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Abstract  
The nitrophenol derivatives have multiple biological effects and their 

behaviour in environment is of interest. The fluorescence quenching property can be 
taken into consideration to understand dinitrophenyl ether toxicity. This study employs 
fluorescence spectroscopy to characterize the interaction of a model compound for 
dinitrophenyl ethers, namely 1-allyoxy-2,4-dinitrobenzene with two fluorophores, 
tryptophan and 4,4'-diaminostilbene. The results show that 1-allyoxy-2,4-
dinitrobenzene quenches the fluorescence of both compounds.  The Stern-Volmer plots 
evidence deviations from linearity and this fact reveals that in both cases static 
quenching occurs. Quenching of tryptophan fluorescence was studied to some detail 
and the results suggest that the basis of the static quenching is a bond formation 
between the fluorophore and the quencher. In the case of 4,4′-diaminostilbene, 1-
allyoxy-2,4-dinitrobenzene acts as a moderate quenching agent. 
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Introduction 

 
Dinitrophenol derivatives have received a great deal of attention along the time both 

from the point of view of their applications and impact on the environment. The manufacture 
of explosives, pesticides, azo dyes, wood preservatives, plasticizers and pharmaceuticals 
requires large amounts of nitrophenolic compounds. The use of dinitrophenol derivatives in 
agriculture as insecticides, fungicides, herbicides and acaricides or in medicine and biology as 
metabolic inhibitors is based on their biological activity. A variety of pesticides such as 
DINOSEB, DINOCAP, DINOBUTON, DINOTERB, DNOC etc., contain a 2,4-
dinitrophenolic moiety in their structure [1,2]. Despite the valuable contributions associated 
with the use of nitroaromatic compounds, many of these biologically active chemicals 
represent a potential hazard to humans and to nature. Studies on some 2,4-dinitrophenyl 
ethers (2,4-dinitrophenetole, dinitroanisole, and 3-(2,4-dinitrophenoxy)-propane-1,2-diol) 
revealed that biological effect of these compounds is effective even at very low 
concentrations. Part of their toxicity seems to be related to the radical formation, whereas the 
low solubility of dinitrophenyl ethers in biological media could hinder it. Moreover, the 
dinitrophenyl ethers as well as other uncoupling agents are characterized by a significant 
absorbance in near infrared in the wavenumber region around 6000 cm–1, corresponding to an 
energy quantum similar to that of ATP molecule. Thus, the toxic effect seems to be less 
affected by free hydroxyl group generated by hydrolysis and it can be associated with the 
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toxicity of dinitrophenyl ethers is still little understood, whereas the investigation of the 
effects of dinitrophenyl ethers on environment seems to be of paramount importance. Some 
experiments revealed that these compounds may act as ethers or phenols, but the binding to 
other compounds, such as albumin may complicate their mechanism of activity.  

The fluorescence quenching property can be taken into consideration to understand 
dinitrophenyl ether toxicity. Fluorescence quenching is a process which decreases the 
intensity of the fluorescence emission as a result of the molecular interactions that can lead to 
energy transfer, molecular rearrangements, ground-state complex and exciplex formation, 
excited-state reactions etc. It is well known that the nitroaromatic compounds are non- or 
weakly fluorescent [4]. In the fluorescence studies nitroaromatic derivatives can be used as 
active compounds, if a fluorophore unit is incorporated to their molecules, but especially as 
fluorescence quenchers [1c,5]. The studies related to fluorescence quenching provide 
information about the structure and dynamics of fluorophores and thus they have been of 
importance in physical, chemical, biological and medical sciences. Stern-Volmer plot is 
useful for characterization of quenching process. The fluorescence quenching is a significant 
method of nitroaromatic compound detection due to the sensitive and cost effective nature [6]. 
The nitroaromatics are shown to reduce the natural fluorescence, being potent quenchers of 
pyrene, dansyl, porphyrin complexes, poly[1-phenyl-2-(4-trimethylsilylphenyl)ethyne], 
albumin, curcumin, polyacetylenes, poly(p-phenylenevinylenes), etc [7].  The electron-
deficient nitroaromatic compounds are used as adequate fluorescence quencher agents for 
trans-stilbene and related molecules in both dynamic and static processes [8].  

