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Spontaneous resolution is a way for constructing chiral compounds from achiral modules, but the prod-
ucts are usually stochastic, which is unsuitable for enantioselective applications. Herein, a pair of chi-
ral hydrogen-bonded frameworks assembled from achiral modules was reported. By introducing reusable
chiral inducers, enantiomerically enriched NKU-777-xD/xL were obtained and exhibited superior enan-
tioselective sensing performance. Notably, the amount of chiral inducer shows a positive correlation with
the enantioselective sensing function, reflecting the degree of enantiomeric excess of NKU-777-xD/xL.
Molecular-level mechanism studies reveal that competitive absorption governs the sensing functions of
NKU-777-xD|xL, and the enantioselectivity is due to the enantioselective interactions of the hydrogen-
bonded frameworks with targeting chiral molecules. This work not only provides a facile way to synthe-
size enantiomerically enriched chiral hydrogen-bonded frameworks from achiral modules using reusable
chiral inducer but also gains insights into the inducer-controlled enantiomerically enriched chiral com-

pounds for enantioselective applications.
© 2026 Published by Elsevier B.V. on behalf of Chinese Chemical Society and Institute of Materia

Medica, Chinese Academy of Medical Sciences.

Enantiomers, typically possessing highly similar structures and
properties, may exhibit different or even opposite biological ac-
tivities [1-6]. The construction of advanced chiral sensing mate-
rials is crucial for monitoring the enantiomers used in pharma-
ceutical industry and public health; however, the synthesis of chi-
ral compounds is generally constrained by the complex crystal-
lization process in low-symmetry space groups. Spontaneous res-
olution is a unique crystallization process based on the symme-
try breaking of achiral modules, offering a key approach for con-
structing chiral compounds. In general, it is highly challenging to
achieve enantiomerically enriched products from spontaneous res-
olution for enantioselective applications [7-15]. Chiral induction is
a promising strategy for achieving enantiomerically enriched chi-
ral products via spontaneous resolution, based on the disruption to
the symmetry of the racemic system by suitable inducer [16-22].
However, due to the complicated coordination and crystallization

* Corresponding author.
E-mail address: shiwei@nankai.edu.cn (W. Shi).

https://doi.org/10.1016/j.cclet.2025.111975

processes, the mechanism governing chiral induction for sponta-
neous resolution has not yet been well elucidated [23].

Hydrogen-bonded framework based on coordination-unit is a
type of highly ordered framework compounds, which is con-
structed by multiple weak interactions among coordination units
[24-31]. These compounds combine the advantages of inorganic
and organic modules, which typically exhibit dynamic adjustabil-
ity and flexibility, and possess promising applications in cataly-
sis [32-35], adsorption and separation [36-41], circularly polarized
luminescence [42-44], and molecular recognition [45-49]. Gener-
ally, besides direct synthesis [50,51] and post-synthesis modifica-
tion with chiral ligands [52], spontaneous resolution [53] has been
used to construct chiral hydrogen-bonded frameworks; however,
due to the inherent directionality and weak interactions of hy-
drogen bonds, it is highly unpredictable to synthesize such chiral
framework compounds, especially for those that are enantiomeri-
cally enriched.

Herein, we report the rational synthesis of chiral coordination-
chain-based hydrogen-bonded frameworks NKU-777-xD/xL (x=0.1,
0.2, 0.3, 04, 0.5, 0.6, 0.7) through spontaneous resolution via
introducing chiral inducer p/L-mandelic acid (p/L-MA). Single

1001-8417/© 2026 Published by Elsevier B.V. on behalf of Chinese Chemical Society and Institute of Materia Medica, Chinese Academy of Medical Sciences.
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Fig. 1. Synthesis and structure analysis. (a) The synthesis of racemic products of
NKU-777-P/M and enantiomerically enriched NKU-777-xD/xL. (b) The coordination-
chain-based hydrogen-bonded framework (left) and two types of weak interactions
(right). Atom code: Zn, light purple; S, yellow; N, blue; C, grey; O, red; H, white.

crystals of [Zn(tpdc)(Me,dpy)(H,0)] (NKU-777-P/M, Hytpdc=2,5-
thiophenedicarboxylic acid, Me,dpy = 5,5'-dimethyl-2,2’-dipyridyl)
were obtained for structural analysis. NKU-777-xD/xL exhibited
enantioselective sensing functions of enantiomers. Notably, the
positive correlation between inducer concentration and enantios-
elective sensing result were revealed, indicating that the symme-
try breaking process is inducer concentration-dependent. More-
over, the inducer can be reused. Mechanism studies show that
competitive absorption governs the sensing property, and enantios-
electivity can be attributed to the difference in binding affinities
between NKU-777-xD/xL and chiral analytes.

