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Abstract 

The electronic absorption and fluorescence emission spectra of N-(2,5-dimethyl-pyrrol-1-yl)-2-

(5-methoxybenzofuran-3-yl)acetamide (DPMA) molecule were recorded in various solvents at 

room temperature with the aim of estimation of ground state (𝜇𝑔) and excited states (𝜇𝑒) dipole 

moments using Lippert’s, Bakshiev’s and Kawski-Chamma-Viallete’s equations. The results 

were signified that, the excited state dipole moment is greater than the ground state dipole 

moment, which indicates the excited state dipole moment is more polar than the ground state 

dipole moment. Ecofriendly green synthesis of silver nanoparticles (Ag NPs) were synthesized 

using catharanthus roseus (C.R) leaf extract was done. These synthesized Ag NPs were used as 
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fluorescence quenchers. Fluorescence lifetime measurement is carried out using time correlated 

single photon counting technique of DPMA molecule with various concentrations of Ag NPs.  A 

linear Stern-Volmer (S-V) plot was obtained in steady state and transient state method. 

Furthermore we have estimated computational calculations such as ground state optimized 

geometry, molecular electrostatic potential (MEP), highest occupied molecular orbital (HOMO), 

lowest unoccupied molecular orbital (LUMO), experimental and theoretical energy band gap, 

solvent polarity and normalized solvent polarity values. Morphology and sizes of green 

synthesized silver NPs were characterized by transmission electron microscopy (TEM) with 

energy dispersive X-ray spectroscopy (EDX) and also characterized by UV-Visible absorption. 

Keywords  DPMA molecule; Solvatochromic shift Method; Dynamic quenching; Stern-Volmer 

Plot; HOMO-LUMO structure; Molecular electrostatic potential 

Introduction 

The N-(2,5-dimethyl-pyrrol-1-yl)-2-(5-methoxybenzofuran-3-yl)acetamide (DPMA) is a 

benzofuran derivatized pyrrole. Benzofuran is a bicyclic oxygenated heterocycle composed of 

fusion of benzene and furan rings. The benzofuran derivatives are commonly found in 

pharmaceuticals. Several studies have shown that benzofuran compounds exhibit significant role 

in biological activities such as anti-microbial, anti-tumor, anti-oxidative, anti-viral, anti-HIV and 

hepatitis C virus inhibitory activities [1-6]. The properties of benzofuran derivative are well 

recognized in electrochemical behavior, thermal stability [7], high fluorescence and quantum 

yields using solvatochromic method [8], electroluminescent material for emitting blue light [9], 

and fluorescent probe to optimize linear and non-linear optical properties [10].
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Pyrrole derivatives are recognized as one of the very important classes of nitrogen 

heterocycles due to diverse chemical, biological and physical properties. The derivatives of 

pyrrole are widely used as intermediates in synthesis of several pharmaceuticals, medicines, 

agrochemicals, dyes, photographic chemicals [11]. Recently, Bulumulla et.al., reviewed the 

synthesis of pyrrole containing semiconducting materials and their applications in organic 

photovoltaics and organic field-effect transistors [12]. The derivatives of pyrrole have been 

explored as photoactive material in optical thermometry and thermography [13], fluorophores 

[14,15], photovoltaics [16], photochromism [17], luminescent and display materials [18], solar 

cells [19,20], semiconductors [21,22], fluorescent probes [23], molecules with NLO properties 

[24], optoelectronic applications due to structural modification of π-acceptors [25], absorption, 

fluorescence, phosphorescence and quantum yields [26], because of their inherent photophysical 

characteristics. These are also used as electric and optical sensor material for pH detection [27], 

optical chemosensor for Cu2+ and sensor for pyrophosphate [28], in electropolymerization [29]. 

The highly fluorescent materials with extended π-conjugation continue to attract much interest 

because of their applications as sensors and biosensors, electroluminescent materials, lasers and 

other optoelectronic devices [30-34].  

