étotl v alio tov vyny. Axpifag yia
oT0 10 J0Y0, Bo mpémel va S1acPOAILETOL 1] ATOOOTIKY UETOTOINGN TOV GE KODOWUO. Kol 1 TAHPY 0L10TOINoH TOV UE OG0
70 OVVOTO ALYOTEPO. TOPOATPOIOVTA. ZVYKPITIKES UEAETES TOPAYWYNS KODTIUWY TOD OPYOD TETPEAGIOD, OIVOVY TANPOPOPIES
yio. ) o0vheon tv kavoiuwy ard amevbeiog kAdouoro ovupmva ue v Eurodist ke v mepopotiky dadikacio
ASTM D-2892 yio. ty pédniomy aliomoinon tovg. Xta mAaioia e mapodoag EPEVVTIKNG EPYATIaS EXETELYON Topaywyn
KOOOIUMV € EPYOTTNPIOKY KAUOKO OTO TPoyuatiko opyo mepéloaio tov Kalokxotav xabmg kor mAnpns moiotikog
éleyyog Tovg, ovUPMVa UE TO. PIOUNYOVIKG TPOTOTO. LVYKEKPIUEVA, OpYIKA Oloywplotnkoy 15 kAdouato Tov piyuaTog
OPYOb TETPELALOD GOUPWVA UE TO TNUELO PPOTUOD TOVS UE YpHion TS TApas ovtouctoroiquévys Eurodist klaouotikng
oting. Ereito, mpayuoromoOnke n advleon kovoiyuwy and 1o amevbeiog KAGouoTa Kol mpooolopioTnKay o1 10LOTHTES
tov¢ kota o, mpotvrwa ASTM-EN. Aoufavovrag vmown ta amoteAéouato s epyacios pag, 10 0pyo TEPEANIO
XOPOKTNPIOTNKE (O TOPOPIVIKNG Paons e youniy mepiektikotnra o€ Oeio (0,60 % WIW) koa younis mokvoryro (0,808
glem? ue API 44,68°%). Zbupwvo e v Eikéva 2, umopodue vo. ooumepdvovue 6t 10 50 % tov uetyuotog éyet omootdlel
o€ Oepuroxpacia younlotepn twv 250°C, mov amotedel Tiun teYVO0IKOVOUIKS, GOUPEPODOA VIO T SLounyovia.
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EFFECT OF NANOBUBBLES ON THE FORMATION OF MICELLES
K. Pavlidis, E. Lamprianidou, M.A. Papikinou, E. Sartzetaki, A. Lymperi
Division of Physical Chemistry, Department of Chemistry, Democritus University of Thrace
St. Lucas 65404, Kavala, Greece

Surfactance in aqua solutions are known to lower the surfance tension (y) of water. To this end they are widely
used in both industrial and household processes [1]. Sodium dodecyl sulfate (SDS) is an anionic surface-active agent
of this kind; C1,H2sNa0,S with a molecular weight of 288.38 g/mol. Critical micelle concentration (cmc) refers to the
point where micelle formation begins; in the case of SDS cmc is given in the literature as 7.24x10°mol/L [2]. By
plotting y versus the logC, where C is the concentration of the surfactant, the cmc may be obtained. From the slope (S)
of the tangential line of the curve close to cmc the area (A) of the molecule can be calculated: A = RT /N,S, where R
is the gas constant, T is the absolute temperature, and Na is the Avogadro number, likewise, the molar Gibbs free
energy AGp, is given by [1]:

AGy, = RTIn(cmc)

In the past few years, nanobubbles (NBs) are also widely used in industry in order to intensify the processes.
Nanobubbles are gaseous cavities having sizes of about 200nm. According to Young-Laplace equation they shouldn’t
exist for more than a few ms; however they do exist for weeks even months [3].

In this study, the effect of NBs on the formation of SDS micelles was examined. SDS (Sigma-Aldrich®
Brand) of purity > 99.0% was used. A standard solution of C=3000ppm was prepared by dissolving 3g of SDS in ultra
pure water. A number of dilutions were carried out, taking appropriate quantities from the standard solution; 14
solutions have been prepared plus a blank one. The surface tensions of the solutions were measured by the hanging
drop method at 25°C. A similar procedure was carried out for an equal number of aqua solutions with SDS and NBs.
Nanobubbles having sizes of 285,2nm and concentration of 7.31x10’NB/mL were prepared by a NBs generator
described elsewhere [3].

Figure 1 shows the result. The cmc for the solution without NBs was found equal to 7.74x10moles/L and
with NBs 6.93x10moles/L, corresponding to 19.6A% and 42.0A? respectively. The Gibbs molar free energy was
found for both cases equal to about -12kJ/mol.
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Fig.1: Determination of cmc for SDS without NBs (solid line and solid dots) and SDS with NBs (broken line and open dots).