The racemic single crystals of NKU-777-P/M were synthesized
by solvothermal reaction of zinc nitrate hexahydrate, H,tpdc and
Me,dpy (Fig. 1a). NKU-777-P/M crystallize in the monoclinic chi-
ral space group P2;. NKU-777-P was selected as the representa-
tive for structure description. The asymmetric unit of NKU-777-P
consists of one Zn%* ion, one tpdc?-, one Me,dpy, and one wa-
ter molecule. Zn2* ion is five-coordinated by two O atoms from
two tpdc?-, two N atoms from Me,dpy, and one water molecule
(Fig. S1a in Supporting information). The Zn-O bond lengths are in
the range of 1.964(2)-2.055(4) A, and the Zn-N bond lengths are
2.103(9) and 2.154(4) A. Each tpdc?- coordinates to two Zn?+ ions
which are bidentate chelated by Me,dpy, forming a chain with 2
helix along the b-axis with a helical pitch of 17.45A (Fig. 1b). The
adjacent chains are linked by multiple O-H..-O hydrogen bonding
interactions (1.938(8) and 1.916(9) A) between the coordinated wa-
ter molecules and carboxyl group of tpdc?-, as well as 7 -7 inter-
action (3.747(5) A) between adjacent Me,dpy molecules, producing
a two-dimensional supramolecular framework (Figs. S1b and c in
Supporting information).

The phase purities of NKU-777-P/M are validated by powder
X-ray diffraction (PXRD) (Fig. S2 in Supporting information). The
Fourier transform infrared (FTIR) spectra of NKU-777-P/[M dis-
played blue shifts of the carbonyl group and the pyridine ring, indi-
cating the coordination with Zn?* ions (Fig. S3 in Supporting infor-
mation). Thermogravimetric analysis indicates that there is no sig-
nificant weight loss for NKU-777-P/M from 40°C to 110°C, and the
weight loss from 110°C to 180°C is attributed to the loss of one co-
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Fig. 2. CD spectra of NKU-777. (a) 10 batches of NKU-777-P/M synthesized without
chiral inducer. (b) NKU-777-xD (blue) and NKU-777-xL(red) synthesized by intro-
ducing different amounts of p/L-MA. (c) NKU-777-0.6L and NKU-777-P. (d) NKU-
777-0.6D/0.6L synthesized using reusable p/L-MA.

ordinated water molecule (Fig. S4 in Supporting information). The
absolute configuration of the single crystal of NKU-777-P/[M was
confirmed by the Flack parameter (~0) derived from single crys-
tal X-ray diffraction analysis (Table S1 in Supporting information)
[54,55].

To investigate the spontaneous resolution result of NKU-777-
P/M, 20 randomly selected single crystals were subjected to single
crystal X-ray diffraction analysis. The results show that 9 crystals
belong to NKU-777-P, while 11 crystals belong to NKU-777-M (Ta-
ble S2 in Supporting information). Additionally, circular dichroism
(CD) tests were conducted on 10 different batches of the samples,
and no significant Cotton effect was detected (Fig. 2a). These re-
sults indicate that spontaneous resolution yields a mixture com-
posed of enantiomerically pure NKU-777-P and NKU-777-M crys-
tals. In addition, the distinct optical activities of the enantiomers
were observed under a polarizing microscope, demonstrating the
successful resolution of chirality in NKU-777-P/M (Fig. S5 in Sup-
porting information).

To obtain enantiomerically enriched NKU-777-P/M, eight differ-
ent L-amino acids, were used as chiral inducer. The CD spectra re-
vealed that L.-MA has a superior chiral induction capability com-
pared to others (Fig. S6 in Supporting information), and hence p/L-
MA was employed for further experiments. NKU-777-xD and NKU-
777-xL were synthesized by introducing x (x=0.1, 0.2, 0.3, 0.4, 0.5,
0.6, 0.7) mmol of inducer via a one-pot method, and no product
was obtained when x exceeded 0.7. The CD spectra of NKU-777-
xD/xL showed significant Cotton effects at 300 and 342 nm, cor-
responding to the absorption of tpdc?~ and Me,dpy, respectively
(Fig. 2b and Fig. S7 in Supporting information), indicating that p/L-
MA is an effective chiral inducer for achieving enantiomerically en-
riched NKU-777-P/M. At the same time, to elucidate the correlation
between the products induced by p/L-MA and the corresponding
NKU-777-P and NKU-777-M, the crystals of NKU-777-P screened by
single crystal X-ray diffraction were subjected to CD test. The result
revealed that in NKU-777-xL, NKU-777-P emerged as the predomi-
nant excess species (Fig. 2c).

