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Abstract
Multifunctional Cu (II)-based Metal Organic Framework (MOF) [Cu3(BTC)2] has been synthesized by a
facile electrochemical method. Crystallographic and morphological characterizations of synthesized
MOF have been done using Powder X-ray Diffractometer and Scanning Electron Microscope (SEM),
respectively, whereas Fourier Transform Infrared Spectroscopy (FT-IR), Energy Dispersive X-ray
Spectroscopy (EDS), UV-Vis Absorption Spectroscopy and Energy Resolved Luminescence Spectroscopic
studies have been used for the detailed qualitative, quantitative as well as optical analyses. Sharp PXRD
peaks indicate the formation of highly crystalline MOF with face centered cubic (fcc) structure. Flakes
(average length = 0.71µm and width = 0.10 µm) and rods (average aspect ratio = ((0.1:8.3) µm) like
morphologies have been observed in SEM micrographs. The presence of C, O and Cu has been con�rmed
by EDS analysis. Photocatalytic activity potential of the synthesized MOF has been tested using
methylene blue dye (MB) as a test contaminant in aqueous media under sunlight irradiation. Selective
and sensitive �uorescent sensing of different Nitroaromatic compounds (NACs) like 4-Nitroaniline (4-NA),
2-Nitroaniline (2-NA), 3-Nitroaniline (3-NA), 4-Nitrotoulene (4-NT), 2,4-Dinitrotoulene (2,4-DNT), 1,3-
Dinitrobenzene (1,3-DNB), 2,6-Dinitrotoulene (2,6-DNT) has been done by exploring the photoluminescent
behaviour of chemically stable Cu3(BTC)2. Synthesized MOF is extremely sensitive towards 4-NA, which
is having PL quenching e�ciency of 82.61% with highest quenching rate till reported. Indeed, a large
quenching coe�cient KSV = 34.02 x 10− 7 M− 1 and correlation coe�cient R2 = 0.9962 in KSV plot have
been elucidated with limit of detection (LOD) = 0.7544 ppb. The possible ways of luminescence
quenching are successfully explained by the combination of Photoinduced Electron Transfer (PET) and
Resonance Energy Transfer (RET) mechanisms. Additionally, the Density Functional Theory (DFT)
calculations have been employed to support the experimental results. Cu3(BTC)2 fully demonstrates the
power of a multi component MOF, which provides a feasible pathway for the design of novel material
towards fast responding luminescence sensing and photocatalytic degradation of pollutants.

1. Introduction
Urbanization and economic development result in the problems due to extensive use of nitroaromatic
compounds (NACs), toxic gases, heavy metal ions and pollutants. Security-terrorism and crime scene
investigations are the areas of special concern dependent on explosive detection. Increase in the
incidences of terrorist bomb attacks and overuse of land mines have become an alarming threat to
human life [1]. Consequently, for the security of human life, these NACs must be detected without any
delay with the simple possible methods. There are various technologies available for their detection like
gas chromatography-mass spectrometry (GC-MS), liquid chromatography-mass spectrometry (LC-MS),
energy dispersive X-ray spectroscopy (EDS), surface enhanced Raman spectroscopy (SERS), high-
performance liquid chromatography (HPLC), electron capture detection (ECD), proton transfer reaction
mass spectrometry (PTR-MS), nuclear quadrupole resonance (NQR), neutron activation analysis (NAA)
and ion mobility spectrometry [2–4], but all these techniques are highly sensitive, expensive and require
highly sophisticated instrumentation with further need of some special type of training [3]. Hence, these
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techniques cannot be utilized for on-site �eld testing. Instead, �uorescence-quenching-based chemical
detection proved to be a simple, sensitive, rapid and less expensive method for the quick detection of
nitroaromatic compounds. It needs a �uorescent material with simple mechanism of detection via
transmission of the signal in the form of charge between sensing material and the analyte [2]. Detection
of nitroaromatic compounds, heavy metal ions, toxic gases and pollutants, are the major areas covered
recently by chemical sensors based on porous MOFs. Nitroaromatic compounds are causing problems
for human health and environment, among NACs 4-nitroaniline (4-NA) causes serious problems not only
to aquatic organisms, but also to human health due to its accumulation in waste water. 4-NA is widely
used as precursor in chemical synthesis of dyes, pesticides, poultry medicines, fuel additives, antiseptic
agents, and important corrosion inhibitors [5]. It proves to be lethal for human health by causing various
serious problems to human health including diarrhea, liver injury, skin eczema, respiratory arrest,
methemoglobinemia, and anemia [6]. Due to its high persistence, biodegradability and chemical stability,
it can cause long term environment damage [6]. Many developed and developing countries levied
restriction on its production, usage and disposal and added it into the list of major pollutants [5]. Really,
there is a need to establish rapid, selective and sensitive method for the detection of 4-NA. Currently,
�uorescence sensing has been utilized on a large scale in chemistry, biology and environmental science
[7–9]. Affordability, stability, quick response, simplicity, easy operation and availability of �uorescent
sensors has created an interest among researchers to work in this �eld.

