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«Porphyrin and Aluminum porphyrin-based porous polymer networks for carbon
dioxide capture and conversion»

Abstract

During the past decades, environmental issues have attracted a lot of research and
technological interest due to the climate changes, global warming and limitations of
the energy resources. The rising levels of CO2 emissions which cause global warming,
demand the development of novel processes based on advanced materials for CO2
capture and conversion. Porous organic polymers with appropriate properties, including
large surface areas, narrow pore size distribution, high chemical and thermal stability
and functional groups are excellent candidates for potential applications in CO2
capture and conversion. In this work, we present the synthesis of porous polymer
networks based on porphyrin (Po) and aluminum porphyrin (Al-Po) moieties. The
development of the porous polymeric materials is based on the synthesis of a tetra-
methacrylate porphyrin cross-linker. The porous porphyrin network was synthesized by
free-radical polymerization of the tetra-methacrylate porphyrin derivative using
azobisisobutyronitrile (AIBN) as the initiator. Next, the aluminum porphyrin-based
network (Al-Po) was synthesized by the metalation of the Po network using
dimethylaluminum chloride. After drying the networks under supercritical CO2
conditions, the morphology of the Po and Al-Po networks was characterized by
scanning electron microscopy (SEM), while the successful network metalation was
verified by Attenuated Total Reflection Fourier-transform infrared (ATR-FTIR)
spectroscopy and by Energy-dispersive X-ray spectroscopy (EDS). The porous Po
network showed a high BET surface area of 622 m2g-1, while that of the Al-Po
network was lower at 167 m2g-1. Furthermore, the porous Po network showed higher
COZ2 absorption in comparison with the Al-Po network, 1.54 mmol/g and 0.64 mmol/g,
respectively at 273 K. The catalytic performance of both polymeric networks, Po and
Al-Po, was investigated for the cycloaddition of COZ2 in epichlorohydrin using
tetrabutylammonium bromide as a co-catalyst. The conversion of epichlorohydrin to
the carbonate derivative was determined by proton nuclear magnetic resonance (1H -
NMR) spectroscopy. The experimental results showed a high catalytic activity of Al-Po
with a 93% conversion at 1000C, 1 atm and 24 h reaction time, while the Po network
exhibited a similar good performance with 88% conversion under the same reaction
conditions. The catalytic conversion of epiclorohydrin to the cyclic carbonate was
found to increase with the reaction temperature.

YVvtoun TCSQWQOL(pn

Twg Tshsv'tousg OeKaETIES, TO :JTSQLB(HW\OVTLKOL ﬂauovw Exouv UTQOGS?\KUGSL usyomo
egsvvmmo KOl 'csxvohoyuco evOLAPEQEOV AOY® TV EVTOV®V K?&Luovcucoov QAAQYDV, TNG
VTTEQUEQUAVONS TOV TTAGVATI KAl TWV TEQLOQLOUEVOV EVEQYELARMY TTORWY. Tal
ow?;'owousva eTimeda smromroov CO2 mov 'JCQOKOL?\OUV ™mv Uﬂsg%e@uowon TOU TTAQVATIR
QTTOLTOVV ThV owom'w‘én KOLVOTOU®V ueﬁoﬁw\/ Baowuavwv Ge nQonyuSVOL VAMKA YL T
Ssouavcn KOl x@n(m tov CO2. Ta nogwﬁn OQYAVIKA. no?\vusgn TTOV ueTOLEU TOV AAA®V
TOQOVCLATOUY UEYAAN ETULPAVELQL, GTEVA KATAVOUN TTOQWYV, VPNAN Yk Kol depuikn
OTAJEQOTNTO, KO XOQOKTNQLOTIKES AEITOVQYIKES OUASES elvar £EoUQETURA LITOWYIPLA
VAIKA Yo TTaveEg scpa@uoyeg Gtn 680usvon CO2 koL Tn UETATQOTIN TOV GE x@now,a
'JTQOLOVTOL YTnv epyacia ouTn, aoxo?mﬂmcoma ue n Guvﬁson TOQWIWV :lTO?\UusQLKoov
at?»syuovcwv OV ATTOTENOVVTOL 0TS (I) ouddeg moppueivng (Po) ko (II) usroﬁ»?uwusvng
ue ayidto Ttop@pueivng (Al-Po). H avdsrtugn twv TOAUEQIKGOY TTOQWEOV VAK®V
Bacictnke otn guvdeon evog TeTE- usﬁouc@u?mcov 'J'EOLQOLY(DYOU ™ng 'JTOQ(pUQLVI’LQ OV
XenowoTromndnke wg TeTEA-8QAGTIKOS SlacTaVEWTRG. To TTopddes ToALUEQWO TTAEYUA
Top@ueivng (Po) cuvtédnke ue am?muegwuo a?xavf)a@oov QLC®WV TOV TETQEO-
uedARQUALKOV TTARAYDYOU TNG TTORPUVELIVIS XONGULOTTOLOVTAS TO 0LTw-
8LGLGOBOUTU7\OVLTQLM0 (AIBN) wg smcwrvm Emiong cuvtédnke to ﬂo?wueguco TAEYUOL
TG TOQEELEIVNGS Tou apylAiov (Al-Po) usooo OLVTLSQOLGng uetaAAoTroinong tng Po GTo
TAEYUA ue X?\(,OQLOUXO dueduragyido. Metd amd tnv Engowcn TOV TTAEYUATOV VIO
VTTEEKQICLUES GLUVINKEGS Ue SLogeldlo Tov dvdpaka yaeakTnEicGUnke n LoEEoAoylio Toug



