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HYDROGEN BOND DIRECTED FORMATION OF
A CRYSTALLINE COVALENT ORGANIC FRAMEWORK

ABSTRACT

Covalent organic frameworks (COFs), which are crystalline polymers possessing permanent pores,
are prominent in gas storage/separation, catalysis, and energy-related applications. A crystalline
microporous hydrogen-bonded covalent organic framework has been developed through covalently
photo-crosslinking molecular monomers that are assembled in a crystalline state. The elastic framework
expands its void space to adsorb iodine rapidly in aqueous environment with high uptake capacity and
recover its crystalline form after the release of iodine. Our strategy enables the employment of a plethora
of irreversible reactions and flexible linkers for the design of crystalline porous organic frameworks and
their potential applications in pollutant sequestration. Furthermore, it demonstrates a general pathway for
the development of elastic porous organic materials that selectively adsorb guest molecules and

dynamically change their guest-accessible pore size.

Key words: COFs, hydrogen-bonded, iodine uptake, elastic crystals, pore size
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1.1 SEREAINE LR

EZ R, mEREANZ IR, LM EA NS (COFs) MAI& B A IS (MOFs)
B, DR A PRI L AFLIE 25 Mg T 78 b R 546 52 6 . MOFs. [3k45 @I A HLA T
VRN 48 B T7E il BRI A4 P, T COFs U 5 BE@ i i Fh ot 22 Al A ML 43 3@t K i e 0 45
BUAng R AR B I, i A T BRI R, SCREIX PRI 48 0 32 B FH 5 4 5 A e fr S A L oA
H, DURA SO RIVE AR R, B RAFIOUBPERI Z L0, 2 LRSS R C, o
PRETE AR I S b

SRk 4h, ULk, AR R R AEE ML FL5 T AR (HOFs) ™ UL bt A AT
2o RXARIRLE B BAT R T RV AL TR P AE RS . BR T RS T 2 LA RHE
REZ LS, d - Hom sl f AR, ATCMRE 5 M X MRS AT BEAT R AL AHELZ R, 45
FIFRAEF SERRESEAS 2 1E 2 COFs #Ab 5 A Bl [, i Hopsiaiube, KA m
AN A ZIERERRITE, ARSI R T AT ZWaT . B8, mTHA T4,
A DL 5 b SR AUA B 45 SR IE M . JR1TT, HOFs f77ELL R ERkA 1. R E I 055, S5t A%
o 2. BT RZHWMEAPIAT, RGN, 3 RS EVSERE R 2 L, Kk
W= =55, REEEMRE MR, NIL S8 HOFs M AIRIEFHF A%

Metal-Organic Covalent Hydrogen-Bonded Hydrogen Bonded Covalent Organic
Frameworks Organic Frameworks Organic Frameworks Frameworks
MOFs o COFs HOFs New-COFs
l'a
Zn2+ + Hooc—O— L@\( _ Self-assemble HOFs + Small
Yy in DMSOITHE molecular linker
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ba” (00, L
Coordination Bonded Covalent Bonded Hydrogen Bonded  Hydrogen Bonded —= Covalent Bonded
Reasonable Stable More Stable Less Stable ‘
s High crystallinity l Easy to Synthe_size and Crystalline m;terials.
e Characterized Large pores,
Good pofoskies i i Chemically stable
Gas storage,sensing,catalysis Facile recycling _~shemically o
' ' but rare research elastic and adjustable pore size
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1.2 SRERHNMBRENSERERINZ LR (HOFs)

SETLUE CUT (B S AU BB B 92, BTSN T — Mmoo, JE T Gk
BRACIRAG % ALAT HLIIZE (HCOFS) . FEFT WL ARISER_E (RTLUR(LOUR HOFS), AN FHEAT
PRRAS R AZH., T34 T COFs il HOFs {55 M9 2 FLAT WU KL, BRARIE T, bty
URPRHIA P i, S5 AIFLIE T LURI I S TSR AT . IRT, LM J R, PEBA
FRAAFHIRIE, 0T L= ROARBZAOBUBRERE , LA RSz, sk b kU025 . JE4h, SCRhHF HCOFs
PPRBEAIAT LB A T 0L R, T A A PO, T Tk A B A
WITTE 2, HOFs M AHILEUMBHT TR BRI, SHELTREA . AU, FREALI S 4 4
A A (RS P 5
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HCOFs 1) E B4 it s 48 T i A B vk i e 08 I8 B dm LR A 1. 3 A SR 358
6 JE ATH AN PR BE L e AR e B AN 5440 o 2xﬁﬁﬁ$7ﬂﬁﬁﬂﬁﬁ?ﬂ,@Zmﬁﬂﬁgﬂﬁﬂ%ﬁ
RLPERE. Wuest™! A1 Schitter™ i 2H BL20 B DhRAE I I 6 B A s S 3He SIEH B 3] o4 (R0 s 4
*HXTﬁmﬁnEﬁEirhéﬁﬁ#gTklffﬂijiiiﬁ?Jiﬁ%égﬁ?ﬁnHﬁﬁkﬂﬁ S AN/ NTITD R =5 B g 573 = 7 L R T N £
R FH ARV NS EROREEIEH, KRR T SAR M 2 LR AL 5 2 5 PR B IAH S 58 3 R L
HIE .

1.4 5 Eﬁfh§5¥L¥§$ﬂ$?$4iTﬁi§Tﬂi BB AR

Cydohexane
solution of (0.1 M/L)

J. Am. Chem. Soc. 2010, 132, 2561-2563

“»:»_

Fukushima disaster 1-131

B 2 UM BT A

W REIR B N 0 B = A RE TR, A TEARREUR AT RV LG REIR AL, BA K
MIEREE PR S SR, AZREIRI B H G L AE WA, — Bz R AR, HOsU RS 4 ik
K I A & SAT AT L AE A . L 2011 45 (R4 8 4% i R R MRS S 30t ER M, UM sk
BY L EHNSNE, AR O R A 2 13107 I8 — R B o ARy Bl 4 2R A A o [ f 9
XmEb . HAl, MRESRE, BRSNS, NMEERFAEYERE, VIERSEHS.

b, RO L AL — EAE A Z AU RL I AT T, BEEZALAR. WA, 240
REMVLIGEE RIS . 0T mnsh fE 2 LA MU R UE, MOFs. COFs i 5t #411— B ik 22
SRR R HAE T T S2BRS H,  H BT MOFs C8H M LWLk s, B d s e A4 17 —4l
MOFsIOZE B bz i W BRI 72, 1T COFs i B BT 5 JF 4 WA . A4k Fokit, -+ MOFs
A1 COFs (&5 FAE FH 70 32 B3 N RCA B AN nl i SL g B, X AE A B IFE — L s (R PR 55 AR M OR
R VSR TR I A, BRERFFE . B 10 T X SebbRl i it J LT 02 B i P P (e 3T
BATRF HCOFs I AE, EfERB e A EE TR e, IR KEMFLEM T, KRk
I3 IR EER 2 LA e A B, R eT MR AT 2R TAE . L, T R AT R
Ab PR (IS AR AR A KT TRIA B, FRATIOE T AR FE 7KV 90 HH IR R RO A 0 B IR R, (RO IX 2 B KR
FE A I SZIRIE, A SCHE ST 2 5 B B A .

1.5 BIRZIT 54 RRS

AU E N B BT s i A ML FUAM R (HCOFs) MR, FRATBETH T BA R iR
o TR RS, WEFTR. XT3k, HCOFs #E4: HOFs [ iH g, A RmmE
S SRR 25 B TSR R AR R B LI o E R RAT I ] 1 440 o S o ] B e XU SR 4 (DAT) 22 [
1E N B W L E R4 %?%%%Wﬁ@ﬁﬁlﬁCWqumﬁl A E & — A NI
PEIEFIH RIS, FTRe S RIETEPDEA e, R e & W %% 53 F DA ZE AR K v
FI A&, 1F 9658k Thiol-ynel® s Rifir 44, xﬁ¢“?ﬁa il (EDT). {EA RSN L,
TSR AR A I 2 I S S R e R S %ﬁhﬂﬂ%?ﬁ@ﬁAﬂL
ﬂﬁﬁx%uﬁ B Ja LA SR T B A 13 db R SR AL A BRI LR AR, AT SR A8 IR R e A4 44

SERITECR B IR G fn R ARG B LR, 4 2 T IE ) NS e AL O SR B A . B
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BT, EAMUEAA COFs Ml HOFs It i A= AL nl,  CERUIR EATUSARAT R 4 PR, i HLR
Bt s A B FUA R BORIS S A TITBUA (1) COFs — A A i RBERIBR - AR T4 HLi
VRASHRIN) J7 125 2 2 ATUAR (T ) e e

HCOFs P WXt
}J Pre-Organizati i% 49 Cross-Linki id'ﬁyﬁ*
IJ—%, Pre rganization ‘B ng % «‘”\ % (7

% F 7 Ny P

Fice ) 5 0305,

N A
s e Alkyhyl, grl?;ll _E%—Z, NS:—SA_
Vﬁj' ’\ij/\‘ :tictlve molecular H:\¥N\ j‘i“
» Nt linker s NN HNNZNH
Dioxane/ ether H A H %}(/\S Q O ss\fé.
;L \ ‘ //J\ | Slow vapor diffusion sunlight %\51 O Q ((s\)(
I I ) )

TPE,
fluorescent
core

1.6 RE/NE
AENEZENA T s A2 MR R 5, DRSS i, 2T EE
) L S AZ IR ) 22 A LAT BRI R (HCOFs) o At RH it H INFE T 45 & AR, sEingitia
SETE, Al BEAETBUR VERMTS QA BT LA B NI o [RIINY, PRI & RS AT 0 - DAAE i 2
FER N AL R BETH B, K2 A8 46 i BEA L2 SLA R U™ E 2L e m AR
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) LA B A I 1) 1 25 i 5 2 FLA WA ZE HoOF-1 BARA Bl BRARE 4l 25 R AE, DA — 2 A B 5%
bb S50 FIAT LR R 5T 5050

2.1 NFESHAFINERER

BT B4R 2 24 i 53R 7 2SR Sk - Fisher Scientific, Sigma-Aldrich and VWR 1k 22 24 543 B i,
KA — P A A3 . NMR Ef 3% Bl T — 6 845 5 Bruker AVIII 500 MHz G H — &
#4574 Bruker AVIII 600 MHz FIRZ A, H AAH R AR B WA N 2 Ll AH R &0 ) T AR A3
>4 500 B 600 MHz, Bk R TAESZ N 125 8% 150 MHz. [#7Z5 °C 52 XHALBE M (CPMAS) i
M F— &858 Varian 400 MHz VNMRS system [FIAZREA o 15 53 HERAH 1S & T 545 Synapt
G2-Si 5 Micromass Q-Tof Ultima J5i i . 48 7 v] W3k id sk T — & 845y Shimadzu UV-1800 %% 7k
Al WG . PR 5 R E T —4 HORIBA QuantaMaster 7G0T, Fes%5s fEik &N
2.5/5 nm, FHHEEH ¥ E Y 500 nm/min. fi7 =26 iENE T — & 4154 Horiba labRAM HR Evolution
2B, FTHBOEIAK N 785nm, BRI YEME S 1800 lines/mm, &5k i B B yR A [A] A
10 #, HmHEMSIANK. RSP RAEZFES =77 A7 Intertek Pharmaceutical Services
(Whitehouse, NJ) #E47 Ml & . A H 2L 204G AR I 4R T — &5 8454 Shimadzu IRAffinity-1
FTIR-8000 [f1J6HEA, FrilFE iS5 g4l KBr & AR A& 5T B 5 i il i oA ids W A Bk AT R AE . #
KGEATHIE R (PXRD) & — & %15y Bruker D8 ADVANCE (¥ R Fi AT o B d AT 5 5
PRIET — G858 APEX Il CCD S AT . ME ST EE (TGA) IEET — &5 8 TGA
Q50 V5.0 Build 164 [FJF#VE AT, EAFE S ECE T— MAa% e, WEEE SRR AT,
&R VS A = iR 3 600-800 T , FHEEE N 10 <T/min. HfHT RS (SEM) BT
— &5 4 FEI XL-30 ESEM-FEG (field emission gun environmental scanning electron microscope) [
YRS R4, I R 1 E N 15 Kv. &5 1 BB (TEM) BUERET — & 85N Tecnai
F20ST FEG-TEM (field emission gun transmission electron microscope) 3% & $HX 2% £ %t, HLTIniE
FLE R BN 200 Kvo #F il & 71 08 i S G S 23 B0 (0 A v R0 B 2800 DX 3 T i 1 O
BB RAGE A HIE T — 685 5 AmScope SM-1TSW2 K062 Sk, et i BUg i T
[A]—{X#%, 5 FR 8 T3 KN 365nm 8 AbF1R4T .

