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Abstract: The FT-IR, FT-Raman and SERS Spectra of 1-Chloro 4-Flurobenzene (C6H4CLF) have been 

recorded in the range 4000-400cm
-1

, the optimized geometry,frequency and intensity of the vibrtional bands of 

C6H4CLFhave been obtained by DFT levels of theory with complete relaxation in the 6-311**G basis sets. A 

complete vibrational assignment, aided by the theoretical frequency analysis, has been proposed. The 

vibrational frequencies calculated are compared with experimental FT-IR and FT-Raman Spectra. The 

observed and calculated frequencies are found to be in good agreement.  A detailed interpretation of the 

infrared Raman Spectra of C6H4CLF is also reported based on mulliken population analysis  distribution. The 

calculated HOMO and LUMO energy gap shows that change transfer occours with in the molecule.  

Keyword: B3LYP ,FT-IR,FT-Raman,SERS,1-Chloro 4-Fluorobenzene 

 

I. Introduction 
Surface-Enhanced Raman Scattering (SERS) has recently evolved as an important laser spectroscopic 

characterization technique applied to biomedically significant molecules to study structural and functional 

properties. SERS is widely used to elucidate information about the behaviour of biomolecules adsorbed at the 

metal surfaces,orientation induced by external factors [1-3].However with different substrates of different 

characteristics the SERS spectrum of the sample adsorbed will have different characteristics. This causes some 

difficulty in analysing the SERS spectra.   The normal Raman spectral analysis is based on shift in frequency. 

Enhancing or weakening intensity is related to the adsorption orientation geometry of adsorbates on the surface 

of the substrates [4-7].Surface-enhancedRaman Scattering spectroscopy is now a well-established technique 

where by unusually intense Raman signals are obtained from molecules adsorbed on or placed near rough metal 

surfaces.Vibrational and SERS spectral investigations of 1-Chloro 4-Fluorobenzene[8,9] supported by density 

functional theory studies have been reported. The present contribution reports the IR,Raman and SERS spectral 

studies of 1-chloro 4-Fluorobenzene which can provide information on the adsorption geometry along with the 

geometry optimization and vibrational calculation using DFT to investigate other molecule bonding features. 

 

II. Experimental 
2.1preparation of Silversol 

2.1.1 Creighton Method 

Creighton method is one of the best methods for the preparation of silver sol. This method is also called 

cooling method. First of all 0.024g of sodium borohydride was dissolved in 150ml of deionized water 25ml of 

this solution was taken and placed in an ice bath and allowed to cool for 15min. 0.021g of silver nitrate(AgNo3) 

in 100ml of deionized water. The sodium borohydride solution after cooling for 15min, as explained above, was 

added to this AgNo3 solution, drop by drop, using a burette at the rate of about 1 drop per second.After about 

2ml has been added the solution becamedark or medium yellow in colour. This yellow colour is stable at room 

temperature. The UV Absorption spectrum of the silver sol shows a single absorption band at 391nm shown in 

Fig.1. 
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Fig.1 UV-Visible Absorption Spectrum of Silver Sol 

 

The spectroscopic grade sample of 1-Chloro 4-Fluorobenzene(C6H4CLF) was obtained from Precision 

Scientific Company , Coimbatore and used as such for the spectral measurements. The room temperature FTIR 

Spectrum of the title compound has been recorded in the region 4000-400cm
-1 

using  BRUKER RFS V model 

FTIR Spectrmeter equipped with a Splitter and globar source. FT-Raman Spectrum of C6H4CLF was recorded 

on a computer interfaced BRUKER RFS V model interferometer equipped with FRA-106 FT-Raman 

accessories the spectrum was measured in the stokes region 4000-50cm
-1

 using Nd:YAG laser operating at 

200mW power with 1064nm was the pumping and a  liquid nitrogen cooled Ge detector used IF record the 

spectrum. The reported wavenumbers are expected to be accurate with in cm
-1.

 

 

2.2 Preparation Of Samples 

1-Chloro 4-Fluorobenzene with Silversol 

   A= 0.5 ml (Solution) + 5ml (Silver Sol) 

B=0.5 ml (Solution) + 2.5ml (Silver Sol) 

The sample solutions of two different concentrations were mixed with the silver sol in the ratio 1:10, 

thus preparing two sets of solutions. The Raman spectra of the liquid sample, solutions at different 

concentrations, and solutions mixed with silver sol were recorded using 1064 nm Nd:YAG laser line as the 

excitation frequency using the Bruker RFS Raman spectrometer.  These are shown in Figs. 5- 7. 

