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Abstract The worldwide climate issues such as the global warming and the sea level rising are becoming serious. In order
to relieve the stress of environment, a lot of attempts have been made to reduce the emission of CO,, which is the main com-
ponent of greenhouse gases. CO, capture and conversion (C3) is an emerging technology, which directly converts the cap-
tured CO, into high value-added compounds or fuels such as formic acid, methanol and methane. Porphyrin metal-organic
frameworks (PMOFs) are based on porphyrin or metalloporphyrin ligands and metal nodes. The combination of excellent
thermal/chemical stability, strong absorption of visible light and long lifetime of excited state, and high CO, capture capacity
paves the way for the applications of PMOFs in C3. In this review, we have firstly introduced the synthesis strategies of
PMOFs, which are guided by framework topology, pillar-layer and metal-organic cage (MOC). With the good control of the
pore sizes and thermal/chemical stability, the catalytic performances of PMOFs can be easily tuned: PMOFs that are prepared
via the pillar-layer and MOC strategies are of relatively lower stability, and the ones that are guided by framework topology
are of higher stability. Next, we have classified the types of PMOFs according to the secondary building units (SBUs). There
are four types of PMOFs, and the SBUs include (1) the low-valence metal ions such as Cu> and Cd**; (2) the paddle-wheel
M,(COO0), (M=Cu?", Zn>") units; (3) the infinite metal (such as A", Ga®>“and In®>*) oxide chains; (4) the hard metal (such
as Cr’", Fe**, Ti**, Zr**, Hf*', and rare earth metals) oxide clusters. The structure characters and stability have been de-
scribed afterwards. The coordination bonds in the first and second types of SBUs are relatively weak. For comparison, most
of the PMOFs based on the infinite metal oxide chains and hard metal oxide cluster exhibit high thermal/chemical stabilities,
which could be used for practical applications towards C3. Then, we have summarized the recent works about applications of
PMOFs in C3, which are divided into four parts, including the selective capture of CO,, organic transformations with CO,,
CO, photoreduction and CO, electroreduction. Selective capture of CO, from a mixture of gases is one of the most important
applications, considering that less energy and lower temperatures/pressures are required. Through the catalytic cycloaddition
reaction of CO, and epoxides, the important products of cyclic carbonates can be produced. Some of the catalytic reactions
can be carried out at 0.1 MPa and room temperature with high yields. With the assistance of environmentally friendly visible
light, CO, can be photoreduced into fuels such as formate ion, methanol and methane. In addition, two typical examples of
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CO, electroreduction have been discussed in this review. Through the process of photoreduction and electroreduction, clean
energies such as solar light and electricity can be employed to help transfer the green gas CO, into fuels. At the end, we have
discussed the merits and challenges of PMOFs in the applications of C3. Selective adsorption of CO, from other gases, espe-
cially NO,, SO, and other flue gases, is highly required. The efficiency of the catalytic cycloaddition reaction should be fur-
ther improved, especially cutting down the reaction time. Reaction efficiency and product selectivity of photoreduction and
electroreduction should be improved. Photoelectrocatalytic reduction of CO,, which combines both advantages of photore-
duction and electroreduction, should be a hot topic in the future. The ideal system should include both a photoanode for water
oxidation and a photocathode for CO, reduction that are linked by a wire without external applied bias, achieving the dream

of artificial photosynthesis.

Keywords porphyrin metal-organic framework; CO, capture and conversion; CO, cycloaddition reaction; CO, photoreduc-

tion; CO, electroreduction
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Figure 1 Schematics of porphyrin metal-organic frameworks
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Figure 5 The synthesis strategy of RPMs
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Figure 8 Schematics of infinite metal oxide chain (a) and structure of
infinite metal oxide chain based PMOFs
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SMT)P4.

B 11 H TR Co, M T SMD IR = B
Figure 11 Schematics of SMT for CO, capture

By 7 Bk S WS 4% Zhang %53z ] ] UNLPE-2
(UNLPF =University of Nebraska-Lincoln Porous Frame-
work) IR AR . A 35 S 7 81 M 45 14 2045 7 (Cambridge
Structure Database, CSD)FF#5-2|F I [EA pts $HHh4E
F1%) MOFs, $& 518 H )\ JToIREZ IR EC & BCPPP (3,5-—
(4-F2 5 2R 05 ) R S b PIC R R 3R T ¥ 25 R AR R B
ANBEAE AL ) 4 JR (M-M) P B8 87N 1) UNLPF-2. {i HL
AR LT AP R (FT-IR) AU 35 (GC) SR AEIE R CO,
S F# UNLPF-2 i3k T . 1E&E 518 — R G4 5L
IR, HELEHR IR COy 20 T2 F NV,N-— 2 R ok i
(DMF)E 750143 i J B HE QL SRS F 3R 10, S B FR B
) Lewis FRHBIUNZFRA Co(NOs), REAEHE L 73 il S REFH)
AT

