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Abstract 
As more and more pollutants threaten human health, it is necessary and es-
sential to develop sensitive, accurate and rapid methods and sensory mate-
rials to detect harmful substance. Metal-organic frameworks (MOFs) are in-
organic-organic hybrids assembled from inorganic metal ions or clusters and 
suitable organic ligands. Zinc-based MOFs (Zn-MOFs) have emerged as one 
of the most promising sensory material of MOFs for practical applications, 
and attracted significant attention due to structural diversity and incompara-
ble stability properties. However, there are few reviews on systemic summary 
of synthesis design, mechanism and application of Zn-MOFs. In this review, 
we summarize the synthesis design methods, structure types and lumines-
cence mechanism of Zn-MOFs sensor recognition in the past ten years and 
their applications in metal cations, anions, organic compounds and other 
analytes. Finally, we present a short conclusion, and look forward to the fu-
ture development direction of Zn-MOFs. 
 

Keywords 
Metal-Organic Frameworks, Pollutants, Sensory Materials, Mechanism,  
Application 

 

1. Introduction 

With the development of social economy, the problem of environmental and 
food pollution has become the center of attention, posing an increasing threat to 
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human health [1]. The main pollutants are heavy metals [2], anions [3], organic 
compound [4], antibiotics [5], pesticide residues [6]. They enter and accumulate 
in the human body through the food chain, causing acute, subacute or chronic 
harm due to their potential biological toxicity [7] [8] [9]. Therefore, the simple, 
sensitive, accurate and rapid methods of identifying and detecting potential pol-
lutants have important practical significance for pollution control. 

Commonly used techniques for the trace detection of contaminants, including 
high-performance liquid chromatography (HPLC) [10], atomic absorption spec-
trophotometry (AAS) [11], inductively coupled plasma atomic emission spec-
trometry (ICP-AES) [12] and inductively coupled plasma mass spectrometry 
(ICP-MS) [13], are sensitive and accurate. However, they are severely limited by 
expensive instruments, high maintenance costs, long detection time, complex 
sample pretreatment and large amount of detection sample [14]. 

Metal-organic frameworks (MOFs) are inorganic-organic hybrids assembled 
from inorganic metal ions or clusters and suitable organic ligands [15]. Due to 
the unusual structure diversity, exciting porosity, flexibility and tunable surface 
area [16] [17], MOFs have been widely used in various fields, such as chemo-
sensors, gas separation and storage, electrochemical detection and drug trans-
port [18]. In recent years, a great number of MOFs materials have been designed 
as fluorescent chemosensors to detect organic low molecular compound, pesti-
cide residue, anion and metal ions [19]. However, MOFs generally face some 
problems such as unclear detection mechanism, poor water stability and low 
sensitivity [20]. With structural diversity, incomparable stability, Zn-MOFs are 
considered to be one of the most promising sensory material of MOFs for prac-
tical applications [21] [22]. 

In recent years, some recent reviews have also concerned MOFs and their 
sensing application [23]. However, these reviews mainly focus on lanthanide, 
zirconium elements, few reviews focus on zinc-based metal-organic framework 
materials. Therefore, this review focuses on the synthesis method, structure type, 
classification type and luminescence mechanism of fluorescent Zn-MOFs dis-
covered over the past ten years. Further, the applications of fluorescence sensing 
in metal cations, inorganic anions, nitro aromatic compounds, anti-biological 
and other molecules are summarized systematically. Finally, the current chal-
lenges for Zn-MOFs in this research field are also outlined, and we also pro-
posed some perspectives to address some existing research challenges. 

2. Synthesis Strategy of Zn-MOFs 

The synthesis of MOFs is formed by self-assembly of metal ions and organic li-
gand molecules through coordination bonds, and strong coordination bonds 
provide the basis for structural stability and high crystallinity. Multiple synthesis 
methods and specific experimental conditions have resulted in MOFs with dif-
ferent morphologies, crystal structures, and pore sizes, further affecting their 
functional applications. The efficiency of synthesis is related to metal ion, ligand, 
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coordination environment, geometrical structure, surface hydrophobicity, steric 
hindrance, etc. The functionalization of fluorescent MOFs can be realized by 
in-situ synthesis and post-synthetic modification (PSM). 

2.1. In-Situ Synthesis 
2.1.1. Solvothermal Method 
Many methods have been explored to synthesize MOFs, mainly including sol-
vothermal method, microwave-assisted method, reflux method, ultrasonic me-
thod, mechanical method and electrochemical method. However, solvothermal 
method is most widely used procedures for the preparation of MOFs [24]. Li et 
al. choose benzotriazole-5-carboxylic acid, 5-amino-1H-tetrazole by virtue of 
the mixed-ligand approach obtained photoluminescence sensors as lumines-
cence thermometries over tunable temperature range. Linear correlations are 
presented between the luminescence intensities and the low temperatures [25]. 
Wang et al. employed ZnCl2 and 4,4’-(1H-1,2,4-triazole-1-yl) methylene-bis 
(benzonic acid) synthesis luminescent zinc (II) metal-organic framework. The 
MOFs exhibits highly selective and sensitive luminescence sensing for 2

2 7Cr O −  
ions in aqueous solutions with high quenching efficiency KSV = 1.22 × 104 
L∙mol−1 and low detection limit (0.023 μM (S/N = 3)) [26]. 

2.1.2. Others Synthesis Method 
In addition to solvothermal method, diffusion method and microwave assisted 
method are also commonly used to synthesize MOFs. Wang et al. choose 
TEMPO-oxidized cellulose nanofibrils and Zn(NO3)2⋅6H2O into distilled wa-
ter, and stirred by a magnetic stirrer at 800 r/min to form a uniform suspen-
sion, and then add disodium terephthalate into the above solution obtained 
Zn-BDC@TOCNF [27]. Compared with solvothermal method, microwave as-
sisted method can greatly reduce the reaction time to improve efficiency. The 
amount of time of this method containing of high porosity, high crystallinity, 
very large surface areas, and very small nano scale dimensions was included 20 
times faster than other methods and enhanced the stability of the MOF struc-
tures [28]. For instance, Gencer et al. choose a friendly way to develop carbon 
dots with controllable emission properties by incorporating zinc (II) ions into 
carbon dots through simple microwave-assisted synthesis [29]. 

2.2. Post-Synthetic Modification 

Post-synthetic modification (PSM) refers to taking pre-synthesized Zn-MOFs as 
precursors and further processing them to obtain new materials with desired 
features or better performance. Cao et al. encapsulate the upconversion nano-
particles (UCNPs) into the metal-organic frameworks (ZIF-8) and incorporating 
molecularly imprinted polymer (MIP) by post-modification and use them for 
the detection of octopamine, the detailed preparation process is shown in Figure 
1. The method with the detection limit of 0.081 mg∙L−1 would yield double func-
tions of specific recognition and quantitative detection for octopamine without  
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Figure 1. The detailed preparation process of UCNPs@ZIF-8@MIP [30]. 

 
sophisticated preprocessing [30]. Li et al. choose imidazole-2-formaldehyde, zinc 
nitrate hexahydrate and sodium formate in a Teflon-lined stainless steel autoc-
lave at 120˚C for 24 h, ZIF-90 crystals were gained after being filtered and 
washed with methanol for several times. Then, the fluorescent MOFs (ZIF-90- 
BA) by post-functionally modifying ZIF-90 with the Schiff base group. This 
probe was successfully used for OCl− turn-on fluorescence sensing. It exhibited 
high selectivity over other potentially interfering species, and it showed high 
sensitivity (detection limit: 6.25 μM) and fast response (15 s) [31]. 

3. Types of Zinc-Based Metal Organic Frameworks (MOFs) 

Fluorescence sensing is the chemical reaction between the fluorescence sensor 
and the target analyte that causes the change of fluorescence signal, and the de-
tection of the target analyte is realized by collecting the change of fluorescence 
signal. According to the change of fluorescence signal, Zn-MOF sensors can be 
divided into fluorescence turn-on, fluorescence turn-off and ratiometric fluo-
rescence sensors. 

3.1. Fluorescence Turn-on Zn-MOF Sensors 

By introducing the analyte, the fluorescence intensity of the original Zn-MOF 
with weak or no fluorescence is significantly enhanced, which called turn-on 
Zn-MOF sensors. Farahani et al. design a fluorescent Zn-MOF (TMU-16) as 
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chemical sensing agents to detect Cd (II) ions and dichloromethane. The TMU- 
16 displays superb luminescence emission, and intensity significantly enhanced. 
This work demonstrates that luminescent MOFs may be rationally designed to 
serve as practical multi-responsive sensors for the detection of metal ions and 
small molecules [32]. Kaur et al. develop a 2-D Zn (II) based metal-organic 
frameworks (MOF) formulated as [Zn(apca)2]n (Hapca =  
3-aminopyrazine-2-carboxylic acid). The selectivity of the as-synthesized MOFs 
was studied for detecting phenolic structural analogs such as phenol,  
2,6-dichlorophenol (2,6-DCP), 2,4-dichlorophenol (2,4-DCP), et al. The results 
observed that 2,6-DCP significantly enhance the fluorescence emission of the 
Zn-MOF, while other have induced negligible change in fluorescence response. 
It could be revealed that Zn-MOF are equipped with excellent recognition ability 
for almost exclusively 2,6-DCP [33]. The effects of different chlorophenols on 
the emission spectra are shown in Figure 2. 

