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Abstract
While zeolitic imidazole framework (ZIF)-based materials have shown promising metal ion detection performances, they did 
not achieve the same results as for pure ZIFs. Here, a highly porous ZIF-8 material is synthesized using a chemical method 
under stirring at room temperature, and characterized in terms of crystallinity and chemical state. The resulting ZIF-8 is 
employed as a multifunctional fluorescent sensor to detect Fe3+ and Cr6+ metal ions dissolved in water, exhibiting high 
luminescence with a broad wavelength band in the visible light region. The water-soluble metal ions are found to be very 
sensitive to a decrease in the luminescence intensity of ZIF-8, and can be detected at trace amounts with high selectivity. 
The detection limits of Fe3+ and Cr6+ ions are achieved to be 2.1 × 10–6 and 7.6 × 10–7 M, respectively. The intensity of lumi-
nescence decreases with increasing the concentration of both metal ions, thereby giving rise to the complete fluo>rescence 
quenching with a very fast response time using Fe3+ and Cr6+ ion concentrations higher than 1.0 × 10–4 and 4.7 × 10–5 M, 
respectively. These results may pave the way for the utilization of pure ZIF materials in the development of highly efficient 
fluorescent sensors in order to rapidly detect trace amounts of environmental pollutants.

Highlights
• A hydrothermal method is used to synthesize pure ZIF-8 with high porosity and crystallinity.
• The synthesized ZIF is utilized as a multifunctional fluorescent sensor to detect various metal ions.
• The pure ZIF-based sensor shows detection limits of 2.1 and 0.76 μM for Fe3+ and Cr6+ ions, respectively.
• The intensity of luminescence decreases with increasing the concentration of Fe3+ and Cr6+ ions.
• Fe3+ and Cr6+ quenching occurs by the resonance energy transfer and collapse of ZIF-8 main framework, respectively.
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Introduction

Interest in recognition and detection of metal ions continues 
its upward trajectory because of their link to both the human 
health and the environment. The occurrence of several dis-
eases, including sleep disorders, anemia, liver damage and 
heart failure as well as fatal illnesses (e.g., cancer) can be 
increased due to the presence of different heavy metals ions, 
particularly those that exceed the allowed concentration 

limits. As a result, it is vital to detect and measure the con-
centration of metal ions that might be harmful to humans 
and other living organisms [1–3].

The presence of some metal ions (e.g., iron (Fe3+) and 
hexavalent chromium (Cr2O7

2− and CrO4
2−)) in industrial 

and agricultural wastewaters has considerably raised fears 
and concerns [2]. As an essential metal ion for most organ-
isms, Fe3+ ion plays a significant role in biochemical pro-
cesses, involving the oxygen transport, cellular metabolism, 
nitrogen stabilization, oxygen conduction, and electron 
transport in DNA and RNA synthesis [2, 4–6]. Moreover, 
the structure and activity of enzymes and proteins can be 
maintained and controlled through Fe3+ ions. Consequently, 
raising or lowering the Fe3+ ion level can lead to a num-
ber of diseases, including insomnia, heart failure, pancreas, 
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Parkinson's, Alzheimer's, liver damage, agrypnia, arthritis, 
iron deficiency anemia, coryza, cancer, etc. [3, 5–7].

Because of its high stability and ability to cause cancer even 
at extremely small concentrations, Cr6+ ion has been proposed 
by the World Health Organization (WHO) as one of the most 
dangerous water-soluble heavy metal pollutants, being con-
sidered a serious threat to human and aquatic life. For this 
reason, the detection of trace amounts of Cr6+ ion has been 
extensively studied and demanded [8–10]. It is known that 
chromium exists in the form of chromate (CrO4

2−) and dichro-
mate (Cr2O7

2−) ions with long-term stability in water, soil and 
air, being a crucial oxidant in laboratory and industrial applica-
tions. Nevertheless, the toxicity of chromium is manifold and 
can give rise to different kinds of cancer, allergic reactions, and 
and genetic defects due to its strong mutagenicity and carcino-
genicity [10, 11]. Generally, industries such as production of 
leather tanning, textile manufacturing, steel fabrication and so 
forth are major sources of Cr6+ contaminants [11]. In order to 
monitor and protect the environment, it is imperative to rapidly 
and reliably detect water-soluble Cr6+ ions [2].

