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S field

Surface conduction electrons of the metal oscillate coherently with the
incident electric field. The applied field induces a polarization of the electrons

and a separation of negative and positive charges on the surface of the

I nanoparticles forming dipoles oscillating along the direction of the electric
Incoming light H] E Fleld ﬁeld.
_ This behavior is called as Surface Plasmon Resonance (SPR).
S8, ECTRON CLOUD In the case of Metal Nanoparticles strong absorption in the Visible
region.
7000
00 USEFUL INFORMATION:
DIMENSIONS SHAPE

5000 " ) . e

5 _ VR ) o D ' =1, — e
4000 § g 25 oD mmaant J 3]

Hg. E S S 3204 | t
3000 5 2 J] A | g 161 o)

b 2 ! 4 ] c _

E & - el . 8121 f
000 2 g% _ " gl -z 0'8‘%

g | YL, '@ < oa] i
1000 ° W i::"i'-""'-'--'.-. 0of
¥ e oy 0 o 00 400 500 600 700

: o wonghom)© ST

QQQQQ\’QQW@Q“"&&WQ& F 6"’9@ SRR IR SN NSNS I I NI v 12

2

SCOPUS database: keywords “nanoparticle” AND “ sensor”

LSPR extreme sensitive to the surrounding environment: COLORIMETRIC SENSOR.
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= Aggregation Induced by Interparticle
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Metal NPs Monitoring:

Colorimetry,
Fluorescence, .
Surface Scattering (SERS), or

functionalisation etc. ' .
q l Fluorescence quenching
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. Targets

Binding

Binding with specific analyte.

Fluorescence Intensity (a.u.) =
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Metal nanoparticles used as SERS
activator for Raman Spectroscopy

Raman Intensity / a.u.

400 600 800 1000 1200 1400 1600 1800
Raman Shift / cm™!



WhniversiTA SINTESI ARCOBALENO: NANOPARTICELLE DI ARGENTO ¢
DICAMFERINO - m

Chemistry
Interdisciplinary
Project

O OH O & H B
N © Na* Ela
Agt*NO, + Na@%wo@% + + —
g 3 A PNa /P\/l/ HH/ H | —)
n
TSC PVP
CAPPING DISPERDENTE RIDUCENTE

“NNN\NN
During the synthesis different amounts of H,0, 30% have been added.
)
©® © > ~ o
O, uo, e ce pH:0, 2%, HO °“Wo, ° -4 . * o, H,0,
$' ; 'z \""E‘f-. s’ H202 [:} ©® s A =D, ﬁ' i ©
i ~ =5 0 = N [ 4 s +
o ke / 'f i “V. ho, 7 e° Ag
A ©¢ : ® Ag’ ot
s H,0,
H,0, ¥ H,0, o MO *® o
© HZOZ @
©®© s




WnIVERSITA H,0, oxidation etching of Silver Nanoparticles (AgNPs)

DICAMERINO

{ =
,‘J’ylil NV‘RONHEH Journal of Molecular Liquids i e i
oD LTI
[]]HEAY
AL Tuning of hydrogen peroxide etching during the synthesis of silver 2
nanoparticles. An application of triangular nanoplates as plasmon
Chemistry sensors for Hg? ™ in aqueous solution 7 ‘
InterdiSCip“nary Marco Zannotti \.moru\)on andi®, And.’ESRO.\H‘.\M[COMH'I?(UE(\‘5(9!3[’1{!.‘87.}.’0‘ '
PI"O.ECt L;nml’elena R|11Gxo\31|ixf\ R . L. .
' e * H,0, shows oxidizing power, standard redox potential depends on the
pH, both higher with respect to the standards redox potential of Ag™;
— I H,0 . . .
% —————a * pH of AgNPs-0is at 7.6, in presence of H,O, the range of pH is
©
“-‘J\(\P“} o ‘ . ‘ ‘. .. o, between 7.5 to 7.8;
- © Q0 © <o = .
9 H,0, + 2Ag = 2Ag" + 2H,0 AE® - +0.974 V acidic solution
AgNPs-30 AgNPs-90 AgNPs-108 AgNPs-145
i H,0, (ul) 25 - H,0, (uL) H,0, + 2Ag = 2Ag" + OH AE® — +0.07 V basic solution
(a) 0 (b) l 100
2 _fo 2 4 —108
. —20 —_ ¢ Weak reducing character of H,0O,, smaller contribution to reducing Ag",
o 25 ] . . . .
g5 —_— 19 145 controlling the shape during the formation of AgNPs;
S— S
% o —u | 150
< —?g Hy0y +2Ag7 & O, 42H" +2Ag AEY = +0.104 V acidic solution
05 —380 5
—— H,0p +2Ag" +20H = O, +2H,0 +2Ag AE® = 40.946 V basic solution
{] T T T T T = 0 T T T L) T T T I
250 350 450 550 650 730 8350 950 1050 250 350 -b() 550 650 750 850 9350 1050
Wavelength (nm) Wavelength (nm) * Dynamic equilibrium between the reduction of Ag*™ by NaBH, and
These conditions in presence of TSC and PVP, are ideal for the oxidation of AgNPs by H,0,, the weak reducing character of H,0, can
formation of nanoplates with different shapes in the range also contribute to the shape-controls of AgNPs.

