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Introduction 
The absorption of the hydrogen is one of the 

main working processes of the electrochemical 
generator fuel cells.  Hydrogen electrodes  of fuel 
cell should have hydration activity  and a  
waterproof surface, high hydrogen absorption 
capacity, proton ionexchange  capacity, catalitic 
activity in oxidation-reduction reactions, high 
proton conductivity and weak electronic 
electroconductivity. Special requirements to a 
material arise at the creating of electrodes in the 
form of membranes or suspension electrodes. 

The aim of this  work is the research of 
processes of absorption of hydrogen and 
hydrogenation in solidphase nanoreactor  
based on polycalix[4]resorcinarene. The 
sulfonated polycalix[4]resorcinarene, 
containing nanoparticles of  metalic palladium, 
is considered as a potential electrode material 
for fuel cells of electrochemical generators. 
 
Results and discussion 

A molecule of calixarene, which has a cupped 
hydrophobic cavity surrounded by hydrophilic 
groups,is a typical nanoreactor [1]. For realization 
of unique properties calixresorcinarenes they were 
immobilized in a solid phase of the network 
polymers received in the form of spherical 
granules by a method of beaded polycondensation 
[2,3]. Sulfonated network polymers contain base 
cis-calix[4]arene structure, proton ion exchange 
capacity  reaches  6 mol/kg of polymer [4]. In this 
work it is shown, that at hydrogenation of these 
polymers in the form of tetra-ammine of metallic 
palladium high absorption of hydrogen is reached. 
The oxidation-reduction processes are reversible 
and proceed in soft conditions. 

According to the scheme in a polymeric matrix 
the crystal nanoparticles of metal palladium with 
dispersiveness 25±5 nm (from the X-ray dispersion 
data) and clusters, containing 8-13 atoms of a 
palladium (from the small angle X-ray dispersion) 
are formed.  
 

 
The roentgenograms of palladium nanocomposite 
at a matrix of sulfonated  cis-immobilized 
tetraphenyl-calix[4]resorcinarene  (Fig.1)contain 
only  reflexes with indexes hkl 111, 200, 220, 311, 
corresponding to cubic lattice of a metal 
palladium.  

        
       

Fig.1. The roentgenograms of sulfonated  
polycalix[4]resorcinarene containing Pd:
 1- 5.1 g/dm3, 2 - 34 g/dm3 . 
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 Following strategy of creation of the 
polymeric composites containing nanoparticles of 
metals is used: the certain part of full exchange 
capacity of polymer (no more than 1 ion of metal 
on an elementary unit of polymer) is realized; for 
example, tetra-ammine palladium cations are 
entered into a polymeric phase during an ion-
exchange from a solution containing a significant 
amount inert to reduction cations (sodium, lithium, 
ammonium). Thus sorbed cations are energetically 
localized, separated from each other by inert to 
reduction inorganic cations. At thermodynamic 
determinacy of process of an ion-exchange, in 
particular, at a power equivalence of exchange 
sites, it is possible to set in advance average 
distance between reducted cations, to reduce an 
average number of the elementary particles 
entering in nuclear cluster or nanoparticles of 
metal. For realization of this strategy it is 
necessary to consider thermodynamic and kinetic 
characteristics of cation exchange in functionalized 
calixarencontaining polymers. 

We have shown that proton transfer and 
transport of metal cation in a solid phase is carried 
out by diffusion mechanism of ion exchange. We 
have detected nanoreactor effect, consisting in 
increase in rate of process of an ion-exchange at 
two orders, comparing ion-exchange processes  
rates with participation weakdissociative ionogenic 
groups at mono and bifunctional polymers. Half-
converter times for an exchange of associated 
proton (at OH-groups) by metal cations have been 
calculated from experimental data for mono- and 
bifunctional polymers and accordingly equal to  
15 000 s and 50 s. 

On the basis of good kinetic characteristics of 
an ion exchange, sulfonated tetraphenylcalix-
[4]resorcinarene polymer can have a high ionic 
electric conductivity. Really, its proton electric 
conductivity makes 0.2 S/сm that is comparable 
with electroconductivity of superionic 
conductors [5], exceeds ionic conductivity of not 
water solutions of electrolytes in lithium sources of 
a current, solid sodium aluminate and commercial 
ion-exchange resins. 

Immobilized in calixcontaining polymers 
palladium nanoparticles are active catalysts of 
hydrogenation processes of aromatic compounds. 
For example, perhydroxanthated structures are 
formed by hydrogenation of polycalix[4]-
resorcinarene in polymer at 600 K (scheme). 
Catalytic activity of the polymer containing 2% Pd 
in reaction of hydrogenation nitro-benzene up to 
aniline makes 2,6⋅10-3 mol H2⋅(min⋅g Pd)-1; 
selectivity of reaction is 98%. 
 
Conclusions  

Hydrogen absorption processes and 
hydrogenation  of organic structures  by polymers 
based on calix[4]resorcinarenes, containing 
nonoparticles of  metal palladium are investigated. 
Sulfonated polymer  based on tetraphenylcalix-
[4]resorcinarene because of activity of composites 
and good kinetic characteristics in proton transfer 
processes   represents practical interest. 
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