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Abstract. 
This review is dedicated to the memory of scientists Alima Kainekeevna Zharmagambetova and Sabira 

Gafurovna Mukhamedzhanova, whose pioneering contributions laid the foundation for the development of 

supported palladium catalysts and polymer–metal complexes for selective hydrogenation. The review 

summarizes fundamental studies on the design, preparation, characterization, and catalytic performance of 

supported palladium–polymer complexes developed between 1975 and 2000. Although these investigations 

preceded the emergence of modern concepts such as green chemistry and sustainable catalysis, many of the 

proposed approaches remain scientifically relevant and continue to influence the design of advanced 

heterogeneous catalysts. 

Particular attention is given to the role of polymer ligands in controlling palladium dispersion, stabilizing 

metal nanoparticles, and preventing catalyst deactivation. The effects of inorganic oxide supports, including 

their acid–base properties and surface characteristics, on catalytic activity, selectivity, and stability are 

critically discussed. The review also analyzes the influence of catalyst preparation methods, polymer structure, 

metal precursor selection, and reduction conditions on the performance of immobilized palladium catalysts in 

hydrogenation reactions, especially for the selective hydrogenation of acetylenic alcohols. 

The collected results demonstrate that the rational combination of polymer modifiers with oxide 

supports enables the preparation of highly active, selective, and reusable catalysts operating under mild 

reaction conditions. The fundamental concepts established in these early studies anticipated many principles 

of contemporary catalyst design, including improved metal utilization, catalyst durability, and environmentally 

friendly heterogeneous processes. By summarizing these achievements and highlighting their relevance to 

current research, this review provides a comprehensive perspective on the evolution of immobilized palladium 

catalysts and identifies promising directions for the development of next-generation catalytic systems for 

selective hydrogenation and fine chemical synthesis. 
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1. Introduction 

The development of immobilized complex catalysts is driven by the need to integrate the 

excellent catalytic activity and selectivity of homogeneous catalysts with the ease of separation from 

reaction products, recovery, and reuse that characterize heterogeneous catalytic systems. Two main 

types of supports are commonly used for complex immobilization: organic polymers and inorganic 

oxides. Polymer supports offer several advantages in catalysis due to their ability to readily form 

chemical bonds with metal ions. When the active phase of a catalyst is immobilized on the surface of 

a polymer support, a polymer–metal complex (PMC) is formed, in which the polymer acts as a 

macroligand. Interest in PMCs is largely driven by their similarity to natural catalytic systems, 

particularly enzymes [1–3]. Many enzymes contain strongly bound metal ions, typically transition 

metals, and function in combination with coenzymes. The polymeric nature of enzyme molecules is 

essential for maintaining their three-dimensional structure and catalytic activity. In one of the 

pioneering studies, Yu. I. Ermakov [4] compared homogeneous, heterogeneous, and immobilized 
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metal complexes and demonstrated the advantages of immobilized catalytic systems, which combine 

the high activity of homogeneous catalysts with the operational benefits of heterogeneous catalysts 

(Figure 1). 

 

 

Figure 1 - Different types of catalysts containing immobilized complexes on supports: 

A - complexes present as a dispersed phase or adsorbed on the support surface; 

B – complexes dissolved in a non-volatile solvent and  

confined within the pores of the support; 

С – complexes immobilized in a polymer gel: (1) an elastomer capable of swelling in the 

reaction medium; (2) domains containing active centers; 

D – complexes immobilized through interaction with  

a surface ligand (L′) chemically bonded to the support 

 

The development of stable, active, and selective catalysts remains a significant challenge in 

heterogeneous catalysis [5-11]. A. Sotnikova and co-workers [7] developed a Ni/C composite using 

chitosan as the carbon precursor and nickel nitrate as the nickel source for methane decomposition. 

The resulting composite was annealed at 500 °C to decompose the nitrate precursor and remove the 

polymeric matrix. S. Morandi and co-workers [8] prepared supported Pd nanoparticles using the sol-

immobilization technique, in which a Pd-poly (vinyl alcohol) (PVA) colloid was deposited onto 

zeolite Y. The resulting catalyst exhibited high activity in the hydrogenation of furfural. Similarly, 

PVA-stabilized bimetallic Pd–Pt nanoparticles supported on TiO2 achieved complete conversion of 

furfural under mild reaction conditions [9]. K. Tabaru and co-workers [10] immobilized Pd 

nanoparticles on poly(N-vinylacetamide) and successfully applied the catalyst in the Suzuki–Miyaura 

cross-coupling reaction. Wang and co-workers [11] also reported a cellulose–alginate hydrogel 

embedded with Pd nanoparticles as an efficient catalyst for the Suzuki–Miyaura reaction.  