£T MOCs [#] PMOFs B E & n BT 5IEHES)R
FOIZ 0T, W T 5 COo, KA EAER, RItiXFt
ROMEZE ELAT RLATFR) CO, MR 5T, Ma ZE0O0RI T )\ 3%
NRIREC /A TDCPP (5,10,15,20-14(3,5- R F 2R 5L ) i k)
5 Zn(NOs), & T BA peu #FM55#) MMPF-4 (M=
Zn). HEZEHREANZETE )\ 14 MOC i 6 1~ Zn-TDCPP Jit
W5 8 A Zny(COy)s HIK, WEREN21.5A, @HRSTA
7.8 AX8.0 A. Ak, HEZLH )\ & MOCs i@t “AA”HE
B, T 55— Rl 8 4> Zny(CO,); H R AL, P E
BA112 A, BR800 AX8.0 A, il &AH
AR D R B SR 2, LA R R R AR R B A VR EE 8 (the
Ideal Adsorption Solution Theory, IAST) T AHELE X 4L
BRI JE B S(15% CO, Al 85% A1 NL)ie B ME R b, 1F & E
B T M FE R 2 0 T 98 2 08 CO, BB IEIR PR
RS
4.2 PMOFs f£ CO, ¥ IR F
421 CO, AR B

CO, 5 LAt FFR NN RS S R = Py AR Bk B T A2
H 2GR AT A I E &Y, T RME R E
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TA TR, TR AR A 0 AR AN A R 1
FIP Y% MOFs HAF{E K BB AR 48 51,
XPER Lewis BRAV A% CO, HIFR N AR B AT JEH R 4T )
TEAAE .

2013 4, Zhou PV G pL T —FhJE T Zr-O FRIMIHESS
PCN-224. {E#&1E TCPP FCAR) A Bt F Hh TS 7 ik
OISR, &ENIF R Co-TCPP Fk T I 7 #4
SN A3 #] PCN-224(Co). {E 100 “C#12 MPa CO, [
T, fEmEETIMARAR G DT & LA
0.1 mol% PCN-224(Co)it TN, IS 4 h.
PCN-224(Co)Re AT = Fe AL S B, =58 S L 5 4k 22
I3 AN 42%-33%A1 39%, X R E AT (TOF) K I A
115,104 F1129 h ", R4k 20 5 2 AR GG bk A AL 7R 24,

BA n-n HERZE R PMOFs 1 T-40A M i LiE
PERR, L AEXT R IR B HEAT (AL, Ma 2588
MMPF-18 i Zn(NOs),*6H,0 Fl BCPP (5,15- —(4-F2 K
JE) NP A RV AR B R 2. BT BCPP ik
M) - HEREFBE, ghkgHh B BLDY S A 450, fL
TETH AR K KN, RIE T COo/CH, £ I, [H] i,
FLIE eIk ) BESE K, 115 MMPF-18 A8 iR
W R AR L. AEE ILIRIE 7% RS R A
A IRGFIEREMEAE R, A2 HIRY) B &Rt
B FLIE TR I GAS P BRI A S 300

LT+t 4J8 RE; ##(RE=Eu, Y, Yb, Tb, Dy)]
PCN-900 th 88 M 2k s o7 %) PCN-900 E A tam ¥
INGEH . I FE REe fE 2 8 5] N o0 R R S A
CoBPYDC (BPYDC=22"-HkMthE-4,4'-—HR), &
F/f#) PCN-900(Eu)-CoTCPP-CoBPYDC HA 4t CO, ¥
TR NE () 22 Tl PR A ML N AT BATE 50 C A
FEMIZAF N RET, RBIATAE IR =56