The difference in the size of the molecule suggests that NBs facilitated the development of a double electrical
layer capturing Na* ions. Since many monomers are attached around the NB, near cmc, the attraction of the anionic
micelle by Na'in the diffused layer is not strong enough to hold it. As a result, the micelle together with Na* is
detached from the NB; hence an increase of the size of the molecule is obtained. Figure 2 illustrates the mechanisms.
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Fig.2: The mechanism of the increase of the size of the molecule by capturing Na* from the diffuse layer of the NB.

Since AG, is equal in both cases it was inferred that NBs does not substantially change the cmc. What actually
changes is the reduction of the surface tension by the presence of NBs indicating a smaller amount of surfactant to be
used and hence a mild cleaning and washing is possible. Figure 3 shows the % reduction of the required surfactant.
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Fig.3 Surfance tension reduction (%) by using NBs
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H EITIAPAZH TON NANOOYZAAIAQN XTON ZXHMATIZEMO MIKYAAIQN
2y mopovoo. epyacio ueletnOnke n emiopaon twv vovopvoolidwv (NBS) oy ovumepipopd tov oaviovikod
EMPOVEIOIPOTTIKOD, Oetikod dwdekdAiovtov vazpiov (SDS).Ta amoreléouara édeiéav mws evadr o1 NBS dev exnpealovv
onuovtika tyv cme (critical micelle concentration) tov empaveiodpaotikod, Tpokalody usiwon e EXPOVEIOKHS TAoNS
700 VEPOD amo avth mwov o ovvéfouve ue povy v mopovaio ov SDS oo didivua. [lpokdrrel, 6Tt o1 NBS umopovv va
xpnoyomomBody yio ™y emitenén EVOS ATOTEAETUATIKOTEPOD, NTLOTEPOD KL OLKOVOUIKOTEPOD TPOIOVTOS KOOopIGuOD.
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PLA Adhesion - Tensile Testing

K. Chatziioannou, P. Davradou, A. Theodoridis, E. Triantafyllidou
Division of Physical Chemistry,
Department of Chemistry, Democritus University of Thrace, St. Lucas 65404, Kavala, Greece

Due to the ongoing environmental crisis, scientists have been searching for a more eco-friendly but also economic
alternative to petro-chemical sourced polymers. PLA (polylactic acid), as a popular candidate, is a high-strength, high-
modulus thermoplastic which comes from the naturally occurring lactic acid and can be used in many fields such as
the packaging industry, and the biomedical field due to it being bioabsorbable. It can also be processed in standard
plastic equipment to produce film, fibers or molded parts. As PLA has many applications and is a candidate to replace
traditional plastics, it is important to investigate the most suitable glue for adhesion as well as the strength of each type
of glue, through tensile testing.

Tensile testing is a fundamental test in materials science and engineering. In this test a specimen, in this case two
dog-bone specimen halves glued together, is subjected to a controlled tension until failure. Traditionally, this is used as
a method to measure ultimate tensile strength, breaking strength, maximum elongation and reduction in area. From
these measurements properties such as Young’s modulus, Poisson’s ratio, yield strength, and strain hardening
characteristics can be calculated. In these specific experiments the ultimate tensile strength (UTS) for each glue will
be calculated, to show which glue is ideal for PLA gluing.

The geometries of the substrate materials are not altered by adhesive bonding, which offer a silent, uniform stress
distribution along the bond. They often have favorable damping properties thanks to their polymeric structure, which
allows for high fatigue strength of the linkages. However, there are several disadvantages to adhesive bonding that
must be considered. Adhesive bonds have limited resistance against peeling stresses and extreme climatic conditions
such as temperature and humidity. The latter especially limits the long-term performance of adhesives. In addition,
meticulous surface preparation and quality control are required to guarantee a good bond quality?.

erti [épecirqesinthe | tensile f
dg/luiﬁg them

testin o
~4

Figure 4 Flow diagram.

The glues used were the following. GlobalExpress Glue Gel Instant Fix Fill Seal In Seconds(A),an instant gel glue
which works after the materials glued become exposed to UV flashlight provided. Transparent epoxy glue BORO F-35
(B)consisting of two ingredients (tubes),1 hardener and 1 resin, and starts to harden after 5 minutes. Loctite Super
Attak Original (C)is a cyanoacrylate glue and appears as viscous and elastic. Instant glue Super Attak gel Loctite (D)is
a gel glue which is extremely viscous and solvent-free. Saratoga Special Adhesive for Plastics, (E) transparent
adhesive which starts to harden after 5 mins and is viscous as well.

