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Abstract: Single crystalline porous organic polymers are a kind of organic porous materials with high crystallinity and sta-
bility driven by non-covalent bonds and covalent bonds. Such well-defined material has the advantages of large specific sur-
face area, low density, tunable structure, adjustable pores and modifiable reaction sites, etc. It has attracted much attention
due to its diverse synthesis strategies and wide range of applications. In this review, the synthesis strategies and principles of
common single crystalline porous organic polymer materials are summarized, and the recent progress of single crystalline por-
ous organic polymer materials is also introduced briefly in three parts, including modular design concepts, structural control
and crystal growth of porous organic polymer materials, and their potential applications in the detection and adsorption of en-
vironmental pollutants, gas separation and storage, photoelectronic and chemical sensing, etc. After that, the authors look
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forward to the precise synthesis and performance development of single crystalline organic polymer materials.

Key words : organic polymer; single crystalline; porous material ; modular assembly
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Fig. 1 The synthesis strategy and principle of single crystalline porous organic polymer materials: (a) crystalline covalent organic

framework materials (COFs), (b) in-situ synthesis method of crystalline organic porous polymer materials, (c) hierarchical as-

sembly and synthesis of light-induced covalent cross-linking framework materials driven by hydrogen bonds
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Fig. 2 The single crystal growth pathway of COFs and their crystalline morphology control using the slow monomer exchange method'®! ; (a)
COF-300 microstructure, (b) COF-303 microstructure, (c) the crystal structure of COF-300 and COF-303, (d) imine bond ex-

change promotes the crystal growth of COFs, (e) SEM images of large-size single crystalline COF-300 obtained via aniline exchange
and polycrystalline COF-300 without aniline exchange
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crystalline organic covalent framework materials! !
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erization pathway of diazo bonds using R—N==0 monomer, (b) reversible polymerization pathway of tetraphenylmethane monomer,

(¢) optical microscope photograph of single crystal (0.5 mm), (d) three-dimensional interpenetrating network structure measured by
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Fig. 5 In-situ cross-linking of single-crystalline organic polymer materials: (a) TPBs monomer structure, (b) light induced cycloaddition reaction
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omer, (e) photochemical dimerization reaction between CPY molecules and reversible depolymerization, (f) optical microscope morphology

of thin layer structure in a single crystal“ﬂ



718 Hh AR

%40 &

FIE O] ARG RS R, XTARER. O H
THERUSBRATAE R TR JC P S 07, FBO6S S 7718
BB (0 05 VAL S SN SR A FESY, A7 AE SR B BB 5
@ 1 B ARG A P R R AT LA S A S SR A R AT
W, NTDRS B 4 ) SR A W e S8 Bk 3R A AN it 5 PR OR
AR T 51k

2014 4F, Kissel S5l T % BE (29 3.3x107" g »em ™)
(R 0.8 nm) AR ZALE (FE 6) 1 . RARIRBEI 4
34, @ A 3 A EASHEAL LAY FIE BAA (fantrip ) 78
ORI 2. 2. 2] BUAKE Sk 3 408 B2 R S, @ il H
WECEIR A HAHAR Y BB €O, C10 2 [ 4+4 ] B e
W AERAY), @ i T/ NMP R P o E T 50 °CH)
Wl AR AW A, R PR X 4
LRAT O R B 2 B T RAE R, A i W2 AR
FrE St 1

B 6 RHIGHE FIRMR A SR A UL MRS B 2 bt
B (a) BAIK fantrip BOALZEZEH, (b) BUBR I F 1A% 1A
WA RIREEH, (o) BOREIRE & R IE 50 C i

Fig. 6 In-situ synthesis of anthracene-based single-crystal organic pol-

ymer materials using light-induced cycloaddition technolo-
gv'®). (a) the chemical structure of the monomer fantrip,
(b) the crystalline structure of the anthracene ring leaves
stacked in face-to-face mode, (¢) blue light induced polymer-

ization and its depolymerization at 50 “C

2013 4F, Frauenrath 1 BAY" & T AL &AM KA B
TS IE 12 FHIR CRZEAT HLERARE 3 P 25 JLA0 5e Bk
e, WAEAE DCM/ heptane ¥ 3 0 104G HLEAKTE 4 C 1Y
W T kA3 8] TR O, B, AR
T, Hdh A LA b b 2 R 0 R A
JER TP RASA IR AWM R, XEE— TR

