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A new quinoline-based COF, obtained by Povarov reaction, containing 2,6-

diisopropylphenyl moieties as substituents over the heterocyclic ring is described for 

detecting Zn2+ in aqueous solution. The introduction of the mentioned bulky phenyl rings 

into the network favors an increase of the distance between the reticular sheets and their 

arrangement, obtaining a new material with an alternating AB type stacking. The new 
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material exhibits good selectivity to detect Zn2+ by fluorescence emission in aqueous 

solutions up to a concentration of 1.210ꟷ4 M of the metal ion. In order to have a deeper 

insight into the interaction between the COF and the zinc cation, a thorough 

spectroscopical, microscopical and theoretical study is also presented and discussed in 

this communication. 

 

1. Introduction 

Selective and sensitive recognition of metal ions (e.g., Hg, Cd, Fe, Al, Cu, etc.) is a field 

of increasing scientific interest. In particular, fluorescent sensing has attracted growing 

significance due to its simplicity, high sensitivity and outstanding selectivity, and it has 

been applied for a wide range of applications.[1–3] Thus, different metal ions can be 

detected by spectroscopic changes of fluorescence-based sensory materials, which also 

allow low-cost and real-time assays.[4,5] 

In the past few years, Covalent Organic Frameworks (COFs) have emerged as new 

promising porous crystalline materials with potential applications in multiple fields, since 

they display ordered extended structures, low density, high porosity, tunable pore surface 

(size and shape), etc.[6–8] Furthermore, their high specific surface area and the π-stacked 

layered structure enable the formation of defined paths within the framework, favoring 

the interaction with the suitable analytes and also enhancing the sensitivity through signal 

amplification. In addition, engineering the pore surface can further optimize the diffusion 

of complementary analytes.[9–11] Based on these convenient features, COFs have outcome 

as novel potential fluorescent probes for the detection of biologically and environmentally 

valuable analytes, specially metal ions.[12–16] 

Zinc is the second most abundant transition metal ion in the human body. It is also 

involved in several essential biological processes of all living organisms such as cell 

growth and apoptosis, DNA binding and synthesis, gene transcription, immune function, 

etc.[17–20] However, the excess or lack of the proper amount of zinc ion in the body can 

cause acute health problems.[21,22] In case of Zn deficiency, severe chronic liver and renal 

diseases, digestion problems or mental retardation can be generated.[23,24] In contrast, 

neurotoxicity and the development of neurodegenerative diseases (like Parkinson or 

Alzheimer) are related to an excess Zn ion concentration in some cells.[25] Besides its 

diverse biological roles, Zinc is also an important transition metal in the environment and 

industry; several agricultural and industrial products use Zinc, since it protects steel from 

oxidation and corrosion.[26] Due to its unique properties, it is of big interest the selective 
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and sensitive detection of Zn metal ions.[27–30] In this regard, several analytical and 

electrochemical techniques.[31–35] have been applied for the recognition of metal ions, 

specifically Zn2+. However, most of those methods need sample pre-treatment and/or 

have high-cost and low selectivity. In addition, Zn detection is specially challenging due 

to its electron configuration (3d104s0), which hinders any spectroscopic or magnetic 

response.[36,37] For these reasons, in recent years there has been growing interest in the 

development of novel fluorescence chemosensors, since their simple and precise method 

of detection has outcome as a promising alternative to conventional analytical methods. 

Moreover, fluorescence chemosensors can be further applied to bioimaging.[38]  

Up to now, several Zn2+ sensors based on quinoline, anthracene, fluorescein, coumarin, 

BODIPY or Schiff bases have been reported.[39–44] Among those, quinoline moieties and 

its derivatives have outstand due to their specific selectivity towards Zn2+ with a “turn-

on” fluorescent enhancement that potentially improve the sensitivity of the material.[44–

47] Thus, utilization of quinoline as an efficient fluorescence sensor towards metal ions 

has shown great promise and potential. 

As it has been mentioned above, COFs have been successfully applied for the sensing of 

different metal ions, including Cu2+, Hg2+, Au+. Fe3+ and Pb2+.[2,48,49] However, and for 

the best of our knowledge, no previous applications of COFs as fluorescent detectors of 

Zn2+ have been reported. Thus, it is of big interest the development of novel COF-based 

fluorescence platforms for “turn-on” fluorescence detection of Zn2+. 