between 40 and 108 pl of hydrogen peroxide.
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* AgNPs-0: spherical shapes with aggregates,
diameter=11 nm;

* AgNPs-30: regular distribution, not well defined
shapes, size from 11 to 25 nm;

* AgNPs-40: regular triangular nanoplates,
thickness = 5 nm, size= 27-30 nm;

* AgNPs-90: smoothed triangular nanoplates,
tendency to form hexagoanl and pentagonal
shapes with different sizes and thicknesses;

* AgNPs-108: distribution of hexagonal and

pentagonal shapes, size at around 23 nm;

* AgNPs-145: quasi-spherical shapes with samller
diameters of 8-10 nm.

100 n |h
| —— |

AgNPs-108
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Detection of Mercury-LSPR-based colorimetric sensor
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* AgNPs-40 shows good sensitivity and selectivity towards Hg?* jons;
* LSPR regular blue-shift with higher concentration of Hg?* ions, from 623 to 527 nm;
* Linear relation between LSPR shift and concentration of Hg?* ions;

* LOD, calculated as 3c/slope is equal to 0.013 mg L1(64.9 nM).

* SEM analysis show shape modification from triangular nanoplates to hexagons and pentagons shapes

M. Zannotti et al., Journal of Molecular Liquids, 309 (2020) 113238
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Silver Nanoparticles (AgNPs) as sensor for Hg?* ions
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Detection of Mercury-LSPR-based colorimetric sensor ®
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* AgNPs-40 shows good sensitivity and selectivity towards Hg?* jons;

Ag" +e = Ag E® = +0.7996 V
* LSPR regular blue-shift with higher concentration of Hg?* ions, from 623 to 527 nm;
o oya— . 0 =
* Linear relation between LSPR shift and concentration of Hg?* ions; Hg®" +2e” = Hg £ =+0851V
* LOD, calculated as 3/slope is equal to 0.013 mg 1.1(64,9 nM). Hg?* + Ag = Hg + Ag®  AE® = £0.0514V

* SEM analysis show shape modification from triangular nanoplates to hexagons and pentagons shapes

M. Zannotti et al., Journal of Molecular Liquids, 309 (2020) 113238
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AgNPs deposition MB deposition

Raman and SERS intensity of MB 1 pM and the calculated AEFs at 440 and 1623 cm’!

60000 y—— Ag-NPs-40 —— Ag-NPs-145 Ag-NPs-90 Ag-NPs-0 =—MB 0.01M
1623 Normal Raman | P | PP
50000 1 MB 0.01 M 2635.57 1085.33
440 SERS substrate . AEF (<109) . AEF (<109
~ 40000 - X X
3 ’1 (MB 1M 1623 440
%30000 . i AgNPs-0 13126 0.50 7654.16 0.71
£ 134 AgNPs-90 24130.5 0.92 18111.8 1.67
200 496 . AgNPs-145 40742.7 1.55 28186.4 2.60
1180
10000 - 65 o I}J\ 127 [ A 1472 AgNPs-40 53480.1 2.03 39952.3 3.68
502 . 1502
664 051 1036 It / M
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M. Zannotti et al., Coatings 2020, 10, 288
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=) :' *  AgNPs@I1IMUA were tested as sensor for different heavy metals: Ni, Zn, Cu, Co, Cd,Mn,Hg Cr,Pb;
S |
Q 1
8 | * In the range between 0-10uM, only Nickel shows strong interaction with AgNPs@11MUA as
3 demonstrated by the typical UV-Vis spectra of AgNPs
1.2 T
Ni?*: strong aggregation e MU
\ . . . . . ‘ . ‘ . .l . Cu-AgNPs@11MUA |
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Second Surface Plasmon Resonace band appears, due to the interaction of AgNpS@11MUA and Ni** ions with
concomitant aggregations of nanoparticles
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AgNPs@11MUA

