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The Supramolecular Chemistry

Chemistry of Non-covalent Interactions:
Host-guest Complexes
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Outline

* Definition and keywords
* Comparing chemical and biological systems

* Three host-guest chemistry systems will be fully
described

* Applications
* Conclusion



Supramolecular Chemistry?!

There is not a good general definition for such a broad field.

Jean-Marie Lehn (Nobel Prize 1987):

“Chemistry of Molecular Assemblies and of the
Intermolecular Bond.”

“Chemistry Beyond Molecule”




What is Supramolecular Chemistry?

R/

** ‘chemistry of molecular assemblies and of the intermolecular bond’,
‘chemistry beyond the molecule” Jean Marie Lehn, Nobel Prize 1987

s Other definitions include phrases such as ‘the chemistry of the non-
covalent bond’ and ‘non-molecular chemistry’.

The study of systems involving aggregates of molecules or ions held
together by non-covalent interactions, such as

v’ electrostatic interactions,

v hydrogen bonding,

v’ dispersion interactions and

v’ solvophobic effects etc



Intermolecular Forces

\ _ /
* Hydrogen bonding (normally 2-5kcal/mol) AR A
N M

=\

* van Der waals ( <2 kcal/mol)

= Coulombic

= [I-II: face to face, edge to face

= cation- I'1
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Classification of supramolecular Chemistry

Supramolecular chemistry can be split into two broad categories;

Host-Guest
Chemistry

The difference between these two areas is a question of size and shape



Evvolec

Xnpel Host—Guest : H pelétn popiwv tomov Eeviot/ host’
TOL OTTOLA ELVAIL IKAVA VO PLAOEEVIOOLV PIKPOTEPQ ‘guest’ popla
UETW UN-OUOLOTTOAIKWV OAANAETTISPATEWV. \

AvTOo60puN o1/ AVTO0PYXVWOY] (Self-Assembly): H auBbpuntn Ko

:‘i 1
; |
QVTLOTPETTA oUVSEDN OVUO N TIEPLOCOTEPWY CUOTATIKWYV YL VX “‘
OXNUOTIOEL EVA LEYOAUTEPO, [N OMOLOTIOALKA OXNUATIOMEVO ".
OUCOWHUATWHA opilwv. oty

Oéon Séopevone (Binding Site): TUAUA HoOpiov pe KATGAANAO péyeBog,
VEWHETPLX KOL AELTOUVPYLKEG ORADEG WOTE VO XAANAOETILOPATEL KOL VO
SEOMEVTEL Eva SEVTEPO OPLO UETW UN-OUOLOTIOAIKWY XAANAETIIOPATEWV.

Clathrates* (poptat kAwpol): Eva UTEPHOPLAKO GUUTIAOKO =
host—guest TTou oxNUATIETAL ATIO TOV EYKAELOUO LOPLWV PECT OFE 1%
KOLAOTNTEG I KPUOTOAALKA TIAEYPOTO GAAWVY HOPLWV.

* (eTotuoloyia: AaTivikég 6pog “clathrate” mou onuaivet éykAslaToOC 08 KPUTTAAMKS TIAEYQ, TIPOEPXETOU OTTC
TO APXALOEAANVIKO "KAEBPO”



e Edv €va poOpLO elval onUAVTLKA LEYOAUTEPO aTto €va AAAO Kol UTOPEL var TUALYTEL
yUpw Tou, TOTE ovopaletal «Esviotnc» (host) kat to pkpoOTEPO HOPLO Elval o
«PLN0&evouEVOG» (guest), o omolog mepBANETAL Ao TOV EEVLOTH.

* Host: opyaviko poplo i 1ov pe B£oelg SEo0pEVONC VOL CUYKALVOUV 0TO OUMTAEYUAL.

* Guest: onolodnmote HOPLo 1 LOV HE BEOCELC SECHEVONC VO ATOKALVOUV OTO
OUUTTAEY QL.

synthesis and conversion of a cavitand into a cavitate by the inclusion of a guest into
the cavity of the host molecule.
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HOPLO VTTOOOXEAC/EEVIOTIG YTIEPUOPLOKO GUUTIAOKO

GIAGREVONEEVD Hlopio KoAd kaBoplopevo poplo
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Chemical level

Molecular assembly!? Human made DNA DNA:

cooperative bonding

Self-assembly
Host-Guest Chemistry

Selectivity!? Human made Enzyme Enzyme:
Selectivity, Self-assembly



2ourmtdoka Host—Guest

Substrates
o Bloloyikd ovotipata: pe To évlvpa va & |
amtoTteAOLV Tov &gviotn (host) kal Ta —

UTIOOTPWHATA TO PAOEEVOVEVO POPLO \ 8 A 1
(guest). e IR s

O ZUMTIAOKO LETAAAWYV HE UTIOKATAOTATEG, cLVNOWG PAKPOKUKALKA
HOpLa, ONA. host Twv peTdAA WV (guest).
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Systematic Metal Variation and Solvent and Hydrogen-Gas Storage in
Supramolecular Nanoballs, Martin B. Duriska, Suzanne M. Neville, Jinzhen Lu,

Simon S. Iremonger, John F. Boas,

Cameron J. Kepert, and Stuart R. Batten, Angew. Chem. 2009, 121, 9081 —9084,
DOI: 10.1002/ange.200903863

Mn2* H, Storage
Fe? Spin Crossover
Cu?

Zn?* Solvent Exchange
cd*

Porosity
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Host-Guest Chemistry involves designing, synthesis and
investigating simpler organic compounds that imitate the
working features of naturally occurring compounds.

+ —
Host Guest Complex
Host: Organic molecule Guest: Molecules or
containing convergent ions with divergent
binding sites. binding sites.

Host-Guest Complexes: Hosts and guests are held together by definable
structural relationships by electrostatic forces (such as ion pairing), hydrogen
bonding, metal ion-ligand, -n-stacking, dipole-dipole interactions, and van der
Waals attraction.



Examples of Different Hosts
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transoid
n=0D n=3.8D u="7?

2,2'- Bipyridine and its derivatives are important ligands because of
their ability to form coordination compounds with metal 1ons of
almost all groups 1n the periodic table. These ligands are good o-
donor and 7- acceptor.

[ In benzene solution two pyridine rings are nearly planar;
1 The cisoid conformer predominate over transoid conformer;

U The dihedral angle is approximately 20° ;
1 The rotation of C-C bond linking two pyridyl units is not free;



Coordination Behavior of 2,2'-Bipyridine linked Crown Ether
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‘ Transition Metal Cation

Alkali Metal Cation / Ammonium ion
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Allosteric effect 1s
the binding of a
metal 1on to one site
on a ligand molecule
in such a way that
the properties of
another site on the
same ligand are
affected. Some
enzymes are
allosteric  proteins,
and their activity i1s
regulated through the
binding of an
effector to an
allosteric site.



Complementarity and Preorganization

In order to bind, a host must have binding sites that
are of the correct electronic character (polarity, H-
bonding, hardness, softness etc.) as well as proper
spatial orientation suitable for binding a guest. If a
host fulfils these criteria, 1t 1s said to be
complementary to the guest and the phenomenon 1s
called complementarity.

A host 1s said to be preorganised when it requires
no significant conformational change to bind a
guest species.



Formation of Host-Guest Complex

Neglecting the effect of solvation, the host-guest binding process

may be divided into two stages.

‘s Activation Stage: The host undergoes a conformational
readjustment in order to arrange its binding sites in the fashion most

complementary to the guest. This process 1s energetically
unfavorable.

“*Binding Stage: This process is energetically favorable because of
the attraction between mutually complementary binding sites of host
and guest.

AG = AG - AG

overall reorganization

binding



lone pair - lone pair repulsive interaction (retained in complex)
limited solvation of intra-cavity lone pairs
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Macrocyclic and Macrobicylic Effect

Macrocyclic host systems form more stable
complexes than their acyclic analog. This 1s known
as macrocyclic effect.