These studies demonstrate that polymer-assisted immobilization is an effective strategy for 

controlling metal nanoparticle size, dispersion, and stability. The nature of the polymer matrix 

strongly influences catalyst activity, selectivity, and resistance to deactivation. Therefore, the 

development of supported palladium–polymer systems with optimized polymer–metal interactions 

remains an important direction in heterogeneous catalysis. 

In this review summarizes our systematic studies on the design, preparation, characterization, 

and catalytic performance of supported palladium–polymer complexes for hydrogenation reactions. 
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2. Polyvinylpyridine palladium complexes 

Polymers containing functional groups are widely used to immobilize metal ions [12-15]. In 

many cases, even minor variations in the preparation method lead to significant differences in the 

catalytic activity of the resulting polymer–metal complexes (PMCs). Polyvinylpyridines are 

promising polymeric materials that can serve as catalytic supports. The polymer complexes P2VP–

Pd(II) and P4VP–Pd(II) were synthesized by mixing ethanol solutions of PdCl₂  and the 

corresponding polymer at a 1:1 molar ratio, resulting in catalysts containing 1.2 wt.% Pd. The 

obtained precipitates were washed with ethanol and air-dried at room temperature. The polymer 

complexes were subsequently reduced with NaBH₄  in aqueous solution, washed with water, and 

evaluated in the hydrogenation of allyl alcohol. Palladium black was prepared by reducing PdCl₂  in 

aqueous solution using a twofold excess of NaBH4. 

Poly(2-vinylpyridine) (P2VP) and poly(4-vinylpyridine) (P4VP) contain nitrogen atoms in 

different positions within their pendant pyridine groups relative to the polymer backbone (Figure 2). 

The position of these functional groups influences the polymers' ability to complex and, consequently, 

may affect their catalytic activity. P2VP can form coordination bonds between neighboring 2-

vinylpyridine units, whereas P4VP predominantly forms intermolecular cross-linked structures. 

Based on the ability of PdCl₂  to form binuclear bridged complexes, the following structural models 

can be proposed for P4VP–Pd(II) (a) and P2VP–Pd(II) (b). 

 

 

Figure 2 – Pd complexes with: a) P4VP, b) P2VP [13] 

 

Polyvinylpyridine (PVP) is readily soluble in ethanol. Mixing ethanol solutions of PVP and 

PdCl₂  forms yellow precipitates that gradually transform into swollen flakes upon prolonged stirring. 

The persistent yellow color of the mother liquor indicates incomplete palladium binding. 

Spectrophotometric analysis confirmed this observation. The N:Pd atomic ratios for P2VP–PdCl₂  

and P4VP–PdCl₂  were 1.6 and 1.8, indicating mixed-composition complexes in which palladium 

coordinates with one or two pyridine nitrogen atoms. Coordination with more than two polymer 

chains is sterically hindered. Reduction with NaBH₄  changes the complex color from yellow to gray, 

yielding complexes of the formula L₂ PdCl₂ . IR spectroscopy confirmed complex formation. 

Compared with the free ligands, the complexes showed deformation of the C=C and C=N bonds in 

the pyridine ring. Absorption bands at 1620 cm⁻ ¹ for P2VP–PdCl₂  and 1612 cm⁻ ¹ for P4VP–

PdCl₂  indicate coordination between pyridyl nitrogen atoms and palladium. 
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Table 1 - Analytical and IR spectroscopic data for PVP–PdCl₂  complexes [12]  
Catalyst 

  

Contents (%) Empirical atomic ratios  ν(C=C), ν(C=N) 

