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Introduction 
 
The organic reactions are, generally, carry out catalytic condition. Main features of frequently 

used homogeneous catalysts are having great activity and selectivity. Furthermore forming 

catalyst libraries are able to increase reaction and product specificity. However they have 

some disadvantages: some of them needs specific condition ie. inert atmosphere, water free 

solvents,  needs expensive ligands; they are instable thereby strongly or can not separate from 

the reaction mixture thus hinder its from reusability. The heterogenization of the catalysts can 

eliminate these disadvantages. 

 

The heterogeneous catalysts can remove from the reaction mixture by simple separation 

techniques like as filtration or centrifugation thus it easy to regenerate and recycle into a new 

reaction. The heterogeneous form of sensitive homogeneous catalyst can be stable or do not 

need special storage and reaction conditions. However the heterogeneous catalyst has less 

advantageous features too. The catalytically active centers, in many cases, have different 

catalytic activity and admittance to the active centers are different. The activity of 

heterogeneous catalyst less then homogeneous form whereas the efficient number of impacts 

are less and the effects of diffusion phenomena become remarkable. 

 

At the Department of Organic Chemistry, University of Szeged has been studied the 

heterogeneous catalysis since many decades. My doctoral studies organically connect to the 

Department investigation area thus this doctoral thesis demonstrate the preparing the new type 

of heterogeneous palladium loaded catalyst and its activity in organic transformation. Within 

the frame of our studies we synthesized MCM-41, SBA-15 structured, surface grafted silica 

and montmorillonite supported Pd catalysts. These catalysts were compared with 

commercially available palladium loaded heterogeneous catalysts ie. Pd/C és Pd-ENCAT®. 

The synthesized catalysts were characterized physically by accessible apparatus. Its catalytic 

activity was studied in carbon–carbon coupling reaction and in the selective hydrogenation of 

alkynes respectively. 
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Experimental methods 

Our studies four methods have been used for preparing palladium loaded supported 

catalysts: 

(i) Immobilization of palladium on organically modified silica surface (Pd-SiO2). 

(ii) Palladium deposition by sodium borohydride onto SBA-15 and MCM-41 structured silica  

(Pd-B/MCM and Pd-B/SBA). 

(iii) Simultaneous immobilization of palladium with synthesis of MCM-41 structured silica 

(Pd-MCM). 

(iv) Montmorillonite supported Pd catalysts by ion exchange (Pd-montm1) and intercalation 

(Pd-montm2) 

The catalyst’s mean pore volume and pore diameter were determined by BET method. 

The palladium dispersity and morphology of particles were determined by H2 chemisorption 

and Transmission Electron Microscopy (TEM). The structure of the supports, the degree of 

order of structure and the interplanar spacing were determined by X-ray diffraction. The 

palladium contents of the catalysts were determined by Inductively Coupled Plasma-Atomic 

Emission Spectroscopy (ICP-AES).  The surface methyl, methoxy and phenyl groups) on 

organically modified silica (Pd-SiO2) were characterized by 29Si MAS NMR and 13C CP-

MAS NMR techniques. 

The catalytic activities of the catalysts were studied in the Heck and Suzuki-Miyaura 

carbon-carbon cross coupling reactions and in the selective hydrogenation of alkynes. In case 

of coupling reactions same experimental equipments were used (5 ml, heavy-walled, closed 

glass tube, heater), while for the selective hydrogenation reaction an automated hydrogenation 

apparatus was applied. The reaction was monitored by gas chromatography (Hewlett Packard 

5980). And the identification of the products commercially available standards or some case 

Hewlett Packard 5970 mass selective detector equipped Hewlett Packard 5890 gas 

chromatograph was used . 
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New scientific results 

1. The results of structure analysis 

1.1 The BET area of the organically modified silica catalysts decreased in contrast of starting 

silica and the rate of decrementation  is depend on the amount of the surface function 

group and they character. The surface features of the Pd-SiO2 catalysts - by the 

silylhydride reduction induced palladium deposition - (BET area, size of particles) also 

depend on the amount of the surface function group and they character. 

1.2 The mean surface area, pore volume and interplanar spacing of the Pd-MCM samples are 

change by palladium loading. The mean surface area 1.39 % Pd-MCM > 3 % Pd-MCM > 

5.85 % Pd-MCM increasing while the interplanar spacing and the pore volume are 

reverse. 

