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Green emitting submicron sized metal-organic phosphor materials as a luminescence 

quenching based optical detector for explosive nitro aromatics in solution.  
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Optical Detection of Submicromolar level Nitro 
Explosives by a Submicron sized Metal-Organic 
Phosphor Material 

Debal Kanti Singha,a Saurav Bhattacharya,b Prakash Majee,c Sudip Kumar 
Mondal,*c Manoranjan Kumar,a and Partha Mahata*a 

Two isomorphous submicron sized metal-organic network compounds,  
[Y2(PDA)3(H2O)1].2H2O  (PDA = 1,4-Phenylenediacetate), 1 and 
[Y1.8Tb0.2(PDA)3(H2O)1].2H2O, Tb@1 have been synthesized employing solvent assisted 
liquid grinding followed by heating at 180 °C for 10 min and washing with water.  Single 
crystal X-ray data of bulk 1 confirmed three dimensional porous structure.  The structure and 
morphology of 1 and Tb@1 were systematically characterized by PXRD, TGA, DSC, IR, SEM 
and EDX analysis.  Dehydrated Tb@1 [Tb@1ʹ] shows high intense visible green emission on 
the exposure of UV light.  The green emission of Tb@1ʹ were used for the detection of nitro 
explosives, such as 2,4,6-trinitrophenol (TNP), 1,3-dinitro benzene (DNB), 2,4-dinitro toluene 
(DNT), nitro benzene (NB), 4-nitro toluene (NT) in acetonitrile.  The results show that the 
emission intensity of dehydrated Tb@1ʹ can be quenched by all the nitro analytes used in the 
present work.  Remarkably, Tb@1ʹ exhibit high efficiency for TNP, DNB and DNT detections 
with KSV [KSV = quenching constant based on linear Stern-Volmer plot] values of 70920, 
44000 and 35430 M-1, respectively, which are highest value amongst known metal-organic 
materials. Using this material submicromolar level (≡ 0.18 ppm) detection of nitro explosives 
has been achieved.        
 

Introduction 

The increased use of explosive materials in terrorism demands the 
development of simple, inexpensive and rapid detection methods for 
trace explosive materials in the field of homeland security, forensic 
applications and environmental implications.1  Nitro aromatics such 
as 2,4,6-trinitrophenol (TNP), 2,4,6-trinitro toluene (TNT), 2,4,6-
trinitro benzene (TNB), 2,4-dinitro toluene (DNT), 1,3-dinitro 
benzene (DNB) are common ingredients of explosives.2 DNT and 
DNB are inevitable byproduct in the manufacturing process of TNT 
and TNB, respectively.  Therefore, the detection of TNT and TNB 
explosives is often achieved by detection of DNT and DNB.  TNP, 
on the other hand, is a powerful explosive and its explosive nature is 
even stronger that TNT.3  TNP also cause unpleasant effects on 
human heath such as irritant to skin/eye and damage of respiratory 
system.4  Therefore, the detection of such nitro aromatics is of high 
significance for explosive detections.  Well trained canines or 
sophisticated instruments are currently used for the explosive 
detection though these are expensive and complex methods and have 
portability issues during in-field use.5  Optical detections is gaining 
increasing attention due to its high simplicity, sensitivity and quick 
response time.6  Recently luminescent metal-organic framework 
compounds, specially Zn and Cd based, have been emerged as new 
kind of materials for the detection of nitro explosive using the ligand 
centered luminescence.7  The major disadvantage of ligand centered 
luminescence detectors are the small stokes shifts, which prevent to 
detect in naked eye as the differences of colour between emission 
and excitation light are very small.  The lanthanides based metal-
organic materials, especially Eu3+ and Tb3+, opened up another 

direction of explosive detection research based on their emission 
with large stokes shifts.8  Metal-organic materials of these 
lanthanides ions generally shows unique luminescent through 
antenna effect where organic ligands function as sensitizer.9  In this 
process, the organic ligands is excited to the singlet state, from 
which part of the energy is transferred to the triplet state through 
inter system crossing.  The excited state transfer the energy to the 
metal centers, resulting a metal centered luminescence.  Although 
few pure lanthanides based metal organic materials have been 
demonstrated for the detection of nitro explosives,10 the easy naked 
eye detection is still an unexplored area as the pure lanthanide based 
metal-organic materials suffered from the self quenching.   