(cm⁻ ¹) 
N Pd Cl N/Pd Cl/Pd 

Calculated values  

PVP 15.2 — — — —   

PVP–PdCl₂  5.2 39.5 19.6 1 2   

(PVP)₂ –PdCl₂  7.8 29.4 26.4 2 2   

Experimental values  

P2VP 14.0 — — — — 1590 

P2VP–PdCl₂  5.2 24.6 25.0 1.6 3.0 1620 

P2VP–PdCl₂  (NaBH₄ ) 6.4 25.9 17.4 1.9 2.0 1600, 1590 

P4VP 14.3 — — — — 1596 

P4VP–PdCl₂  6.5 27.0 24.0 1.8 2.7 1612 

P4VP–PdCl₂  (NaBH₄ ) 6.6 28.5 18.3 1.9 1.9 1597, 1614 

 

The vibrational bands shifted to higher frequencies, while NaBH₄ -treated samples showed 

bands of both free and coordinated pyridine groups. This indicates partial cleavage of N–Pd bonds 

and partial reduction of Pd(II) under H₂  or NaBH₄  treatment. Reduction of Pd(II) to Pd(0) was 

achieved using either H₂  or NaBH₄ , resulting in binding energies of 335.3 and 335.6 eV, 

respectively. H₂ -reduced samples also showed a Pd 3d₅ /₂  peak at 336.5 eV, attributed to Pd(I). 

Pd(II) species remained in both samples. After hydrogenation, the catalyst contained Pd(II) and Pd(0), 

whereas Pd(I) disappeared. Hydrogen treatment reduced 17% of the palladium to Pd(0), while 

NaBH₄  reduced only 4% of the palladium to Pd(0). After hydrogenation of 2-propen-1-ol, the Pd(0) 

content increased to 30–33%. These values may be uncertain because nanosized palladium particles 

(10–100 Å) can exhibit binding energies that differ from those of bulk metal. 

Investigations of PVP–PdCl₂  complexes demonstrate that the active hydrogenation catalyst 

is not a single species but a composite system comprising the parent PVP–PdCl₂  complex and Pd(0) 

species stabilized within the polymer matrix. The functional groups of PVP ensure the retention and 

stabilization of Pd(0) particles, minimizing their tendency to aggregate. 

The catalytic activity of P2VP–Pd(II) and P4VP–Pd(II) complexes was investigated in the 

hydrogenation of allyl alcohol.  

 

                                 CH2=CH-CH2OH + H2 ➝ CH3-CH2-CH2OH                                                 (1) 

 

Polyvinylpyridine palladium complexes promote the selective hydrogenation of allyl alcohol 

to propanol, providing product yields of 86–89%. Analysis of the specific rate of allyl alcohol 

hydrogenation revealed the following order of catalytic activity: P4VP–Pd(0) > P2VP–Pd(0) > 

P4VP–Pd(II) > P2VP–Pd(II) > Pd black. 

The high activity of P4VP–Pd(0) is attributed to the greater steric accessibility of the 

palladium centers in this complex, which facilitates reduction by hydrogen or NaBH₄  and the 

activation of allyl alcohol, thereby enabling subsequent catalysis. The catalytic system is believed to 

consist of palladium species reduced to the zero-valent state and immobilized on the polymer surface, 

together with unreduced fragments of the poly(2-vinylpyridine) or poly(4-vinylpyridine) complexes. 

Both the reaction conditions and the substrate type significantly affect the catalytic behavior 

of PVP–PdCl₂  (Table 2). Compared with palladium black, the PVP–PdCl₂  catalyst showed superior 

activity for the hydrogenation of unsaturated alcohols and aldehydes in both water and ethanol. 

Aldehydes were hydrogenated only at the double bond, while the carbonyl group remained 

unaffected. Hydrogenation of 2-propen-1-ol over palladium black produced 48% n-propionaldehyde 

due to isomerization, whereas PVP–PdCl₂  yielded 98–99% n-propanol. No clear correlation was 
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observed between catalytic activity and catalyst pretreatment with reducing agents. The catalytic 

response to NaBH₄  reduction was substrate-dependent. For unsaturated alcohols, treatment in water 

promoted hydrogenation, whereas reduction in ethanol adversely affected catalytic performance. In 

contrast, NaBH₄  treatment resulted in lower hydrogenation rates of unsaturated aldehydes in both 

aqueous and ethanolic media. 

