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a b s t r a c t

In this paper, a new series of donor-acceptor coordination polymers (DACPs), [Cd(dppz)(R-ndc)(H2O)]n
(R=none, DZU-400; R= F, DZU-400-F; R=Br, DZU-400-Br; DZU is short for Dezhou University),

[Cd(dppz)(adc)(H2O)]n (DZU-401), and {[Cd(dppz)(adb)0.5(HCOO)(H2O)]}n (DZU-402), have been success-

fully constructed through the combination of electron-deficient dipyrido[3,2-a:2′,3′-c]phenazine (dppz)

as an acceptor and various dicarboxylic ligands (H2ndc=2,3-naphthalenedicarboxylic acid, F-H2ndc=6,7-

difluoronaphthalene-2,3-dicarboxylic acid, Br-H2ndc=6,7-dibromonaphthalene-2,3-dicarboxylic acid,

H2adc=9,10-anthracenedicarboxylic acid, and H2adb=4,4′-(anthracene-9,10-diyl)dibenzoic acid) with

electron-rich planar aromatic rings as donors. Structural analyses reveal closely parallel arrangement of

the planar acceptor and donor units in these DACPs, which could facilitate the through-space charge

transfer (TSCT) interactions of the D-A systems and the corresponding luminescent properties. Interest-

ingly, the DACPs show highly regulable donor dependent photoluminescence from blue to orange. Based

on the TSCT based luminescence and the high thermal stability of the DACPs, their thermal-stimuli re-

sponsive emission properties were further studied. Photoluminescence intensity of the DACPs all present

good linearity with temperature (298–473K), as proved by variable temperature fluorescence spectra.

Importantly, the temperature sensing process is reversible and recyclable, suggesting the promising

applications of the DACPs as thermal-stimuli responsive materials.

© 2025 Published by Elsevier B.V. on behalf of Chinese Chemical Society and Institute of Materia

Medica, Chinese Academy of Medical Sciences.

The combination of organic electron donors (D) and electron ac-

ceptors (A) to form donor-acceptor (D−A) system has become an

important strategy for the construction of optoelectronic functional

materials [1–6]. In these materials, the photoelectric function es-

sentially originated from the charge transfer interaction between

the donor and acceptor moieties, including through-bond charge

transfer (TBCT) [7] and/or through-space charge transfer (TSCT) [8].

By comparison, TSCT, due to its excellent stimulus responsiveness
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and adjustability, has been applied in the design of various new

organic optoelectronic materials [9–12]. Despite all this, to realize

the controllable assembly of organic D−A systems remains a highly

challenging task, due to the influence of various synthetic factors.

In recent years, coordination polymers (CP) have become a new

type of crystalline functional material with great development po-

tential, due to their high adjustability and designability, as well as

excellent performance in adsorption and separation, catalysis, lu-

minescence, and other aspects [13–32]. By utilizing the advantages

of CPs in structure and property regulation, the controllable as-

sembly of TSCT based D−A systems with high adjustability could

be realized by introducing the D−A species into CPs. For exam-

ple, we have demonstrated the effectiveness of using host-guest

https://doi.org/10.1016/j.cclet.2024.110710
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CPs as platform for the rational construction and engineering of

D–A materials [33–37]. In these works, 3D coordination frame-

work (NKU-111) with electron-deficient coordination spaces has

been constructed by using an electron deficient ligand 2,4,6-tri(4-

pyridinyl)−1,3,5-triazine (tpt) with 1,3,5-triazine as the A moiety,

and then by introducing different electron-rich guests as D com-

ponents to tune the D−A interactions, TSCT interactions could be

accessed through the π stacking of D–A units. Therefore, a series

of TSCT based donor-acceptor coordination polymers (DACP) have

been obtained with highly regulable photoluminescence. However,

the incorporated guests are somewhat hard to determine by X-ray

single crystal diffraction, which is unfavorable for the structure-

property studies.

Considering the designability of CPs, combining ligand with

electron-deficient unit (A) and ligand with electron-rich unit (D)

into one coordination framework might be another effective and

feasible strategy for the construction of novel D−A systems based

on TSCT with ordered arrangement of D−A components [38].

