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B oannoit pabome nposeedenvl uccie008aHus NOTUMEPHBIX UMMOOUTIUZO6AHHBIX HAHOYA-
cmuu RU nymem pponmanvnoit nonumepuzauuu (FP) akpunonumpuna pymenusa (AN) ¢ npucym-
CMeuu HeOP2AHUYUECKO020 HOCUMENA U OUEHKA UX KamaaumuyecKux ceoiucmae é peaxkyuu HeHacol-
wiennvix coeounenuii. Ha ocnose axpunonumpunvbnozo Kkomniexca pymeHus CUHMEIUPOGAH I¢h-
hexmuenwlil u ceneKmusHbLL OPZAHO-HEOPZAHUYECKUI KAMATUIAMOD U UCCTIe008AHA €20 PeaKy-
OHHAA CNOCOOHOCMb-AKMUBHOCHLb 6 PeaKyuu 2uopuposanua yuxkiozekcena. Cunmes aKpuionum-
PUIbHO20 KOMNIEKCA PyMeHUs HA NOBEPXHOCMU MUHEPANbHO20 Hocumens Kpemuesema SiOy, e2o
OalbHelwan nOJUMEPU3AUUS U 60CCHIAHOGIEHUE NPUBOOAN K (hOPMUPOBANHIIO ROJIUMED-HEOP2a-
HUYECK020 KOMRO3Uma, 6K104auiezo Hanopamephole yacmuysl RU, cmabunuzuposannsle noau-
MepHOoU mampuyeil, u Heopeanuveckuil Hocumens. Ilpednorcennovlii Memoo a61:1emca HOBLIM OO~
X000Mm 6 no0z0mogKke Kamanuzamopos. Cunmesuposannvie o6pasyvt RU- HAHOKOMNO3UumMOE U3y-
uenbvl Memooamu rnemenmnozo ananuza, UK-cnekmpockonuu u penmezenoghazoeozo ananuza. Ha
PEHM2ZeH0ZPamMMax noay4eHHbIX 00pPa3y0e RPUCYMCMEYIOn WUpoKue OUPpPaKyuonnvle NUKU 6 00-
aacmu om 30000 800 C, komopvie coomeemcmeyom KpucmaiiudecKomy pymeHuro. Yuupenus
OUPpPAKUUOHHBIX MAKCUMYMOB CEUOEMETbCMEYIOm 00 YIbMPAOUCHEPCHOM COCIOAHUN YACMUY,.
Jlna nonyueHHbIX HAHOKOMRO3UMO8 XAPAKMEPHA MUKPONOPUCIMAA CHPYKIYPA C pazmepom Hop
om Heckonvkux 00 20 HM u ux pasnomepHoe pacnpeodeiieHue no paimepy. Ycmamnoeneno, umo
YyoeabHas noeepxHocms Hocumereil ymenvuiaemca nocie noaumepusayuu RUAN na ux nosepxno-
cmu, xomsa ona 6onvuwie, uem S, npooykma noaumepuzauuu ¢ omcymcmeuu SiOp. Ilonyuennsie
2UOpUOHble HAHOKOMRO3UMbBL UMEIOM DPA3GUMYI0 NOBEPXHOCHbL U NOPUCHIYIO CHPYKMYDY, 4O
odecneuusaem 00CMynRHOCHb AKMUGHBIX YEHMPOG KAMAIUZAMOPA 01 PEAZEHMO8 U UX 8bICOKYIO
aKmueHocmsb 6 ucciedyemoil Kamanuveckoi peakyuu. Ha kamanumuueckue ceoiicmea uccieoye-
MBIX KOMRO3UMOG 8/IUAIOM YC1068UA hopmuposanusa RuU-nanowacmuy, nanpumep ucnonv3oeanue
Pa3AUUHBIX PENHCUMOE PPOHMATBHOU noauMepu3ayuu 8 unepmuoi cpede. C nosviuienuem memne-
Pamypsl 80CCMAHOBUMENbHOI 00PAGOMKU HAHOKOMRO3UMOE CKOPOCHIb 2UOPUPOGAHUA HA HUX
UUKII02eKCeHA NOHUMCAEnCA, NPUUUHOU 4e2o Aelaemca yKpynHeHue yacmuy RU npu nonyuenuu
HAHOKOMNO3umoe npu gvicoxux memnepamypax. Cneoyem ommemums, 4mo nocie 2UOpUPoOBanus
ocnosnan macca pymenus ¢ noau-RUAN (90%)ayoem oonaoams nyneeoii éanenmuocmoio. Ilonu-
MEPHAA MAMPUUA MAKHCE NOOBEP2ACMCA UIMEHEHUAM, U DACUIUPEHUE NOT0C HO2TIOWEHUA 8 CHEK-
mpe N1Snoomeepocoaem smo. Takum oopazom, CUHME3UPOGAHHAA 2UOPUOUIAUUA ROTIUMED-UM-
Mobunuzoeannvix RU-nanouacmuy npoaenawom 6vICOKyI0 AKMUBHOCHb 6 MeUeHUe NOGHIOPHBIX
WUKII06 peaKyuu 2UOPUPOAnus yuKkiozekcena. Kamanumuueckue ceoiicmea HAaHOKOMNO3UMO8 3a-
sucCAm om yca0euil Ux noJyueHus, Komopboie eauAIon, 04e6uoHo, Ha pamep Popmupyrowuxca Ha-
HoOYacmuy pymenus.

