TEXHOJIOI'ISA OPTAHIYHUX PEYHOBUH,
TEXHOJIOI'ISA HA®THU TAT'A3Y

V]IK 541.124

0. 1. Makora, JI. B. bByarakosa
Harionansauii yHiBepcuteT “JIbBiBChKa MOINITEXHIKA”,
kadeapa 3arabHOT Ximil

IMOYATKOBI CTAIII PEAKIII OKUCHEHHSI
OKTEHY-1 MOJIEKYJIIPHUM KUCHEM 3A HASIBHOCTI
IMMOBIJII30BAHOI'O TA TOMOI'EHHOI'O [Rh(CO).Cl],

© Makoma O. 1., byneaxosa JI. B., 2014

HocainskeHo BIJIMB IMMOOLTI30BAHOTO0 Ta TOMOIEHHOIO POAIBMICHOIO KOMILIEKCY,
[Rh(CO).Cl],, Ha peakuil0 OKHCHEHHSI OKTeHY-1 MOJIEKYJSIDHMM KHCHEM Ha MOYATKOBHX
crafgisix mpouecy. BctanoBiaeHo, mo sik iMMo0isizoBanuii, Tak i roMOreHHH KOMILUIEKC Poairo
AKTHBYIOTh peaklil0 OKHCHEHHsI 32 HAsIBHOCTI iHimiaTopa paaukadibHUX mnpoueciB —
rinponepokcuny  mpem-6yruay. IlokazaHo, 1m0 BHKOpHCTaHHS  IMMOOLTI30BaHOIO
KaTajizaTopa Aajo 3MOry JOCATHYTH BHIIMX NMOKa3HHUKIB mNpouecy 3a MeHIIOI KUIbKOCTI
HaHeCeHOr0 KOMILIEKCY POoJilo.

KarouoBi cjioBa: OKHCHEHHSI, MOJIEKYJISIpHUII KHCeHb, OKTeH-1, rinpomepokcun,
KaTtajgizaTop, iMMo0iTi3oBaHuii Ta roMorennmii kommiaekce poairo, [Rh(CO),Cl],.

The influence of immobilized and homogeneous Rh-contained complex, [Rh(CO).Cl],, on
the oxidation reaction of 1-octene by molecular oxygen on the initial stages of process was
investigated. It was established that the immobilized as well as homogeneous rhodium complex
activate the oxidation reaction in the presence of radical processes initiator — hydroperoxide
tert-butyl. It was shown that the usage of the immobilized catalyst allows to reach higher
process parameters at lower amount of the applied rhodium complex.
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and homogeneous rhodium complex, [Rh(CO).Cl]..

MocTranoBka npodaemu. OKUCHEHHSI OPraHIYHMX HEHACHYEHUX CIIOJYK MOJIEKYJISAPHHM KHUCHEM €
BOXJIMBOIO DPEAKII€I0, sIKa JI03BOJSIE OJEPXKYBaTH pPI3HOMAHITHI OKCHI'CHBMICHI CIIONYKH, Taki SK
€MOKCUAN, KUCIIOTH, CHHUPTH, TiAPONEPOKCUIN, KapOOHIUIbHI CIOJIYKM Ta 0araTto iHIIMX, IO 3HAXOISThH
MIMPOKE BUKOPUCTAHHS B OPraHiyHOMY CHMHTE31 Ta MpoMHciIoBocTi [ 1, 2]. OcobnuBy yBary IOCTiIHUKIB
MIPUBEPTAE MOXKIIUBICTD BUKOPUCTAHHS MiJl Yac OKMCHEHHS BYTJICBOJHIB O€3MIEYHOr0, €KOJIOTIYHO YHUCTOTO
Ta JICIIEBOrO OKUCHUKA, SIKUM € MOJICKYJISIpHHH KuceHb. [IpoTe TyT BUHHKAIOTh iCTOTHI TPYAHOILI, a caMme:
HEMOXXJIMBICTh ~ CKepyBaHHS peakuii B OakaHOMy HAampsMKy TNPU3BOIUTH 1O  YTBOPEHHS
PI3HOKOMIIOHEHTHOI CYMillli OKCHT€HBMICHHUX NPOIAYKTIB peakuii i, SK HACIiNOK, 0 HEBUCOKOI
CEJIEKTUBHOCTI YTBOPEHHS Oa)kaHOTO MPOAYKTY peakuii. BupimeHHs wniel nmpobiemMu cTae MOXIMBHM
3aBJSIKM BUKOPHUCTAHHIO KaTaji3aTopis [3, 4].