Metal–organic frameworks (MOFs) with unique properties 
are a class of inorganic–organic hybrid materials, having coor-
dination bonds connecting metal centers and organic linkages, 
and forming a large family of one-, two-, or three-dimensional 
crystalline solids. [1, 5, 13]. The term “MOF” was first intro-
duced by Yaghi in 1995 [5]. The chemical structure of the 
metals and ligands affects physical and chemical properties 
of MOFs. The designable structure, modifiable pore surface, 
numerous adsorption sites, and target-specific host–guest 
interaction are among the advantages of MOFs [1, 5], attract-
ing considerable attention worldwide in the past decades. 
These frameworks not only have a special crystal structure, 
but also possess special applications in gas storage and sepa-
ration, multiphase catalysis, drug delivery, biomedicine, and 
sensors due to their unique properties such as high thermal 
and chemical stability, diverse and adjustable topology, tun-
able porosity, and large specific surface area [1, 14–16].

In general, among different types of frameworks, MOFs 
with luminescent properties have shown clear superiority, 
and are more effective and ideal by having higher selectivity 
and sensitivity, lower detection limit, faster response time, 
easier operation and low cost in the process of measuring 
metal ions, organic molecules, explosive compounds, and 
biological molecules [2, 14, 16, 17]. Therefore, the MOF-
based detection method is considered a great alternative to 
sophisticated techniques such as high-performance liquid 
chromatography (HPLC), ion chromatography (IC), elec-
trophoresis, inductively coupled plasma optical emission 
spectroscopy (ICP-OES), ICP mass spectrometry (ICP-MS), 
emission spectrometry, atomic absorption, and electrochemi-
cal methods. [5, 6]. On the other hand, these precise instru-
ments involve intricate and complex procedures, along with 
complex sample preparation and high cost [2, 3, 8] Basically, 

the luminescent properties of MOFs can be easily controlled 
by diverse metal nodes (e.g., lanthanide metal group or tran-
sition metals) and guest species [3]. Furthermore, the pro-
gress in the field of MOFs based on the luminescent proper-
ties offers great opportunities for their applications in medical 
diagnostics, cell biology, and sensor fabrication [14, 18].

As a subclass of MOFs, zeolitic imidazolate frameworks 
(ZIFs) have three-dimensional crystalline structures made 
up of transition metal ions (e.g., Zn (ZIF-8), Co (ZIF-67), 
and Cu (Cu(IM)₂)) that are tetrahedrally coordinated and 
connected by imidazole or imidazolate type linkers [19]. 
Among ZIFs, the ZIF-8 consisting of zinc metal bonds and 
2-methyl-imidazole (2-MeIm) ligands has been recognized 
as a leading material for gas storage and separation, mul-
tiphase catalysis, drug delivery and heterogeneous cataly-
sis, arising from its high porosity, sodalite morphology, and 
exceptional chemical and thermal stability.

The charge transfer between MeIm units and Zn2+ ions 
causes ZIF-8 to emit pale blue light [15, 20], therefore also 
exhibiting luminescence function of host–guest hybrids, 
which can be utilized in the investigation and development 
of medical, environmental and industrial applications [20, 
21]. So far, many MOFs have been developed for the purpose 
of identifying metal ions. However, high selectivity and fast 
response in detecting trace amounts of Fe3+ and Cr6+ ions 
by pure ZIF-8 is yet to be achieved. In fact, one of the chal-
lenges in the detection of Fe3+ ion is its interference with 
other metal ions such as Cu2+, making it essential to prepare 
a sensor with high sensitivity without being affected by other 
ions [4, 12, 21–25]. Also, a large number of MOF-based iron-
detecting sensors are limited to the use of organic solvents, 
thereby severely restricting the utilization of these devices 
in biological and environmental solutions [12, 21, 26–29].

The purpose of this paper is to detect Fe3+ and Cr6+ ions 
in aqueous solutions by using a multi-response fluorescent 
sensor with simple structure and excellent selectivity and 
sensitivity. In this regard, a chemical method under stirring at 
room temperature is used to synthesize pure ZIF-8, followed 
by characterizing its crystal structure and chemical state. 
Also, luminescent properties are investigated for the fluo-
rescent sensor mixed with various metal ions such as Al3+, 
Cr3+, Fe3+, Cr2O7

2−, CrO4
2−, IO3

−, etc. This study manifests 
the capability of pure ZIF-8 in the precise and rapid detection 
of Fe3+ and Cr6+ metal ions in aqueous medium.