First, the synergy of coordination interaction and D−A interaction

could further stabilize the framework, benefiting the structural

determination of the DACPs. Second, through the utilization of

ligands with different kinds of D or A units, a series of TSCT based

photoluminescence materials could be obtained with different

photophysical properties. Third, based on the same D−A structure,

the luminescence could be further accurately modulated by the

ligand decoration with different functional groups. With this

in mind, we present here the construction of a new series of

TSCT based DACPs, [Cd(dppz)(R-ndc)(H2O)]n (R=none, DZU-400;

R= F, DZU-400-F; R=Br, DZU-400-Br), [Cd(dppz)(adc)(H2O)]n
(DZU-401), {[Cd(dppz)(adb)0.5(HCOO)(H2O)]}n (DZU-402), by us-

ing dipyrido[3,2-a:2′,3′-c]phenazine (dppz) as an acceptor and

various dicarboxylic ligands (H2ndc=2,3-naphthalenedicarboxylic

acid, F-H2ndc=6,7-difluoronaphthalene-2,3-dicarboxylic acid, Br-

H2ndc=6,7-dibromonaphthalene-2,3-dicarboxylic acid, H2adc=
9,10-anthracenedicarboxylic acid, H2adb=4,4′-(anthracene-9,10-
diyl)dibenzoic acid) with planar aromatic rings as donors. In these

DACPs, through the modulation of donor ligands, photolumines-

cence could be tuned in a wide visible light range from blue to

orange. Structural analyses and theoretical studies demonstrate

the TSCT based photoluminescence properties of these DACPs.

Moreover, based on the high thermal stability of the DACPs, their

reversible thermal-stimuli responsive properties were also studied

by varied temperature fluorescence spectra, which reveal good

linearity between the temperature and fluorescence intensity

under high temperature range.

Generally, Cd(NO3)2·4H2O (24.6mg, 0.08mmol), dppz (7mg,

0.025mmol), donor ligand (0.025mmol) were dissolved in a mixed

solution of DMF (0.75mL), MeOH (0.5mL) and H2O (0.75mL),

which was placed in a 4mL capped vial and further heated at 90 °C
for 2 days. Block crystals with different colors were collected by

filtration, washed with DMF and dried in air. The yield is 53% for

DZU-400 (colorless), 57% for DZU-401 (yellow), and 55% for DZU-

402 (orange) based on dppz ligand, respectively.

Single-crystal X-ray diffraction analysis reveals that DZU-400

crystallizes in the triclinic crystal system, with a space group

of P-1. The asymmetric unit comprises one crystallographically

independent Cd2+ ion, one dppz ligand, one ndc2− ligand, and

a coordinated water molecule. As shown in Fig. 1a, Cd1 ex-

hibits a six-coordination twisted octahedral geometric configura-

tion, bonded with two nitrogen atoms from the dppz ligand, three

carboxylic oxygen atoms from different ndc2− ligands, and one wa-

ter molecule. Two adjacent Cd2+ ions are closely connected to form

a binuclear Cd2(COO)2(H2O) cluster through two carboxy groups

(Fig. 1b). The Cd2 clusters are further linked by the ndc2− lig-

ands in a η1 and μ2-η
1:η1 linkage mode, generating the 1D chain

structure (Fig. 1c). Then the dppz ligands are anchored into the 1D

Fig. 1. Structures of DZU-400: (a) coordination environment of the Cd centers. (b)

The binuclear clusters formed by two neighbouring Cd ions, two carboxylic groups

and two water molecules. (c) Formation of the 1D chain structures by the connec-

tion of ndc2− ligands with the Cd2 clusters. (d) Formation of the parallel staggered

arrangement of the donor and acceptor in the 1D chains. (e) Packing mode of the

final structures.

Fig. 2. Structures of DZU-401: (a) Coordination environment of the Cd centers. (b)

The D−A chain structures formed by the connection of adc1 ligands with the Cd2

clusters. (c) The 2D layer structures formed by the connection of adc2 ligands with

the D−A chains. (d) Packing mode of the final structures.

chains through the chelating coordination with the Cd2+ ions, and

the dppz ligands acting as electron acceptors exhibits a parallel

staggered arrangement (Fig. 1d) with the naphthalene unit (donor)

of ndc2− ligands, showing a face-to-face distance of about 3.4 Å Fi-

nally, the 3D supramolecular structure (Fig. 1e) is formed through

the packing of 1D D−A chains.