AHami3 ocTtaHHIX AochimkeHb. JlireparypHi JaHi cBim4aTh, MO CHOIYKH METaliB 3MiHHOL
BaJICHTHOCTI € 0aratoo0iIMIYNMH KaTali3aTOpaMH, SIKi 3HAXOAATh BUKOPUCTAHHSA B PEAKIisIX OKHCHEHHS
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OpraHiYHUX PEYOBHH MOJIEKYJSIpHMM KHCHeM. Tak, romoreHHi Rh- cmomyku, Taki sk mosiiokcomMeTasnar
pouxito [5, 6], aunepianH pomiro [7] Ta XJIOPUAHI KOMILIEKCH POJit0 [8] KaTalli3yloTh peakilito OKHCHEHHS
ankeHiB. IIpoTe nmepeBara HagaeThCsl IMMOOLTI30BaHUM KaTalli3aTOpaM, OCKUIBKM BOHM TE€XHOJIOTIUHIIII Ta
3pYUHIlll Yy BUKOPUCTAHHI MOPIBHAHO 3 TOMOTEHHHMH Kartamizaropamu. ¥ poOoTi [9] BcTaHOBIEHO, L0
KaramizaTtopu, mo Mictath Rh, Mni Mo immoO0inizoBani Ha y-Al,Os, € HaOIIbII e)EeKTUBHUMU TIif] Yac
OKHCHEHHS MPOIIIEHY MOJIEKYJSIPHUM KHUCHEM 10 Horo okcuny. [lokazano, mo iMmoOini3oBaHi OiHapHi
KaTaliTHYHI MaTepiaiy, y MPUCYTHOCTI SKUX BHUXiJ OKCHIY MPOIIEHY B peakiii OKUCHEHHS € HaiBUILUM,
3aBkau mictath pomiid: Rh—V , Rh—Cr, Rh—Sn, Rh—In, Rh—M o, Rh—Sm. 3aBasku npoMy CHHTE3 HOBHX
iMMOO1JII30BaHUX KaTali3aToOpiB Ta BUBYCHHS X aKTHBHOCTI y pEaklii OKMCHEHHS € aKTyaJbHOIO Ta
HEBUYEPITHOIO TATy3310 IJIs1 HAYKOBUX JAOCIHIIKEHb.

Mera po6otu. JlocmipkeHHS aKTHBHOCTI iMMOOLI30BaHOTO Ta TOMOTEHHOTO POJiHBMiCHOTO
kommiekcy, [Rh(CO),Cl],, y peakuii OKHCHEHHS OKTeHY-1 MOJIEKYISIpHUM KHCHEM Ha IMOYaTKOBUX CTalisX
porecy.

ExcnepumeHTanibHa YyacTuHA. Peakiiito OKUCHEHHS MPOBOAMIM B CKISHOMY TEPMOCTaTOBaHOMY
PeaKTopi, OCHAIIEHOMY TEPMOCTaTOBAHOIO COPOYKOIO, Ha Ta3oMeTpuyHii yctanosui [ 10] 3a remneparypu
333 K i mBuzakocti nepeminryBanns 1000 06/xB, mo 3abe3nedyBajio KIHETHYHHH PEKUM HpOLECY, B
JUISHIN He3aJIeKHOCT] MBHMAKOCTI OKHCHEHHS Bijl MapIiaibHOro THCKY KucHio mpu 9-10* ITa. ITouatkoBy
MIBUAKICTh peakilii okucHeHHS okTeHy-1 ( Wo,) BH3HAYanM 3a MIBUAKICTIO MOTJIMHAHHS KUCHIO. 3 IN€0
METOIO MTPOBOJIMIIN EKCTPAIOJIAIII0 KIHETUYHOI KPUBOi TIOTJIMHAHHS KUCHIO JI0 HYJLOBOTO MOMEHTY 4acy.
BenvunHy MIBHIKOCTI MOTJIMHAHHS KWUCHIO PO3PAaxOBYBaJdM 3 TaHTEHCY KyTa HaXWiIy Ii€l KpHBOI B
KOOpJMHATaX 00’ €M MOTJIMHYTOr0 KMCHIO — yac peakiiii (Vo, — t) 3a piBHAHHAM:

W. = tga-p, T,
© pyV, VT,

Je tgo — TaHTeHC KyTa HaxXWily KiHeTWYHOI KPUBOI MOTJIMHAHHSA KUCHIO B KOOpAWHATAX Vo, —t; Py — THCK
KHCHIO B CUCTEMi MM. PT. CT.; T, — Temmeparypa 3a HopMaibHuX YMOB (273 K); p, — THCK 32 HOpMaJIbHUX
yMoB (760 mMm. pt. c1.); V,— 22,4 n/monb; V — 00’€M peakIiifHOI cyMili, B3ATOI [Isi OKUCHEHHS (2 M),
T, — Temneparypa TepMoCTaTyBaHHs PEryaaTopa TUCKY 1 ra3oBoi 6ropetku (305 K).