Submicron/nano sized metal-organic materials has attracted 
considerable attentions, because these smaller materials 
possess superior properties and practical applicability’s 
compared to their bulk counterparts in solubility, 
homogeneous disperse ability and  adsorption kinetics.11  
Based on the above considerations, we chose a flexible 
aromatic dicarboxylate ligand, 1,4-phenylene diacetate (PDA), 
along with yttrium ions (Y3+) for the construction of 
submicron sized host metal-organic material, 
[Y2(PDA)3(H2O)1].2H2O  (PDA = 1,4-Phenylenediacetate), 1 
and doping of 10% terbium ions (Tb3+), in place of Y3+, 
formed the desired phosphor material, Tb@1.  The dehydrated 
Tb@1 [Tb@1ʹ] shows high intense visible green emission on 
the exposure of UV light.  The luminescence of Tb@1ʹ in 
acetonitrile show high sensitivity and quick visual detection 
ability toward the presence of trace amount of 2,4,6-
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trinitrophenol (TNP), 1,3-dinitro benzene (DNB), 2,4-dinitro 
toluene (DNT) with respect of the luminescence quenching. It 
shows high sensitivity even in very low concentration region 
towards the detections of TNP, DNB and DNT with KSV 
(quenching constant) values 70920, 44000 and 35430 M-1, 
respectively, which are amongst highest value known for 
metal-organic materials. Large value of KSV in presence of 
such low concentration of nitro explosives is a clear indication 
of strong molecular level interaction between sensor and 
analytes which ensures close proximity of sensor-analyte pair. 
This criterion makes our material more promising towards 
specific detection of nitro explosives in the submicromolar 
region.       

  This is the first observation, to our knowledge, where 
doping of lanthanide ion as activator in metal-organic material is 
used for the detection of nitro explosives and highest quenching 
constants for liquid phase detections of three explosive nitro 
compounds TNP, DNB and DNT is observed.  In this article, we 
present the synthesis, structure and sensing behaviour of 1 and 
Tb@1. 

Experimental Section 

Materials 
 
The chemicals needed for the synthesis of the metal-organic 
compounds, Y(NO3)3.6H2O (Sigma-Aldrich, 99.9%), 
Tb(NO3)3.5H2O (Sigma-Aldrich, 99.9%), 1,4-Phenylenediacetic 
acid, (Alfa Aesar, 97%), Ethanol (Merck, 99.9) were used as 
received.  The chemical used for the detection experiments, 
acetonitrile (99.8%), 2,4,6-trinitrophenol (TNP) (98%), 1,3-
dinitrobenzene (DNB) (97%), 2,4-dinitrotoluene (DNT) (97%), 
nitobenzene (NB) (99%),   4-nitrotoluene (NT) (99%) and 
benzene(B) (99%), were used as received from Sigma-Aldrich 
without further purification.  The water used was double distilled 
and filtered through a Millipore membrane. 