The method mentioned is independent and not according to ASTM or EN. The PLA specimens were 3D printed,
filed and glued. First attempts to glue the specimens before placing them in the machine failed due to rotation leading
to breakage. Therefore, specimens were glued on the machine. Specimens were clamped, 3 drops of glue were applied
and spread evenly on the bottom half and then the specimens were joined. Each glue was tested at least twice on
different specimen halves. Most glues were left to harden for 5 minutes, with exceptions: glue A was left under the UV
light provided for 5 minutes, glue B for 10 minutes as per the instructions, and glue E was left for 5 minutes before
joining the specimens. A VTS model WDW-10 10kN machine at 2 mm/min was used for the test, applying 350 N of
force to glue. The UTS was calculated by dividing the max load with the surface area.

49



i
Overall Width
30.19 mm

Gage Width i

18.25 mm

! 1 1 ¢ 5 1 1

Tickness
6.52 mm
Gage Length
3775
- -

Surface area between the two halves : 118.99 mm

Length Overall 120.88 mm

Figure 5 Specimen dimensions®

UTS for each glue
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Figure 6 UTS in MPa for each glue type.

According to the results, the glue that can withstand the most amount of stress is D followed by A and C. The E and
B glues seem less suitable for PLA although they required more time to solidify completely to reach maximum
strength. Moreover, glues A and C were cheaper to purchase so they combine effectiveness with affordability. The best
optical result was achieved with the PVC and the gel glues. Finally, each glue was tested 2-4 times but, in most trials,
the UTS were close to one another with small divergence.

Acknowledgements: The authors would like to thank Dr. E. Sarafis and V. Prokopiou for their supervision and
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YYI'KOAAHXH PLA-AOKIMEYX E®EAKIXMOY
To PLA 6vtag oto emikevipo 100 €VOLAPEPOVIOS TOV TEAEVTAIO KOIPO, AOY®w THS TEPLPOLLOVTIIKNG Kplons, ¢ Evo.
Srodiocmauevo kot oikovouiko mpoiov Ppickel epapuoyn oc évo tAnBog touéwv. Adyw ¢ mbovig aviikatdoTtaons Twv
ovvnbiouévav Thaotikav oo to VAo ovTo BewpnBnke evoiapépovao n deCoywyn TEPAUCTOV UE TKOTO THYV EDPETH
NG KOTOAANAOTEPNS KOALOG TOV EUTOPIOD Yio, TV GVYKOAANGY Tov . [0 THY DAOTOINON TV TEPOUATOV THS TOPODOOAS
gpyooiog karaokevdotnkoy ookiuio oxo PLA upe tpiodidoraro extvomwty koi oty ovvéyeio koAnOnkav ue mévie
O10POPETIKES KOAAES Y10 va. ueTpnBel 1 avroyn ¢ kabeuiog o€ d0Ovoun mov AOKEITOL OO UNYOVI] EPELKVTLLOD.
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ANTIOXIDANT ACTIVITY OF AMPHIPHILIC AND LIPOPHILIC BIOACTIVES OF APPLE
PROCESSING BY-PRODUCTS
C. Plakidis, I.M. Tsompanidou
Laboratory of Biochemistry
Department of Chemistry, Democritus University of Thrace, Kavala University Campus, Kavala, Greece

Apple pomace (AP) constitutes a by-product of apple processing, with significant environmental footprint and
waste management cost. However, AP is a rich source of antioxidant bioactives, such as phenolics and carotenoids,
with bioactivities that can scavenge free radicals, offering potential health benefits against oxidative stress and
associated disorders. Utilizing AP as a natural rich source of these antioxidants presents an opportunity to valorize a
low value bio-waste for the development of novel added value products with health promoting properties, such as
functional foods, cosmetics, and pharmaceuticals, aligns with the principles of the circular economy, as established by
United Nations [1]. The objective of this study was the analysis of the phenolic and carotenoid content of the lipid
nature AP extracts from the a Greek Starkin apple variety cutured in Zagora, Greece, while the evaluation of their
antioxidant potency was assessed by specific bioanalytical methods-assays and UV-VIS spectroscopy, as well as
qualitative structural analysis for providing a correlation between the structure and the observed antioxidant capacity
of these compounds found in AP by Attenuated Total Reflectance (ATR) FTIR spectroscopy.

