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NAS RK is pleased to announce that News of NAS RK. Series of chemistry and 

technologies scientific journal has been accepted for indexing in the Emerging Sources Citation 
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate 
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation 
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of 
Science offers to researchers, authors, publishers, and institutions sets it apart from other 
research databases. The inclusion of News of NAS RK. Series of chemistry and technologies in 
the Emerging Sources Citation Index demonstrates our dedication to providing the most relevant 
and influential content of chemical sciences to our community. 

 
 
Қазақстан Республикасы Ұлттық ғылым академиясы "ҚР ҰҒА Хабарлары. Химия жəне 

технология сериясы" ғылыми журналының Web of Science-тің жаңаланған нұсқасы Emerging 
Sources Citation Index-те индекстелуге қабылданғанын хабарлайды. Бұл индекстелу барысында 
Clarivate Analytics компаниясы журналды одан əрі the Science Citation Index Expanded, the Social 
Sciences Citation Index жəне the Arts & Humanities Citation Index-ке қабылдау мəселесін 
қарастыруда. Webof Science зерттеушілер, авторлар, баспашылар мен мекемелерге контент 
тереңдігі мен сапасын ұсынады. ҚР ҰҒА Хабарлары. Химия жəне технология сериясы  Emerging 
Sources Citation Index-ке енуі біздің қоғамдастық үшін ең өзекті жəне беделді химиялық ғылымдар 
бойынша контентке адалдығымызды білдіреді.   

 
 
НАН РК сообщает, что научный журнал «Известия НАН РК. Серия химии и технологий» был 

принят для индексирования в Emerging Sources Citation Index, обновленной версии Web of Science. 
Содержание в этом индексировании находится в стадии рассмотрения компанией Clarivate 
Analytics для дальнейшего принятия журнала в the Science Citation Index Expanded, the Social 
Sciences Citation Index и the Arts & Humanities Citation Index. Web of Science предлагает качество и 
глубину контента для исследователей, авторов, издателей и учреждений. Включение Известия 
НАН РК в Emerging Sources Citation Index демонстрирует нашу приверженность к наиболее 
актуальному и влиятельному контенту по химическим наукам для нашего сообщества. 
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POLYMER-PALLADIUM CATALYSTS ON MAGNETIC SUPPORT 
FOR HYDROGENATION OF PHENYLACETHYLENE 

 
Abstract. Pd-polymer catalysts on magnetic support (MS) have been successfully prepared by adsorption 

method. The magnetic support was synthesized by co-precipitation of iron chlorides (Fe3 +:Fe2 + = 2:1) with sodium 
hydroxide. A series of colloidal palladium solutions was prepared by reduction of K2PdCl4 with sodium borohydride 
in the presence of polyacrylamide (PAM) and polyacrylic acid (PAA) with a different mole ratios of palladium to 
polymer (Pd:PAA = 1:5; Pd:PAM = 1:5; Pd:PAM = 1:10 and Pd:PAM = 1:15). 

The initial components and catalysts were characterized by physicochemical methods. XRD measurement was 
used to identify the crystalline structure of the magnetic material. The results based on the crystal planes showed that 
the synthesized sample corresponds to maghemite with a spinal structure and an average particle size of 8.5 nm. The 
disappearance of the absorption band of PdCl4

2- ions at 425 nm indicated a complete reduction of palladium. 
According to elemental analysis, the content of palladium in the catalysts was 1wt.% of the sum of all components 
which was close to the calculated data. This result indicated the quantitative fixation of polymer-protected palladium 
particles to a magnetic support. 

The developed catalysts showed rather high activity and selectivity in the hydrogenation of phenylacetylene to 
styrene (WС≡С = 0.73-1.36×10-6 mol/s, Sst = 80.9-89.2%). The PAM-stabilized catalysts were characterized by higher 
rate and yield of styrene to compare to the Pd-PAA/MS catalyst. The increase of the polymer content in the catalysts 
affects insignificantly the catalytic properties of the Pd-PAM/MS. 

Keywords. Palladium, polymer, magnetic catalyst, hydrogenation, phenylacetylene. 
 
Introduction 
Recently, the interest of researchers of various fields of science and technology is focused on 

magnetic nanoparticles due to their unique properties as superparamagnetism, high coercivity, 
biocompatibility [1-3]. One of the promising areas of application of magnetic nanoparticles is design of 
catalysts. The uses of such nanoparticles as a support provides high effectiveness of disperse catalytic 
systems and the easiness of their separation from the reaction medium by magnetic field [4-5]. Platinum 
[6-8], palladium [9-11] and ruthenium [12, 13] are the most often used active phase of such type of 
catalysts. 