Experimental Details

Materials and Instrumentation

All reagents listed in the following were analytical grade 
and used without further purification: 2-MeIm, zinc nitrate 
hexahydrate (Zn (NO3)2·6H2O), and methanol.
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The nitrate and potassium compounds were purchased 
from Merck company. The crystal structure and phase of 
ZIF-8 were studied using an XˊPert Pro rotating anode 
X-ray diffractometer (XRD; Cu-Kα radiation, λ = 1.54 Å). 
Rietveld refinement of the measured XRD pattern was per-
formed using Xpert High Score software. Fourier transform 
infrared spectroscopy (FT-IR) with KBr pellets was used in 
the range of 400–4000 cm−1 by a Tensor 27 spectrometer. 
The disperse fluorescence spectrum was excited by a xenon 
lamp and obtained using a Perkin Elmer LS 55 fluorescence 
spectrophotometer with emission and excitation slit widths 
of 10 nm. All the measurements were completed under the 
same conditions [13].

Synthesis of ZIF‑8

Zn(NO3)2·6H2O (0.879 g) and 2-MeIm (2.673 g) were sepa-
rately dissolved in 20.0 ml of methanol solution, and then 
mixed with each other under magnetic stirring (1500 rpm, 
5 h) at room temperature, so that a white precipitate was 
obtained. Afterwards, the precipitate in the solution was cen-
trifuged (10000 rpm, 5 min) and washed three times with 
methanol. Finally, the resultant precipitate was dried at 80 
°C to obtain ZIF-8 powder, and kept in the dark for the sub-
sequent experiments [15].

Fluorescence Measurements of ZIF‑8

0.0455 g of ZIF-8 powder was gently ground using a mortar, 
and then completely dispersed in 20.0 ml of deionized water 
under ultrasonication in order to prepare a concentration 
of 0.01 M. The fluorescence spectrum was then measured 
at the excitation wavelength (λex) of 396 nm. It should be 
noted that the maximum emission wavelength of ZIF-8 was 
555 nm. From now on, the ZIF-8 dispersed in the deionized 
water with a concentration of 0.01 M will be referred to as 
ZIF-8(a).

Selective Measurement of Different Metal Ions

In order to evaluate the luminescence sensing selectivity 
of ZIF-8(a), it was added into M(NO3)X and KX(A) solu-
tions, where M represents Al3+, Cr3+, Fe3+, Ni2+, Fe2+, 
Co2+, Mg2+, Cd2+, Ca2+, Mn2+, Na+, and K+, and A includes 
Cr2O7

2−, CrO4
2−, IO3

−, SO4
2−, Br−, Cl−, ClO4

−, and NO3
−. 

In this respect, ZIF-8(a) was mixed with the metal ions (1:1 
in ratio) at a concentration of 0.01 M, followed by record-
ing the luminescence spectra of the mixture. It should be 
noted that the blank sample contained 4.0 ml of ZIF-8(a) 
suspension.

Results and Discussion

XRD and FT‑IR Results

Figure 1(a) shows the XRD pattern of ZIF-8. The peaks 
positioned at 2θ = 7.526°, 10.576°, 12.916°, 14.894°, 
16.639°, 18.219°, 22.321°, 24.69°, 25.81°, 26.87° and 29.86 
correspond to (011), (002), (112), (022), (310), (222), (114), 
(233), (134), (044) and (244) crystal planes, respectively. 
The strong peaks intensity is indicative of an excellent crys-
tal structure, being in good agreement with the sodalite 
ZIF-8 structure [29]. Moreover, the absence of any other 
peaks in the XRD pattern suggests that the synthesized 
ZIF-8 is pure [12, 29–32]. Rietveld refinement of the XRD 
pattern is also shown in Fig. 1(a), matching well with the 
measured data. The crystal lattice parameter of the ZIF-8 is 
calculated to be 17.007 Å in a cubic structure with I −4 3 m 
space group, being in agreement with the reported value of.

ZIF-8 [33]. Tables S1 and S2 in Supporting Information 
present more details about the crystal lattice and unit cell 
parameters calculated from the Rietveld refinement.