Among many fluorescent compounds, tryptophan, an essential amino acid, has gained 
a great importance due to its ability to keep its fluorescence when is coupled to other 
compounds and to lose this property in the presence of quenchers [9]. Tryptophan and its 
derivatives are undoubtedly the most important source of emission in proteins. Tryptophan 
fluorescence wavelength is widely used as a tool to monitor changes in protein folding, and 
protein−protein or protein−peptide interactions and as a probe of the local environment within 
a protein [10]. The 4,4′-diaminostilbene is known especially as a key unit in the structure of 
many dyes, organic UV-absorbents or fluorescent whitening agents. Studies on the 
fluorescence and direct trans-cis photoisomerization of 4,4′-diaminostilbene are reported in 
the literature [11].  

The present study deals with the synthesis of 1-allyoxy-2,4-dinitrobenzene (DNAE) 
and the investigation of its fluorescence quenching ability. It is expected that allyl ether of 
2,4-dinitrophenol, 1-allyoxy-2,4-dinitrobenzene to be a fluorescence quencher. The 
experiments were performed on tryptophan and 4,4′-diaminostilbene as the fluorophore and 
the results are presented herein. 

To our knowledge, this is the first prospective fluorescence study on 1-allyoxy-2,4-
dinitrobenzene in environment of tryptophan and  4,4′-diaminostilbene. As a matter of fact 
only a few reports related to this compound are presented in the literature [12]. The study 
could be integrated in the series of experiments which examine the behavior of dinitrophenol 
derivatives, known for their toxicity in the environment. In this sense 1-allyoxy-2,4-
dinitrobenzene can constitute a model compound. 
 
Experimental 
 

Materials. 1-Chloro-2,4-dinitrobenzene, 4,4′-diaminostilbene (DAS), allyl alcohol and 
solvents (spectrochemical grade) were obtained from Aldrich. L-Tryptophan (Trp) was 
supplied from Sigma. All compounds were used as purchased. Stock solutions (1.0 × 10-3 mol 
L-1) of the quencher, DNAE were prepared by dissolving the appropriate amount of 
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compound in 10 mL of solvent. Tryptophan, 1-allyoxy-2,4-dinitrobenzene and 4,4′-
diaminostilbene solutions were prepared in methanol (MeOH) and dimethyl sulfoxide 
(DMSO) at absorbance below 0.3 at the absorption band maximum for fluorescence 
measurements.  

Measurements. The identification of DNAE was carried out by measurements of 
infrared absorption spectra taken on BRUKER VERTEX 70 spectrometer, over the range 
4000–400 cm-1 and elemental analysis. Electronic absorption spectra were measured on an 
Analytic Jena SPECORD200 spectrophotometer equipped with 10 mm quartz cells. 
Fluorescence spectra were recorded using a Perkin Elmer LS55 luminescence spectrometer. 
The excitation wavelength was set in the absorption band maxima of the samples. All 
measurements were performed at room temperature. Trp and DAS in DMSO solutions in 
teflon-stoppered 10 mm path length quartz cells, with varying concentrations of 
nitrocompound, were excited at 284 nm and 360 nm, respectively. Emission band intensity at 
353 nm or 413.5 nm, respectively were taken for calculation of quenching kinetics. For 
temperature-dependent studies an adequate cell holder and a thermostat bath were utilized. 