In this contribution, starting from imine-based COF, we describe the successful 

transformation into more robust and conjugated 2D aromatic network (Quin-COF). 

While certain crystallinity and porosity are preserved, the chemical and thermal stability 

plus the π-electron delocalization in the resultant quinoline-linked COF is enhanced. The 

as-obtained quinoline-COF was further studied as a potential “turn-on” selective 

fluorescent detector of Zn metal ions. 

 

2. Results and discussion 

 

2.1. Synthesis and characterization of Quin-COF 

 

The efficient aza-Diels-Alder (azaDA) reaction between the aryl imines of the TAPB-

DMTP-COF[50] and the alkyne group of the arylalkyne derivative affords the conversion 

of the dynamic imine linkage into more stable quinoline-linked Quin-COF (Scheme 1). 
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Due to the potential chemical tunability of the substrates in the cycloaddition reaction, 

different functionalities can be introduced within the pores of the COFs frameworks in a 

post-synthetic approach.[51] In this work, 2,6-diisopropylphenyl moieties were integrated 

onto the pores. While the 2D COF displays strong covalent bonds along the plane, weak 

van der Waals forces direct the interactions along the out-of-plane direction. For this 

reason, the introduction of this bulky pendant groups within the layered framework will 

hinder the π-π interaction between layers, enhancing surface/functional group 

accessibility for further analytes facile diffusion in sensing applications.[52,53]  

 

Scheme 1. Synthesis of Quin-COF via aza-Diels-Alder cycloaddition reaction. 

 

The fruitful incorporation of the bulky 2,6-diisopropylphenylacetylene onto the pristine 

TAPB-DMTP-COF was confirmed by Fourier transform infrared spectroscopy (FT-IR). 

The comparative spectra of the powders TAPB-DMTP-COF and Quin-COF (Figure 

1a) revealed an emergence band at 1681cm-1, attributed to the stretch of aromatic 

quinoline core. Furthermore, the spectrum shows the presence of the characteristic 

C(sp3)-H stretching band from the 2,6-diisopropylphenyl moieties at 2975 cm-1.  
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Figure 1. a) ATR-FTIR spectra of TAPB-DMTP-COF (black) and Quin-COF (red). b) 

13C NMR of TAPB-DMTP-COF (black) and Quin-COF (red).  

 

The solid state 13C cross polarization magic angle spinning NMR (13C-CP/MAS NMR) 

spectrum of Quin-COF shows two signals at 32.51 and 25.10 ppm, successfully assigned 

to the sp3 C of the 2,6-diisopropylphenyl units (Figure 1b). In addition, a slight down-

field shift of the signals corresponding to the aromatic -OMe substituents is observed in 

the spectrum of Quin-COF in comparison with that corresponding to TAPB-DMTP-

COF (from 56.39 ppm to 55 ppm, respectively). Due to the enhanced aromaticity in the 

resulting network, the aromatic signals in the carbon spectrum are more intense and wider 

compared to the initial COF aromatic signals (Figure 1b). 

Crystallinity analysis of the linkage-transformed COFs was performed by powder X-ray 

diffraction (PXRD). As it is shown in Figure 2, backbone modification leads to a 

crystalline domains reduction as reported in other quinoline based COFs modified by 

Povarov´s reaction,[54,55] or imine to tiocarbamate chemical modification.[56] In this way, 

the pore size reduction by the introduction of the bulky 2,6-diisopropylphenyl moieties 

shifts the original (100) diffraction maxima from 2.90º to 3.35º, respectively, according 

to de Bragg´s law.  

 

N2 sorption isotherms at 77 K (Figure S1a) revealed a Brunauer−Emmett−Teller (BET) 

surface area of 2166 and 144.18 m2 g-1 for TAPB-DMTP-COF and Quin-COF, 

respectively. A total pore volume of 1.22, and 0.13 cm3 g-1 was derived in each case. The 

reduction of surface area and pore volume is in good agreement with the increased 

framework mass and the introduction of the aromatic phenyl pendant rings. Both 
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materials exhibited a type IV isotherm, indicating the mesoporous characters, with a pore 

size distribution centered at 2.6 and 2.1 nm for TAPB-DMTP-COF and Quin-COF 

(Figure S1b), respectively, calculated by non-local density functional theory (NLDFT).  