Solvents of HPLC-grade reagents and other consumables were obtained from Sigma Aldrich (St. Louis, Unites
States). The total content in compounds of lipid nature of Apple by-products were extracted using chloroform,
methanol, and water solvents and further separated into total lipophilic content (TLC) and total amphiphilic content
(TAC) by counter current distribution following Tsoupras et al. [2] methodology. Solvents were removed via flash
rotary evaporation, and the resulting extracts were transferred to pre-weighed glass vials. Residual solvents were
further evaporated in nitrogen stream, and samples were stored at -20°C for further analysis. Spectrophotometric
analysis and absorbance measurements were carried out using a LLG-uniSPEC 2 Spectrophotometer. Total phenolic
and carotenoid contents were assessed using Folin—Ciocalteu reagent and UV-VIS spectroscopy, respectively, as
previously described in Tsoupras et al. [2]. Antioxidant activity was assessed by both the 2,2-Diphenyl-1-
picrylhydrazyl (DPPH) and the 2,2-azinobis-(3-ethylbenzothiazoline-6-sulfonate) (ABTS) assays according Tsoupras
et al. with some modifications [2]. Furthermore, the structure of these compounds were analyzed using PerkinElmer
Frontier ATR-FTIR according to Vordos et al [3].

Phenolic and carotenoid compounds were found in both TLC and TAC extracts of AP as it is shown in Figure
1(a,b), with TAC showing higher phenolic content compared to that of the TLC extracts. Moreover, the DPPH assay
and ABTS assay indicated that both types of extracts possess potent antioxidant activity comparable with that
observed in other studies [1-2], with TAC showing more potent antioxidant capacity with statistically significant
difference to that of TLC as it is shown in Figure 1(c,d), probably due to the much higher phenolic content observed
in TAC extracts. Furthermore, the analysis of the bioactives of the most potent TAC extract of AP, with ATR-FTIR
showed similar peaks with carotene equivalent (CE), gallic acid (GAE) and quercetin standards as it is shown in
Figure 2. GAE and CE act as antioxidants thus, confirming the relationship of structure and antioxidant activity of the
AP extract. Overall, the amphiphilc extracts of AP showed promising results as a rich natural source of bioactive
antioxidants that can be valorised as functional ingredients in health promoting products against oxidative stress and
associated disorders.
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Figure 1. (a). GAE per gr of extract in TAC, TLC and TL (b). CE per gr of extract in TAC, TLC and TL (c). DPPH assay (d). ABTS assay.
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Figure 2. (a). FT-IR spectra of all standard solutions (b). Spectra of apple extract with the arrows indicating the similar peaks to the
corresponding standar.
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ANTIOZEIAQTIKH APAXH AM®IDPIAQN KAI AIITIOPIAQN BIOAPAXTIKQN AIIO

IMAPATIPOIONTA MHAOY

Ta wapampoiovro tov unAov amotelodv vroleiupoTa e emeCEpyaTios T0VG, e ONUOVTIKO TEPLBOALOVTIKG amoTOTMUA.
Kol KOOTOG Ol0)EIPIoNS OmoppiuudTv. Lotéco, 100 TOPATPOIOVIO, TOL UHAOD amoTeAovY uio, mwAoboia wHyR
oVTIOCEIOWTIKMY SLOJPACTIKWOV 0VGIWV, OTWS POIVOLIKG KOl KOPOTEVOELOY, UE SLOOPATTHKOTHTES EVaVTL TV EAE0BepwIV
prlewv, Toopipovias mhave oPEAN yio. THY VYEIO KOTE TOV Ol0TOpPOy Y TOV OyeTilovial ue 10 oleldwtiko opes. O
OTOYOGC THG OVYKEKPIUEVHS UEAETHG HTOV 1 QVOADON THS TEPIEKTIKOTHTOS OE (OIVOMKG KOL KOPOTEVOELOH TV
EKYOAMOUGTOV MTOELOIKHG POONG OTO TOpampoiovio. ujiov e eAdnvikic moikidiag Starkin Zayopdg, n acioAdynon g
oVTIOCEIOWTIKNG TOVS 10Y00G UE EIOIKES Proovalvtikés uedodovg-doxyés, kobws kor 1 Tol0TIKY OOUIKY OVOAvon UE
paouarookorio FTIR ue elaobevnuévy olikn avarxiaon (ATR). Ta amoteléouato s mopovons Epevvag Edeiéoy 0Tt To;
Aimoeidixa  exyvAiouoTa  mapPamPoiovImy unfAov TEPIEYOVY  KUPIWS oupipilo  (poivolika), olid kair Aimopilo
(kapotevoeldn) Pirodpoctia oVOTOTIKG UE 10YVPT OVTIOCEIOWTIK Opdol, wov umopovv va aliomombodv ws Pio-
AEITOVPYIKG, GVOTATIKG KOIVOTOU®Y TPOIOVIWV TOD TPOCYOLY THY DYEL EVOVTL TOD 0LELOWTIKOD TTPES.
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