AR R AR 2 R R A B AR R R %A
BTG T S AN A ) I B AT A= W 1 R SR G
A A HLER A W JERH T )RRl ek

AT RIBYEE, RN RSN RERA, F
FENAERCR H— LU BB A 75 IR AN S5 4 kA A0 22 BR
RN, TE R BTG S A S BN R AL 2017 4R,
Schliiter TR B ITFFA A T 7 (35 ) B LIK 2R 5585
R A 3B Ta) , JFRLEITE RN R TR G
Fpgs i, MR T 22 88 - ABEBAERAE R B 4
BEOREN Sy, R AR 5 g AR O R B 2R
4 8 R R (RSF 2909 0.5 mm) (& 7b) . 1 Sk 25
B, AT 3 R LR HESDE B T HERUR . 1
4 CHPRET, 2T B 0 i AU o [ 2+2 ] SRR R
BRE O ZAAVRE W (E Te) o X TAEZH
[2+2 J4RF IR0 BOFN 50 f 2 B R A B R I SE B T
S TAEREGYRINAR, fE D AEHRIER[2+2]
NS IR A WA R, X —FEHE T 4 5%
S A LR AT AT AT

i
¥
rg

b

Bl 7 [2+2) FRIMBLER A J5 1 PSR T A0 445 Bk 200 5 D15 5 TR 2R
BYBERERDPS T () ARG, (b) Bk [
HBHETERUE B RS54, (o) 7EJEIRAR M T 9C o
TRAF IR AT [ 242 ] SRIALR A6 B RS EHLZ LR
B R

Fig. 7 The schematic diagram of [ 2+2 ]-cycloaddition polymerization
using alkenyl-based monomer as building blocks'™ > (a)

the molecular structures of monomers 1 and 3, (b) crystal

structure of monomer 1, (c¢) the structure of crystalline porous
polymer cross-linked via reversible [ 2+2] cycloaddition under

light irradiation

FUZ 2DP AR IR R AR 0 B R 1 20 R 1
T EBENE, BRATPRENCERGWM T F2 P



%o

RFEAE: PAEAIRSYZ ARt R 719

SEFRY RIS 2DPs B, (EFa il 30 28 it A DA FRAS R AR
2DPs AT SRR — PR R, 2021 4R, 5 SR R # 2
W HFE, BIERMUBREA T T — D F AR5
PIA HLEA R M1 (I8 7a) , M1 B0 & =SB & BT
(R AN, HAETF I AR 8 52 175 5 10 7% 1 72
ARG IR AL 3 Sk PR B PR B A T VR (SCSC) A3 21 1 R
B YRR AN S E T A Bt i = 9 LR (TFA ) B n]
SCERFE, IR A R 60% Y PR 2DP IS, W
T 4y B B )2 2DP Y 3 T AR B8 E F O oK
(>200 pm’) , FERXITAES, BFFEA STl A8 i KR
A ODP HRIEE R 0.7~0.8 nm, FLAR TR 2.7 nm, K
2DPs FITERETT & RN FHTTRE T84
3.3 XESHRIEEMNVHNEZRE

HHEFERT, RS RS AR LI L)
REA MU T SR G AE R SRR A FLIE N 1A B
JEHRGHM ARG, AR 2 2R S H LR AW 2 FLHE S
e, TR Z S0 RALE A, WA
SR SRR N A S B R — 0 A PR T

2003 4F, Wuest Z 82 A1 BABETH & W — R 5 & A 2tk
SE LN FL AT (R-NH, ) FE P 19 =R LA MU (K] 8a) ,
T AT ] 22 B U A AT 20 1R AT G R R Bl A L
HEZEAERE(HOFs ) (4 A (& 8c), ARiRZEM £, Bid
Iy E) ] DL S 2 H A N—H---H SR B 418
FPRY ZALE5 K, FLIE T LSRR SRR T, M ZE