BRI A —SE AT E 4 (SCA) : SCA I FEH — & B 54 Samdri 795 [ S5 58 il o
LR G B R 2l ORE AL G TRCE T AL i IR 3 T, IR TR . B MR R P AP
i, THERE AR TR S —E AR . WA AR BN T8 G, TR E HARE
40 FEICE GEEBE R SR, 24 /NG, BERTIERIE S BOF B S RAT .

AR o0 b AR SARIR B B — & 5454 Micrometritics Accelerated Surface Area and
Porosimetry System (ASAP) 2020 (LU R AR A TE B, At I E T 60 fTRIRENEETT
12 /NEFAE A — VR AT A AL . 2500 B R R & TR (77 K)o SRS IR B pih 230
ETUOKBH (273 K) B HIRT (298 K)o FLAR AT 43 B v 5 28 T W B it 28 1 =l v 48 B2 ok
& (NLDFT) ffsfLIEAL, %7740 EAFE Micromeritics AR TR AL A3 E],

2.2 BIRMIER. 4tk FEm53TEk

2.2.1 1,1, 2, 2-4ZFE 245 (TPE) HIE R

e, UL
Faasas

TPE
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TPE 4 BT o —Fh CAaE i & kg 27, e — /\500 mL =3k, IAER (309,
459 mmol) MIPYERRR (B/K, 150 mL). MNARZRGAE, BARRY, TR RE N
IRF -40°C, LA FEHE SR IMUAEILER (25 mL, 228 mmol). S A R K 3 iR e B RE
Wm*@u 90 °C M/ BlfE, TEUKKI B MR RFERE] 0°C, A FKHE (23 g, 126
mmol) , SR FEINFAE] 90 °C, ik RSB, RNL5E G P IR 3 = 3 I FH B R B 2 VAR K (10%
wt, 400 mL). LLLI#%W%W%%E@«E T, FAE AR AR N TR S35 1 CHLCI, (200
mL) ZEHCE A B YR . e 2R R AR 2 CHLCL, W7, £33 1 falfl 44 TPE (19.85 g, 60
mmol), 7% 95%. HHEA % : "H NMR (500 MHz, CDCl;, 298 K): & = 7.03-7.06 (m, 8H), 7.09-7.13
(m, 12H).

O2N NO, HoN NH,
fuming HNOg/acetic a0|d O O NH2NH2 H,O O O
O O O Pd/C THF, reflux O O
NO,

W N
Cl N\ Cl Cl /N Cl Y
N & Sl
N P S N7~ NH
HN N ~NH HN —
>=N Propargylamine = Q O
ol DIPEA
—_—
Na,COj3 | Dioxane
THF, 0 °C O O 110°C O Q =
0 HI N =7 (UNH N ﬁ
83% AN Ay 70% Hwém N
NN
PN As K Ve
< M N
NH
c” N el N el N N
S3 1

2.2.2 S1 &k

S1 & RT3 —Fh CARIE I i & s P8, ZE oK s b, VKSR (40 mL, 700 mmol) %ﬂ?i
JFHAHEZ (40 mL, 968 mmol) A 250 mL [BJEKHEHH. HZM B A TPE ¥3 K (5.0 g, 15 mmol),
AL FERRSE 20 min, SRJEHE RBR RIKE B =R, BRI =N RS, Jﬂmﬁfﬂ)\/ﬂvk
EI: (300 mL), U)ﬁﬁﬁ%ﬁ@*ﬂ#% R EK PG IF 2 ST 252 5 A 44 S1 (6.6 g, 11 mmol),
72N 85%. WL IEIE: 'H NMR (500 MHz, CDCls, 298 K): 6 = 8.08 (d, J = 8.90 Hz, 8H), 7.19 (d, J =
8.90 Hz, 8H).

2.2.3 S2 K&k

S2 6 FROTIEN — Fh CARIE T 1O A RS, K S1(2.50 g, 4.34 mmol) 78 &4 T i
N 250 mL [BJEEBeHR, FFVEM T IUEME (Jo/K, 25 mL) . AN AEERE (wt 10 % Pd, 500 mg) /K&
J (25 mL, 516 mmol) [FIFHEFE N 48 /NI . [RBZER, R RBFRBIE R, TIERREA ife?lﬁn fi
FH e 75 RAUE BRI G5 Bk (B4 S2 (1.629, 4.12 mmol), 72K 95%. HHLAIEIE: 'H NMR
(500 MHz, DMSO-dg, 298 K): § = 6.57 (d, J = 8.50 Hz, 8H), 6.26 (d, J = 8.50 Hz, 8H), 4.85 (s, 8H).

2.2.4 S3 K&K

TEVKOKIEH, B =TS E(1.20 g, 6.51 mmol), FxFLHN(600 mg, 5.66 mmol) FIPYEMAH (40 mL)
AN 250 mL 5B A o 7 i I VRS S AE — /NI LN S2 (400 mg, 1.02 mmol) {4 Y ki
VW (80 mL). RPARIFHTAHREER, HPHEREL6 /M. MRS, @i BRA S
FI0 s PEWRNAE 2R T IR PR VA 193 13 R EZ 0T DCM Pk a LB AR R M1 =R &R,

% 5 5l 3t 50 W
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133 5 Ry AR [E 44 S3 (788 mg,  0.85 mmol) f=# K 83%. JZ: 2/ i Zid K9 1T KR T I F
JE BEEAFTIRY TR 720 °C . REE % : 'H NMR (600 MHz, DMSO-dg, 298 K): 6 = 11.12 (s,
4H), 7.44 (d, J = 8.50 Hz, 8H), 7.02 (d, J = 8.50 Hz, 8H). #Zfif#iiE: *C NMR (150 MHz, CD4CN, 298
K): 0 = 171.09, 164.89, 141.22, 140.60, 135.75, 132.30, 121.42. =4 ¥ i caled for [M —CI]" m/z =
949.8515, found m/z = 949.8518, [M + H]" m/z = 980.9643, found m/z =980.9611.

2.2.5 1 K&K

¥ S3 (400 mg, 0.43 mmol), HHE (450 mg, 8.18 mmol) 1 FPFF L% (450 mg, 3.48 mmol)
AN ZHNHRF (anhydrous, 10 mL). VAR RBLUSE 78 NS E B INAE] 110 °C,  Hitdk NI 7
RN AR JE R RA RN ERR, BAVKKTEOmL). SEEREHOEE, HidEKEEtTE R
JEHATREEE B al Ch PR, BeliR Ao ma/ i EE=9:1), 153 &4k 1 (340 mg, 0.30
mmol), 7% )y 69 %. LA EE: 'H NMR (600 MHz, DMSO-ds, 298 K): 5 = 8.98 (m, 4H), 7.62 (bs,
8H), 7.26 (m, 8H), 6.84 (bs, 8H), 4.03 (m, 16H), 3.02 (bs, 4H). ZRifkHEIE: BC NMR (150 MHz,
DMSO-ds, 298 K): 6 = 165.87, 164.33, 139.00, 137.62, 131.42, 118.97, 82.71, 72.78, 29.80. =4 Hi /i i
I calcd for [M + H]" m/z = 1133.4885, found m/z = 1133.4858.

2.2.6 1 EK

LW 2 k(3.0 mL) 831k F 1 (10 mg, 8.8 pmol) [ 1,4- 4 NFF (1.0 mL) T, "Ll
BIGERI PR TCHN [1 - 2 dioxane] LA, FEEON 95%. N T RBR ST AR AR ORI T ILIE S
FIRAE, 2 A B, SRJGH DCM (10 mLX 3 KRB TRAA e, FHEES N1, MmE NG
RIS

~ K
‘3\8 2 § SfE-
= = HN H
=N N N #N
N N\*Nk /(N 2.,
NN N%, ) ,
\ -, < _HNNTNH HNTN
HN\N“NH NN NH ®-s S\,g_/

Y

=z O O NG A ) O s
< Q " ey 0 Q b

— NH HNN._NH
=y NH HNN NH HTSHN Ny X
HN}/,’(‘)/ \N:\\N NrN NQ\N
N X H NH
2 s 5_/8 § Z R
s
1 - 2 Y

2. 2.7 ffk 1 5 0Bk

# [1 2 dioxane] #.&% (10 mg, 0.0076 mmol) AN —> 15 x 45 mm [IBHRERS £537 W 3 58/,
RIEH CZWilE (EDT) 2 mL) ¥ enfkw iR, AR FEOURES A . 4 EDT FRHRE —
HJE@ mL) , BT 175 TLHH R NI KRR 4-24 /N, T A2 A s A s i) XU ¥4 2175 1k s
R RNERE, MR GET # DMSO (60 °C) f1ZEE (60 °C) ik, HE T H=AS
W, el R I S AR TS AL, SR AR B LR AR PP ) HCOF-1 (BRonshil
1 {-SCH,CH,S-)g), 7% N 98%. *f T HcOF-1 Jt 3 73 H i 45 SR B H PN SZHE RSB o A i
—: calcd for [1] {CZHGSZ]B.OO {C02]2_50: C 48.42 %, H 5.05 %, N 16.83 %, S 25.69 %. Found: C 48.06 %,
H 5.34 %, N 16.81 %, S 26.06 %. £ —: calcd for [1] {C,HsS2]s.05 {CO2]5.00: C 48.14 %, H 5.00 %, N
16.61 %, S 25.51%. Found: C 47.86 %, H 4.96 %, N 16.89 %, S 25.34 %.
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2.3 M5 BERIE
2.3.1 S3 WAL

~11.16

~11.11
5. 76
2.52
2.52
2,51
2.50
2.50
2.49

HDO DMSO

DCM

J M

T T T T T T T
12.0 11.5 11.0 10.5 10.0 9.5 9.0 85 80 7.5 7.0 65 6.0 55 50 45 40 3.5 3.0 2.5 20 15

ppm

'H NMR spectrum (500 MHz, DMSO-dg) of S3 recorded at 298 K.
4 S3 IR IE

T AR RIOR ISR FT A3 AL - 854 0 SB. AR HEAE ISR T 298K, B IIHIHY) DMSO-ds ¥
W A ARSI Dy 500 MHz, *Tm%ilﬂ B, A 7.0 %EI 7.4 1193108 S3 K LR
TAET, ANy 11.2 MO RS RER T, BT IEREEE gk, B9k AERIE,
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171.09
164. 89

141,22
1
121. 42

A

155 150 145 140 135 130 125 120
ppm
3C NMR spectrum (150 MHz, CD4CN) of S3 recorded at 298 K.

