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Solvent-Directed Syntheses of Two Hydrogen-Bonded
Metal-Organic Frameworks

WANG Fei

(Fujian Institute of Research on the Structure of Matter, Chinese Academy of Sciences, Fuzhou, Fujian 350002, China)

Abstract Presented here are the solvent-directed syntheses of two hydrogen-bonded metal-organic frame-
works (MOFs), namely, Cd(obb)(en)] NH(CH,), ] * DMF (1) and Cd(obb),(en), * DMA (2) (H,obb
= 4,4'-Oxybisbenzoic acid, en = ethanediamine, DMF = Dimethyl Formamide, DMA = Dimethylacet-
amide) , which are solvothermally synthesized from same reactants but different solvents. Single crystal X-
ray analysis shows that compounds 1 and 2 contain same 1D Cd-obb chain and 2D Hydrogen-bond net-
work. Differently, compound 1 encapsulates the structural ordered DMF guest between layers via strong
host-guest H-bond interaction, whereas in compound 2, the 2D layers link to each other via interlayer in-
teractions to generate a 3D framework containing disordered DMA guest molecules. Both compounds ex-

hibit good stability in various solvents. It is worth noting that compound 2 exhibits permanent porosity
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and gas adsorption capability. Under 1 atmosphere pressure, compound 2 has a maximum nitrogen adsorp-
tion capacity of approximately 38 ml/g, making it a potential candidate material for gas storage/separa-
tion applications.

Key words metal-organic frameworks; crystal structure; hydrogen bond; structure direct agent; porosity
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TEABSET . 4T Cd(obb) (en)[NH(CH,), ] * DMF (1) 1 Cd(obb), (en), « DMA (2) (H,obb =
4,4'-Oxybisbenzoic acid, en = £ —fi, DMF = “HIEH B, DMA = “HIELABHO M a4 R A
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x1 KEW 12 WREBIEMBEER

Table 1 Crystal data and structure refinement for compounds 1 and 2

Identification code

1

2

Empirical formula Cy Hyy CdN, Oy CgH,3 CdN, O
Formula weight 546. 89 473.79
Temperature/K 100. 00(10) 100. 00(10)
Crystal system monoclinic monoclinic

Space group P 2,/c C2/c
a/nm 1. 503 23(2) 2. 806 72(4)
b/nm 0. 976 481(13) 0. 955 502(13)
¢/nm 1. 674 81(3) 1. 655 46(2)
a/( 90 90
B/ 113. 598 8(19) 100. 087 3(15)
7/ 90 90
V/nm’ 2.252 82(7) 4,371 03(11)

4 4 8
Pete/ (g cm™) 1.612 1. 440
p/mm ! 5.536 5.619
F(000) 1120.0 1 920.0

Crystal size/mm?® 0.2 X 0.15 X 0.1 0.2 X 0.1 X0.1

Goodness-of-fit on F* 1. 082 1. 063
Final R indexes [ [>=20 (1) ]

R,=0.029 4, wR,= 0.079 3 R,= 0.025 6, wR,= 0. 069 1

Final R indexes [all data]
cede 2234 014 2 234 015

R,= 0.030 1, wR,= 0.079 8 R,= 0.027 7, wR,= 0. 070 6

2 Higifie

2.1 A1 2 g

B X BFERAT S (SCXRD G5 ARG 1 5 TR P 2, /c ZSHEE. EW 1 MAXFRAITTE S
—A~ Cd JEF.—> obb” FCARFI—A en BifA ,— > DMF 43 MR 19 — B B[ NH(CH,), JPA K —4~ DMF
BART, WA 1) s, Cd el 7 Befr, Hodr, en BT 2 4> N REF-FIBANRILF ) 4 4 O JE LU
BAEIRE CdJETEA, s N B ] Cd 1 I, DMFE S0 A B ARAE S e A al — P i
BHES LRI S TP AR L H = e S A7 B RaE AR A

B Y) 11 TR A R A 22 . 25 MR obb” BLIRME A, - i HAHAR Y Cd 5B 1D
“ZUFIAE, en FAKRRY N JET5 obb BLAARIREE O JE ¥ 2 M AYFE S H 0. 295 9 nm, W FET7ER ZLHY S
MEAEHCE 1(b) IR se it o), X8 1D ff @it Fad A 5 AR HE— 2R 2D )2 CE 1(0)D,
Cd JFF AT AT AL 85— H e 5 0 B TR HETE 2 B w0, AR 402 2 () B A B S A A AR . oA 3
HALBRRLA A 17%, &A1) DMF 2 FIHFE R 1(DI, B4, DMF BR 5807 A en B 2 [ 4778
LEECO--N BB} 0. 300 6 nm) CE 1(dD T Ry T AL AN AN LS, Cd JEFF1 en FILR 3-8 #2715 #2, obb
AIALR A-FE3E 0, 2D 2 AT DARIAE R (3, 3. -3 A8 A% (I 1Ce) D, Hi A5 o (4. 67), (47, 67,87).,