Kiro4eBble ¢j10Ba: HAHOKOMITO3UTHI, KOMILIEKC PYTEHUA, aKPUIOHUTPUII, I/IMMO6I/I.HI/I3aI_II/IH IIOJINMCE-
paMHu, KaTaJIUTUICCKUEC CBOMCTBa
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Researches of polymer immobilized nanoparticleswhenium have been carried out by
frontal polymerization (FP) of ruthenium acrylonitte (AN) complex in the presence of inorganic
carrier. Assessment of their catalytic propertiesthe hydrogenation reaction of unsaturated com-
pounds has been done. Effective and selective omgarorganic catalyst has been synthesized on
the basis of akrylonitril complex and its reactiyiin the hydrogenation reaction of cyclohexen has
been investigated. Synthesis of akrylonitril comyplef ruthenium on the surface of mineral carrier
SiO; silica, its further polymerization and reductioreads to the formation of polymer-inorganic
composite including nano-size particle of Ru stabéld by polymer matrix and inorganic carrier.
The offered method is a new approach in the catalygeparing. Synthesized samples of Ru- nhano
composetes have been studied by methods of eleamatysis, IR-spectroscopy and X-ray analysis.
There are wide diffraction peaks at 300-800 range in the X-rays patterns of the obtained sdegp
wich correspond to crystallic ruthenium. Broadenirgjffraction maximums testifies ultradisperse
state of particles. Microporous structure with posezes to 20 nm and their uniform size distribution
are typical for obtained nano composites. It hasebedetermined that specific surface of carriers
decreases after polymerization of RUAN on the swdathough it is bigger than S spec. of the
polymerization product in Si@absence. Obtained hybride nano composites haveldged surface
and porous structure which provide accessibilityaiftive centers of catalyst for reagents and their
high activity in the researched catalytic reactioformation conditions of Ru nanopatrticles influ-
ence on catalytic properties of the studied compesi for example, the use of various regimes of
frontal polymerization in inert medium. With the rease of the reduction treatment temperature
of nano-composites the hydrogenation rate of cydabne reduces, the reason of which is the in-
tegration of Ru particles in the obtaining of nancomposites at high temperatures. It should be
mentioned that after hydrogenation the main ruthemh mass in poly-RuAN (90%) will have zero
valency. The polymer matrix reduces. It is also gdied to changes and it confirms by spectrum
broadening. Thus, the synthesized hybridizationpallymer-immobilized Ru-nanoparticles display
high activity in the reaction of cyclohexene hydregation and keep their activity during repeated
cycles of reactions. Catalytic properties of nanorgposites depend on the conditions of their ob-
taining which influence apparently on the size ajriming Ruthenium nanopatrticles.

Key words: nano composites, ruthenium complex, acrylonitpleymer-immobilized, catalytic properties
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INTRODUCTION Materials including a metal nanometer size
Modern synthetic chemistry is focused on opmetal particles have unique physico-chemical proper
taining of new materials with a complex of propesti ti€S, and recenly years they have been the objéat o

and characteristics and also on the development [6fiS€ research [1-2]. Their use as a catalystigpa
high-effective methods of their synthesis. larly interesting. As the atoms on the surface have

At present researches on obtaining of hybridlaig'her propor_tion than_ the total atoms in the namop
organo-inorganic matereals with nano-size strusturgcIes and their catalytic properties can be adqily

are of great interest.