Synthesis and initial characterizations  
   
A reaction mixture of Y(NO3)3.6H2O (0.383 g, 1 mM) and 1,4-
Phenylenediacetic acid (0.3001 g, 1.5 mM) along with 0.2 ml water 
and 0.05 ml ethanol was ground thoroughly in a mortar for one hour.  
The resulted colourless gel like product was heated at 180°C for 10 
min.  Light yellow coloured crystalline 1 were collected (yield ≈ 
90%) after washing with sufficient quantity of water and diethyl 
ether.  Similar procedure has also been used for the synthesis of the 
Tb3+ doped compound (Tb@1) by replacing 10%  of Y3+ salt with 
Tb3+ salt.  The products were analyzed by Powder X-ray diffraction 
(XRD) in the 2θ range 5-50° using Cu Kα radiation (Rigaku, 
MiniFlex II).   Single crystals of 1 were synthesized using 
solvothermal method.  For this, a mixture of  Y(NO3)3.6H2O (0.383 
g, 1 mM), 1,4-Phenylenediacetic acid (0.2001 g, 1 mM), 8 ml water 
and 2 ml ethanol was reacted in a PTFE-lined acid digestion vessel 
(23 mL) at 180 ºC for 6 hours. Light yellow coloured brick shaped 
crystals of 1 were collected (yield ≈ 70%) after washing with 
sufficient quantity of water.  The starting pH value and the pH value 
after the reaction were 1 and 3, repectively.   Elemental analysis for 
1 Calcd: C 44.55, H 3.71.  Found: C 44.37, H 3.8; For Tb@1 Calcd: 
C 43.79, H 3.64. Found: C 43.67, H 3.71 (values given in 
percentage). The powder XRD patterns of 1 and Tb@1 being 
entirely consistent with the simulated XRD pattern generated based 
on the structures determined using the single-crystal XRD of bulk 1 
(see ESI, Fig. S1) 

Instrumentations 

The IR spectrum were recorded on a KBr pellet (Perkin-Elmer, 
SPECTRUM 1000).  The thermogravimetric analysis (TGA) of 1 
was carried out (Perkin-Elmer Diamond) in nitrogen atmosphere 
(flow rate) 20 mL/min) in the temperature range RT-900 °C (heating 
rate 10 °C/min).  The differential scanning calorimetric (DSC) 
measurement of 1 were also performed in the temperature range of 
25 -500 °C (heating rate = 10 °C/min) (TA Instrument, Q2000).  The 
morphologies and the sizes of 1 and Tb@1 synthesized though 
grinding methods were investigated using scanning electron 
microscope (QUANTA FEG250, FEI).  The ratio of Tb and Y of 
Tb@1 were determined using EDX analysis (EDAX, QUANTA 
200). 

Single crystal X-ray diffractions 

A suitable single crystal was carefully selected under a polarizing 
microscope and glued carefully to a thin glass fiber.  The single 
crystal data of 1 were collected on a Bruker AXS smart Apex CCD 
diffractometer at 293(2) K.  The X-ray generator was operated at 50 
kV and 35 mA using Mo Kα (λ = 0.71073 Å) radiation.  Data were 
collected with ω scan width of 0.3º.  A total of 606 frames were 
collected in three different setting of φ (0, 90, 180º) keeping the 
sample-to-detector distance fixed at 6.03 cm and the detector 
position (2θ) fixed at -25º.  The data were reduced using 
SAINTPLUS,12 and an empirical absorption correction was applied 
using the SADABS program.13  The structure was solved and refined 
using SHELXL9714 present in the WinGx suit of programs (Version 
1.63.04a).15  All the hydrogen atoms of the carboxylic acids were 
initially located in the difference Fourier maps, and for the final 
refinement, the hydrogen atoms were placed in geometrically ideal 
positions and held in the riding mode.  Final refinement included 
atomic positions for all the atoms, anisotropic thermal parameters for 
all the non-hydrogen atoms, and isotropic thermal parameters for all 
the hydrogen atoms.  Full-matrix least-squares refinement against 
│F2│ was carried out using the WinGx package of programs.15   
Details of the structure solution and final refinements is given in 
Table S1 (see ESI).  CCDC: 1014825 contain the crystallographic 
data for this paper.  These data can be obtained free of charge from 
The Cambridge Crystallographic Data Center (CCDC) via 
www.ccdc.cam.ac.uk/data_request/cif.  

Pholtoluminescent based detection measurements 

The photoluminescence properties of Tb@1ʹ dispersed in 
acetonitrile were investigated at room temperature. The dispersions 
were prepared by introducing 2 mg of Tb@1ʹ into 2.00 mL solvent 
and ultrasonic agitation for 1 hour and diluted to 10 mL before 
measuring the spectra.   Photoluminescent spectra were measured 
using a PerkinElmer LS-55 spectrofluorometer.  The analytes were 
added into the dispersion using micro pipette.  UV-Vis spectra of 
analytes in acetonitrile solvent were studied using Shimadzu UV 
3101PC spectrophotometer. 