Similarly, macrobicylic host system forms more
stable complexes than their acyclic and monocyclic
analog. This 1s known as macrobicyclic effect.
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Host-Guest Chemistry

Host-Guest chemistry is an example of supramolecular chemistry.



Application in Chemistry

= Detection of environmental contaminations such as nitrates, phosphates,
chromate, uranyl and heavy metals.

=Catalysis

= Separations
Application in Biology

» Understanding biochemical systems

electron transfer, ion transfer, enzymes

= Design:
Artificial enzymes, medicinal applications



Conclusion

Host-guest chemistry is not limited to some special molecules or hosts.
We can have Cations, neutral species, anions and even metal
complexes as both host and guest.

All sort of intermolecular interactions are important.

Host-guest interactions influences the chemical and spectroscopic
properties of both host and the guest.

We can use different analytical methods in order to measure or
estimate the strength of such interactions. Association constant is an
important factor in this case.

Selectivity based on intermolecular forces and geometrical effects was
observed.

Solvent has an important role in these interactions.
Reversibility.
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PART 2

a) Temperature b) 1000
‘ Tl

2YNOETA - YBPIAIKA % = 500

(MOAY)AEITOYPTIKA § ;

NANO-YAIKA £5w

O
400320 340 360 380
Temperature (K)

Hybrid approach:
the SCO molecules should be attached to surfaces

* A common strategy in the design of molecular devices consists of the addition of a second functionality, e.g.
luminescence, optical activity, or electronic transport, whose response to an external stimulus is
synergistically dependent on the magnetic spin state



2YNOETIKO2 2TOXO2 o)  3YNOETA (ITOAY)AEITOYPTIKA
NANO-YAIKA

SXEAIAZMOZ <= KANH MEAETH/KATANOHZH TOY Y:THMATOZ

1. EmAoyf GUGTOTIK®MV TOU *  ZUVOUOOUOG EMUEPOUG LOLOTATWYV
oUvOeToU * JupfatotnTa CUCTOTLKWV
* “bottom-up” “top-down” and/or alternative methods

2. EmAoyr oUVOETIKAG TEXVLKNAG . Solvothermal
* Solid or solvent chemistry

* O&eiboavaywyn, pwrtosvaicOnoia, Ocppo-cvatoOnoia KAn

3. JUVOETIKEG TTOLPALLETPOL TL.X.
CUCOWHLOTWHLOTAL

TOLOLEVEPYO, adpaveic ouvOnkeg, t, O,
OUVSETIKO UALKO K.a..C

4. ETtAoyr) TEXVIKWV XA POKTNPLOKOU

ENITYXIA'H NIPOBAHMATA-ANTIMETQNIZH



' Bulk Materials
Top-down | h -
Synthesis ,
Y Powder
\ )
Nanomaterials
Bottom-up LT
Synthesis “ e i . Clusters
!
@ @ @ Atoms

Figure 2. Top-down vs. Bottom-up synthesis schemes. There are two methods by which nanomateri-
als can be synthesized. Top-down synthesis refers to the process by which bulk materials are broken
down into their monomers. Laser ablation is an example of a top-down synthesis method. Bottom-
up synthesis refers to the process by which atoms are reacted with other substrates to create the
desired nanomaterials. Reactions can be catalyzed by an outside force such as in hydrothermal syn-
thesis, or the introduction of volatile compounds such as in chemical vapor deposition.

@Active Biomolecules from Organisms
(Bacteria, Fungi, Yeast) Nanoparticle
Synthesis

Nitrate | 7 \
Reductase| =

Figure 3. Representation of the role of active molecules in green metallic nanoparticle synthesis. (A)
Microorganism obtained from raw sample is cultured on a plate. (B) Culture is harvested and puri-
fied before it is inoculated in sterile nutrient broth with metal ion solution. Methods are taken to
promote homeostasis for subsequent nanoparticle synthesis. (C) Metal ions are reduced to metal
nanoparticles, facilitated by microorganism’s active molecules. The proposed active molecule mech-
anism reflected in this figure is the intracellular conversion of metal ion to metal nanoparticle
through an enzymatic reduction oxidation process. (D) Nanoparticles are collected and analyzed
for purity and formation. Stability and reducing properties from microorganism can be observed in
final product.



sonochemical

* High intensity ultrasound provides an unusual route to

meth()d for SyntheSiS known materials without bulk high temperatures, high
of nanomaterials

pressures, or long reaction times. Nov 20, 2012

Mixing

ZrO(NO;), in deionized water

O+

LaCl; in deionized water

Power supply

Vigorous stirring at room
temperature (30 °C) for 15 min.

Titanium

Thin film fabrication

LZO colloidal -
dispersion

OFyiligsii0o °c d SONICATION REACTOR

(In vacuum oven)
Sonication for 30 min. at 50 % amplitude (of 500 W) and /= 20 kHz

Powder



sonochemical
method for synthesis
of nanomaterials

Sonochemical synthesis

Sodium citrate

/— Ultrasonic probe ﬁ\

Ultrasound horn

shell NPs

Corefa

Ultrasound probe




Graphene Oxide-Silver (GO-Ag)
Nanocomposite
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Synthesis of Silver Nanoparticles (AgNPs)

Synthesis of GO-Ag Nanocomposite

AgNO; +

~ HaC —=CH3 3
HzC C=0
N
|
CH—CHz—

*  Polyvinylpyrrolidone ¥,

Sonochemical
synthesis

= AgNPs
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Bitumen and Modification with
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UTTOCTPWHOTA KoL TToOALULEPN €vOeoNnC.

* O 0TOXOC ELval N KATOVONON KoL N KPLTIKA OKEYN
ETULAOYNC TWV CUOTATIKWY £vBeong



BITUMEN

Chemical composition of bitumen

The chemical bitumen components are generally similar,

but with some variation depending upon the original
crude oil and on the refining processes.

Bitumen is complex mixture of hydrocarbons
Contains a large number of different chemical
compounds of relatively high molecular weight

Element Range
Carbon, %w 80.2-84.3
Hydrogen, %w 9.8-10.8
Nitrogen, %w 0.2-1.2
Sulphur, %w 0.9-6.6
Oxygen, %w 0.4-1.0
Nickel, ppm 10-139
Vanadium, ppm 7-1590
lron, ppm 5-147
Manganese, ppm 0.1-3.7
Calcium, ppm 1-335
Magnesium, ppm 1-134




Bitumen components: are classified into 4 classes of compounds:

The chemical polarity of the ingredients is an
important property for the viscoelastic behavior. « saturated hydrocarbons, the % saturates correlates with the
The most polar molecules create structural
components which give bitumen stiffness
(modulus) properties.

The least polar components give its flexibility < Polar aromatics

and low-temperature properties, - Asphaltenes, consisting of high molecular weight heterocyclic
The intermediate polarity components in
bitumen compatibilized the least and most polar
components.

Since bitumen contains a continuous range of
molecules it is impractical to analyze each

softening point of the material

* Naphthenic aromatics compounds.

compounds

Nickel and vanadium and other trace metals are found in metallic

complexes in the < 10 ppm level, (depending of source).

individual compound. The naphthenic aromatics and polar aromatics are typically the
Common practice is, therefore, to divide majority components.
bitumen into four broad, increasingly polar

_ Most bitumen contains an overall sulfur content of up to 4%.
fractions:

‘It is almost impossible to separate and identify all the different
molecules of asphalt because the number of molecules with
different chemical structure is extremely large”.



BITUMEN

‘it is almost impossible to separate and identify all the different molecules of asphalt
because the number of molecules with different chemical structure is extremely large”.

Saturates AN

7 =

Non-planar saturated ring

Polar Aromatics .