AT BEZH P58 T PMOFs MPRMEARIKEE CO, ¥R
I S R S (B 12). BATTE R T WA E Y she 47
NS5 Rh-PMOEF-1 #1 Ir-PMOF-1, % JE T P 2- A H
B NG " BuuNBr 3L AL, 100 C Rk
N 24 h &, Rh-PMOF-1 I [r--PMOF-1 40245 5N
99%7#11 79%, Rh-PMOF-1 RE7E UL S B 26 A1 i2E47 10 5610
Sz, IR FMEEREQS C)N, Rh-PMOF-1 I
Ir-PMOF-1 [FFALZE 7350 T B2 65%F1 30%. CO, (K
EERE S%HRN N RMNIEE N 100 C.
Rh-PMOF-1 1E Af#fb I, 72 h JEEARITET 15%.
I FH 15 s B2 K B B2 79 A 3 =i ) 10 bar B, 3 h
JE AL RIE T 83%. i Rh-PMOF-1 53 AH {# L7
Rh(TPP)CI A1EFG M she i +h&E /I E IR AR OB 4
Je& HC ) PCN-224 IR ALK 14647 EL L, Rh-PMOF-1 &
A 8RB, X ST &8 nh MR 7k F1
Zr-O FRPFP S NS AL S E FIE R, CARAESE R
% FLEE RN CO, IR G0N
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204

50/50 CO,/N, 30/70 CO,/N, 15/85 CO,/N, 5/95 CO,/N,

Bl 12 Rh-PMOF-1 7E CO, ¥ I S5 B2 o ) B s =
Figure 12 Application of Rh-PMOF-1 in CO, cycloaddition

422 CO, AR R

A LIRS ) CO, HefEA S LA LA AR AL OB
AR, JEE N E R E R, TG HAERRE;
N CO, RVRF T SN A R« FF R PR 2 45 A
BHUREL, 7T LR REVR fEAL. BRIk, CO, JefE il R M52
BT T2,

fe40 1w B B 6 A7) 32 B2 AL S 406 BRI
B & B AN AY. TiO, & — MR TN SR
B, BH G, TEEMS, EX CO, Ik fe /1 %,
HAE R B TR A TR SO I HB 45 &
ZEIPRHI Ruy Res Ir 24 & L &0 2T RAFHIR
Stk EARAE I R O EIA R Y. PMOFs (¥4
B 1 bk P A 4 IR o7 R T AR U 3 D AR L R AR
A HEF B R/ NE I FLIE AT LA K CO,, SR
TLIIRFIE A PMOF S b 7 B A vl 38 A A 5
(E113). Hil, Kk PMOFs kHE &M EMERN CO, il
AT TR T AR RO

IR () 4 JB S 3 CO, AL 22 W B AT A5 25
5 PMOFs [ 76 M4k 2428, 2013 4E, Huang 2512585t J5 1%
M Tk, MAHEREMEKENHELR S, 5
CuSO,45SH,O FIEFIFA S BN A i AF 2 T bk LR T
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Cu” IHESE Sc,. CO, W BB PR 556 1, S, 7E =0 1E A
M2 # A S, TR A ENEZREE T S, W&
MG 2R, AE3E B UEHEIRT, Sc, X CO, HA bW A
H. AEF#E B9 T Scu 5 S, £ CO, Yt S S H 1)
PEREFEHEAT X LG Seu 5 S, IR F P2 1350 9 I, AR Ak
RSN 262.6 F137.5 ppmeg 'sh™!, FH Sc, b CO,
BRI AL 27 W Bl 3 5 B RS 4 1

FAoldh, Ye S CVEFEAE MG /£ MOF-525
FIRRmk BN T CoP M Zn?t, S RIEANEEN
MOF-525 #EAT T L8 [N FIT S 327 4) 9 CO Al CH,,
i N4 )8 11 MOF-525(Co)fll MOF-525(Zn) ¥ fE #2 =y %
Fhr= A o 2, Hon e e m AR FE TR, IR R
CH, i MW E &, BT MOF-525(Co) #1 MOF-
525(Zn) ) L R TR LA KT CO, 1R B 1 i AH 22 6 L,
VR I NG AR | S EHR K S RAE T T f
AT LT 2 B R . HL AR IBAT AT AT 5T, R
THRIREROME) Co AE AT OB AR B T 5 A K 4
B, 32T R R R R e R B

Jiang Fl Zhang %5t [/ 5 F Zr-O #£11) PCN-222
HEAT TWEFE, nhmkrbo R iGN 4 B R E R AF LTS
P£. @it Mott-Schottky 5 Tauc H1£k, 1E3& L5 1THEARH
PCN-222 ) LUMO (—0.40 V vs. NHE). A&7 H]Fi(1.75
eV)F1 HOMO (1.35 V vs. NHE), #1i$ FiE#] T PCN-222
Sl n B SAIEREHT CO, MEA(CO, AR R
MR 7 HYiE JF A7 9 —0.28 V vs. NHE). fiEfbszié
I 50 mg AT, 7ERT WO~ &8 10 h, ] LA™
A2 30 umol ¥ HERIR B 7. JEIS BRSO 5 6EUK
s, VEHIE B PCN-222 HF K i A 77 E G P 3 s
P TR A S E RS A, B ORI N T
.