The FT-IR spectrum of the ZIF-8 is shown in Fig. 1(b). As 
observed, the band positioned at 3227 cm−1 can be attributed 
to N–H stretching vibration of 2-MeIm [8, 19]. Noticeably, the 
Zn-N band stretching vibration appeared around 440 cm−1 indi-
cates the formation of imidazolate when zinc ions are chemi-
cally combined with the nitrogen atoms of 2-MeIm ligand [34]. 
The aforementioned band can also be assigned to the rich π sys-
tem of the imidazole ring [25]. The C-H asymmetric stretching 
vibrations are observed at 2966 and 3055 cm−1 [35]. The strong 
band positioned around 1573 cm−1 is induced by the C = C 
stretching vibration, and the band at 1421 cm−1 is responsible 
for the C = N stretching vibration [30, 31, 35, 36].

Fluorescence Spectrum of ZIF‑8(a)

The excitation and fluorescence emission spectra of ZIF-8(a) 
are shown in Fig. 2(a) and (b), respectively. The maximum 
emission intensity of ZIF-8(a) is observed at λex = 396 and 
555 nm. Previous studies have indicated that ball-milled 
ZIF-8 particles show strong solid-state fluorescence emis-
sions at λex in the range of 396–450 nm [2, 20, 37]. The peak 
shift observed in the present study can be attributed to the 
introduction of the guest species (i.e., water) into the highly 
crystalline structure of ZIF-8. The strong interactions taking 
place between the guest and host firmly fix the guest species 
in ZIF-8. As well, the guest molecules can modulate the 
frontier orbitals in the host–guest system to a large extent. 
Compared to ZIF-8 powder, ZIF-8(a) has a longer emis-
sion wavelength and a lower energy gap, which can reason-
ably correspond to the significant emission changes in the 
spectrum [38]. In addition, the surface adsorption of solvent 
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molecules on the surface of ZIF-8 or on the solvent coating 
may be responsible for the peak shift in ZIF-8(a).

Luminescence Selectivity Results of Different 
Cations

Figure 3(a) shows luminescence spectra recorded at λex = 396 
nm for ZIF-8(a) mixed with different cations. Moreover, the 
corresponding luminescence intensity extracted from each 
spectrum is shown in Fig. 3(b) as a bar graph. As can be 
inferred from Fig. 3, while Fe3+ ion remarkably quenches the 
luminescence intensity of ZIF-8(a), the rest of the cations do 
not considerably decrease it.

Calibration Curve of Fe3+ Ion

By varying the concentration of Fe3+ ion, sensitivity of 
ZIF-8(a) was examined in order to obtain the corresponding 
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Fig. 1   (a) XRD pattern along with the simulated pattern using Rietveld refinement, and (b) FT-IR spectrum obtained from the synthesized ZIF-8 
powder

Fig. 2   (a) Excitation spectrum, and (b) fluorescence emission spec-
trum of ZIF-8(a)



Journal of Fluorescence	

calibration curve. To this end, 3.0 ml of ZIF-8(a) was com-
bined with 3.0 ml of 1.0 × 10–3–1.0 × 10–7 M solution of 
Fe(NO3)3. Subsequently, several experiments were per-
formed to detect the metal ions through monitoring the 
behavior of fluorescence quenching of ZIF-8(a). The limit 
of detection (LOD) was calculated based on the following 
equation: LOD = 3δ/k, where k represents the calibration 
curve slope, and δ denotes the blank standard deviation. 
Accordingly, the LOD is found to be 2.1 × 10–6 M in the lin-
ear range of 1.0 × 10–4–1.0 × 10–7 M (see Fig. 4), indicating 
that ZIF-8(a) has the potential to be a highly sensitive and 
selective fluorescence sensor for the detection of Fe3+ ions. 
It should be noted that the complete fluorescence quench-
ing is achieved using Fe3+ ion concentrations higher than 
1.0 × 10–4 M. Also, at concentrations below the detection 
limit, the calibration curve becomes non-linear.

Anti‑Interference Performance of ZIF‑8(a) 
in Detection of Fe3+ Ion

M(NO3)X solutions (M = Al3+, Cr3+, Fe3+, Ni2+, Fe2+, Co2+, 
Mg2+, Cd2+, Ca2+, Mn2+, Na+, and K+) with a concentra-
tion of 0.01 M were prepared in order to examine the anti-
interference performance of ZIF-8(a) in the detection of a 
trace amount of Fe3+ ion.