Palladium magnetic catalysts exhibit high activity in cross-coupling reactions [14, 15] and 
hydrogenation of various classes of organic compounds [16-18]. However, despite a large number of 
methods for preparation of catalysts with magnetic properties [19-21], there are only few publications on 
optimization of their synthesis. The purpose of this work therefore is to develop palladium catalysts with 
magnetic properties, as well as to study the effects of the polymer-stabilizer nature and the ratio of Pd to 
polymer on catalytic properties of synthesized Pd-polymer/MS composites in the hydrogenation of 
phenylacetylene as model unsaturated hydrocarbon. 
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Experimental part 
Reagents and materials 
Phenylacetylene (98%, Aldrich) was purified by distillation, a purity was checked 

chromatographically. Ethanol (pure grade), PdCl2 (59-60% Pd, Aldrich), KCl (pure grade), FeCl2·4H2O 
(pure grade), FeCl3·6H2O (pure grade), NaBH4 (96%, Aldrich), NaOH (pure grade), polyacrylamide 
(PAM, Mw = 1000000) and polyacrylic acid (PAA, Mv = 1250000, Aldrich) were used without additional 
purification. 

 

Synthesis of magnetic support (MS) 
The iron salts (FeCl3·6H2O -21.6 g and FeCl2·4H2O - 8.0 g) were dissolved in 200 mL of pre-boiled 

distilled water at room temperature, and placed to a thermostated round-bottom flask with three outlets 
and heated to 40°C. Then 100 mL of 3.2 M sodium hydroxide solution was added to the flask, stirred by 
bubbling nitrogen during 1 hour and then cooled to room temperature. The resulting black precipitate was 
separated from the supernatant by magnetic separation and washed several times with D.I. water and 
stored in ethanol.  

The crystallinity of the prepared magnetite sample was studied by X-ray diffractometer DRON 3 with 
cobalt Kα radiation (λ = 0.179 nm).  

 

Synthesis of polymer-protected Pd nanoparticles  
Freshly prepared aqueous solution of NaBH4 (10 mL of 0.05 mmol, 1.9 mg) was rapidly added to 90 

mL of an aqueous mixture of K2PdCl4 (0.1 mmol, 10.6 mgPd) and a polymer (0.5-1.5 mmol, 36.0-108.5 
mg) under vigorous magnetic stirring. The amount of polymer was taken based on the calculation for 
preparing polymer-protected palladium nanoparticles with a molar ratios of Pd:polymer = 1: 5; 1:10 and 
1:15. 

The degree of palladium reduction was evaluated spectrophotometerically (SF-2000, Russia) by 
disappearance of the absorption band of palladium ions at 425 nm  

 
Catalysts preparation  
Pd colloidal solutions and a magnetic support amounts were taken from the calculation for obtaining 

1% Pd catalysts. Palladium fixation to the magnetic support was assessed visually by brightening the 
mother liquor. The content of palladium in the catalysts was determined on a X-ArtM COMITA X-ray 
fluorescence spectrometer. 

The prepared colloidal palladium solution (100 mL of 1×10-3 mol/L) was poured into 35 mL of 
ethanol suspension of the magnetic material (29 mg/mL). The mixture was stirred with a shaker for 30 
minutes. The resulting catalyst was separated from the mother liquor by magnetic separation, washed with 
D.I. water and dried in the air.  

 
Hydrogenation process 
Hydrogenation of phenylacetylene (0.25 mL) was carried out in a thermostated glass reactor at 40 ° C 

and atmospheric hydrogen pressure in ethanol (25 mL) [22]. The catalyst amount was 0.02 g. The reaction 
rate was calculated based on the change in volume of uptaken hydrogen per second. 

The reaction products were analyzed by gas chromatography on a Chromos GC-1000 chromatograph 
(Chromos, Russia) with the a flame ionization detector in the isothermal regime using a BP21 (FFAP) 
capillary column with a polar phase (PEG modified with nitroterephthalate) 50 m in length and 0.32 mm 
in inside diameter. The column temperature was 90°С, and the injector temperature was 200°С; helium 
served as the carrier gas; the injected sample volume was 0.2 µL. The selectivity of the catalyst was 
evaluated as the ratio of the targeting product to the sum of all reaction products at a fixed conversion. 