High sensitivity and low limit of detection (LOD) are the major concerns of an explosive sensor with
additional high selectivity to avoid false signals. The vital class of explosives include nitroaromatic
compounds. These materials have very low vapour pressure making them suitable for attachment on the
high surface energy surfaces such as metals and metal oxides as compared to polymers, plastics etc.
Moreover, the interaction between analyte and sensor material gets enhanced by increasing surface to
volume ratio, quantum size effects and porosity [3]. Fluorescence sensors work on the principle of
luminescence quenching or augmentation caused by the interaction between analyte and sensing
material. This alteration in luminescence is caused due to the following reasons: (a) Crystal structure
damage, (b) Exchange of cations between central cation of sensor and the targeted cations, and (c)
Interaction between the NACs and sensor, which results in adsorption competition and resonance energy
transfer [10].

Many industries like textile, plastic, leather and cosmetics consume large amount of water and produce
coloured e�uents. More than 700000 hazardous dyes from various industries are directly discharged into
water bodies without any treatment, which cause serious water pollution[11]. These materials have
serious environmental and human health issues due to their carcinogenic and toxic effects [12, 13]. So,
as a remedy of these industrial e�uents various methods have been utilized like adsorption of dyes on
high surface area support, sedimentation, chemical coprecipitation, ion exchange method and use of
biological membranes [14]. However, these methods are not preferred to a large extent due to their
expensive equipments, time consuming processes and conversion of main pollutant into secondary
pollutants, which needs further removal. Biochemical and physiochemical methods are not suitable for
decolourisation of dyes from industries due to their in�exibility towards chemical oxidation and
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photocatalytic stability. Moreover, researchers are also interested to utilize MOFs for the purpose of water
puri�cation and remediation of water through their potential photocatalytic activity for the degradation of
dyes in water.

Therefore, there is a need of such materials, which can act both photocatalyst as well as sensor for
detection of nitroaromatic compounds. The advanced oxidation process and moderate reaction
conditions make Metal Organic Frameworks (MOFs) an interesting topic of the current research. MOFs
are hybrid of organic linkers with metal ions/clusters, which are interconnected to form 2D or 3D porous
structures [15]. Compared to inorganic semiconductors, MOFs have open metal sites, unsaturated metal
centers and catalytically active linkers as a main advantage. These are rapidly developing due to their
large surface areas, rich active sites, diverse structural topologies and various potential applications, such
as gas storage [16], separation [12], heterogenous catalysis [13], sensing [17], photocatalytic activity [17]
and so on.

Several routes have been proposed for the synthesis of MOFs like diffusion, hydrothermal /solvothermal
methods [18], which require high temperature and pressure for operation. In recent years, some faster
routes like sonochemical [19], mechanosynthesis [20] and microwave [21] have been introduced. But
these have some disadventages like high energy consumption, complex process, requirement of
advanced equipment, introduction of unwanted anions with the use of metal salts, long reaction time and
di�culty in regulation [22, 23]. So, for the advancement of the �eld a mild and clean synthesis method for
the purpose of overcoming the mentioned disadvantages is required. So, there are few reports on
electrochemical synthesis which is facile and environment friendly with advantages including mild
reaction conditions, simple operation and cleaning process. Moreover, metal ions are produced through
anodic oxidation which avoids the problematic anions such as nitrates from metal salts. In
electrochemical method size and morphology can be optimized by different factors like nature of solvent,
applied current, electrolyte concentration, electrodeposition time and distance between counter electrodes
[24]. Protic solvent like water ( green and economic) opted as a solvent and copper metal electrodes are
employed instead of costlier platinum or titanium electrodes. Electrolysis have been carried out under
amperostatic conditions.In the present work, Cu (II) based MOF [Cu3(BTC)2] has been synthesized using
facile electrochemical method. Cu3(BTC)2 shows a hydrogen bonding, which results in its three-
dimensional supramolecular framework. Synthesized MOF has been characterized by various
characterization techniques such as FT-IR, Powder-XRD, SEM, EDS, UV-Vis. absorption spectroscopy and
photoluminescence spectroscopy to explore their potential for NACs sensing and photocatalytic
applications. To the best of our knowledge, Cu3(BTC)2 has been reported �rst time to act as a good and
e�cient luminescent sensor for these particular NACs: 4-NA, 2-NA, 3-NA, 4-NT, 2,4-DNT, 1,3-DNB, 2,6-DNT
with selectivity towards 4-NA showing quenching e�ciency and LOD to be 82.61% and 0.7544ppb,
respectively. Additionally, based on the characteristics of Cu3(BTC)2, it has been utilized �rst time for
photocatalytic activity towards degradation of MB dye as a test aqueous contaiminant, which showed
virtuous photocatalytic activity for green degradation of MB.
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2. Materials And Methods