 

The significant changes observed in crystallinity, surface areas and pore volume between 

TAPB-DMTP-COF and Quin-COF would be explained in terms of changes in stacking: 

The introduction of the voluminous diisopropylphenyl fragments into the pore would 

provoke the displacement of COF sheets, going from an eclipsed AA to an alternated AB 

stacking. In order to have a deeper knowledge about the stacking of the new material 

Quin-COF, a comprehensive series of DFT calculations were conducted (see SI for 

detailed information). The simulations resulted in both TAPB-DMTP-COF and Quin-

COF 2D structures featuring canonical hexagonal P6 symmetry, each exhibiting 

monolayer lattice parameters of 37.21 and 37.34 Å, respectively. TAPB-DMTP-COF 

adopts a preferential eclipsed (AA) stacking configuration, maintaining a consistent π–π 

stacking interlayer distance of 3.58 Å. In contrast, Quin-COF exhibits highly inefficient 

interlayer stacking due to the out-of-plane conformation of the 2,6-diisopropylphenyl 

ligand moieties, which forms an angle of 90 degrees with the plane of the skeleton COF, 

resulting in a theoretically predicted interlayer distance of 6.42 Å (see Figure 2). The 

corresponding diffractograms, simulated based on these optimized structures, 

demonstrate excellent agreement with experimental evidence, thereby affirming the 

validity of the structures derived from simultaneous structure + cell DFT geometrical 

optimizations. 
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Figure 2. Experimental and simulated diffractograms obtained from the resulting DFT-

optimized structures for the TAPB-DMTP-COF and Quin-COF systems. Top and side 

pictorial views of the DFT-optimized crystal-bulk structures are shown, indicating 

interlayer distances and preferential stacking configurations. 

 

Comparison between UV-Vis spectra of initial product TAPB-DMTP-COF and 

resulting material Quin-COF (Figure S2) showed a significant bathochromic shift in the 

absorbance as a result from the enhanced π delocalization of the polymeric networks. The 

enhancement of the aromaticity and electron delocalization was also evidenced in the 

thermal stability of Quin-COF, studied by thermogravimetric analysis (TGA), revealing 

that the new material has a higher decomposition onset temperature compared to its 

respective precursor TAPB-DMTP-COF (Figure S3). 

 

X-ray electron spectroscopy (XPS) was performed to determine the conversion of the 

reaction. As it can be observed in Figure S4, the N1s peak corresponding to the imine 

nitrogen of TAPB-DMTP-COF was identified at 398.5 eV,[54] together with residual 

contributions that could be attributed to rests of oxidized nitrogen. The transformation of 

TAPB-DMTP-COF into Quin-COF was evidenced in the XPS by an increase in a high 

binding energy component of the N 1s peak associated with quinoline groups (Figure S4). 
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The analysis of the peak area allowed us to determine that the degree of conversion of 

imine groups into quinoline moieties was a 20%. 

Additionally, scanning electron microscopy (SEM) was conducted for the two materials, 

suggesting that not significant changes in the morphology occurred after the chemical 

transformation (Figure 3a and 3b). Furthermore, the layered structure of the 2D Quin-

COF could be observed by transmission electron microscopy (TEM, Figure 3c and 3d). 

 

Figure 3. SEM images of (a) TAPB-DMTP-COF, (b) Quin-COF. (c,d) TEM images 

of Quin-COF. 

 

2.2. Fluorescence studies 

 

Fluorescence spectroscopy was used to study the fluorescent properties of the synthesized 

COF. Upon excitation at λex = 450 nm, inconspicuous fluorescence was observed for all 

materials (Figure 4). The maximum emission band appeared at 520 nm for TAPB-

DMTP-COF, while the corresponding one for Quin-COF appeared at 500 nm. 

a)
c)

d)

a) b)

c) d)

1 µm 1 µm
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Figure 4. Fluorescence spectra of TAPB-DMTP-COF (black) and Quin-COF (red) 

dispersed in a mixture of THF:H2O (1:1) (λex = 450 nm).  