To confirm the chiral origin of NKU-777-xD/xL, a series of char-
acterizations were performed, including PXRD (Figs. S8 and S9 in
Supporting information), FTIR (Figs. S10 and S11 in Supporting
information), and 'H nuclear magnetic resonance (NMR) spectra
(Figs. S12-S14 in Supporting information). PXRD and FTIR spectra
of NKU-777-xD/xL showed no significant alterations upon adding
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the inducer, suggesting that the addition of p/L-MA did not re-
sult in any structural transformation of NKU-777-P/M or the for-
mation of other crystalline phases. 'TH NMR spectra indicate that
there are no characteristic chemical shifts of b/L-MA in NKU-777-
xD[xL, suggesting that D/L-MA is absent in the products. These
findings collectively confirm that the observed Cotton effects are
attributed to the supramolecular frameworks but not from D/L-
MA.

In addition, after the product is separated from the mother so-
lution, the achiral building blocks were added, and the products
were subjected to PXRD (Fig. S15 in Supporting information), FTIR
(Fig. S16 in Supporting information), and CD characterizations (Fig.
2d). The results indicate that even without adding extra chiral in-
ducer, NKU-777-0.6D and NKU-777-0.6L can still be obtained, in-
dicating the reusability of p/L-MA in the solution.

To investigate the sensing application of NKU-777-xD/xL, the
photophysical properties were tested. The photoluminescence (PL)
spectra of NKU-777-P/M were measured in the ethanol dispersion
(Fig. S17 in Supporting information). An emission peak at 342 nm
was observed excited at 315nm. The cyclic luminescence experi-
ments over 65 cycles within a 10-min period revealed that NKU-
777-P|M, NKU-777-0.6D, and NKU-777-0.6L possess high lumi-
nescence stabilities (Figs. S18-S20 in Supporting information). The
quantum yield of NKU-777-P/M is 37.76% (Fig. S21 in Supporting
information), demonstrating the excellent emission efficiency.

The enantiomers of (1S,2S)-(+)-1,2-diphenylethylenediamine (S-
DPEAN) and (1R,2R)-(+)-1,2-diphenylethylenediamine (R-DPEAN)
were selected to test the enantioselective sensing properties of
NKU-777-xD[xL, where S/R-DPEAN and their derivatives being cru-
cial in asymmetric synthesis [56-59]. The sensing capabilities of
NKU-777-xD|xL were firstly evaluated through their response to
single-component enantiomer (Figs. S22-S25 in Supporting infor-
mation). The emission intensities of NKU-777-xD/xL at 342 nm di-
minish progressively upon introducing S/R-DPEAN. Furthermore,
the quenching efficiencies of S/R-DPEAN exhibit distinct tenden-
cies for NKU-777-xD[xL, which were obtained by fitting the lu-
minescence titration data based on exponential nonlinear Stern-
Volmer (S-V) equation (Figs. S26 and S27 in Supporting informa-
tion) and linear S-V equation (Figs. S28 and S29 in Supporting in-
formation) [60-64], respectively (Tables S3-S6 in Supporting infor-
mation). Notably, the Ksgy_s values of NKU-777-xD to S-DPEAN con-
sistently exceeds that of its enantiomer. For comparison, for NKU-
777-xL, Kgy_r is higher than Ksy.s. Importantly, the ratio of Kgy._g
and Ksy_g steadily increases as the molar quantity of p/L-MA in-
crease (Fig. 3a), to reach the value of 2.07 at x=0.6. When x is
increased to 0.7, no further change in Ksy was observed. This re-
sult indicates that NKU-777-xD/xL exhibits different enantioselec-
tive sensing performance towards S/R-DPEAN, and this difference
arises from varied ratios of enantiomers of enantiomerically en-
riched NKU-777-xD/xL.

The enantioselective sensing properties of NKU-777-P/M and
NKU-777-xD/xL towards S/R-DPEAN enantiomer mixtures were fur-
ther studied (Fig. 3b, Figs. S30-S38 and Table S7 in Supporting
information). NKU-777-P/M displayed almost no selective sensing
performance. However, NKU-777-0.3D and NKU-777-0.6D exhib-
ited distinct emission responses to varied enantiomeric excess (ee)
values. NKU-777-0.6D demonstrated better sensitivity compared to
NKU-777-0.3D.

