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Porous Organic Frameworks: Synthetic Strategy and Their Applications

Ren, Hao Zhu, Guangshan*
(State Key Laboratory of Inorganic Synthesis and Preparative Chemistry, Jilin University, Changchun 130012)

Abstract Porous materials have been intensively applied in fields of ion exchange, adsorption and separation, host-guest
chemistry, efc. The development of porous materials has fundamental and practical significance. Based on the component and
constructing bond of porous materials, they include zeolite, mesoporous materials, metal-organic frameworks (MOFs) also
known as coordination polymers, and porous organic frameworks (POFs). Compared with other porous materials, POFs
could be considered as a new star. POFs are constructed by the designable and tunable organic building units (OBUs) via
robust covalent bonds. Therefore, POFs display a series of advantages, such as diverse skeletons, high stability, high surface
area, tunable pore, etc. The synthesis procedure could be described as the assembly of building units via specific acting force.
In this review, we will introduce the synthetic principles, gas storage, catalysis, and other applications of the advanced POFs.
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R AR T IERE R E OB (R RS K BT, I i%E
B 4451 ®); (2) MOFs, 156 A MLk 5 4 & #%
B &8 Rl N B B I S5k, D
PR B 2 45K, (3) POFs, A HLIEH 2 (A3 it A [ 58
G R SLEFTE A E N R A

EMHFEEN, KT 2SR T — A o
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Fo BN RS, TERATZ A0 6T 2 LA B Fe R Al 2
b, FEARSCHRIRATEAN B 2 AR RS R, AL
ZILMEL HEENPENIAEBOERS .. SARME7 H1k

SRR

2 BNZHHE

AHLZ IR, ATBLEE —REA Z AN D T
REW. HABORBaMmEmR. 2. A A& SRR
KA AP S TR, B (DIRFTHR A
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W2 HEAT B A A, S T B, )M T
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fib); (S M R B AL 22 S B AR R (B 1),

Bl 1 POFs B U — A2 SBH )28 XHF T4
Figure 1 The study of POFs is a crossing field

76 IST WS E LA “ AN A AL EL” (Covalent-
organic materials){F AICEER, KIIT 10 £, KFiZE
ESCEHPUEIG K, I 2005 4EF LA E 2014 4F 400 &
(B 2). fEANLEZ MR, BA D s oemd it
FLLAE: (1) 2005 4, Yaghi #7415 —FIRIE T30 E
LB 22 #4 %} (covalent organic framework, COF-1 and
COF-5), X HKH 7451 S M REEWITIE T HE R AL
ZILMPRHES Y (2) 2009 4R, BRE HA BT
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Ak 7 RGBS LRI 2 57 &5 8HME
(porous aromatic framework, PAF-1)!"". £ FLi4 R} 451tk %
% AL 1. Cooper VAN PAF-1 7E 2 LA BHIT 7T 4135,
HA B L(PAF-1 is an important milestone in
porous area since it demonstrates that long-range order is
not necessarily a prerequisite for generating ultrahigh sur-
face areas)!'!).
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Figure 2 The number of articles published between 2005 and 2014
regarding the topic of “covalent-organic materials”, showing the in-
creasing research interest. Data from ISI Web of Knowledge, Thomson
Reuters, obtained by these keywords: “covalent—organic framework” OR
“conjugated microporous polymer” OR “polymers intrinsic microporosi-
ty” OR “hyper-crosslinked polymers” or “porous aromatic framework”
NOT “metal-organic framework”. The data was collected by December
28th, 2014

B, tHIEE N2 RS X AN Z AR
w7 TAE, i McKeown and Budd fRi&E )
H 1 L & W (polymers intrinsic microporosity,
PIMs)*'*1¥): Yaghi. Jiang. Bein. Dichtel %54 )3t
WABHLE B4R covalent organic framework, COF)!*!;
Cooper I8 FIFLHERIFLEE A ) (conjugated microporous
polymers, CMPs)!""); Thomas and Antonietti 1i& [ =%
I A ML 4L HF K} (triazine-based organic frameworks,
CTFs)'. (EE Py, AT — RFEA RO )
Fo AR

3 LEMIEMSANTE

W 25 B Yaghi Al O° Keeffe 4%, A 13L[F 27
T 2% 4K 5 5 K B P (Reticular Chemistry  Structure
Resource), M1k http://resr.anu.edu.au/home. HHfE 22 FHili
£ 2000 ZAAFERFHINESL, B R ZRA 2
PARZERE. AT LS TELE S R, EEMARER. =
(AN L S 8055, XA B T 3RATBOT 45 & 3R AL
Z LA EL 15 B) Materials Studio 4, 7] LAttt A
WLZ LM B Z5, 2T

(DESL . THAE Build — Crystals — Build
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Crystal, i N\ AHR 25 A BE, A 028, o X il fE vh
Build 58 B 5 7E H LA ERE A N (add atom)
SEREE— .