 

Table 2 - Effect of catalyst reduction method on the hydrogenation rates [12] 

 

Hydrogenated substrate  

  

Pd black P2VP–PdCl₂  

Water  Ethanol  Water Ethanol 

H₂  NaBH₄  H₂  NaBH₄  

2-propen-1-ol 0.6 0.3 22.0 98.8 190.2 189.2 

3-phenylpropen-2-ol-1 0.4 2.3 4.1 17.0 46.3 13.9 

butene-2-al 0.7 3.2 5.3 5.0 67.9 14.6 

2-phenylpropen-2-al-1 0.9 3.0 5.8 3.5 7.3 1.9 

 

The different behavior of alcohols and aldehydes over NaBH₄ -reduced complexes is likely 

related to their activation mechanisms: alcohols are mainly activated by Pd(0), whereas aldehydes are 

activated by Pd(II). Hydrogenation over H₂ -treated PVP–PdCl₂  proceeds faster in ethanol than in 

water, which is attributed to enhanced swelling of the polymer–metal complexes and changes in 

catalyst composition. Elemental analysis indicated a PVP crosslinking degree of 25–29% in the 

presence of Pd ions. Treatment with H₂  or NaBH₄  partially cleaves N–Pd bonds, forming reduced 

palladium species and increasing catalyst swelling, thereby improving access to active Pd sites and 

accelerating hydrogenation. This effect is more pronounced for small molecules, while diffusion of 

phenyl-containing compounds into the swollen matrix is sterically hindered. Swelling of PVP–PdCl₂  

is significantly greater in ethanol, increasing hydrogenation rates. When NaBH₄  is used as the 

reducing agent in ethanol, catalytic performance deteriorates. A plausible explanation is that the 

higher Pd(0) content promotes aggregation of reduced palladium species, thereby diminishing their 

effectiveness in activating unsaturated compounds. 

Based on the experimental results, hydrogen activation initially occurs through palladium 

reduction during treatment with H₂  or NaBH₄ . Once Pd(0) species are formed, hydrogen activation 

mainly proceeds on Pd(0) centers, whereas unsaturated compounds can be activated on both Pd(II) 

and Pd(0) through π-complex formation. In swollen-gel catalytic systems, swelling facilitates access 

to additional active Pd sites within the polymer matrix. Flexible polymer chains suppress palladium 

leaching, particle growth, and agglomeration, reducing catalyst deactivation and enabling repeated 

reuse without significant loss of activity. This behavior is expected to be characteristic of other gel-

immobilized polymer–metal catalysts, as their catalytic properties are strongly affected by solvent 

swelling and the interaction between metal species and the polymer network.  

Consequently, the catalytic efficiency of the PdCl₂ –PVP system is primarily determined by 

achieving an optimal equilibrium palladium content within the polymer–metal complex (PMC). This 

can be accomplished either by prolonged aging of the complex in the mother solution or by heating 

the initial PdCl₂  and PVP solutions to 50–60 °C. An active and stable hydrogenation catalyst was 

obtained by reacting ethanol solutions of PdCl₂  and PVP at a PVP:Pd ratio of 1:1, followed by aging 

of the complex in the initial solution for 3 days. The catalytic activity depends on the ratio of reduced 

to oxidized palladium species. Pretreatment of the complex with NaBH₄  increased the hydrogenation 

rate by 5–5.5 times. The developed catalyst exhibited high activity and stability in the hydrogenation 

of unsaturated alcohols. 

 

2.1 Anchoring of Polymer–Metal Complexes on Oxide Surfaces  

The catalytic efficiency of supported metal systems is strongly influenced by the size and 

dispersion of the metal particles. However, the immobilization of metal catalysts, particularly 
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coordination complexes, continues to present considerable challenges. Conventional polymer 

supports are frequently limited by diffusion resistance and insufficient thermal and mechanical 

stability. These shortcomings can be overcome by modifying inorganic oxide supports with functional 

polymers. On this basis, a new strategy has been developed in which polymer–metal complexes are 

formed directly on oxide surfaces, leading to hybrid catalytic materials with improved performance 

[16-17]. The heterogeneous catalysts with a uniform distribution of metal particles were prepared 

using a linear polymer (poly(2-methyl-5-vinylpyridine)) and transition-metal ions.  A suspension of 

oxide (0.2 g) in ethanol (5 mL) was mixed with 5 mL of an ethanol solution containing 0.011 g of 

PMVP (5.55 wt.% relative to the support) and stirred vigorously for 2 h. Then, 5 mL of an ethanol 

solution of H₂ PdCl₄  containing 0.01 g of Pd (5.0 wt.% relative to the support) was added, and the 

mixture was stirred for at least 3 h until complete palladium binding was achieved. The resulting 

catalyst was aged in the mother liquor for at least 10 h, separated, washed with 50 mL of ethanol, 

dried, and stored at room temperature in air. The final catalyst composition (wt.%) was: Pd, 5.0; poly-

2-methyl-5-vinylpyridine, 5.55; oxide support, 89.45. 

