Palladium Nanoparticles on Graphite Oxide and Its
Functionalized Graphene Derivatives as Highly Active

Catalysts for the SuzuRi-Miyaura Coupling Reaction
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Wi Introduction
Wi % Carbon based nanomaterials :

P Graphite Oxide (GO) and Chemically Derivatized graphene (CDG)
W < GO and CD

sy fasz[[ly available by controlled chemical or electrochemical oxidation of

l-"'_

W graphite

‘- LTl

F e

iy The sorption and intercalation of ions and molecules is possible.
L”_'}:{'! . " High specific surface area of GO and CDG of 400 m* g* up to 1500 m? g
o .,." ¥

Wil Tew examples of GO-based materials as catalysts

Wi 1) USSR patent, Titelman et al. - deposition of NiO and CuO by thermal
E:-;_:::f . reduction of metal amine precursors on a GO support as a catalyst for
“-j::'_'- removing oxygen impurities from industrial gases.
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N

b ! 2) Kyotani et al. synthesized carbon-metal composites by thermal treatment

.__ of Na*, Ca**, Cu?*, and Fe**-exchanged graphite oxide.

H.rru 3) Kovtyukhova and co-workers investigated the intercalation of different
;'r transition-metal complexes in GO.

'f 4) Mastalir et al. were the first to determine the high catalytic

e ;g activity and selectivity of their nano-Pd/GO systems in liquid-phase

,-.’-r hydrogenation of alRynes.
. "=+"-' ®Pd nanoparticles- catalysts for C-C coupling reactions.
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w0 Present study, exploit GO and its CDG derivatives as a support
wiia| for palladium clusters and nanoparticles. The Suzuki-Miyaura

. _ reaction has been selected as model reaction for evaluating GO-

'::.‘, | and CDG-based palladium catalysts.

catalyst
'\ R—BY> + R,—X ' R1_R2
Base
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gﬁ'-. . Experimental
'u"""u

' Preparation of GO

'1 GO was prepared by oxidation of graphite flakes according to the method escribed
: by Hummers and Offemann. The product -Freeze-dryed -dark brown solid - was
'., carefully powdered in a ball mill (60-um mesh) with cooling.
oy Ion -exchange with Pd
l-."i*-"" 2.5g GO was dispersed in 200 mL water - palladium acetate (1.1 mM) was added

':_-"‘ **- and sonicated for 5 mns. Kept for cation exchange overnight. Washed several
g | e

;:."-: o 'times with water and acetone - Pd2*-GO was dried in at 40 °C and gently
U gl

;~_~' ¥ powdered through a 150-um mesh. Pd content amounted to 3.4%.
b P ' The generation of Pd® nanoparticles within the GO support (Pd°-CDG- -H,)
y " ". Hydrogen was bubbled through a suspension of Pd2+-GO (0.5 g) in ethanol (100

: mL) for 45 min W|th a flow of 40 mL min-1. After evaporation of the solvent, the

b_.‘

‘;} * 0.16 mL (3.3 mmol) of hydrazme hydrate (99.9% N,H OH) was added to a
",.t"l,.:: suspensmn of Pd2+- GO (0.2 g) in water (50 mL) Stirred overnlght the

o
"+ "'r mesh.




Eﬁ;-:'..:'-: Preparation of Pd%-CDG-EXP

\1'x Placing Pd>-GO (0.5 g) in a Schlenck tube under an argon atmosphere and
h W heating the material with a Bunsen burner to 500-600 °C for 2 min.

" Procedure for the Kinetic Measurements.

.'_:.:*1 The reaction vessels were charged with palladium catalyst (x pumol) sodium
,.:i. .. carbonate (106 mg, 1 mmol, 2 equiv), boronic acid (0.55 mmol), and aryl bromide

L-. Sy

..;‘" 1= (0.50 mmol). After automatic addition to each vessel of ethanol (2 mL) and water

: L% (2 mL), the mixtures were shaken (600 min?) at rt. After 10, 30, 60, 120, 180, 240,
*-.."' -|
E-;.,' = 300, 360, 420, and 1440 min, small probes (20 uL) were taken and given in HPLC

'.'.'l []

III|I':n-u' vessels with acetonitril (950 puL + 30 uL acetic acid). From these probes, the

TR
H'll. i

"#» conversion was calculated via HPLC.