Q)EAnE . FIHAHRIE T B i b i, 5%
TR, T R AR B ik o IR e AR M R B A 2
R EI R, DAORFE—3L

Q) imthife. @i ReE A AT, REEK
FOEE A A B 25 4.

@R RATH B, T HEL Modelus — Reflex —
Powder Diffraction. B ERTH LK. A LIEH.
WA, AL HLEE.
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HEATAH RSO
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411 ARG LA

HAT, &SRS G2 MR R ER & (1)
Fik B AN (2) R E I N A2 T ) S 4 i) OB
(thermodynamically controlled reaction). 2005 =, Yaghi #{
BERARIE T SRS AIZ UM EL, T ER B A5 S 7
JJ R il % COF-1 I COF-5"1,

3 R T RS AN Z MR R . X
SRAEAH L B o R T LR E RE4]: —B(OH), —diols.
—~CHO. -NH,. -CN. -NHNH, &. SR E fe [ €
Ja, MUESSERAARM A, BETHRER SRS T, K
ZHUE YT, DEOR SR, X T 4R
gER, LR T N EE: C2+C3; C34C3; C2+C4.
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AR T REf

iy Bh 3 JL 5 T AR b, AT LA RO AR
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BN X 2K R & R AR B 4 M ER COF-1,
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T TR TR T P2 ol S 87 4 28 F A et R 4 COF 7 4.
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[ B3O 7STCIR, = A 2T p 3% 2 Y T Ak 45 4 1 D % H
ot 5 DU ZRREGE T B otn 50 bor MK =445 1. 16 )%
NGNS = A B 5 2,3,6,7,10,11- /55828 = 0K,
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FLEA L
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R ELAG HUN (R4 BL . 2008 4F, Thomas BIF 75 411 4R iE T LA
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ANFEEENE MK N TR =0T, ARk
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eIz B2 1A ML FLAPRE. DL DY T 4% 1 DY 220 25 DY 2 FF
FZREPE R0 R R RN, 133 B 2 R
COF-300. 18 &P THE ) COF-300 fFLARFHE
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(4) COF B A F1E, Jiang BF 5 A 7E B 48 5] N

http://sioc-journal.cn 589



% 5

B(OH), a B.
_— . e 9
B(OH), (HO):B B. B
2, I
HO
N b O
somy+ b —e o
HO 0 %
CN
N N
CN NC _°c . -
OO N
d /
CHO + HoN _ M@N
HoN—NH e NW<::>%_“
o)

B3 il S AL AR R

Figure 3 Examples of the chemical reactions for the preparation of crystalline POFs
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Figure 4 Representative building blocks with different geometries to design crystalline POFs
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RN LT 78 2H 4 TE F A ey LR T A
Z L EHEME (PAF-1, Porous Aromatic Frame-
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EHAA T ENZIME T & RS B ARRAE
i AT RMSE N2 MR A T e, XA
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BRI NThRETEFE A, B 4Rk AT HR R 1.

HEER, BUOMOTh R A R A B B A
Ri. eAh, FATE 2% BRI B 4L SN D Re T
FH, SINEAR R B E . Bilhn, FRATE R
PR AR 543K, 84 51N )T st AL
ERTPER. Ah, 5INE eI B A R R N E
P, DLRTHE— 0 i oot

FIH Sonogashira-Hagihara {515k 5 B il % F G HL 2
FLARL, 5 BT 5] N ThRETERT OH. COOH. NH,
SEREI(E 7). MHIBRAL AL R, OHL COOH H H 5T -4
AT DA 4 B 20,

I FH SV T R AN B T T 152 s I ) 4% (R L 22 FL A
B B IS NThREYE Ny. C=CH 1], FIH
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Figure 5 Schematic representation of reactions for the synthesis of amorphous POFs
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Bl 6 AICI fHEALT7 IR 7 Hh A4 ) B4