 

However, the incorporation of quinoline moieties in the resulting framework motivated 

the study of the material as selective detector of Zn2+ by monitoring real-time 

fluorescence changes upon increasing Zn2+ concentrations. Thus, Quin-COF was 

ultrasonically dispersed (35 kHz, 80W, 30 min, RT) in a mixture of THF:H2O (1:1) at a 

concentration of 0.08 mg·mL−1 and further sonicated for 5 min. The fluorescence 

titrations were performed by systematically increasing the concentration of Zn2+ in the 

cuvette (from 1x10−5 M until 2x10−4 M) and subsequent record of the fluorescence 

intensity. For all the measurements, the excitation wavelength was λex = 450 nm and the 

corresponding emission wavelength was recorded from λem= 460-750 nm. As shown in 

Figure 5, the fluorescence intensity of Quin-COF is boosted upon increasing 

concentrations of Zn2+, indicating a real-time “turning on” mechanism and reaching its 

maximum at [Zn2+] = 1.2x10−4 M.   
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Figure 5. a) Fluorescence spectra of Quin-COF (black, 0.08 mg mL−1) dispersed in 

THF:H2O (1:1) containing increasing concentrations of Zn2+ (Orange, λex=450 nm). b) 

Normalized fluorescence intensity of Quin-COF dispersion (0.08 mg mL−1) upon 

increasing concentrations of Zn2+ (λex=450 nm). c) Selective binding of Quin-COF to 

Zn2+ ion. The fluorescence spectra of Quin-COF dispersed in THF:H2O (1:1) upon 

addition of 0.15 M of different metal ions (λex=450 nm); d) Fluorescence intensity of  

Quin-COF in THF:H2O (1:1) dispersion at 510 nm in the presence of different metal ions 

(λex=450 nm); [Quin-COF] = 0.05 mg·mL-1; [metal ion] = 0.15 M. 

 

The selectivity of Quin-COF towards Zn2+ was then studied by detecting the fluorescence 

intensity change in the presence of different metal ions at equal concentrations. In 

particular, Al3+, Fe3+, Ca2+, Ag+, Mg2+, K+, Na+, Cu2+ and Zn2+ were added to dispersed 

solutions of Quin-COF (0.08 mg·mL-1). The corresponding fluorescence spectra of 

Quin-COF after adding different metal ions were illustrated in Figure 5. Remarkably, 

due to the Zn specific metal binding property of Quin-COF, only the presence of Zn2+ in 

the solution turned-on the fluorescence emission. Even though all fluorescence spectra of 

metal ions-COF dispersions were measured under the same conditions, a clear selectivity 
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towards Zn2+ could be observed, displaying strong emission while the other dispersions 

had a negligible emission. These results further support the great selectivity of this 

material as a potential chemosensor for the detection of Zn2+. 

 

2.3. Study of interaction of Zn2+ with Quin-COF  

Due to the great number of active sites on the COF skeleton, Zn2+ could effectively bound 

to the quinoline moieties, which leads to the fluorescence on/off mechanism. This metal 

ion-COF interaction was confirmed by dispersing Quin-COF in THF:H2O (1:1) solution 

of Zn metal ions. The resulting Zn@Quin-COF was analyzed by scanning electron 

microscopy (SEM) and energy-dispersive X-ray spectroscopy (EDX) (Figure 6), 

confirming the successful incorporation of the Zn2+ to the COF framework. 

 

 

Figure 6. (a) SEM micrograph of Zn@Quin-COF and (b) EDX spectra of Zn@Quin-

COF sample revealing the presence of atomic Zn in the complexed structures. 

 

The successful introduction of Zn2+ into the network was also evidenced with an 

exhaustive XPS study of Zn@Quin-COF. Most notable observation was noticed at N 1s 

peak, in which a shift to a higher binding energy (~ 0.5±0.1 eV) with respect Quin-COF 

was recorded. This change is associated with the loss of electronical density over the 

nitrogen atom due to its proximity to the positive charged metal ion. No shifting was 

observed in signals corresponding to C 1s and O 1s, so interaction between Zn2+ and the 

COF seems to occur only through the nitrogen atom. Direct visualization of Zn2+ resulted 

challenging because of the low intensity of the Zn signals, which were observed very 

shifted, approximately 15 eV for Zn 3p and 3s, while the signal corresponding to Zn 2p 

is barely perceptible (Figure S5). We hypothesize that the shifting observed in the Zn 

a) b)
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core level peaks may be due to charge accumulation effects during the measurement 

process because interaction between Quin-COF and Zn2+ are weak and not enough to 

allow effective shielding of the gap created during the photoemission process. The 

succesful introduction of Zn in the network is proven by the emergence of Zn 3p and 3s 

signals in Zn@Quin-COF XPS spectra, in contrast to their absence in the original Quin-

COF compound. The region corresponding to the Zn 2p (330-350 eV of kinetic energy) 

has a similar appearance, due to the presence of the O KLL Auger peak (Figure S5a). An 

estimate of the Zn/N ratio through the light cores Zn 3p and N 1s using their effective 

sections, gives a ratio of 0.44 (Zn/N). 