546691 R BIAITRE  (FH DMA /EREFINSR TA 2, tbEY 2 R HE & FRPEC 2
/¢ 23 [ s AXFTFREAICAL T —A Cd JEF . —4> obb® ™ fiii . —~ en LA FI—A —H [ NH(CH,), ]. 781k
AW 2 1, Cd JFEFH obb” BUAHEIEIE AL 1D 2" FIEEE . 5G9 1 ANFFJE, en M obb” FLiAZ [AIFF7E
WA 20 S A B AR N O BEES A3 5112 0. 299 1 nm 1 0. 311 9 nmCIE 2(h) o 23 3 S £1 (0 Fl 23 40, 5
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"1, Cd-obb 1D i i i S AR BAE I T3 R R TG 1 48204 2(o], X S8 258 i 5
TR AR TR AR R B A 3D HEZECIE 2(d)), SHE LR A N 17% ., a1 Ak S
2 HABMUZIREEFFIFLELR HEMAL A8 2 HAFAE—A DMA BARS> 7, th T ik i A 5 AR 070
DMA ZA8 K FoA: B IC 1 SCXRD #i5E . Al Olex2 A4 N & A Solvent Mask 1AL TR B F 40T
AT . ZEREI LAY 2 TP Cd(obb) (en) [NH(CH,), 1BIEH AT —4 DMA 401, R 7N
Cd(obb),(en), « DMA, MARFMIHT AL, Cd JEFF1 en AIRLA 3-7E452 95 55, obb® AIHLCA 4-3E 45715 45,
PR AS = HESUHHEZR 0T AR AL R (3, 3, O-HERE0Hn N, S /55 R (67,8),(6°,8”, 10) L&l 2(e) ],

() 0 (b)
W

1 (a) &Y 15 Cd HEALIRE ; (b) en 5 obb FEfAZ B SREEER (AMLERHEET),en 5 DMF B2 B
SEREER(AZERHET); (c) 2T Cd-obb #BTSEHEEEREENUEY 1 MZHE (MLIE);(d) DMF5F
BEE-EGESEEEERLTEZE(RE);(e) BAL(3,3,4)-EESEME;Cd, FEIK;en, EBIK; obb, T BIK
Fig. 1 (a) The coordination environment of Cd in compound 1; (b) H-bond interactions between en and obb ligand
(hig Hghted in pink) as well as en and DMF guest ( highlighted in green); (c) the 2D layer of 1 based on the
connection of Cd-obb chain by H-bond interactions (pink); (d) the DMF molecule located between layers
through host-guest H-bond interactions (green); (e) the simplified (3,3,4)-

connected H-bonded network, Cd, turquoise; en, blue; obb, red

XA Y 1 FEEY) 2 095 AR S BRI 2 AR TR B8 S0 A o AN [ B BBE G 511 v S I 1)
7. DMF 1 DMA #3 si FURT 5940 25 5 5 8038 00 U0 R 465 Hh B R 22 5o TR 00 B i 78 59 2%
B I IS S 25 S 1 50 B A AL 237 i B P LG A9 4
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2 (a) K& 2 & Cd ELALEREE; (b) en 5 obb EEfEZ B AFSRBEER, A AHLEBMEEREET;
(c) HF Cdobb HELISBHEEMERZEENLEY 2N _EE(HLE);(d) _4EELISEEEERNERE
THE(RE ) EHIELR; (e) B (3,3,4)-EEEEME;Cd, EEIK;en, EEIK; obb, LI EBEK
Fig. 2 (a) The coordination environment of Cd in compound 2; (b) H-bond interactions between en and obb ligand
(highlighted in pink and green); (c) the 2D layer of 2 based on the connection of Cd-obb chain by H-bond interactions
(pink); (d) the 3D framework formed by 2D layers through H-bond interactions (green); (e) the simplified
(3,3,4)-connected H-bonded network, Cd, turquoise; en, blue; obb, red
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TS, MRS SSRE LS 1 i DMF Toikdh =B AR B84 (8 4 ()] X T g2 1 h7EfETR
1) E-F AR EAE R #1753 DMF MELAREsc e, — B BRI HEZLREED HS . (659 2 i) DMA 7] LLg
P Ag e, TG S5 5 R, X LR LA FE f , F B3 5 A RE i S L R E 1A 4 (b) D' H NMIR A% R iR 45
E—BAESAL G Y 2 i DMA ZARAT LUgE H EERc 4, 38 a0 i A A 3 RT DL 5 42 25 6 B 1 1) HH R AR o0+ (]
5) . XEEEERE LAY 2 Y TR A BAE RS AR T 5 Toisc e . [FIRHZ 25 R i R T Pish
G EEREA Py ZES . U ESRUEHLEY 2 BA B REE M2t A EH TR
AR B 535
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(a) N = CHC, (b) A CHCl,
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N A A A / M DMSO DMSO
DMF DMF
M | ‘ A A A A A MeCN A ‘ HMeCN
> >
Z IPA | 3 ) IPA
g l ' EtOH & A f | EtOH
E] =
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Fig. 3 The powder XRD patterns of (a) 1 and (b) 2 in different solvents for 6 days
(a) ——Cd-DMF-As synthesized (b) —— (Cd-DMF-As synthesized
100 ——Cd-DMF-MeOH exchange for 1d 100 —— (Cd-DMF-MeOH exchange for 3d
——Cd-DMF-MeOH exchange for 2d —— Cd-DMF-Adsorption
— Cd-DMF-MeOH exchange for 7d
~—Cd-DMF-Acetone exchange
801 80
260 60
g 2
404 40
204 204
0 T T T T T T 0 T T T T T T
200 400 600 800 200 400 600 800
Temperature/C Temperature/C