3.2. Fluorescence Turn-off Zn-MOF Sensors 

Fluorescence turn-off is the interaction between fluorescent material molecules 
and solvent molecules or other solute molecules, resulting in fluorescence 
quenching. Zhang et al. has been synthesize a new fluorescent metal-organic 
framework (MOF), named [Zn2(TBAPy)(H2O)(DMF)]∙4DMF∙2H2O (JOU-34) 
(TBAPy = 1,3,6,8-tetrakis (p-benzoic acid) pyrene). Due to the introduction of 
pyrene groups, JOU-34 shows strong fluorescent emission cantered at about 470 
nm, and a good fluorescence sensing performance toward nitroaromatic com-
pounds, especially nitrobenzene (NB). In the presence of nitrobenzene, the 
quenching efficiency can reach 89%. The results indicate that JOU-34 can be  

 

 
Figure 2. Effect of different chlorophenols on the emission spectra of Zn-MOF [33]. 

https://doi.org/10.4236/ajac.2023.149022


X. J. Mao et al. 
 

 

DOI: 10.4236/ajac.2023.149022 395 American Journal of Analytical Chemistry 
 

applied as a functional material for nitroaromatics detection [34]. Tehrani et al. 
introduce a new porous metal-organic framework (TMU-21). The fluorescence 
propertie of TMU-21 was preliminarily evaluated by immersing the activated 
MOF in three aromatic solvents, i.e., benzene, toluene, and nitrobenzene. TMU-21 
exhibits almost complete fluorescence quenching when they are immersed in ni-
trobenzene, with a quenching efficiency of >98% [35]. 

3.3. Ratiometric Fluorescence Zn-MOF Sensors 

Ratiometric fluorescence is to collect fluorescence intensity at two or more dif-
ferent emission wavelengths at the same time, and use the ratio of fluorescence 
intensity as the output signal to establish an internal standard to detect the target 
analyte. This method can eliminate the interference of environmental factors 
such as probe concentration and instrument efficiency, so as to achieve more 
sensitive and reliable detection of target analytes. Yang et al. constructed a met-
al-organic framework (MOF) with the dual emitting system (CDs@ZIF-8) by 
hydrothermal method. CDs@ZIF-8 with dual-emitting centers can be utilized 
for detecting copper ions as a ratio fluorescence sensor. The fluorescence sensor 
shows excellent sensitivity, selectivity and strong environmental suitability for 
sensing Cu2+ ion, and the limit of detection (LOD) for Cu2+ ion is 11.712 μM 
[36]. Wang et al. propose a method for embedding highly luminescent doped 
QDs into a MOF (ZnS:Eu@ZIF-8) to be applied to the fluorescence detection of 
pollution hazards. When the TNP solution was added, the luminescence intensity 
of ZnS:Eu@ZIF-8 underwent a significant sudden extinction. The double-ratio flu-
orescence sensor was observed to be highly selective for the detection of TNP [37]. 

4. Structure Design Types of Functional Zn-MOF 

Functional organic ligands and structurally stable MOF materials are of great 
significance for the realization of highly selective detection and practical applica-
tion [38]. According to the composition of structure, fluorescence sensors can be 
divided into MOFs and MOFs-based composites. Due to the advantages of good 
porosity, multi-function, diverse structure and controllable chemical composition, 
MOFs and MOFs-based composites have been widely used in various fields [39]. 

4.1. MOFs 

MOFs with high porosity, large surface area, controllable morphology, variable 
structure and the synergistic effect of metal-organic ligand, are gradually applied in 
fluorescence sensing. Shao et al. constructed two new title MOFs, [Zn(BTA)2]n 
(LMOF-1) and [Zn3(BTA)2(5-tbuip)2]n (LMOF-2) (BTA = 1H-benzotriazole,5-tbuip 
= 5-tert-butylisophthalic acid), as multiresponsive fluorescence sensors for 
Fe(III) and Cr(VI) ( 2

4CrO − / 2
2 7Cr O −  ions) detection. LMOF-1 and 2 show good 

stability in many solvents and strong blue luminescence and may be useful to the 
development of fluorescent materials [40]. Hu et al. designed a new MOF for-
mulated as [Zn2(trz)2(btdb)]⋅4DMF (trz = 1,2,4-triazole, H2btdb =  
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4,4'-(benzo[c][1,2,5]thiadiazole-4,7-diyl) dibenzoic acid). The fluorescence sen-
sor shows excellent sensitivity and selectivity sensing Fe3+ ion in both aqueous 
and non-aqueous solution through quenching mechanism, given a detection 
limit of 3.1 and 17.0 μM in methanol and H2O solution, respectively [41]. Kajal 
et al. synthesized highly stable zinc-based luminescent metal-organic framework 
(LMOF) via solvothermal method. Synthesized MOF samples show excellent re-
cyclability in fluorescence quenching for the various nitro-analytes (2,4-DNP, 
2-Nitrotoulene, 4-Nitrophenol, and Nitrobenzene) even after the fourth cycle, 
and the results can generalize the explosive sensor technology and sensing vari-
ous nitro-based pollutants [42]. 

4.2. MOFs-Based Composites 

MOFs-based composites have a high specific surface area and an adjustable pore 
structure and are rich in unsaturated metal active sites and multifunctional 
groups [43]. The remarkable properties of MOF-based composites have pro-
vided new ideas for the development of novel and efficient strategies as well as 
for the detection trace analyte. Baghayeri et al. designed a magnetic MOF-based 
composite by a simple solvothermal method. A good selectivity for As(III) de-
tection by the proposed the MOF-based composite. And this sensor was em-
ployed for the As (III) monitoring in environmental water samples, and the ac-
curacy of obtained results were confirmed by inductively coupled plasma-optical 
emission spectrometer (ICP-OES) system [44]. Yang et al. constructed a met-
al-organic framework with dual emitting system (CDs@ZIF-8) by hydrothermal 
method. The CDs@ZIF-8 fluorescence sensor shows excellent sensitivity, selec-
tivity and strong environmental suitability for sensing Cu2+ ion with the limit of 
detection (LOD) [36]. Zheng et al. use a natural amino acid derivative as the lu-
minescent moiety to result in a lamellar coordination polymer, and further 
embed luminescent dye molecules in the crystal matrix to result in a luminescent 
dye@MOF sensor. The composite sensor exhibits excellent sensitivity for de-
coding different VOCs with clearly differentiable fluorescence emission [45]. 

5. Detection Mechanism of Fluorescence Sensor Based on 
MOFs 

According to the change of fluorescence signal, the sensing mechanism can be 
divided into photoinduced electron transfer, fluorescence resonance energy 
transfer, aggregation-induced luminescence and inner filter effect. 

5.1. Photoinduced Electron Transfer (PET) 

Photoinduced electron transfer is the phenomenon of intramolecular or inter-
molecular transfer of electrons induced by light. In PET fluorescent molecular 
probes, there is a photoinduced electron transfer between fluorophore and ac-
ceptor unit, which has a very strong quenching effect on fluorescence. Therefore, 
before binding to the guest, the probe molecule does not emit fluorescence, or 
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fluorescence is very weak. Once the receptor is bound to the guest, the photoin-
duced electron transfer is inhibited or even completely blocked, and the fluoro-
phore will emit fluorescence. Pan et al. prepared a novel three-dimensional 
zinc-based metal-organic framework (Zn-MOF) as a fluorescent sensor for de-
tection of nitrobenzene. The synthesized Zn-MOF exhibited fluorescence quench-
ing for nitrobenzene (NB). The theoretical computation was employed to inves-
tigate quenching mechanism of Zn-MOF toward NB. The result of quenching 
mechanism might be ascribed to the electron transfer from the electron donor 
Zn-MOF to NB adsorbed on the Zn-MOF [46]. The research group of Xie. syn-
thesized a new zinc metal-organic framework (Zn-MOF) for detection of nitro-
benzene and Fe (III). The Zn-MOF displays remarkable fluorescent quenching 
effect toward nitrobenzene (NB) and Fe3+ ion due to the electron transfer 
quenching mechanism (PET) [47]. Fan et al. constructed a hydrolytically stable 
amino-functionalized Zinc (II) metal-organic framework detecting Cr (VI) anions 
and nitroimidazole/nitrofuran antibiotics exhibiting fluorescence quenching re-
sponse. The result show photo-induced electron transfer (PET) of course plays 
an important role during the quenching process [48]. 

