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Size dependent properties of nanoparticles
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eous catalysts generally consist of a high surface area support m:
ctive component has been deposited. The anchoring of active comg
can be carried out via a number of methods such as homogeneous
N, lon-exchange, chemical vapor deposition and (incipien
on. From an industrial point of view the latter type of technique Is
cause of its technical simplicity, low amount of waste streams and
0d Is based on the incorporation of active component via impreg
ontaining a precursor, which is typically a metal salt. By applyi
the precursor is deposited onto the support and subsequently co

C active species.

stry involved in impregnation is very complicated since many pro
g the impregnation, drying and activation steps. It is a well-kno

les of the precursor solution (e.g. type of metal salt and pH) and s
affect the final composition of t




Size controlled Nanoparticles in Heterogeneous catalysis

ION EXCHANGE

) INSIDE A PORE IN THE STATIONARY PHASE
lonic EXChange Sample ions enter

/ ” Counter IoNS ouT Mobile

O ! phase
Counter ions - additives -

- - competition

1. INJECTION idiiiodhhp S -
n /"/ o -

2. ADSORPTION: -
DISPLACEMENT OF

COUNTER IONS ELUTION

Materials: acidic (zeolites, clays), basic (LDH)
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Synthesis of
Solid Catalysts




Ionic exchange: low metal loading iridium catalysts

[Ir(acac),]

!

[Ir(acac).] |

300 °C 1-Hacac

O Ir (acac), O Ir (OH),

H'] H* H* H] H
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Catalysts preparation

1.0% Ir/BEA
0% Ir/BEA
0% Ir/BEA
0% Ir/BEA

flowing H, at
250 or 450°C

\

The deposition of iridium on BETA zeolite involves succesive ion-exchange
and condensation processes. The generation of new protons is also possible.




R=H, CH3. C2Hs5, C3H7
R' = OCgH4(mC))




Hydrogenation of enones










Reduction degree, hydrogen up-take and
Ir dispersion on beta-zeolites

Catalyst Reduction temperature

Metal
dispersion, %

A 14

2%Ir/BE
3%Ir/BE
5%Ir/Be
1%Ir/Be
2%]Ir/Be
3%lIr/BE

5%Ir/Be

1%lr/Beta-7

2%l r/Beta-7 23 0.06 11.7 35 0.09
3%Ir/Beta-7 50 0.13 7.5 62 0.14

5%Ir/Beta-7 63 0.25 6.8 73 0.26

8.1
3.4
2.4
18.3
o2
4.9
4.1
19,8
10.8
6.5
6.0




Reduction degree, hydrogen up-take and
Ir dispersion on beta-zeolites

Catalyst

1%Ir/MCM-41
2%Ir/MCM-41
3%Ir/MCM-41
5%Ir/MCM-41
1%Ir/SiO,
2%Ir/SiO,
3%Ir/SiO,
5%Ir/SiO,
1%Ir/ZrO,
2%lIr/ZrO,
3%lIr/ZrO,
5%lIr/ZrO,




XPS Binding energies, and 1ro/1r"™* and Ir/Si(Zr) ratios

parative
ratios x 103
alytic XPS
3.3 W
3.3 5.9
6.6 .2
9.9 20.6
6.5 42.1
8.1 2.5
1%Ir/SiO, 615 64.6 625 65.3  1.68 103.7 - 5328 96  20.0
1%Ir/ZrO," 61.7 64.8 62.3 65.2  0.31 * - 5319 B/Zr: 40.0

*-The binding energy of Zr,: 182.2 eV; **-zeolite precalcined at 700 °C; *- catalyst reduced at 250 °C.



193r Mossbauer spectrum

19%lr/beta




A.U.

1400 1450 1500 1550 1600 1650 1700
Wavenumber, cm-?
The new band at 1453 cm™ may suggest either the existence of a new
Lewis site (Ir"*) or the re-adsorption of Py via H bonds forming Py-H
species (also assigned to the presence of Ir).