Computational tools 

The Gaussian 03 was used to carry out time dependent DFT 
calculations for the determination of optical gaps of the ligand and 
analytes using 6-311+g(d,p) basis sets.16 

Results and Discussion  

Structure and morphology  
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The single crystal X-ray diffraction studies reveal that the 
asymmetric unit of 1 consists of two Y3+ ions, two full PDA, 
two half PDA, one coordinated water and two extra framework 
water molecules (see ESI, Fig. S2).  The metal ion, Y(1), is 
surrounded by eight oxygen atoms of PDA and has a distorted a 
dodecahedron geometry.  The metal ion, Y(2), is coordinated 
by eight oxygen atoms of PDA and one water molecule and has 
a distorted tricapped trigonal prismatic environment. The Y-O 
bonds have distances in the range of 2.242(3)-2.693(3) Å and 
the O-Y-O bond angles are in the range of 50.35(8)-
165.42(10)°.  The selected bond distances and angles for 1 are 
listed in Table S2 and S3, respective, in ESI.  The Y(1) and Y 
(2) ions  are bridged by carboxylato groups of PDA resulting in 
one-dimensional zigzag chains parallel to the c axis (see ESI, 
Fig. S3).  The one-dimensional chains are connected with the 
PDA units to form three dimensional structures with one 
dimensional channels (ca. 9.45 × 19.64 Å2 without water 
molecules) (Figure 1).  The guest water molecules occupy the 
channels and the coordinated water molecules pointed towards 
the channels. The channels are lined with the π-electron rich 
benzene moiety of PDA, where the benzene rings are in both 
parallel and perpendicular to the channel wall. The similar 
structures were reported earlier based on pure lanthanide 
elements.17 
 

Fig. 1. View of three-dimensional connectivity between Y-polyhedra and 
PDA ligands in [Y2(PDA)3(H2O)1].2H2O  (PDA = 1,4-Phenylenediacetate), 1 

The sizes and the morphologies of 1 and Tb@1 were studied using 
scanning electron microscopy (SEM) (see ESI, Fig. S4).     Powder 
grains of both the compounds are brick shaped with submicron size 
(Figure 2).   

Fig. 2. SEM image of submicron sized crystal of Tb@1  

These sizes have a significant impact on the homogeneous disperse 
ability on acetonitrile. The EDX analysis on several crystal of Tb@1 
shows the presence of Y and Tb with molar ratio of ~9:1 (see ESI, 
Fig. S5).  

Thermal Properties 
  
TGA show that 1 releases water molecules (both coordinated 
and extra-framework) upto 150 °C and the water free material 
could be obtained by direct heating of 1 at 200 °C for 2 h and 
retains the identical framework structure of 1, which is 
confirmed by TGA (see ESI, Fig. S6) and PXRD (see ESI, Fig. 
S7).  The DSC data show two endothermic peaks centered at 
145 °C and 457 °C corresponding to removal of water 
molecules and decomposition of organic ligands, respectively 
(see ESI, Fig. S8). 
 
Nitro-explosive detections 
        
The guest free Tb@1 (Tb@1') when dispersed in acetonitrile 
exhibited strong emission in visible region upon excitation at 
225 nm. The emission in higher energy (< 400 nm), generally 
observed due to π*→n and π*→π transitions of aromatic 
dicarboxylates, are excluded by using appropriate cut-off (see 
ESI, Fig. S9).  The emission bands observed at 486, 541, 583 
and 618 nm can be assigned to the 5D4→

7F6, 
5D4→

7F5, 
5D4→

7F4 and 5D4→
7F3 transitions, respectively, based on PDA 

sensitized Tb3+ centered emission.9b,9c  To explore the ability of 
Tb@1' to sense a trace amount of nitro explosives, 
luminescence quenching titrations were performed with 
incremental addition of analytes to Tb@1' dispersed in 
acetonitrile.  Figure 3A shows changes in the luminescence 
intensity with the increasing addition of TNP (upto 100 µM).  
The visible bright green emission of Tb@1' on UV exposure 
vanished upon the addition of the TNP, which quenched nearly 
96% of the initial luminescence intensity (based on the 
5D4→