Catharanthus roseus (C.R) is originated at the Indian Ocean Island of Madagascar 

country in East Africa.  This plant does not require too much of water and nutrition, which is 

globally found in tropical areas especially in Southern Asia. It has immense ayurvedic medicinal 

values in its roots, leaves, stem and flowers. Whereas antioxidant property found in roots [35], 

antidiabetic [36], antimicrobial [37] and antiplasmodial [38] activities found in leaves. 

This paper reports estimation of ground state and excited state dipole moments of DPMA 

molecule  using solvatochromic shift method, analysis of microscopic solvent polarity ( N

TE ) and 
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fluorescence quenching and fluorescence lifetime of biologically active DPMA molecule using 

Ag NPs by catharanthus roseus (C.R) leaf extract. Herein we are also report the green synthesis 

of Ag NPs and used as fluorescence quenchers. 

Experimental  

Materials and Methods 

The required N-(2,5-dimethyl-pyrrol-1-yl)-2-(5-methoxybenzofuran-3-yl)acetamide 

(DPMA) molecule was prepared as described in our previous work [39]. The molecular structure 

of the DPMA is shown in Fig 1. The AgNO3 and solvents used for the present investigation were 

1,4-dioxane, acetonitrile, butan-2-ol, chloroform, dimethyl formamide (DMF), dimethyl 

sulphoxide (DMSO), ethanol, ethyl acetate, methanol, propane-2-ol, toluene and were  obtained 

from S.D Fine Chemicals Ltd. India, all these solvents were of spectroscopic grade and used 

without further purification. All the measurements were carried out at room temperature keeping 

a DPMA concentration at 6101  M. In order to prepare quencher, we used Ag NPs in 5 mL of 

ethanol solvent. The concentration of solute DPMA is fixed i.e., 4101  M. and varied the Ag 

NPs concentration 0.0 510  M, 0.2 510  M, 0.4 510  M, 0.6 610  M 0.8 610  M and 1.0 610 

M. 

Spectroscopic method  

Absorption and fluorescence spectra were recorded on a UV-Visible spectrophotometer (Hitachi U-

3310, Japan) and fluorescence spectrophotometer (Hitachi F-7000, Japan), respectively at room 

temperature. 
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Computational method 

The complete computational studies are performed using Gaussian 09w software along 

with DFT method and B3LYP/6-311++G (d, p) basis set [40]. Gauss View 5.0 software [41] is 

used to visualization of the molecule. Highest occupied molecular orbital (HOMO) represent 

electron donating ability of the molecule and lowest unoccupied molecular orbital (LUMO) 

represents electron accepting ability of the molecule. MEP map gives the valuable information 

about the shape, size and charge region present in the molecule and also provides the net 

electrostatic effect caused by the total charge distribution. 

Solvatochromic shift method 

By taking into the account of simplest quantum-mechanical second order perturbation 

theory of absorption maxima (
av ) and emission maxima (

fv ) (in wavenumbers), band shifts of 

spherical solute molecule in different solvents of varying dielectric constant ( ) and refractive 

index ( n ) [42]. 

 ),(1 nFSfa  Constant                            (1) 

 (
fa   ) is Stoke shift and ),( nF   is the solvent polarity function, the graph ( fa   ) vs. 

),( nF   will get the S1

Lippert’s polarity function is given by 
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Bakshiev’s Polarity function  ),(1 nF    is given by  



6 

  
















2

1

2

1

2

12
,

2

2

2

2

1
n

n

n

n
nF


 (3)

Kawski-Chamma-Viallete’s polarity function is given by  ),(2 nF   [44]. 
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Here S1, S2 and S3 are the slope values using the Lippert’s (5), Bakshiev’s (6) and Kawski-Chamma-

