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Precise Control of the Dimension of Homochiral Metal-Organic Frameworks
(MOFs) and Their Luminescence Properties

Yan-Wu Zhao* Xing Li Fu-Qiang Zhang Xiang Zhang
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Abstract To precisely control the construction of different dimensional and topological structure represents one of the most
challenging issues facing synthetic chemistry nowadays, especially synthesizing different dimensions of chiral materials with
identical compositions. Self-assembly of structural dimension of hybrid materials based on coordination chemistry has been
regarded as an effective means addressed this issue. Herein, self-assembly of Zn salts with R,R-CHCAIP
(5,5'-((1R,2R)-cyclohexane dicarbonyl bis(azanediyl)) diisophthalic acid) generates a new 3D homochiral metal-organic
framework Znis(R,R-CHCAIP)(H20)> (HMOF-4) that uses the same ligand and metal as our reported 1D tube
Zn2(R,R-CHCAIP)Py2(H20) (HMOF-2) and 2D layer [Zna(R,R-CHCAIP)(4,4'-bipy)2(H20)s5]*5H20+3DMA (HMOE-3,
DMA, N,N-dimethylacetamide) under the solvothermal reaction at high temperature (100 °C). Based on a new strategy of the
synergistic action of the auxiliary ligand and temperature, the structural diversity for HMOF-2, HMOF-3 and HMOF-4 from
1D to 2D and 3D is modulated during the assembly process, and the resulting multidimensional homochiral MOFs with iden-
tical composition are extremely rare in currently reported MOFs with different dimensions. The fluorescence of HMOF-4 and
HMOF-2, HMOF-3 is investigated, and their fluorescent mechanisms are interpreted by time-dependent density functional
theory (TDDFT) calculation. The tiny difference of their fluorescent emission spectra indicates the dimensions of Zn-MOFs
have little effect on fluorescence. This work provides a distinctive construction means for precise control of the different di-
mension of homochiral MOFs.

Keywords precise control; homochiral metal-organic frameworks (MOFs); dimension; synergistic action; fluorescence
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Figure 1 The construction of homochiral 1D metal-organic nanotube
(HMOF-2), 2D wave-like layer (HMOF-3) and 3D framework of
HMOF-4
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Figure 2 (a) Representation of Zn coordination environment in
HMOF-4. Symmetry operation: a: 1—y, 1—x, 1/2—z; b: 1/2+x, 1/2—y,
3/4—z; ¢: —1/2+x, 3/2—y, 3/4—z; (b) topological type: flu (sqc169),
(4,8)-connected net in HMOF-4 (bright green: Zn,(COO)4(H,O), SBUs,
bluish violet: R,R-CHCAIP ligand); (c¢) coordination mode of organic
ligand R,R-CHCAIP in HMOF-4; (d) and (e) trinuclear cluster with the
coordination around Znl and Zn2, showing octahedral and tetrahedral
geometries, respectively

2.3 HMOF-4 5 HMOF-2 # HMOF-3 Fu45faLL 55 K H
HERAIRIHE

HEIR—4E HMOF-2. — 4 HMOF-3 1 =% HMOF-4
I R,R-CHCAIP BCAAFI Zn ZH AR, {HiX =4 HMOFs 45
Mz R, HEAR R,R-CHCAIP BifA &1 U 3E,

Acta Chim. Sinica 2021, 79, 1409—1414

© 2021 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

WORTAE R 4 SRR EE T, AR R Zn REIRIN
HARFIRESRA, X FERE Zn BT MREALE A
PR 512 ). £ HMOF-2 A1 HMOEF-3 1, Zn &1
VR AL AT AL (B ST, WCRRE B, HAE
HMOF-4 " AETE @ ECAL I Zn(/SECAL) (K 2a). 5
HMOF-4 i = %A N 8 EREYT AL, HMOF-2
HI % Zno(COO)(H0)N, 14 4 #EFE45 55, (B Slc f
Sle), T 4 EHENERET Y (4,4 & — 4R
e (K Sle), [FRE, HMOF-3 [F)¥A% Zn #54F 9 3 HERES
F(E S1d A1 S16), TERK T (3,4)3E R — 42 (K S1f). 1R
AR, AR Zn B 77 XA TR A, S
T R AR

=~ HMOFs M5t AIE s e iR g R, 4
BhEC AR IR B X MOFs f4EfE ke ¥ EEEMH. 78
HMOF-2 il HMOF-3 H, S BIBCAR N R T HEZR )
AP RO M, X R RPN FEIEAE Zn JRT L
SfaaisEn RN el N oy A 2 = A s =4 o e’ A i
B, MWITAE R —4% HMOF-2, 1 &1 4,4-FRAENE
HERE T HAR K I ) R,R-CHCAIP Fiidk (& 1), MITER
T YRR E HMOF-3. L8RI5 B (A8 4k % HMOF-2
A HMOF-3 [T i B 1, R EATE R T 4 BhE Ak
SR E R EER. 5T =48 HMOF-4 4K, 75
T IR E A R AR S A 1) Zn, TR R =
HENELE TR, IXFF & =4E MOFs [T i .
2.4 HMOF-4 Rk LRI
2.4.1 HMOF-4 # XPS i