In this respect, ZIF-8(a) and Fe(NO3)3 were added to 
each metal cation solution in a ratio of 1:1:1. Therefore, 
the anti-interference performance of ZIF-8(a) was evalu-
ated by studying its quenching process in the presence 
of other cations mixed with Fe3+ ion using luminescence 
spectra [6]. The corresponding intensity values obtained 
from the luminescence spectra are shown in Fig. 5 as bar 

graphs. As can be seen, the other cations cannot interfere 
with the determination of Fe3+ ion through quenching the 
fluorescence emission of ZIF-8(a). For example, in the 
absence of Fe3+ ion, Cu2+ cation exhibits emission, and 
Fe3+ quenches the emission when it combines with Cu2+ 
cation. It is noteworthy that, in the absence of Fe3+ ion, 
the other cations show emission, and Fe3+ ion quenches 
their emission, which indicates that there is no interfer-
ence in the quenching process of Fe3+ ion. Therefore, 
ZIF-8(a) has a high degree of selectivity for Fe3+ ion.

Fig. 3   (a) Luminescence emission spectra, and (b) corresponding intensity (as a bar graph) recorded at λex = 396 nm for ZIF-8(a) mixed with dif-
ferent metal cations

Fig. 4   Calibration curve of Fe3+ ion using ZIF-8(a) combined with 
different concentrations of Fe(NO3)3
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Luminescence Selectivity Results of Different Anions

Similar to the cation-selective assay, luminescence selectiv-
ity of ZIF-8(a) in the detection of different anions (Cr2O7

2−, 
CrO4

2−, IO3
−, SO4

2−, Br−, Cl−, ClO4
−, and NO3

−( was inves-
tigated, and the results are shown in Fig. 6. As observed, 
while both Cr2O7

2− and CrO4
2− anions quench the lumines-

cence intensity of ZIF-8(a), the other anions do not signifi-
cantly reduce it.

Calibration Curve of Cr6+ Ion

The concentration of Cr6+ ion was changed in order to evalu-
ate the sensitivity of ZIF-8(a), and to obtain the correspond-
ing calibration curve. In this regard, 3.0 ml of ZIF-8(a) was 
initially combined with 3.0 ml of 1 × 10–3–1 × 10–7 M solution 
of K2Cr2O7, and the ion detection was then performed through 
monitoring the behavior of fluorescence quenching of ZIF-
8(a), according to Fig. 7. In this case, the LOD is calculated to 
be 7.6 × 10–7 M in the linear range of 4.7 × 10–5–1.9 × 10–6 M, 
proposing ZIF-8(a) as a very good fluorescence sensor for the 
detection of Cr6+ ions. Moreover, the complete fluorescence 
quenching is obtained using Cr6+ ion concentrations higher 
than 4.7 × 10–5 M. At concentrations below the detection limit, 
the calibration curve becomes non-linear.

Anti‑Interference Performance of ZIF‑8(a) 
in Detection of Cr6+ Ion

KX(A) solutions (A = Cr2O7
2−, CrO4

2−, IO3
−, SO4

2−, Br−, 
Cl−, ClO4

−, NO3
−) with a concentration of 0.01 M were pre-

pared in order to examine the anti-interference performance 
of ZIF-8(a) in the detection of a trace amount of Cr6+ ion. 
To this end, ZIF-8(a) and K2Cr2O7 were added to each metal 
anion solution in a ratio of 1:1:1, followed by evaluating 
the quenching process of ZIF-8(a) in the presence of other 
anions mixed with Cr6+ ion using luminescence spectra [8]. 
Figure 8 shows the corresponding intensity values obtained 
from the luminescence spectra as bar graphs. As viewed, the 
other anions are not able to interfere with the determination 
of Cr6+ ion through quenching the fluorescence emission of 
ZIF-8(a), indicating a high degree of selectivity for Cr6+ ion.

Fig. 5   The anti-interference performance of ZIF-8(a) in the presence 
of other cations mixed with Fe3+ ion using luminescence spectra. The 
corresponding intensity values obtained from the spectra are shown 
as bar graphs

Fig. 6   (a) Luminescence emission spectra, and (b) corresponding intensity (as a bar graph) recorded at λex = 396 nm for ZIF-8(a) mixed with dif-
ferent metal anions
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In order to compare the performance of the pure ZIF-8(a) 
sensor in this study with that of ZIF-based sensors in the 
literature, the target metal ions (mainly Fe3+ and Cr6+), LOD 
and limit of linearity (LOL) for these materials are presented 
in Table 1. As inferred, the LOD of the pure ZIF-8(a) is 
significantly lower than that of ZIF-based materials reported 
in previous studies. Also, Table 2 presents the comparison 
between metal ion detection performances of the pure ZIF-
8(a) and MOF and coordination polymers developed for the 
detection of Fe3+ and Cr6+ ions, indicating the lower LOD 

of the pure ZIF-8(a). In addition to the lower LOD compared 
to other MOFs, the lower synthesis cost of ZIF-8(a) and its 
ease of preparation are noteworthy. In fact, detecting Fe3+ 
and Cr6+ ions was possible without changing the main struc-
ture of the ZIF-8 framework.