The enantioselective sensing properties of the cyclic NKU-777-
0.6D and NKU-777-0.6L were investigated (Figs. S39 and S40 in
Supporting information). The quenching efficiency was obtained by
fitting luminescence titration data using exponential nonlinear S-V
equation (Figs. S41 and S42 in Supporting information) and linear
S-V equation (Figs. S43 and S44 in Supporting information), re-
spectively (Tables S8-S11 in Supporting information). The Ksy ra-
tio of the products showed no significant changes during four cy-

Chinese Chemical Letters 37 (2026) 111975

a
%20
7
X 16
2
512
x —0— NKU-777-xD
.4 —O—NKU-777-xL
212
x
%16
%
¥'20
0.0 0.2 0.4 0.6 0.8 -80 -40 0 40 80 =
x of DIL-MA (mmol) ee of R-DPEAN (%)
c

Ksv.s/Ksvr

Fig. 3. Enantioselective sensing results of NKU-777-xD/xL. (a) The relationship be-
tween Ksy ratios and p/L-MA molar content. (b) Sensing performance of NKU-777-
PIM (green), NKU-777-xD (red) and NKU-777-xL (blue) towards S/R-DPEAN with
different ee values. (c) The Ksy ratio of NKU-777-0.6D synthesized using reusable
D-MA. (d) The Ksy ratios of NKU-777-0.6L synthesized using reusable L-MA.

cles (Figs. 3c and d), with relative standard deviations within 5%,
demonstrating the reusability of the p/L-MA.

The sensing mechanism was studied through a series of char-
acterizations, including PXRD, PL spectrum, fluorescence lifetime
and ultraviolet-visible (UV-vis) spectrum and molecular energy
level calculation. PXRD patterns of NKU-777-xD/xL before and af-
ter sensing were tested (Figs. S45 and S46 in Supporting infor-
mation). There is no significant alteration in the PXRD patterns
of the samples, indicating that the sensing is not attributable to
the structural transformation. The luminescence emission spec-
trum of NKU-777-P/[M and the ultraviolet absorption spectrum of
S/R-DPEAN have almost no overlap, demonstrating that there is no
fluorescence resonance energy transfer (FRET) between NKU-777-
P/M and S/R-DPEAN (Fig. 4a and Fig. S47 in Supporting informa-
tion) [65-67]. The lowest unoccupied molecular orbital (LUMO) of
H,tpdc and Me,dpy is lower than that of S/R-DPEAN (Fig. 4b), in-
dicating the response of NKU-777-P/M to S/R-DPEAN does not in-
volve the photoinduced electron transfer (PET) mechanism [68-
70]. The fluorescence lifetime did not change significantly before
and after titration, confirming that the interaction of NKU-777-P/M
and S/R-DPEAN is static (Figs. S48-S51, Tables S12 and S13 in Sup-
porting information) [71-73]. UV-vis spectra of NKU-777-P/M and
S/R-DPEAN indicate an overlap within the 200-400 nm wavelength
range, demonstrating that competitive absorption (CA) is the un-
derlying mechanism for sensing functions (Fig. 4c) [74,75].

To further elucidate the enantioselective sensing mechanism,
the CD titration experiment of NKU-777-0.6D was performed to-
ward S/R-DPEAN (Fig. 4d, Fig. S52 and Table S14 in Supporting
information). The decreased efficiency of the absorption peaks of
NKU-777-0.6D depends on the strength of the electrostatic interac-
tions between the host and guest molecules. S-DPEAN has a higher
quenching rate for NKU-777-0.6D compared to that of R-DPEAN,
indicating that NKU-777-0.6D interacts more strongly toward S-
DPEAN due to the structural compatibility between NKU-777-0.6D
and S-DPEAN, resulting in a more efficient quenching result (Fig.
4e).

In summary, we report a facile strategy for assembling chi-
ral supramolecular frameworks from achiral building blocks for
enantioselective sensing. Enantiomerically enriched NKU-777-xD/xL
are synthesized through a chirality-induced spontaneous resolution
process with reusable chiral inducer. The enantioselective sens-
ing properties of NKU-777-xD/xL have been studied in details, re-
vealing the positive correlation between inducer concentration and
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NKU-777-0.6D towards S-DPEAN (red) and R-DPEAN (blue). (e) The enantioselective sensing mechanism of NKU-777-xD/xL toward the analytes.

enantioselective sensing properties. Importantly, NKU-777-xD/xL
demonstrated the determination of ee values of targeting racemic
mixtures. The sensing mechanism is mainly based on the com-
petitive absorption of the excited energy between the framework
and the enantiomers, while the enantioselectivity is attributed to
the enantioselective interactions of the framework and the enan-
tiomers. This work not only provides a facile and cyclic synthetic
way for spontaneous resolution, but also reveals the concentration
effect of chiral induction in the cost-effective construction of chi-
ral sensing materials from achiral building blocks, which could be
useful for spontaneous resolution of tailored chiral products.
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