 

The interaction between Zn2+ and Quin-COF though nitrogen atoms was also 

corroborated with theoretical studies. Once the structure of Quin-COF compound was 

established, we explored, following the same theoretical protocol afore-explained (see SI 

for detailed information), different possibilities towards the stabilization of Zn2+ ions 

within the COF structure. For that purpose, we studied the anchoring of a Zn atom on a 

large variety of adsorption sites within Quin-COF. Among all the possibilities analyzed, 

just two Zn-complexation configurations were particularly stable compared to the rest of 

conformations investigated (Figure 7). The two most stable Zn-adsorption configurations 

are: i) an “Out-of-plane” configuration (Figure 7a); where the Zn-ion is located on top a 

six-membered C-ring with an average distance between the Zn and the C-atoms of around 

3.05 Å and an adsorption energy of 0.17 eV, and ii) a “Coplanar” configuration, the most 

stable one (Figure 7b); where the Zn-ion is side-interacting with the structure located 

coplanar to the quinoline plane, with the shortest distances to the neighboring H atoms 

and N atom of 2.36, 2.66 and 3.06 Å, respectively, and an adsorption energy of 0.25 eV, 

around a 30% higher than in the previous configuration. This theoretical finding 

excellently agrees with the experimental XPS evidence, which yields a clear interaction 

of the Zn-ions with the quinoline units within the Quin-COF. 
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Figure 7. DFT-optimized geometries corresponding to the two most stable Zn+2 

adsorption sites within the Quin-COF structure: a) “Out-of-plane” configuration; where 

the Zn-ion is located on top a six-membered C-ring, and b) “Coplanar” configuration; 

where the Zn-ion is side-interacting with the structure located coplanar to the quinoline 

plane. Representative distances and adsorption energy for the Zn-ion are also indicated 

for each configuration.   

 

In order to evaluate the differences in the optical properties of the different pristine 

TAPB-DMTP-COF and Quin-COF compounds, and of the complexed Zn@Quin-

COF in its most stable “coplanar” configuration, we have computed the TD-DFT UV-

Vis absorption spectra of molecular fragments representative of all these systems within 

the main purpose to rationalize the potential “turn-on” selective Quin-COF chemosensor 

towards Zn metal-ions experimentally proposed. The representative molecular fragments 

considered are shown in Figure 8 for the TAPB-DMTP-COF and Quin-COF 

compounds, and of the complexed Quin-COF with 1 and 2 adsorbed Zn atoms. In the 

case with two Zn atoms, they are located in the most stable adsorption configurations 

side-interacting with the two quinoline units in the fragment. The TDDFT-computed UV–

Vis absorption spectra in Figure 8 exhibits their most important optical absorption 

features below 550 nm. For the case of the TAPB-DMTP fragment we only find a sharp 

excitation above 350 nm at around 370 nm (labelled as transition 1), which after the 

electronic decay will yield a poor fluorescence signal, as observed in the experiments. On 
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the contrary, for the other three cases Quin, Quin@1Zn and Quin@2Zn, this wavelength 

region up to 450 nm shows a richer optical absorption signal scenario and a clear 

bathochromic shift in the absorbance as a result from the enhanced π delocalization. 

Besides, the Quin-based molecular fragments introduce a novel feature in the absorption 

spectra at around 460 nm (labelled as transition 2) with refence to the TAPB-DMTP 

system, which will enhance the fluorescent signal after electronic decay, in excellent 

agreement with the experimental observations.  

 

 

 

Figure 8. TDDFT-computed UV–Vis absorption spectra of the molecular fragments 

representative of the TAPB-DMTP-COF, Quin-COF, and 1Zn@Quin-COF and 

2Zn@Quin-COF in THF:water (1:1). Optimized geometries of the molecular fragments 

and most relevant related electronic transitions are also shown.  