CP/MAS ZAl-NMR

BEA zeolite calcined at 700°C

100 80 60

BEA zeolite uncalcined
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Effect of the particle size:
Synthesis of menthols from citronellal

Citronellol i\ o
o H/’
X0 3,7 dimethyl-octanol

Citronellal
3,7-dimethyl-octanal

Chem. Commun., (2004) 1292-1293.



Citronellal hydrogenation

—e&— Conwersion
—B— S(Menthols)

—aA— S(Isopulegol ‘
—x— S(citronellol) —aA— S(isopule

—@— S(dimethyloctanol) —¢— S(citrone

—©—S@,7 di

Chem. Commun., (2004) 1292-1293.



Citronellal isomerization

—o— CBV20

—— ZM510

—&— HBEA25 Sud-Chemie

—<— HBEA30 Sud-Chemie

—&— HBeta25

—®— NaBeta25S

—+— Nabeta25S exchanged in H form
—S— Nabeta25S calcined at 540°C

o
=%
[

>
D

=

o

o
o

Chem. Commun., (2004) 1292-1293.



XPS Binding energies, and 1ro/1r"™* and Ir/Si(Zr) ratios

mparative

ratios x 103
alytic XPS
3.3 6.0
6.6 .2
9.9 20.6

A-S61.2 64.2 62.7 651 1.70 103.6 74.6 532.8
6.5 42.1

Chem. Commun., (2004) 1292-1293.



Fourier transforms of EXAFS
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1% Ir/INa-BEA-S
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Ir/Na-BEA-S

HRTEM- 3%




Deposition-precipitation










A lactone | IStry

m\ﬂK\
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..anditis ation pnroadauctoran =200
and a In the same molecule.



Lactones are found in various forms in numerous naturally
occurring cc

al oils

IS a carbc

vitamin C

Is found in oak trees, and
Impart flavor to whisky



onditions:

elevated temperatures

additives or ligands or/and strong base

refluxing solvents




Conditions




Meozﬂ MeO,
MeO,C_Cl Etozcli
O’Z;K 0™0

97% 83%

Condition

No use of a

RT, 2h



Conditions

No use of a

RT, 2h
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HAuCI, solution, 70 C \

Cl

OH

OH
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Adding the
support to the
mixed solution




Gold catalyst, CH;CN

0™ 0o

Conversion Isola

25%

Au/Beta ' 99%




EDX HAADF Deteclor Area
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structural non-
uniformities



AU

Catalys
]*

beta

Au/CeO,

Au/MgO

AU/TIO,

*measured from TEM




88% (1C

Very good resu

Performing the reaction at room temperature corresponded to smaller reaction rates
Yield% (Conv.%)



AuCl;, without base,
homogeneous catalysis

Yield% (Conv.%)



Performing the reaction at room temperature corresponded to smaller reaction rates

Yield% (Conv.%)



Performing the reaction in atmosphere gave much
results then performing reaction in




] state (Au )
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No change observed when using a reducing species- like CO

Even the initial sample was preserved in atmosphere conditions, the gold was reduced
in the vacuum chamber of the XPS.

No further reduction of Au(l) to Au (0) in the
species is incorporated Inte

presence of CO, could be due to the Au

educed state (Au 1)
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Au in oxidized state (Au IlI)

The reduction of the active site
Au(lll) to Au(l) in the presence of
the acetylenic acid substrate is
leading to inactive catalysts. The
role of air is to reoxidize the
inactive site Au(l) to the active site

Intensity (a.u.)

88 86
Binding Energy (eV) Au(lll).
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The colloid concept




Precursor concept to heterogeneous cata

MX, + vM’ (BR;H), — UM|+vM’ (BR;X),+uv/i2H, T
= metal powder; M’ =alkali or alkaline earth metal;

=C,-C; (alkyl); X= OH, OR, CN, OCN, SCN.
Heterogeneous

Support

Protective Shell
e.g. surfactant

H. Bonnemann, W. Brijoux, Advanced Catalysts and Nanostructured Materials (Ed.: W. R. Moser),

Academic Press, San Diego, 1996, p. 165.
H. Bonnemann and R. Richards, Eur. J. Inorg. Chem. 2001, 2455-2480



Hidrogenolysis

Advanced hydrogenolysis
products ( H)

J. Mol. Catal., 178 (2002) 79-87; J. Mol. Catal. A: Chemical, 186 (2002) 153-161.



Chem Ind., 82 (2001) 301-306.