TAVRBEHBVE K T 5 PCN-224%V[H K ¥ Rh-
PMOF-1 FH347 T W F(E 14). FATEE LRSI 2 £ 0k
WK PR S IO, IERH Rh-PMOF-1 42— R 2 e itk
A AEAFINE BRI LT, Rh-PMOF-1 )64k
SRR T BT AL PE R, AR ) H R AR B T
(HCOO )AL 18 h J5IAH] 6.1 pmol/umol.y, [FIHS =4
)3 B M m Ik 99%. FRATTAE H 5 E R ¥ (Canonical
Monte Carlo)ffU#3 2] T CO, fEHELE H [PINE 2R % B
KIHET CO, T 5 ZrOs RN us-O JR-FEHELA 7K
ST O R T2 AR L A AR, WP AE
Rh-PMOF-1 fLH ] CO, 73+ F 4 A LE MK IR R ZrsOg
AR R FRATI3 T AT REY S BEHLER: 7E Rh-PMOF-1
L, BENP IR T RE R T WG RRER, SR .
—J7 T, TER LGRS, 4w nbukc i 2 I A W i T
WG R LR, PRk, BT CO, ik 5 R
£ F—J7TH, RN IREC AR AR B AT DR R AL A0 3
HHAT CO, IBJE. HEZZFN CO, HISF1EFH LA K 5 b {45
3, f#43 Rh-PMOF-1 315 T RUFH CO, WA EHEAL
PERE.
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Figure 13  Schematics of catalytic CO, photoreduction
CO, 41>400nm
HCOO"
V High selectivity
Vv High TON & TOF
Vv Low metal leaching
Bl 14 Rh-PMOF-1 £ CO, i B B2 1 87 7 7 P
Figure 14 Application of Rh-PMOEF-1 in CO, photoreduction
Bu. Zhang F1 Lin 25§ B £ M) i & THPP
ey [N L. (% [
(5,10,15,20- PU (3,4,5- = ¥4 % % 3£ ) np 1k ) 5 THBPP /f o iy, I8 o,
(5,10,15,20-P4(3,4,5- =2 FLIE I IR AT Ze* " 43 545 « L &
i 7 A nbo # NS5 ¥ 1) ZrPP-1 F1 ZrPP-2. ZrPP-1 &K o* co @@ © ra HCOO" § 3
AR R SRR ENE, /£ 0.1 mol/L #HMR S5 co, ' §3§
NaOH /K& B R #RRERSEAFAE 7 K. Mk, ZrPP-1-Co & : 5
PMOF 2 0%
AL COy LI HE S EALITE, 157 LIRS " ccrocatalyst 5 0
N, CO MIZE RN 207 umoleg !, FEMIIE IR MERIL 96%. . 1/
423 CO, wAE/ R (eg.FTO) ‘ © ¢ ©
N y N Ly O
(L CO, IR IEEHE CO, RS 2 —
N

IV AN S TR AT, OB Z& A AR X T
R RN TR WS AN = 050 VAN 9%y 9573
3 AN =2 CO,RR P48 CO. HCOO ™+ CH,
A CoH, 25, S Fp 75 BB e T P e B 1
i FH SRR AR R B G 28 ) — RNk R A e
PRI S, 2 A PR B A7 1 AL 2230 858 DUAR s i AL
PERE, AN REMEAL TIAE BT AT AR . (H2 B
i, SZPRTHARAMARCR 5k, PMOFs 7£ CO, H
AR TR A S R F O 6 A 20>,
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B 15 CO, Lk 5 R 1 P
Figure 15 Schematics of CO,RR
Hupp, Farha fil Kubiak 5% MOF-525 i H ik
! (Electrophoretic Deposition, EPD) 1 7 2 AR 3
FTO (FTO=Fluorine-Doped Tin oxide, #%Z%% SnO,)
SRR, BB B EE RO Fe' T 1S
#| Fe_MOF-525(] 15). ¥ F 1%k Fe_ MOF-525 fii
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1 F F ®R