Absorbance (A.U.)
o
- ;

AgNPs@11MUA(-Niz"-)

Second Surface Plasmon Resonace band appears, due to the interaction of AgNpS@11MUA and Ni?* ions with concomitant
aggregations of nanoparticles
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%0.8- 0.7 f(x)= d+ (a_dz 5 . - _’_F,...—— --------------- _
((H ) ) A, 7-10 uM: the NPs-
£ 0.6 ¢ 12+
2 _ . Ni* cluster reaches a
il = critical mass and the
02 < 05F ;
| by superlattice collapses
So0 200 500 600 700 800 E 04+ I,” ,»' . -
Havelenant (om) 9 3-7 UM: superlattice
& 03f formation, high SPAB |
S P change, higher
< 02r sensitivity -
0.1F ~ -
g F(x) =0.1572£0.0171 * x — 0.3885 = 0.0095
0 PRSP - _
_ | | | | | ] ] |
0-3 uM: small lattice, lag | o 1 2 3 4 5 6 7 8 9 10
hase, low-sensitivit NiZ*] pM
P region y INF T LOD= (30/m)= 2.15 uM
LOQ= (100/m)=7.16 uM

Zannotti et al. Nanomaterials 2021, 11, 1733.
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Zannotti et al. Chemosensors 2022, 10, 482.
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Zannotti et al. Chemosensors 2022, 10, 482.
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strategies for solving environmental pollution problems.

Environmental photocatalysis, including water disinfection, hazardous waste remediation, air and water

purification, deodorization, antibacterial, and self-cleaning has caused more and more attention in recent years.

9000
New specific target pollutants 3000
Industrial 2001: almost 400 papers
Pharmaceutical 7000
Agricultural 5000
AT 2020-2022: > 7000 papers &
Bacterial 5000 %
High toxicity, health effect 4000 j:é
3000 ©
2000
1000
Azo-dyes Pharmaceutics 0
Cyanobacterial toxins 20002001 20022003 2004 2005 2006 2007 2008 2009 20102011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

Antraquinone dyes g )
Pesticidies Endocrine disruptors

SCOPUS database: keywords “photocatal*” AND “ degrad*”
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Photocatalysis, as advanced oxidation process, have focused on the use of semiconductor materials as photocatalysts for
environmental remediation, TiO, is the most widely used as photocatalyst.

TiO>+ hv (UV) — TiO:(ecs”+hvs")

Excitation

¥ TiO, (hvg") + H.0— TiO,+ H* + :OH

Ti0,(hvg") + OH — Ti0,+ -OH

Pollutant adsorbed

TiO:(ecs™) + 0.— Ti0, + 05~

Reactive intermediates

Mineralized products

Oxidation of organic pollutants by the photogenerated-electron-related reactive oxygen species (ROS) such as
hydroxyl (-OH) and superoxide (O,*") radicals
Narrow excitation wavelength : large band gap energy (3.2 eV), important rate of recombination, a challenge is the modification
of TiO, to improve the catalytic efficiency under visible solar radiation.

Ti0, is active only under UV light (less than 5% of total incident solar spectrum), research has been focused on extending the
light absorption of TiO, under visible light.
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Modification of TiO, : Project

Noble metal nanoparticles/carbon materials/co-catalysts/dye/surface
modifiers/ non metal

Visible light activation
Adsorption capacity improvement
Lowering band gap, Eg,
Simultaneous limitation of the electron-hole recombination rate

Visible light permits the use under solar light and an energy
saving in terms of light source.
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Polypropylene coated Nano-TiO, . @ TN > Ll
for dyes degradation in water * TiO, powder y _
mgpt::ogrui:b:i:i : igi:;:::;nil,c..& O Amats?, M. Zanntel, £, Remmozz, R, Gunnel’ M. Minicuc® & ° ACC ty1ace tone CCPOE :-Eq :::? . e .-'
« ‘Triton X-100 ' e
*  Water J
Adsorption l L
Photocatalytic . [PP@TiO),] pbotocata]yst\
Process . =

41N

. 521 /)f
Photodegradation ~ /
D, Photocatalyst
characterization

Alizarin Red S (ARS)

M. Zannotti et al. Scientific Reports 5, 17801 (2016)
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M. Zannotti et al. Scientific Reports 5, 17801 (2016)
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PP@TiO>
(a)

Adsorption Study of Alizarin Red-S on PP@TiO, photocatalysts .