([ Dy Wa"

Trace metals are found in complexes at < 10 ppm level

Naphthene Aromatics

planar aromatic rings




BITUMEN

Academic Debates About Bitumen - a viscoelastic material-:

bitumen is a multi-substance material that behaves as a polymer

* researchers who consider bitumen as a heterogeneous colloid,
with complex structure and should be investigated as a multiphase
(asphaltenes/maltenes) viscoelastic emulsion

* some other researchers claim that bitumen is a homogeneous
and continuous molecular solution based on their mutual solubility

Bitumen is soluble in CS,, CH,CI,



BITUMEN

Modeled as a colloid, with asphaltenes as the
dispersed phase and maltenes as the continuous
phase.

asphalte
particle

clusters
due to[mr-1r stacking

The asphaltenes are usually separated using
solvent precipitation while the three other
fractions (maltenes) are defined by using
chromatography. There are several standard
methods available for separation of bitumen into
these four fractions and the naming of the
fractions, which is not descriptive of the
chemical composition, which may vary.

TS Asphaltenes
Maltene O

matrix



BITUMEN

Rheologic — elastic - stiffness /
P10
/\;,\1\/5 kg)\‘z%\ escalating /':/\,-. /J\/.

°
* distributed aromatic clusters due to intermolecular A Ik ~o
forces at ambient temperatures ®

* The aggregation of aromatic blocks disappears at high
temperatures: the kinetic energy of molecular
thermodynamic movements is greater than the energy
of intermolecular forces

* the aggregates can be reformed and the strength and e er‘
elasticity can be restored after cooling neme ;.f
et it
A

* Some of the clusters will not be the same because of
random mode of interaction -due to the plethora of
different molecules and modes of interaction-



BITUMEN

Formation of Aggregates or Tt — Tt Stacking

Cluster of Aromatics “
Repulsion Attracti'.

y _ Face to Face Offset T- Shaped
Intermolecular mr-1r stacking interactions between planar Stacking Stacking Stacking
aromatics
= <=
Sandwich
or eclipse stacked Displaced stacked
And/or N\
/\OH
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Inter-molecular hydrogen bonds between polar Donors-H - Aceptors 2
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BITUMEN

Polymers for Bitumen
Modification

-can be classified into

two categories:

e PLASTOMERS have little or no elastic component, usually
resulting in their quick early strength under load and the
following permanent deformation or brittle failure.

e THERMOPLASTIC ELASTOMERS, they soften on heating,
harden on cooling and are able to resist permanent
deformation by stretching under load and elastically
recovering once the load is removed which leads to their
greater success than plastomers as bitumen modifiers.

Categories

Examples

Advantages

Disadvantages

. Polyethylene (PE)
. Polypropylene (PP)

- Good high-temperature properties
. Relatively low cost

. Limited improvement in elasticity
. Phase separation problems

Plastomers
. . ; - . Limited improvement in elastic recovery
. Ethylene-vinyl acetate (EVA) - Relatively good storage stability S35 P : 2
’ . : : = - Limited enhancement in low-temperature
. Ethylene-butyl acrylate (EBA) - High resistance to rutting .
v e = S properties
= . Compatibility problems in some bitumen
! i pu i . Increased stiffness z ik
. Styrene-butadiene-styrene (SBS) opa s . Low resistance to heat, oxidation and
O ; 2 ol - Reduced temperature sensitivity .
- Styrene-isoprene-styrene (SIS) ; ultraviolet
T lasts . Improved elastic response . ?
1ermoplastic - Relatively high cost
elastomers

- Styrene-cthylene/butylene-
styrene (SEBS)

. High resistance to heat. oxidation

and ultraviolet

- Storage instability problems
- Relatively reduced elasticity
- High cost




Plastomers Jags N

Polyethylene Polypropylene

|
L a

Polyolefins as modifiers result in:
v" good rutting resistance of modified
bitumen but

* failed to improve the elasticity of bitumen
* Phase separation problems at storage

» The regular long chains of polyolefins pack closely and crystallize
» Lack of interaction between bitumen and polyolefin because of the non-
polar nature l

instability of the modified bitumen.



Plastomers

low EVA concentration:

a well dispersed EVA phase
within a continuous bitumen
phase

-~

polar acetate groups as short branches

As the EVA concentration
increases, the EVA-rich phase
becomes a continuous phase
Until formation of interlocked
continuous phases

disrupts the closely packed crystalline microstructure of the
ethylene-rich segments,

reduces the degree of crystallization and

increases the polarity of the polymer

|

Interact with the light polar components of bitumen

EVA was found to form a tough and rigid network in

modified bitumen to resist deformation, which

means

v" Improved resistance to rutting at high
temperatures

v" Good storage stability



Eva disadvantages and problems

* EVA as a plastomer cannot improve the elastic recovery
of bitumen

e The glass transition temperature (Tg) of EVA, -strongly
depends on the vinyl acetate group- (EVA copolymers
with 28.4 wt% of vinyl acetate Tg=-19.9 °C) is quite
close to Tg of bitumen . So can’t significantly improve
the low-temperature properties of bitumen, especially
at high EVA concentrations.



Thermoplastic elastomers

SBS has a biphasic morphology of:
rigid polystyrene (PS) domains (dispersed phase)/ Tg=~95°C
flexible polybutadiene (PB) matrix (continuous phase)/ Tg=~ -80 °C styrene-butadiene-styrene triblock chains

rubbery and offer the elasticity

Under usual temperatures, € )
C OB ¢ W @ O® @
@ Gy
11 11
I POLYSTYRENE BLOCK 11 RUBBER BLOCK OLYSTYRENE BLOCK |
(end-block) (mid-block) (end -block)

glassy and contribute to the strength




a) base bitumen b) base bitumen +2%SBS

At low SBS content:
SBS is dispersed as a
discrete

phase in the bitumen

» % ) ) v 2 & ol
4 “ 4 Pl’.'

¢) base bitumen +5%SBS

f) base bitumen +6%SBS

fluorescent images

PB blocks interact strongly with positively charged
groups in bitumen through their mt-electrons

PS blocks interact with light aromatic groups in bitumen

As the SBS concentration increases, phase
inversion starts in the

modified bitumen. It is ideal to form two
interlocked continuous phases: bitumen-
rich

phase and SBS-rich phase.



SBS modified bitumen advantages

Once the SBS-rich forms, a rubbery supporting network is created in the modified bitumen, which
results in the:

v increased complex modulus and viscosity,
v improved elastic response and

v" enhanced cracking resistance at low temperatures of SBS.



far from

SBS disadvantages and problems ......

perfect

The compatibility between bitumen and SBS is not that good.
« Storage instability of SBS modified bitumen via time

* polystyrene (PS) domains compete asphaltenes to absorb the light components of bitumen
If these light components are insufficient, phase separation could occur in modified bitumen. So bitumen with high

aromatics content can be helpful in producing a compatible and stable SBS modified bitumen (addition of aromatic

)

oils may help the compatibility
* Too high aromatics content in modified bitumen, may lead to the swelling and anti-plasticization of some PS
ps ©

blocks , which is not good for the resulting properties of the modified bitumen.
?S (SBS\ g

IIIIIIIIIIIII[

@romatic (Bitumen)

Morphology development with the storage time
of a SBS modified bitumen at 160 °C.
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e = A

* high activity of a-H and low bond energy of the 1t-
bond in double bonds.

Undesired chemical reactions (e.g. formation of

peroxy radicals and hydroperoxides) make them
sensitive to heat, oxidation and UV.