ue n?xswcgovum WKQOGKOTT{OL Gagwong (SEM), EVM N ETLTUYNG ue'coﬁmwocn
Smﬁeﬁouwﬁnka Ue QUGUOTOGKOTILOL vIeEUYov uswwxnuovcwuov Fourier ue
QITOGPEVOUGA OMKI AVAKACLON KO (L€ POGUATOCKOTIICL ARTIVWV-X (Le EVEQYELOKRIL
SLacTToQA (EDS). To aro?&vusgmo n?xey;m g Po CITOLQOUGLOLGS vYPnAn sm(powswt BET
622 m2g-1 evo to Al-Po €35elge YOUNAOTEQN sm(powswt BET 167 m2g-1 ueTOL aITo
gngavon ce vreprpiowes cuvinkeg we logeldlo tou dvdeara. EmarAcov to
TroAVUEEIKO TTAEyUa Tng Po €detge vypnAdtepn at@oo@ocpnon CO2 ce GUVKQLGn ue avto
tov Al-Po, 1,54 mmol/g kar 0,64 mmol/g gtoug 273 K, avtictolya. Xtn cuveyela
ue?xa'mﬁmcs n KOTOAVTIKA 6QOLcm TOV TAEYUAT®V TNG Po Ka wng Al-Po gtnv
avtidpacn kukAoTEocdrikng Tov CO2 Ge eTMA®ELSQIVIL XENOCWOTIOLWVTAS KOS GUV-
KATAAUT TO BQwuLovxo 'ce't@(xﬁovwhauuoowo H uetatporn tng emx?\(;o@vﬁ@wng TTEOG
TO KUKMKO avIQOKLKO TTOQAY®YO TROGOLOQIGTIKE e (PACUOTOGKOTILOL TTUQMVIKOY
uowvmmov varokuov mowtoviov (HI-NMR).Ta :rcagcmovtucoc QTTOTEAEGULATO aSeL*g'ow
VYPNANL KOTOAVTIKA aTtddoon Tou 'JTO?LULLSQLKOU :n?»eyuovcog tng Al-Po ue ue'cowgou‘m
93% otovug 100 °C, 1 atm Kot 24 (EES AVTIBEAONS, EVEO TO TTOAVUEQKO TIAEYUA TG Po
TTaQOVGLAcE ﬂa@ouom omore?xeouovca ue 88% etatomh oTig deg cuvinkes. Ou
KOL'COL?\UTLKSQ avTL8AGELS SSSLEOW OTL ue Thv avgnon tng JeQUokQaGlas avgdveTal n
UETATEOTTA TNG ETLYAMQELIQEIVIG TTEOS TO TTEOLHV.