Structural analysis reveals that DZU-401 crystallized in the P-

1 space group of the triclinic crystal system, with one Cd2+ ion

center, one dppz ligand, one adc2− ligand, and one coordinated

water molecule in the asymmetric unit. As shown in Fig. 2a,

Cd1 is bonded in a seven-coordinated manner with two nitrogen

atoms from one dppz ligand, four carboxylic oxygen atoms from

three adc2− ligands, and one water molecule, to form a pentago-

nal bipyramid configuration. Similarly, binuclear Cd2(COO)2(H2O)2
clusters are also formed, which are further connected by the adc2−

ligands in a μ2-η
2:η1 mode (Fig. 2b, adc1) generating a 1D chain

structure. Each anthracene unit of adc1 in the chains is parallelly

encapsulated by two chelated dppz ligands to form the D−A chain

structures, presenting the same D−A faces distance of 3.4 Å with

DZU-400. Meanwhile, adc2− ligands in η1 modes as a linker (Fig.

2c, adc2) connect the D−A chain structures to form 2D layer struc-

tures. Neighboring layers then packed together and form the final

supramolecular structures (Fig. 2d).
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Fig. 3. Structures of DZU-402: (a) Coordination environment of the Cd centers. (b)

The 1D chain structures formed by the connection of adb2− ligands with the Cd2

clusters. (c) The D−A overlaps formed through the packing of adjacent 1D chains.

(d) Packing mode of the final structures.

DZU-402 also crystallizes in the P-1 space group of the tri-

clinic crystal system. Its asymmetric unit contains one Cd2+ ion,

one dppz ligand, one-half of adb2− ligand, one water molecule

and one in-situ formed formate anion. Each Cd2+ ion coordinates

with two nitrogen atoms from one dppz ligand, one oxygen atom

from an adb2− ligand, two oxygen atoms from two formate ligands,

and one water molecule, to form an octahedral geometric con-

figuration (Fig. 3a). Every two neighboring Cd2+ ions are bonded

together by two oxygen atoms from two formate groups, form-

ing binuclear Cd(HCOO)2(H2O)2 clusters that are further bridged

through adb2− ligands in the η1 mode to generate 1D chain struc-

tures (Fig. 3b). Different from DZU-400/401, the anchored dppz lig-

ands and anthracene units in the chains do not produce D−A face-

to-face overlaps. As shown in Fig. 3c, the D−A unit overlaps oc-

cur through the packing of adjacent chain structures and the D−A

planes are not parallel with a dihedral angle of 11.9° The paral-

lel A−A plane distance is about 7.0 Å and the closest distance be-

tween the D−A plane is 3.0 Å Finally, the chain structures stack

and arrange in different directions through intermolecular force to

form a 3D supramolecular structure (Fig. 3d).

As shown in Fig. 4, the planar chromophore (naphthalene, an-

thracene, anthracene) of the donor ligands (H2ndc, H2adc, H2adb)

in these DACPs is well restricted and dispersed in the acceptor

dppz ligands. This means that the aggregation-caused quenching

(ACQ) could be effectively avoided among the chromophores. Im-

portantly, the proper distances (about 3.5 Å) and overlaps between

donor and acceptor ligands could also enhance the D−A inter-

actions, which is beneficial for the through-space charge transfer

(TSCT) emission. Furthermore, the D−A interactions lead to differ-

ent packing modes of the DACPs. In the step-like D−A chain struc-

ture of DZU-400, since each naphthalene just has large overlap

with one adjacent dppz, there only exist discrete D−A unit stacking

within each single chain, and the whole structure is further formed

by π ···π interaction of the dppz ligands from different chains (Figs.

4a and b). However, in DZU-401, each anthracene from the adc1

ligand overlaps largely with two dppz ligands, and the face-to-

face ADA arrangement in each layer is further connected through

the π ···π interaction of the dppz ligands from different layers to

form the ···AADAAD··· packing mode (Figs. 4c and d). As for DZU-

402, due to the interchain D−A interactions, each anthracene unit

of adb2− ligand is inserted into the space between two dppz lig-

ands from two adjacent chains, and therefore, by using the six-

membered ring on two sides, the anthracene unit also overlaps

with two dppz ligands to form ···AADAAD··· packing mode (Figs.