Nanoparticles for Bitumen
Modification

nanoparticl
e

Graphite 1-8%

* decrease in penetration value

* increase in softening point, viscosity and
rutting resistance parameter

* improved high temperature performance

* improved temperature susceptibility and
stripping properties

@UAAx ypopeviou

vépoyovavipakog /\/‘/J

improved physical and rheological properties:

High cost
Storage
instability
during long
period
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T-Tt stacking interactions in aromatic

Sandwich

or eclipse stacked Displaced stacked

-1 stacking interactions Gn---aromatics

chemical adsorption of M on Gn sheets
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Hydrogen Bond
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chemical adsorption of O—— on GO sheets




-t stacking interactions and Hydrogen bonds for GO/rGO-

chemical adsorption of ~~~nf (with only mt-tinteractions) on GO sheets

Bond F
LR

™ S
C
LTS,
? Hydrogen

HO

1
=TT u1l9‘rm,‘hon
g <8

d(with ni-it and/or H-bond interactions)

and of



Concerns and Experimental

Erot,ocols o
* Understanding GO modified bitumen (GMB)

kinetically/thermodynamically
« absorb asphaltenes, light components or both?

Possibly both but stronger with anthracenes -interactions via H bond
and -

» phase separation problem will occur?
Believe not due to compatibility issues

* GO contribute to strength of GMB or elasticity?
Possibly to strength and stiffness

« Will the dispersal of the GO impose dispersion of asphaltenes?
* Is this legitimate?
will likely affect viscosity



T>160 °C
160-80 °C under mixing
and then undisturbed until

20-160 °C
temperature
escalating

+ (r)GO
mixer

j

T
[~2
=
=
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=
[
O
=
S
=]
4
o
=
=)

\

)

|\ e/?
/‘/J§ ‘/\‘;\3\
160-120 °C under
mixing and then

RT

N

GO introduced when we still
have asphaltene clusters



e Understandin
g GO modified
bitumen
(GMB)
thermodynam

cd GaJ&yced when we

have separate asphaltene
molecules

ct T =160°C

+ (r)GO
mixer45 min

160-80 °C under mixing and
then undisturbed until RT
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GRAPHENE @
PRINTABLE
CONDUCTIVE v Good graphene quality,
INKS (flakes with a small number of layers of graphene sheets)

while using exfoliation techniques

v' homogeneous dispersion of graphene flakes in the solvent /
resin mixture



1.

2XEAIAZMO2

1. Emloyn cuoTtatikwyv Tou cUvOeToU

2. EmuAoyn ouVOETIKAG TEXVIKAG

3. ZUVOETIKEG AP AETPOL

4. ETAoyn TEXVIKWYV XOPOKTNPLOKOU

Good graphene quality

exfoliation techniques

homogeneous dispersion of graphene flakes in the solvent / resin
mixture



1. a,b water or solvent ink

2XEAIAZMO2

1. EmAoyn ovotatikwyv Tou cUvOeTou

. EmAoyn cuVOETIKAG TEXVIKAG

“top-down” and/or alternative methods
solvent chemistry

Shear MIXER

sonicator




2-dimensional material with
specific thickness and
surfaces

(B

L
i

A L5

2D Graphene

s

Graphene = 1 layer graphite

The major problem we face when
choosing from the graphene powder

SEM images showing aggregated
graphical features in each sample

" market is the common phenomenon
to sell thin graphite as graphene!

#1. eTapia Nanessa

#2. etaupia Thomas Swan

the two “graphene” samples (from different
suppliers) have different textures, which
implies different physicochemical behavior!



Inkjet Graphene Inks (low viscosity)

MEAANI

BINDER /l\ TPAQENIO
AIAAYTHE
|
| |
OPTANIKO2
LERL AIAAYTHS
| |
ME ANOYZIA

ENIQANIOAPAZTIKO ENIQANIOAPAITIKOY

low viscosity (high-fluidity) inks are three-
component graphene / binder / solvent or
four-component in the case of aqueous inks
used and a surfactant

You can use as extra binder PTFE(aq) polymeric matrix.
A ‘green’ material, bioinert and with exceptional lubricant properties.



rnBavol cuvbuaopuotl yia ouvBeon pelaviov ypadeviou

Binder ETTIPAVEIOSPACTIKO Opyavikog d1aAuTNG
O
By
&0 o |
P N N N0 VN P . .
N i Dimethylformamide ( DMF)
M Hexane (HEX)
Polyvinylpyrrolidone (PVP) Sodium dodecyl sulfate (SDS)
(CgHoNO), Mr=4.000 g-mol-" NaC,,H,80, Mr=288,39 g-mol"

o) H
HJ{ \/\}0’
n

Polyethylene glycol (PEG)
C,,H40:20,.1 Mr=400 g:mol?!

!

m-N-N

F
I
_?% Polytetrafluoroethylene (PTFE)
F
n




NAGOZ AMNOTEAZMA.........

DMF

w/w>2%



Parra gty & Ty o0 E F F Ho L .
RHIGT - I I 2 '
T +C-C—+ ~ R
P dls ety g | - stirring/shear/us
- -n
w/w = 1-4%
\+/
N
surfactant Br

Agueous 'graphene' inks composits of PTFE/Grn/surfactant
in various concentrations of graphene (w/w 1-4%) have been used in spray coatings on
paper and metal substrates with absolute coating success.



2. water or solvent ink

Graphene inks screen printing
(high viscosity)

High-viscosity (low-fluidity) inks include three-
componens:

» graphene
» binder and
» solvent

even in aqueous solutions, since once a
homogeneous suspension is formed, high viscosity
prevents the formation of aggregates of graphite
flakes!

High-viscosity inks intended for use in screen
printing techniques require high concentrations of
about 15% w/w of graphite raw material.



(b), Spacer > Squeegee screen printing tec:hnique. The |nk
> Graphene ink )

is placed on a mask, with only the
W/—p /.; ./.; 1/////} // portions having the print pattern
permeable, then the ink is evenly
Load ink Squeegee Remove squeegee

spread out and finally the mask is
removed and the printed substrate

Remove stencil

appears.
1 i
e - T T
' |
Lpmgets C
s L l . A
338 ? ER 85 :
Antenas lab- : :

screen printing o [ [E =l
e [ [~ HII
o5 I—f":- lﬁ.‘. T150
- BE
i R s
600 pm I_[-T- E llﬁ |
wom (2 IF 3#3999;8’

002

=
% |




;’:’Highly porous nanoflake coating

+ Graphene nanoflakes Highly dense nanoflake laminate

* Dispersants

;-V}'\ ) Solvents
processing of | Graphene coating
the printed A Substrate Substrate
(a) (b) (c)

product

Pressure is capable of causing a better "stacking" of graphene
sheets, thereby reducing / eliminating porosity gaps and resulting
in @ more compact sheet and therefore higher conductivity.
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SCO NPs attached to surfaces

3. Gn or GO?

:

a) Temperature

P A T A A S
I
'

High-Spin (HS) |

(cm2.V-ls1)
:

Graphene mobility
g

Temperature (K)




4. Carbon paper

Carbon Papers as Fuel cell GDL and Electrodes

In fuel cells, thin, porous sheets must provide high electrical and thermal conductivity and
chemical/corrosion resistance, in addition to controlling the proper flow of reactant gases
(hydrogen and air) and managing the water transport out of the membrane electrode
assembly (MEA). This layer must also have controlled compressibility to support the
external forces from the assembly, and not deform into the bi-component

OH
I

OH C-
0 HO o1 I

HO O 19 F
OH n

mM=-0-n

Polytetrafluoroethylene (PTFE) with
cellulose surfactant



PTFE and its unique propertie
|

h Polytetrafluoroethylene

Carbon Fluorine

Chemical Properties Electrical Properties: Mechanical Properties:

Nonsolubility Low dielectric constant Flexibility at low temperatures
Chemical resistance to corrosive  Low dissipation factor 3 Jowest coefficient of friction
reagents against any solid

Long-term weatherability High arc-resistance Stability at high temperatures
Nonadhesiveness High surface resistivity Tensile Strength
Nonflammability Elongation at 23°C 400 %

Can give stable water solutions at max 20% with surfactants



PART 2

ANAMTY=H
MAPAAEITMATQN
ME 2TOXEYMENH

EMIAOIH

Block
co-polymer

Surfactant
protein

Antibody
Conjugation

Chitosan
Coating

Functional

Selectivity 4

Cell penetration f
Residence time in the body f
Drug loading f

Sustained release f
Aggregation of particles ‘
Toxicity §

etc...