X SRS T REIE (XPS)HE~ T HMOF-4 Itz A
AL ERES. Il 3a, £iEEIERT Co Ny O Fl Zn
U, KT HMOF-4 [f14x3B2H 5. Zn2p 191 L 1021.7
eV 1 1044.9 eV AL (A 3b)sr s 2P3/2
2P1/2 PR ELFHIE, XNZHET Zn—0—C I
BRI B 3¢ FRI Cls i R T — MR 9 AKX BRI,
284.7. 286.3 fl1288.8 eV 3 MG, /A%t T C=
C/C—C,C—N Ml O—C=0 #. Ols {55/ HI7E 531.8.
532.7 F1533.4 eV &b 3d), X =ANMESEJE T
0—C=0. O=C(BEf&¥#RIL)M Zn—0. N1s XPS Jein]
2405 NN, 3 AT 399.5 F1398.9 eV, Xif T i
i C—N A1 N—H [ 3e).
242 HMOF-4 894y K X 4+ & AT4 & 4o 5b ki o7

HMOF-4 @SRRI AR X 2475 (PXRD) &R T H
RSO A R 1 W R AW, R T HMOF-4 844
IR S2, W FHEE). MK 4 F HMOF-4 H414h
Seit 4> Hr AT %0, R,R-CHCAIP WK ¥R 3 —COOH 1E
1700 em ™' AbBoR 7RI, 52 AL, HMOF-4 HR %)
PRk, X 3 BE HRRES Zn T RRC A7 B
SR, EAk, 7E 482 em™! ALK Zn—O WEHAESE T 1
HMOF-4 H Zn 53R BA TR T TR T FoA 5.

http://sioc-journal.cn 1411



a) Cis
=)
g
=
@
§ O1s
< |Zn2pq/2
Zn2p3/2 N1s
I/
T T T T T
1000 800 600 400 200 0
Binding energy/eV
b) Zn2pgzjp
3
g Zn2pq/2
2
8
=

T T T T T T T 1
1050 1045 1040 1035 1030 1025 1020 1015
Binding energy/eV

Cis c-c/ic=C

Intensity/a.u.

T T T T T T T T
298 296 294 292 290 288 286 284 282 280
Binding energy/eV

d | o1s

0=C-0
Zn-0
O=C-N

T T T T T T T T T T
544 542 540 538 536 534 532 530 528 526
Binding energy/eV

Intensity/a.u.

e) N1s

C-N
-N

-H
T T T T T T
410 408 406 404 402 400 398 396 394 392
Binding energy/eV

Intensity/a.u

B3 HMOF-4 1] XPSi%: (a) 4=¥, (b) Zn 2p, (c) C 1s, (d) O 1s Fl(e) N
1s
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HMOF-4 &/NECALIF) Zn), HEM R 4ERESE, SE8AIE
SET W BB AT, RAUER, 75 H RS iRIE R
— RHIANFLERE () FE T MOFs 1, 33— 5 L i) [
FrE—4E. 4ER=4E) MOFs & K. Lok, —4E
HMOF-2. — 4t HMOF-3 F1 =4k HMOF-4 [{[AF M
MOFs ¥ 5A S5HHLEAMAFL RS, HoobRk
R AEALT 470 nm /£ 47, @ik TDDFT HEAERRE T X
JEHLER, PR TR R R R, T BN = AN GERE
MOFs [T/ N2 R RT3 HIX LAY Zn-MOFs 4
FE RN EE RS 5 SR /NI EE . AR TAERAE A F—
BCAARFN G B AE HE A R 4EE MOFs & i — Mol 1.
KR, WHFHIF KA FLEE ) MOFs, 3t —BIR &R
PEL AR ST AR & — MBS R 7 ).

4 SKIERSY

Zn, 5(R,R-CHCAIP)(H,0), (HMOF-4) [f] & 1 :
Zn(NO3),*6H,0 (53 mg, 0.18 mmol). R,R-CHCAIP (29
mg, 0.058 mmol). JEEA7T DMF 5281 7K(3 mL/3
mL) VA PO 55 08 3 B /N . VA VR 2
20 minJ5, 7£100 C Fn#4 72 h, B30 EHR 5,
GBS HIRER, REITIE, H DMF %k, 255 AR
T, 3515 73T RR-CHCAIP A 35%MH) 5= %K.
Anal. calcd for C24H20N20112n1,5: C 47.22, H 3.30, N 4.59;
found C 47.16, H 3.42, N 4.56. IR (KBr) v: 3429 (vs),
2928 (w), 2854 (w), 1629 (s), 1580 (s), 1415 (s), 1375 (s),
1198 (w), 825 (s), 773 (W), 482 (s) cm .

HMOF-4 ] CCDC 5 & 2102097, XG5 7 AL
78 1 i R
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