5.2. Fluorescence Resonance Energy Transfer (FRET) 

Fluorescence resonance energy transfer (FRET) is a short-range non-radiative ener-
gy transfer process. When fluorescence resonance energy transfer occurs, the excited 
donor transfers energy to the adjacent ground state receptor by non-radiative 
means, and made the receptor excited. The fluorescence intensity of the donor is 
weakened, but the fluorescence intensity of the receptor is enhanced [49]. Liu et 
al. reported a Water-Stable Zinc (II)-Organic framework using zinc nitrate salt 
and benzotriazole-5-carboxylic acid (H2btca) ligand. It can be applied as a 
“turn-off” fluorescence probe to detect Fe3+ and Cr6+ ions in an aqueous solu-
tion with selectivity and sensitivity. They suggested that resonance energy 
transfer (RET) may affect the quenching process of Fe3+, 2

4CrO −  and 2
2 7Cr O −  

[50], and this was consistent with previous reports [51] [52]. Sheng et al. de-
signed a zinc-based fluorescent organic framework based on a polyfunctional 
groups ligand [1-{2-(2-pyridyl)-benzo [d] imidazole}-2-(5-hydroxyisophthalic 
acid) ethane] (H2L). The Zn-MOFs has good recyclability and can be regene-
rated multiple times for detecting TNP or Fe3+. The study result shown that the 
resonance energy transfer between Zn-MOFs and Fe3+ or TNP during lumines-
cence sensing, resulting in fluorescence quenching [53]. 

5.3. Aggregation-Induced Emission (AIE) 

The phenomenon of aggregation-induced luminescence is that for some fluo-
rescent molecules, and they do not emit light or emit weak fluorescence in the 
solution state, but emit strong fluorescence in the aggregated state [54]. The re-
search group of Pang. constructed a molecular amines fluorescence sensor 
Zn-TCPE sensing of amines. In an aqueous solution, Zn-TCPE fluorescence is 
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quenched by water molecule coordination. After the introduction of amino 
groups，competitive coordination substitution and electrostatic interactions with 
amino groups inhibit the movement of the AIE-active organic ligand, leading to 
the re-enhancement of fluorescence. The result show that Zn-TCPE enables the 
highly sensitive and selective detection of potentially harmful amines with low 
detection limits of 18.7 - 68.5 nM [55]. Ameen et al. synthesize a ultra-small and 
higly fluorescent zinc-based MOFs (FMOF-5) to detect tetracycline (TC). The 
tetracycline (TC) selectively tuned the blue emission of FMOF-5 to greenish- 
yellow emission (520 nm) with dramatic enhancement through aggregation in-
duced emission (AIE). The prepared FMOF-5-based probe showed high stability 
and reusability [56]. Li et al. designed a MOF material, which can perform as a 
fluorescence “off-on” probe for highly sensitive detection of Al3+ in aqueous me-
dia. They study shown that hydroxyl group can selectively chelate Al3+, which is 
directly related to the dissociation of nonfluorescent MOF and consequent acti-
vation of the AIE process [57]. 

5.4. The Inner Filter Effect (IFE) 

The inner filter effect of fluorescence is a phenomenon in which the excitation 
light or emitted light is absorbed by the fluorescence or other light-absorbing 
substances when the concentration of the fluorescence is large or coexists with 
other light-absorbing substances. In fluorescence analysis, the inner filter effect 
can lead to the deviation of the linear relationship between fluorescence intensity 
and concentration, and even cause the distortion of spectral shape. Zhang et al. 
developed a novel fluorescence sensor with high sensitivity and selectivity based 
on nitrogen-doped carbon dots embedded in zinc-based metal-organic frame-
works. The fluorescence of the MOFs was effectively quenched in the presence of 
tetracycline due to the inner filter effect (IFE) [58]. Zhang et al. choose Zinc ni-
trate and 1,2,4-triazole as raw materials to synthesis a novel metal organic 
framework material (Zn-MOF). The experimental results show that the fluores-
cence intensity of Zn-MOF decreases significantly after the addition of Fe3+, and 
other metal ions have no significant change, indicating that Fe3+ has a certain ef-
fect on fluorescence quenching of Zn-MOF. According to the UV-visible ab-
sorption spectrum experiment, Fe3+ can absorb the excited state energy of Zn- 
MOF and make it return to the ground state, thus reducing the energy transfer 
from ligand to Zn2+, resulting in fluorescence quenching [59]. Wang et al. con-
structed a metal-organic framework (MOF) with fluorescent properties using im-
idazole derivative 4,4'-bis (2-methyl-1H-imidazol-1-yl)-1,1'-biphenyl (4,4'-BMIB), 
2,5-dimethoxyterephthalic acid (H2DTA) and Zn (II) ion. The fluorescence of 
the MOF is quenched after adding Fe3+. Due to competitive absorption between 
metal ions and MOF [60]. 

6. Sensing Applications of Zn-MOFs 

Due to fascinating and unique characteristics, Zn-MOF based sensors have been 
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applied in sensing of analytes in environment, food and other fields. In this section, 
we have summarized the luminescence Zn-MOF based sensor for detecting various 
analytes, including metal cations, anions, organic compounds and other analytes. 

6.1. Sensing of Metal Cations 

With the rapid development of industry, the problem of metal ion pollution has 
raised global concern. Metal ions enter and accumulate in the human body via 
the food chain, lead to many diseases threatening human health. Therefore, it is 
essential to develop effective, rapid detection methods for metal ions [61]. As 
shown in the Figure 3, Zhang et al. designed a chiral luminescent Zinc (II)-MOF 
[Zn(BPDPE)2(dca)2]n (BPDPE = 4,4'-bis(pyridy) diphenyl ether, H2dca = Dex-
tro-camphoric acid). The experiments revealed that Zn-MOF has highly selec-
tive and sensitive fluorescence sensing performances for detecting Fe3+ ion 
through luminescence quenching [62]. 

Xiao et al. synthesized two new inorganic-organic hybrid zinc phosphate 
frameworks. The fluorescence titration experiment results shown that fluorescence 
intensity of Zn-MOF decreases significantly after the addition of Fe3+, so the 

 

 
Figure 3. (a) Coordination environment of Zn(II) ions in MOF; (b) Two fold interlocked helical 
chains constructed by BPDPE and Zn2+; (c) Two kinds of spirals chains linked each other to form a 
three dimensional framework [62]. 
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as-prepared two Zn-MOF can be used as fluorescence sensor for selective Fe3+ 
detection [63]. The research group of Wang. constructed a fluorescence met-
al-organic framework [Zn3(APT)4]∙2H2O (Zn-APT) using Zn(NO3)2∙6H2O and 
2-amino-6-purinethiol (ATP). Zn-APT can emit strong luminescence, so it can 
be used as a fluorescent probe to detect Fe3+ ion effectively [64]. Cheng et al. syn-
thesized a zinc metal-organic framework material (Zn-MOF) based on fluorenone 
carboxylate ligand. The experiment results shown that it is a fluorescent probe that 
can quickly recognize Al3+ and Fe3+ ions [65]. Hu et al. chose two similar ligands 
(bpta = 3,5-bis(4-pyridyl)-1,2,4-triazole, bpat =  
3,5-bis(4-pyridyl)-4-amino-1,2,4-triazole) and synthesized two MOFs with simi-
lar structures, {Zn2(bpta)2(hpta)(H2O)2∙6H2O}n,  
{Zn2(bpat)2(hpta)(H2O)4∙4H2O}n. The fluorescence sensing performance results 
reveal that they both show obvious fluorescence enhancement effect to high va-
lence metal ions (Fe3+, Al3+, Cr3+, In3+ and Zr4+) [66]. 