Viallete’s (7) equations. Where 
g and

e are the ground state and excited state dipole moments, h

is the Planck’s constant, 𝑐 is the velocity of light in vacuum, 𝑎 is the Onsager cavity radius of the 

solute molecule and the value was calculated by atomic increment method by Edward [45] and also 

determined by molinspiration application,  
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Eq. (9) is dividing by Eq. (8)
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Fluorescence quenching 

Fluorescence quenching is the phenomena of decrease in the fluorescence intensity of a 

sample. This includes exited-state reactions, molecular re-arrangements, energy transfer, ground 

state complex formation and collisional quenching [46]. Fluorescence quenching of organic 

molecules in solvents carried out by using different solvents i.e. aniline [47] and carbon 

tetrachloride [48]. In recent years chemically and green synthesized nanoparticles were also used as 

quenchers i.e. TiO2 [49], Ag [50], ZnS [51], ZnO [52][53] NPs.  

The fluorescence emission spectrum of DPMA molecule in ethanol solvent is recorded by 

absorption of maximum wavelength i.e. 293 nm. The fluorescence spectrum of DPMA molecule of 

various concentrations of Ag NPs has been studied. The intensity is decreases with increase in 

concentration of Ag NPs. Furthermore we have studied fluorescence lifetime study by the 

instrument time correlated single photon counting (TCSPC) technique, 1,4-Dioxane and ethanol 

solvents were used in DPMA molecule in presence of various concentration of Ag NPs, 

fluorescence lifetime of the DPMA molecule decreases when increase the concentration of Ag NPs. 

Stern –Volmer Equation 

For steady state  

)9]([1 gK
F

F
SV

O 

For Transient state  
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Where 
OF -Fluorescence intensity of solute without quencher 

F - Fluorescence intensity of solute with quencher 

0 - Fluorescence lifetime of solute without quencher  

 -Fluorescence lifetime of solute with quencher 

         [Ag] – Concentration of Ag NPs. 

Green synthesis method 

Preparation of C.roseus leaves extract solution  

Fresh leaves of C. roseus (C.R) were collected from Karnatak University, Dharwad. The 

C.R leaf extract solution was prepared by using 15 g of C.R leaves, rinsed and washed with 

deionized water. The same amount of C.R leaves cut into small pieces, the chopped C.R leaves 

were mixed with 100 mL of distilled water and heated for 15 minute. The cooled leaf broth 

solution was filtered through Whatman filter paper and stored in ice cubes. 

Green synthesis of Ag Nanoparticles 

Green synthesis of Ag NPs has been carried out based on the literature with some 

modification [54]. The 10 mL of C.R leaves extract solution was added drop-wise to 0.01M of 

AgNO3, which was prepared in 10 mL of distilled water. This mixture was stirred well with the 

help of magnetic stirrer for 5 minutes, color changes from pale yellow to dark brown indicating 

the formation of Ag NPs as shown in Fig 2. This mixture was added in 50 mL of Teflon made 

autoclave which was heated to 160oC for 6 hours, and then cooled to room temperature. After 
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collecting the mixture from autoclave, separation was done by the centrifuging at the rate of 

3000 rpm for 15 minute, the Ag NPs were obtained. 

ET (30) solvent polarity and 𝑬𝑻𝑵 normalized solvent polarity of solvents 

Here ET (30) and ETN were solvent polarity and normalized solvent polarity.ET (30) i.e. 

calculated solvent polarity values were obtained based on the maximum absorption of the DPMA 

molecule dissolved in various solvents using equation (10). 