 
Results and discussion 
Analysis of initial components and catalysts  
Figure 1 shown XRD patterns of the synthesized magnetic sample. Seven characteristic peaks at 2θ 

21.564°, 35.297º, 41.629º, 50.600º, 63.595º, 67.540º and 74.556º were corresponding to the (111), (220), 
(311), (400), (422), (511) and (440) crystal planes of a maghemite with a spinal structure [23]. The 
average crystallite size calculated using the Debye-Scherrer equation was about 8.5 nm.  



ISSN 2224-5286                                                                                                 Серия химии и технологии. № 6. 2018 
 

 
31 

 
 

Figure 1 - X-ray diffraction pattern of the synthesized magnetic sample 
 
According to spectrophotometric data, the addition of a reducing agent to a solution of palladium salt 

and a polymer leads to completely reduction of the metal ions at a ratio of Pd:NaBH4 = 2:1. The 
disappearance of the absorption band of PdCl4

2- ions at 425 nm in the spectrum of the reduced sample has 
confirmed the transition of Pd2+ to the zerovalent state (Figure 2). 

 

 
 

Figure 2 - The absorption spectrum of the palladium salt solution before (curve 1) and after (curve 2) metal reduction 
 
The catalysts were prepared by adsorption of polymer-protected palladium particles onto the 

synthesized magnetic material. Clarity of the mother liquor after magnetic separation indicated the 
quantitative fixation of the metal-macromolecule active phase to the support (Figure 3). The active phase 
was probably fixed to support due to reducing the surface energy of the magnetic nanoparticles. 
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Figure 3 – Photos of the Pd-PAM(1:15) and MS mixture before (a) and after (b) magnetic separation 
 
The complete Pd adsorption of on the magnetic sample was also confirmed by the results of the 

elemental analysis of the Pd-PAM(1:15)/MS catalyst (Table 1) in which the metal content was close to the 
calculated data and was 1wt.% of the sum of all components. 

 
Table 1 – Elemental analysis data of the Pd-PAM(1:15)/MS catalyst 

 

Element concentration, wt. % 

O Cl Fe Pd 

29.00 0.77 68.50 1.00 

 
Catalytic properties of Pd-polymer/MS in phenylacetylene hydrogenation 
Hydrogenation of phenylacetylene on 1% Pd-PAA(1:5)/MS in the first 70 minutes proceeds at a 

constant rate (0.7×10-6 mol/s) which in ~70 minutes insignificantly increased. The sharp slowing of the 
reaction begins at the 90th minute (Figure 4, curve 1). The activity of 1% Pd-PAM(1:5)/MS catalyst is 1.3-
1.7 times higher than that of the catalyst stabilized with polyacrylic acid, however, the kinetic curve form 
was similar (Figure 4, curve 2). 

 

 

 
Figure 4 - Changes in the rate of phenylacetylene hydrogenation in the presence of (1) Pd-PAA(1:5)/MS and (2) Pd-

PAM(1:5)/MS. Conditions: catalyst sample weight, 0.02 g; temperature, 40°C; H2 pressure, 0.1 MPa; solvent, ethanol (25 mL); 
and initial phenylacetylene amount, 0.25 mL. 

 
According to chromatographic analysis, a rapid increase in the styrene content occurred on Pd-

PAA(1:5)/MS in the initial period of time. Then its amount decreased due to its reduction to ethylbenzene 
(Figure 5a). Similar changing the composition of the reaction products was observed during hydrogenation 
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of phenylacetylene on Pd-PAM(1:5)/MS (Figure 5b). The maximum styrene content reached at 70th 
minute (78.1%) and at 45th minute (81.0%) on PAA- and PAM-stabilized catalysts, correspondingly. 
These time values coincide with the time of increase in the reaction rates on these catalysts (Figure 4, 
curves 1 and 2) 

 

  
а) б) 

 
Figure 5 - Changes in the composition of reaction mixtures during of phenylacetylene hydrogenation on (a) Pd-PAA(1:5)/MS and 

(b) Pd-PAM(1:5)/MS: (1) phenylacetylene, (2) styrene, and (3) ethylbenzene. Conditions: catalyst sample weight, 0.02 g; 
temperature, 40°C; H2 pressure, 0.1 MPa; solvent, ethanol (25 mL); and initial phenylacetylene amount, 0.25 mL. 