6.2. Sensing of Anions 

Anionic pollutants put forward negative impacts on the environment, so de-
signing a potential fluorescent sensor for recognizing hazardous anions is ne-
cessary. Minmini et al. synthesized metal organic framework by the solvother-
mal process of 2-(4-carboxyphenyl)-1,3-dioxoisoindoline-5-carboxylic acid with 
Zn(OAc)2∙2H2O. The luminescent studies indicates that the obtained Zn-MOF 
could be an efficient material for selectively sensing 2

4CrO − , and the fluores-
cence measurement illustrate that chromate anion has the quenching effect upon 
trapped into the porous framework [67]. Bi et al. reported a novel metal-organic 
framework based on the coordination of acylhydrazide ligand and Zn2+. Com-
pared with other anions, only 2

2 7Cr O −  virtually entirely quenched the emission 
of Zn-MOF, with a quenching percentage of over 92 percent. Therefore, the 
MOF should be a promising luminescent sensor for the detection of 2

2 7Cr O −  
[68]. Cao et al. designed a unique three-dimensional Zn-MOF framework. The 
luminescence properties confirm that the emission behavior of the Zn (II) com-
plex possesses excellent thermal and chemical stabilities. The fluorescence titra-
tion experiment shown that the MOF can be sensitive, efficient and fast in de-
tecting MnO4-resulting the fluorescence quenching [69]. Xie et al. constructed a 
Zn-based MOF using benzotriazole-5-carboxylic acid and pyridine as ligands. 
The luminescent results reveal that MOF can be a luminescent sensor for sensi-
tively detecting PO4

3− through luminescent enhancement effect [70]. Fu et al. 
reported a water stable zinc-base metal-organic framework SG7@FIR-53 (SG7 = 
8-hydroxypyrene-1,3,6-trisulfonate). The composite SG7@FIR-53 exhibits a sen-
sitive fluorescence quenching response against 2

2 7Cr O −  and 4MnO−  in aqueous 
solution [71]. 

6.3. Sensing of Organic Compounds 

Organic compounds, such as trinitrophenol, nitrobenzene,1,3-dinitrobenzene, 
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usually are hazardous and sometimes can be explosive [72]. Recognizing these 
organic compounds, especially nitroaromatic compounds, will have the impor-
tant significance. Li et al. synthesized a novel dual functional composite (MOFL- 
TpBD) through solvothermal methods, with stable 2,4,6-Trinitrophenol (TNP) 
fluorescence detection performance. MOFL-TpBD was capable of fluorescent 
sensing of TNP, with a linear range from 0.01 to 1 mM and a limit of detec-
tion of 3.52 μM. The MOFL-TpBD provided a potential candidate material 
for the detection of heavy metal ions and explosives in environmental water 
samples [73]. Xian et al. designed a zinc metal-organic framework (MOF) by 
the solvothermal method. The sensing detection results show that it has ob-
vious fluorescence quenching behavior towards nitrobenzene (NB) in the 
range of 0 - 250 ppm, and the fluorescence intensity decreases exponentially 
when the NB concentration increases. The MOF sample may be used as a po-
tential NB probe in liquid environment [74]. Fang et al. synthesized a lumi-
nescent zinc metal-organic framework under solvothermal conditions by using 
atriazolate-carboxylate bifunctional ligand, 4-(1H-1,2,4-triazol-1-yl) benzoic ac-
id (Htba). The systematic luminescence experiments reveal that the MOF can be 
potentially used as a fast-response fluorescence sensor for the sensitive detection 
of nitrobenzene through drastic fluorescence quenching [75]. Wang et al. de-
signed a multi-functional metal-organic framework (MOF) under solvothermal 
condition. The fluorescence sensing results reveal that MOF has sensing perfor-
mance, which can sense anilines selectively and reversibly through fluorescence 
enhancement or quenching effect [76]. The detail fluorescence sensing results 
are shown in Figure 4. 

6.4. Sensing of Other Analytes 

Based on nearly ten years of literature, studies have shown that zinc-based MOF 
sensors can be used for sensing temperature, water, et al. [77]. Cai et al. synthesized 
a biological MOF, Zn3(benzene-1,3,5-tricarboxyl)2(adenine)(H2O) (ZnBTCA) for  

 

 
Figure 4. Percentage of fluorescence quenching or enhancement of MOF obtained for 
different analytes in ethanol solutions at room temperature [76]. 
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monitoring temperature at the cellular level. The MOF exhibits highly efficient 
ratiometric temperature-sensing properties under physiological cellular condi-
tions but also can be excited under visible light [78]. Zhang et al. constructed a 
new mixed-ligand metal-organic framework (MOF), ZnATZ-BTB, as a lumi-
nescent ratiometric thermometer by making use of the intrinsic dual emission at 
cryogenic temperatures. The novel MOF thermometer shows significantly high-
er sensitivity than the previously developed MOF ratiometric thermometers 
[79]. Bhattacharya et al. designed a 3D porous metal–organic framework (MOF) 
of Zn (II) ions. The MOF shows remarkable potential to detect traces of water in 
various organic solvents [80]. 

7. Conclusions and Prospects 

Although Zn-MOFs have gained interest in sensing applications, there is still a 
need to explore more to improve their properties [81]. For instance, 1) more ef-
forts should be made to improve the yield of the product. The high yield synthe-
sis strategy can be employed to improve product quality and fluorescence sens-
ing efficiency, and even scale up their industrial applications. 2) The introduc-
tion of functional materials with a variety of properties can endow the Zn-MOF 
with upgraded properties for sensing applications. 3) The water stabilities of 
Zn-MOF still need to be explored and enhanced by selecting specific ligands via 
structural calculation and theoretical simulation to understand the relationship 
between structure and performance. 4) The mechanical properties of Zn-MOFs 
also need to be systematically studied by theoretical calculation to broaden the 
practical applications. In conclusion, future research needs to overcome the 
above shortcomings and further explore new methods to expand more applica-
tion fields of Zn-MOFs in the future. 

Acknowledgements 

The paper was supported by the project funding of the Key R&D Plan Projects 
for the 14th Five Year Plan, which was Research and Application of Analysis and 
Testing Technology and Standard System for Strategic Mineral Beneficiation 
and Metallurgy (2021YFC2903100 & 2021YFC2903101), thanks to the support 
for the research group members. 

Conflicts of Interest 

The authors declare no conflicts of interest regarding the publication of this pa-
per. 

References 
[1] Pan, M.F., Li, H.L., Yang, J.Y., Wang, Y.X., Wang, Y.Y., and Han, X.T. (2023) Re-

view: Synthesis of Metal Organic Framework-Based Composites for Application as 
Immunosensors in Food Safety. Analytica Chimica Acta, 1266, Article ID: 341331.  
https://doi.org/10.1016/j.aca.2023.341331 

[2] Mohan, B., Neeraj, V., Kadiyan, R., Singh, K. and Singh, G. (2023) MOFs Compo-

https://doi.org/10.4236/ajac.2023.149022
https://doi.org/10.1016/j.aca.2023.341331


X. J. Mao et al. 
 

 

DOI: 10.4236/ajac.2023.149022 403 American Journal of Analytical Chemistry 
 

site Materials for Pb2+ Ions Detection in Water: Recent Trends & Advances. Micro-
chemical Journal, 190, Article ID: 108585.  
https://doi.org/10.1016/j.microc.2023.108585 

[3] Zhai, X.H., Cui, Z.Y. and Shen, W.Y. (2022) Mechanism, Structural Design, Mod-
ulation and Applications of Aggregation-Induced Emission-Based Metal-Organic 
Framework. Inorganic Chemistry Communications, 146, Article ID: 110038.  
https://doi.org/10.1016/j.inoche.2022.110038 

[4] Jie, B.R., Lin, H.D., Zhai, Y.X., Ye, J.Y., Zhang, D.Y. and Xie, Y.F. (2023) Mechan-
ism, Design and Application of Fluorescent Recognition Based on Metal Organic 
Frameworks in Pollutant Detection. Chemical Engineering Journal, 454, Article ID: 
139931. https://doi.org/10.1016/j.cej.2022.139931 

[5] Duo, H.X., Yue, J.Y., Wan, X.F., Sha, L.C., Hou, X.D. and Zhu, Q. (2023) Recent 
Advances in Synthesis and Applications of Metal-Organic Frameworks for Sample 
Preparation in Antibiotic Analysis. Microchemical Journal, 193, Article ID: 109053.  
https://doi.org/10.1016/j.microc.2023.109053 

[6] Leong, W.H., The, S.Y., Hossain, M.M., Nadarajaw, T., Zabidi, Z.H., Chin, S.Y., et 
al. (2020) Application, Monitoring and Adverse Effects in Pesticide Use: The Im-
portance of Reinforcement of Good Agricultural Practices (GAPs). Journal of Envi-
ronment Management, 260, Article ID: 109987.  
https://doi.org/10.1016/j.jenvman.2019.109987 

[7] Cheng, W.W., Tang, X.Z., Zhang, Y., Wu, D. and Yang, W.J. (2021) Applications of 
Metal-Organic Framework (MOF)-Based Sensors for Food Safety: Enhancing Me-
chanisms and Recent Advances. Trends in Food Science & Technology, 112, 268- 
282. https://doi.org/10.1016/j.tifs.2021.04.004 

[8] Grados, L., Perot, M., Barbezier, N., Delayre-Orthez, C., Bach, V., Fumery, M., et al. 
(2022) How Advanced Are We on the Consequences of Oral Exposure to Food 
Contaminants on the Occurrence of Chronic Non Communicable Diseases. Che-
mosphere, 303, Article ID: 135260.  
https://doi.org/10.1016/j.chemosphere.2022.135260 

[9] Han, Y., Yang, W.X., Luo, X.L., He, X., Zhao, H.P., Tang, W.Z., et al. (2022) Carbon 
Dots Based Ratiometric Fluorescent Sensing Platform for Food Safety. Critical Re-
views in Food Science and Nutrition, 62, 244-260.  
https://doi.org/10.1080/10408398.2020.1814197 

[10] Guo, L.N., Wang, Y.H., Yan, M., Yi, Q.Q., Jiang, X.Y., Wang, M.M., et al. (2022) 
Detection of Bisphenols Compounds in Water by High Performance Liquid Chro-
matography with Dispersive Solid Phase Extraction Based on Ce-Doped DUT-52 
Metal Organic Framework. Journal of Instrumental Analysis, 41, 164-171. 