7F5 emission). To determine the detection limit, the 
titration has been performed using ultra low concentration of 
TNP.  As can be seen from figure 3B, the luminescence 
quenching can be clearly detected at as low as 0.8 µM 
concentration which is equivalent to 0.18 ppm of TNP in 
acetonitrile.    
Luminescence quenching titrations were also performed with 
other nitro aromatics such as 1,3-dinitro benzene (DNB), 2,4-
dinitro toluene (DNT), nitro benzene (NB), 4-nitro toluene 
(NT) and non-nitro benzene (B) (see ESI, Fig.S10 – S14).  
Among these, DNT and DNB show similar and comparable 
luminescence quenching with TNP.  With the incremental 
addition of DNT and DNB (100 µM) show nearly 89% and 
92% quenching, respectively.  NB and NT also shows small 
amount of quenching (NB>NT) whereas no quenching effect is 
observed in the case of benzene (B) (Figure 4).  Similar 
luminescence quenching titrations with toluene and phenol also 
show negligible quenching behaviour (see ESI, Fig. S15 & 
S16) 
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Fig. 3.  (A) Emission spectra of Tb@1' dispersed in acetonitrile upon incremental addition of TNP solution ( lex = 225 nm). Final concentration of TNP in the 
medium is indicated in the legend. Black dashed curve is the excitation spectra Tb@1' in absence of TNP.  Inset: a photograph showing the original 
luminescence of Tb@1' sample and the quenched one in presence of 100 mM TNP. (B) Luminescence quenching vs concentration of TNP plot (based on 
5D4→7F5 emission at 541 nm) indicating the detection limit. (where I0 = luminescence intensity in absence of analyte, I = luminescence intensity with 
incremental addition of TNP).  
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Fig.4. Plot of fraction of luminescence intensity of Tb@1' (at 541 nm) vs 
concentration of analytes. I0 and I are luminescence intensity in absence and 
presence of analyte, respectively. 

 
To understand the sensitivity, the Stern-Volmer plots were used to 
calculate the quenching constants of the analytes (Fig. 5) using the 
SV equation (I0/I) = KSV[A] + 1, where I0 and I are the luminescence 
intensities before and after the addition of the analyte, [Q] is the 
molar concentration of the analyte and KSV is the quenching 
constant. As shown in fig. 5A, at low concentration (upto 20 µM) of 
all nitro analytes a linear increase in (I0/I) was observed.  With the 
increasing of concentration SV plot diverged from linearity and 
began to bend upwards in the case of TNP, DNT and DNB (Fig. 
5B).   The linear variation at lower concentration are mainly due to 
static quenching, whereas the steep curves at higher concentration 
are presumably due to dynamic quenching.  The static quenching can 
be accredited due to the ground state interaction between the 
analytes and the Tb@1'.  The dynamic quenching are mainly due to 
the energy and electron transfer processes between the analytes and 
the Tb@1'. Apart from these mechanisms, absorption of excitation 
light by the analyte itself may also contribute to the quenching 
effect. Fitting of linear part of plots allows determination of the 
quenching constants (Ksv) to be 70920 M-1 for TNP, 44000 M-1 for 
DNB, 35430 M-1 for DNT, 7690 M-1 for NB and 3880 M-1.  The 
larger observed Ksv values revealed extremely high sensitivity, 
which made Tb@1' one of the best sensitive luminescence based 
metal-organic detector for TNP, DNB and DNT. 
 