N_(NH2 [a] N=<NHR [b]
(C—@—NH—(N:/(N)A (C—@NH—(N_/(N)‘

R=CH,CH=CH,

B8 PR SRS HOFs 454 E2 2 (a) R
fRBI—NH, =Bk, (b) M =R, (o) dhik4s
MRER, R

Fig. 8 The molecular structures of organic monomers and HOFs driv-

en by hydrogen bonds! %2 %3

1, (a) unsubstituted —NH, tria-
zine template, (b) allyl triazine units, (c) the crystal struc-

ture of HOF, the dashed line represents the hydrogen bond

A G A S = W 5 S50t AR, TERESR P
o35 5 SN I A kA A8 M EL T Ay L BRI AN R 2o gk
B TEILEEAE | Wuest FBAF] FH M P9 % (—NH—CH,—
CH=CH,) A B K =% 5248 FAY—NH, (IE 8b),
AT WA (BB ) [ B3 B s R fLIE Y, FEA
75 P 48 SR (A I L 5 2 5 1 LA PN I 0 TR R R AR sg
BB, 7oA T — i e M R0 e 25 0 SR B 3 4 A
B SCHRAE RS by > >

FEIX — G R W v, T A e ) G B ) A T
O AT BETHE A 2o 1k U 4 256 107 A5 O Th BE A ML B IR
BEH ;s @ andef Ak 6 3R A B0 A% 1 42 i 22 Bk ) 1 A )7
PE; @ Gy i 42 28 3 00 0 I 22 1 S 0 B A R 4 g 4
il FETF I, 2017 47, ARG AR i 3= IR BTG
FH N NI A BREE A 1) UK 2058 MR, R
SCSC 454 61 iR -5 (thiol-yne ) oA S 16 S B 20 A5
BT — 28 ELAT i A2 R R 1 2 T L 1 SR RS IR
AHHUEZRA R H OF-1-4( K1 9) ™ B4, AP >1
TSR A T 3 4 ) ) 22 B U A L AT 1 A 0 4%
i, JE A AL S5 0 A HLAR R HOFs, B fh 25k %
W1, A sC s M AT A b S AR R R AEALIE Y, iXIE R
BRFTF =206, Wik, AR SRR E T
FITEOLT , RERER R BE A e R BB FLIE N, I S he gt
SR, AEERAOER B GRY BEGTT eSS 5 A Rk A Ak
SN ) — 2% Bt 2 S OIR Bl (4 A WL A S B AE 42 4
B (H OFs) o, fe R BB, VR I )25 4 i 45
AR RINEAT T 3SR S 5 B4 W HOFs 1Y B fh 254
gEIL R, B A R BE KRN 45 # A9 R AT LA Bk AR
H, OFs M =44 ikl , ltn. & B 5 iR g i =
A2 (6.10.12),(6.12%),(6.10. 12°) fUFR M EEHY , (HEHN
T HRBEAHR T LU I(3-¢) ,(4-c) 2-nodal (7.8%),(7°.8%)

w_g R
:Tw\ T -%4\ NH
Ny NAN NN NZN
\ \
HN\N)\’J | 4‘J"N’I('\u— W‘\N)\‘m »—N"N’/(r.~
DO e e DO
— —_— —
Uv .
00 e B8
»—;}l/b‘:’,w 4»4\’3\,\? —:I:},w M\g‘\\*
7 N 7 NV
HN NH_ N
= HOFs-1 =

NH
>/ HCOFs-1 7
Vo

O Ke P HE B DA 26 5 5 BB A A3 L H OFs
>

Fig.9  The synthesis procedure of H:OFs using tetraphenylethylene-

X

based monomer to cross-link with different thiol linkers under

UV irradiation" >



720 Hh A ki

%40 &

BN, AR AR, AR A SR AT DL
B HOFs BB 220U, W2 B 20 4R 7 ( — H AR
A ) AT AR U e, TS B LI 5 5K A A A
SAPE, XML U R O St 225675 01 i
HAHIFHE R T AR ARUENE . @ MR P EEIRAE I 2L
W T 15 | ATE—E FE L ERRAR T HEZEAA L B0 AL B,
R IL B B AR S R A0 AT 3 # 2S B H OFs 7E3L 41 52
WA R 7 A AT I FR N A AL R SR T A