1.Polymers, Volume 10, Issue 5
10.3390/polym10050527

Different architectures of hybrid nanomaterials:

(a) core-brush,

(b) hybrid nanogel,

(c) core-shell.

CORE-BRUSH HYBRID NANOGEL CORE-SHELL



https://www.mdpi.com/journal/polymers
https://www.mdpi.com/journal/polymers
https://www.mdpi.com/2073-4360/10/5
https://www.mdpi.com/2073-4360/10/5/527

2UvOeon vavoowpatdiwv Fe(ll) NPs pe payvntiko xapoktnpo we «mAatdoppo»
dapuAKWVY i AOUULVODOPWV GUUTTAOKWV yLa BLolaTPLKEC EPAPUOYEC

* $TOXOI/MPOBAHMATA

° ZOVGEO’I’] vavoowpatisiwv NPS

* Oteidbwon Fe(ll)—=> Fe(ll)

e Yoatikn dlaomopa

* EvBeon Aettoupykwy
OHAOWV YLOL TLEPALTEPW
npocOnkn poplwv Y.
dapuakou, ny ibuprofen

Aoupwodopou TuX.
ovupurntAoko Eu(lll) é\n

 ANTIMETQMNIZH

JuvBeon bottom up

MpooTATEVTIKN
erukdAuvpn/keAudog pn-
TOELKO ...

....L€ TIOALKEC OMAOEC ...

...TIOU VO £XOUV ATOHO
LKaVQ YL TTPOCOEDN TWV
Hopiwv

Mnxoviopol opyavikng n
aVOPYaVNG XNHUELAS

XapaKTnPLoUog TEALKOU
UBPLOLKOL UALKOU



Coating with Silanes

eg TetraEthOxySilane o/_

Si/o
/\O/ \0

R (/-H4> -

R Nucleophilic attack \M }N"here M is any of the
" by wat f owings:
R O/ \ O azi:iz :)rnm presence o H\O/ I \O’H Ol INgs
O. - 0O Si, Ti, Al, Zr, etc.
R N
H
H Step 1: Hydrolysis reaction
- - R,,,,‘
0
2 2 2
R

H\ /M\O_H 4+ N H\ /M\O’H Polycondensation» /T\O*R/\‘\O"')'|"“‘R
| o” | grrree HO ,
O. Oy 2 O., R

Step 2: Condensation reaction



Fe(ll) NPs pe payvnTiko xapoktrnpa
DOAINOMENO SCO petamntwon Tou spin

The plastic flower (SU-8 photoresist) opens or closes the petals depending on the spin state. _

‘\
> T,P hv

Strong field Weak field

g ‘ l - -
b T e
S=0

S=2

Diamagnetic Paramagnetic
Purple Low-Spin Pal collour or whitengh-Spln

Smaller lengths/angles larger lengths/angles


https://advanced.onlinelibrary.wiley.com/authored-by/Manrique%E2%80%90Ju%C3%A1rez/Mar%C3%ADa+D.
https://advanced.onlinelibrary.wiley.com/authored-by/Manrique%E2%80%90Ju%C3%A1rez/Mar%C3%ADa+D.
https://advanced.onlinelibrary.wiley.com/authored-by/Manrique%E2%80%90Ju%C3%A1rez/Mar%C3%ADa+D.
https://advanced.onlinelibrary.wiley.com/authored-by/Bousseksou/Azzedine
https://advanced.onlinelibrary.wiley.com/authored-by/Bousseksou/Azzedine
https://advanced.onlinelibrary.wiley.com/doi/full/10.1002/adfm.201801970

NANOZYNOEZH-MEOOAOZ ANTIZTPODQN MIKKYAIQN

Fe(ll) salt(aq)

nhexane
surfactant

L=Htrz (aq)
p e e
T ——
nhexane P tgﬂ";
surfactant S

=




NANO2YNOEzH-ME ENIKAAYWH NYPITIAZ

24h, dark

(v-

.a@v

AR

A

S A



MayvnTikr eMLOEKTIKOTNTA
He tn Beppokpaocia

4,04
3,54

-1

;

3.04

2,54
2,0
1,54

1,7 / cm*K-mol

1,04
0.5

Yéatkég Staomopég os OA /-0 °C
MNapatipnon otabepotntag péow UV

FTIR eudavion Twy extra kopugwv Si-OH Muwkpookortia TEM NPs kot eykapoLag TOUARG Toug

XAPAKTHPIZMO2z 2YNOETOY SCONPs@5i0



JYNEXEIA....20vBeon vavoowpatidbiwv Fe(ll) NPs pe poyvnTlKO XopaKTHPO WG
«rAatpopua» dapuAKwY 1 AOUULVOPOPWY CUUTTAOKWYV Lo BLOTATPLKEC
£PAPUOYEG

* XTOXOI/NPOBAHMATA « ANTIMETQNIZH

* EvBeon Asttoupykwv

O|J.(15(L)V yla T[EpOLL'EEpw * ...TIOU VO EXOUV ATOUQ
npoo@n KN LOPLWV TL.X. LKava yLa pocdeon Twv
cbapuou(ou nX ibuprofen Hoplwv
Aoupwvodopovu . )s\ * Mnxaviopol opyavikig f
ouprtAoko Eu(lll) kATt avopyavng xnuetag
* XopaKktnpLopog TeALkoU
o uBpPLOLKOU UAikOU

o * lari 8ev eivau OPOOTIKEG;
FAVATAN



Tponomoinon ENIKAAYWHZ pe mt.x. —NH2

H,N
o]
HoN /\/\Si e \/
| \0 hydrolysis
i k o + 3 CH,CH,OH
Si
|/ HO/I o
APTES HO
ApooTikn apvopada
+ H,0

FeNPs@NH,




«Poptwon» aAAov popiou

DRUG PLATFORM FeNPs@drug ..
Opyavikn ouvOeon apdikol oo

Ox=g 7\1‘.”-' ey 5

IR, NMR XAPAKTHPIZMOzZ 2YNOETOY
FeNPs@NAP

NAPROXEN



Oleosponge armoudkpuvan eAaiwv amo VSaTa

2TOXOZ YAIKOY

Na ammoppo®d eAaiwdn kal KaBdAou vepod
va OUAAeXBoUV Kal va avaktnBouv Ta EAaia
0 OTTOYYOG VA £TTAVAXPNCIUOTTIOINOEI.

APXIKA YAIKA

aPPO¢ TToAuoupPEBAVNG KaTepyaaia ue TPIKEBUAapPYIAIO Kal udPATUOUG
OAEC Ol EOWTEPIKES KAl ECWTEPIKES TOU ETTIPAVEIEG EXOUV OTPWHA aAoupivivag Traxoug 10 nm.
Mavw o€ autd 1o oTpwa aykupwveTal APTES.

«To kAeIdi gival To [EAaIO] va OECPEVETAI APKETA IOXUPA WOTE VA UTTOPEIG va TO TPAPRAEEIS £Ew aTTd TO VEPO,
aAAG Ox1 TOOO IOXUPA WOTE VA TTAPAMEVEI [OTOV OTTOYYO] HOVILOY.

O1 aAAnAeTTidpaon popiwv eAdiwv---NH2 ouykpatouv 10 apXIKO OTPWPA OTOV OTTOYYO.

O1 udpoPoBikEC aAANAeTTIOpAOoEIC avaAauBAvouy OTn CUVEXEIQ Ta UTTOAOITTA, YEUICOVTOG OAOKANPO TOV
EOWTEPIKO OYKO TOU OTTOYYOU.......