[11] Tang, A.N., Gao, R.Z. and Wang, K. (2021) Discussion on Matrix Modifiers in the 
Determination of Heavy Metal Ions in Environmental Water Samples by Graphite 
Furnace Atomic Absorption Spectrometry. University Chemistry, 36, Article ID: 
2101049. https://doi.org/10.3866/PKU.DXHX202101049 

[12] Lv, R., Li, H., Su, J., Fu, X., Yang, B., Gu, W., et al. (2017) Zinc Metal Organic 
Framework for Selective Detection and Differentiation of Fe(III) and Cr(VI) Ions in 
Aqueous Solution. Inorganic Chemistry, 56, 12348-12356.  
https://doi.org/10.1021/acs.inorgchem.7b01822 

[13] Bansod, B.K., Kumar, T., Thakur, R., Rana, S. and Singh, I. (2017) A Review on 
Various Electrochemical Techniques for Heavy Metal Ions Detection with Different 
Sensing Platforms. Biosensors and Bioelectronics, 94, 443-455.  
https://doi.org/10.1016/j.bios.2017.03.031 

https://doi.org/10.4236/ajac.2023.149022
https://doi.org/10.1016/j.microc.2023.108585
https://doi.org/10.1016/j.inoche.2022.110038
https://doi.org/10.1016/j.cej.2022.139931
https://doi.org/10.1016/j.microc.2023.109053
https://doi.org/10.1016/j.jenvman.2019.109987
https://doi.org/10.1016/j.tifs.2021.04.004
https://doi.org/10.1016/j.chemosphere.2022.135260
https://doi.org/10.1080/10408398.2020.1814197
https://doi.org/10.3866/PKU.DXHX202101049
https://doi.org/10.1021/acs.inorgchem.7b01822
https://doi.org/10.1016/j.bios.2017.03.031


X. J. Mao et al. 
 

 

DOI: 10.4236/ajac.2023.149022 404 American Journal of Analytical Chemistry 
 

[14] Sohrabi, H., Ghasemzadeh, S., Shakib, S., Majidi, M.R., Razmjou, A., Yoon, Y., et al. 
(2023) Metal-Organic Framework-Based Biosensing Platforms for the Sensitive De-
termination of Trace Elements and Heavy Metals: A Comprehensive Review. In-
dustrial & Engineering Chemistry Research, 62, 4611-4627.  
https://doi.org/10.1021/acs.iecr.2c03011 

[15] Chen, L., Liu, D.H., Peng, J., Du, Q.Z. and He, H. (2020) Ratiometric Fluorescence 
Sensing of Metal-Organic Frameworks: Tactics and Perspectives. Coordination 
Chemistry Reviews, 404, Article ID: 213113.  
https://doi.org/10.1016/j.ccr.2019.213113 

[16] Sun, Q., Qin, L., Lai, C., Liu, S.Y., Chen, W.J., Xu, F.H., et al. (2023) Constructing 
Functional Metal-Organic Frameworks by Ligand Design for Environmental Ap-
plications. Journal of Hazardous Materials, 447, Article ID: 130848.  
https://doi.org/10.1016/j.jhazmat.2023.130848 

[17] Lu, Y. and Yan, B. (2014) A Ratiometric Fluorescent pH Sensor Based on Nanoscale 
Metal-Organic Frameworks (MOFs) Modified by Europium(III) Complexes. Chemi-
cal Communications, 50, 13323-13326. https://doi.org/10.1039/C4CC05508J 

[18] McKinlay, A.C., Eubank, J.F., Wuttke, S., Xiao, B., Wheatley, P.S., et al. (2013) Ni-
tric Oxide Adsorption and Delivery in Flexible MIL-88 (Fe) Metal-Organic Frame-
works. Chemistry of Materials, 25, 1592-1599.  
https://doi.org/10.1021/cm304037x 

[19] Chen, J., He, T. and Wang, G.M. (2023) Zirconium-Based Metal-Organic Frame-
works for Fluorescent Sensing. Coordination Chemistry Reviews, 476, Article ID: 
214930. https://doi.org/10.1016/j.ccr.2022.214930 

[20] Tang, X. (2018) Construction of Metal Ions Sensor Based on Fluorescence Response 
and Research on Its Application. Jiangsu University, Zhenjiang. 

[21] Wang, X.Y. (2022) Electrochemiluminescence Properties of Ytterbium and Zinc- 
Based Metal-Organic Frameworks and Their Applications in Biochemical and 
Pharmaceutical Analysis. Southwest University, Chongqing. 

[22] Chen, S.Y., Sun, D.P. and Chen, K. (2022) Construction of Enzyme-Free Electro-
chemical Sensor for Hydrogen Peroxidedetection in Serum Based on Au NPs/Metal 
Organic Framework ZIF-8. Chemical Research and Application, 34, 517-524. 

[23] Lustig, W.P., Mukherjee, S., Rudd, N.D., Desai, A.V., Li, J. and Ghosh, S.K. (2017) 
Metal-Organic Frameworks: Functional Luminescent and Photonic Materials for 
Sensing Applications. Chemical Society Reviews, 46, 3242-3285.  
https://doi.org/10.1039/C6CS00930A 

[24] Chen, J., Gao, H.Y., Tao, Z.P., Wang, L.M., Li, R.S. and Wang, G. (2023) Recent 
Progress in Mixed Rare Earth Metal-Organic Frameworks: From Synthesis to Ap-
plication. Coordination Chemistry Reviews, 485, Article ID: 215121.  
https://doi.org/10.1016/j.ccr.2023.215121 

[25] Li, L., Zou, J.Y., Hong, C., You, S.Y. and Zhang, L. (2023) Boosting Temperature 
Sensing Capacity within Isoreticular Zinc(II) Metal-Organic Frameworks Lumines-
cent Thermometers. Journal of Solid State Chemistry, 322, Article ID: 124002.  
https://doi.org/10.1016/j.jssc.2023.124002 

[26] Wang, Q., Liu, J.Y., Wang, T.T., Liu, Y.Y., Zhang, L.X., Huo, J.Z., et al. (2022) Sol-
vo-Thermal Synthesis of a Unique Cluster-Based Nano-Porous Zinc(II) Lumines-
cent Metal-Organic Framework for Highly Sensitive Detection of Anthrax Bio-
marker and Dichromate. Spectrochimica Acta Part A: Molecular and Biomolecular 
Spectroscopy, 274, Article ID: 121132. https://doi.org/10.1016/j.saa.2022.121132 

[27] Wang, H.P., Qian, X.R. and An, X.H. (2023) Visual Fluorescence Detection of Ci-

https://doi.org/10.4236/ajac.2023.149022
https://doi.org/10.1021/acs.iecr.2c03011
https://doi.org/10.1016/j.ccr.2019.213113
https://doi.org/10.1016/j.jhazmat.2023.130848
https://doi.org/10.1039/C4CC05508J
https://doi.org/10.1021/cm304037x
https://doi.org/10.1016/j.ccr.2022.214930
https://doi.org/10.1039/C6CS00930A
https://doi.org/10.1016/j.ccr.2023.215121
https://doi.org/10.1016/j.jssc.2023.124002
https://doi.org/10.1016/j.saa.2022.121132


X. J. Mao et al. 
 

 

DOI: 10.4236/ajac.2023.149022 405 American Journal of Analytical Chemistry 
 

profloxacin by Zn-Metal-Organic Framework@Nanocellulose Transparent Films 
Based on Aggregation-Induced Emission. International Journal of Biological Ma-
cromolecules, 251, 126363. https://doi.org/10.1016/j.ijbiomac.2023.126363  

[28] Luo, X., Abazari, R., Tahir, M., Fan, W.K., Kumar, A., Kalhorizadeh, T., et al. (2022) 
Trimetallic Metal-Organic Frameworks and Derived Materials for Environmental 
Remediation and Electrochemical Energy Storage and Conversion. Coordination 
Chemistry Reviews, 461, Article ID: 214505.  
https://doi.org/10.1016/j.ccr.2022.214505 