Synthesis of 1-allyoxy-2,4-dinitrobenzene (DNAE). In a round-bottom flask was placed 
K2CO3 (0.025 mol), allyl alcohol (0.05 mol) and DMSO (30 mL). Then, under stirring 1-
chloro-2,4-dinitrobenzene (0.025 mol) was added and the mixture was maintained for 12 h at 
80 oC under a nitrogen atmosphere. After cooling, the reaction mixture was filtered and the 
organic layer was concentrated under reduced pressure. The residue was purified by 
crystallization from ethyl ether. The product was obtained in a 65% yield as yellow-red 
needles crystals with m. p. 44-45 oC; FT-IR (KBr): 1640 cm-1, 994 cm-1 (CH=CH2), 1545 cm-

1 (NO2 asymmetric) and 1335 cm-1 (NO2 symmetric). %N Calc/found=35.68/35.74. 
   
Results and discussion 
  

DMSO, a highly polar, aprotic and chemically stable compound is a versatile and 
powerful solvent for many organic and inorganic compounds. The mixture of solid 
K2CO3/dimethyl sulfoxide was chosen for the synthesis of DNAE because it is known that it 
is useful for the nucleophilic displacement reactions, without any side reactions [13].  

The compound thus obtained contains a dinitrophenyl moiety which is expected to 
render it able to favor the quenching of fluorophores. In the fluorescence quenching process 
the emission intensity of a sample decreases by different molecular interactions, as namely 
excited state reactions, energy transfer, molecular rearrangements, ground-state complex 
formation or collision quenching. Fluorescence quenching can take place by two different 
mechanisms, static and dynamic, respectively [14]. The fluorescence quenching data were 
analyzed according to Stern-Volmer equation (1): 

 
                         Fo/F =  1  + KSV[Q]  (1) 
 
where: Fo  and  F  is the fluorescence intensity in the absence and presence of quencher, 
respectively,  KSV  is the quenching constant and  [Q] is the quencher concentration. The 
constant Ksv provides a direct measure of the quenching sensitivity. 

Tryptophan in dimethyl sulfoxide (DMSO) solution exhibits a strong emission band at 
about 353 nm (Table 1) when excited at its absorption band maximum (λ = 284 nm). In 
methanol solution this emission band is blue shifted to 349 nm. 
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Table 1. Photophysical and quenching characteristics 

Sample Solvent λmax, (nm) λem, (nm) KSV, (L mol-1)
Trp DMSO 284 353.0 23200 
Trp (40oC) DMSO 284 353.0 21615 
Trp MeOH 280 349.0 22950 
DAS DMSO 360 413.5; 427.0 sh - 
DAS MeOH 340 413.5   4180 

 
The changes in the Trp fluorescence intensity in DMSO solution were measured 

following the addition of varying concentrations of DNAE. The behavior of Trp is illustrated 
by spectra presented in Figure 1.  
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Figure 1. Fluorescence quenching spectra of tryptophan by DNAE (cq = 1.11x10-3 mol L-1)  in DMSO solution 
 

It was noticed that the fluorescence intensity of Trp diminished remarkably in 
response to the addition of nitroaromatic compound, DNAE, along with a red shift of the 
emission wavelength maximum. This indicates that DNAE may interact with Trp and the 
microenvironment around Trp is changed upon adding of DNAE. The quenching efficiency, 
defined as η = (Io – I/ Io) 100 % was estimated to be 90 % in this case. 
              In order to determine the quenching mechanism, the fluorescence quenching was first 
proposed to be a collision quenching process. The linear Stern-Volmer plots are generally 
characteristic for the collision quenching. Figure 2 displays the Stern-Volmer plots of the 
quenching of Trp fluorescence by DNAE.  
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Figure 2. Stern-Volmer plots of tryptopohan fluorescence quenched by DNAE in DMSO and MeOH 
 

The plots are found to be nonlinear in both solvents showing a positive deviation 
(concave towards the Y-axis) from the linearity at higher concentrations of quencher. The KSV 
constants were estimated from the initial linear part of the Stern-Volmer curve for low 
quencher concentrations. The slope of the Stern Volmer plot (KSV) gave an apparent rate 
constant for the fluorescence quenching. The KSV values are given in Table 1. The positive 
deviation from Stern-Volmer plot may be due either to the simultaneous presence of dynamic 
and static quenching when the fluorophore is quenched in excited state by collision or to the 
formation of a ground-state complex with quencher [5b,14a,15].  