Oleosponge amouaxkpuvan edaiwv amo vdaTa

*To Tp1peBUAapyiAio (Al(CH3)3) cival 1diaiTepa dpaoTIKO OpyavoUETAAAIKO avTIdOPACTRPIO.
*OT1av ekTeOE o€ UBPATHOUG, avTIOPA éviova Kal oXnpaTiCel 0&eidio Tou aAoupiviou (Al,O3)

(1] Y8pOdAuon tpipebudapyihiou
(2] supmikvwon / aduddtwon

Ixnuatiletol o€eidlo tou adouptviou (Al,03)
To xapoaktnpilovue pe pikpookoria TEM wg

(3] Npoc6rikn APTES
Ixnuoatiletal loxupog 8eopog Al-0-Si—NH2 AETTO, OHOLOUOPPO UPEVLO OTNV EMLPAVELQL.

O

2 Oleic acid .
&O‘,S'\/\/NHZ — -

0O



core-shell hybrid nanosystem for anti-viral drug delivery

2TOXOz

YBpdikod vavoouaotnua yia petadopd tou avttitkol (HIV/AIDS) papudkou {tbofoudivn (AZT)
YSatikng Staomopd xwpic cUCoWUATWHOTO

Awanepatotnta GuGLOAOYIKWVY GpayWV.

Dextran AZT

~N

r‘/ )))))

©a npooBbéooupe Broouppatn de€tpavn,
Anidia ko PEG yLo cuvBeon
nupAva-keAUPoug uBpLSikwv NPs Autidiou-

TLOAUEPOUG
Aqueous phase
PEG
Stearic acid
.j\/\/\/\/\/\/\/\/\ Ho/é\/n%H
Oil phase . .

Materials Science and Engineering: C
Volume 93, 1 December 2018, Pages 864-872

Crosssection
of AZT-SA/Dex N



https://www.sciencedirect.com/journal/materials-science-and-engineering-c
https://www.sciencedirect.com/journal/materials-science-and-engineering-c/vol/93/suppl/C

self-strainable» system, Hybrid MoS2@FeNPs

n enidpaocn unxavikng taong (strain) otic onmTIKEC KAl NAEKTPOVIKEG LOLOTNTEC OTPWUATWY MOS; Urtopel va
BeAtiwoel TNV art6600n OMTONAEKTPOVIKWYV KAl OTIVIPOVIKWY CUCKEUWV.H taon epapuolstat ouvndws
eéwtepika oto Stodlaotato UALKO.

2TOXOI

YUvBeon uBpPLdLKNAC SounC og uTOOTPWHA NULOYWYOU MoS,

H taon va mpokaAeitot amo £éva cUOTATIKO TOU GUVOETOU UALKOU

¢ Tvwon Tou urtooTpwpatoc MoS;

¢ Juvbuaopog pe vavoowpatidia spin-crossover (SCO) yla
Vo TTPOKOAECOUV MNXAVIKA TAoN (strain) ko, katd
OUVETIELQ, VO TPOTIOTIOLIOOUV TLG NAEKTPLKEG KOLL OTITIKEC TOU
&LoTNTEC.

doi.org/10.1038/s41557-021-00795-y Nature Chemistry | VOL
13 | November 2021 | 1101-1109 |



* Mo: [Kr] 4d>5s!

To 2H-MoS, cival N nuiIaywyipn @daon tou MoS..

*Aoun: orpwuara MoS, pe 1I0XupoUg
EvOOUOPIOKOUG BECOUG Kal aoBeveig SUVANEIG
Van der Waals petagl Twv OTPpWHATWV.

[a)
2H-MoS,

n-Buli

¢ M'vwon tou unootpwpatog MoS,

*n-Buli eival Loxupo avaywyko 0pyavoUETAAALKO.
*MNapayel Li* kot e” oto otpwpa MoS;:
n—-Buli - n-Bue + Li* + e~

*T0 1T-M0S; £xel TTI0 HETAAAIKO XOAPAKTAPA.

*H peTa@opd nAEKTPOVIWYV KAl N HETAKIVON TWV
OTPWHATWY TTPOKAAEI:

*Avadidaragn Twv Mo kai S atépwv

o
&3

d \/\/\

Trigonal prism

v

dy, d,, dy,

Octahedron



H,0
2H-MoS; + n-Buli => [Li"*MoS2*] = 1T-MoS2(CE) + xLiOH + x/2H2

* Ta Li* eloywpouv petatv
TWV OTPWHUATWV.

* To MoS; 6€xetal
NAEKTPOVLA KaL YiVETOL
oPVNTIKA POPTIONEVO

* EUkoAOC
SLaXWPLOUOCUOVOOTPWHAT
WV (XNHUKNA amoAémnion
chemical exfoliation, CE).

b AaAS

Bulk 2H-MoS,
(Semiconducting) n-BuLi — n-Bu* + Li*t+e-
ﬂ‘gre‘ﬁw!'.gﬂ Electron Transfer

. L* (e} 1T-MosS,

YB3 B
S, S

2

(Metallic)

D
S

S S

2H Phase
M éo 4\% e
. Gl e ® e
Exfoliation Au={(3 G
— > ﬁg?‘wf (S

a5k
- e Qe Qe ﬁ’ “
7'|||i|||\
||

[TTTTT] [T T

=
1T-MoS, Nanosheets

2H-M052 —> 1T—MoS2 Phase Transition



SCO-NPs@MoS2

Assembly design ?

This involves chemical functionalization with
iodopropyl(trimethoxysilane) (IPTS) of chemically exfoliated
MoS2 layers (CE-M0S2), followed by anchoring of the SCO-NPs
to these functionalized layers via a covalent bond between the

trimethoxysilane group and the silica shel

Why not vias vera?




CE-MoS, Mnxaviopog aviidpaong: NoukAeodiAn untokataotaon:
S el pr— et To (S*°) oto CE-Mo0S,, A\oyw tn¢ nepiooslag nAektpoviwy,
emutiBetal oto C mou ouvdéetal pe to | otnyv IPTS.
1.To I” pevyel wg KaAq amoxwpov oo opdda.
2.Anuoupyeital véa opolomtoAkn S—C ouvdeon,.

" - .
1'~,V\', ,‘s"\‘-gv .*
N

(IR ST

- . - - —-— — — -_— - - —-— —
7
IPTS I/\/\S:i'o\ iodopropyltriethoxysilane
5 //
/ /O
0}
Si'\/ N~
0

IPTES




TEM
IR/Raman
Conductance vsT

hydrolysis

\4




MoAvAettoupyka NPs, Ta omoia EVOWRATWVOUV HOLYVNTLKO XOPOKTAPOL KOl
oaoOntipa Osppokpaociog pe ekmounn pwtaldyeLlog yia ebapUOYyEC OTNV
€EQTOULKEVULEVN VOVOLATPLKN.

Nanomaterials (Basel). 2022 Sep 7;12(18):3109. doi: 10.3390/nan012183109

2XEAIAZMO2

NPs core@shell, * MpOCTATEUTIKN
eTikaAuPn/keAudoc

. . . . BoocupuBato ....
Core: HayVNTLKOG TTUPHVA OO VOVOCWHATIS0
oéelbiov tou owdripou (IONP) * ...ME TIOALKEG OMAOES ...
e ...TLOU VO €XOUV ATOMA

Shell: mrupttio pe AELTOUPYIKEG OLASEG LKavA yLo mpocdeon Twv
HopLwv

évraén Th3*/Eu3*, ta omoial AsLttoupyouv wg e Mnxaviopol opyavikic i

OepLo-aLoONTAPEC EKMOUMAG avopyavng xnUeiog

, e XapaKTNPLOUOC TEALKOU
YéatodiaAutotnta, Blocuppatotnta, KaAn uBpPLSLKOY UAiKOU

erupavelakn Spaotikotnta.



Moplaka Bepuodpetpa Ln3+

TUpmAoka f/kat toAupepn evtaéng Eu* kat Th3* og ouvbuaopo pe B-BLKETOVEG, £xouv HEAETNOEL WG
dwTtouyn HopLOKA BEpUOUETPA.