SIS

+

ARS(PP@TiO:)

(b) 8)

M. Zannotti et al. Scientific Reports 5, 17801 (2016)
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Acid pH: best condition for ARS
adsorption;

At higher pH, steric hindrance and the
presence of multiple anchoring sites can
lead to competitive adsorption on TiO,;

pH < pzc: Ti—-OH + H™ < TiOH, ™
pH > pzc: Ti-OH + OH™ & TiO + H,0

Al r \A&
\ )
@ UV-vis

/ X Spectrophotometer
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The dye concentration influences the adsorption process Equilibrium data _ mterg::j':cl;naw
Anatase Aeroxide P-25
® ] 1 16 7y -0.2601x+0.3645
W Aeroxide P-25 Y = 0.8942x - 0.0844 - R?=0.9893
&5 A R?=0.9442 N
g ® Anatase 1.2 4
g E. 41 10.5 - 6)
8 % 3 S 508
2 » c v :
8 3, = Langmuir
. Freundlich 04 c, 1
i ¢ % =—+ a,C/K,
1 - * InQ, = InKp +;lnCe Q. K,
' 1 0 T T T 1 9'5 T T T o]
190 390 590 2 4 6 8 10 10.7 112 117 122 0 1 2 3 4 5
Wavelength (nm) Co x 10° (mol L) In Ce Cex103(mol L?)
Multilayer adsorption Monolayer adsorption

all dye molecules in the film

Adsorption process follows pseudo-first order kinetic: o _
have similar adsorption energy

31 In[(qe — q1)/qe] = k1t

[PP@TiO,],

o} 20 40 60 8o
time (min)

M. Zannotti et al. Scientific Reports 5, 17801 (2016)
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5 0 ,
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0.08 - Photodegradation
First order kinetic well describe the photodegradation process
0.04 - .
of [PP@TiO,]
0 ! .
250 350 450 550 -
Wavelength (nm) ln(C/CO) - kzt
ARS+
‘\ - o TiO, anatase shows the best results for ARS photodegradation
ot /\;onducﬁon Band Loz'i*—r» H,0,—+OH as evidenced by the higher degradation constant and high
hv ARS* <
1 e pE— absorption rate. %\
. o= UNTiO; | ;
OH i Mineralized Products W %
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Iy L] HEAIL‘
IAC
Adsorbed ARS
Chemistry
2102 flon Interdisciplinary

M. Zannotti et al. Scientific Reports 5, 17801 (2016) Project
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TiO Ti
9 [TiO,] 5 paste PP@Au-TiO,] , [PP@TiO,] .

Contents lists available at ScienceDirect

. Applied Surface Science :

SEVIER journal homepage: www.elsevier.com/locate/apsusc
Full Length Article - Y i _— I » 7 % %#
Enhancement of visible-light photoactivity by polypropylene coated n — << : o >\/ cl % 88
plasmonic Au/TiO; for dye degradation in water solution e (o] cl 3 0o o= .

/ : \

- . .
C.A. D'Amato™*, R. Giovannetti®*, M. Zannotti**, E. Rommozzi®, S. Ferraro®, C. Seghetti®, M. Minicucci™,
R. Gunnella®, A. Di Cicco®
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Characterization of PP@Au-TiO, photocatalyst

3 cps/eV

[A=-TiOz) A MAG H00X WD & mm

cover all the surface area, with a greater evidence of Au on
aggregates particles.