The quenching pattern of Trp by DNAE in MeOH is not different in comparison with 
that performed in DMSO. In this case the quenching constant has a value of 22950 L mol-1 
very close to that obtained in DMSO (Table 1). The higher values of the quenching constants 
give an indicative of high efficiency of DNAE as quencher. Dynamic and static quenching 
processes can be distinguished by their different dependence on temperature, excited-state 
lifetimes or evolution of electronic absorption spectra in the presence of quencher [14a,16]. 
Figure 3 shows the Stern Volmer plots at two different temperatures for fluorescence 
quenching of Trp by DNAE in DMSO solution. The calculated quenching constant, KSV, for 
low concentrations of quencher is given in Table 1. The results reveal that the two plots and 
the KSV constants are almost identical. This indicates that the fluorescence quenching may be 
reached through a specific interaction the process being particularly determined by static 
quenching with a complex formation [14a]. 
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Figure 3. Stern-Volmer plots for quenching of tryptophan by DNAE in DMSO at different temperatures 
 
 In many cases of static quenching the absorption spectrum of the chromophore can be 
perturbed in the presence of quencher by the appearance of new absorption bands. In order to 
evaluate the structural changes of Trp by addition of DNAE as quencher, the electronic 
absorption spectra of Trp with different levels of DNAE were measured (Figure  4). It is clear 
that the spectral pattern was modified as a function of DNAE content and the absorption 
bands presented moderate shifts towards longer wavelengths.  
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Figure 4. UV-Vis absorption spectra of tryptophan in the presence of DNAE [c(DNAE)/(10-5 mol L-1): 0.0; 0.66; 
1.53; 2.81; 3.65; 4.88; 6.08; 8.22; 10.09; 15.31; 18.50; 21.48]. 
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The absorption spectra of Trp in DMSO or MeOH solutions showed also a significant 
increase in intensity in the presence of the quencher. An absorption band at 292 nm was 
observed (see Figure 4). This result suggests that the quenching process occurs mainly by a 
static quenching mechanism. However, modified Stern-Volmer equations (double logarithm 
regression curve, Lineweaver-Burk equation or modified Lineweaver-Burk equation) were 
also nonlinear which indicated the complexity of quenching mechanism. 
 The experiments using DNAE as fluorescence quencher were also performed on 4,4’-
diaminostilbene (DAS) in DMSO and MeOH solutions. The spectra that evidenced the 
fluorescence quenching of DAS by DNAE in DMSO solution are showed in Figure 5. It can 
be seen that the Stern-Volmer plots present also a positive deviation from linearity for MeOH 
solutions, and for DMSO they are nonlinear. The corresponding quenching constant, KSV in 
MeOH has a value of 4180 L mol-1 for lower concentrations of DNAE and it is much lower 
than for Trp (Table 1). In this case DNAE acts as a moderate quenching agent. The 
fluorescence quenching is nearly quantitative (95%) for DAS and DNAE is detectable at 
concentrations of 10-6 mol L-1. 
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Figure 5. Effect of DNAE on fluorescence spectra of DAS in DMSO solution (cq = 1.106x10-3 mol L-1). The 
insert shows Stern-Volmer plot for quenchin of DAS by DNAE. 
 