The homogeneous dispersible nature of the submicron sized metal-
organic materials has enabled a close contact between the Tb@1' 
and the analytes.  In addition to this, the sufficient large one-
dimensional channels of Tb@1' can permit easy diffusion of single 
six member ring based aromatic analytes in the electron rich 
framework. This enables proximity and molecular interaction 
between Tb@1' and analytes which result significant amount of 
static quenching. Apart from static quenching, the mechanism of the 
ligand sensitized metal centered luminescence quenching of Tb@1' 
in presence of analytes is primarily due to the reduction of amount of 
excitation energy required to sensitize the Tb3+ activators.  The 
excitation energy losses are attributed to the two possible 

mechanisms: (i) Absorption of the excitation energy by the analytes 
by competing with the PDA ligand, and (ii) Part of excitation energy 
used for the transfer of electron from the ligand excited state to the 
LUMO of the analytes.  The schematic of the important 
energy/electron transfer processes are shown in Figure 6.  The 
absorption spectra of the analytes in acetonitrile are informative to 
rationalize the observed luminescence quenching (see ESI, Fig. 
S17).  TNP, DNB and DNT have similar absorption bands (~240 
nm) which are closed to the excitation wavelength (225 nm) used for 
the emission studies. 

 
 
 
 

 
 
 

Fig.5. (A) Plot of I0/I  of  Tb@1' (at 541 nm)  vs concentration of  analytes 
in lower concentration range of analytes (upto 20 µM).  I0 and I are 
luminescence intensity in absence and  presence  of  analyte,  respectively. 
(B) Stern-Volmer plots of analytes in higher concentration range of analytes 
(upto 100 µM) .   
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Fig.6. Schematic of various energy/electron transfer processes in absence of analyte (upper panel) and in presence of analyte (lower panel): 1. UV light excite 
ligand centre; 2. Ligand based luminescence; 3. Energy transfer from ligand to Tb3+ ions; 4. Emission from Tb3+ ions; 5. Energy transfer from ligand to 
analyte; 6.  Electron transfer from ligand to analytes; 7. Absorption of UV light by the analyte; 8. Analyte based luminescence. Presence of analyte absorbs a 
part of hu as well as reduce (due to 5 and 6) the flow of energy from ligand centre to the metal centre, resulting large quenching of lumnisence.   

This indicates the possibility of absorption of the excitation light by 
the analyte as well as the possibility of electron transfer from the 
excited ligand site to the slightly lower excited state of analyte 
(Figure 6). In addition to the band at ~240 nm, TNP has another 
absorption band centred at 350 nm which is overlapped to a good 
extent with the ligand centered emission (see ESI, Fig. S18).  This 
overlap indicates the possibility of resonance energy transfer from 
the ligand site to TNP.  In case of NB and NT, the absorption bands 
are longer in wavelength (peaks at 260 nm for NB and 275 nm for 
NT). This suggest that, both the processes (absorption and electron 
transfer) in these cases are not so favourable compared to the above 
three nitro aromatics. Benzene, on the other hand, does not have any 
absorption bands at longer wavelength than 225 nm resulting non 
quenching process.  For static quenching as well as electron transfer 
and energy transfer processes (ligands to analytes), close proximity 
of the detector and the analyte is the prerequisites. Close proximity 
indicates the molecular level interaction between the ligand moiety 
and the analytes.  FTIR studies of the TNP soaked Tb@1' indicate 
the interaction between the ligand and the TNP (see ESI, Fig. S19).    

   To rationalize the experimental data, the optical gap of the 
optimized conjugated ligand moiety of the metal-organic materials 
and the analytes are calculated by time dependent density functional 
theory with basis set 6-311+g(d,p) using Gaussian 03 (see ESI, 
Table S4).16  All the calculations are done on the optimised structure 
in gas phase.  The calculated optical gap of the ligand moiety is 

nearly 5.76 eV, which is slightly more than the experimental value 
(excitation energy).  This small change is due the metal bonding and 
solvent effect which have not been included in the calculation.  All 
five nitro aromatics have possible optical transitions nearer to the 
excitation energy (225 nm) and at the higher wavelength region (ca. 
265 nm for TNP).  Benzene, on the other hand, does not have any 
optical transition at higher than 200 nm wavelength which supported 
the non quenching behaviour. These indicate that the gas phase 
calculation agrees our experimental data keeping in mind the effects 
of solvent and other factors arise in the condensed phase. 