The solvent polarity ET (30) and normalized solvent polarity (𝐸𝑇𝑁) values are given in Table 3  

ET (30) = ℎ𝑐𝜗𝑚𝑎𝑥 × 𝑁𝐴 = (2.8591× 10−3) 𝜗𝑚𝑎𝑥(𝑐𝑚−1) = 28591/ 𝜆𝑚𝑎𝑥 (nm)  (10) 

ET (30) = 
28591𝜆𝑎𝑚𝑎𝑥(𝑛𝑚)

 (kcal mol-1)    

ETN =
ET (solvent )− ET (TMS)ET (water)− ET (TMS)

 = 
ET (solvent )− 30.763.1−30.7 =

ET (solvent )− 30.732.4    (11) 

ETN values have been defined based on the equation (11) using water and tetramethylsilane 

(TMS) as most polar and least polar, respectively. Therefore ETN  scale ranges from 0.00 for TMS 

to 1.00 for water [55-56]. 

Results and Discussion  

The DPMA was dissolved in various solvents i.e.1,4-dioxane, acetonitrile, chloroform 

butan-2-ol, DMF, DMSO, ethanol, ethyl acetate, methanol, THF, and toluene. The Fig 3 and Fig 4

represents the maximum absorption and maximum emission of wavelengths, respectively, in 

various solvents. These wavelengths were converted into wavenumbers (cm-1), the difference 

between maximum absorption and maximum emission is known as Stoke shift as shown in Table 1. 
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DPMA molecule interacts with various solvents, considering their refractive index ( n ) and 

dielectric constant ( ) which was used in polarity functions ),( nF  , ),,(1 nF  ),(2 nF   of Lippert’s, 

Bakshiev’s and Kawski-Chamma-Viallete’s equations by solvatochromic shift method is shown in 

Table 2. The graphs ),( nF  Vs.( fa   ), ),(1 nF  Vs.( fa   ), ),(2 nF  Vs.(
2

fa  
) and 𝐸𝑇𝑁

Vs.( fa   ) found to be near linear coefficients as shown in Fig 5. The absorbance wavelength of 

a molecule is inferred to 𝜋-𝜋∗ transition experienced with bathochromic shift with increasing 

polarity of the solvent, correlations of Lippert’s, Bakshiev’s and Kawski-Chamma-Viallete’s 

slopes, intercept and correlation coefficient values represent in Table 3. Estimation of ground state 

and excited state dipole moments, were calculated by Lippert’s, Bakshiev’s and Kawski-Chamma-

Viallete’s equations displayed in Table 4. The 𝜆𝑎, ET (30) and ETN  results are summarized in Table 

5. ETN versus 
fa   (cm-1) the graphs shows good correlation coefficient (r) were found to be 

linear. The emission spectra of DPMA molecule in ethanol solvent for different concentration of Ag 

NPs i.e. 0.0 510  M, 0.2 510  M, 0.4 510  M, 0.6 610  M 0.8 610  M and 1.0 610  M. were 

recorded and observed that by adding different concentration of Ag NPs in DPMA molecule, the 

fluorescence intensity decreases with increase in concentration of Ag NPs as shown in Fig 6. This 

conclusion states that fluorescence quenching of DPMA molecule using Ag NPs is purely dynamic. 

The graph 
F

FO Vs [Ag] were plotted steady state method according Stern-Volmer equation (9) is 

found to be linear as shown in Fig 7. Fluorescence lifetime of DPMA molecule of various 

concentration of Ag NPs using Stern –Volmer equation called transient state method i.e. 

 0 Vs. 

[Ag] graphs were plotted using 1,4-dioxane and ethanol solvents as shown in Fig 8. Results were 

found to be good correlation co-efficient and linear. The fluorescence life time decay curves of 
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DPMA molecule using the solvents of 1,4-dioxane and ethanol solvents for  various concentration 

of Ag NPs i.e. 0.0 510  M, 0.2 510  M, 0.4 510  M, 0.6 610  M 0.8 610  M and 1.0 610 

,increase in concentration of Ag NPs, fluorescence lifetime decreases of DPMA molecule, as shown 

in Fig 9.