 
The lower activity and selectivity of Pd-PAA(1:5)/MS (80.9%) compared with Pd-PAM(1:5)/MS 

catalyst (88.0%) (Table 2) was probably due to the stronger interaction of PAA with catalyst components 
[24], and, as a consequence, more difficult access of the substrate to palladium active centers. 

 
Table 2 - Results of the hydrogenation of phenylacetylene (0.25 mL)  

on Pd-polymer/MS catalysts (0.02 g) in ethanol (25 mL) at 40°C and 0.1 MPa 
 

Catalyst W×10-6, mol/s Selectivity for styrene, 
% 

Conversion, % 
С≡С С=С 

Pd-PAA(1:5)/MS  0.73 0.82 80.9 96.5 
Pd-PAM(1:5)/MS 1.18 1.08 88.0 92.0 

 
The catalyst was easily separated from the reaction medium by magnetic field (Figure 6) at the end of 

the process indicating the prospect for development of such type of new nanosized magnetic materials for 
catalysis. 

 

 
 

Figure 6 – Images of reaction mixture before (a) and after (b) magnetic separation of Pd-PAM/MS catalyst 
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The next step of study demonstrated the effect of the ratio of active phase components (Pd:PAM = 
1:5, 1:10 and 1:15) on the catalytic properties of Pd-PAM/MS. It was found that the reaction rate 
increased with increasing polymer content in the catalysts. The highest rate (1.36×10-6 mol/s) of 
phenylacetylene hydrogenation showed the catalyst with the ratio of Pd:PAM=1:15 (Figure 7). 

 

 
 

Figure 7 - Changes in the rate of phenylacetylene hydrogenation in the presence of Pd-PAM/MS catalysts: (1) Pd:PAM = 1:5; (2) 
Pd:PAM = 1:10 and (3) Pd:PAM = 1:15. Conditions: catalyst sample weight, 0.02 g; temperature, 40°C; H2 pressure, 0.1 MPa; 

solvent, ethanol (25 mL); and initial phenylacetylene amount, 0.25 mL. 
 
 
The selectivity for styrene on all studied Pd-PAM/MS catalysts was close to 88-89% at the substrate 

conversion of 92%. Thus, it has been shown that the activity of the catalysts increases with increasing 
polyacrylamide polymer content, while the selectivity of the process remains practically unchanged (Table 
3). These results can indicate formation of uniform active centers on magnetic support. 

 
Table 3 - Results of the hydrogenation of phenylacetylene (0.25 mL)  

on Pd-PAM/MS catalysts (0.02 g) in ethanol (25 mL) at 40°C and 0.1 MPa 
 

Catalyst 
W×10-6, mol/s Selectivity for 

styrene, % 
Conversion, % 

С≡С С=С 
Pd-PAM(1:5)/MS  1.18 1.08 88.0 92.0 
Pd-PAM(1:10)/MS 1.21 1.32 88.1 95.1 
Pd-PAM(1:15)/MS 1.36 1.18 89.2 93.0 

 
Conclusion 
A simple method for the synthesis of supported palladium hydrogenation catalysts with magnetic 

properties has been developed. The procedure consisted of mixing a colloidal solution of polymer-
stabilized palladium with a suspension of a highly disperse magnetic support (γ-Fe2O3). The active phase 
was fixed due to reducing the surface energy of the magnetic nanoparticles as a result of the adsorption of 
the polymer-metal complex. 

The results of testing the obtained catalysts in the hydrogenation of phenylacetylene have 
demonstrated their high activity (reaction rates are 0.73-1.36×10-6 mol/s) and selectivity for styrene (80.9-
89.2%). The optimum catalytic properties showed the supported palladium composite stabilized with 
polyacrylamide with Pd:PAA ratio of 1:15. The advantage of the use of magnetic nanosized materials as 
supports is formation of dispersed catalysts close to colloidal systems and simplicity of their separation 
from reaction products by magnetic field. 
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ФЕНИЛАЦЕТИЛЕНДІ ГИДРЛЕУГЕ АРНАЛҒАН МАГНИТТІ ТАСЫМАЛДАҒЫШҚА 
ОТЫРҒЫЗЫЛҒАН ПОЛИМЕР-ПАЛЛАДИЙ КАТАЛИЗАТОРЛАРЫ 

 
Аннотация. Магнитті тасымалдағышқа отырғызылған Pd-полимер катализаторлары адсорбциялық 

əдіспен дайындалды. Магнитті тасымалдағыш темір хлоридтерін натрий гидроксидімен бірге Fe3+:Fe2+ = 2:1 
қатынаста біріктіріп отырғызу əдісімен синтезделінді. Палладидің коллоидты ертінділер сериясы 
полиакриламид (ПАА) жəне полиакрил қышқылдарының (ПАҚ) қатысуымен əртүрлі палладидың полимерге 
мольдік қатынасында (Pd:ПАҚ = 1:5; Pd:ПАА = 1:5; Pd:ПАА = 1:10 и Pd:ПАА = 1:15) натрий борогидридімен 
K2PdCl4 тотықсыздандыру арқылы алынды.  