Oxten-1 — peaktuBHui mpenapat ¢ipmu A ldrich, sxuii mepex BUKOPUCTAHHSIM JOAATKOBO
pextudikyBand. MoJeKyIspHUA KHCEHb TMepel MOJaBaHHSAM B PpEakUiliHy CHCTEMYy OYMIIAId
npomnyckaHaaM uepe3 HatpoHHe BamHO ( Ca(OH), + NaOH) i xnopun kansuito (CaCly). I'imponepokcuz
mpem-0ytuny (I'TITB) orpumyBanu 3a MeToaukoro [ 11] HIIsaXxoM B3aeMoiii MEPOKCHIY BOIHIO 3 mpem-
OyTaHOJIOM 3a HasSBHOCTI cynb(arHol kucioTH. Katamizatopu, iMMOOUII30BaHUN Ta TOMOTCHHHIMA
poxairiBMicHui komiieke, [ Rh(CO),Cl], — 3pa3ku HaykoBoi rpymu kaua. XiMm. Hayk lO. C. BapiiraBcbkoro
Cankr-IlerepOypreekoro aepkaBHoro yHiBepcurety, M. Cankrt-IlerepOypr, Pocis. fAx Hociéi s
HAHECCHHS KOMILIEKCY POJIit0 BUKOpHCTaHO Al,Os.

Pe3ynbTaTn pociaimkenn. J[o1aTKOBUMU T0CIiAaMU BCTAHOBJICHO, 1110 3a BiJICYTHOCTI 1HII[IIOIOYUX
00aBOK paJvKaJIbHUX MPOLECIB Peakilis OKUCHEHHS OKTCHY-1 MOJIEKYJISPHUM KHCHEM 3a HasBHOCTI SIK
iMMo0inizoBanoro, Tak i romoreHHoro [Rh(CO),Cl], npoTsirom ABOX ToIUH He BiOyBaeThcsa. Brmue mux
KaTalli3aTOpiB Ha PEaKIil0 OKHCHEHHS TMPOSBISIEThCS TUIBKA 32 HASBHOCTI B peakIiiiHid cuctemi
TOMOI'CHHOT'O 1HIIiaTOpa pPaauKaIbHUX MPOIECIB— Timpornepokcunay mpem-oytuny. Hociit, Al ,05, He
BIUIMBA€ Ha Mepedir peakilii OKUCHEHHS $K 3a BiACYTHOCTI, Tak 1 3a HasBHocTi I['TITBH. Ilomambrmi
JIOCTIIDKEHHS peakilii OKUCHEHHS OKTEeHY-1 i 4yac BUKOpHUCTaHHS roMorenHoro ininiatopa I'TITH.

OTtpumaHi pe3ynbTaTd JOCHTIHKEHHS BIUTMBY iMMOOLII30BAaHOTO T4 TOMOTEHHOTO KOMIUIEKCY POJI0
Ha PEaKIlito OKUCHEHHS OKTEeHY-1 MoseKkynsapHuM KucHeM 3a HasHocTi [ TITH HaBenkHo Ha puc. 11 2.

Hani puc.1 (xkpuBal) TOKa3ylOTh, IO TOTJIMHAHHS MOJICKYJSIPHOIO KHCHIO TIiJ dHac
HEKATAJTITHYHOTO OKUCHEHHS OKTeHy-l BigOyBaeThCsl BKpail He3HauHO. BBeneHHs iMMOOiTi30BaHOTO
POIIMBMICHOTO KOMIUIEKCY MPUBOAWTH JI0 IHTEHCHBHINIOTO TOTJIMHAHHS MOJEKYJSIPHOTO KHUCHIO, MIO
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BKkasye Ha Te, mo immoOinizoBanuii [R h(CO),Cl], aktuBye mnepebir peakuii OKUCHEHHS OKTeHY-1
MOJIEKYJISIDHUM KHUCHEM Ha MOYaTKOBHUX cTajisfx mporecy 3a HasBHOCTI ['TITH. Ilpuyomy i3 30inpmeHHIM
KimpkocTi HaHeceHoro Rh- koMruiekcy B iMmoOinmizoBaHOMYy Kartamizatopi (kpusi2, 3, 5,6, 7, 8), sk i
MO’KHa OUiKyBaTH, 301IbITYETHCS 00’ €M MOTJIIMHYTOTO KUCHIO VO, ITiJl 9aC OKCHEHHS.