 According to Förster nonradiative resonance energy transfer theory, the rate of energy 
transfer depends on: i) the donor can provides fluorescence; 2) spectral overlap of the donor 
emission spectrum and the acceptor absorption spectrum; 3) distance between the donor and 
the acceptor [14a,14b,17]. Here the donor and acceptor were Trp and DNAE, respectively. As 
shown in Figure 6 there is a spectral overlap of the fluorescence emission spectrum of Trp and 
the electronic absorption spectrum of DNAE.  
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Figure 6. Overlap of the normalized absorption (1) and emission (2) spectra 
 

In this case the distance between the acceptor and donor can be estimated according to 
Förster theory using the following equation (2) that defines the energy transfer efficiency E: 

66
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where: F and Fo denote the fluorescence intensities with and without DNAE, r is the distance 
between acceptor and donor and Ro is the critical distance at which the transfer efficiency is 
50%. Ro

6 can be calculated by the following equation (3): 
JnkxR Φ= −− 42256

0 1079.8   (3) 
where k2 is the spatial orientation factor to the donor and acceptor of dipoles (k2 = 2/3 for 
random orientation as in fluid solution), n is the refractive index of the medium in the 
wavelength range where the spectral overlap is significant, Φ is the emission quantum yield of 
the donor in absence of the acceptor, J is the overlap integral between the emission spectrum 
of donor and the absorbance spectrum of acceptor. J can be given by the equation (4): 
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where:  F(λ) is the fluorescence intensity of the donor in the wavelength range λ  to  λ + Δλ; 
ε(λ) is the molar absorption coefficient of the acceptor at wavelength λ in mol-1 L cm-1. In the 
present case n = 1.479, Φ = 0.13 [14a]. According to above mentioned equations, we could 
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estimate that J = 3.652 cm3 L mol-1, Ro = 1.968 nm and r = 1.363 nm, respectively. Thus the 
average distance between donor fluorophore and acceptor molecule, r is smaller than 7 nm 
[14b,18] indicating that the energy transfer from Trp to DNAE and quenches the Trp 
fluorescence may occur, confirming the static interaction between Trp and DNAE. 
 In order to study the structural change of Trp by adding DNAE as quencher the 
synchronous fluorescence spectra were obtained. The synchronous fluorescence spectra give 
information about the molecular environment in the vicinity of chromophore molecules. 
These spectra can be obtained by scanning the two monochromators simultaneously with a 
fixed difference between emission and excitation wavelength (Δλ). For Δλ = 60 nm 
synchronous fluorescence is characteristic of Trp molecule [19]. The effect of DNAE on Trp 
synchronous fluorescence was shown in Figure 7. 
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Figure 7. Synchronous fluorescence spectra of tryptophan in the presence of DNAE (cq = 1.1x10-3 mol L-1) 
 

It could be seen that the fluorescence intensity of Trp with maximum emission 
wavelength at 286 nm decreased regularly along on adding of quencher suggesting that 
DNAE bonded to Trp and placed in the close proximity of Trp.  

Studies on the amino acids have demonstrated that certain residues are especially 
sensitive to free radical attack. It is known that the decrease in native fluorescence is 
proportional to the free radical flux. And this can be correlated with the fact that the toxicity 
of nitroderivatives seems to be related to the radical formation [20]. Furthermore, a 
bathochromic shift of the emission maximum of Trp was observed that indicates that the 
conformation of Trp was changed, the polarity around Trp was increased and the 
hydrophobicity was decreased [21]. The quenching profile of Trp synchronous fluorescence 
by DNAE is depicted in Figure 8. DNAE was found to lead to 95 % fluorescence quenching.  
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Figure 8. Quenching of tryptophan synchronous fluorescence by DNAE 
 

The conclusion agrees with the results of conformational changes given by the UV-
VIS absorption spectra. 
 
Conclusion 
 

The experiments referred to DNAE quenching of Trp and DAS fluorescence in DMSO 
and MeOH. The Stern-Volmer plots evidenced deviations from linearity that may be due to 
the presence of static quenching. The quenching pattern of Trp by DNAE in MeOH is not 
different from that performed in DMSO. The results indicate that the presence of DNAE may 
lead to changes in the microenvironment around Trp and to interaction with Trp. In the case 
of DAS, DNAE acts as a moderate quenching agent. Further research on the relationship 
between dinitrophenyl ether quenching properties and their toxicity mechanism is needed. 
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