The micrograph of the prepared Pd–P2M5VP/MgO catalyst is shown in Figure 3. A uniform 

distribution of Pd nanoparticles (6–8 nm in size) is observed on the surface of polymer-coated 

magnesium oxide (Figure 3 a).    

 

Figure 3 - Micrograph of 5% Pd/MgO catalysts: with (a) and without (b) P2M5VP [17] 

The catalytic properties of 5 wt% Pd–P2M5VP supported on ZnO and MgO were examined 

using the hydrogenation of 3,7,11-trimethyldodecyn-1-ol (TMD) as a model reaction. Hydrogenation 

experiments were conducted in a thermostatically controlled glass reactor containing 0.025 L of 

ethanol, stirred continuously at 50 °C and under atmospheric hydrogen pressure. Before each 

experiment, the catalysts were activated by hydrogen treatment for 30 min. Catalyst durability was 

evaluated by sequential addition of TMD to the reaction medium, and the conversion of TMD was 

calculated using the following equations: 

 

𝑆ℎ𝑦𝑑𝑟. =
[3,7,11 − 𝑡𝑟𝑖𝑚𝑒𝑡ℎ𝑦𝑙𝑑𝑜𝑑𝑒𝑐𝑒𝑛𝑒 − 1 − 𝑜𝑙]

[3,7,11 − 𝑡𝑟𝑖𝑚𝑒𝑡ℎ𝑦𝑙𝑑𝑜𝑑𝑒𝑐𝑒𝑛𝑒 − 1 − 𝑜𝑙] + [3,7,11 − 𝑡𝑟𝑖𝑚𝑒𝑡ℎ𝑦𝑙𝑑𝑜𝑑𝑒𝑐𝑎𝑛𝑒 − 1 − 𝑜𝑙]
𝑥100 

      

 

Independent of the catalyst composition, TMD hydrogenation followed a two-step sequence 

in which 3,7,11-trimethyldodecen-1-ol was formed as an intermediate and subsequently 

hydrogenated to 3,7,11-trimethyldodecane-1-ol. The hydrogenation results are summarized in Table 
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3. All catalysts showed nearly identical yields of olefinic alcohol, with process selectivity ranging 

from 82–85%. 

 

Table 3 - Hydrogenation of TMD on palladium-supported catalysts 
Cаtаlysts Surfаce аreа, 

m2/g 
Isoelectric point 

of oxides 
Pаrticle sizes, 

nm 
W10-5 

mole/l sec 
Sc=c, % Stаbility, 

TON 
Pd/MgO 6.8 12.1-12.7 7-10, 20-25 25.6 82 800 

Pd-P2M5VP/MgO   5-7 21.8 85 4800 
Pd/ZnO 88 7.0-9.0 30-35 16.5 85 400 

Pd-P2M5VP/ZnO   6-8 21.4 85 6700 

 

Only minor differences in catalytic activity and selectivity were observed as a function of the 

preparation method or the oxide support. By contrast, the P2M5VP modifier played a key role in the 

catalyst's formation and long-term stability. Analysis of the turnover numbers (TON) demonstrated 

that incorporating P2M5VP improved catalyst stability by more than an order of magnitude compared 

with polymer-free systems (Table 3).  

Coordination of PdCl₂  with poly(vinylpyridines) produces polymer–metal complexes that 

function as highly active, selective, and stable hydrogenation catalysts. The remarkable stability of 

these systems is attributed to the stabilizing effect of the polymer network, which limits the 

aggregation of palladium species. In polymer-modified ZnO and MgO supports, Pd(II) ions are 

immobilized via coordination to the pyridine nitrogen atoms of P2M5VP, resulting in a more uniform 

dispersion of palladium across the oxide surface. Evidence for this mechanism is provided by electron 

microscopy of the Pd/MgO catalyst lacking the polymer coating (Figure 3 b), which revealed 

irregularly shaped palladium particles distributed non-uniformly over the support surface. 