Figure 6 The used monomers for Scholl coupling reaction

COOH
O M = Li, Na, K, Mg0.5

Bl 7 FIf Sonogashira-Hagihara {81552 S 48 42 5 —OH. —~COOH #1175 H1.2 FL#1 %}, PAF-18-OH 1 PAF-26-COH
Figure 7 Schematic depiction of the synthesis of POFs containing -OH and -COOH groups

TR R A T AR, PR ES OB TN Ca, BRSNS A &7 RANE R0R
FHE P, X1 A B, s TN K B T ALIERIRAT. 2013 4F, JATREA )% 17— DRHE
AR A3 A LB T A Na, ERFLRT A4 A; TFRUEZEMEL, PAF-50, FF#BIES T C1 L 2014 4,
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BT ZAPRHLR T 0 B0R T (B 8)P4,
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Figure 8 Schematic depiction of the synthesis of “organic zeolite”

HAT, A2 MR 2L BB 5 121, F2aT L
P B 2L 2RER. B R0, R B HRg C 2 BIITE
KL B NO,.SOsH.CH,Cl Z53E M 3L 5] N, eAh, A]
DL e — 3L Ak, 193] NH,. SOsR F5(1& 9).
T 5 B 0 TR R R S LT R I OB SR R SE A, X
BRI IE AL Z LM R B A R ifs e k.
Ab, TEEA K B FLIE B 9IRS S B R 3L, Xk
BORWIRIE BRI AN Z LM R A A& fLIE RS,
T PAF-1 B A e e (e ekt 500 °C, kK.
it 55 Wit 5RR), fLA2K/NA 1.4 nm, BET LR THIFRA
5600 msg ', [AlIt PAF-1 )32 Hu e 4 JEUR>0),

/ N02 NH2

SO4H

P9
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"> R=Li, NH,, Ag

C-NH
H, 2

)+

o

CH,CI

Br CHO

LYY
P9

B9 FIHAEHZ AT S P RIZRIR, BEAT R RIAL R i

Figure 9 Typical strategies for functionalizing phenyl rings
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Figure 10 The H, uptakes of a series of PAF materials at 1 bar and 77
K
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Table 1 Carbon dioxide storage in POFs

Material SAY/(m*sg ") P/bar T/K CO,’uptake Ref.
1 298 1.18
CMP-1 837 [38]
273 2.05
1 298 0.94
CMP-1-(CH;), 899 [38]
273 1.64
1 298 1.07
CMP-1-(OH), 1043 [38]
273 1.80
1 298 0.95
CMP-1-NH, 710 [38]
273 1.64
1 298 0.95
CMP-1-COOH 522 [38]
273 1.60
40 298 29.5 [10]
PAF-1 5600 1 273 2.05
[39]
1 298 1.09
1 273 3.48
PAF-3 2932 [39]
298 1.81
PAF-4 2246 1 273 2.41
[39]
298 1.16
PAF-18-OH 1121 1 273 2.50 9]
PAF-18-OLi 981 1 273 3.27
273 3.48
PAF-41 1119 1 [26]
298 226
273 3.39
BILP-2 708 1 [40]
298 2.36
273 291
BILP-5 599 1 [40]
298 1.98
PPF-1 1740 1 273 6.07
[41]
PPF-2 1470 1 273 5.55
PPN-1 1249 60 295 11 [42]
PPN-2 1764 60 295 19 [42]
PPN-3 2840 60 295 253 [42]
PPN-6-SO;H 1254 1 295 3.6 53]
PPN-6-SO;-Li 1186 1 295 3.7
PPN-6-SO;NH, 593 1 295 3.7 [43]
PPN-6-CH,DETA 555 1 295 43 [36]

“ BET surface area; " mmolsg .

S SRR B RE R IR 2R TR, AR
B B i FBE F FAEAR; T 7, WO B R g 38 i
AN, R, R E AR E R R, )
RAVEH, SIN4 )8 B 1 0l AR 250 g 42 5 — S0k i)
MEAER; fLAERSE, KE N AN LERE, K=
S P K

ZR A ERATRE N, — R SRR B BT HE T
TR, CRAHAESR. FRSEERE. P
W EERET &A 2R SARA D I RRA. 155 8k
B SRR 30%~40% M0 HL) P AR B R, JARd
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Figure 11 Dual functionalization of PAF-1
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Figure 12 POFs could be served as catalyst support
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Figure 13 Advanced applications of POF materials, such as optical and
electronic, host-guest chemistry, antibacterial
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