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l.Abstract

Based on the great potentiality of organosilane species to establish stable covalent bonds
by ZnO surface grafting, with direct influence on its particle size, morphology and
electronic features, the choice of organosilane surfactant was part of our strategy to
explore the tuning of ZnO optical properties taking into consideration the nature of end
group bound to silicon. No, or very few similar data were found in literature.

We investigated the effect of several representatives of organosilanes class, as 3-
(trimethoxysilyl)propylmethacrylate(MPS), 3-glycidyloxypropyl trimethoxysilane (GPTMS)
and vinyltrimethoxysilane (VTMS), also in addition with chitosan, for building new hybrid
nanostructured materials and biocompatible materials with high potential applicability in
optoelectronics (HLED) and photocatalysis, as well as for antimicrobial (functional textile),
intelligent food packaging and fluorescent probes in biomedical applications.

The syntheses of organosilane-based hybrid nanomaterials were conducted through a
simple and non-expensive modified precipitation method, in some cases associated with
sol-gel method.
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Il. ZnO QDs functionalized with organosilane surfactants
Tuning optical properties by QDs size control

\

CH, o
/ I .
O i N
N BN — \/\ —o X O/w

5 / /
H C/ _ _ _ (3-Glycidyloxypropyl)trimethoxysilane
3 vinyltrimethoxysilane (GPTMS)

3-(trimethoxysilyl)propyl methacrylate (VTMS)
(MPS)

* Size controlling agents
* Cross-linking agents
e Optical properties modifiers ? f
o

<o
o
K'/ (o] .?,__0\ /_F
-%—o O)\( ] Si
J \Si/J \fo 0" Mo
g . < |
\(\ 07N, o —O-s;
o o N
,'s'\\_\ HO / o
HO o]

Seminarul National de Nanostiinta si Nanotehnologie, Editia a 14-a, 26 martie 2015



l1l. Morphology&structure of organosilane-functionalized ZnO hybridNPs

SEM images of organosilane-ZnO QDs
ZnO v

ZnO-MPS (10%)
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HRTEM images of organosilane-ZnO NPs
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* V. Musat, A. Tabacaru, B.S.Vasile,V.-A. Surdu, RSC Adv. 2014, 4, 63128.
** A. Tabacaru,V. Musat, N.Tigau, B.S.Vasile,V.-A. Surdu, submitted to Langmuir.
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SAED patterns and lattice fringes (d-spacing)

ZnO* ZnO-MPS (10%)* ZnO-VTMS (10%)**
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* V. Musat, A. Tabacaru, B.S.Vasile,V.-A. Surdu, RSC Adv. 2014, 4, 63128.
* A.Tabacaru,V. Musat, N.Tigau, B.S.Vasile,V.-A. Surdu, submitted to Langmuir.
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FTIR spectra of organosilane-ZnO NPs

ZnO-MPS* ZnO-VTMS**
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IV. Optical properties of organosilane-functionalized ZnO NPs
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Optical transmittances between 85 and 90% and low reflectance between 0 and 5%, in the visible domain.
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Eg decreases from 3.494 eV (ZnO NPs) to 3.32-3,28 eV surfactant-doped ZnONPs
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V. Photoluminescent properties of organosilane-functionalized ZnO NPs

ZnO-MPS* ZnO-VTMS**
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» Higher organosilane loading from 2 to 10%, a blue-shift, accompanied by an increase of the emission
intensity.

*V. Musat,A.Tabacaru, B.S.Vasile,V.-A. Surdu, RSCAdv. 2014, 4, 63128.
** A. Tabacaru,V. Musat, N.Tigau, B.S.Vasile,V.-A. Surdu, submitted for publication.
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VI. Photocatalitic activity of organosilane-functionalized ZnO NPs

ZnO-GPTMS NPs
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Ag:ZnO-GPTMS NPs (in solution) in UV ligth (A >210nm)
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Band gap and Photocatalitic activity

600

Ag:Zn0O-3
386,16nm Eg=3,21eV
Ag:Zn0O-5at%
S 387,25nm Eg=3,20eV
]
2 Ag:Zn0-0.1at%
o
o
2 388ATm  Eg=3,19eV
<
ZnO
—\/‘—M\/\*""\ 395,16nm Eg=3,13eV
300 400 500
Wavelength (nm)
1,0
—— MB Ag/ZnO-cotton
ZnO
o8] —— Ag/Zno-0.1at% 663nm
— AgQ/ZNnO-5at%
1 = Ag/ZnO-15at%
8 o6
[ =
(2]
2
o
8L 04
<
0,2

0,0
400

T T
600 700

Wavelength (nm)

T
500

800

Absorbance

Absorbance

Ag:ZnO-GPTMS NPs and coatings *

Effect of Ag-doping concentration
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*M. Ibanescu (Busila),V. Musat, T. Textor,V. Badilita, B. Mahltig, Journal of Alloys and Compounds 610, 2014, 244-249
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Vil. Antimicrobial activity of organosilane-functionalized ZnO NPs

ZnO-GPTMS NPs
Effect of nanoparticle size on the bacteria viability
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Ag:ZnO-GPTMS NPs Inhibition zone test
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I1l. Organosilane-functionalized Ag:ZnO/chitosane biocompatible

Ag:ZnO-GPTMS/CS sols* . materials
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* M. Busila,V. Musat, T. Textor and B. Mahltig, RSCAdv., 2015,5,21562-21571
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Antimicrobial activity
Ag:ZnO-GPTMS/chitosan (sol)**
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IX. Conclusions

Zn0O-organosilane, ZnO-organosilane/bioPolymer (chitosan-CS), M (Ag,Fe,Mn)-
doped ZnO-organosilane, M(Ag,Fe,Mn) doped ZnO-organosilane/CS new hybrid
guantum dots and coating materials were synthetised and characterised.

Very interesting, tunable, multy-functional nanomaterials

Potential applications are in optoelectronics (HLED), photocatalysis, antimicrobial
(functional textiles), inteligent food packaging and fluorescent probes in
medicine.
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