It is also significant to compare the quenching efficiency of Tb@1' 
with other state-of-art metal-organic materials discovered for the 
detection of nitro explosives in liquid phase.  Ghosh and co-workers 
investigated the selective detection of TNP in liquid phase using two 
important metal-organic materials.  It was shown that the 
luminescence of [Cd(ndc)0.5(pca)].xG (G = guest molecules, pca = 4-
pyridinecarboxylic acid)7i was quenched by TNP in acetonitrile with 
KSV value of 35000 M-1 and Zr6O4(OH)4(L)6 (L = 2-phenylpyridine-
5,4'-dicarboxylate)3a detect TNP in aqueous phase with KSV value of 
29000 M-1.  Zhou et al. reported detection of 2,4-DNT with KSV 
value of 1310 M-1 using a Eu based MOF,  
Eu3(MFDA)4(NO3)(DMF)3 (MFDA = 9,9-dimethylfluorene-2,7-
dicarboxylate) in DMF.10b  Qian et el. have reported Fe3O4@Tb-
BTC magnetic metal–organic nanospheres for the detection of nitro-
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explosive in ethanol with KSV values of 25600 M-1 for 2,4-DNT and 
18390 M-1 for TNP.10a  

It is also appealing to compare with the conjugated organic 
molecules and polymers material reported in recent years for liquid 
phase detections of nitro explosive.  Mukherjee and co-workers 
reported recently detection of TNP using electron rich 
supramolecular polymers of pyrene-based polycarboxylic acids 
along with their corresponding discrete esters in chloroform/DMSO.  
They have used six different but related compounds and the highest 
KSV value obtained in this study is 37824 M-1.18  They have also 
reported detection TNP using two different anthracene-
functionalized tris-imidazolium salts in chloroform and the observed 
KSV values are 38000 and 33000 M-1.19  Patil and co-workers 
reported detection of TNP using π-conjugated fluoranthene 
derivative with KSV values 99000 M-1 for TNP and 860 M-1 for DNT 
ethanol.20 An amine-functionalized mesoporous silica nanoparticles 
containing-poly(phenylenevinylene) (PPV@MSN-NH2) was shown 
to detect DNT in ethanol with KSV value of 15500 M-1 through 
fluorescence resonance energy transfer (FRET).21  The above 
comparison indicate Tb@1 is superior than all the metal-organic 
materials reported for the detection of TNP, DNB and DNT in liquid 
phase with respect of their quenching efficiency and it is also 
comparable to conjugated organic molecules and polymers.   

Conclusions 

In conclusion, a luminescent submicron sized metal-organic material 
demonstrates high sensitive detection of TNP, DNB and DNT in 
acetonitrile through the quenching of organic ligand (PDA) 
sensitized Tb3+ centered luminescence.  Experimental and theoretical 
calculation explained that static quenching as well as the excitation 
energy absorption and electron transfers are the mechanisms for the 
reduction of luminescence intensity in presence of nitro aromatics.  
In case of TNP, additionally, the resonance energy transfer 
mechanism plays a significant role. Possibility of several quenching 
mechanisms makes our material more sensitive towards nitro 
explosives. The importance of present work for liquid phase 
detection of nitro explosive is many folds.  

(1) Present work, for the first time demonstrates the potential 
of the use of f-electron based activator supported by non f-
based [Y] metal-organic host for detection of nitro 
explosives where the self quenching, generally observed 
for pure Tb and Eu based compounds, is minimised.    

(2) The large stokes shift [225 to 541 nm] make this materials 
an easy naked eye detector using UV light.  Large number 
of reported explosive detectors are based on blue emission 
where it is very difficult to distinguish the bluish excitation 
light (UV) and the emission light through naked eye.    

(3) The close interaction between the analytes and the 
materials in solution phase has been achieved due to 
submicron sizes of the material.  The close contact 
between the analyte and the detector is important for 
luminescence based detection.  Generally solution phase or 
solvothermally synthesized metal-organic materials 
suffered from their large sizes to become an efficient 
detector.    
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