The available results indicate that soluble functional polymers are promising materials for the 

fabrication of supported catalysts. Coordination of transition-metal ions with polymer functional 

groups anchored on oxide supports facilitates uniform metal dispersion, while the polymer framework 

stabilizes the metal particles by preventing their aggregation and subsequent catalyst deactivation. As 

a result, these hybrid polymer–metal systems combine high activity with excellent selectivity and 

operational stability. Nevertheless, optimal catalyst performance requires maximizing the 

accessibility of the metal surface by minimizing polymer-layer shielding of the active sites. 

 

3. Polymer metal catalysts on oxides as a highly organized system 
Active metal ions (e.g., palladium) interact with functional groups of polymers supported on 

oxides, forming anchored surface polymer–metal complexes. Such systems can be classified as 

mixed-type systems that simultaneously employ approaches “c” and “d” (Figure 1); that is, 

complexing polymers are used as ligands (L) immobilized on the solid surface. These polymers 

impart macromolecular properties to the catalysts, including the flexibility and mobility of polymer 

chain segments containing embedded metal particles, as well as swelling behavior in various solvents. 

It is known [18-20] that macromolecules are adsorbed virtually irreversibly on inorganic substrates, 

particularly oxides, due to cooperative interactions between polymer chain segments and the support. 

This solves one of the most difficult problems of immobilized complexes—preventing the washout 

of the active phase.  

The factors influencing the properties of the developed catalysts were investigated: 

the nature of the carrier – acidic, amphoteric, and basic oxides with different specific surface areas; 

Polymer–palladium complexes were immobilized on the surfaces of various oxides, including SiO₂ , 

Al₂ O₃ , TiO₂ , CeO₂ , ZnO, and MgO. It was demonstrated that high catalytic activity, selectivity, 

and stability are maintained when amphoteric ZnO, despite its relatively low specific surface area 

(2.0 m² g⁻ ¹), is used as the support. On oxides with low specific surface areas, PEG is adsorbed 

predominantly as loops and tails, similar to its adsorption behavior in concentrated polymer solutions 

[21]. Upon immobilization on such supports, Pd ions become localized near the polymer's functional 
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groups, leading to the formation of nanosized active-phase particles surrounded by polymer chains. 

As a result, the catalyst retains the advantages of both conventional heterogeneous catalysts and 

enzyme-like polymer–metal systems, including conformational flexibility, swelling behavior, 

random-coil characteristics, high activity and selectivity, enhanced productivity, and stability during 

repeated hydrogenation cycles under mild reaction conditions. 

 

 

 Figure 4 - Scheme for the preparation of PMC-on-oxide surface catalysts  

 

The advantages of oxide-supported PMCs were demonstrated by comparing catalysts prepared 

with and without polymers. Although the polymer-free catalysts exhibited relatively high initial 

hydrogenation rates, they rapidly deactivated upon repeated use.  

The nature of macromolecules – non-ionic (PEG), polybase (P2M5VP), polyacid (PAA) [22-

23]; Surface modification of magnesium and zinc oxides with polyethylene glycol (PEG, a nonionic 

polymer), polyacrylic acid (PAA, a polyacid), and poly(2-methyl-5-vinylpyridine) (P2M5VP, a 

polybase) showed (Table 4) that the nature of both the support and the polymer modifier significantly 

affects catalytic selectivity. When the more basic support, MgO, was modified with polyacrylic acid, 

the selectivity toward the formation of C15 olefin alcohol increased. In contrast, treatment of 

amphoteric ZnO with polyacrylic acid reduced selectivity. Among the modifiers investigated, 

nonionic PEG proved to be the most effective for ZnO-supported catalysts.  

 

Table 4 - Effect of polymer modification on the properties of Pd catalysts supported on magnesium 

and zinc oxides. 

Catalyst Polymer characteristics 
Selectivity, % 

(5%Pd)-polymer /MgO (1%Pd)-polymer/ ZnO 

Pd/oxide - 82 89 

Pd-P2M5VP/oxide Polybase 80 92 

Pd-PEG/oxide Non-ionic 78 98 

Pd-PAA/oxide Polyacid 92 79 

 

The 1% Pd–PEG/ZnO catalyst exhibits a hydrogenation selectivity of up to 98%, with the 

reaction spontaneously stopping upon consumption of 1 mole of hydrogen. These results demonstrate 

that the catalytic properties can be effectively tuned by selecting an appropriate polymer modifier. 