B 5 S3 HIiZmERE

T T T T T T T
180 175 170 165 160 115 110

I BV A% BRI AIE TS P 22 S5 M) S3. WREMS S UREE T 298K, #l#i) CD3CN ¥,
WA TAERR A 150 MHz, FrigEanE R, 50 BB a5 S3 07451 L= -7 T bs
— % B
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2.3.3 S3 Mo P
100+ 7606
(M- CIJ*
947.0
949.0
[M+ H]*
= 985.0
TG1.6
9829
986.9
945.0 9510
| 6634 8230 989.0
7526 8210, 911.1
989.9
605568547055 o b L soso |29 s%0 O g 10401 1073.1
% 700 750 800 850 900 950 1000 1050 T e T ™
ESI-MS spectrum of S3.
6 S3 MR PR
B B R R A I T B A Ak SR gk /Dy S3. M\ S3 RS, wl DL Rk E S3 4T
HERFE S B ERELE— /I\/%L%?H’JE'JT:.?O
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2.3.4 1 WA

0% - N ©©N M © o oM N - =
oo © AN Q@ Qe 0w oo 0 v W
o o o MNNN~NN~©OO© < < M mm S
SN NSNS N <N —~

f d Z

. H N H H // X

\\/N NYNH\\/N\I//N\I/N\/

e | I

c d h
LA A -, L

r T T T T T T T T T T T T T T T T T

)0 95 90 85 80 75 70 65 60 55 50 45 40 35 3.0 25 20 15
ppm

'H NMR spectrum (600 MHz, DMSO-dg) of 1 recorded at 298 K
B 7 1R

i BV LR BE T A5 A 2 850 1o RS S UREE T 298K, YY) DMSO-ds ¥
RHEA AR AR D 500 MHz, ARIEWEIFR, 5 508 RS 1 70 7450 B SR FhRiE—— XN,
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2.3.5 1 (IR RE
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ppm

BC NMR spectrum (150 MHz, DMSO-dg) of 1 recorded at 298 K.

B 8 1 MikmimkiL

S LRI BIE T AR AL 2 G5 1o RS S UREE T 298K, YY) DMSO-ds ¥

A TAESIZ A 150 MHz, ARl a0 & pr o,

—‘Xﬂ‘@o

G LR N RS 1T A BRI IE T N R —
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2.3.6 1 HIEHEE

100 378.5022
567 2486
[376.8357
h67 7504
[M+ HJ*
] 1133.4858
Ea
1134 4882
b [379.1698
568.2516
q 284 1283
11354916
843787
_ 3795037 AT4T127 |6RB.T522 948.4149 1132.4773
3631726 [ATS2137 [G405m 7353417 9334052 | 0494169 1136.4944
13??860 L | | 552'249'(1 lﬁm'mf/em.aziae I973-4"?-2 11474983 12704635
0 '|"|‘I ¥ T ‘|l f by + 1 Baaaa f ptrbttepel by ! ey T b T i T T Mz
100 200 300 400 500 500 T0O 800 900 1000 1100 1200 1300 1400

HR-ESI-MS spectrum of 1.
B9 1 KR HRE

I o S SR IGAE BT =M 45000 Lo L s i, mTRAAREN 1 47 o B
WEES .

3 12y 4k 50
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2.3.7 1 BAKRSFRRIE 5 HOF-1 [E4ARRZ X EE

a
( ) 1 /// \
Crose, ,ﬁ\ _N. _NH
Cs C7 \\(
N_.N
Ce
HN\C?C4.E:3 C
X C2 .o 3
Ci
o, Co c
c,Ce G 2 Cro i
1 I¢: l
C: C
(b) HOF-1 e
- H2 I

NN \C/N\Cg/ M ! |
N [ G
HN. _C || || Ce [
c#e \ I\ G {

a w I e 3 A \ C

X o a_,r | / v \ WA / & h

ﬂ“u‘m (" \ // " \\ i\ ,/'/" \

y ' / N Win,

A J Moy AN \\/\/wv‘r‘{‘v‘\‘%’\‘r\%(‘ ﬂ/‘u\N W *\F\r\/\"\/*.\p{"\w-ﬂ

50 40 30 20 10 0

200 190 180 170 160 150 140 130 120 110 100 % 80 70 60
ppm
() **C NMR (150 MHz, DMSO-dg, 298K) spectrum of 1, and (b) *C CPMAS NMR (100 MHz, 298K,
10000 rpm) spectrum of HCOF-1.
& 10 1 Bfk4rFRRiE (150 MHz, DMSO-ds, 298K) 5 HcOF-1 FE#&4#%HE (100 MHz, 298K, 10000
rpm) X}t

WG, JEACBRR N AR, 1R Coo M1 Co JLT- 58 42TH 2%, B A HIFE HCOF-1
(1 [ R B = 3 X BRI PR B U o XA 5 R VRS SR N 701 SN IR 4 R BRI A5 5 R AZ
WA A A A B AR (S 715 5 AT AR BB R AR A 20 T AR, I AT S 58 4 SR N AR IE 3R o

=

% 13 vl 4k 50
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ppm

Variable-temperature "H NMR spectra (500 MHz, DMSO-ds) of 1 recorded at 298 K to 353K, respectively.
B 11 1 ks TA AR

IS AR AR L L SR T AT S8 7 TR A B E . AR AL RS 5 e T3 )
DMSO-dg ¥, I MEAX TAERIZ N 500 MHz, SREER H VUM, 43718 298K, 313K, 333K 1 353K,
FRUEME R~ . BB, BEE N ER T, BRI EEE S I EaEsh, b vk
IS, F5180E, XPUREMETE R FiZ0 TATHRES, WERENS TREE, SEE
B2, MR T, 2 T IREBEIR, WEIRH T NS S T I E S .
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2.3.9 1 BUAKRS T A S ML S5 WIS EDT 431 J5 1 1 dm RS i A% i
(a) . d ///
\\\/ﬁ - %X HDO
T
NYN
HN Q.
c [ jCHz
8
b
a | % DMSO-d,
b a e f
c
e LE—J J JJ
(b) J
HS~_”"SH i
i

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0

PpmM

(a) *H NMR spectrum (600 MHz, DMSO-dg) of 1. (b) *H NMR spectrum (600 MHz, DMSO-ds, 298K) of
a dissolved [1 2dioxane] crystal sample after EDT exchange. The crystal samples have been washed with
diethyl ether before NMR experiment. The dioxane molecules in the crystal have been replaced by EDT.
The proton integrations between 1 and EDT suggest approximiatel3 EDT molecules per 1 in the crystal.

B 12 1 Bfkn eI 5 R EDT 5 F /5 1 1 St th

I EFE R CRIR T 1 AR EDT J0 7 B BN AR B o AR A5 5 IR e T 298K, 4%
T ) DMSO-de IR, AZREAX ARy 600 MHz, & tn B iR . 1 [k [1 2dioxane]7£ ] EDT
IS e AR RN T Ja, F CBED B2 NS, FHEET DMSO-ds I IEZILE 5 o i X
150 FF1 EDT 43T HI1E SR BEAR 70 LU, mT DS HAE S, EDT MMRISCE A B — AN A s ol
13/~ EDT 43 F-

15 71 4t 50
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2.3.10 1 §uk7>1-5 EDT ¥ B 286 S B 328 i SE 56

§ ,
1
C/EHe HDO
N a DMSO-ds
0 A0y B
= fri
f b a c d
e e . N N
_Integration ratio

didn’t change
10mg 1, 20e.q. EDT

0.5ml DMSO-d,

A\
Vet AL
N =N )
= L
N\ AN
92 90 88 76 74 72 70 68 42 40 38 36 34 32 30 28 26
ppm

Time-dependent *H NMR spectra (600 MHz, DMSO-dg, 298K) of a 1 + EDT solution (1, 10 mg, 8.8 pumol,
20 equiv. EDT, 0.5mL DMSO-dg) recorded over a period of 5 days. The NMR sample was placed under
natural light. No noticeable thiol-yne reaction was recorded (alkyne proton d remains intact) but some EDT
oxidative oligomerization was recorded in the '"H NMR spectra.

Bl 13 1 BfksrT5 EDT ¥R E MRt % ] ST A S S T e

DRI A s 1 PR 0 A2 TN PR S5 2 AR M UL, R I 38 5 s ) SV AZ R SR A0 1 34447 5 EDT ¥ RAE
HAN NRIRBIED, KIEAZH . S5 T 298K, #E YK DMSO-de 5K, A% HEAX T
YESZ N 600 MHz, ARG AT R, FTUEES A 1 AT EDT AR &AW (1, 10 mg, 8.8 umol, 20 equiv.
EDT, 0.5mL DMSO-dg), S50 i IANTE H ARG N IR TR o SR T3 WA S (R bR e s S R A, T
& EDT 70 F RAERMEN . CRIFIE RN A BT DAE AR TR KA, XIAL T R
AL R R AN 2 TR S AR N KR . AT DA R 2518, FRATTIA A SR I 2 I it e - I 119 S 9t 2 o

% 16 v 3k 50
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2.3. 11 1 §44k5>15 EDT VR A6 S B 328 i) SE 6

/ld
CZ \ g S—/_SH
NH € N N o
10mg 1, 20e.q. EDT /H"‘/(\N/IQN A\ e 2 Iy DMSO-d,
0.5mI DMSO-dg = fH " S HDO P
f A e A B 5

0.5h

E
%
*@

12

=

|

6h

%

24h

36h

|1

3 91 89 87 77 75 73 71 69 67 41 39 37 35 33 31 29 27 25 23
ppm

Time-dependent *H NMR spectra (600 MHz, DMSO-ds, 298K) of a 1 + EDT solution (1, 10 mg, 8.8 umol,
20e.q. EDT, 0.5 mL DMSO-dg) placed under a medium-pressure 175-watt mercury lamp with the forced
air cooling recorded over a period of 2 days. Thiol-yne reaction was monitored by tracking the
disappearance of alkyne (d) and methylene (g) proton resonances.