[29] Gencer, O., Çeven, O.F. and Ünlü, C. (2022) Triggering Excitation Independent 
Fluorescence in Zinc(II) Incorporated Carbon Dots: Surface Passivation of Carbon 
Dots with Zinc(II) Ions by Microwave Assisted Synthesis Methods. Diamond & Re-
lated Materials, 123, Article ID: 108874.  
https://doi.org/10.1016/j.diamond.2022.108874 

[30] Cao, Y.C., Hu, X.L., Zhao, T., Mao, Y.H., Fang, G.Z. and Wang, S. (2021) A 
Core-Shell Molecularly Imprinted Optical Sensor Based on the Upconversion Na-
noparticles Decorated with Zinc-Based Metal-Organic Framework for Selective and 
Rapid Detection of Octopamine. Sensors & Actuators: B. Chemical, 326, Article ID: 
128838. https://doi.org/10.1016/j.snb.2020.128838 

[31] Li, Y.P., Jiang, K., Zhang. J., Xia, T.F., Cui, Y.J., Yang, Y., et al. (2018) A Turn-On 
Fluorescence Probe Based on Post-Modified Metal-Organic Frameworks for Highly 
Selective and Fast-Response Hypochlorite Detection. Polyhedron, 148, 76-80.  
https://doi.org/10.1016/j.poly.2018.04.001 

[32] Farahani, Y.D. and Safarifard, V. (2019) Highly Selective Detection of Fe3+, Cd2+ and 
CH2Cl2 Based on a Fluorescent Zn-MOF with Azine-Decorated Pores. Journal of 
Solid State Chemistry, 275, 131-140. https://doi.org/10.1016/j.jssc.2019.04.018 

[33] Kaur, G., Komal, Kandwal, P. and Sud, D. (2023) Sonochemically Synthesized 
Zn(II) and Cd(II) Based Metal-Organic Frameworks as Fluoroprobes for Sensing of 
2,6-Dichlorophenol. Journal of Solid State Chemistry, 319, Article ID: 123833.  
https://doi.org/10.1016/j.jssc.2022.123833 

[34] Zhang, H., Geng, W.Y., Luo, Y.H., Ding, Z.J., Wang, Z.X., Xie A.D., et al. (2021) 
Assembly of a Pyrene-Based Zinc(II)-Organic Framework with Fluorescence Prop-
erty for Selective Sensing of Nitroaromatic Compounds. Polyhedron, 208, Article 
ID: 115439. https://doi.org/10.1016/j.poly.2021.115439 

[35] Tehrani, A.A., Ghasempour, H., Morsali, A., Makhloufi, G. and Janiak, C. (2015) 
Effects of Extending the π-Electron System of Pillaring Linkers on Fluorescence 
Sensing of Aromatic Compounds in Two Isoreticular Metal-Organic Frameworks. 
Crystal Growth & Design, 15, 5543-5547. https://doi.org/10.1021/acs.cgd.5b01175 

[36] Yang, J., Ruan, B., Ye, Q., Tsai, L.C., Ma, N., Jiang, T., et al. (2022) Carbon 
Dots-Embedded Zinc-Based Metal-Organic Framework as A Dual-Emitting Plat-
form for Metal Cation Detection. Microporous and Mesoporous Materials, 331, Ar-
ticle ID: 111630. https://doi.org/10.1016/j.micromeso.2021.111630 

[37] Wang, Q., Chu, H.T., Zhang, J.Q., Ma, W.H., Qin, S.L. and Gao, L.D. (2023) ZnS:Eu 
@ZIF-8: Selective Formation of ZnS:Eu QDs within a Zinc Methylimidazole 
Framework for Chemical Sensing Applications. Heliyon, 9, e16081.  
https://doi.org/10.1016/j.heliyon.2023.e16081 

[38] Yang, M.L., Xie, Y.X. and Zhu, D.R. (2023) Synthetic Strategies of Chemically Stable 
Metal-Organic Frameworks. Progress in Chemistry, 35, 683-698. 

[39] Hua, Y.B., Ahmadi, Y. and Kim, K.H. (2023) Novel Strategies for the Formulation 
and Processing of Aluminum Metal-Organic Framework-Based Sensing Systems 

https://doi.org/10.4236/ajac.2023.149022
https://doi.org/10.1016/j.ijbiomac.2023.126363
https://doi.org/10.1016/j.ccr.2022.214505
https://doi.org/10.1016/j.diamond.2022.108874
https://doi.org/10.1016/j.snb.2020.128838
https://doi.org/10.1016/j.poly.2018.04.001
https://doi.org/10.1016/j.jssc.2019.04.018
https://doi.org/10.1016/j.jssc.2022.123833
https://doi.org/10.1016/j.poly.2021.115439
https://doi.org/10.1021/acs.cgd.5b01175
https://doi.org/10.1016/j.micromeso.2021.111630
https://doi.org/10.1016/j.heliyon.2023.e16081


X. J. Mao et al. 
 

 

DOI: 10.4236/ajac.2023.149022 406 American Journal of Analytical Chemistry 
 

toward Environmental Monitoring of Metal Ions. Journal of Hazardous Materials, 
444, Article ID: 130422. https://doi.org/10.1016/j.jhazmat.2022.130422 

[40] Shao, J.J., Ni, J.L., Liang, Y., Li, G.J., Chen, L.Z., Wang, F.M., et al. (2022) Lumines-
cent MOFs for Selective Sensing of Ag+ and Other Ions (Fe(III) and Cr(VI)) in 
Aqueous Solution. CrystEngComm, 24, 2479. https://doi.org/10.1039/D2CE00057A 

[41] Hu, X.T., Yin, Z., Luo, X.P., Shen, C.H. and Zeng, M.H. (2021) Acid and Alkalinity 
Stable Pillared-Layer and Fluorescent Zinc(II) Metal-Organic Framework for Selec-
tive Sensing of Fe3+ Ions in Aqueous Solution. Inorganic Chemistry Communica-
tions, 129, Article ID: 108664. https://doi.org/10.1016/j.inoche.2021.108664 

[42] Kajal, N. and Gautam, S. (2022) Efficient Nitro-Aromatic Sensor via Highly Lumi-
nescent Zn-Based Metal-Organic Frameworks. Chemical Engineering Journal Ad-
vances, 11, Article ID: 100348. https://doi.org/10.1016/j.ceja.2022.100348 

[43] Huang, Y., Tang, K.Y., Yuan, F.S., Zhang, W.W., Li, B.G., Di, F.S., et al. (2020) 
N-Doped Porous Carbon Nanofibers Fabricated by Bacterial Cellulose-Directed 
Templating Growth of MOF Crystals for Efficient Oxygen Reduction Reaction and 
Sodium-Ion Storage. Carbon, 168, 12-21.  
https://doi.org/10.1016/j.carbon.2020.06.052 

[44] Baghayeri, M., Masoud, G.M., Tayebee, R., Fayazi, M. and Narenji, F. (2020) Appli-
cation of Graphene/Zinc-Based Metal-Organic Framework Nanocomposite for 
Electrochemical Sensing of As(III) in Water Resources. Analytica Chimica Acta, 
1099, 60-67. https://doi.org/10.1016/j.aca.2019.11.045 

[45] Zheng, U.P., Ou, S., Zhao, M. and Wu, C.D. (2016) A Highly Sensitive Luminescent 
Dye@MOF Composite for Probing Different Volatile Organic Compounds. Chem-
PlusChem, 81, 758-763. https://doi.org/10.1002/cplu.201600057 

[46] Pan, Y.N., Wang, J.D., Guo, X.M., Liu, X.Y., Tang, X.L. and Zhang, H.X. (2018) A 
New Three-Dimensional Zinc-Based Metal-Organic Framework as a Fluorescent 
Sensor for Detection of Cadmium Ion and Nitrobenzene. Journal of Colloid and 
Interface Science, 513, 418-426. https://doi.org/10.1016/j.jcis.2017.11.034 

[47] Xie, W., Yuan, Y., Zhou, T.Y., Wang, J.J., Nie, Z.B., Xu, Y.H., et al. (2022) Stable 
Zinc Metal-Organic Framework as Efficient Bifunctional Fluorescent Probe for Se-
lective Detection of Nitrobenzene and Fe(III). Journal of Solid State Chemistry, 310, 
Article ID: 123093. https://doi.org/10.1016/j.jssc.2022.123093 

[48] Fan, L.M., Zhao, D.S., Zhang, H.H., Wang, F., Li, B., Yang, L.L., et al. (2021) A Hy-
drolytically Stable Amino-Functionalized Zinc(II) Metal-Organic Framework Con-
taining Nanocages for Selective Gas Adsorption and Luminescent Sensing, Micro-
porous and Mesoporous Materials, 326, Article ID: 111396.  
https://doi.org/10.1016/j.micromeso.2021.111396 