The growth of AuNPs directly inside the TiO, paste with .
homogeneous distribution of gold on [Au-TiO,],. emow 0 e v ome

Au
o8 h TAU-TVO1]a MAG 10000X WD § mm
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;{Y% The adsorption process on [PP@Au-TiO,], was |, Adsorption @)
SO - 1 . . . 3
L1He - demonstrated to occur with pseudo first order kinetic: 094 28
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Interdisc_iplinary . _ 3.7 | - ) 1 - —
In[(qe — q1)/qe] = k1t . So] et o s
E B n 'Il-' . .
The photodegradation process occurred with a E 03 Time (min) .
. . . = 041
rate described by the first order kinetic: = :
0.3
0.2
ln(C/Co) = —kzt o
[PP@AU-TiOZ]A ShOWCd an imprOVCant n term Of phOtOdegradation l;m g,lm gén 3&[}. 3(I,lj q,llm. 4,;14:. 4ép‘. 5£[j 5(;[). ;I:.lj
kinetics k,compared to that of pure [PP@TiO,] , Wavelength (nm)
Photodegradation b)
0.5 (
These results confirm the positive effect of AuNPs on TiO, paste. 14
0.4 | 1R _
Gold wt.%  HAuCl, (mol/I) k,x 10>(min!) k, x 10? (min™) S s
. & = 06 Lo
(PP@TiO,), 0 0 2.97 0.57 = 03 F 04 ¥ =0.01dx - 1.743
= 2 4 2= (.9938
(PP@Au-TiO,) 0.004 2.15 x 1005 3.08 0.63 z 0 L _ o
£ 024 120 170 220
(PP@AU-TIOZ)A 0.006 3.24 x 10'05 2.84 1.40 = Time (min)
(PP@Au-TiO,) 0.008 432 x 1005 2.91 0. 97 011
(PP@Au-TiO,), 0.01 5.40 x 105 3.56 0.74
0

200 240 280 320 360 400 440 480 520 560 600
M. Zannotti et al. Applied Surface Science 441 (2018) Wavelength (nm)
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Band Gap Implications on Nano-TiO, Surface
Modification with Ascorbic Acid for Visible
Light-Active Polypropylene Coated Photocatalyst

Chiara Anna D’Amato 1,+(), Rita Giovannetti 1,+(, Marco Zannotti 1,400, Elena Rommozzi ',
Marco Minicucci 203, Roberto Gunnella 2 and Andrea Di Cicco 2

[T1O], paste [AA-TIO,], paste [PP@AA-TIO,],
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DICAMERINO Photodegradation of ARS by PP@AA-TiO, photocatalyst l?[)—l%
PL Spect g
pectra DRS spectra Chemistry
40 1 10 Interdisciplinary
—[Ti0, ], 35 z Project
- ——[AA-TiO,], 2.5 Wt % 30 1 7
E.« 25 2 6
. =X [
Z = 20 & s
Z M s < 4
< 3
= 10 A ;
= 5 1
. . 0 T T T ! 0 4
340 390 440 490 540 300 400 500 600 700 28 29 3 31 32 33 34 35 36 3.7
Wavelength (nm) Wavelength (nm) v, eV
0.043 s Eg, kaas and Kppoto values for [PP@AA-TIO,], containing different AA wt. %o.
ot e 0 AA wt. % E, (V) 10%k 45 (min) 102K, p00(min )
g ' ) 505 0 3.15 3.75 1.99
20.039 ; 0.5 3.05 3.55 3.50
" !
oo | e . 1 3.01 3.47 3.72
i o 1.5 2.92 3.46 4.04
0 1 2 3 4
wt. % Ascorbic Acid 3.4 294 3.09 3.85
11 * PL spectra indicate a suppression of electron-hole recombination process in presence of AA
0.8 *  Dye adsorption follow the Langmuir model, instead the results obtained with the non-modified
(=]
o
O 0.6 4 —+— without photocatalyst photocatalyst: InQe =InKy. +1/n InCe
—— 0 wt%
0.5wt. %
0.4 4o ir, *  Dye adsorption follows a pseudo first order kinetics Inf(q.-q,)/q.= k4, t
—e—25wt. %
02 44— 1R . . * K, linearly decreased with increasing amount of AA wt.%, however increasing AA amount
110 160 Time (min) 210 260

corresponds to a lowering Eg, with a better photocatalytic performance (BEST 2.5 wt.%o)
M. Zannotti et al, Nanomaterials MDPI 2018, 8, 599
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| E
Chemistry
Graphit Liquid-phase Interdisc.iplinary
= exfoliation Project
>

002

SFG44 exfoliated graphite

e a
RSC Advances C : : : 2500 ' SFoss exoiated graphte smooihed data)
Graphene dispersion preparation