14 1 548575 EDT RSN R L% ] SE U6 H S i S i

B b, FRAT R Se i S ORI 1 BARSy T EDT IR LM T I SO S I o
WS S ¥R T 298K, #E I DMSO-de VA, A% REAX TA/EAZ 9 600 MHz, ARUE W B FrR .
Bl EE o 1 F0 EDT BB ST (1, 10 mg, 8.8 umol, 20 equiv. EDT, 0.5mL DMSO-dg), 5256 & 3K
TE 175 FOHP FRFRAT B S 3] A 1 264 T N R ML R, T LLIE I I d A0 g W) 1 B 2 1 - I S

AVARS

17 v 3k 50
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2.4 NAIBSFRAE
2.4.1 1 8BRS T 5 HOF-1 f$s 86 b

2000 | 1500 | 1000 | 500
Wavelength(cm™)

Raman spectra solid samples of 1 in its powder form (red) and HcOF-1 (black) at 298K.
& 15 1 k55 HOF-1 Khr 8 J6ixy bt

PRUEHE R, B 2OGHE, AT A E AR 1 SR AR 2100nm A fERIESES S 1R
AR S AR, R T B IR SN A5 5 R L, TR D SR s I ) B IR AR

% 18 Ul 3k 50

=



- SHREEMIENMBERHKNSERE S LA

2.4.2 1 BAKSF. HOF-1 5 T,cHOF-1 [AZL 4Nt xt b

—1

——H_OF-1

4000 3500 3000 2500 2000 1500 1000
Wavelength/nm

FT-IR spectra of 1 (powder form, red), HcOF-1 (blue) and I,cHcOF-1 (black) at 298K, respectively.
& 16 1 84kF. HOF-1 5 1,cHCOF-1 FIZLAM Gt b

LLAMNGIEAE N AN A I B ARRAE, briEnE R, SHEaitasibE, SR BE
JRIETE R, AN, ik HOF-1 7R ISl 7 5 W 2 I e B B AR Ak, AT DAUE B B 5 JE Ak 20 B
HAE W,

2.4.3 1 AL T 5 HOF-1 %GR K 5t

—— Emission spectrum
Aex = 380 nm

Excitation spectrum

rem = 520 Nm

1.0

0.8+
0.6 1
0.4

0.2

Normalized PL Intensity (a.u.)

0.0

300 400 500 600 700
Wavelength (nm)
Normalized steady state excitation and emission spectra of 1 (1 x10° M™) in DMSO solution recorded at

298K.
B 17 1 B0 TR BUR KAt

BT ED TR, 2 TR0 E SO NIIREE L) ) SRR S RO, RIS eioR

2519 u 3k 50 T
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E%ﬁ%mEQAiﬁm%ﬁ A — AL RE B R 4, 4> 77 DMSO 7k, 380nm Kotk
TR R S A 520nm,  TIAE 520nm 2 5K ORI R K A 310nm.

1.0 4

0.8 1

0.6

0.4 1

0.2 1

Normalized PL Intensity (a.u.)

0.0

- - - Ex: H_OF-1
an ---Ex 1
/ I Yem = 550 Nm
S —— Em: H_OF-1
e ——Em: 1
J.,/I hex = 450 nm
/

T T T T T T T T T T T T T T T T 1
350 400 450 500 550 600 650 700
Wavelength (nm)

Normalized solid state excitation (dash line) and emission (solid line) spectra of 1 (powder form, blue) and
HcOF-1 (crystalline, red) recorded at 298K, respectively.

18 1 BfR4rF5 H-OF-1 BEIARIEER R IHEHE

T HeOF-1 A& T & WA NETR], B 1 Bk 528 e Bont b 7E [ 24528 6 1 B
AT, IR, TSRS, B T AR KRR B GRS A, Bl 57—
WG R G2, DU FE 20 45 M) F A TEAC R G K AR 2 AR B R 3 32 FH.

2.4.4 1 BARS T, 1 &R 5 HOF-1 622 pif%

Optical microscope images of (a) 1, and (b) HcOF-1.
B 19 1§45 HOF-1 Y62 B e g

KPR, 12 ARG RR BRI 41, AEACHRE TR HoOF-1 difAs, B 1 di ik
Pt s ek AN T, R R,
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1X105 1X103

Images of HcOF-1, 1-2dioxane crystal, 1 powders, the DMSO solutions of 1 (1 x 10° and 1 x 10° M)
under (a) the natural light and (b) UV light (A = 365nm), respectively.

B 20 1 84k0F. 1 kS HOF-1 AT A ERIEER

W AR, BAVAAE T 1 AR T EARIE R . 1 Mk HCOF-1 76 1] WA 365nm 45 7t
KB . B, 1Ry PR ER NG &KOe A, SontHREFSRICIIER. TRk
FESHOT, 1RGPS KRR E ZR, MakKitS HOF-1 B h%0r, #—»
€ RIE LB E AN mES, AR LEEES.

2.5 HARAE

2.5.1 1 Bk T 5 HOF-1 [ 20 b Eb s

100

=]
o
1

[=2]
o
1

FY
o
1

Percentage Mass Loss
N
o

0 . 160 . 2(I)0 . 360 . 4(I)0 . 5(I)0 . 660 . 7(I)0 . 860
Temperature/ Degree C

TGA profiles of 1 (blue) and HcOF-1 (red) recorded under a nitrogen atmosphere.
B 21 1 8465F5 HOF-1 MRES TR

MEIRIFEELL 102 min™ (i hn#el R AR R 1 A T5 HoOF-1 #EATRE T, AR
ML BE 5 1 Bk TAHEL, HCOF-1 7F 250-350 °C A5 — BBl S R 450, 2904 38%, nJLA
VRGeS N ) EDT 3 178 3 43 Fr vh 20 i 1 o 1

2.5.2 HOF—1 F44 o 53 %

21 v 4k 50
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20 pm

N\
SEM images of HcOF-1 at different scales.
& 22 HOF-1 fFa# i R

WEFTR, EARREIRT, BTSSR0 B R IR AR 25 5 AR 8000 2R R 2 e
2. 5.3 HOF-1 {)i% 5 s g

TEM images of HcOF-1 at different scale.
A 23 HOF-1 [t i R

R, FEARWEIRT, TR AN R 2R SR T LE L S I A EREi e, DL R Z5 R
fLIBE M -

2.6 REINE

LREpNR, ARTEAMNAT 1Py T REG SO, P EUEL. RS SERET R
fiEo FIRF, A4H 71 B4k sy T3] HCOF-1 U4 it KISE AP IR, L ELITR M LS
FAIEUE . ARE T SR EEATRAL. WHEORUL, RAVRRAL o T ERE U,
AR AR F R, (ERAEAS I SO I 2 U A S A SE A BT, A5 2 T 78 2 SR R B AT
S R T T I E SO SRS 0 i 4 P 2 FLA HUISE . 0k, ASCHFLER A RS 7>
&S R CRIEARN A B .

2822 U1 4L 50 7T
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BZE BAIRS R

BT RSB E R SL A B A IR 1) s 45 S 2 FLA LI ZE HCOF-1, FRATAE® W & < ik Ar]
TR HIIRE, A R I LB S R RN 023 7, SR AT O PR IR S s 4 AR AT
SHEMFEIN R 131 5HESMEINER 127 A2 EA T X A, FITE 52820t 5 i 2 Al A it
ITWEF . A NFREAE,  SbAA PR AS B IR A SR I I A R s M 3 FLOE S5 M R A, 0T 7 3R 0%
PARMERILR 7K A 0 L o P B oA e, BRI S AN R T S EAR BV R BTHE

3.1 HOF-1 XAy &z KON 2 B AR

3.1.1 EEHH

T I HCOF-1 75 /KR AR 0 A e R Bt B, o HCOF-1 @A (50 mg) =T Klg 7K
W T (600 mg KI A1 300 mg |, #ET 3 mL HyO ) 48 /N i ik it 98 75 380 W B s 5 £6) A
i, AHZEETK (2mL x 3) PEKEIIERICE, REESRT T, B85 AW HCOF-1 £ &
l,cHCOF-1 (154 mg). 5331 BT A BER AL AL I I8 TR R Sk v B Fi 75 71111 5 e 4% o

3. 1.2 MEBRIR Eh v F8 R~ 7 2

N TR E RSN, HOF-1 XL i KR Bt & 4 18 1R, R IRI kAT 7 E—3P
W REIGEAT T AR IR R R TR AN S0 . JeKE 2% BIVERNFR AR (2 mL) NS I IER
SR G AN AR FR N /KR (0.05 M) B 2 IFREF IR (A @A . Wit 58, MRk R
L RN 197.2 mg, WESE T HCOF-1 MR B AL /&2 102.8 mg , Rt KRB &4 2.06 g/g.

3. 1.3 JLEDHT
XI T L,cHCOF-1 W e &R 0 &5 B Wil A CeoHsoNog 8.15C,HeS, 46.51, 9.25H,0 1) i 73 H i
Calculated: C, 15.03 %, H, 1.92 %, N, 5.37 %, |, 66.95 %. Found: C, 14.7 %, H, 1.52 %, N, 5.1 %, |,
66.55 %, 19tH T HCOF-1 X e K B &8 2.2 glg.

3. 1.4 ST

MEEIFIELL 10€ min™ [ nHGE R E R R R LcHOF-1 AT HGE /M, 7T LU )78
25-270 °C Z |81 — By S BB 2, 29°M 64%, AT DL A 45 W B BILZE DN 2 1F T B0 Bt 5 2%

100
80
60
40 4

204

Percentage Mass Loss

0 l 160 . 260 . 360 l 460 l 560 l 660
Temperature/ Degree C

TGA profiles of HcOF-1 (red) and I,cHcOF-1 (black) under nitrogen atmosphere, respectively.
& 24 1,cHCOF-15 HCOF-1 BB 74T HUER

25 23 U 4k 50 T
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3. 1.5 HOF-1 X2 <, 1 W it =

ot R ZE S B B ATT 43 T R R F 9 77 VP i N #43) 75 °C 5 28 IR Y Bk N HOF-1
(AR 2R, FAENE TR, 55T HOF-1 W& I i S KW &4 2.8-3.0 g/g.

3.2 HOF-1 XA AR MR = o=

T MR HCOF-1 X IR B, FRATI F S ) 25 SR A a] I sk I I i e e
PRI . FE—AN A 5 bl L H B A R K VAR (1.4 mM, 2 mL), S HcOF-1 (3.0 mg) 4
PE, BT 30 EPEE 3 M BHIAIN YR, ARIET 2 ANIEAN 4 N I k. ARIERRUERRZR S, 30
A3 5 A TP AR FE AN 288 ppm K2R 18 ppm,  FETTU/NE S BFE A 8 ppm.

100+
1.0 —O0— 286nm
- 2 —O— 350nm
=
2
& 501
]
it
0+

120 180 240
Time/min

60

300 400 500 600
Wavelength/nm

Time-dependent UV spectra of a saturated iodine aqueous solution (11.4 mM, 2 mL) after adding HcOF-1
(3.0 mg). Blue: I, saturated agqueous solution, t = 0 min, brown: t = 30 min, red: t = 4 h. Insert:
time-dependent |, adsorption efficiency.