N\ETITOPEPNC TIELPOMATIKA Kol BewpnTik avaAuon KatadelkvUeL OTL N Bepokpaoctaky e€ApTtnon Twv
Slepyaoiwy petadopag evépyelag amnod to ligand = Ln** kaBwg kat Ln3* = Ln** unopel va aflomoinBel
yla tn puOuLon kat BeAtiotomnoinon Tng OEPUOUETPLKAC ATTOKPLONC.

NPs@SiO2 NP:S_@?CE’C NPs@Lnacac a @




Acetylacetone

tert-butoxide potassium

b
N
® \czo
A
K+ \C-—o /\
/ o/l AN

Tpomomoinon nupttiag pe SIKETOVN



(b)

Thermal images of a vial containing the NPs@Lnacac solution
in the presence of the AC magnetic field
Temperature measurements as a function of time

(a) —_— —_—
UU
50

Temperature (°C)

O NPs in solution
O reference ~A000 Q00
45 4 ® NP -reference O g
~00%
O V20 +
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40 A [0 O o
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3D gadoua exmounng (dEovag y unkoc Kopotoc) (Acovag y £viaon) o€ GUVAPTNOT UE TNV
Oepuokpacio (aSovog Z unkog kopatog)). Iapatnpeiton petafolr g Eviaocnc g Tpog
Oepurokpacio amapaitntn pETpMNon yio va yapaktnpieel woploxd OepuopeTpo



YPprowa ypagevika Yiwka tov Ln(acac),(H,0),

MeOH
10%[Ln(acac);(H,0) )],y + 1% GraphenCOONa,,,, -

[Ln(FPhacac) ;]@G-COO Na*+ 2H,0

MeOH . . . N
10%[Ln(FPhacac)3(H20)2](s0,) + 7 %Graphen CN(sol) s : TIpotewopevn dopn tov [Ln(FPhacac);]@G-COO-Na

[Ln(FPhacac);(H,0)]@G-CN + H,0

IIpotewvopevn doun tov [Ln(FPhacac);|@G-CN*

The ratio is 10:1 because graphene modified substrate has active groups on both sides
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Epyacio Metarmtuylakou
2xedLa00G 200taonG YRPLOLkwY YALKWY

Mopdn: Atopiki  opadikn (2 atopa)



Ocpa 1 —2xeblaopocg YRpLdkouL YALkou from scratch

2XEOIAOTE TN XNMIKA oUOTAON £€VOG UBPIOIKOU UAIKOU YIO Hia EQAPMOYH TNG ETTIAOYAG OAG
(Tr.X. pWTOROATAIKA, HEMPBPAVEG, AICONTHPES, EUKAUTITA NAEKTPOVIKA, drug delivery, K.a ).

« ZnTeiTal:

« Tutrog uBpidiou 11.%X. Core-shell, diaotmropd o€ TTOAUMEPN MATPA, GAANAETTIOpOON O€
UTTOOTPWHC

2Tn OUVEXEIA

[Mepiypa®r] Twv IBIOTATWY TOU OUVOETOU Kal N AOYIKN ETTIAOYAG TWV CUCTATIKWY KAl
TIOavVWYV TTEPIOPICHWYV TT.X. BlooupBaTéTnTA

« EmAoy opyavikRg @Aaong (TTOAUPEPES 1 opyaVvIKO POPIO)

« EmAoyn avépyavng eaong (oceidio, vavoowuaTidla, sol—gel)
* [epiypapry XNMIKWV aAANAETTIOpACEWY OTN SIETTIPAVEIQ

* [lpoteivouevn nEBodog ouvBeong

.39' AcZloloyeital N XNMIKA AoyikR, OxI TO “CwWoTO” UAIKO.



Mapadetypo KAANG TIPOCEYYLONG
Le onpela mou Ba avantuxBolv nepaltepw

Opyavikn ¢aon: PVDF
(Xnuwkn avtoxn, dtadavela, enetepyooipotr | H
Avopyavn ¢aon: TiO, vavoowpatidia T
(dwtoevepyd, naywysg) REL
Aleruuavela:

* ¢duown dtaomopa + duvatotnta Si—O—Ti deopwv pEow sol—gel
MeBodoc:

* in situ sol-gel cuvBeon TiO, evtog moAupepoug

[ ] [
M—O—T

Meploplopodl:
* OUCOWHATWON VOVOOWHATIOLWY
e pelwon dwadavelac os vPpnAo poptio



[MoAuAettoupyko YBPLOKO YALKO
>xedLaote UBPLOLKO UALKO e SUO aVTAYWVLOTLKEC LOLOTNTEC

LY.

* Sladavela & aywyLuotnIa

* ENAEIKTIKH AINMANTH2H

* MoAupepec: PMMA (Stadavec)

* [IpooOeTO: YounAO nnoocooto graphene ) Au, Ag NPs

* JupBLBacpoc:nieploplopevo filler yia amoduyn
okedaonc pwtog

e Xpnon enidpavelodpaotikou yLa armoduyn
CUOCWPELONC



[MoAuAettoupyko YBPLOKO YALKO
>xedlaote UBPLOLKO UALKO UE BEPUOUOVWTIKEC LOLOTNTEC

* ENAEIKTIKH ANMANTHzH

* [TOAUMEPEC: WC uNTPO (OTIWC peAavia)

* [NpooBeto: SCO HOVO TOU 1 OE UTTOOTPWHLAL TT.X.
VPAPEVIKO

* JUUBLBaocuOC: Xpnion enipavelodpaoTLKoU yLa
arnoduyn cuoowpeuvonc, uPnAo LEwdec



Anavtnon AavOacpévn
2xedLaoOG UBPLOKOU UALKOU yia dwtoPoAtaikn epapoyr

* To uBptdKo UALKO amoteAeitat amod PMMA kat TiO, vavoowpatidta.

* To PMMA eruiAéxBnke emeldn eivat $Onvo kat to TiO, emeldn xpnoLUomoLElTal oTa
dwtoPoAtaika.

e Ta SUo VALKA avapelyvoovtal o€ StaAuvpa Kat oxnuatilouv uBPLOIKO UALKO.

To teAKO UALKO avapeveTal va €xeL kaAn pwtoPfoAtaikni anddoon kot uPnAn octabepotnta.

X Aev givar mpaypatika “uBpLdikod” X ABdopeg tpoPAEPELS LELOTHTWVY
MNpodkettat yia atAd composite «KoAn pwtoBoAtaikn anodoon» xwpig:
Anouotdiet: UNXOVLOMO peTadopdg dpoptiwv n
Zuvbeon / Siktuo avadopd o Sopn
Aewroupyukn Slemipavela Asv avadeépovtat ibavol meploplopol (m.x. okEdaon
ZNUaVTIKO : dWTOC).

OxL kKGO avapuLen = vBPLOLKO UALKO



X 1. Emdaveiakn attoAdynon Aoy UALKWV
Aev avadépetal XnUKOg Adyog srthoync PMMA (rtoAkotnta, Tg, UV avtoxn).
To TiO, emAEyeTal «EMELSN XPNOLUOTIOLEITALY, OXL AOYW LOLOTATWV.