 

Specifically, theoretical calculations predict that transition 1 in TAPB-DMTP occurs 

between the HOMO and LUMO states. These states possess distinct yet compatible 

electronic character, enabling the permitted transition. Interestingly, these states are 

distributed throughout the fragment structure. On the other hand, the electronic origin of 

Transition 2 in Quin- fragments differs. This absorption feature at 460 nm originates 

consistently from the HOMO, with its destination state being LUMO+4 in all cases. 

Notably, there is no significant wavelength shift for this feature, irrespective of the Zn-

complexation degree. However, there is an increase in absorption intensity as the number 

of complexing-Zn atoms increases from 0 to 2, with a roughly 15% intensity enhancement 
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from 0 to 1 and from 1 to 2 Zn atoms. This observation underscores the system's potential 

as a selective chemosensor for Zn metal ions. 

An examination of the morphology of the HOMO and LUMO+4 states within these 

fragments reveals that the HOMO state is associated with the 2,6-diisopropylphenyl 

moieties. In the cases of Quin and Quin@2Zn, the HOMO is symmetrically located on 

both ligands simultaneously due to the high symmetry of the systems. In contrast, for the 

Quin@1Zn fragment, the unbalanced geometrical symmetry manifests in the electronic 

structure. The 2-fold degenerate HOMO in the previous fragments splits into two states, 

each located in one of the 2,6-diisopropylphenyl ligands. The LUMO+4 state is 

consistently located throughout the entire fragment in all cases. It is noteworthy that the 

Zn-complexation effect breaks the HOMO electronic symmetry and induces optical 

absorption enhancement not only for Transition 2 but also across the entire region up to 

450 nm. This phenomenon may stem from Zn-complexation inducing a rigidification of 

certain bonds, impeding the dissipation of absorbed energy across the structure and 

enabling enhanced absorption and emission signatures within the visible range. 

 

3. Conclusion 

 

In conclusion, we have successfully synthesized a robust quinoline-linked covalent 

organic framework (Quin-COF) by simple transformation of the dynamic imine linkages 

of readily available TAPB-DMTP-COF via aza-Diels-Alder reaction, which enabled the 

integration of 2,6-diisopropylphenyl pendant rings onto the pore surface. The 

incorporation of quinoline moieties and bulky pendant groups within the pores of the 

polymer favored the change of stacking between the layers, obtaining a material with an 

alternated AB stacking. The sensing experiments towards metal ions have been 

performed, funding an excellent selective “turn-on” fluorescence emission towards Zn2+ 

ions. The XPS, microscopical and theoretical studies corroborated the interaction between 

the Quin-COF and Zn2+ through quinoline ring. 

 

4. Experimental Section 

 

Details of synthesis, purification and characterization of 2 and DMTP-TAPB-COF are 

provided in Supporting Information. 
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Synthesis of Quin-COF. Quin-COF was synthesized by following a previously reported 

procedure based on Povarov reaction with slightly modifications.[57] TPB-DMTP-COF (100 mg), 

2,6-diisopropylphenylacetylene 2 (233 mg, 1.25 mmol), BF3·OEt2 (100 μL, 0.75 mmol), chloranil 

(200 mg, 0.75 mmol) and toluene (50 mL) were added to an ace pressure tube. The tube was 

sealed and heated under argon at 110 °C for 3 days. After the reaction time, the mixture was 

cooled to room temperature and the precipitate was filtered. The reaction mixture was then 

washed with THF and quenched with saturated aqueous Na2CO3. The resulting precipitate was 

washed with H2O, Soxhlet extracted with THF and dried under vacuum at 120 °C, yielding Quin-

COF as a yellow solid (200 mg, quantitative). 13C NMR (100 MHz, ss-CP/MAS, δ): 154.31, 

148.93, 142.53, 136.72, 129.20, 124.83, 115.99, 56.39, 32.51, 25.10. FTIR (ATR) ῦ (cm−1): 2964, 

2857, 1681, 1582, 1545, 1461, 1410, 1402, 1208, 1180, 1038, 876, 835, 774. PXRD 2 (°): 3.35, 

11.36, 18.12, 20.65, 28.43. 

 

Supporting Information 

Supporting Information is available from the Wiley Online Library or from the author. 
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