Bl 25 HcOF-1 ZE7K ¥V AR R B 13385 28 SR o e 1

3. 3 HOF-1 TR 7K A i 3 1 IR B 6 PR
|-

5X10°M Kl, aqueous solution

Before
— After

200 300 400 500
Wavelength/nm

UV spectra of a Kl; aqueous solution (2 mL, 5 x 10™ M) before and after adding HcOF-1 (3 mg).
B 26 HCOF-1 ZE7KH R H X TR B ARG U0 PR 86 S RO

5 24 v 3t 50
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PRI LR AT WLV R &, HCOF-1 Mo (1) 7K VA Y01 Ao TR B 0 PR 2 T8 A ] A3
AXARFE PR (abs < 0.006, < 1 ppm). R4 13 fEKEHRH HEFEH AN I < L+ inKlg , ' K
W ACUEs A = 225nm [ 5 IR I 1) B 25 145 5 4 o

3.4 HOF-1 XA [E)7% 57 o A R B

NT EGAE HCOF-1 76 AN [R50 o S B B 7 IR0 55, FRAT 1K HCOF-1 32 /R AH [R) R B2 (At (%
PL Kl 230D AR F, WEEIEmE KAk, BARSadfEd, AT 7L u4A
Sy, 4544 15 mg HCOF-1 1238 T 25 mM 1/ 75 mM KI/ 2 mL 7K ¥, 25 mM 1,/ 75 mM Kl / 2 mL
FRESVAVR, 25 mM 1o/ 2 mL HEEVATR, and 25 mM 1/ 2 mL 3R CkEiaTR, S FRRrE: 48 /NI, 1AMREIE,
A R A B B B LR, AT L, HGOF-1 o B 7K 3 v LA e i 1K) W P e A3

a’@@ggﬂﬂp@@
Loty 4-, Al s o

15mg

|
{ . N
e —— ——— ey - R—

—
Images show the I, uptake of HcOF-1 in (a) 25 mM 1,/ 75 mM KI/ 2 mL aqueous solution, (b) 25 mM I,/
75 mM Kl / 2 mL MeOH solution, (c) 25 mM 1,/2 mL MeOH solution, and (d) 25 mM I/ 2 mL
cyclohexane solution for 48 h, respectively.

B 27 HCOF-1 ZEAS R0 R LR B B3 38 4tk

3.5 |, cHOF-1 TR RY A% MR R 53

I SE EN A AMGIEIRATTAT LI 1,cHCOF-1 #E DMSO B FF B34 Aol e s % . /2 R
RSz R, ¥ 1,cHCOF-1 (1.0 mg) 75454 DMSO BLREE (10 mL) F9/N RS it
MU, HBUH 2 mL I, OO 2, SRS TR LN RS F
155 P P VA 1) 2 A U 22 SRR S

25 25 U 4k 50 T
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——1min ——1min

(@)1.s, —o  (b)1s ——mn
—3min — 3min
—— 6min —— 6min
—— 9min / —— 9min
——12min 1.0 ——12min
——15min ® —— 15min
——20min e} ——20min
——30min | << —— 30min
——60min 0.5 —— 60min
—— 120min —— 120min

300 400 500 200 300 400 500 600

Wavelength/nm Wavelength/nm
(c) 1.5, (d)1.5-
1.0 1.0
2 . &
0.5 0.5
—=—295nm ——290nm
—=— 366nm —+—358nm
0.0 . ; 0.04 . .
0 60 120 0 60 120
Time/min Time/min

Time-dependent UV spectra of the I, released from I, € HcOF-1 in (a) DMSO and (b) MeOH. (c-d)
Absorbances of the solution at 295 nm and 366 nm in DMSO, and 290 nm and 358 nm in MeOH recorded
at different time, respectively.

28 1, cHCOF-1 7E DMSO F B B vV Hh o L i B ) 3 745 6 AR O e

Optical images of (a) HcOF-1, (b) I,cHcOF-1, (c) recovered HcOF-1 after DMSO releasing, and (d)
recovered HcOF-1 after MeOH releasing.
& 29 1, cHcOF-1 7 DMSO F1 FF BV R X Bt Bt Fr) B0 B 2R 4k

25 26 U 3k 50 T
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B BRI VR 1, cHCOF-1 Bt FEAE i i B 9F T A8 4k, (R SR B/ DMSO W LFE R, 1
7 F R B RO R 2= . B T, 4t 30 S, 1,cHCOF-1 XL i Y 25 /£ DMSO
J& 93%, TM7EHEEH )y 48%.

3.6 1 GRiAXTH RO IR B A 53

W B RFE S 1«2 dioxane (8.0 mg) =T Kl ¥ (600 mg KI, 300 mg I, ¥#fi# T 3 mL H,0)
48 /NI o A SR JE I KR, ARSI TR, AR R AR 28.1 mg. B RE 0
TEFR, MR RGBT AR 1 S A T B S & 2 5 AR

LS5

(a) Images of the crystal 1 2 dioxane uptaking I, from an aqueous environment. (b) Optical microscope
image of 1 2 dioxane crystal after 96h.

B 30 1 s Xol T A R B S R R B B R AR
(a)

. d / o | ]
HDO
“\,H Ny NH En]u; K DMSO-dj
M
NeoN
e e
HN
¢ , s
b
a | f
X : JU
A |/

_Disappearance
of —C=CH

11.5 11.0 105 10.0 95 90 85 80 75 70 65 60 55 50 45 40 35 3.0 25 20

ppm

'H NMR spectra (500 MHz, DMSO-ds) of (a) 1, and (b) the dissolved 1 » 2 dioxane crystal soaked in high
concentration Kl aqueous solution recorded at 298 K, respectively.

B 31 1 SN R B B S A% BT

PR US4 1 S AR T DMSO-de Ji HEAT S X BERAE, 1 EIFTR. "H NMR 40Hr ] L
H, R U T A S PSS R P i o OGS bR RTINS S, R A 2 AN T IR Y, X RN i 1
Fif R P IS AZ BB F) - BRSR MGG R i I 58 2 S R AR A B, IX KR 58 17 TS e B0 mT gt R By 1 e AN
e RasE .

27 71 4L 50 7L
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Material name Adsorption Solvent or Capacity Release  Release  Recyclability Reference
temperature I, vapor (9/9) solvent  efficiency
€9)
Zeolites Ag’-MOR 75 I, vapor 0.16 — — — Ind. Eng. Chem. Res.
2017, 56, 23312338
Ca-zeolite A 25 I, vapor 0.035 water 169h, — ACS Appl. Mater.
4.9% Interfaces, 2009, 1 (7),
pp 1579-1584
Activated AC1,AC2 75 I, vapor 1.05-1.17 — — — Ind. Eng. Chem. Res.
charcoals 2017, 56, 23312338
lonic DESs 25 cyclohexane 0.48-0.99 — — — Green Chem., 2016,
liquids 18, 2522-2527
[Bmim][Br] 25 cyclohexane 2.1 — — — Phys. Chem. Chem.
Phys., 2014, 16,
5071-5075
Silver-based  AC-6120-silver impregnated 130 I, vapor 0.135 — — — Methods of Gas Phase
Adsorbents silica gel Capture of lodine
AgA-silver impregnated 150 I, vapor 0.100-0.235 — — — from Fuel
alumina Reprocessing Off-Gas:
AgX-silver exchanged 150 I, vapor 0.080-0.200 — — — A Literature Survey,
faujasite INL/EXT-07-12299,
AgZ-silver exchanged 150 I, vapor 0.170 — — — Idaho National
mordenite Laboratory: ldaho
Resins Amberlite XAD series <50 I, vapor 0.2-1.0 — — — Falls, ID, 2007.
MOFs MIL series, CAU-1 25 cyclohexane up to 0.31 ethanol  40%-70% n.r. Chem. Commun.,
2013, 49,
10320--10322
Zng(btc)4(atz);, 25 cyclohexane 0.40 ethanol solvent n.r. Inorg. Chem. 2016,
color 55, 13035-13038
change
Complex 1’ 25 cyclohexane 1.01 ethanol 11day, n.r. J. Am. Chem. Soc.
100% 2010, 132, 25612563
CdL, 25 cyclohexane / 0.18/ ethanol  48h, 98% n.r. Chem. Commun.,
I, vapor 0.46 2011, 47, 7185-7187

% 28 11 3 50 T
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{[(Zn1,)3(TPT),]-5.5
(CGHSNOZ)}n
Zr—stilbene MOF

Cu-BTC

[Zn,(tpte)(apy).-—x(H20)x] H20

ZIF-8

{[Cus(pybz)s(OH):]
P17},

[Cu(IN)]12
Porous CC3
polymer
CMPN

PAF-23, PAF-24,

and PAF-25

BDP-CPP-1
NiP-CMP
Azo-Trip
AzoPPN

SCMP-I|
and SCMP-II

25

25

75

75

7

20

70

75

75

77

7

7

80

I, vapor
I, vapor
I, vapor

I, vapor

I, vapor

pre-incorporated Co-crystallization

pre-incorporated Co-crystallization

I, vapor

I, vapor

I, vapor

I, vapor
I, vapor
I, vapor
I, vapor

I, vapor/

cyclohexane

1.73

2.79

1.75

2.16

1.25

0.76

0.82

0.558

0.97-2.08

up to 2.76

2.83

2.02

2.33

2.90

3.45/
3.24

irreversible capture

Physi- and
chemisorption

ethanol solvent
color
change

methanol 20 days
for

complete

release

methanol 3 weeks

ethanol solvent
color
change
ethanol solvent
color
change
ethanol solvent
color
change

ethanol 8h, 96%

ethanol 60h,
96.4%
hexane ~99%
Physi- and

chemisorption

no

n.

>

n.

n.

n.

n.

r.

.
5 cycles
.
.

r.

Chem. Sci., 2017, 8,
3171
Chem. Eur.

J. 2016, 22, 4870
Chem. Mater. 2013,
25,2591-2596
Inorg. Chem. 2016,
55, 9270-9275.

J. Am. Chem. Soc.
2011, 133,
12398-12401
J. Am. Chem. Soc.
2012, 134, 4857-4863

Chem. Commun.,
2012, 48, 78597861
J. Am. Chem. Soc.
2011, 133,
14920-14923
J. Mater. Chem. A,
2015, 3, 87-91

Angew. Chem. Int. Ed.
2015, 54,
12733-12737
J. Mater. Chem. A,
2017, 5, 6622-6629
Chem. Commun.,
2014, 50, 8495--8498
Polym. Chem., 2016,
7, 643-647
Chem. Eur.