2.1. Materials
1,3,5-benzene tricarboxylic acid (H3BTC), sodium chloride (NaCl) and methylene blue (MB) were
purchased from Merck Pvt. Ltd. India. N,N’-dimethylformamide (DMF), dimethylacetamide (DMA),
methanol (MeOH), ethanol (EtOH) and acetone were procured from Sigma Aldrich, India. Copper electrode
strips (6cm x 0.5cm x 0.05cm) were purchased from Roto Metals, India, whereas NACs: 4-Nitroaniline (4-
NA), 2-Nitroaniline (2-NA), 3-Nitroaniline (3-NA), 2,4-Dinitrotoulene (2,4-DNT), 4-Nitrotoulene (4-NT), 2,6-
Dinitrotoulene (2,6-DNT) and 1,3-Dinitrobenzene (1,3-DNB) were purchased from Loba Chemie, India. All
the above mentioned chemicals were of analytical reagent grade and used without further puri�cation.

2.2. MOF Synthesis
Electrochemical deposition method has been opted for the synthesis of Cu3(BTC)2 MOF. The electrolysis
reaction was carried out in undivided electrolytic cell consisting of glass vessel containing 50 mg of
trimesic acid (H3BTC) dissolved in 100 ml of distilled water with addition of 1 g of NaCl as a supporting
electrolyte. Two copper strips (6cm x 0.5cm x 0.05cm) with similar area thoroughly cleaned with dilute
hydrochloric acid and distilled water were dipped in electrolyte. A DC power supply unit (30–50 V and 20
mA) was attached to the cathode and anode strips. The electrolysis reaction media was magnetically
stirred. After 2h progress of reaction, Cu3(BTC)2 sky-blue precipitates were formed at electrodes as well as
in suspension. The precipitates deposited at the electrodes were scratched with knife edge, whereas the
precipitates from suspension were collected using centrifugation, subsequently washed three times with
distilled water and methanol. These precipitates were dried in conventional oven at 110 ℃ for 24 h. This
technique is a resourceful process much better than typical solvothermal and microwave synthesis
methods [25] as it is an eco-friendly technique, less time consuming as well as cost effective with simple
apparatus. The schematic diagram showing synthesis of Cu3(BTC)2 is shown in Fig. 1. Scheme 1 shows

the basic reaction for the synthesis of MOF-199 from BTC as organic linker and Cu2+ as metal ion under
electrochemical conditions at room temperature with addition of supporting electrolyte (NaCl).
Supporting electrolyte has been changed to design different morphologies of the products.

2.3. Characterization Tools and Techniques
For the detection of functional groups, FT-IR spectra have been recorded using Bruker Tensor-27 FTIR
spectrometer using KBr pellet technique in the range of 500–4000 cm− 1. For crystallographic analysis X-
ray diffraction patterns were recorded using XPERT PRO Powder X-ray Diffractometer [Cu Kα X-ray(λ = 

1.5406Å) with power 1800W] in 2ϴ range 5  to 50  keeping scanning rate and step size 0.001 s− 1 and
0.013 , respectively. The morphological features of the synthesized material has been studied using
JEOL, JSM-6510LV Scanning Electron Microscope (SEM). MOF sample was mounted on sample stub
with double adhesive carbon tape followed by gold coating and analysed in SEM at a working distance of
11 mm using accelerating voltage of 15kV. For elemental analysis Oxford instrument (INCA X-act) EDS
spectrometer equipped as an additional accessary to SEM was used. UV-Vis. absorption
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spectrophotometer (Shimadzu UV-Vis 1600) and spectro�uorometer (Shimadzu RF-5301PC) have been
opted for detailed optical analysis of synthesized MOF.