. . . 2,000
Exfoliation of Graphite by ultrasonic 4
CrossMar Exfoliation of graphite into graphene in aqueous . §
®' : s;lution: an application as graphene/TiO, treatment 1n presence of surfactant S 1,500
Cieis RSC A 06,6 59% A composite to improve visible light - g‘
photocatalytic activity Triton X-100. g 1000

R vannetti,*? E. Rommozz 2 M. Zannotti,* C. A Amato,? S. Ferraro,” M. Cespi
L M. ,>C.A.D 2
. Giovannetti,

500+

10.0 20.0 30.0 40.0 50.0
26 Bragg angle (degrees)

Graphene nanomaterials: large specific area, flexible structure, extraordinary mobility of charge carriers at room temperature,
high thermal and electrical conductivities, high chemical stability; act as visible light absorbers and electron acceptor.
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DICAMERINO Photodegradation of ARS using exfoliated graphene-TiO, photocatalyst a0l ] 3? :
ARS™* Chistry
* Different concentrations of as preparaed GR used to modify [TiO,] Interdiscip inary
o * Adsorption process follows the Freundlich model: multilayer absorption mechanism
BQY anse as for FTIOQJA,

OH-

Adsorbed ARS
A N - 4 - 3
GR@TiO; fi OH" + h" —»= OH
. . r , . ' 0,034
o R N e
[ 9-----® @ H
52 ; - 0,032 10
2 - . ¢
L L] -
L
51 /
E o . 40,030
< 50} . ,/ or
pa | '
B e I & / - 0,028 &
E 49 ¥ » -
- ; 7 5 [§)
Sy ' ’ 5 ©
o° 48 | ' - 0026 ~. 4
-no L l' . ‘ — 9
- 4‘7 - 'l X /
v L ; e e C -4 0,024
T ® °- ot — - =FitofC_,, 09
sk o -—.0-—7 “@ k. - 0,022
1 " L 1 1 I—
0,00 0,04 0,08 0,12 0,16 0,20

Graphene (mg)

* GRinfluences positively the absorption kinetics of ARS respect to pure TiO,, but
k,,, are very similar for all the catalysts with GR;

* Increasing GR amount the adsorbed concentration increases due to n-n interactions;

* DPhotodegradation efficiency increases with GR as demonstrated by the increasing of the

L(Qboto

Photogenerated electrons are transferred on GR(electron acceptor) inhibiting the
electron-hole recombination.

]
i
] Kads and Kpnoto With various catalysts
.
R Catalyst name kags % 107 Kphoto % 10°
] : . mgGR@TIO, (min™ ) Adj. Rygs®  (min™ 1) Adj. Rphmo2
8 =
o PP@TIO, T T PP@TIO, 2.54 0.9967 7.70 0.9960
-Ti L] B
SR .. PP@0.03GR-TiO, 3.28 0.9981 9.70 0.9949
it adle) 1 PP@0.06GR-TiO, 3.31 0.9966 11.56 0.9920
p g PP@0.12GR-TiO,  3.30 0.9986 11.26 0.9924
o FPg0.15ck-TI, PP@0.18GR-TiO, 3.31 0.9996 12.53 0.9939
T 160 180 200

Time (min)
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/
~‘ultrasonic treatment /8 thermal reduction
: at 80°C
B catalysts

- 3.2) Synthesis of Reduced-Graphene Oxide (rGO)
| Reduced Graphene Oxide/TiO, Nanocomposite: From Green reduction of Graphene Oxide by u_sjng g]u_(;ose
| Synthesis to Characterization for Efficient Visible as reducing agent at 80°C.

' Light Photocatalytic Applications

y ’ i
‘ El Rommozzi '**, Marco Zannotti 1*7, Rita Giovannetti 1#( Chiara Anna ]?Amato ,
ena Ro X :  Anna L
Stefano Ferraro 1 Marco Minicucci 202, Roberto Gunnella 2 and Andrea Di Cicco
. Stefan ,
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PL intensity of PP@rGO-TiO, decrease with respect
to pure TiO, demonstrating an efficient recombination
reduction between electrons and holes;

Work function of graphene is 4.42 eV, TiO, CB is around
4.21 eV, rGO can accept the photogenerated electrons from
Ti0,, with effective charge carrier separation;

All the k, 4, increase with the modified rGO-TiO, paste,
are higher with respect to pure-TiO, paste;

First order kinetic well describes the photodegradation
steps,  best  performance  obtained by