4 BRSANREZAMBENA

A IR A Y Z UM R A IR 197 HLAEZE
e nl R R B FLEE G, TEREEAL S | Ao
SsrE Saife, RRIEAEAE . OGRS Ty B A TR
N FHAME

NETEE T Z TG F YR K A, SEA
HUERG W ZAUMRL R IR IE AT 3 40 T3 178 v 2050, I R 1 o 44
BET BAR AR &, MR B A LA HE e
FHEL COF-LZUS™ nl F F 8 1 % BT A 3 L Bk 55 1
Heg™ . A He™ J&, #RHNZEGTE S AMT T B3 IR B
AL REA R BT UL 3, T L 7R Vs T P L BB A K
8% 98% LI L) He™ , 40 K 5 mg A9 COF-LZUS il A
| Hg(C10,),(10 ppm/5. 0 mL) FIRKH B HHERE 3 h )5,
KR ER Y He™ YR IE/NTF 0.2 ppm, BRILZ AN, HHLE
B W ZFUAERLE R e 280 BRI A A5 T A A T AR I
F . 2019 4F ) o] R RN 36 7= AT BRI GE 19— 3R 5 B0t 24
P F IR B A AL SR HE SR (H OFs) MBHAT DL 2%
W B /K A T P A BB ST H OF-2 76 K R B8 vh 3
e S A LR BAEBE T (e Ik 3.5 g/ g) A0 3 1 T UL S A
ST (>200%) , AR AT LIEER A

AT HE 45 G P 10 1 R G 8 2 I i B 5 4
B, RABEVREY Z AL BB R Sy B uE Oy A &
SR, 2018 4F, Dichtel B BAA 8 T — i WV g % 42
B A B R =1000 m*/g) I HLNER A T A6 %
JE R E REAT B9 COFs AHREST 350 2bE el A bl sk 1k i
PR GBE R Y I, e & ik 28% 1 COF X 13 Al 43R
FIEME R P AT 12 A FH 90% LI L BRE, 2016 4,
Mendoza-Cortes 18 T Z &1L I 4 )8 Tm A9 COFs #18 ,
X2 COFs #EHE 70 MPa 125 CCHf, X H, A0 AR
AAE] 40 o/ L7 BRILZAN, AHLR AW Z LA R (i
AT A R L BN, 2018 4F, Schmidt BN % T
T OB R B-BRYE Il COFs, 1% COFs AR EH22 |
SIAKREE, RS TOebHI A

ZALAASMRHE AT 248 . SR O TR AT
W Rz N . 2016 4F, Dichtel B3 4F HL BB 3, 4-

A HIE(EDOT) , AT BAT SR S
HENE (3,4- "5 _H ) (PEDOT) /) COF AT Uik
N FEHLR (10C ~ 1600C) T AFZ W PERE, I HAE 10 000
YRATE 24 v 2 B HH R 114 F, ) o, A FEL 7

5 % i&

TR AT 4 ) A, RS AR G2 AL
FORHE AT R il SR REZRZE A I 4% . iR AE K
SEHfHT . DIRER T & 55 07 I C 245 8 TR KA &
&, FFBEBIRRIEFL | (R SR A Yy B2 55 G
P TARZEERIIRERRL, WS BT LA A [ 9
BEHAL AN SRS LT A B S A LR W 2
LA R R E S AN PR RE A T 4, RO BB AL & s A
2005 AF R RS T LB T, (LR MHEAIES
Pt BERDE 3t 5 1 2 B S R AL i S PR
W2 AR & RO 1B 15 A B, T EL IR S bR
AT mEGF 2P © HRRM A TR0 RE R
REERL, REFHIR G R LA M A HLR G W2
LA FIVERER 210 s @ KRB SR 2E K7
AR, SCBUX AR I W AU s ) TRAIESE
I BEH S Z LR S VAR B A 9 L LA
LR FR, TINS5 A8 BRI L3 58446 107
FHAR

SEHE  References

[1] LEWIS G N. Joumnal of the American Chemical Society[J], 1916, 38
(4) . 762-785.

[2] WUEST J D, SIMARD M, SU D. Journal of the American Chemical
Society[J ], 1991, 113(12) ; 4696-4698.