2.4. Photocatalytic Experiment
Photocatalytic reaction was performed using Cu3(BTC)2 as a photocatalyst in an aqueous suspension of

MB dye under the sunlight irradiation at geographical coordinates: 30.33  N and 76.38  E (Average solar
power incident on surface was 400 W/m2 for 12 h). To carry out an experiment, 1 L stock solution of dye
was prepared by dissolving 5 mg of MB dye in an aqueous media. To check the photobleaching of MB
dye, 500 ml of pristine dye solution was exposed to sunlight for 4.5 h followed by absorption studies.
Then for the photocatalytic investigation of synthesized Cu3(BTC)2 photocatalyst, one batch of aqueous
suspension containing 500 ml of dye solution with 40 mg of photocatalyst was prepared followed by
stirring for 1 h in dark to ensure the establishment of an adsorption-desorption equilibrium. Then, this
equilibrated mixed solution was exposed to direct sunlight with continuous stirring for 4.5 h. 5 ml
suspension was collected after every 30 minutes of sunlight irradiation from photocatalytic chamber
followed by centrifugation. Then the collected aliquot was analysed with UV-Vis. Absorption
spectrophotometer to calculate the residual dye concentration.

2.5. Fluorescence Measurements
For room temperature PL measurements, 1mg each of the Cu3(BTC)2 was dissolved in 20 ml of different
solvents: N,N-dimethylformamide, dimethylacetamide, methanol, water, ethanol and acetone followed by
ultrasonication for 0.5 h. Then emission spectra of the above prepared solutions were recorded
immediately at excitation wavelength of 380 nm.

2.5.1. Detection of NACs
To check the luminescence sensing response of MOF-199, 100 ppb solutions of different NACs : 4-NA, 2-
NA, 3-NA, 4-NT, 2,4-DNT, 1,3-DNB, 2,6-DNT were prepared separately in DMF followed by ultrasonication
for 10 min. 1ml each of above prepared solutions (100 ppb) was added separately into the 100 µl
emulsion of MOF in DMF followed by dilution with DMF to make the net volume 3ml and sonicated for 10
min. Then the obtained emulsion containing different NACs was immediately used to record room
temperature emission spectra (λex = 380 nm).

For further selective sensing of 4-NA various concentrations at parts per billion [25 ppb, 30 ppb, 35 ppb,
40 ppb and 45 ppb] were prepared from the stock solution by quantitative dilution.

2.5.2. Computational Methodology
For the theoretical studies, Gauss view 5.08 was used for the preparation of input �le of H3BTC and
NACs. Gaussian 09 program package software has been used for geometrical optimization and HOMO-
LUMO calculations. The density functional theory (DFT) calculations have been performed with
subsequent geometry optimization at B3LYP/631G level.
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3. Results And Discussion

3.1. Quantitative, Qualitative, Morphological and
Crystallographic Analyses
Figure 2, shows FTIR spectra of the synthesized MOF along with BTC for detailed analysis of bonding
between 1,3,5-benzenetricarboxylic acid and Cu2+. The band observed around 1702 cm− 1 can be
signi�cantly assigned to stretching vibration of acidic C = O present in BTC. This acidic C = O start
deprotonation after complexation with Cu2+, which is proved by shifting of characteristic peak from 1702
cm− 1 to 1633 cm− 1. From the observed shifting, it is obvious that carboxylate ion participates in complex
formation. Synthesized MOF-199 is free from CuO and Cu2O [26] during its nucleation as proved by

absence of their characteristic peaks at 410 cm− 1, 500 cm− 1, 610 cm− 1 and 615 cm− 1 in the recorded
FTIR spectra. Moreover, the representative vibration at 724 cm − 1 may be attributed to Cu-O stretching
vibration, in which the oxygen atom is coordinated with Cu. Broad band observed in 2500–3300 cm− 1

region in benzene tricarboxylic acid is due to O-H stretching in carboxylic group, which shifts to 3100–
3600 cm− 1 region in the complex indicating the presence of loosely bound water molecules in Cu3(BTC)2.
It can be clearly seen from the recorded spectra that the symmetric COO stretches of carboxylate group
can be detected in the range of 1500–1600 cm− 1, which forms a complex with Cu2+. This recommends
that deprotonation in acidic C = O has arisen. BTC linker contains benzene groups, which shows a peak
around 1577 cm− 1 due to C-C skeletal vibration. Cu is substituted on benzene groups via formation of
coordination bond with oxygen atom, which is evidenced by a sharp peak around 753 cm− 1 due to Cu-O
stretching vibration [27].