46 U3B. By30B. Xumus u xuM. texHosgorus. 2018.T. 61.Bsim. 3



W3B. By30B. Xumust u xuM. TexHojorus. 2018.T. 61.Beir. 3

the change of nanoparticles size. Zero-valent comel and ether and dried in vacuum at room tempegatu

plexes and Pd nanopatrticles are known as effecsitre till the constant weight.

alysts of many organic reactions. Study of rpthenlu HYDROGENATION OF CYCLOHEXENE

another analogue of palladium was of great int¢Bst

4]. The aim of the work is obtaining of Ru nanopart The experiments have been carried out in non-

cles, their fixing on Si@carrier and stabilization by continuous glass reactor in the of isopropyle abtoh

polymer ligand introduction. The goal has beemedium with cyclohexene concentration from-207
achieved by obtaining polymer-immobilized Ru nando 14.510° mole/l, constant atmosphere pressure of
particles in the presence of inorganic carrier 3§ hydrogen and 20 °C temperature in the conditian-of
polymerization of acrylonitrile complex of Ru nitea tensive stirring. Catalyst sample was given intri
estimation of their catalytic properties in hydroge actor from calibrated receiver with water seal.dsef

tion reaction of cyclohexene. the introduction of cyclohexene, the catalyst was- s

jected to 20 min hydrogen treatment. Reactionwais
EXPERIMENTAL PART calculated graphically on the inclination of initéaeas
For synthesis of RUAN modified methodics obf kinetic curves of hydrogen consumption.

akrylonitril complexes of transite metals nitratess Analysis of catalysis has been carried out by

been used. Nitrate and akrylonitrit have been mired the method of element analysis.

1:4 mole ratio in inert atmosphere and grindiddstp Element composition of the samples has deter-

state. Then it has been washed by dry ether aed drinined atomic-absorption flameless method. X-ray dif

in vacuum to the constant weight. fraction of powders has been studied on DPOH-2adiff

Calculated: for RUAN % with tometer using Cu &radiation. IR spectra of absorption

194 N15.0 HZ27 Ru28.6 wasrecorded on-“S pecorol’ spectrophotometer.

Found % from 20.1,N15.1 H35 Ru?29.4 For obtaining RFE-spectra ES-spectometer-
Obtaining of RUAN on mineral carrier 2401 with magnesium anode has been used.
Synthesis of RUAN in the presence of S&nd Electron-microscopic researches have been

C has been carried out on abovementioned methodittse on transparent electron microscope (TEM) YEOL.

from the calculation of Ru content in the catalgbt Specific surface of inorganic carrier and pol-

mixed type- 5-10% mass polymer carrier. Mixture ofmer-hybride nano-composites and also sizes of

calculation quantity of Ru nitrate, akrylonitrild$iQ;  pores have been determined on nitrogen adsorbtion a

(or ¢ ) has been grinded in the mill in the boxhwitert 77 K temperature by static volumetric method on

atmosphere to pasteform state, it has been washtied wWAUTOSORB-1» device.

benzone, ether and dried in vacuum not least of 412

30 °C: Content of Ru mass is 5.2% (RUAN/8iO RESULTS AND DISCUSSION

Frontal polymerization of RUAN and RUAN/S O, AN complex of ruthenium nitrate -
For carrying out frontal polymerization, sam-Ru(CH=CHCN (NQ). - (RUAN) was synthesized by
ples RUAN and RuAN/Siphave been preliminarily the replacement of crystal water in crystalline riayel
pressed in the form of tablets with 0.5-0.8 sm ditam metal nitrate by akrylonitril molecules [5-6]. The-
with 1.2-1.5 sm height and 1.45 gfstensity and were Sults of element analysis and some spectral clearact

placed into glass ampoule. For initiating the padyim istics of the obtained complex are shown in Table 1

zation, lover part of ampoule with the sample was i On the basis of the IR spectroscopic results the

mersed into the bath on 0.2 sm depth with heatezarrmetal atom coordination occurs through the oxygen

(Vud alloy) at 80-100 °C temperature. The Reactioatom of AN ligand carbonyl group (figure 4): in the

rate was estimated due to the displeacement of cepectrum the bands of carbonyl group passed inw lo

oured area front. Powder form polymer and hybrideave area (1667 st which is typical for similar

nano-composite products have been washed by mett@mplexes of transition metals [6].