Puc. 1. Kinemuuni xpugi noenunanHs KUCHIO y peaxyii
OKUCHeHHs1 OKmeHY-1 MoneKyIApHUM KUCHeM HA
nowamkosux cmaoisx npoyecy 3a nasenocmi I'TITH ma:
1 — 3a siocymnocmi kamanizamopa; 4 — y npucymuocmi
2omoeennozo [Rh(CO),Cl], (0,0100 moawvln);

3,5, 6,7, 8 —y npucymuocmi immobinizogarozo
[Rh(CO),Cl],: 2 — 0,0002 monwln; 3 —0,0004 monvlx;
5 - 10,0020 moavlr; 6 —0,0050 moawln; 7 —0,0100
monvln; 8 —0,0150 moasln.

[OK], = 5,7 monwln, [I'TITF], = 0,05 morsln,

Po, =9x10" [la, T= 333 K

3 MeTol0 NOpIBHSHHS AaKTUBHOCTI 1 edekTHBHOCTI iMMoOini3oBanoro Rh -kommiekcy Ta ioro
TOMOI'€HHOT'0 aHaJlora Ha puc. 1 Tako)X HaBeleHa KiHETHYHA KPUBA MOTJIMHAHHS MOJEKYJSIPHOTO KHCHIO 3a
HasBHOCTI ToMoreHHOTo [R h(CO),Cl], (kpuBa 4), sika Juisi Kpamoro CIpHAHATTS MO3HaYeHa MYHKTHPHOIO
niHiero. BUaHO, 1110 TOMOTCHHHI KaTaji3arop, sk 1 Horo iMMoOiTi30BaHa (popMa TaKOXK aKTUBYE PEaKIiio
OKHCHEHHS JIMIIIE 332 HAsSBHOCTI B PEAKIiHHIA CHCTeMi FOMOTEHHOrO iHilliaTopa paJuKaIbHUX MPOLECIB —
rigponepokcuny mpem-0ytuiny. Ilpore, Horo karajgiTH4Ha dis MPOSBISETHCA AeUI0 cialOkime. Tak, sk
MOYKHA 3ayBaXKHUTH 3 pHC. 1, KpHuBa 4 € po3MillieHa MiXkK KpHBUMH 3 1 5, MPU4IOMYy HE3HAYHO HUKYE BiJl KpUBOi
5. 3 11bOro MO’KHa 3pOOUTH BUCHOBOK, 1110 3a KIJILKOCTI TOMOI'€HHOT'O KaTajli3aTopa, Maike BTPHUl BUILIH BiJl
KUTBKOCTI  IMMOOLTI30BaHOTO KOMILICKCY IOTJIMHAETHCS TMPAKTUYHO OJHAKOBUM 00’€M MOJIEKYJIIPHOTO
KHCHIO /1 4ac OKUCHEHHs okTeHy-1 3a HasBHOCTI [TITBH. Le cBigunTh npo OibIny KaTaliTHIHY aKTHBHICTh
immo6inizoBanoro [Rh(CO),Cl], nopiBHIHO 3 aHATIOTIYHUM TOMOTEHHHUM KOMILIEKCOM.

Jiist cTBOpEHHS MOBHIMIOT KAPTUHY Ta KPaliol HAOYHOCTI BU3HAYEHO MMOYATKOBY HIBHJKICTh PEaKIlii
okncHeHHS OkTeHy-1 3a HasBHOocTi ['TITB 3a pi3HHX KINBKOCTEH HAHECEHOTO KOMIUIEKCY DO B
IMMOOILTI30BaHOMY KaTaJli3aTopi, 3HAYCHHs $KOi HaBeACHO Ha puc.2. Ha oMy >k PUCYHKY s
MOPIBHSHHSL HaBeJeHa BEJIMYMHA IIBHJKOCTI PEakiii OKMCHEHHS JUIsi TOMOTCHHOT'O KaTali3aTopa, siKa
MO3HAYCHA YOPHOIO TOYKOIO, Ha SIKY BKa3ye CTPLIOUKA.