Powder X-ray diffraction pattern recorded for electrochemically synthesized Cu3(BTC)2 is shown in Fig. 3.
The recorded diffraction peaks situated at 2ϴ values: 6.0607°, 7.499°, 9.534°, 11.662°, 12.176°, 15.096°,
16.572°, 16.973°, 18.296°, 19.165°, 22.753°, 25.678°, and 29.673° corresponding to the Miller indices
(111), (200), (220), (222), (400), (331), (422), (511), (440), (600), (731), and (751), respectively, which are
in good agreement with the diffractograms reported in literature [Cambridge crystallographic information
data No. 112954][28, 29] reveal the formation of face centered cubic (fcc) crystal structure. Moreover, the
presence of sharp diffraction peaks in the recorded diffractogram indicate the formation of crystalline
Cu3(BTC)2 with uniform porosity [30]. No peak in the recorded diffractogram corresponds to CuO, Cu2O or
any other impurity phase [31], which reveals the formation of high purity Cu3(BTC)2.

Figure 4 [(a) & (b)] shows the SEM micrographs recorded at magni�cation of x20,000 and x30,000 for the
morphological analysis of synthesized MOF-199. The recorded micrographs reveal the formation of
�akes (average length = 0.71µm and width = 0.10 µm) and rods (average aspect ratio = 0.1:8.3 µm) like
morphologies with heterogeneous size distribution. Energy dispersive X-ray spectrum recorded to
determine the chemical composition and purity of electrochemically synthesized Cu3(BTC)2 is shown in
Fig. 5. Recorded EDS spectrum shows the peaks situated at 0.3 keV and 0.5 keV corresponding to Carbon
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(C) and Oxygen (O), respectively, whereas, the peaks situated at energies 1 keV, 8 keV and 9 keV
correspond to Copper (Cu). The extra peak observed at 2.2 keV corresponds to sputter coated gold, which
was coated to make the sample conducting for SEM studies. Detailed analysis of the EDS spectrum of
Cu3(BTC)2 reveals that carbon (C), oxygen(O) and copper (Cu) have weight% (atomic%) values 31.63%
(53.68%), 25.58% (32.60%) and 42.79% (13.73%), respectively. Figure 6 [(a), (b) & (c)] shows colour
mapping images of carbon, oxygen and copper, respectively, which indicates the formation of good
superiority MOF-199 with appropriate stoichiometric ratio of constituting elements.

3.2. Photocatalytic Performance
The photocatalytic activity of Cu3(BTC)2 has been studied by selecting MB dye as a model organic
contaminant in aqueous media under sunlight irradiation. Figure 7 shows the UV-Vis. absorption
spectrum recorded for synthesized MOF-199. It reveals that synthesized MOF has good absorption
tunability with solar spectrum. Thus, the synthesized MOF can be e�ciently photoactivated with sunlight.
Figure 8 shows the UV-Vis absorption spectra of pristine methylene blue dye solution with and without
sunlight exposure. It can be clearly seen from the recorded spectra that only 5.85 % of MB dye has been
photobleached by sunlight during 4.5 h of irradiation. The recorded absorption spectra show a major
absorption peak around 667 nm, which has been used as a reference peak to observe the remanant dye
concentration for different duration of irradiation in the presence of photocatalyst. Figure 9 shows the
time dependent absorption spectra of MB dye degraded by Cu3(BTC)2 photocatalyst for different
durations of sunlight irradiation that designate the decrease in absorbance of dye with passage of time.
Figure 10 depicts the dye degradation e�ciency of the photocatalyst as a function of irradiation time,
which shows that with increase in irradiation time the degradation e�ciency increases and reaches the
maximum value of 88.96 % within 4.5h. Figures 9 & 10 clearly indicate that photocatalyst can degrade
the dye upto 88.96%. The degradation e�ciency can be calculated using following equation

€ =Co − C/Co

In order to study the kinetics of photocatalytic degradation of MB dye, it has been evaluated to be �rst
order kinetics through a Langmuir Hinshelwood kinetics model [32];

ln Co/C = Kt

where K is the �rst order rate constant (h− 1), t is the irradiation time (h), Co and C are initial and �nal dye
concentrations. Figure 11, illustrates the photocatalytic dye degradation mechanism, which indicates that
generation of photoexcited charge carriers (h+ and e−‘s) has sole responsibility of photocatalytic activity.
These photoexcited charge carriers when reaches on the surface of the photocatalyst by avoiding volume
and surface recombinations, then these charge carriers on the surface of the photocatalyst participate in
oxidation (e−) and reduction (h+) reactions, which further causes the formation of hydroxyl free radicals
(OH●). These hydroxyl free radicals further degrade dye into degrade dye into small molecules like CO2
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and H2O. Moreover, photocatalyst activated surface due to hydroxyl group results in huge quantity of
visible light absorption, which results in enhancing photocatalytic activity [33].

