CT-19
OEPPOLHEHCOJIEPXAIIIUE PE3OPLIMH-®OPMAJIBAEI'MIHBIE ADPOI'EJIN
Jlemenonckuit JILA.', TTanosa JI.B.!, Adanacos M.W.!, Kpytsko JI.I1.!, TTonkos M.A 2,

Bpycosa M.M.!, Bypaynkuii P.O.!, Kosns M.?, Bano6aes 10.?
'Mocxkoeckuii 2ocyoapcmeennniii ynueepcumem umenu M.B. Jlomonocoea,
xumuyeckui ghaxynomem, Mockea, Poccus
2 @eoepanvroe zocyoapcmeennoe brooacemuoe yupedxcoenue nayku Mncmumym obwet u
neopeanuyeckou xumuu um. H. C. Kypnaxoea Poccutickou akademuu nayk, Mockea, Poccus
3 Tannunckuii mexnuyeckuii ynusepcumem, Tannun, dcmonus

E-mail: dali@org.chem.msu.ru

Absporenb  mpeAacTaBiasieT co0OM  HAHOCTPYKTYPHBIM — BBICOKONOPUCTBI — MaTepual,
o0yamaomuil  Ype3BbIYaliHO HU3KOW IJIOTHOCTBIO M BBICOKOW YIENBHON MOBEPXHOCTHIO. B
MOCJIEIHUE TOJbl a’pOreiad IMpHUBJIEKAIOT Bce Oojbllee BHUMaHUE Ornaromapss CBOUM
HCKIIIOYUTEIIBHBIM CBOMCTBAM U MX CYIIECTBYIOIIEMY U MOTECHIIMAIILHOMY IPUMEHEHHUIO B CAMBIX
Pa3HbIX HAYYHO-TEXHOJOTHYecKux obnactsax [1,2,3].

JlanHast pabora sBISETCS pa3BUTHEM HAIIUX HcchenaoBaHuil [4] u  mpeacraBuseT
OpPUTMHAJIbHBINA, HOBBIM, HAJEKHBIA IMOJIXO0J, MO3BOJSIONIMI BCTPAWBaTh HEMOCPEICTBEHHO B
IIOJINMEPHYIO CTPYKTYpy KJIACCUYECKHX  pe30pUuH-(popMaIbIeruJHbIX asporesueu
MeTajuioopranudeckue (gparmMeHTsl. COCTaBIAIONIME METOJA YCHEIIHO OTpa0OTaHbl HaMU Ha
IpUMepe BCTpauBaHHUA B  PE30PUMH-GOPMATBACTUAHBIA  monuMep  (GeppOLEHUIbHBIX
npou3BoaHbIx CpFeCsH4CH20H u CpFeCsH4CH(CH3)OH. PeakimonHast crmocoOHOCTb 3THX
COCIMHEHUI Mojo0paHa HAMH TaKUM 00pa3oM, YTO IMO3BOJIIET MM KOHKYPEHTHO-CIIOCOOHO U
OecIpensTCTBEHHO y4acTBOBaTh B OCHOBHOM pe30pUuH-(hOpMaIbIETUIHOM
MOJIMKOHJICHCALlMOHHOM ~ TIpoliecce.  BBeleHWe  MeTauioopraHuyeckoro  (parmeHra
HETMOCPEICTBEHHO B CTPYKTYpy Marepuaja Ha dTarne (pOpMUpOBaHHS a’poreis MO3BOJIHUT B
OyIylleM HCIIOJIb30BaTh JaHHbIE MaTepHalibl B KaUECTBE KaTaJU3aTOPOB, B KOTOPBIX HYXHBIN
KaTaJIUTUYECKUH LIEHTP HaIeXKHO (PUKCHUPOBAH B NOJIMMEPE U 3AIIUIIEH OT BEIMBIBAHMUS.

Bri0op B KauecTBEe TECTOBOIO METAJUIOOPTaHUYECKOTO COETUHEHUs (peppolieHa OnpaBlaH,
IpEeXAEC BCEro, €ro BBICOYAUIIEHM XMMMYECKOM YCTOMYMBOCTBIO, 3JIEKTPOXUMHUYECKOU
AKTUBHOCTBIO M CIIOCOOHOCTBIO TMEPEKIII0YaThCsl MEXIY JBYMS COCTOSHUSIMH OKHCIICHUS,
KaXIas M3 KOTOpPBIX crabwiabHa [5,6,7], a Takke IOCTYIMHOCTHIO IIMPOKOTO CIEKTpa €ro
(YHKIMOHANBHBIX ~ MPOU3BOAHBIX, YTO IIO3BOJIIET YBEPEHHO IUIAaHMPOBAaTh, a 3aTeM
peanu30BbIBaTh BCTpanBaHue (eppoOIICHOBBIX (PparMeHTOB MPAKTUYECKH B 1000 MoIuMep.

B HoBOM MeTone Ha cTaauu reneoOpa3oBaHMsl B KAueCTBE PACTBOPUTEINSI BIIEPBBIE ObLI

WCIIONB30BaH JIMOKCAH. DTO peHIaloluM 00pa3oM CHOCOOCTBOBAIO OOJIETYEHHUIO BBEICHUS
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OO0JIBIIIOTO KOJIMYECTBA METANIOOPTaHMYECKHX (ParMEHTOB B MOJIMMEPHYIO 1enb. Kpome Toro,
HCIIOJIb30BAaHUE JIMOKCAaHA CEPhE3HO YHPOCTHIIO U YCKOPHJIO MPOLEAYpYy IMpeBpalieHUs reis B
asporens B cpege CK®-COz. Mbl yBepeHbI, UTO MepeXo]] Ha HCIOJIb30BaHHWE TUOKCaHa B
MOTOOHBIX MPOIIECCaX UMEET OYEHB OOJIBIITUE TTEPCIICKTUBEI.