4e and f). Nevertheless, the D−A planes of DZU-402 are not paral-

lel arranged, which is different from DZU-401. Moreover, the back-

bone of the donor ligand could be further decorated with func-

tional groups such as -F, -Br and so on, which could be utilized for

the tuning of the D−A properties.

In order to confirm the phase purity and framework stability of

the DACPs, PXRD and TGA experiments were performed. First, as

shown in Fig. S3 (Supporting information), the PXRD patterns of

as-synthesized samples for these compounds are basically in ac-

cordance with their simulated ones, indicating the phase purity of

these DACPs. Second, TG analyses (Fig. S5 in Supporting informa-

tion) reveal that DZU-400/401/402 can be stable before 270, 305

and 345 °C, respectively. In detail, the TGA curve of DZU-400 ex-

hibits a weight loss of 3.1 % at 200 °C, attributed to the removal

of coordinated water molecules (calculated as 2.9 %). DZU-401 dis-

plays a 3.1% weight loss prior to 305 °C, also indicating the removal

of coordinated water molecules (calculated as 2.7 %). DZU-402 re-

veals two distinct weight loss plateaus prior to decomposition: the

first stage, with a 2.9 % weight loss, occurs before 230 °C, corre-

sponding to the loss of coordinated water molecules (calculated as

2.7 %) and the second stage, from 230 °C to 345 °C, exhibits an 8.4%

weight loss, attributed to the departure of formic acid molecules

(calculated as 6.8 %) from the structure. Third, as further proved by

variable temperature PXRD curves (Fig. S6 in Supporting informa-

tion), the framework of DZU-400/401/402 could keep good crys-

talline at least under 200 °C. After that, although the diffraction

peaks changed, which might be caused by the departure of co-

ordinated solvent molecules, the main peaks were still observed,

indicating their good framework stability.

Given the unique donor-acceptor structure that might exhibit

unique photoluminescence based on the TSCT interactions, photo-

physical properties were systematically studied for the D−A com-

Fig. 4. Distances, overlaps and packing modes between donor and acceptor ligands in (a, b) DZU-400, (c, d) DZU-401, and (e, f) DZU-402. The purple dashed lines indicate

the D−A interactions; the green dashed lines indicate the π ···π interactions.

3



Z.-W. Zhang, D.-S. Zhang, W. Wang et al. Chinese Chemical Letters 37 (2026) 110710

Fig. 5. Photographs of the DACPs with different donor ligands under daylight and

UV light.

Fig. 6. (a) Solid state UV–vis spectra and (b) normalized fluorescence spectra of the

DACPs and ligands. (c) The CIE coordinates of the DACPs. (d) Isosurface of δginter

obtained from IGM analysis for the D−A interactions of the DACPs based on their

crystal structures.

pounds. As shown in Fig. 5, the crystals of DZU-400, −401 and

−402 are colourless, yellow, and orange under sunlight, respec-

tively, which is consistent with their UV absorption spectra (Fig.

6a). While under UV light, blue, orange, and yellow emissions are

observed, respectively. Subsequently, emission spectra of the com-

pounds were tested under excitation of 365nm. Fig. 6b reveals that

the maximum emission peak are 457nm for DZU-400, 555nm for

DZU-401 and 572nm for DZU-402, respectively. The Commission

Internationale de l’Eclairage CIE coordinates (Fig. 6c) were also cal-

culated, which correspond well with their crystal colors and span

a wide range from blue to orange. Notably, seen from the fluo-

rescence comparison, the emissions are quite different from those

of the luminescent donor ligands (H2ndc: 396nm; H2adc: 517nm;

H2adb: 465nm) and reveal a varying degree of red shift. These

emission behaviours should be originated from the TSCT between

the different donor ligands and the acceptor dppz ligand. To ver-

ify this deduction, the interactions between D and A ligands of the

DACPs were investigated with independent gradient model (IGM)

analysis using Multiwfn software. Fig. 6d shows the isosurface of

δ ginter with the lavender isosurface representing D−A interac-

tion regions. Obvious isosurface distributions exist between the D

and A ligands for all the DACPs, revealing the possibility of donor-

acceptor charge transfer and thus the fluorescence emission char-

acteristics based on donor-acceptor TSCT interactions.

The average fluorescence lifetimes (τ av) and quantum yields

(Φf) of the DZU-400/401/402 were also characterized (Fig. S7 in

Supporting information and Table 1). The τ av values were all in

the nanosecond range, and among the three compounds, DZU-402

presents the highest τ av value of 41.58ns, with the highest Φf

Table 1

Fluorescence data (λex =365nm) of the DACPs.