4. Selection Of Solvent For Photoluminescence Studies
As Cu3(BTC)2 has a good chemical stability in numerous solvents. Thus, room temperature PL
measurements of Cu3(BTC)2 were performed with different solvents to achieve maximum luminescence
quantum yield. For the selection of appropriate solvent following solvents: DMF, DMA, methanol, ethanol
and water have been investigated. Figure 12 [(a) & (b)] shows the solvent dependent PL spectra of MOF-
199 dissolved in different solvents. It can be clearly seen from the recorded spectra as well as histogram,
that emission intensity is extremely dependent on the type of solvent. Moreover  Figure 12 [(a) & (b)]
indicates that MOF-199 dissolved in DMF has strongest PL intensity, whereas the weakest PL intensity is
observed in case of acetone. Thus, the DMF has been selected as an appropriate solvent to check
luminescence based sensing ability of synthesized MOF-199 due to its optical analytic effect. Figure 13
shows the PL emission spectra recorded at different excitation wavelengths ranging from 380 nm to 410
nm. It can be clearly observed from recorded spectra that 380 nm is a suitable excitation wavelength,
which give maximum PL intensity. After the selection of solvent and excitation wavelength, room
temperature PL spectra of Cu3(BTC)2 and BTC were recorded for the detailed optical analysis of
synthesized MOF-199. Figure 14 shows the recorded PL spectra of Cu3(BTC)2 and BTC alongwith
excitation spectra. The emission band maxima are situated at 465 nm and 436 nm for Cu3(BTC)2 and

BTC, respectively. Due to close proximity in emission bands, the PL of Cu3(BTC)2 is due to π-π* ligand
centered electronic transitions. Additionally, red shift in emission of Cu3(BTC)2 w.r.t. BTC is probably due
to increase in ligand conformational rigidity and reduction of non-radiative decay. From the recorded
spectra, it has been clearly demonstrated that there is two fold enhancement in PL intensity in the MOF
compared to ligand. 

4.2. Sensing of NACs

Excellent luminescence and chemical stability of Cu3(BTC) 2, make it a potential candidate for sensing of
NACs. To check the sensing ability of MOF-199 for the detection of nitroaromatic compounds (NACs), PL
response experiments were performed using different NACs: 4-NA, 2-NA, 3-NA, 4-NT, 2,4-DNT, 1,3-DNB and
2,6-DNT. PL spectra (λex = 380 nm) of NACs@MOF-199 (100ppb) shown in Figure 15 (a) reveal that the
addition of analyte in phosphor solution e�ciently quenches luminescence. Histogram in Figure 15(b)
shows MOF-199 PL intensity variation as a function of analyte NACs. It depicts that 4-NA quenches the
PL intensity to maximum extent, whereas 2,4-DNT has minimal quenching ability. For detailed
analysis, PL quenching e�ciency of different NACs is shown in Figure 15 (c), which indicates that 4-NA
has maximum quenching e�ciency of 86.12% followed by 23.64%, 19.20%, 14.13%, 11.36%, 7.52% and
2.24% for 2-NA, 4-NT, 2,6-DNT, 3-NA, 1,3-DNB, and 2,4-DNT, respectively. Due to excellent quenching
e�ciency of 4-NA, it was selected for further detailed sensing studies.
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            Thus, for sensitivity studies, concentration dependent PL quenching behaviour of 4-NA was
studied by varying its concentration from 25 ppb to 45 ppb. Figure 16 (a) shows MOF-199 luminescence
quenching at different concentrations of 4-NA. Kinetics of a photophysical intermolecular deactivation
process can be described by Stern-Volmer relationship given below:

                                                Io/I = 1+ KSV[A] 

where Io and I represent luminescence intensity before and after addition of analyte, ‘KSV’is Stern-Volmer

constant in (M-1) and ‘[A]’ represents concentration of analyte in ppb. 

Figure 16(b) shows KSV curve of MOF-199 at different concentrations of 4-NA, this linear SV plot has R2 =

0.9962 and Ksv = 34.02 x 10-7 M-1, which reveal that emission intensity diminishes due to dynamic
quenching. The limit of detection (LOD) of Cu3(BTC)2 sensor has been calculated by the following
equation:

                                                LOD = 3σ/K

 where σ represents standard deviation and K is Stern-Volmer constant. Calculated value of LOD is
observed to be as low as 0.7544 ppb for 4-NA.