[49] Kamal, S., Khalid, M., Khan, M.S. and Shahid, M. (2023) Metal Organic Frame-
works and Their Composites as Effective Tools for Sensing Environmental Hazards: 
An Up to Date Tale of Mechanism, Current Trends and Future Prospects. Coordi-
nation Chemistry Reviews, 474, Article ID: 214859.  
https://doi.org/10.1016/j.ccr.2022.214859 

[50] Liu, H.M., Ma, Z.S., Meng, F.S., Ding, Y.J., Fu, Y.Q., Zheng, M.Y., et al. (2022) A 
Water-Stable Zinc(II)-Organic Framework for Selective Sensing of Fe3+ and Cr6+ 
ions. Polyhedron, 222, Article ID: 115930.  
https://doi.org/10.1016/j.poly.2022.115930 

[51] Sun, J., Guo, P., Liu, M. and Li, H. (2019) A Novel Cucurbit[6]uril-Based Supramo-
lecular Coordination Assembly as a Multi-Responsive Luminescent Sensor for Fe3+, 

2
2 7Cr O −  and Isoquinoline Antibiotics in Aqueous Medium. Journal of Materials 

https://doi.org/10.4236/ajac.2023.149022
https://doi.org/10.1016/j.jhazmat.2022.130422
https://doi.org/10.1039/D2CE00057A
https://doi.org/10.1016/j.inoche.2021.108664
https://doi.org/10.1016/j.ceja.2022.100348
https://doi.org/10.1016/j.carbon.2020.06.052
https://doi.org/10.1016/j.aca.2019.11.045
https://doi.org/10.1002/cplu.201600057
https://doi.org/10.1016/j.jcis.2017.11.034
https://doi.org/10.1016/j.jssc.2022.123093
https://doi.org/10.1016/j.micromeso.2021.111396
https://doi.org/10.1016/j.ccr.2022.214859
https://doi.org/10.1016/j.poly.2022.115930


X. J. Mao et al. 
 

 

DOI: 10.4236/ajac.2023.149022 407 American Journal of Analytical Chemistry 
 

Chemistry C, 7, 8992-8999. https://doi.org/10.1039/C9TC02666E 

[52] Yang, S.L., Yuan, Y.Y., Sun, P.P., Lin, T., Zhang, C.X. and Wang, Q.L. (2018) 3D 
Water-Stable Europium Metal Organic Frameworks as a Multi-Responsive Lumi-
nescent Sensor for High Efficiency Detection of 2

2 7Cr O − , 4MnO− , Cr3+ Ions and 
SDBS in Aqueous Solution. New Journal of Chemistry, 42, 20137-20143.  
https://doi.org/10.1039/C8NJ04956D 

[53] Sheng, W.W., Sun, C. and Hu, J.S. (2023) A High Selective Zn-Based Luminescent 
Metal-Organic Framework for Fluorescence Sensing Detecting Iron(III) and Trini-
trophenol. Inorganic Chemistry Communications, 149, Article ID: 110368.  
https://doi.org/10.1016/j.inoche.2022.110368 

[54] Han, L. (2021) Construction of Ratiometric Fluorescent and Visual Sensors and 
Their Applications in Environmental and Food Analysis. Southwest University, 
Chongqing, 11-25. 

[55] Pang, Y.X., Li, S., Wang, H.B., Zhang, N., Chen, R.P., Tan, C.S., et al. (2023) 
Small-Molecular Amines Fluorescence Sensor Based on the Destruction of an Ag-
gregation-Induced-Emission-Active Zn Metal-Organic Framework. Journal of Solid 
State Chemistry, 317, Article ID: 123451. https://doi.org/10.1016/j.jssc.2022.123451 

[56] Ameen, S.S.M., Mohammed, N.M.S. and Omer, K.M. (2023) Ultra-Small Highly 
Fluorescent Zinc-Based Metal Organic Framework Nanodots for Ratiometric Visual 
Sensing of Tetracycline Based on Aggregation Induced Emission. Talanta, 254, Ar-
ticle ID: 124178. https://doi.org/10.1016/j.talanta.2022.124178 

[57] Li, Q.Y., Wu, X.J., Huang, X.L., Deng, Y.J., Chen, N.J., Jiang, D.D., et al. (2018) Tai-
loring the Fluorescence of AIE-Active Metal-Organic Frameworks for Aqueous 
Sensing of Metal Ions. ACS Applied Materials & Interfaces, 10, 3801-3809.  
https://doi.org/10.1021/acsami.7b17762 

[58] Zhang, J.N., Li, Y., Teng, L.H., Cao, Y.C, Hu, X.L., Fang, G.Z., et al. (2023) A Mole-
cularly Imprinted Fluorescence Sensor for Sensitive Detection of Tetracycline Using 
Nitrogen-Doped Carbon Dots-Embedded Zinc-Based Metal-Organic Frameworks 
as Signal-Amplifying Tags. Analytica Chimica Acta, 1251, Article ID: 341032.  
https://doi.org/10.1016/j.aca.2023.341032 

[59] Zhang, C.X. and Wu, G.M. (2020) Research on Synthesis and Fluorescence Proper-
ties of a Novel Zinc-Containing Metal Organic Framework Material. Journal of Da-
lian Minzu University, 22, 1-5. 

[60] Wang, K.M., Shi, M.F., Li, L.F., Fan, B.M., Sun, W.Q. and Ma, Y.L. (2023) Con-
struction of Water Stable Zn(II) Metal-Organic Framework Iron Ion Fluorescence 
Probe with Mixed Ligand. Acta Scientiarum Naturalium Universitatis Sunyatseni, 
62, 142-148. 

[61] Wu, W.J., Li, Y., Song, P.Y., Xu, Q.B., Long, N., Li, P., et al. (2023) Metal-Organic 
Framework (MOF)-Based Sensors for Exogenous Contaminants in Food: Mechan-
isms, Advances, and Prospects. Trends in Food Science & Technology, 138, 238- 
271. https://doi.org/10.1016/j.tifs.2023.06.016 

[62] Zhang, X.L., Hu, J.S., Wang, B., Li, Z.Q., Xu, S.B., Chen, Y.N., et al. (2019) A Chiral 
Zinc(II) Metal-Organic Framework as High Selective Luminescent Sensor for De-
tecting Trace Nitro Explosives Picric Acid and Fe3+ Ion. Journal of Solid State Che-
mistry, 269, 459-464. https://doi.org/10.1016/j.jssc.2018.10.021 

[63] Xiao, Z.Y., Sun, Y.Y., Bao, Y.X., Sun, Y.X., Zhou, R.J. and Wang, L. (2018) Two 
New Inorganic-Organic Hybrid Zinc Phosphate Frameworks and Their Application 
in Fluorescence Sensor and Photocatalytic Hydrogen Evolution. Journal of Solid 
State Chemistry, 269, 575-579. https://doi.org/10.1016/j.jssc.2018.10.038 

https://doi.org/10.4236/ajac.2023.149022
https://doi.org/10.1039/C9TC02666E
https://doi.org/10.1039/C8NJ04956D
https://doi.org/10.1016/j.inoche.2022.110368
https://doi.org/10.1016/j.jssc.2022.123451
https://doi.org/10.1016/j.talanta.2022.124178
https://doi.org/10.1021/acsami.7b17762
https://doi.org/10.1016/j.aca.2023.341032
https://doi.org/10.1016/j.tifs.2023.06.016
https://doi.org/10.1016/j.jssc.2018.10.021
https://doi.org/10.1016/j.jssc.2018.10.038


X. J. Mao et al. 
 

 

DOI: 10.4236/ajac.2023.149022 408 American Journal of Analytical Chemistry 
 

[64] Wang, J., Yan, D.Y. and Huang, W. (2022) A Fluorescence Zinc Metal-Organic 
Framework for the Effective Detection of Fe3+ and Fe2+ in Water. Inorganic Chemi-
stry Communications, 138, Article ID: 109282.  
https://doi.org/10.1016/j.inoche.2022.109282 

[65] Cheng, J.P., Hu, T., Li, W.J., Chang, Z.D. and Sun, C.G. (2020) Stable Zinc Met-
al-Organic Framework Materials Constructed by Fluorenone Carboxylate Ligand: 
Multifunction Detection and Photocatalysis Property. Journal of Solid State Chemi-
stry, 282, Article ID: 121125. https://doi.org/10.1016/j.jssc.2019.121125 

[66] Hu, Q., Liu, J.L., Zheng, Q.M., Chang, J.F., Wu, L.Z., Zhang, M.D., et al. (2021) The 
Ligand Effect Resulted in Different Fluorescence Responses of Two Similar 
Zinc-Based MOFs to High-Valence Metal Ions and Amino Acids. Microporous and 
Mesoporous Materials, 321, Article ID: 111130.  
https://doi.org/10.1016/j.micromeso.2021.111130 