1.3 The degree of order of Pd-MCM catalysts decreasing by increasing of palladium content 

and the size of palladium particles did not change proportionally with Pd content. But the 

dispersity changed like 5.85 % Pd-MCM > 1.39 % Pd-MCM > 3 % Pd-MCM by H2 

chemisorption investigation. 

1.4 The mean surface area dramatically reduced during the sodium borohydride reduction. 

The degree of the decreasing in case of Pd-B/MCM 96 %, while in case of  Pd-B/SBA 47 

% in contrast of the  starting materials. 

1.5 The Pd-B/MCM sample lost its ordered structure by the treatment, while the Pd-SBA 

keeps its structure due to the flexible skeleton. 

1.6 Varied size of palladium particles and clusters can be prepared by the sodium borohydride 

reduction. 

Publications in connections with these topics: (1) (2) (4) 

 

2. Results of the Heck coupling 

2.1 The Pd-SiO2 samples have great catalytic activity in reaction with iodo- and activated 

bromo derivatives. These activity in the reaction of iodobenzene–styrene are depend on 

the palladium content and it decreasing with decreasing of the loading of Pd and the one 

phenyl group containing Pd/SiO2Ph catalyst is the most active. 

2.2 The effect of the surface functional groups come to the front in case of the low loaded Pd-

SiO2 catalysts in the reaction of iodobenzene–metyl acrylate. Thus the activity of 

Pd/SiO2Ph, Pd/SiO2Me and Pd/SiO2 are highest than the same function groups containing 

catalysts in contrast with the more Pd loaded sample. 
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2.3 The region selectivity of the Heck reaction is not influenced by Pd-SiO2 catalysts, thus it 

depends on the substrate–reactant connection. 

2.4 In case of Pd-SiO2 catalysts the palladium leached from the supports into the reaction 

mixture due to these catalysts reusable only 5 times same as the 10 % Pd/C catalyst. 

2.5  The activity of Pd-MCM catalysts increasing with increasing of dispersity of Pd. 

2.6 The 1.39 % Pd-MCM catalyst is active in case of normal and activated bromo derivatives 

and the Pd-MCM type catalyst in general have suitable activity with deactivated bromo 

derivatives. 

2.7 The Pd-MCM samples are reusable in 20 times without loss of activity independently of 

palladium content. 

2.8 The Pd-montm catalysts have high activity with deactivated iodo and bromo derivatives 

in Heck reaction. 

2.9 The Pd-montm samples have very high activity (TON = 6000–17000) in low 

concentration (0.0008–0.005 mol%), which activity same as the homogenous Pd(OAc)2. 

Same high activity were observed in case of activated chloro derivatives (0.0016–0.005 

mol %, TON = 18000–32500). 

2.10 Pd-montm catalysts (in contrast the Pd-SiO2 and Pd-MCM catalysts) have major E 

selectivity in case of electron reach alkenes. 

2.11 Pd-montm catalysts lost their activity due to reusability. 

Publications in connection with these topics: (1) (2) (4) (6) 

 

3. Results of the Suzuki coupling 

3.1 Among our synthesized catalysts the 1.39 % Pd-MCM has the highest activity in the 

Suzuki cross coupling reaction. This activity is same as the commercially available Pd-

ENCAT® catalyst. The reduction pre-treatment of the catalyst increases the activity in 3 

times. 

Publications in connection with this topic: (5) 

 

4. Results of selective hydrogenation 

4.1 The Pd-MCM samples have highest activity than the (4 – 5 times) than the Pd-B/MCM 

and Pd/Cabosil. The activity of Pd-MCM depends on the size of Pd particles and the Pd 

contenet. The less Pd loaded and the lower Pd particles content 1.39 % Pd-MCM more 

active than the biggest particles content 5.85 % Pd-MCM catalyst. 
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4.2 The Pd-MCM catalysts have a superior selectivity in the alkene propagation, and their 

have great selectivity in the transformation of the asymmetrical alkyne to the Z-alkene in 

contrast of Pd-B/MCM and Pd/Cabosil samples. 

Publications in connection with this topic: (3) 
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