Table 1

The dement composition of ruthenium AN complexes and relative composition of elementson the basis of XPSresults

Ta6nuya 1. IneMeHTHBINH COCTAaB KOMILIEKCOB HUTpaTa pyTeHust AN 1 OTHOCHTEJILHBIH COCTAB Pa3JIMYHBIX JJIe-
MEHTOB HA OCHOBe pe3yJibTaToB POIC

Complex Element composition, mass. % Relative composition, %
(found/calculated)
C H N Ru C O N Ru
Ru(NGs), - 1.4/1.5 10.3/10.5 40.2/39.9 - 66 22 10.6
RUAN 20.1/19.4 3.512.7 15.4/15.0 29.2/28.6 54 26 18 2
RUAN/SIO; - - - 54 15 58 6 0.8
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Displacement of spectra C1lss(E 288.3 eV), takes place at small temperature range. Heat exleas
N1s (Esv = 399.8 eV) and O1s £z=531.6 eV) in the from the reaction zone is transferred to the hgatin
XPS (X-ray photoelectron spectra) spectrum, respezene where the material is heated at the expertssapf
tively, to high-energy area at 0.5, 0.7 and 0.5a¢3¢ exchange, the temperature is increased to sucle valu
confirms this fact. In the IR spectra of complexesyhere the reaction starts, i. polymerization spiread
bands of stretching vibrations of the nitrate asioh occurs. Start of a short-term reaction is achievgd
1385 st (NOs) were also recorded. heating (ignition) one end of the ampoule (15 s).

In the XPS spectrum presence of Ruythe Pressed RuUAN monomeric sample this part of the am-
presence of low-intensity band withgE= 337.2 eV), poule and its mixture with a mineral carrier hasrbe
as well as an increase of the intensity of the baitld placed. In this case appearance of the melting zone
Esv = 285.7 eV is explained by the creation mf (transition phase), and change in color from light
coordination of the metal atom with respect to deubbrown to dark brown black are observed. The rate of
ligand bond. Such phenomenon is not rare for Rerak reaction can be controlled by color change border d
complexes. The atomic ratio of Ru/N and O/N atoms @lacement. Ignition temperature (80-100 °C) of fabn
the upper layer is equal to 0.11 and 1.4, respagt{fa- polymerization of ruthenium AN complexes is sighifi
ble 1), and the intensity of the band & E 407.2 eV at cantly lower than the corresponding indices of (170
N1s spectrum (nuclear heat spectrum) ranges 10%1&0 °C) nitrates AN complexes of Co (II), Ni (18tc.
the total weight of the integrated intensity of thisole At the highest ignition temperature (150-170 °C)
spectrum. This observation quantitative correlatigis the eruption of the reaction mass from the glabs tu
the intensity of the line with &g = 338.8¢eV in the and the transition to the combustion regime is ob-
Ru3d, spectrum (big. 1) and testifies screening of Reerved, which is obviously due to the formatiorRof
atoms by AAm groups. pyrophoric fine particles. According to XPS indioes,

It is known that AN complexes of metal ni-the main line in the spectrum Ru3d of polymerizatio
trates have effective frontal polymerization apilih  products corresponds te\E= 336.5 eV, which is much
condensing mode, in frontal regime condition wherarger than &, on R{ (< 336.0 eV). This can be ex-
the conversion of monomer to polymer occurs in thaained by the formation of Rand R&* fine particles.
local reaction zone and spreads layer by layemgtion

hol : |, counts
wnolie volume. 00 k
Nl1s Ru3d 500k
400F -pg
300
e ! ,_M 200
100
D 1 L L