Бастапқы компоненттер жəне катализаторлар физико химиялық əдістермен зерттелінді. РФА нəтижелері 
синтезделген магнит үлгісі кристалдық беті бойынша шпинальды құрылысы бар маггемитқа сəйкес екендігі 
көрсетті жəне бөлшектердің орташа өлшемі 8,5 нм тең. 425 нм кезінде PdCl4

2- иондарының жұтылу 
сызықтарының жоғалуы палладидың толық қалпына келгенін дəлелдейді. Элементті анализ бойынша 
катализатордағы палладий мөлшері есептеп алынған нəтижеге жақын жəне барлық компоненттер 
суммасының 1мас. % құрайды, яғни магнитті тасымалдағышқа полимермен протектірленген палладий 
бөлшектерінің отырғанын растайды.  

Фенилацетиленді гидрлеуде барлық катализаторлар жоғары белсенділік жəне стирол бойынша жоғары 
селективтілік (WС≡С = 0,73-1,36×10-6 моль с-1, Sст = 80,9-89,2%) көрсетті. ПАА-тұрақтандырылған палладий 
катализаторы Pd-ПАҚ/МТ катализаторымен салыстырғанда стиролдың шығымы жəне реакцияның 
жылдамдығы жоғары болатындығын көрсетті. Полмердің мөлшерін арттыру Pd-ПАА/МТ катализаторының 
каталитикалық қасиетіне аздап əсер етеді.  

Түйін сөздер. Палладий, полимер, магнитті катализатор, гидрлеу, фенилацетилен. 
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ПОЛИМЕР-ПАЛЛАДИЕВЫЕ КАТАЛИЗАТОРЫ НА МАГНИТНОМ НОСИТЕЛЕ 

ДЛЯ ГИДРИРОВАНИЯ ФЕНИЛАЦЕТИЛЕНА 
 
Аннотация. Pd-полимер катализаторы, нанесенные на магнитный носитель (МН), были успешно 

приготовлены адсорбционным методом. Магнитный носитель синтезировали методом соосаждения 
хлоридов железа гидроксидом натрия в соотношении Fe3+:Fe2+ = 2:1. Серию коллоидных растворов палладия 
получали путем восстановления K2PdCl4 борогидридом натрия в присутствии полиакриламида (ПАА) и 
полиакриловой кислоты (ПАК) с различным мольным отношением палладия к полимеру (Pd:ПАК = 1:5; 
Pd:ПАА = 1:5; Pd:ПАА = 1:10 и Pd:ПАА = 1:15).  
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Исходные компоненты и катализаторы были охарактеризованы физико-химическими методами. 
Результаты РФА показали, что синтезированный магнитный образец по кристаллическим плоскостям 
соответствует маггемиту со шпинальной структурой и имеет средний размер частиц 8,5 нм. Исчезновение 
полосы поглощения ионов PdCl4

2- при 425 нм свидетельствовало о полном восстановлении палладия. 
Согласно элементному анализу содержание палладия в катализаторах близко к расчетным данным и 
составляет 1мас.% от суммы всех компонентов, что свидетельствует о количественном закреплении 
полимер-протектированных частиц палладия на магнитном носителе. 

Результаты гидрирования фенилацетилена показали, что все катализаторы проявляют достаточно 
высокую активность и селективность по стиролу (WС≡С = 0,73-1,36×10-6 моль с-1, Sст = 80,9-89,2%). ПАА-
стабилизированный палладиевый катализатор показал более высокую скорость и выход стирола по 
сравнению с Pd-ПАК/МН катализатором. Увеличение содержания полимера не значительно влияет на 
каталитические свойства Pd-ПАА/МН катализатора. 

Ключевые слова. Палладий, полимер, магнитный катализатор, гидрирование, фенилацетилен. 
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