[3] BRUNET P, SIMARD M, WUEST J D. Journal of the American
Chemical Society[J], 1997, 119(11) ; 27372738

[4] BISBEY R P, DICHTEL W R. ACS Central Science[ J], 2017, 3(6) :
533-543.

[5] LIZT, WU L Z Hydrogen Bonded Supramolecular Materials[ M1,
Germany : Springer-Verlag, 2015.

[6] PEIC,XUS, QIUS, e al. Journal of Materials Chemistry A[J],
2014, 2(1) . 7179-7187.

[7] PALKOVITS R, ANTONIETTI M, SCKUTH F, et al. Angewandte
Chemie International Edition[J], 2009, 48(37) : 6909-6912.

[8] CHAN-THAW C E, THOMAS A, PRATI L, et al. Nano Letters[J],
2010, 10(2) . 537-541.

[9] MA H, LIUB, ZHU G S, et al. Journal of the American Chemical So-
ciety[ 1], 2016, 138(18) ; 5897-5903

[10] FANG Q, QIU S L, YAN Y S, et al. Journal of the American Chemi-
cal Society[ J7, 2015, 137(26) ; 8352-8355

[11] YUAN S, FENG L, ZHOU H C. Advanced materials[ ] ], 2018, 30
(37) : 1704303.



559 1

RFEAE: PAEAIRSYZ ARt R

721

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]
[23]

[24]

[25]

[26]

[27]

[28

o

[29]

[30]

[31]

[32]

[33]

[34

[

[35

[

HUANG N, WANG P, JIANG D L, et al. Nature Reviews Materials
[J], 2016, 1 16068.

HISAKI I, XIN C, NAKAMURA T, et al. Angewandte Chemie Inter-
national Edition[J], 2019, 58(33) ; 11160-11170.

WALLER P J, GANDARA F, YAGHI O M. Accounts of Chemical
Research[ J], 2015, 48(12) ; 3053-3063.

LI P H, RYDER M R, STODDART J F. Accounts of Materials Re-
search[J], 2020, 1(1); 77-87.

ZHU G S, HAO R. Porous Organic Framworks Design and Their Ap-
plications[ M]. Germany: Springer-Verlag, 2013.

LUO X Z, JIA X J, ZHONG D C, et al. Journal of the American
Chemical Society[J], 2013, 135 (32): 11684—11687.

FURUKAWA H, YAGHI O M. Journal of the American Chemical So-
ciety[ J7, 2009, 131(25) : 8875-8883.

LIN S, YAGHI O M, CHANG C J, et al. Science[]], 2015, 349
(6235) ; 1208-1213.

MULZER C R, SHEN L X, DICHTEL W R, et al. ACS Central Sci-
ence[J], 2016, 2(9) ; 667-673.

KANDAMBETH S, MALLICK A, BANERJEE R, et al. Journal of the
American Chemical Society[ J], 2012, 134 (48) : 19524-19527.
NAVARRO J A R. Science[J], 2018, 361(6379) ; 35.

MA Y X, LIZJ, WANG W, et al. Journal of the American Chemical
Society[ J], 2017, 139( 14) ; 4995-4998.

ZHANG Y B, FURUKAWA H, YAGHI O M, et al. Journal of the A-
merican Chemical Society[ J], 2013, 135(44) : 16336-16339.

MA T Q, KAPUSTIN E A, YAGHI O M, et al. Science[]], 2018,
361(6379) ; 48-52.

SMITH B J, PARENT L R, DICHTEL W R, et al. ACS Central Sci-
ence[J], 2017, 3(1); 58-65.

PRAMUDYA Y, MENDOZA-CORTES J L. Journal of the American
Chemical Society[J], 2016, 138(46) ; 15204-15213.

BOJDYS M J, JEROMENOK J, ANTONIETTI M, et al. Advanced
Materials[ ] ], 2010, 22(19) ; 2202-2205.

WANG W, SCHLUTER. Macromolecular Rapid Communications[J],
2019, 40(1) ; 1800719.

WANG B, LIN R B, CHEN B L, et al. Journal of the American
Chemical Society[J], 2020, 142 (34) ; 14399-14416.