Fluorescence Quenching Mechanism

Normally, the following possible phenomena are involved 
in the fluorescence quenching mechanism: framework col-
lapse, ion exchange, competitive absorption of excited light 
or resonance energy transfer, and some specific interactions 
occurring between the MOF and analyte [10, 36, 45]. Here, 
the quenching mechanism of ZIF-8(a) was studied using 
XRD patterns. For this purpose, ZIF-8(a) was immersed 
in the analyte solutions (Fe3+ and Cr6+) for one day, while 
also performing XRD analysis after the immersion. The 
results obtained are shown in Fig. 9. As seen in Fig. 9(a), by 
immersing ZIF-8(a) in 0.01 M K2Cr2O7 solution, the crystal 
structure of ZIF-8 is completely destroyed or becomes amor-
phous. Therefore, the mechanism of ZIF-8(a) luminescence 
quenching by Cr6+ ion is due to the collapse of the main 
framework structure.

In the case of ZIF-8(a) immersed in 0.01 M Fe3+ solu-
tion, the XRD pattern depicted in Fig. 9(b) shows the 
appearance of some peaks related to the ZIF-8. Thus, 
the crystal structure of ZIF-8(a) is not entirely destroyed 
after immersing it in the Fe3+ solution. In other words, 
the fluorescence quenching mechanism of ZIF-8(a) by 
Fe3+ ions may not be dominated by the collapse of the 
main framework structure. The difference in the behav-
ior of Cr6+ and Fe3+ ions against ZIF-8 can be related to 
their different chemical nature, ionic radius (rCr

6+ = 0.54 Å 
and rFe

3+ = 0.63 Å) and electrical charge, as well as their 
chemical reactions with the ZIF-8 structure. Therefore, 

Fig. 7   Calibration curve of Cr6+ ion using ZIF-8(a) combined with 
different concentrations of Cr2O7

2−

Fig. 8   The anti-interference performance of ZIF-8(a) in the presence 
of other anions mixed with Cr6+ ion using luminescence spectra. The 
corresponding intensity values obtained from the spectra are shown 
as bar graphs

Table 1   The comparison between metal ion detection performances 
of the pure ZIF-8(a) in this study and ZIF-based materials reported in 
the literature

Material Target metal ion LOD LOL Ref

R6G@ZIF-8 Fe3+, Cr6+:

MnO4
−

CrO4
2

Cr2O7
2−

and aniline

5 μM
50 μM
5 Mm

– [2]

CdTe QD@
ZIF-8

Cu2+

Fe2+
1.45 μM
0.29 μM

1–50 μM
1–60 μM

[14]

ZIF-8@Ma Fe3+ 1.17 μM 0.001–10 μM [15]
Ag/Zn@ZIF-8 Fe3+

Cu2+
3.9 μM
6.7 μM

1–10 μM
1–10 μM

[37]

ZIF-8 Fe3+

Cr6+ (Cr2O7
2)

2.1 μM
0.76 μM

0.1–100.0 μM
1.9–47.0 μM

This
study



	 Journal of Fluorescence

Table 2   The comparison 
between metal ion detection 
performances of the pure ZIF-
8(a) in this study and MOF and 
coordination polymers for the 
detection of Fe3+ and Cr6+ ions 
reported in the literature

Material Target metal ion LOD Ref

[Zn3(OH)2(btca)2⋅2DMF]⋅H2O (1) Fe3+

Cr6+

Cr3+

9.87 × 10−6 M 9.56 × 10–6 M
9.31 × 10–6 M

[1]

IISERP-MOF25 Fe3+ 3.6 ppm [3]
{[Zn2(μ3-OH)(cpta)(4,4′-bipy)]·H2O}n (1) Cr2O7

2−

Cr3+
6.91 × 10–6 M 5.55 × 10–6 M [6]