Optical band gap 

The optical band gap (Eopt) of the DPMA molecule was determined by UV-Visible 

spectrophotometer. The DPMA molecule get energy by the absorption of UV-visible radiation 

and go through transition from lower energy state to the higher energy state. Optical band gap 

corresponds to the long wavelength edge of the excitation absorption band [57]. onset value for

DMSO, ethyl acetate, 1,4-dioxane, butan-2-ol, chloroform solvents is found to be 312 nm and 

experimental optical band gap is 3.97 eV. 

opt

gapE =
onset

1240

UV-Visible spectrum of Ag NPs 

UV-Visible spectrum of Ag NPs recorded in aqueous media, it is observed that silver 

surface plasmon resonance band occurs at 414 nm. as shown in Fig 10 most of researchers have 

reported absorption spectra of Ag NPs between the range 410 nm- 440 nm [58-59]. 

Optimization process 

The optimization process gives the minimum energy confirmation of the structure. The 

title molecule is completely optimized by DFT method with B3LYP along with 6-311++G (d, p) 

basis level. The ground state optimized structure along with dipole moment is shown in Fig 11

and Gauss view optimized structure is presented in Fig 12.  
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Molecular Electrostatic Potential 

Molecular electrostatic potential (MEP) provides the necessary information regarding 

molecular size, shape, importantly positive, negative and neutral electrostatic potential areas are 

expressed in terms of color coding technique. Different values of the electrostatic potential are 

represented by various colors, red represents the most electrostatic negative potential, blue 

represents the region of most positive electrostatic potential and green represents the region of 

zero potential. The potential increases in the order of red < orange < yellow < green < cyan < 

blue [60,61]. Herein the color code lies between -0.02304 a.u (dark red) to 0.0240 a.u (dark blue) 

as shown in Fig 13. In the present molecule, highest electronegative region present around 

oxygen atom in the benzofuran ring. Second highest electronegative region present around the 

oxygen atom lies between the CH3 group and benzofuran ring. The highest electropositive region 

present around the hydrogen atoms present in CH2 group. Second highest electropositive region 

present around hydrogen atom attached to nitrogen atom.     

Frontier molecular orbital studies (FMO)

Energies and distributions of the FMO are very important indicators of the reactivity. 

Highest occupied molecular orbital (HOMO) represent electron donating ability of the molecule 

and Lowest unoccupied molecular orbital (LUMO) represents electron accepting ability of the 

molecule [62].The kinetic stability of the molecule is indicated by HOMO-LUMO energy gap 

[63] and energy gap is obtained by energy difference between HOMO and LUMO. The energies 

of LUMO and HOMO and the related energy gaps are computed using optimized structure of the 

molecule. Fig.14 shows the two dimensional structure of the energy gaps between HOMO and 

LUMO. The energies of HOMO and LUMO are -5.59 and -1.03 eV respectively. The energy gap 
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between HOMO-LUMO is 4.53 eV. The small energy gap obtained represents more 

polarizability and so this chalcone predicted promising NLO properties. The ionization potential 

and chemical hardness and other properties are estimated using Koopman’s theorem [64]. 

Generally large energy gap indicates that, molecule is hard and stable, whereas the small energy 

gap indicate that molecule is soft and reactive. The energy gap of the DPMA is 4.53 eV. Hence 

the molecule is soft and reactive. 

TEM-EDX analysis of Ag nanoparticles 

Morphological nature of the bio-synthesized Ag NPs is studied with Transmission 

electron microscopy (TEM). Here we observed the monodispersed spherical nature of the Ag 

NPs. Due to some bioactive molecule, there is agglomeration between some particles but all are 

in similar size in the range of 20 nm - 40 nm. The average size of synthesized Ag NPs is around 

28 nm. This regularity in particles size is due to the phytoconstituent residual present in the C.R 

leaves, this act as capping agent for the growth of the nanoparticle. The  Fig 15 (a) depicts the 