Nanoalloys

hich the were calci

K and the
same tempe

Eur. J. Inorg. Chem., (2000) 819-822.



D-1% (Au) -810;

#

Pd-Au colloid in THF
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Chem. Eur. J. 2006, 12, 2343 — 2357
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H,C— CHy— C==(—CH,— CH,0H

/ N\

pt=)
(s s]

fre)
O

HC—CHy CHly—CH,0H - He—Cit,

=]
W

CHy— CH,0H

Lo
b3

Selectivity to 3-hexen-1-ol/%

o
)

C series R series D series E series

Selectivity to cis-3-hexen-1l-o0l/%

Scheme 3. Hydrogenation of 3-hexyn-1-ol.
’ ’ Catalyst treatment

The chemoselectivity to 3-hexen-1-ol <./, .7 ) and
+ A m_@) on the catalysts differently pretreated (. # -
Au); ©.@-1%(Au))

Hcinnamyl alcchol

CHO CH,OH
= B3 -phenylpropanal
O3-phenyl-1-propancl

N

o
=

Selectivity/

7 7 7

. . Pd 1.0 wt% Pd-Au Pd-2an Bu 1.0 wt®
Scheme 4. Hydrogenation of cinnamaldehyde. 0.6 wt% 1.0 wts

Catalyst




lJuction of NO and NO, by isopentane unde
conditions




1zing ligands Chemical formula Recovered Ptin ~ Mean par
Isolated colloid [%] size [n

gHq7),Br tetraoctylammonium 83
bromide
B 342  3-chloro-2-hydroxy-propyl 81
dimethyldodecyl
ammonium chloride

D 2HT-75 distearyldimethylammonium 80
chloride
-propionic  2-hydroxy-propionic 58
cid acid
AT E1027 alkylphenol-polyglycol 68
ether phosphate ester
N 40 polyoxyethylene sorbitan 64




Tabde 2 Tedural properties of 50y and Si0=Ta Oy embedded Pt mllods after calionation at 775 &
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ChemPhysChem 2007, 8, 666 — 678



TEM : a) SI—Pt-3; b) Si—Pt-1; ¢) SiTa—-
Pt-7; d) Si—Pt-5

NO conversion on S
ppm isopentane,anc
20 -

NO, conversion on
ppm isopentane,and

100 5
L
20
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L %

30
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Size dependent selectivity in deNOXx processes

5CO, + 6 H,0
N, + 5CO, + 6H,0
+6H,0

conversion to N,
r Si—Pt-5, which
Indeed a mean

ChemPhysChem 2007, 8, 666 — 678

Table 6. Sdectivity of mmvemion to N, and N0 on the investigated cata-
Iysts in esdudion of MO at maxdmum oomerson.
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Angew. Chem. Int. Ed., 48 (2009) 1085 —1088.



SOlla and easy 10 nanaie catalyst materiails.

on of matrix-embedded rhodium nanoparticles by reduction
ced ionic liquids. - Left: Physical mixture of ammonium salt a
anometallic precursor; Middle: Reduction under CO,/H, in t
ced ionic liquid phase (view into the high pressure react

Angew. Chem. Int. Ed., 48 (2009) 1085 —1088.



Matrix M.p. T pll Particlesize Surfaceto R
[°C] [°C] [bar] [nm] bulk atom
ratio

Bu,N]Br 124l 80 240 3.3 1.5
ex,N]Br 100l 40 150 2.3+0.8
Jct,N]Br 98lcl 60 220 1.4+0.3

conditions: ionic matrix (0.5 g), precursor [Rh(acac)(CO)2] (19
5cCO2 (density: ca. 0.7 gmL1), 180 min. [b] Total pressure
. [c] Melting points of the pure matrix under standard conditions.