J. 2016, 22, 11863.
Chem. Commun.,
2016, 52, 9797--9800
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hexane ~60%
HCMPs 85 I, vapor 3.16 heating 30min, 3 cycles Macromolecules,
98.8% 2016, 49, 63226333
H:OF-1 25 water 2.1 DMSO 30 mins 3 cycles This work
and > 93%
methaol
75 I, vapor 2.9 DMSO This work
80 I, vapor 3.0 DMSO This work

1 B AT AL LR — L8 2 SLAP R IR BT BT, b EdEh . TR . TR IR RN RL. AR, SRANMERMZ LR

B, ARIRLBAR L, AT ST % B B [ S 90 R R 22 AR #5110
3.8 ARE/NE

LR PR, ASTEATANE I T P SRR [ LA B SR 14 v 45 o JEE 22 LA B LRA) ZROKH AU 10 PR R B 28 i »

FFI IR SN BEAT 1SS B R

HIFH SR IEIAT T i KW B AOERAL, R Bk ST W B SRR 1 AR AR B AT T T 7E o S (R SR FE B X b, AT DU LA S
S8 BB BRI FIT A R4 R0 o BB S 6 B 1k RE AT R AR HE A R ) o 20k, W 45 R 22 FLAA LA SR HCOR-1 Xof Al ) 8 00 W A 5t B 428 48 0 ek 5 B2

% 30 1 3t 50 M
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Y

FNE 1 S5 HOF-1 B REFEHAS

T A PO VB B R R A AR T A AR 1, B RO LB AT TR T B4 0 AR AEBOR
RAULIE A7 WA . IX B/ COFs 2% a4 it 5 2 SLAT HUMI ZE BT I ) (R0 AL, el 2 — Bk i /5
JTFBL AT A IR A I AR e SR AR, HLokBE 2 ik IR A A B R MRS . AR 1T,
ARSI ) BRI AL HeOF-1 #E3X 5 T B A A L3, ol 138 KA 1 i A s AR i,
A RSB TTIRASH,  PIRAS IR A s A, TV A A A Bl B R T 5 T, AR
NG FE . ATEENAT 1 RIAEKSRSE, HOF-1 A1 3RAG 1,5 28 L Sk LA
E AR RS, 2 T VR AR A LB S . RIS, AN I AT R
AT S VE AR RE 1 BLE HeOF-1 FR R B AOBLER, 3R 1 —Fh ok A O 2

4.1 1 * 2C,H0, 5 HOF-1 BYSLIE SRR LS IR

B AT AT LAFRAS 1 2C4H0, 5 HCOF-1 15256 d iR g i B, B RET — 6815
>4 Bruker D8 Venture f#] & 7 5% o 38 1 BL#38 H] Bruker SHELXTL #4400 B% BU B o e,
A LR B BTG B LA SR AL B 78 iR R AR S M A AL f5 , FREAT TR IN & CCDC
1531826 & T A H AT S AR B o W0 B U5 ) IX s B dE, AT LLE B Cambridge

Crystallographic Data Centre deposit at ccdc. cam.Ac.uk, http://www.ccdc.cam.ac.uk/deposit.

#2 1+ 2C4H0, KR A EHIEIRMHOF-11 R iS4

Formula 1+ 2C4Hg0, H:OF-1
Formula weight 1309.48 1886.76
Color, habit Yellow, Spicule Yellow, Spicule
Crystal system monoclinic monoclinic
Space group C2/m C2/m
Unit cell dimensions

a (A) 11.945(2) 12

b (A) 26.364(5) 25.70
c(A) 15.094(3) 50.17
a 90 90.00
B 98.517(3) 96

Y 90 90.00
Volume (A%) 4701.0(15) 15382
VA 2

Calculated density (Mg/m®) 0.925

Absorption coefficient (mm™) 0.062

F (000) 1376

6 Range for data collection (9 1410255

Reflections collected 47708

Independent reflections 9142

Absorption correction Empirical

% 31 T 3t 50
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Refinement method

Data / restraints / parameters
Goodness-of-fit on F?

Final R indices [1>2o(1)]

9142/ 0 /496
1.036

Full-matrix least-squares on F?

R1=0.1103, wR2 = 0.3706

3 1+ 2C4H;0, SRk (A) 58 fm (%

bond distances of 1 « 2C,H50,

N1-C5 1.398(5) N5-H5 0.88 N1-H1 0.88 C6-H6 0.95
N1-C8 1.356(4) C5-C6 1.359(11) O01S-C1S 1.448(7) C6A-H6AA 0.95
N2-C8 1.359(4) N6-H6A 0.88 01S-C2S  1.418(10) C7-H7 0.95
N2-C9 1.342(4) C6-C7 1.364(14) C2-C3 1.386(9) C7A-H7A 0.95
N3-C9 1.324(4) N6-H6B 0.88 C2-C7A 1.394(8) C11-H11B 0.99
N3-C10 1.345(5) C6A-C7TA  1.390(12) C2-C3A 1.411(9) C11-H11A 0.99
N4-C8 1.326(4) Cl1-C12 1.409(9) C2-C7 1.317(12) C13-H13  0.95
N4-C10  1.348(5) C12-C13  1.235(10) C3-C4 1.360(12) C14-H14B 0.99
N5-C9 1.358(5) Cl14-C15 1.376(16) C3A-C4A  1.408(14) Ci14-H14A 0.99
N5-C11  1.461(6) C14A-C15A 1.368(16) C4-C5 1.366(9) C14A-H14C 0.99
N6-C10  1.322(5) C15-C16 1.27(2) C4A-C5 1.357(13) C14A-H14D 0.99
N6-C14  1.490(10) C15A-C16A  1.26(3) C5-C6A 1.401(9) Cl16-H16  0.95
N6-C14A 1.425(11) C3-H3 0.95 C16A-H16A 0.94 C1S-H1SB 0.99
C1-C2 1.499(4) C3A-H3A 0.95 C1S-C1S a 1.341(12) (C2S-H2SA 0.99
C1-Cl b 1.350(6) C4-H4 0.95 C25-C2S a 1.413(14) C2S-H2sB 0.99
C1-C2.d 1.499(4) C4A-H4A 0.95 C1S-H1SA 0.99
bond angle of 1 « 2C4Hg0,
C5-N1-C8 128.8(3) N1-C5-C4 124.6(5) N1-C5-C6 115.0( N5-C11-C1 112.2(4)
A A 4) 2
C8-N2-C9 112.7(3) N1-C5-C6 120.7(6) C11-Cl2- 1742( C12-C13-H 180
C13 7 13
C9-N3-C10 113.6(3) C4-C5-C6 119.7(6) N6-C14-C 115.4( N6-C14-H1 108
A 15 9) 4A
C8-N4-C10 114.1(3) C4-C5-C4 46.5(6) N6-C14A- 117.2( N6-C14-H1 108
A C15A 10) 4B
C9-N5-C11 123.4(4) C4-C5-C6 95.4(6) C14-Ci5- 151.7( C15-Cl14-H 108
C16 17) 14B
C10-N6-C14 122.7(5) C6-C5-C6 45.4(6) C1l4A-C15 157.0( H14A-Ci14- 107
A A-C16A 19) H14B
C10-N6-C14 121.5(5) C11-N5-H 118 C4-C3-H3 118 C15-C14-H 109
A 5 14A
Cl b-C1-C2 122.6(2) CA4A-C5- 1025(6) C2-C3-H3 118 N6-C14A-H 108
C6A 14C
C2-C1-C2_d 114.8(4) N1-C5-C4 125.1(5) C2-C3A- 122 N6-C14A-H 108
H3A 14D

% 32 71 3t 50 T
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Cl b-C1-C2 122.6(2) CO9-N5-H5 118 C4A-C3A 122 C15A-C14 108
d -H3A A-H14C
C8N1-H1 116 C4A-C5- 114.7(7) C5-C4-H4 121 C15A-C14 108

C6 A-H14D
C5-N1-H1 116 C10-N6-H 119 C3-C4-H4 121 H14C-Cl14 107
6B A-H14D
C1S-01S-C2 1125(6) H6A-N6- 22 C5-C4A- 117 C15-C16-H 180
S H6B H4A 16
C1-C2-C3  121.6(4) C10-N6-H 119 C3A-C4A 118 C15A-C16 180
6A -H4A A-H16A
C1-C2-C3A  117.0(5) C5-C6-C7 122.8(10 C5-C6-H6 119 01S-C1S-C  all6.6(5
) 1S_ )
C1-C2-C7  1235(55) C5-C6A- 120.0(6) C7-C6-H6 119 01S-C2S-C  all3.0(7
C7A 25_ )
C1-C2-CTA  122.4(5) C2-C7-C6 122.3(8) C5-C6A- 120 01S-C1S-H 108
H6AA 1SA
C3-C2-C3A 482(6) C2-C7TA- 120.8(6) C7A-C6A 120 01S-C1S-H 108
C6A -H6AA 1SB
C3A-C2-C7 102.0(5) N1-C8-N2 114.3(3) C6-C7-H7 119 H1SA-C1S- 107
A H1SB
C7-C2-CTA  47.1(6) N1-C8-N4 1195(3) C2-C7-H7 119 C1S a-C1S 108
-H1SA
C3A-C2-C7 119.3(6) N2-C8-N4 126.3(3) C2-C7TA- 120 C1S a-C1S 108
H7A -H1SB
C3-C2-C7TA  1159(5) N3-C9-N5 115.7(3) C6A-CTA 120 01S-C2S-H 109
-H7A 2SA
C3-C2-C7  94.1(6) N2-C9-N5 116.9(3) N5-C11-H 109 01S-C2S-H 109
11B 2SB
C2-C3-C4  124.9(7) N2-C9-N3 127.4(3) C12-Cll- 109 H2SA-C2S- 108
H11A H2SB
C2-C3A-C4 1156(8) N3-C10-N 116.4(3) N5-C11-H 109 C2S a-C2S 109
A 6 11A -H2SA
C3-C4-C5  118.4(7) N4-C10-N 117.7(3) H11A-C1l 108 C2S a-C2S 109
6 -H11B -H2SB
C3A-CAA-C  1251(8) N3-C10-N 125.8(3)
S 4

F4 1+ 2C,H0, MAEESBNEKA) 58 A (OB
D—H---A(A) distance of D---A(A)  distance of H---A(A)  angle of D—H---A (deg)

N1—H1---N3#1 3.093(4) 2.2100 175.0

N5—H5---0O1S#2 2.855(5) 2.1000 144.0

% 33 71 4t 50 7T
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N6—HG6A---N2#2 3.030(5) 2.1600 170.0

Symmetry codes: #1: 0.5+x,1/2-y, z, #2: -0.5+x,1/2-y, z.

4.2 1 « 20H0, B R 5 FLIEL

N SNae
& T ¥R Pl
a A 1 &

ORTEP diagram of the molecular structure of compound 1 2C4HgO, drawn in the 30% ellipsoid
mode (blue: N, red: O, gray: C, green: H).
32 1 2C4Hg0, s ERIE A

% 34 71 3t 50 ;W
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The 3-D packing structure of 1 2C4HgO, along the a axis direction, the ORTEP plot with 50%
ellipsoids. (blue: N, red: O, gray: C, green: H).
& 33 1 2C,HgO, FfA a By M FLIE L

pore surfaces. Dioxane is excluded from the crystal lattice.