TEM image of Ag NPs of scale range 100 nm and 20 nm in (b), in (c) showing the selected area 

electron diffraction (SAED). In SAED pattern we observed the bright spots and less intensive 

rings. The bright spots reveal the sharp and crystalline nature of the NPs and the green 

synthesized Ag NPs are very small in size so we did not get the bright rings here, d-spacing 

values are obtained by the help of imageJ application. Further using these values, we can predict 

the h,k,l values by comparing with  reported literature [65-68]. Along with TEM we performed 

the EDX to reconfirm our Ag NPs. As shown in Fig 16 represents the EDX spectrum of 

synthesized Ag NPs. Herein, we observed the necessary Ag with atomic and weight of 100 % 

each.  
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Conclusion

In summary photophysical study of benzofuran derivatized pyrrole (DPMA), estimated 

the ground and excited state dipole moments using solvatochromic shift method, which involves 

Lippert’s, Bakshiev’s and Kawski-Chamma-Viallete’s equations. The result indicated that 

excited state dipole moment is greater than ground state dipole moment. The solute solvent 

interaction of DPMA molecule leads to 𝜋 to 𝜋∗transition. Further, synthesized Ag NPs using C.R 

leaves extract are used as fluorescence quencher. Fluorescence intensity of DPMA molecule 

decreases with increasing the concentration of Ag NPs and obtained the S-V plot found to be 

linear. Fluorescence lifetime of DPMA molecule using S-V plot equation of transient state 

method using 1,4-dioxane and ethanol solvents were found to be linear and near to the 

correlation coefficient value. Fluorescence lifetime decreases with increase the concentration of 

Ag NPs concentration. The size, morphology and elemental composition of Ag NPS were 

determined by TEM with EDX. Further we conclude that computational calculations of 

optimized geometry structure, molecular electrostatic potential (MEP), HOMO, LUMO of 

DPMA molecule, experimental and computational energy band gap is 3.97 eV and 4.53 eV. DFT 

calculations are done by the Gaussian-09 basic set (B3LYP/6-311G) 
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Table 1. Solvents behavioral spectra and calculated  their polarity functions polarity function of 

Lippert’s, Bakshiev’s, KCV, empirical state parameter used for finding the dipole of molecule.

Solvents  Dielectric 
constant 
 

Refractive 

Index  n

),( nF   nF ,1  ),(2 nF 

1,4- Dioxane 02.22 1.421 0.021973 0.044514 0.308001 
Acetonitrile 36.64 1.344 0.304997 0.861037 0.664797 
Butan-2-ol 16.6 1.397 0.262062 0.741876 0.64075 
Chloroform 04.81 1.445 0.148553 0.37139 0.487262 
DMF 38.25 1.430 0.275352 0.83948 0.711431 
DMSO 47.24 1.479 0.263366 0.841384 0.74447 
Ethanol 24.30 1.361 0.288592 0.811743 0.651596 
Ethyl acetate 06.08 1.372 0.200829 0.492671 0.499442 
Methanol 33.70 1.329 0.309015 0.857478 0.652885 
Propan-2-ol 20.18 1.377 0.276738 0.780731 0.646822 
Toluene 02.38 1.496 0.013504 0.02965 0.349614 
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Table 2. Maximum absorption, emission spectra, Stoke shift, and average value of the DPMA       

molecule. 

Solvents 
a

(nm) 
f

(nm) 
a  1

cm f  1
cm a f

 1
cm 2

fa  

 1
cm

1,4- 
Dioxane 

293 334 34129.69 29940.11 4189.59 32034.9 

Acetonitrile 274 330 36496.35 30303.03 6193.32 33399.69
Butan-2-ol 295 332 33898.30 30120.48 3777.82 32009.39
Chloroform 294 335 34013.60 29850.74 4162.86 31932.17
DMF 274 331 36496.35 30211.48 6284.87 33353.92
DMSO 293 332 34129.69 30120.48 4009.21 32125.09
Ethanol 293 325 34129.69 30769.23 3360.46 32449.46
Ethyl 
acetate 

293 330 34129.69 30303.03 3826.66 32216.36

Methanol 270 335 37037.03 29850.74 7186.29 33443.89
Propan-2-ol 253 325 39525.69 30769.23 8756.4 35147.46
Toluene 294 334 34013.60 29940.11 4073.5 31976.86

Table 3. Polarity functions of Lippert, Bakshiev,KCV,empirical state parameter of its slope, 

intercept, linear correlation coefficient. 