 Comparison of the calculated LOD value with other research reports (as shown in table 1) reveal that the
synthesized MOF is an e�cient sensor for the high precision detection of NACs. The detection of
nitroaromatic compounds by MOFs can be described by following two mechanisms: (1) Photo-induced
electron transfer (PET); (2) Resonance energy transfer (RET). To check whether the PET mechanism is
operative, HOMO-LUMO energies of various NACs and BTC organic ligand have been calculated by DFT
method using B3LYP/631G basis set. The LUMO of NACs are present at lower energy than conduction
band edge of MOFs, which acts as a driving force to intensify excited electron transfer from electron rich
MOFs to electron de�cient NACs. According to Frontier Molecular Orbital (FMO) theory, lesser the gap
between highest occupied molecular orbital (HOMO) to lowest unoccupied molecular orbital (LUMO),
 easier will be electron transitions. As evident from previous reports, the LUMO of NACs are situated
between the HOMO and LUMO of MOF [34]. Thus, it is evident that transitions from HOMO of MOF can
easily take place to LUMO of NACs, which results the quenching of MOFs �uorescence. Figure 17 shows
HOMO and LUMO energies of electron de�cient NACs and BTC. From Figure 17, it can be clearly seen that
LUMO energies of different NACs follows the following order:

 2,4-DNT > 2,6-DNT > 1,3-DNB, 4-NA > 4-NT > 3-NA > 2-NA 

which are not fully in accordance with observed experimental results. Figure 18 (a) represents the
structures of various Nitroaromatic Compounds (NACs), whereas Figure 18 (b) signi�es the optimized
structures of one unit of Cu3(BTC)2, BTC (ligand) and various nitroaromatic compounds using DFT
calculations through Gaussian 09 package with subsequent geometry optimization at B3LYP/631G
level to analyse the connectivity modes. Above discussed results reveal that PET is not appropriately
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describing the PL sensing mechanism. So, for the detailed illustration of quenching mechanism along
with PET, RET is also playing an important role.

            The sensitivity and quenching e�ciency can be properly explained by RET, which depends upon
the extent of overlap between the emission spectrum of donar [Cu3(BTC)2] and absorption spectrum of
each analyte [NACs]. Figure 19 shows the emission and absorption spectra of donar and analytes,
respectively. The large spectral overlap between the absorption peak of 4-NA with emission peak of
Cu3(BTC)2 signi�es the probability of charge carrier/energy transfer from MOF to analytes due to weak
interactions between the two, thus leading to the selective quenching phenomenon. However, no such
spectral overlap has been observed for other NACs as depicted in Figure 19, which explains the selectivity
towards 4-NA. Thus, it is concluded that RET along with PET can thoroughly explain the �uorescence
quenching mechanism. Hence, both electron transfer and energy transfer mechanisms could reasonably
explain MOF-199 PL quenching by NACs [35].

Conclusions
 Electrochemical method provides an e�cient, low cost, eco-friendly route for the synthesis of MOF-199.
Synthesized MOF crystallizes in face centred cubic (fcc) structure having �akes and rods like
morphologies. Due to high chemical stability, synthesized MOF-199 acts as a good photocatalyst to
degrade MB dye with degradation e�ciency of 88.96%. Synthesized MOF proves to act as a good sensor
for the detection of NACs with selectivity towards 4-NA with quenching coe�cient (KSV) and quenching

e�ciency values of 6.63x105 M-1 and 99%, respectively, alongwith 0.7544 ppb limit of detection (LOD).
PET and RET are the potential mechanisms to thoroughly explain �uorescence-based sensing ability of
MOFs.  MOF-199 has enough capability to act as an excellent candidate for both photo-catalytic and
chemical sensing applications. Rapid preparation, photocatalytic activity and e�cient sensing of
[Cu3(BTC)2] enable it to be a potential candidate for environment governance.
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C(1)-C(2) C(37)-O(39) 1.37800