PP@0.125:GOTiO, (higher Lk, ..).

using

—e—PP@TIO,

~ —8—PP@0.060rGO-TIO,

Strategies to improve the photocatalytic activity of TiO, photocatalysts

Based tGO-TiO, as photocatalyst for the degradation of Alizarin Red-S

Chemistry
Interdisciplinary
Project

15 ~8—PP@0.125rGO-TIO, 10+ o
|| =e~PP@0.1501GO-TIO, /
|| ~8—PP@0.188GO-TIO, \ R
—e— PP@0.250(GO-TIO, ° e § .,
o .\.\‘
10k 07F \.\.\
& . BN\ N
8 (o) e .\o\
. ¢
& s S N e iy
z 05+ 0.4 \.\‘\.\ \'
o W
“~_ e
@\
001 0.1}
L —d — . - - - - e SEEA SN TS TERY VNGES [TS VL. WSTY U Wy DR TR R . AR
0 10 20 30 40 50 20 130 140 150 160 170 180 180 200 210
Time {(min) Time (min)
kags and kphoto values with R? for all photocatalysts.
Catalyst Name K,4¢ X 102 RZ 4. Kphoto X 10° R hoto
PP@TiO, 2.54 0.9963 7.70 0.9960
PP@0.060rGO-TiO, 3.93 0.9965 10.10 0.9889
PP@0.125rGO-TiO, 3.78 0.9978 11.20 0.9971
PP@0.150rGO-TiO, 3.54 0.9979 8.89 0.9994
PP@0.188rGO-TiO, 3.86 0.9940 7.73 0.9939
PP@0.250rGO-TiO, 3.66 0.9964 8.41 0.9937

M. Zannotti et al. Catalysts 2018, 8, 598
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i) Starting solution ii) Gel formation iii) Pre-drying iv) Solvent removal

. . . treatment

Chemncal cross-linking  Solvent exchange Supercritical drying
Physical cross-linking Washing Freeze drying
Physical coagulation Ambient pressure
drying
Spray drying

acid or base
Hydrolysin
prn—— - o
%r—ou S TR %v—ou.non Pocs oo
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Increasing concentration of MB
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12 36. 53 mgIL bt . 55,41 mg/L ]
- -7 i o 'A‘ -
SILICA-BASED XEROGEL i -
AT = Th
E 08 [} - 1 E 1I5 I Aﬁ’& -
o o
E E
L L L L] “ ols i o 1k
XRD 3 i
" XRD 03 SMECHRAD e 04| 1
Ay R K.Satvorar ot al, f a
05
022
Iy
A
0k i i i i i i 0k i i i i i
0 2 3 4 S & W 80 0 w2 W 4 S &
Chemistry time[min®5) time{min®5)
Interdisciplinary s -
Project .. 73.78 mg/L .a
25} A
&
T 2 T
1 E ast
75 10 125 13 175 20 25 o L5F
28 angle ) i
H
05
A
i s 0 0 ) 50 0 70 80
time[min®5]
Freundlich Isotherm Model
1/n 1.0742
% ¥ nKg 35333
Increasing concentration of Cr(VI) 5 022
+ i Cr(VI) solution " _ :
— P—— — — Intraparticle Diffusi
Squi—OH + H;0 — Sguf—OH, + H,0 Sgurt—OH; / HCrO4 n aq;:: k:‘,:m 1+ Csnon
T T T T T T Cr(VD)
—_— Crvt) —— (mg/L) Phase 1 Phase 2
2 % o Il 5 kd,y Duration R2 kdy Duration R2
H Cro4 (mg/g min®3) (min) (mg/g min®3) (min)
36.53 0.0891 90 0.9712 0.0069 — 0.9879
55.41 0.1462 80 09734 0.0158 — 0.987
@ 15 E i 73.78 0.1745 80 0.9762 0.0212 — 0.9978
v =
c
3 g g . Langmuir Isotherm
T y e i Freundlich Isotherm Ce/Qe vs Ce
i InCe vs InQe
: ; | , i
{ 25} . o
05 L : 8-
2l
e -
15f .. { Qat T e I
0 " i " J\/\ n . ] v 2+ " )
250 300 350 400 450 500 550 600 200 400 L T . T 1400 & :
Wavelength (nm) - :: I
% 4 m 5 e 6 0 ;0 1;,0 1;0 z;,o 2;0
In Ce
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Methane recovery
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