4 LEW(a)1 FA(b)2 EARREETH TG L
Fig. 4 The TG plots of compounds (a) 1 and (b) 2
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,f\ ,JL

(¢) L I Activated A
H,* H,,
L A J
(b) L “ MeOH exchange i oA
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e e B o o o S ot S s S e post e ool
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5 a2 RAESKHTH'HNMR
Fig. 5 The 'H NMR results of compound 2 under different conditions
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H13.3%) . HIAEEBURTE 140 “CE 270 °C2Z ], %t W B — A B A7 9 e NH(CH,), 150 F (B8
HWRAEZA R 8. 290) . RJG AERIF IR0 . X TALEY 2, )\ 25 CE| 130 “CHREE ) 8. 2 Y0y H it 2k (& 3
(DI, XF BB —A DMA 37 GRS HEMEA N 8. 2%) . 4 " A EEHSTE 130 “CE 340 °C Z[H], X B
JiH—ANECL A B R NH(CH,D , 1 F (BETHEAE LN 8. 0%0) . BlJSHESRIF UG/, L5 R EW LAY 2
Eb 1 HA B R e Tk
2.3 KL FLYE RO B fiE

T A Y 2 BA R M, IF BT DMA & Aa] DLk P sz, ik — 0198 7 Hok A 2 4L1
VAR SFHERE . 8 H B SS #5 IRE AR TE 60 “C TN B4 1E 6 h,  HLESTGAb 5 B & AN SRS 1) PXRD 45
B ACE Y 2 1Y T BT I O ST R A RS S R 6 (D] LA 2 ik A LM 77 K FEI N,
W BEHIRAS BN . 7E— D KRIIET LAY 2 MR R R 29 38 mL/glE 6(a)]. A&
LT I B B — 2 A I B L 3 0] BB A TR T U0l e s LA 0 Z B T . sk, B T
195 K A CO, MEB, o T RIWE B 25 2R, I 76 MR i 2 B0 0 B S A i Je R4 (IR 6 (b)), EAk, iR R4 T
T 298 KT CO, MMz aFR 2l 2 (& 6 (o)), faY 2 19 CO, WMHE 2. 5 mL/g, TN R B
MRS, XL TIEY 2 HA KA FLEHE.

40 5
(a) 204 ( ) o ° O....
® Adsorption 77 K o ©° ° ...o‘.
30 o Desorption 77 K o 0® .0".
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= J - o o
@
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1 51e
P
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0 0 T T T T . . -
0 200 400 600 800
p/Pa
(e) o (d) — Degassed
2.5 000® ®°.°.° —— As-synthesized
00° °® ~ Simulated
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2.0 00 o
~ o °® —~
i oo Y i
& o °® &
B 15 0°° o® =
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104 .o .o'
o o
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p/Pa 20/(°)

6 (a) WEW2HE 7T K THN, IRMFRLZ; (b) L& 2 % 195 K TH CO, RMEFRL;
(¢) L&Y 2 7£ 298 K THY CO, RMERL; (d) LAY 2 RMNLIK AT EHIRE M
Fig. 6 (a) N, adsorption isotherms of compound 2 at 77 K; CO, adsorption isotherms of compound 2 at
(b) 195 K and (c¢) 298 K; (d) Powder XRD results of compound 2

2.4 ROLYERE

ALY 1M 2 7%l T RSO EEDT I T HOCEOLIERE 8 7). 7 365 nm BIFUL T,
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H,obb BRI KIEIEHE IERMLEH 115 2 #EA7 . Hoobb B IR AT . e KIEZ) D 460 nm,
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555 R A T 5 P U R A LAESE 109

ATRETR A 48 I BRI PR I N S

5

~ Compound 1
3 ?r[l: te Compound 2
— H,obb

AR R RN 0 K s FEAS TR A 35 rh 5 B T
AR MOFs, B E H Cd JEFF obb FLRM 1Y
— YR . SR W T B AR ST s e T B e A
en LA 2 IF B ENTE R T AR E#EMN L. 1k
B 2 R B AR RS E A AR e e I HLE
PRERE AR HE SRS e . L 2 L 3 o =0 IR o 3k
P2 T HE—PUESE . SR W TR 21X MOF AE
RIS H T R A BUET A MOFs BAA — 7 1) 300 400 500 600 700 800

*EEF’VEFH ° Wavelength/nm
B7 &Y 1.2 %0 H,obb Bk 28 Bl & 5T i

Fig. 7 The solid-state PL spectra of compounds 1 and 2 as

Relative intensity

well as free H, obb ligands at room temperature
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