C(2)-C(3) O(39)-H(40) 0.99561

C(3)-C(4) C(21)-C(29) 1.48014

C(4)-C(5) C(29)-O(30) 1.22724

C(5)-C(6) C(29)-O(31) 1.37846

C(6)-H(17) O(31)-H(32) 0.99564

C(5)-C(13) C(5)-C(6)-H(17) 120.81777

C(13)-O(14) H(8)-C(4)-C(5) 119.84371

C(13)-O(15) H(7)-C(2)-C(1) 120.61906

O(15)-H(16) C(9)-C(1)-C(6) 117.44906

C(4)-H(8) C(1)-C(9)-O(10) 125.39694

C(1)-C(9) O(11)-C(9)-O(10) 123.15349

C(9)-O(10) H(12)-O(11)-C(9) 108.76795

C(9)-O(11) C(2)-C(3)-C(18) 119.78463

O(11)-H(12) C(18)-C(3)-C(4) 119.98154

C(3)-C(18) O(19)-C(18)-O(20) 116.33749

C(18)-O(19) O(20)-Cu(41)-O(19) 70.22772

C(18)-O(20) O(35)-Cu(41)-O(34) 70.22782

C(2)-H(7) O(35)-C(33)-O(34) 116.33723

Cu(41)-O(19) O(35)-C(33)-C(25) 121.86376

Cu(41)-O(20) O(34)-C(33)-C(25) 121.71881

Cu(41)-O(34) C(21)-C(22)-C(23) 119.60999

Cu(41)-O(35) C(22)-C(23)-C(24) 120.52647

C(33)-O(35) C(23)-C(24)-C(25) 119.51847

C(33)-O(34) C(24)-C(25)-C(26) 120.23427

C(25)-C(33) C(25)-C(26)-H(36) 120.32434

C(25)-C(26) C(25)-C(24)-H(28) 119.86011

C(24)-C(25) C(23)-C(22)-H(27) 119.57230

C(23)-C(24) C(24)-C(23)-C(37) 122.02459
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C(22)-C(23) C(26)-C(21)-C(29) 117.58625

C(21)-C(22) O(38)-C(37)-O(39) 123.15360

C(21)-C(26) C(37)-O(39)_H(40) 108.76782

C(26)-H(36) C(29)-O(31)-C(29) 108.71506

C(22)-H(27) O(31)-C(29)-O(30) 123.15676

C(24)-H(28) C(1)-C(2)-C(3) 119.5185

C(23)-C(37) C(2)-C(3)-C(4) 120.23370

C(37)-O(38) C(3)-C(4)-C(5)  

Table 1: Comparison with the reported MOFs

Method LOD (ppb) References

Zn-MOF 88 ppb [36]

Zn(II)-MOF 0.74 ppm [37]

Cd(II)-MOF 0.46 ppm [37]

Cu-MOF 0.7944ppb Present method

Figures
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Figure 1

Schematic of MOF-199 synthesis

Figure 2

FTIR spectra of synthesized MOF-199 and BTC
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Figure 3

Powder XRD diffractogram of synthesized MOF-199
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Figure 4

SEM micrographs of MOF-199 with different magni�cations (a) x20,000 (b) x30,000.
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Figure 5

EDS spectra of synthesized MOF-199 sample

Figure 6

SEM-EDS mapping images of elements in MOF-199 (a) Carbon (C) (b) Oxygen (O) (c) Copper (Cu)
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Figure 7

UV-Vis absorption spectrum of synthesized MOF-199
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Figure 8

UV-Vis absorption spectra of aqueous methylene blue dye solution with 4.5h sunlight irradation and
without sunlight exposure
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Figure 9

Time dependent absorption spectra of methylene blue dye degraded in presence of Cu3(BTC)2.
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Figure 10

Degradation e�ciency of Cu3(BTC)2 photocatalyst for the degradation of MB dye

Figure 11

Schematic of photocatalytic degradation mechanism of MB dye solution using Cu3(BTC)2 as a
photocatalyst under sunlight irradiation.
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Figure 12

Schematic of photocatalytic degradation mechanism of MB dye solution using Cu3(BTC)2 as a
photocatalyst under sunlight irradiation.

Figure 13

PL spectra of ligand and synthesized MOF, excitation spectra of MOF
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Figure 14

PL spectra of ligand and synthesized MOF, excitation spectra of MOF
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Figure 15

(a): PL spectra of NACs@MOF-199 (100ppb) (λex = 380 nm); (b) MOF-199 PL intensity variation as a
function of analyte NACs; (c) PL Quenching e�ciency of different NACs
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Figure 16

(a): MOF-199 luminescence quenching at different concentration of 4-NA; (b): KSV curve of MOF-199 at
different concentrations of 4-NA
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Figure 17

HOMO and LUMO energies of selected nitro aromatic compounds and Cu3(BTC)2
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Figure 18

(a) : Structures of different Nitroaromatic Compounds (NACs). (b): Optimized structures of NACs, BTC
and one unit of Cu3(BT

Figure 19

Spectral overlap between the absorption spectra of different NACs and emission spectra of Cu3(BTC)2
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