Angew. Chem. Int. Ed., 48 (2009) 1085 —1088.
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’hase behavior TOF [Pl TOF ... [l Phase behavior TOF g, ®!
[h*] [h1] [h]

immiscible 8800 26650 partially miscible 35
tially miscible 6600 14050 partially miscible 8

tially miscible 35700 45800 partially miscible 42

conditions: T=408C, p(H2)=40 bar, neat; 1: Rh=1000:1, 2: Rh=100:
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Reaction conditions
Pres. H




Angew. Chem. Int. Ed., doi: 10.1002/ANIE.201002090



Thus, the Au environment found for the
sample Au-100 (3.6 Cl at 2.281 A)
closely resembles that in the
tetrachloroauric acid structure, consisting
of 6 Cl atoms at 2.286 A. This points out
the precursor preservation @

thermal treatment at 100%(
number of Cl neighbours

of the sample Au-100 coul
defective structure of the
also small precursor partic
a lowering of the coordi
derived by EXAFS. By

treatment temperature to

fraction of gold reduces to

—

FT magnitude (A®)

tra of the Au catalysts and
the corresponding Fourier

52 Filtered
PYTPPRpTI— CN R (A) (102 Ay ITange R-factor
investigated Au (A)
catalysts, as inferred  Au-100 3.6 0.6 Cl 2.281 0.006 2 1 1.4-2.3 0.056
by the fit of EXAFS. A _150 13 03Cl 226 001 32 T.223.3 0.124
6 1AU 2.883 0.005 6 1

Au foil 12 Au 2.884 1.8-3.3



Comparison of the gold based catalysts in terms of conversion (X) and overall selectivity (S) and
diastereoselectivity (ds)!l

Sample (g/é) Overal I((%)’sopulegols S menthols (%)

M
Au
Au
Au-
Au-

[a] Reaction conditions:
22h; [°] —the cyclisation
80° C, 6h; [cl- the seco

,80° C, 15atm H,,
onelal, 5 mL toluene,

Catalytic pe



Size Tunable Gold Nanorods Evenly Distributed in the Channels
Mesoporous Silica

TABLE 2. N,-Adsorbption Data and Length of Nanorods in
HAuCl;  Calcination Different Samples
p

Impregnating length of

Seer (m%/g)" Ve lec/g)”  Dgyy (nm)” rods (nm)°

5BA-15 613 0.80949 4.89

APTES-SBA-15 436 0,721 4.88

seeds/SBA-15 421 0.697 493 3—5(spheres)
rods40/SBA-15 400 0.662 4.88 20—130

4 A("‘%:MOI c(f:urmer rods100/SBA-15 2 0.691 483 30—50

SBA-15 Channel Au seeds immobilized in
SBA-15 channel

>
w
o
2
g
o
g,
a

rods400/5BA-15 410 0.654 5.53 100—200

The surface area Sgep is calculated by BET method. “The pore volume and the pore
Alkanethiol capped Au nanorod in size distribution are determined by the BIH model applied to the desorption branch
Au nanorod SBA-15 channel of isotherm. The length of nanorods is determined by TEM.

Scheme 1. Synthesis scheme of in situ growth of gold nanorods in
the channels of SBA-15.

ACS Nano, 2 (2008) 1205-1212

of



100 nm

100nm

100nm

Figure 1. HAADF-STEM images of the (A) seeds/SBA-15 and (B) rods100/SBA-15 (inset is a BF-
TEM image at higher magnification); (C) BF-TEM image of unsupported Au rods after remov-
ing silica matrix; and (D) HR-TEM image of single-crystalline domain at unsupported Au rods
(the inset shows the corresponding fast Fourier transform of the area indicated).



Figure 2. Tomography
visualization of rods100/SBA.-
15: (A) digital slices though the
reconstructed volume (the inset
IS the fast Fourier transform of
order porous structure of SBA-
15); (BF) overall visualization of
the gold nanorods embedded in
a small piece of SBA-15 viewed
from diffrent directions; and (G)
the aspect ratio statistics of the
rods.
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Figure 3. HAADF-STEM images of the (A) rods40/SBA-15 and (B) rods400/SBA-15.

The insets are the BF-TEM images at higher magnification
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Catalytic reaction

C\— R’
H OH