&l 34 1 2C,Hs0, F:4E& [100] A1 [101] SATE 5 MIFLIESH
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The alkyne-to-alkyne group distance highlighted in the crystal lattice of 1 2C4HgO..
& 35 1 2C,HgO, F Aoy Ta) 2 1 B B 5 I 7

ETUELEER, BATTLLEME S 1 2C,HO, A 7> T HEFIASLIE L, LA B EL )
FRELRIPE RS, ZEE AR IE A EDT 2 T4 5 8BRS 1 K AE

4.3 ET RS0 HOF-1 By RIALEHFEI

4. 3.1 HOF-1 [P 5. 5L A7 5 G

B AT G R BIFTR, AT LB B B R ATA BESL, ARTTEHR A, B TS
VETRIE ORI, TSR AR B HO1E S 5 B R85 B AR T 2% 1 SR B 0 M. o S AR RV £
B SRR, R TR R S I [ K SIS, i R ST eIt AT S R A,
H AT AR U — SR RIS E, CAHITE 4.1 &35, A1, ETHMFEL LOEMW
R, A 1 SRR RS HIA HoOF-1 (IS5, FRAT AT LA I S AR R ) 75 vk 45 3
TRWE [ HCOF-1 HRL il 544 o

% 36 UL 3t 50 ;T



SEERIENERHENSERE S FLAIME

SHANGHAI JIAO TONG UNIVERSITY

The X-ray single crystal diffraction photograph of HcOF-1 at 77 K. The data was collected using
the Bruker D8 Venture X-ray single crystal diffractometer with Mo-K(alpha) radiation source (A=
0.71073 A).

& 36 HcOF-1 K8 AT 5 BIR

4.3.2 HOF-1 [ SR,

i1t Materials Studio %1, A LAZETF 1 2C,HgO, Sh A B Fh 45 KA HCOF-1 1) & il 23
X HoOF-1 B g S5 A IEAT 40 . 158, BT o P 218501 M\ 1 2C4HgO, ekt AS R,
SRIGH £ R IR A I AR R IE | (BEE 28 8 A) o @It JLffRil, FA1152)
T HCOF-1 I 4k, SRJE 8L R Z 4 a = 12.00, b = 25.70, ¢ = 50.17, B = 96 ° (¥t A L,
JIT A% i AR G A0 225 F T J5 SR AR A AR AT S 254 1) Pawley ARAL S, BIA HCOF-1 Y B d 5
LR
Lattice type: 3D triclinic, a = 12.134359, b = 25.51901, ¢ = 50.351588, a = 89.24896, B =
95.73322, v = 91.03126. Powder refinement: Rwp = 2.97% Rwp (w/o bck) = 3.56% and Rp =
3.21%.
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The ‘alkyne-to-alkyne’ group distances before (top) and after (bottom) photo-crosslinking
highlighted in 1 and HcOF-1 structures, respectively. All the alkynyl groups have been converted
to thioether in HCOF-1.
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Simulated I, adsorption with fixed pressure of 1 atm at 298K. Red dots indicate the possible I,
locations in the lattice of HcOF-1. The simulated result indicates a theoretical uptake of 9.3 I,
per TPE unit in HCOF-1.
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1 crystal
R, VA

(b)M\\_ H_OF-1
(c) —— H_OF-1 refined
(d) ——H_OF-1 with | (0.2g/g)
(e) ———H_OF-1 with |, (2.1g/g)
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(f) —— H_OF-1 with EtOH
(9) ——H_OF-1 recovered crystal
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2 Theta (degree)

Powder X-ray diffraction patterns of (a) 1 crystal, (b) HcOF-1, (c) HcOF-1 refined, (d) HcOF-1
with 1, (0.2g/g), () HcOF-1 with 1, (2.19/g), (f) HcOF-1 with EtOH and (g) HcOF-1 recovered
crystal.
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Powder X-ray diffraction patterns of 1 crystal (black) and 1 crystal after dioxane removal (red).
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Small angle powder X-ray diffraction pattern of HcOF-1 with I, (2.19/9).
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adsorption/desorption isotherms of HcOF-1. (HcOF-1 is activated at 60 °C for 24h before

the measurement).
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HYDROGEN BOND DIRECTED FORMATION OF
A CRYSTALLINE COVALENT ORGANIC
FRAMEWORK

Covalent organic frameworks (COFs),* which are a class of crystalline polymers® possessing
permanent pores of defined size and shape, are prominent in gas storage and separation,’
catalysis,* and energy-related applications.” The porous nature of these materials also provides
opportunities to address the increasing threat to public health caused by environmental pollutions,
e.g. heavy metal contaminants® and radioactive wastes’ in the ecosystem. Although some COFs
are reported stable in acidic or basic agueous environment by tautomerization® and resonance
effect”® or irreversible bond formation,® the chemical stability of COFs, in general, limits their
practical application® for selectively adsorbing ions/molecules that are environmentally impactful.
From a fundamental perspective, achieving high chemical stability and crystallinity is a challenge,
because COFs are usually synthesized via reversible reactions to improve their crystallinity™
through an error-correcting mechanism.* The improved chemical stability is often associated with
trading off the high crystallinity in COFs.*

Developing hydrogen-bonded covalent organic frameworks (HCOFs; Figure 1), which
involves chemically cross-linking molecular precursors that have been pre-organized into a
crystalline state by hydrogen bonding interactions (Figure 1), will (i) add another synthetic
strategy towards COF synthesis, (ii) improve COFs’ chemical stability and crystallinity, and more
importantly, (iii) bring new features such as elasticity to the existing COF family. In this approach,
the molecular precursors firstly crystallize via multivalent hydrogen bonding interactions,
affording potentially porous molecular materials that are similar to hydrogen bonded organic
frameworks"> (HOFs) and porous organic molecules.”® The solvent molecules in the crystal,
however, are not required to be removed before the subsequent chemical cross-linking step, which
will enable the utilization of a large library of such potentially porous molecular materials that
otherwise lose their permanent porosity after solvent evacuation. Covalently crosslinking these
well-organized molecules without interrupting the crystallinity of the material will improve the
chemical stability of the network, where successful examples have been demonstrated in related
areas such as crosslinking protein crystals,"* metal organic frameworks (MOFs),*> molecular
tectonics'® and two-dimensional organic crystals.'” Different from COFs, which possess difficulty
to restore their crystallinity once they become amorphous,™ the HCOF frameworks can deform
through energy dissipation upon solvent or guest molecule “swelling” by breaking hydrogen
bonds and subsequently restore their original conformation by reforming noncovalent interactions,
thus giving rise to intrinsic elasticity’® at the molecular level.
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hydrogen-bonded covalent organic frameworks (HCOFs)
Figure 1. Graphical illustration of the design of hydrogen-bonded covalent organic frameworks
(HCOFs) through single-crystal-to-single-crystal transformation. The obtained HCOFs possess
guest-induced expandable voids because of the flexible crosslinker.

Challenges associated with the development of HCOFs are (1) maintaining their crystallinity
when cross-linking molecular building blocks in crystals, and (2) preserving the porous structures
that remain accessible for guest molecules after crosslinking. Pioneering works demonstrated by
Wauest™ and Schliter’” have shown successful preparation of crosslinked crystalline materials
from molecular crystals through photo-irradiated single-crystal-to-single-crystal (SCSC)
transformations, where the utilization of mild photoreactions mitigates disruptions to materials’
crystallinity, although the pore accessibility after photo-crosslinking remains unexplored.

Inspired by these pioneering works, we seek to develop HCOFs with highly-ordered pores
and explore their applications for the removal of environmentally impactful contaminants. Herein,
we report the design and synthesis of HcOF-1 (Figure 2a) through a SCSC transformation from
molecular precursor 1 via photo-irradiated thiol-yne reactions. The hydrophobic pores decorated
with hydrogen bonding motifs are accessible to guest molecules after crosslinking, making
HcOF-1 architecturally and chemically suitable to adsorb highly polarizable iodine. HcOF-1
adsorbs I, rapidly in aqueous environment with high uptake capacity and efficiency, associated
with an increase in the density of the material that simplifies its isolation. Interestingly, the
adsorbed I, molecules can interrupt the crystallinity of HcOF-1 framework, which expands its
void space to accommodate more I, beyond its theoretical capacity. The crystallinity of HcOF-1
can be recovered by rapidly releasing the enriched I, into organic solvents followed by a solvent
evacuation, demonstrating the elastic and recyclable properties of HcOF-1 and its potential in
practical application for the active enrichment and removal of radioactive iodine isotopes (**I and
31)) that are liberated during the nuclear fuel treatment’ and nuclear accidents such as the
Fukushima nuclear disaster.".
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Figure 2. (a) Chemical design and synthesis of HcOF-1 from 1. Inset: optical images of the crystal
sample of 1 and HCOF-1. (b) X-ray structure of 1 connected via intermolecular hydrogen bonds
(dashed lines). (c) TEM image of HcOF-1 after sonication. (d) Packing diagram of 1 along the
[100] direction and the highlighted pore surfaces. Dioxane is excluded from the crystal lattice. (e)
Simulated structures of HcOF-1.

Our design (Figure 2a) starts with building a molecular precursor 1 bearing a
tetraphenylethylene® (TPE) core attached with four s-triazine-derivatized functional arms. Similar
to those 2,4-diamino-s-triazinyl hydrogen-bonding motifs'** 2 % jn  HOFs, the
2,4-dipropargylamino-s-triazine (DPT) dual-functional arms in 1 were designed as
hydrogen-bonding motifs as well as reactive precursors for thiol-yne?* crosslinking. Molecular
precursor 1 was synthesized in 47% overall yield from TPE in four steps via (1) nitration followed
by (2) reduction,?® (3) reaction with cyanuric chloride, and (4) octa-substitution with
propargylamine. The intermolecular hydrogen-bonding interactions of 1 were observed even in
DMSO-dg solution by *H NMR spectroscopy at room temperature (Figure S8), suggesting the
installation of multivalent DPT motifs on the TPE core promotes the noncovalent interactions
cooperatively.

Slow vapor diffusion of ether into dioxane solutions of 1 at room temperature produces
crystalline samples that are suitable for single-crystal X-ray analysis (Figure 2b). In the crystal
structure, 1 crystallizes in a C2/m space group. There exist three types of interconnected irregular
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channels — two featuring the size of ~15.0 x 10.4 A and ~7.3 x 5.5 A along the [100] direction
(Figure 2d) and one rhombus-shaped channel with a size of ~7.3 x 6.2 A along the [101] direction
(Figure S31). These micropores are interconnected, which will allow crosslinkers to diffuse
throughout the crystals by multiple pathways. The DPT moieties are connected via two types of
hydrogen bonds, one responsible for the formation of individual 2D supramolecular layers along
the crystallographic a axis and the other interconnecting these layers to form a 3D architecture.
The solvent-accessible void space of 1 is 50.9% suggested by Mercury. Dioxane participates in the
formation of the hydrogen-bonding network and occupies ca. 12% of the volume of the crystal.
Actively removing dioxane from the crystal lattice under high vacuum results in a loss of
crystallinity (Figure S34), suggesting that the solvent molecule is critical in stabilizing the
hydrogen-bonded framework. Although the distances between the adjacent TPE units are 11.945
(a axis) and 15.094 A (b axis), respectively, the crystal sample of 1 emits fluorescence (Figure S15)
at 510 nm. The torsion angles between the phenyl rings and the ethylene group are measured as
129.46° and 109.93°, suggesting that the rotation of the phenyl rings in the crystal lattice is
restricted. This observation is similar to those TPE-based MOFs,?® where the rigid framework
enhances the fluorescence of TPE. The alkynyl groups of the DPT moiety adopt several different
conformations in the crystal structure and the distance between the neighboring alkynyl groups are
measured as 6.0, 7.2, 8.1, 8.3, and 9.7 A, respectively. This information suggests ethanedithiol
(EDT, HSCH,CH,SH) as a potential crosslinker to form C—S bonds (~1.8 A) between two alkynl
groups that are ~ 8 A apart without significant bond strains, since the distance between sulfur
atoms of EDT are 4.4 A in its anti conformation.