COTE A P, BENIN A L, YAGHI O M, et al. Science[J], 2005, 310
(5751) ; 1166-1170.

LI G, YU W B, CULY. Journal of the American Chemical Society
[J], 2008, 130(14) ; 4582-4583.

WANG X R, HAN X, CUL'Y, et al. Journal of the American Chemical
Society[J], 2016, 138(38) ; 12332-12335.

XU HS, DINGSY, WANG W, et al. Journal of the American Chem-
ical Society[J], 2016, 138(36) : 11489-11492.

HUANG ] J, HAN X, CUL Y, et al. Journal of the American Chemical
Society[J], 2019, 141(22) ; 8996-9003.

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[47]

[48]

[49]

[50]

[51

[u

[53]

[54]

[55]

[57]

[58]

HAN X, HUANG J J, CUL'Y, et al. Journal of the American Chemical
Society[J], 2018, 140(3) : 892-895.
WU X W, HAN X, CUL Y, et al. Journal of the American Chemical
Society[J], 2019, 141(17) ; 7081-7089.
PANG Z F, XU S Q, ZHAO X, et al. Journal of the American Chemi-
cal Society[J], 2016, 138(14) ; 4710-4713.
QIAN C, QL Q Y, ZHAO X, et al. Journal of the American Chemical
Society[J], 2017, 139(19) ; 6736-6743.
WALLER P J, LYLE S J, YAGHI O M, et al. Journal of the Ameri-
can Chemical Society[ J], 2016, 138(48) ; 15519-15522.
JIN E Q, ASADA M, JIANG D L, et al. Science[J], 2017, 357
(6352) ; 673-676.
ZHAO C Z, DIERCKS C'S, YAGHI O M, et al. Journal of the Ameri-
can Chemical Society[ J], 2018, 140(48) ; 16438—-16441.
O'KEEFFE M, PESKOV M A, YAGHI O M, et al. Accounts of
Chemical Research[J], 2008, 41(12): 1782-1789.
EVANS A M, PARENT L R, DICHTEL W R, et al. Science[J],
2018, 361(6397) ; 52-57.
BEAUDOIN D, MARIS T, WUEST J D. Nature Chemistry[ J], 2013,
5(10) : 830-834.
KISSEL P, SCHLUTER A D, SAKAMOTO J, et al. Nature Chemistry
[J], 2012, 4(4) ; 287-291.
KORY M J, WORLE M, WEBER T, et al. Nature Chemistry[J],
2014, 6(9) ; 779-784.
KISSEL P, MURRAY D J, WULFTANGE W J, et al. Nature Chemis-
ry[J], 2014, 6(9) : 774-778.
HOHEISE T N, SCHWEIZER W B, FRAUENRATH H, et al. Nature
Chemistry[ J], 2013, 5. 327-334.
LANGE R Z, SCHLUTER A D, WEBER T, et al. Journal of the A-
merican Chemical Society[ J], 2017, 139(5) ; 2053-2059.
FAN H, ZHAO Y J, QLH Y, et al. Journal of the American Chemical
Society[J], 2021, 143(15) ; 5636-5642.
BRUNET P, DEMERS E, WUEST J D, et al. Angewandte Chemie In-
ternational Edition[J], 2003, 42(43) ; 5303-5306.
FUR E L, DEMERS E, WUEST J D, et al. Chemical Communications
[J], 2003, 24. 2966—-2967.
LINY X, JIANG X F, KE C F, et al. Journal of the American Chemi-
cal Society[J], 2017, 139(21) ; 7172-7175.
DING S Y, DONG M, WANG W, et al. Journal of the American
Chemical Society[]], 2016, 138(9) : 3031-3037.
JIANG X F, CULX Z, KE C F, et al. Journal of the American Chemi-
cal Society[J], 2019, 141(27) : 10915-10923.
JI W, XIAO L L, DICHTEL W R, et al. Journal of the American
Chemical Society[ J], 2018, 140(40) : 12677-12681.
PACHFULE P, THOMAS A, SCHMIDT J, et al. Journal of the Amer-
ican Chemical Society[ J], 2018, 140(4) ; 1423-1427.

(% KA@M)