Fi K /NZ1R 300~500 nm. {EIRR Z7R(CV)RIHE AL HL
fEE(CPE)F 738 B, HRLUL%E FEIG A Fe(l/0)5 b id Ji
o} N7 FR) LS B CO, R AR IR S S BE T L. S AR il
HE JE TR 08 CO F1 H,, 35585080 1854+
2)%M(45 £ 1)%. 1EFE 7 2o 8 Hy W RE R B 7] L0
HRR K I LR, AT RER E R DY T S /S S R
(TBAPF¢) ) Hofmann . 75 BAA ZH ISR, 1
i 2,2,2-=%.FE(TFE), feX} Fe-CO, MAEYNEAT R T
1k, ik C—O BEWIRLFN =4 CO AR RR, HEI A 2038 K
HL B, s iE A ok i 5 A E R 2 0.
BN TFE J& 724 CO 1AL A (TON) 272 7+ 2 1520,
{H CO HIEFEIENS A TRE, PR =41k h 256 802 55 il
AR (41£8)% (60 +4)%. AFFAREZEFH CV F*E
B, Fe_ MOF-525 fEALIH 252 Mt 4 By Bl 1B
TIEAH TS AT BUE BN 5X 107" emPes
BIAAEE AL 77 Fe-TPP [rIfH 4b 38 R ) 3 B H kT 47, TOF
{& L A Fe. MOF-525 K7 16 1.

Yaghi 1 Yang 253§ {sc5, BT LR
Al-O K B SBU # Co-TCPP & & # % i
AL(OH),TCPP-Co HJ5E¥ ZUTAA(ALD) ) 77 VAL B4 H
W FSEL T . (EE @ ST ALD 1 E A HOR A
AT ) AR E, AT S S A BRI Ha A £
oy 2 [V HUAS P41, IR BUR B KAk, S2ae 2 R
HEAT 50 %8 ALD O R A0 R JE B 2958 30~ 70 nm) i {4
R . CPE W 783 BZ AL T REAE S B 26 T A&
5E 7 h. Tafel RER ARG TE AL LR, KPR
LR AT BE A E Co(1) MR A4 _E ) CO, 43t — i
TR CO, HHZEE, HWHTHEA Co(1)-CO, INE41H
— L F IR R

5 ZiERRE

1 L Frik, PMOFs 7E CO, i3k 54k L AEE K
O ), SR H E LB RIE. 4R, PMOFs 1E5LFRMN
AT A AN D e s FF B0 (D)MIRE SRR L
R)HIEFE R CO,, 75 Z PMOFs fE/KZE{R . CO. A
A BRENE SR SRR O T Be R R R A
(PR 1, [R]85 o 2% o AR R B e 2. ()M
PMOFs fiEft. CO, PSSV ) BE 75 EIAH 24 = [P A0 26,
R AR R N 58 T (A1 I8 R 24 h, 3B 440 1 A ).
(3) CO, W[ E NI EM) — DI T S S A, (HH
AL PMOFs AT FH T % R A R R IE.

AR R AL F0 A S AR S A5 (1) KB
RIE P PERR A F, B R BN Hy, R
FIH Fischer-Tropsch (FT) ) B CO 1 H, IR & 4544k
NE KA G, (HE R — DA AN EY, EA
WIHFEAIAMORER. Q)8 E H ATIEBA HELLL CH, il
WIZNTFYHIIRIE. (3) PMOFs Gk Al A1k 2
iR FIE— 4. (4) PMOFs f22 FL4 K bk ()
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R P HIT COL B IR, TEARIRE CO, HIb JF (1)
S AR AL SS, (EARSHRIE R /D,

e H AL ZE oL AT B AL A 34, 8T COo,
W JR SN -5 HyO B 5B 23 FFE AN B AR AT,
AN IR EAS B a0 & T PMOFs 16
AT — AN BT BRI 0 1. e b B AR A
WP R, TEAINANE IS, PEAR B e
FEE 2 e HROR K ANV, I I H A o 2 B A
1 L AR R AR RO B, fE B R
o, BRI B # T4 ) PMOFs A/ Ak s, ks
BN AR,

fE& &

KA b KFERFF B TR T @A 2 BA A
FHARA, AR FEA AL 28 A ML AR AL (&
QAR I WAL AR BB AW A sk & o) S N B 2 R
S LA Ao, B R AR AR, BT AEAR
B B ARAG A e o i A (Be L . R A 2 ARE ). B
W E SRR Pk B AR RGBT A RAR
A RAT ", AR R b T R RE A R Ao
CO, # 3K 55 # AL RRL.

FRE, P KFREFRHAZ. FFRH &N BALA S
FHFEEMA, T EANFRFEL FFRBALELE A
MAGFRL, ()RS FAE: 2h-ANEEL RSB
(MOCs), 4 /&—# HLIE 22 (MOFs) Fo 4 & — A HLEE AR (MOGSs) 84
TSR EM AR, QB FHEL: #oh PR EAL % 1 69
PR v R BARAT A Q)R T A A A 2B bd.
IR R I s AR e o
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