{[Cd(CIP)2(H2O)2]n·2.5H2O} (1) Fe3+

CrO4
2−

Cr2O7
2

4.69 × 104 M−1 3.99 × 104 
M−1 3.45 × 104 M−1

[39]

[Cd(Hcbic)]n Fe3+ 3.1 × 10–5 M [40]
{[Zn(L)(bpp)∙DMF}n Fe3+

Cr2O7
2−

1.55 × 10–6 M 3.52 × 10–6 M [41]

[Ln(µ3-cpta)(phen)(H2O)2]n Fe3+ 2 × 10–4 M [42]
HPU-1 (Zn) Fe3+ 1.09 × 10–3 M [43]
SUMOF-7II Fe3+ 1.66 × 10–5 M [44]
ZIF-8 Fe3+

Cr6+ (Cr2O7
2−)

2.1 μM
0.76 μM

This study

Fig. 10   (a) UV–vis spectrum of Fe3+ ion, and (b) excitation spectrum of ZIF-8(a)
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Fig. 9   XRD patterns obtained from ZIF-8(a) after immersion in: (a) Cr6+ and (b) Fe3 solutions
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the Cr6+ ion can easily penetrate the ZIF-8 and break the 
bonds, leading to collapse of the structure.

It should be noted that, under suitable conditions such 
as neutral pH and ambient temperature, it was possible to 
use the ZIF-8 in an aqueous environment for up to 4 weeks 
without changing the fluorescence intensity.

The resonance energy transfer was investigated to study 
the quenching mechanism using UV–vis spectroscopy. 
Generally, when the analyte’s absorption spectrum partially 
overlaps with the emission or excitation spectrum of MOF, a 
competitive energy absorption can occur between the MOF 
and analyte, leading to the absorbance of energy by the 
acceptor and causing the fluorescence quenching [1, 16, 46].

The UV–vis spectrum of Fe3+ ion and the excitation spec-
trum of ZIF-8(a) are depicted in Fig. 10(a) and (b), respec-
tively. Given that ZIF-8(a) and Fe3+ ion have strong excita-
tion bands in the wavelength ranges of 360–420 nm and 
200–420 nm, respectively, the absorption spectrum of the 
analyte is found to overlap with the excitation spectrum of 
MOF, indicating that the emission quenching of ZIF-8(a) is 
caused by the resonance energy transfer. On the other hand, 
an electron transfer from donor to acceptor may be respon-
sible for the quenching effect of Fe3+ ion, as demonstrated 
in several studies in the literature [12, 20].

In fact, the imidazole rings of ZIF-8 are considered good 
electron donors when excited by light. Also, Fe3+ ions have 
high positive charge density, inducing large electron with-
drawing affinity compared to other metal ions [5]. In this 
way, Fe3+ ions can accept electrons from them to form coor-
dination interactions. Consequently, the energy migration 
occurs when electrons are transferred from the donor to the 
acceptor (from electron rich ligand to the Fe3+ ion), resulting 
in the quenching of luminescence [5, 20].

Conclusion

A chemical method has been utilized to synthesize ZIF-8, act-
ing as a fluorescent sensor in the detection of trace amounts 
of Fe3+ and Cr6+ ions dissolved in water. XRD and FT-IR 
analyses indicated high purity and sodalite structure of the 
synthesized ZIF-8. The maximum emission intensity of the 
ZIF-8 was observed at λex = 396 and 555 nm, revealing a peak 
shift due to the introduction of water into the highly crystal-
line structure of ZIF-8. Both Fe3+ and Cr6+ ions remarkably 
quenched the luminescence intensity of ZIF-8, giving rise to 
LODs of 2.1 and 0.76 μM, respectively. Meanwhile, the corre-
sponding LOLs were calculated to be 0.1–100.0 and 1.9–47.0 
μM, outperforming the detection performance of ZIF-based, 
MOF and coordination polymer materials reported in previous 
studies (see Tables 1 and 2). The quenching mechanism of the 
ZIF-8 was also studied in detail, indicating that the resonance 
energy transfer and collapse of ZIF-8 main framework were 

responsible for the quenching effects of Fe3+ and Cr6+ ions, 
respectively. Overall, the pure ZIF-8 with the high degree of 
selectivity of the metal ions can be considered an efficient fluo-
rescence sensor, providing a possible alternative tool to more 
sophisticated methods such as ICP, ICP-MS, HPLC, etc.
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