Br Wy &

'...'1.' - Procedure for the Suzuki Reaction.

. A pressure tube was charged with boronic acid (0.55 mmol), sodium carbonate

f;“ (106 mg, 1 mmol), aryl bromide (0.5 mmol), and palladium catalyst 2 (4.0 mg).
..“‘...:: Ethanol (2 mL) and water (2 mL) were added, and the flask was sealed with a
,.|

.::. Teflon screw cap and stirred in a preheated oil bath (80 °C) for the time mdlcatedil

:* [ 4--' followed by taking 10 uL of the mixture for HPLC analysis.



11, . .
"¢ Results and Discussion

_"'l"[;.'-'f Synthesis and Characterization of the CDG Catalysts.

I,"_f.:.l 'Table 1. Catalysts Investigated in the Suzuki—Miyaura Coupling Reaction Including Conventional Pd/C 1 as Benchmark
¥ oxygen content® Pd loading® particle diameter surface area MB surface area BET'
sample composition® (wt %) (wt %) (nm) (m® g7 (m?g™)
Pd/C 1% n.d. 10 n.d. n.d. 820
Pd**-GO 2 CgH) 405, 41 34 441 1050 (430) n.d.
PdI:I—CDG-Hg 3 CsHioOy 7 28 34 1+£12 350 (250) n.d.
Pd':'-CDG-NgH4 4 CeHp205 25 35 34428 410 (130) 220
Pd"-CDG-EXP 5 CeHps0 19 6.0 R 890 (410) 650
5
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,’fj Figure 1. Thermogravimetric analysis of the catalysts under nitroge
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monitored by WAXS and elemental analysis, respectively, during reduction ,
of Pd?*-GO 2 with H,.
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ESEM images of the catalysts
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WAXS patterns of GO- and CDG-Pd composites.




Comparison of Pd-GO/CDG catalysts 2-5 and Pd/C 1.
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A catalysts 2-5 and Pd/C 1.

ZI..‘

E\::.;- Catalyst screening in the Suzuki-Miyaura reaction. Comparison of Pd-GO/CDG
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"',1._-.'-1 Catalyst screening in the Suzuki-Miyaura reaction.
_’*:};.‘-': catalysts 2-5 and Pd/C 1.
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Table 3. Recycling Experiment with Pd®*-GO 2¢

run conversion (%)°
1 100
2 83
3 74
4 19

LR

-H

Pd particles formed on catalyst Pd?*-GO 2 after the first run (left) and
fourth run (right).




o Conclusions |
. |
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® Immoblllzatioh Iof Pd2* on graphite oxide (G(?) via cation exchange and

e g s

.y |
b _.n : subsequent chemical reduction to Pd° nanopartmlesl anlc# chemically derived
By

"l Lt .
.:_:w :. graphenes (CDG)l ] ; i i i
E:: ::; @ (GO)-Pd and t1]1e‘ (CDG)—Pd catalysts were successf+lly applied to the Suzuki-
E-;'E:I Miyaura couphEné #eac’qon | | 1 l ‘
M T e e w
:1:.. # Easy to handwle‘ as they are stable in air a |
T | | | | ‘
:' .’.:: W Extraordlnary hlgh activities with turnover frequenﬂes (TOF) of up to 39000
o ‘ . . 4
::.m. h-! and very lowlr leallchmg m{ake them an attractive alteﬂnathye to commercially
:{‘;;: available Pd caialysts sdch as Pd on charcoal. ‘ J ‘ ‘ j
| ‘% ; @Reuse of the qatal&rsts can be achieved, with small loss in activity.

v r;,r . #Recovery of the noble metal is possible because of very low leaching.




Similar works with our system (Pt, Pd, Fe)
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