L i
20 40 0 a0 100 26.degrees
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Fig. 1. The XPS spectra of ruthenium nitrate AN péer mono- 0 . . \ . ,
mer (1), RUAN after polymerization (2) and RuUAN aftgclo- 20 40 &0 80 100 28.degrees
hexene hydrogenation (3) b
Puc. 1. RDD cnexTpsl MOHOMEpa aKpUJIOHUTPUIIBHOTO pyTEHHE- Fig. 2. The X-ray patterns of poly-Ru AN/Si€@amples obtained
Boro kommiekca AN (1), RUANmocne nonumepusaiuu (2) u at 115 (a) and 130 °C (b) temperatures
RUAN nocnie runpupoBaus Likiorekcena (3) Puc. 2. ludppaxrorpammer 06pasios noiau-Ru AN/SiQy, nony-
. . 115 130 °C (b
The reaction proceeds in softer mode charac- ~ “CiHeix ipu revneparypax 115 @) (b)
teristic for the processes — atmospheric pressude a In obtaining of nano composite materials use

thermal activation (without the use of chemicahact of FP method is of particular interest in develgpad
tors). In stationary mode, process of polymerizatiopolymer-immobilized catalyst (hybrid) such as "nheta
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nanoparticles — polymer — inorganic carrier”". Atliya on inert media. The hydrogenation rate of cyclohexe
obtaining of ruthenium AN complex on a mineral caren the Nano composites obtained at high temperature
rier and its subsequent polymerization will leadite decreases. It is assumed that the reason of tbeorea
formation of polymer-inorganic composite and it eonrate decrease is due to the increase of Ru parsize.
sists of a Ru Nano scale particles with 4-8 nm @im It should be noted that after hydrogenation, the
and their 10-20 nm dimensional aggregates. bulk of Ru in poly-RuAN (90%) will have zero valgnc
There are broad diffraction peaks relating tand its shielding by polymer matrix reduces. The po
Crystallex Rdin 20 nm areas of the obtained samplegmer matrix is also subjected to alteration and-con
radiographs (Fig. 2). A common condition of the- diffirmed by spectrum spreading.
fraction peaks and the expansion line shows thessta

of ultrafine particles. w. "‘°""s°3°5'_
Analyzed system shows a sufficiently high ac:

tivity in a model reaction of cyclohexene hydrogena 30r

tion. This initial reaction rate on poly RUAN/Si@at- 251

alyst condition are approximately 2 times more tha

Ru/C catalyst (Table 2, Fig. 3). 20

15F

Table 2 10
Theinitial rate of cyclohexene hydrogenation reaction
(Wo) in the presence of hybrid polymer-immobilized Ru §
nanoparticles 0
Tabnuya 2. HauajbHasi CKOPOCTH PeAKIIUU THAPHPOBA-
Hus nukiorexkceHa (Wo) B IpUCYTCTBHH THOPHIHBIX

2 4 6 8 10 T,min
Fig. 3. Kinetic curves of hydrogen absorption atlaiexene hy-
drogenation in the presence of poly- Ru AN/&{D and Ru/C

MOJIMMEPHBIX nMMoﬁ_ngmoBaﬂﬂux Ru nanouacTui (2). Weight of catalyst is 0.05-0.10 g, temperaiar20 °C, H
Sample Obtal_n_lng Wo, mol/I* sect pressure is 0.1 MPa, solvent - isopropyl alcohwtial amount of
condition | 1 cycle| 2 cycle| 3 cycle cyclohexene is 6.9 mole
Poly- FP 22.9 16.7 - Puc. 3. Kunerndeckue KpHUBEIE ITOTIONIEHHST BOAOPOAA IIPU TH-
RUAN/SIO; FP, 100°C| 10.8 12.6 10.1 OpuAn3aLMy UKIOreKceHa B pucyTcTBun noiu-Ru AN/SiO: (1)
FP, 120°C| 13.4 105 11.2 u Ru/C (2).Bec karammzaropa 0,05-0,10r, remnepatypa 20 C,
FP 150°C| 1.1 3.48 52 nasnenre Bogopoaa 0,1 MITa, pacTBOPHUTENH - H30MPOIMIOBBIH
RU/C ’ 11.6 11.6 CIIUPT, HCXOHOE KOJIMYECTBO LHKIOreKceHa 6,9 Moib
CONCLUSION

_ Examined nano composite maintains its activ- Thus, the synthesized hydrogenation over of
ity and re-cyclization, and an immobilized form ena, |y mer-immobilized Ru nanoparticles shows high ac-
bles easily to separate it from the reaction m&@md ity in cyclohexene hydrogenation reaction andpe
it can be reusable. its activity during repeated cycles. The catalytiop-

Ru nanoparticles formation condition influ-giies of the Nano composites depend on the conditi
ences on the catalytic properties of the studie®nas ihejr preparation and it affects the size offtivened
composite, for example, the use of different FP @sod Ru nanoparticles.
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