[67] Minmini, R., Naha, S. and Velmathi, S. (2017) New Zinc Functionalized Metal Or-
ganic Framework for Selective Sensing of Chromate Ion. Sensors and Actuators B, 
251, 644-649. https://doi.org/10.1016/j.snb.2017.05.087 

[68] Bi, H., Li, J.H., Lai, X.Y., Ren, Y.M., Hou, Q., Gao, X.H., et al. (2022) A Stable 
Zinc-Based Metal-Organic Framework as Fluorescent Sensor for Detecting 2

2 7Cr O −  
Fe3+ and L-Cysteine with High Sensitivity and Selectivity. Inorganic Chemistry 
Communications, 139, Article ID: 109355.  
https://doi.org/10.1016/j.inoche.2022.109355 

[69] Cao, Y., Zhang, Y., Gu, L.W., Qin, X.M., Li, H.Y., Bian, H.D., et al. (2020) A 
Zinc2+-Dpbt Framework: Luminescence Sensing of Cu2+, Ag+, 4MnO−  and Cr(VI) 

( 2
2 7Cr O − and 2

4CrO − ) Ions. New Journal of Chemistry, 44, Article No. 10681.  
https://doi.org/10.1039/D0NJ01535K 

[70] Xie, Y., Ning, S.G., Zhang, Y., Tang, Z.L., Zhang, S.W. and Tang, R.R. (2017) A 3D 
Supramolecular Network as Highly Selective and Sensitive Luminescent Sensor for 

3
4PO −  and Cu2+ Ions in Aqueous Media. Dyes and Pigments, 150, 36-43.  

https://doi.org/10.1016/j.dyepig.2017.11.008 

[71] Fu, H.R., Wu, X.X., Ma, L.F., Wang, F. and Zhang, J. (2018) Dual-Emission 
SG7@MOF Sensor via SC-SC Transformation: Enhancing the Formation of Exci-
mer Emission and the Range and Sensitivity of Detection. ACS Applied Materials & 
Interfaces, 10, 18012-18020. https://doi.org/10.1021/acsami.8b05614 

[72] Shi, L.H., Li, N., Wang, D.M., Fan, M.K., Zhang, S.L. and Gong, Z.J. (2021) Envi-
ronmental Pollution Analysis Based on the Luminescent Metal Organic Frame-
works: A Review. Trends in Analytical Chemistry, 134, Article ID: 116131.  
https://doi.org/10.1016/j.trac.2020.116131 

[73] Li, W.T., Hu, Z.J., Meng, J., Zhang, X., Gao, W., Chen, M.L., et al. (2021) Zn-Based 
Metal Organic Framework-Covalent Organic Framework Composites for Trace 
Lead Extraction and Fluorescence Detection of TNP. Journal of Hazardous Mate-
rials, 411, Article ID: 125021. https://doi.org/10.1016/j.jhazmat.2020.125021 

[74] Xian, S., Chen, H.L., Feng, W.L., Yang, X.Z., Wang, Y.Q. and Li, B.X. (2019) Eu(III) 
Doped Zinc Metal Organic Framework Material and Its Sensing Detection for Ni-
trobenzene. Journal of Solid State Chemistry, 280, Article ID: 120984.  
https://doi.org/10.1016/j.jssc.2019.120984 

[75] Fang, X.D., Yao, J., Fan, R., Bai, X.F., Liu, Y.E., Hou, C.F., et al. (2021) A Lumines-
cent Zinc-Organic Framework as Bifunctional Chemosensors for Detection of Ni-
trobenzene and Fe3+. Journal of Solid State Chemistry, 294, Article ID: 121854.  
https://doi.org/10.1016/j.jssc.2020.121854 

https://doi.org/10.4236/ajac.2023.149022
https://doi.org/10.1016/j.inoche.2022.109282
https://doi.org/10.1016/j.jssc.2019.121125
https://doi.org/10.1016/j.micromeso.2021.111130
https://doi.org/10.1016/j.snb.2017.05.087
https://doi.org/10.1016/j.inoche.2022.109355
https://doi.org/10.1039/D0NJ01535K
https://doi.org/10.1016/j.dyepig.2017.11.008
https://doi.org/10.1021/acsami.8b05614
https://doi.org/10.1016/j.trac.2020.116131
https://doi.org/10.1016/j.jhazmat.2020.125021
https://doi.org/10.1016/j.jssc.2019.120984
https://doi.org/10.1016/j.jssc.2020.121854


X. J. Mao et al. 
 

 

DOI: 10.4236/ajac.2023.149022 409 American Journal of Analytical Chemistry 
 

[76] Wang, F.Q., Xu, K.H., Jiang, Z., Yan, T., Wang, C.M., Pu, Y.Y., et al. (2018) A Mul-
tifunctional Zinc-Based Metal-Organic Framework for Sensing and Photocatalytic 
Applications. Journal of Luminescence, 194, 22-28.  
https://doi.org/10.1016/j.jlumin.2017.10.002 

[77] Wehner, T., Seuffert, M.T., Sorg, J.R., Schneider, M., Mandel, K., Sextl, G., et al. 
(2017) Composite Materials Combining Multiple Luminescent MOFs and Superpa-
ramagnetic Microparticles for Ratiometric Water Detection. Journal of Materials 
Chemistry C, 5, 10133-10142. https://doi.org/10.1039/C7TC03312E 

[78] Cai, H., Lu, W.G., Yang, C., Zhang, M., Li, M., Che, C.M., et al. (2018) Tandem 
Förster Resonance Energy Transfer Induced Luminescent Ratiometric Thermome-
try in Dye-Encapsulated Biological Metal-Organic Frameworks. Advanced Optical 
Materials, 7, Article ID: 1801149. https://doi.org/10.1002/adom.201801149 

[79] Zhang, H., Lin, C.S., Sheng, T.L., Hu, S.M., Zhuo, C., Fu, R.B., et al. (2016) A Lu-
minescent Metal-Organic Framework Thermometer with Intrinsic Dual Emission 
from Organic Lumophores. Chemistry: A European Journal, 22, 4460-4468.  
https://doi.org/10.1002/chem.201504432 

[80] Bhattacharya, B., Halder, A., Paul, L., Chakrabarti, S. and Ghoshal, D. (2016) 
Eye-Catching Dual-Fluorescent Dynamic Metal-Organic Framework Senses Traces 
of Water: Experimental Findings and Theoretical Correlation. Chemistry: A Euro-
pean Journal, 22, 14998-15005. https://doi.org/10.1002/chem.201602322 

[81] Mohan, B., Kumari, R., Singh, K., Pombeiro, A.J.L., et al. (2023) Covalent Organic 
Frameworks (COFs) and Metal-Organic Frameworks (MOFs) as Electrochemical 
Sensors for the Efficient Detection of Pharmaceutical Residues. Environment Inter-
national, 175, Article ID: 107928. https://doi.org/10.1002/chem.201602322 

https://doi.org/10.4236/ajac.2023.149022
https://doi.org/10.1016/j.jlumin.2017.10.002
https://doi.org/10.1039/C7TC03312E
https://doi.org/10.1002/adom.201801149
https://doi.org/10.1002/chem.201504432
https://doi.org/10.1002/chem.201602322
https://doi.org/10.1002/chem.201602322

	Recent Progress in Synthesis, Mechanism and Applications of Zinc-Based Metal-Organic Frameworks for Fluorescent Sensing
	Abstract
	Keywords
	1. Introduction
	2. Synthesis Strategy of Zn-MOFs
	2.1. In-Situ Synthesis
	2.1.1. Solvothermal Method
	2.1.2. Others Synthesis Method

	2.2. Post-Synthetic Modification

	3. Types of Zinc-Based Metal Organic Frameworks (MOFs)
	3.1. Fluorescence Turn-on Zn-MOF Sensors
	3.2. Fluorescence Turn-off Zn-MOF Sensors
	3.3. Ratiometric Fluorescence Zn-MOF Sensors

	4. Structure Design Types of Functional Zn-MOF
	4.1. MOFs
	4.2. MOFs-Based Composites

	5. Detection Mechanism of Fluorescence Sensor Based on MOFs
	5.1. Photoinduced Electron Transfer (PET)
	5.2. Fluorescence Resonance Energy Transfer (FRET)
	5.3. Aggregation-Induced Emission (AIE)
	5.4. The Inner Filter Effect (IFE)

	6. Sensing Applications of Zn-MOFs
	6.1. Sensing of Metal Cations
	6.2. Sensing of Anions
	6.3. Sensing of Organic Compounds
	6.4. Sensing of Other Analytes

	7. Conclusions and Prospects
	Acknowledgements
	Conflicts of Interest
	References