OOpa3upl adporesield MOAPOOHO OXapaKTEPU30BaHBI (DU3UKO-XUMHUYCCKHIMH METOJIaMU:
METOJIOM CKaHHUPYIOIIEH SJIEKTPOHHOM MHUKPOCKOIIUU, MEcCOAyIPOBCKON CIEKTPOCKOIHH,
HU3KOTEMIIEpaTypHOH ajacopOruu a3zora. MakcuManbHOE COJEp)KaHue >jKelle3a B HaIINX
asporensaix coctaBuwio 11,0 % mo macce, uro B mepecuere Ha (EppoOlLECHOBBIE (parMeHTHI
cooTBeTcTBYET 36,3%. Bee nmomyueHHble 00pasiipl a3porenei, HECMOTpPsI Ha MPUCYTCTBUE B HUX
Pa3IUYHBIX KOJHUYECTB MPOU3BOJIHBIX (epporeHa, MOPQPOJOTUYECKH CXO0XKH C HMCXOJIHBIM
KJIACCMYECKHM adporeyieM, UMEIOT HHU3KYI0 IJIOTHOCTh U BBICOKYIO TOPHCTOCTh. AHAaIU3
HNOPHCTOCTU TO aJCOpOIMKM a30Ta NPUBEN K BBIBOAY, UYTO Bce OOpaslbl a’poresieil MOXKHO
OXapaKTepHU30BaTh KaK ME30MOpPUCThIE. MeTomoM MeccOay’pOBCKON CHEKTPOCKONUU OBLIO
YCTaHOBJIEHO, 4YTO BCE JKEJIe30, MPHUCYTCTBYET HCKIIOYUTENIbHO B (OpMe COHABUUEBOMN
CTPYKTYPBI, TIpH 3ToM Kak B opme deppouena (Fe’), Tak u pepponenus (Fe’"). O6paTumpiii
nepexona (epporeH-peppoLeHH MOAPOOHO UCCIENI0BaH B JIMTEPAType, BO3ZMOKHOCTh TaKOTO
nepexoia B CTPYKTYpe a’poreiist U3y4aeTcs Halen IpyIoim.

B 3axiroueHune Mbl XOTHM BBIPa3UTh ONTHMM3M 110 TOBOJAY HCIIOJNb30BAHHS JAHHOTO
MOJIX0/a JUIsl CHHTE3a KOMIIO3UTHBIX PEe30pLUUH-POPMaNIbAETUIHBIX a3pOoresiell ¢ BKIIOYEHUEM B
HUX JPYTUX OYEHb Pa3HBIX METANIOKOMILIEKCOB.
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Aerogel is a nanostructured highly porous material with extremely low density and large
specific surface area. In recent years, aerogels have attracted increasing attention due to their
exceptional properties and their existing and potential applications in various scientific and
technological fields [1,2,3].

This work is a development of our research [4] and represents an original, new, reliable
approach that allows organometallic fragments to be embedded directly into the polymer
structure of classical resorcinol-formaldehyde aerogels. We have successfully worked out the
components of the method using the example of embedding of ferrocenyl derivatives
CpFeCsH4CH20H u CpFeCsHsCH(CH3)OH into a resorcinol-formaldehyde polymer. The
reactivity of these compounds was selected by us in such a way that allows them to
competitively and freely participate in the main resorcinol-formaldehyde polycondensation
process. The insertion of an organometallic fragment directly into the structure of the material at
the stage of aerogel formation will make it possible in the future to use these materials as
catalysts in which the desired catalytic center is reliably fixed in the polymer and protected from
washing out.

The choice of ferrocene as a test organometallic compound is justified, first of all, by its
highest chemical stability, electrochemical activity, and the ability to switch between two
oxidation states, each of which is stable [5, 6, 7], as well as the availability of a wide range of its
functional derivatives, which allows to confidently plan and then implement the insertion of
ferrocene fragments practically into any polymer.

In the new method, dioxane was used as a solvent for the first time at the gelation stage. This
decisively contributed to facilitating the insertion of a large number of organometallic fragments
into the polymer chain. In addition, the use of dioxane greatly simplified and accelerated the
procedure for the transformation of the gel into an aerogel in the SCF-CO: fluids. We are
confident that the transition to the use of dioxane in such processes has very good prospects.

Aerogel samples were characterized in detail by physicochemical methods: scanning

electron microscopy, Mossbauer spectroscopy, and low-temperature nitrogen adsorption. The
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maximum iron content in our airgels was 11.0% by weight, which corresponds to 36.3% in terms
of ferrocene fragments. All obtained samples of aerogels, despite the presence in them of various
amounts of ferrocene derivatives, are morphologically similar to the original classical aerogel,
have low density and high porosity. An analysis of porosity by nitrogen adsorption led to the
conclusion that all aerogel samples can be characterized as mesoporous. It was established by
Mossbauer spectroscopy that all iron is present exclusively in the form of a sandwich structure,
both in the form of ferrocene (Fe*) and ferrocenium (Fe’). The reversible ferrocene-
ferrocenium transition has been studied in detail in the literature; the possibility of such a
transition in the aerogel structure is being studied by our group.

In conclusion, we would like to express optimism about the use of this approach for the
synthesis of composite resorcinol-formaldehyde aerogels with the insertion of other different
metal complexes.
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