Correlation Slope(cm-1) Intercept (cm-1) Correlation 
coefficient(r) 

Number of 
data(n) 

Lippert 9098.5 3249.2 0.916 7 
Bakshiev 3139.5 3562.9 0.844 7 
KCV 4165.4 30436.6 0.901 7 

N

TE 10531.9 17726.2 0.98 11 
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Table 4.  Onsager cavity radius, ground state and excited state dipole moments using polarity 
functions. (in Debye D) 

Molecule Radius(a) 

   A0 

a

g

  (D) 

b

e

   (D) 

c

e

   (D) 

d

e

  (D) 

e

e

  (D) 

 DPMA   2.7 0.406 2.893 4.218 2.884 2.883 
               a Ground state dipole moment calculated using Equation (8). 

               b Excited state dipole moment calculated using Equation (9). 

               c,d,e Excited state dipole moment calculated using equations Lippert’s(5),            

          Bakshiev’s (6) and KCV (7). 

          Change in dipole moment calculated using Equation (10). 

Table 5. The ET(30) solvent polarity and 𝐸𝑇𝑁 normalized solvent polarity of solvents 

Solvents 
a  (nm) ET (30) 𝐸𝑇𝑁

1,4- Dioxane 293 97.58 2.064198 
Acetonitrile 274 104.34 2.27284 
Butan-2-ol 295 96.91 2.043519 
Chloroform 294 97.24 2.053704 
DMF 274 104.34 2.27284 
DMSO 293 97.58 2.064198 
Ethanol 293 97.580 2.064198 
Ethyl acetate 293 97.58 2.064198 
Methanol 270 105.89 2.320679 
Propan-2-ol 253 113.0 2.540123 
Toluene 294 97.24 2.053704 
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Figure 1 Molecular structure of DPMA Molecule 
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Figure 2 a) C.roseus leaves extract solution b) added AgNO3 solution for 5 minute c) for 10 

minute d) for 15 minute d) for 20 minute 
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Figure 3 Normalized absorption spectra of DPMA molecule. 
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Figure 4 Normalized Emission spectra of DPMA molecule. 
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Figure 5. Variation of stoke shift with E N

T . Arithmetic mean of wavenumbers with F2( n, ) 

by Kawski-chamma-Viallet’seqution. The variation of stoke shift with F1( n, )using 

Bakshiev’s equation. The variation of stoke shift with F( n, ) by Lippert’s equation.  
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Figure 6 Fluorescence spectra of DPMA molecule in ethanol solvent for different 

concentration of Ag NPs 
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Figure 7  S-V plot of DPMA molecule for steady state method 
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Figure 8 S-V plot of DPMA molecule for Transient state method  
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Figure 9. Fluorescence lifetime of DPMA molecule in presence of various Ag NPs 

Concentration using  1,4-Dioxane and Ethanol solvent 
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Figure 10 UV-visible spectra of silver NPs in aqueous solution  
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Figure 11   Ground state optimized geometry structure  

Figure 12 Optimized geometry structure of DPMA molecule   
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Figure 13 Molecular Electrostatic Potential of DPMA molecule 
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Figure 14 HOMO and LUMO structure of DPMA molecule 
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Figure 15.TEM images of Ag NPs scale range is a) 100 nm b) 20 nm c) SAED pattern and 

d) average diameter of the Ag particle size. 

                            Figure 16.  Elemental mapping TEM- EDX Spectrum of Ag NPs 
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