Single crystals of 1 2dioxane were soaked in neat EDT under dark overnight to allow an
extensive solvent-to-crosslinker exchange. *H NMR analysis of the dissolved crystal (Figure S9)
after EDT exchange reveals that (1) ca. 13 equivalent of EDT were diffused into the pores of the

crystal and (2) the hydrogen-bonded dioxane have been replaced by EDT molecules. The crystals
in neat EDT were photo-irradiated under a mercury lamp and the unreacted EDT was removed by
extensive DMSO and ethanol washing at 60 oC followed by activation using supercritical CO2. It is
worth noting that the ambient light was also able to initiate the photo-crosslinking reactions,
affording HCOF-1 within 48 h. In contrast, no significant photo-crosslinking was observed in
solution (monitored by *H NMR spectra, Figure S10) after exposing the solution under natural
light for 5 days, indicating that photo-crosslinking can be greatly accelerated in the crystal by
orientating the reactants in close proximity.

Since thiol-yne reaction undergoes a double radical hydrothiolation mechanism,? it requires
8-16 equivalents of EDT to react with all the alkyne groups of 1, where 8 equivalents of EDT will
result in a densely crosslinked polymer while 16 equivalents of EDT affords a dendrimeric
product as confirmed in a solution phase synthesis (Figure S11). Elemental analysis of the
crosslinked HcOF-1 after supercritical CO, activation reveals the chemical formula of HcOF-1
as [CgaHsoN24] {C2HeS:2]s.0-8.1 1CO2]25.3.0, indicating that 8.05 +0.05 equivalent of EDT have been
consumed after photo-irradiation. Thermogravimetry analysis (TGA, Figure S17) recorded 37%
mass loss attributed to [-SCH,CH,S—] between 250 — 370 °C, which is well above the boiling
point of EDT (146 °C), suggesting complete removal of unreacted EDT in HcOF-1 and an over
98% thiol-to-thioether conversion in the photo-crosslinking reactions. In HcOF-1, all alkyne
groups have been consumed as confirmed by Raman spectra (Figure S12), where the —C=C-
vibrational band of 1 disappeared after photo-crosslinking. Solid-state *C CPMAS NMR
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spectrum of HcOF-1 (Figure S7) suggests a full alkyne-to-dithioether conversion, since no alkyne
or new alkene carbon resonance was recorded while new aliphatic carbons were found between
25-45 ppm. These results suggest that, even though a large excess of EDT was employed in the
HcOF-1 synthesis, only a stoichiometric amount of EDT (8 equiv) was consumed during the
photo-crosslinking. Compared with solution phase synthesis discussed earlier, the distinct
reaction output of the HcOF-1 synthesis suggests that the microenvironment in the crystal lattice
play a key role in orientating the reacting groups to favor or disfavor the subsequent crosslinking.

a)
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(c) l,cHCOF-1
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Figure 3. PXRD profiles of (a) the crystal sample of 1, (b) HcOF-1 after CO2 activation, (c)
l,cH:OF-1with I, loading ratio of 0.2 g/g, (d) l,cHcOF-1with I, loading ratio of 2.1 g/g, (d) wet
HcOF-1 soaked in EtOH, (f) recovered HcOF-1 sample after 1, releasement experiment and
evacuation of solvent molecules.

The obtained HcOF-1 crystals maintain their morphology (Figure 1c), transparency and
fluorescence (Figure S15) upon UV irradiation. Although the diffraction data (Figure S32) is not
suitable to resolve the crystal structure of HcOF-1, single crystal X-ray diffraction experiment
provides the unit-cell parameters of HCOF-1 (a = 12.00, b = 25.70, ¢ = 50.17, B = 96) that are
similar to its molecular precursor 1 (a = 11.945(2), b = 26.364(5), ¢ = 15.094 (3), B = 98.517(3)),
with the ¢ axis and cell volume increased three times, indicating that the asymmetric unit of
HcOF-1 expanded three folds after thiol-yne crosslinking compared to the initial cell. TEM
analysis of the crystal samples after sonication (Figure 2c) reveals exfoliated bundles of
micrometer-sized fibrillar structures, suggesting that the periodic alignment of 1 has been well
retained after chemical cross-linking. Compared with the PXRD profiles of 1 2dioxane (Figure
3a), the crystalline 3D structure is well preserved in HcOF-1, with subtle shifting (ca. 0.25°) of the
[100] peak to higher value of 20 (Figure 3b), suggesting that the TPE-to-TPE distance is slightly
reduced. Based on the chemical analysis results, the crystal structure of HcOF-1 was simulated
based on the single crystal X-ray data of its molecular precursor 1, by hypothesizing the
dithioethers are formed between the alkynyl groups that are 8.1, 8.3 A apart (Figure 2e and Figure
S32).
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Figure 4. (a) Images of a saturated iodine aqueous solution (ca. 1.2 mM) upon addition of
HcOF-1 (3 mg). (b) SEM image of I,cHOF-1 and the EDS analysis profile. (c) Time-dependent
UV/Vis absorption spectra of I, aqueous solution (1.14 mM) upon addition of HcOF-1 (3.0 mg).
Inset: absorption of the solution at various times. (d) Time-dependent UV/Vis absorption of
DMSO solution (10 mL) upon addition of I,cHOF-1 (0.1 mg) at 295 and 366 nm, respectively.
The obtained HcOF-1 exhibits high chemical stability against a broad spectrum of organic
solvents (from hot DMSO to refluxed hexane), acidic and basic aqueous solutions (pH = 0 — 14)
and UV irradiation (7 days), which make it suitable to be applied in real environmental settings.
As shown in Figure 4a, crystal samples of HcOF-1 (3.0 mg) were added into a saturated I,
aqueous solution (ca. 1.2 mM). Since the density (p = 0.925 g/cm®) of HcOF-1 is lower than water,
these crystals float at the surface of the I, aqueous solution in the beginning. Within a period of 30
mins with some mechanical agitation, the crystal samples gradually sank to the bottom of the
reaction vial, with their color gradually turned darker. From a practical perspective, this density
increase of HCOF-1 upon |, adsorption greatly simplifies the separation of the I,cH:OF-1 from
the aqueous solution. The I, adsorption process is also monitored by time-dependent UV/Vis
experiment (Figure 4c). After adding HcOF-1 to a saturated I, aqueous solution, the I,
concentration was decreased from 288 ppm to 18 ppm within 30 mins and below 1 ppm after 24 h.
HcOF-1 is also capable of adsorbing iodine in other solvents, with an uptake ability of H,O >
MeOH =~ cyclohexane (Figure S24). In order to accurately measure the I, uptake capacity in
aqueous solution, HcOF-1 crystal samples (50 mg) were immersed in a high concentration of Kl
aqueous solution (3 mL with 600 mg Kl and 300 mg of 1,). The dynamic equilibrium of I3” <, +
I" in Kl; solution allows a dynamic release of I, when the solute I, is adsorbed in HCOF-1. After
24h, the increased mass of crystal samples suggests an adsorptive capacity of 2.1+0.1 g of I, per
gram of HcOF-1, which is also confirmed by I, titration, elemental analysis and TGA analysis (see
the SI). The I, adsorption experiment suggests a maximum of 16.5 I, molecules per TPE moiety in
HcOF-1, which exceeds the theoretical uptake capacity (max. 8-9 I, per TPE) based on the
simulated structure of HcOF-1. Scanning electron microscope (SEM) image (Figure 4c) showed
an iodine-enriched crystal sample possessing crystal-like morphology with some bending and
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twisting, with a large amount of iodine element detected by energy dispersive spectroscopy (EDS).
PXRD profiles (Figure 3c-d) of I,cHcOF-1 suggests that the framework was transformed from a
crystalline to an amorphous form, where no diffraction peak was observed at 0.6°-5° (Figure S36).
These results suggest that the hydrogen-bonded superstructure of HcOF-1 was interrupted upon I,
adsorption, where the I, molecules compete to form hydrogen bonds with DPT moieties. Since the
dithioether crosslinkers are flexible, the HcOF-1 expands its cavity to accommodate more I,
molecules. Indeed, the I, uptake capacity measured in I, vapor at 75 °C further increased to 2.9 +
0.1 g per gram of HcOF-1, due to the fact that the energy required to interrupted the hydrogen
bonding network is reduced at an elevated temperature. This I, uptake capacity of HcOF-1 is
among the highest sorption values of all porous materials including zeolite, porous graphene,
MOFs,* and porous organic polymers.”®> More importantly, HcCOF-1 was able to adsorb 1, directly
from the aqueous environment at ambient temperature, which has not been demonstrated by
MOFs or porous organic polymers before. This rapid I, adsorption and high uptake capacity may
attribute to the hydrophobic nature of the pores that are surrounded by hydrogen bonding motifs.
In comparison, crystal sample of 1 react with the adsorbed I, under the same experimental setting,
affording multi-substituted iodo derivatives at room temperature (see Sl for detail). Notably, the
absorbed I, molecules could be rapidly released from HcOF-1 in DMSO within 30 mins
with >93% releasing efficiencies and the color of the crystal is recovered. In comparison, the I,
release speed is considerably slower in MeOH (48% released within 30 min). The results suggest
that the solvent molecules can compete with the hydrogen bonding interactions between I, and
HcOF-1, therefore release the absorbed I, in solution. After solvent evacuation, the superstructure
of HcOF-1 recovered to its original state, as revealed by its PXRD profile (Figure 3f), with a
nearly identical diffraction pattern compared with that of HcOF-1. Our result demonstrates a rare
example where an elastic COF is capable of expanding and contracting its cavity induced by
strong framework-substrate interactions.

In summary, we demonstrate an approach to develop COFs with high crystallinity and
chemical stability by developing a new crystalline porous organic framework HcOF-1 via
photo-crosslinking the crystal samples of its molecular precursor. The HcOF-1 adsorbs I, rapidly
in aqueous environment, associated with a significant density change as well as a
crystalline-to-amorphous morphology transformation. The adsorbed I, molecules interrupt the
superstructure of HcOF-1, which expands the framework to host more substrates. Our strategy not
only enables the employment of a plethora of irreversible reactions and flexible linkers that are
largely avoided in the current design of COFs, more strikingly, it demonstrates a general pathway
to develop soft porous organic materials, which selectively adsorb guest molecules and
dynamically change its guest accessible pore size.?® Furthermore, the synthesis of HCOFs will
also allow for size-selective surface post-modification, these research are currently under
investigation in our lab.

Note: all the references are the same as the references in page 48-49.

Publiction: An Elastic Hydrogen-Bonded Cross-Linked Organic Framework for Effective lodine
Capture in Water, Yunxiao Lin, Xuanfeng Jiang, Samuel T. Kim, Sampath B. Alahakoon, Xisen
Hou, Zhiyun Zhang, Christina M. Thompson, Ronald A. Smaldone, and Chenfeng Ke*. J. Am.
Chem. Soc. 2017, 10.1021/jacs.7b03204.
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