BunHo, mo 3a KoHIeHTpalii iMMoOiTi30BaHoro komiuiekey poairo, [Rh(CO ),Cl],, mo mopiBHIOE
KOHIIGHTpAIlii BUX1JIHOTO TOMOTE€HHOTO KOMIUIEKCY, MIBUAKICTh peakiii € B 1,7 pa3dy BuIO0. Y TOH dac siK
y pa3i KOHIIEHTpaIlil HAHECEHOTO POJIEBOI0 KOMILJICKCY MaiKe BIT’ SITEPO MEHIIIH MOPIBHAHO 3 TAKOIO IS
HEHAHECCHOT0 BUXIJTHOTO TOMOTCHHOTO KOMIUIEKCY BIAETHCS JOCSTHYTH TaKOl K BEIMYMHHU IIBUAKOCTI
peaxiiii OKHCHEHHsI OKTEeHY-1.

3aNeKHICTh MOYATKOBOI IIBUIKOCTI OKMCHEHHSI OKTEHY-1 MOJIEKYJISIPHUM KHUCHEM BiJ| KOHIICHTpAIlii
iIMMOO1TI30BaHOTO KOMIUIEKCY POJIII0 € HEeNiHIiHA, 10 BKA3y€ HA MEHINWH BiJl OJMHMIII TOPAIOK PeakIii 3a
UM KoMmroHeHToM. [IIBuAKiCTh peakilii OKUCHEHHS HENIHIHHO 3pOCTae i 3a 30UIBIIEHHS KOHIEHTpAIlii
[Rh(CO),CI], mo 0,005 wmonw/n. Ilomgampine 30iMbIIEHHS KOHIEHTpAIii iMMOOLTI30BaHOTO KOMILIEKCY
pOIil0 MPakTUYHO HE BIUIMBAae Ha mpouec. lle cBigunTh Opo Te, L0 ONTHUMAajbHAa KOHLEHTpALis
iMmmo0inizoBanoro [Rh(CO),Cl],, mo 3abe3mnevye HaWBHITY MIBUIKICTH peakilii, craHoBUTh 0,005 Moub/m1.

OTtpumaHi JaHi MOKa3yloTh, [0 IMMOOILTi3alLis a€ 3MOTY OTPUMATH BHILI MOKa3HUKHU MPOLECY 3a
3HAYHO MEHIIOI KUTFKOCTI HAHECEHOT'O KOMIUIEKCY POMAiI0 B iMMOOLTI30BaHOMY KaTami3aTopi, IO CIPHUSE
pecypco30epex’eHHIO 1 CBITUUTH PO OLIBITY NEPCIEKTUBHICTH IMMOOITI30BaHUX KaTali3aToOPiB.
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Puc. 2. [Touamkosa wieuokicms peaxyii OKUCHEHH S
oxmeny-1 monexynapuum Kucnem
Ha noyamkogux cmadisx npoyecy 3a nasignocmi I'TITH
ma: o —y npucymnocmi immooinizosarnozo [Rh(CO),Cl],
npu pizHux KilbKOCmsx
HAHEeCeH020 KOMNIEKCY; ® — Y HPUCYMHOCTII
2omoeennozo komnaexcy [Rh(CO),Cl],.
[OK], = 5,7 monvln, [I'TITF], = 0,05 monvln, Po, =
9x10* I1a, T=333 K

BucnoBku. OTXe, aKTHBYIOUH BIUIUB K iIMMOOLTI30BaHOTO, TaK i TOMOT€HHOTO KOMILIEKCY POJIIf0
[Rh(CO),Cl], na nmoyatkoBi craaii peakiii OKUICHEHHsSI OKTEHY-1 MOJIEKYJISIPHUM KHCHEM CIIOCTEPIra€Thes
JUIIe 32 HAsABHOCTI B peaklidHIA CHUCTEMi TOMOTEHHOTO iHIIliaTopa paguKalibHHUX IMPOILECIB,
rizponepoxkcuny mpem-0yTuily. BukopucranHs iMMOoOi7i30BaHOr0 KaTanizaTopa A03BOJISIE MOKPAIIUTH
NOKAa3HUKM TIPOLIECY OKMCHEHHS Ta 3HMU3UTH HOro coOiBapTicTh, HUIIXOM 3MEHIICHHS HEOOXiIHOi
KUIBKOCT] POJIEBOTO KOMILIEKCY.
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