# Kokkivn onuaia: Teplypadikr, OXL ETULOTNOVIKY OLTLOAdYNnoN.

X 2. Kopia Siemidavetakn xnpeio

Aev Tteplypadetal:
* Tw¢ aAAnAenidpd to PMMA pe TiO,
* Qv uTtapyouv deopol ) Lovo duotkn avapLén

# S08apd opdtua: xwplic Stemipdvetla Sgv UTIEPXEL AELTOUPYLKO UBPLEKO UALKO.

X 3. Acadrc pé0odoc olvOeanC
«Avapelyvoovtol og SLOAUHA» —> ETILOTNOVIKA KEVO

Aev avadépetal:
e SlaAlTINng
* avaloyia
* £Aeyxocg SLoomopag

# Se MSc entinebo Yswpeital avemapkec.



Novel environmentally friendly graphene-based anti-fouling and/or
anticorrosive paints



XA pOAKTNPLOTLKA TOU TIPOLOVTOC

XONANG ToéLkoTnTa
QVTLPPUTTOVTLKEC KO/1) avTLSLaPPWTIKEC LOLOTNTEC

npolovta GLALKA TIPOG TO TIEPLBAAAOV KOl VOULKA
amodekta

emidelkvUouv OOLLKA Kal AELTOUPYLKN oTtaBepoTnTa

vPnAoG Babuog npoopuong otnv erudavela
enilotpwon¢ (LETAAAO Kol OlKPUALKO)

QUTTOTPETIEL ATOTEAECUATIKA TNV AVATTTUE ,
HLKPOOPYQVIOHWY XWPLG ONUAVTLKEG TIEPLBOANOVTIKEG
ETUTTWOELG

XapoKTNPLOMOC TT.X. LIKPOOKOTILO, OTTTLKAL



To v€o VAIKO TTPOKOTTEL IO TO GLVOVUGLLO:

* ¢va d160106TaTo VRPLOKO VOVODAKO TOV TPOKVTTEL OO ,,; ,.
NV 16YLPN OAANAETIOpaOT LETAED YT UIKAL . b
TPOTOTOINUEVOL YpapeViov (cmG) Kot VOVOSOUATIO MV I}*ﬂ

rghe” 8

netoAlkod Ag, 1 otabBepov counlokwv Ag(l), kot

e Tlolvpepikn untpa PMMA 1) tepiov.

* To teMKk0O TPoidv GLVOLALEL TIC GAPELS 1OIOTNTES TOV
PMMA Vv avotepn oTeyavOTNTA KOl TIG UNYOVIKESG
010TNTEG TOV TOPAYDYOV YPOUPEVIOV KOl TIC LEYAAES
AVTIUIKPOBLOKES/ OV TIBOKTNPLOKES KOl OTTTIKES 1010TNTEG
TOL aPYVPOV, €ite oToLYEWKOV ( Ag) 1] 6TOOEPE.
ocoumioka Ag(l).




Ag(l)
complexes

+cmG

Application

on surfaces [AgL(cmG)]



details for the 3 main components: 1) PTFE

Polytetrafluoroethylene (PTFE or commercially known as Teflon®) is a fluoropolymer consisting of a
carbon backbone chain with each carbon atom having two fluorine atoms strongly attached to it. Due to
fluorine’s extreme chemical inertness and strong bond with carbon, fluorine atoms within the structure of
PTFE protect the inner carbon backbone from contaminants and give PTFE its self-lubricating and anti-
stick properties.

PTFE possesses

+ one of the lowest known coefficients of friction (COF) when rubbed against solid materials and has
high corrosion resistance and melting point, 327 °C, making it an ideal material for numerous uses as
lubricant and anti-stick, biocompatible and inertness, anti-corrosive etc.

+ Because of its low surface energy, the non-toxic PTFE covers the requirements for use as a fouling
release or non-stick coating for underwater substrates. The creating surface characteristics reduce the
adhesion strength of attaching organisms to the point where the organism detaches from the very
smooth surface under its weight as it grows or is dislodged by water movement.

- As a polymer, PTFE suffers from high wear. Due to high wear and low adhesion with other polymers,
applications for PTFE have been limited to using bulk PTFE and thick PTFE films unsuitable for nets or
other acrylic coatings.



details for the 3 main components: 11) Graphene, and chemically
modified graphene (cmQG),

Graphene, and chemically modified graphene (cmG), during the last decade, have been studied in the
context of many applications, such as polymer composites, energy-related materials, sensors, ‘paper’-
like materials, field-effect transistors (FET), and biomedical applications. The main body of cmG is a
periodically arranged benzene ring structure. Several carbon-carbon double bonds are replaced by
carbon-oxygen bonds and plentiful oxygen-containing groups are formed during the oxidation

progress. Hydroxyl and epoxy groups mainly distribute on the basal plane while carbonyl groups and
carboxyl groups are located on the edges of graphene.

cmG possesses
* Avery high specific surface area,
* excellent electrical, mechanical, thermal, and optical properties.

* Asin polymer composites, could demonstrate improved tribological, wear and anticorrosion
properties compared to the neat polymer.

* cmG films also transfer the energy quickly avoiding the thermal deformation caused by excessive
heat concentration on contact areas. |



details for the 3 main components: 1i1a) silver and/or silver(I)
complexes

Silver nanoparticles present antimicrobial activity and have been used as a biocide agent
in health, food, and textile applications.

Silver(I) complexes also have garnered attention for their antibacterial/ and
antimicrobial properties, silver(I) sulfadiazine is currently used as an antibacterial agent.
Due to this property, the silver nanoparticles assembled on graphene oxide sheets
(GO@Ag) have been exploited as novel antibacterial systems. The combination of
metallic nanoparticles with hydrophilic GO can effectively improve the antifriction and
antiwear properties, presenting excellent adsorption on tribo-films, surface self-repairing
functions, and heat transfer characteristics. However, the application of these
nanocomposites to the prevention of biofilm formation has not been yet exploited. Until
now no studies have been published, as far as we know, on Ag(I)compounds with GO as
hybrid materials.




details for the 3 main components: iiib) triazole derivatives for
anticorrosion properties

» Benzotriazole and its derivatives are good candidates as they are well
known for their impressive biological properties and anticorrosive activity.

» They are odorless, non-toxic and/or bioinert, and stable reagents with
excellent solubility in many organic solvents and are useful ligands
because of the donating ability of the three N atoms (and possibly other
atoms from present groups). Creating strong bonds with the cmG

nanolayers
B 4
p3
- g N \3'\ N\ N\
- \ \‘
p N2 ,/N ;"N Structure of simple benzotriazoles. The R
5 N{ N R4 N groups may or may not contain donor atoms.
7 | | |
H R £ H

braH (A) B r



2uvduaopol uBpLOLkwy dwTtofoATaikwy pLepBpovwyv

MoAUMEPLKN HATPO
PVDF

PVDF-HFP

PES

PMMA

PVA

Nafion

P3HT
PEDOT:PSS
PVDF

Hybrid siloxane
Cellulose acetate
Polyimide

PVDF

ORMOSIL

PMMA

Avopyavo / NavoOAko

TiO, (anatase)
Zn0O nanorods
Ti0—SiO,

TiO, QDs

GO/ rGO

TiO2 / WOs
PCBM + TiO,
Ag/ Au NPs
CNTs / Graphene
TiO2~ZrO;

TiO2 NPs

SnO;
Perovskite QDs
Ru-dyes + TiO,

Au@TiO,

XNUKOG pOAOG avOpyavou
Qwtoaywyudtnta, e” transport
Dwtoevepyd, uPnAn KvnTdTTAL
Meiwon enavacuvdeong poptiwv
Alodavela + dwtodiéyepon
Aywyluotnta

QwtokataAutiki urtoBorBnaon
AloxwpLlopog doptiwv

Plasmonic evioxuon

HAEKTPLKN aywyLdTnTa

UV otaBepdtnta
BlooupBatotnta

OepuLKr avtoxn
QDwtoanoppodpnon
Qwrtoevalcbnoia

Plasmonic + photo

MNpooBeta / Xnueia deopwv
TEOS, acetylacetone (sol-gel)
Silane coupling agents
ORMOSIL diktuo

UV crosslinking

H-bonding, reduction
lovtiki aywyluotnta

n—Tt stacking

Thiol ligands

Van der Waals

B-8ikeTovVN XnAiwon

Green sol-gel

Sol—gel anchoring
Encapsulation layer

Si—O-Ti deopol

Core—shell hybrids

Tomog ®/B
DSSC

DSSC

DSSC

OPV

OPV

DSSC

OPV

OPV

OPV

DSSC

DSSC

DSSC
Perovskite PV
DSSC
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