The nature of the polymer primarily influences the selectivity of the hydrogenation process, leading 

to improved formation of the desired products. 

Catalyst preparation conditions: varying the length of the macromolecular chain; varying the 

contact time between the polymer and palladium in the mother liquor; stabilizing the carrier on the 
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oxide surface by additional calcination [16-17]. Studies have demonstrated that the most effective 

approach for preparing nanostructured, active, and stable catalysts is the sequential deposition of the 

polymer, followed by the metal, onto the support. Improved catalytic properties were achieved when 

the support was contacted with the polymer for 5 h instead of the standard 2 h. Similar results were 

obtained by extending the catalyst aging time in the mother liquor to at least 10 h. In both cases, 

catalysts with high activity, selectivity, and stability in the hydrogenation of C15 and C20 acetylenic 

alcohols were formed. The total preparation time can be reduced to 8 h by drying the polymer-

modified oxide at 100 °C after 5 h of polymer adsorption, followed by adsorption of palladium 

chloride, yielding the most active and selective catalyst studied.  
Table 6 summarizes the main characteristics of homogeneous and heterogeneous catalysts, 

highlights the differences between these catalytic systems, and presents the expected advantages of 

immobilized catalysts.  

 

Table 5 - Comparison of parameters of different types of catalysts  
 

Properties of catalysts 

Catalyst type 

Homogene

ous catalyst 

Heterogeneo

us catalyst 

Immobilized 

complexes  
PMC on oxides 

Activity - + + + 

Typical operating range of catalytic systems  - + + - + 

The possibility of multiple ions participating in 

the catalytic process  

- + + - + 

Stability - + + + 

Ease of separation from the reaction products  - + + + 

Variation of ligands coordinated to the transition 

metal ion at the catalytic active site  

+, - - + - + 

Identification of active sites + - + + 

Selectivity + - + + 

Asymmetric induction + - + + 

 

Table 6 summarizes the key properties of homogeneous catalysts, heterogeneous catalysts, 

immobilized complexes, and oxide-supported polymer–metal complexes. The comparison 

demonstrates that oxide-supported PMCs combine the high activity and selectivity typical of 

homogeneous catalysts with the stability, broad operating range, and ease of separation characteristic 

of heterogeneous catalytic systems.  

 

4. Conclusion 

Palladium-based polymer catalysts remain among the most promising catalytic systems for 

selective hydrogenation because their catalytic behavior can be effectively tailored by selecting the 

polymer ligand, inorganic support, and preparation strategy. The incorporation of polymer ligands 

into heterogeneous catalysts provides unique features inherited from macromolecular systems, 

including swelling behavior, solvent responsiveness, and the ability to stabilize highly dispersed 

palladium nanoparticles. Consequently, both catalyst synthesis and reaction conditions play decisive 

roles in achieving high activity, selectivity, and long-term stability.  

This review summarizes recent advances in immobilized palladium catalysts for hydrogenation 

reactions and highlights the relationships between catalyst composition, support properties, polymer 

modifiers, and catalytic performance. Particular attention is given to polymer–metal complexes 

immobilized on inorganic oxides, demonstrating how support acid–base properties, polymer 

structure, and metal dispersion govern the selective hydrogenation of acetylenic alcohols to the 
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corresponding olefinic products. Among the reported systems, catalysts based on amphoteric ZnO 

modified with polyethylene glycol exhibited particularly favorable catalytic characteristics, 

illustrating the potential of rational catalyst design. 

From a practical perspective, immobilized palladium catalysts offer significant advantages over 

conventional homogeneous systems, including simplified catalyst separation and recycling, enhanced 

operational stability, reduced palladium leaching, and improved process sustainability. These features 

make them attractive candidates for fine chemical and pharmaceutical synthesis, where high 

selectivity and catalyst reusability are essential. Future research should focus on the rational design 

of polymer architectures, environmentally benign synthesis methods, improved resistance to catalyst 

deactivation, and the development of scalable catalytic systems suitable for industrial hydrogenation 

processes. 
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