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Abstract. Palladium nanoparticles were prepared using different methods in conventional organic solvents and in ionic 

liquids. The deposition of these Pd nanoparticles onto multiwalled carbon nanotubes produces homogeneous dispersions of 

the metal over the carbon surface. The applications of these new material in C-C couplings Pd-catalyzed has been tested. 

1.   Introduction 

Carbon nanotubes (CNTs) are known by their stability and their large chemically active surfaces, among other 

outstanding properties [1]. The structural modification of their surface would affect their physical-chemical 

properties, and different techniques have been developed using a wide range of functional groups. On the other 

hand, metallic nanoparticles (NP) are particularly interesting as synthetic materials due to their electronic, 

optical, magnetic and catalytic properties. During the last years they have undergone an impressive growth, 

aiming to achieve simple preparation methods with well-controlled sizes and shapes. We are interested on the 

properties of Pd nanoparticles deposited on CNTs. At the present time, there are two main methods for the 

synthesis of these composite materials: a) directed synthesis of metal NPs in presence of CNTs [2]; and b) 

previous preparation and isolation of the NPs and further interaction with CNTs. This interaction could be 

produced through covalent bonds, π-stacking or other types. We report here the interaction of Pd-NPs with 

multiwalled carbon nanotubes using conventional organic solvents and also on ionic liquids for comparative 

purposes. The use of ionic liquids is justified due to their environmentally benign character [3, 4] and their 

promising properties as dispersion media for nanoparticles [5] and CNTs [6]. 

2.   Experimental Methods  

Preparation of the CNT/Pd-NT: A suspension of tris(dibencylidenacetone)dipalladium [7] and CNTs (Nanocyl 

7000) (1:1 or 1:2 weight ratio) under Ar atmosphere in toluene (10 mL per 100 mg of substrate) was refluxed 

until the characteristic deep purple color of the palladium complex is not longer visible (usually 2 h). After the 

reaction has reached completion a yellow color is observed on standing, due to the free dibencylidenacetone. 

Once cooled, the suspension was filtered and the black solid washed with MeOH and CH2Cl2 until the mother 

liquor are colorless. The resulting nanocomposite was characterized by TEM, SEM, DRX, ICP and elemental 

analysis. Ionic Liquids: in the case of ionic liquids as solvents we use the same preparative method, except that 

the CNTs are crushed in agatha morter during at least 20 min prior to their interaction with the Pd source, in 

order to improve the interaction between them, and that the volume of ionic liquid is sensibly lower (ca 3 mL per 

100 mg of substrate). 

Catalytic C-C Couplings: Heck and Suzuki reactions. The catalytic C-C couplings of Heck and Suzuki type 

were performed using iodobenzene and methyl acrylate (Heck) or phenylboronic acid (Suzuki) under standard 

conditions following published procedures [8]. The resulting products were characterized by conventional NMR 

methods.  

mailto:mcanogaley@icb.csic.es


Topic 06 Manoli Cano   ID 655 

 
 

3.   Results and Discussion  

- Load of palladium: in the case of charge reactions perfomed in toluene, we observe yields of charge up to 

70% (ICP measurements) when the starting weight ratio is 1:1 (CNTs/Pd-NP), which increase up to 90% when 

the weight ratio is 1:2. Concerning the shape and distribution of the microcrystals, we have observed an 

homogeneous distribution of  Pd nanoparticles on the CNTs, with average size of 4.8 nm when the weight ratio 

is 1:1 while the average size increases up to 5.9 nm if the reaction is performed  in 1:2 ratio.  

- Comparative yields obtained from Heck and Suzuki catalytic reactions: weight ratio 1:1 vs. 1:2 as well as 

charge in toluene vs. charge in ionic liquids are presented in table 1. 

4. Conclusions 

An easy, fast and economic method of deposition of palladium NPs on MWNTs has been described. The 

catalytic activity in standard CC couplings of these nanocomposite materials has been tested, obtaining high 

yields in all cases. However, the optimized conditions are quite different, since in the Heck reaction high loads in 

ionic liquids are needed, while in the Suzuki reaction low loads in toluene are very efficient. 

Table 1. Comparison between different variables used in the conversion obtained in the catalytic reactions. 
 

Sample 1:1 

Toluene 

1:1 

Ionic liquid 

1:2 

Toluene 

1:2 

Ionic liquid 

% catalyst 

Heck reaction conversion 65% 72% 75% 83% 1% 

Suzuki reaction conversion 100% 50% 100% 75% 2% 

 
 
 
 
 
 
 
 
 
 
 
Figure 1: TEM image of MWNTs loaded of palladium nanoparticles. 
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