DACP λem (nm) CIE Φf (%) τ av (ns)

DZU-400 457 0.15,0.17 1.37 3.07

DZU-401 555 0.46,0.5 0.5 17.95

DZU-402 572 0.53,0.44 3.98 41.58

DZU-400-F 433 0.21,0.23 1.55 —-

DZU-400-Br 437 0.28,0.35 0.38 5280

value of 3.98%. All these results demonstrate that effective regula-

tion of luminescent performance can be achieved in CPs by using

different combinations of donor-acceptor ligands.

Additionally, in this dppz based D−A system, we could not only

achieve the successful construction of D−A materials with different

photophysical properties through the tuning of the donor ligands,

but also realize the precise modulation of luminescence based on

the same D−A structure through ligand functionalization with dif-

ferent electronic characteristics. Taking DZU-400 as an example,

Fig. S1 (Supporting information) reveals that after introducing -F

or -Br atoms into the ndc2− ligand, the obtained materials present

similar framework structures with that of DZU-400, whereas their

emission properties are different (Fig. S9 in Supporting informa-

tion). DZU-400-F shows a main emission peak at 431nm, while

DZU-400-Br has two distinct peaks at 437nm and 527nm. Further-

more, the τ av value of DZU-400-Br was significantly enhanced to

5.28 μs, compared to DZU-400. These results further demonstrate

the high tunability of the DACP system obtained by strategy of

combining ligand with planar A component and ligand with pla-

nar D component.

In order to further explore the potential applications of the

DACPs, the emission spectra of the DZU-400, −401 and −402 were

recorded from room temperature to 423K. As shown in Figs. 7a-c,

the intensity of the emission peaks for the three DACPs were re-

duced gradually in different degrees with the temperature increas-

ing, which might be attributed to the gradual acceleration of the

thermal motion of molecules. Notably, a pronounced blue shift in

the emission spectrum was observed in DZU-402, which can be

attributed to its distinct D−A interactions facilitated by the pack-

ing of adjacent chain structures. Specifically, one anthracene unit

in each chain is found to overlap with two dppz ligands from the

neighboring chains. This unique arrangement renders the D−A in-

teractions more sensitive to temperature variations (Figs. S10 and

S11 in Supporting information), which in turn accounts for the

more pronounced temperature-induced emission shifts observed in

DZU-402, compared to DZU-400 and DZU-401, in which the D and

A units are face to face stacked in each single chain and stabilized

by the coordination bonds. Then, the curves of fluorescence inten-

sity with temperature were further plotted and fitted for the three

DACPs to confirm the relationship between the emission inten-

sity and temperature (Figs. 7d-f). It showed that the luminescence

intensity of the DACPs all present good linear relationships un-

der high temperature ranges (298–473K), especially for DZU-400

which has an equation of y=–0.0053x+2.5703 with R2 =0.9982.

Moreover, the reversibility and repeatability of the DACPs were

also determined (Figs. 7g-i and Fig. S12 in Supporting informa-

tion), which reveal that the fluorescence intensity change is quite

reversible with the temperature increasing/decreasing under high

temperature range, and could be repeated at least three times

without intensity change. Therefore, these temperature-dependent

emission changes can be used for temperature sensing, demon-

strating the potential as a fluorescence thermometer of these

DACPs.

In summary, a new donor-acceptor coordination polymer sys-

tem has been constructed through the combination of a phenazine

based electron-deficient ligand and a series of aromatic-rings-
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Fig. 7. Temperature sensing properties of the DACPs: (a-c) Various temperature fluorescence spectra. (d–f) The linear relationship between the emission intensity and

temperature. (g–i) Cycling test of the temperature sensing for the DACPs.

based electron-rich ligands. The obtained DACPs show TSCT based

luminescence, which could be regulated in a wide visible light

range from blue to orange by modulating the donor ligands to

tune the D−A overlaps. Moreover, the DACPs present high thermal

framework stability, and show reversible and sensitive thermal-

stimuli fluorescence responsive properties under high tempera-

tures. This work may pave a way for the construction of new D−A

materials with highly tunable luminescence and stimuli fluores-

cence responsive properties.
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