 

2.3 Computational Details 

The optimized molecular structure of 1-Chloro 4-Fluorobenzene is shown in Fig.2. The optimized 

geometrical parameters of 1-Chloro 4-Fluorobenzene(bond-lengths and bond-angles) are calculated using 

B3LYP/ 6-311**G basis sets and presented in Table.1 and Table.2 together with relevant data.Since the exact 

crystal structure of the title compound available and also the optimized structure can be compared with other 

similar system for which the crystal structure has been solved. Therefore optimized geometrical parameters of 1-

Chloro 4-Fluorobenzene are compared to those of title compounds.In order to provide information with regard 

to the structural characteristics and the normal vibrational modes of C6H4CLF the Mulliken and DFT –B3LYP 

correlation functional calculations have been carriedout. The entire calculations have been performed using the 

GAUSSIAN 09 W software package [10]. Initially the DFTcalculations, adopting the 6-311**Gbasis sets have 

been carried out and then the DFT employing the beckB3LYP keyword. which invokes becke’s  three parameter 

hybrid method and it has been computed using the correlation function of Lee et al[11]., implemented with6-

311**Gbasis set. The DFT representation of the theoretical force constants have been computed at the fully 

optimized geometry. The symmentry of the molecule was also helpful in making vibrational Assignment. By 

combining the results of the GAUSSVIEW program[12] with symmetry considerations. Vibrational frequency 

Assignments were made with a high degree of confidence. However,the defined Co-ordinate form complete set 

and matches quite well with the motions observed using the GAUSSVIEW program. The systeonatic 

comparision of the results of experiments have shown that the method using B3LYP functional is the most 

promising in providing correct vibrational wavenumbers. 
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Fig.2 Optimized geometrical parameters of 1-Chloro 4-Fluorobenzene  

 

2.4 Geometrical Parameters 

The DFT calculations of the 1-Chloro 4-Fluorobenzene gives the following values for bond-length C2-

C1=1.38642Å and C3-C2=1.39883 Å respectively[13,14]. In the present case of the DFT calculations give C4-C3 

bond-length as 1.39180 Å and H1-H2 bond-length as 1.07961Å,give the corresponding bond-length of H3-H2 

=1.07962Å whereas in the present case the corresponding value is H4-H3 bond-length for 1.07930Å and 

hydrogen atom H6-H5 bond-length as 1.07939 Å ,Cl5-Cl4= 1.82711Å and also bond-length as  F2-F1=1.40496Å 

shown in table.1. For the title compound of the DFT calculations give an around bond-angles 118º. The 

theoretical value is observed.This must be due to the fact that the theoretical results belong to the gaseous of a 

single molecule.Whereas in the present case the corresponding bond-angle is C3-C2-C1=118.3327º.  The Cl5-

Cl4-Cl3 of bond-angle is 188.9200º and also the F2-F1-F6=118.3922º is slightly longer than Cl5-Cl4-Cl3 bond of 

the ring 188.9200º as shown in Table.2. 

 

 

 

 

 

 

 

 

 

 

 

 

Table.1                                                           Table.2 

Optimized geometrical parameters of 1-Chloro 4-Fluorobenzene 

  

2.5 Homo-Lumo Analysis 

Many organic molecules that contain conjucated π electrons are characterized hyperpolarizabilities and 

have been analyzed by means of vibrational spectroscopy[17
,
18]

.
 In most of the cases even in the absence of 

inversion symmetry, the strongest bands in the Raman spectrum are weak in the IR spectrum and viceversa. But 

the intra molecular  charge transfer from the donor to accepter  group through a single double bond conjugated 

path can induce large variations of both the molecular dipole moment and the molecular polarizability making 

FTIR and Raman activity strong at the same time. The experimental spectroscopic behaviour described is well 

accounted for by Mulliken population analysis that predict exceptionally large Raman and infrared intensities 

for the same normal modes. It is also observed in our title molecule , the bands in FT-IR spectrum have their 

counterparts in Raman shows that the relative intensities in IR and Raman shows spectra which are comparable 

resulting in the electron cloud movement through π conjucated frame work from electron donor to electron 

acceptor groups.The analysis of the wavefunction indicates that the electron absorption corresponds to the 

transition from the ground to the first excited state and is mainly described by one electron excitation from the 

highest occupied Molecular orbital (HOMO) to the lowest unoccupied Molecular orbital(LUMO). The LUMO 

of π nature (i.e:benzene ring ) is delocalized over the whole C-C bond by contrasting the HOMO which is 

1-Chloro 4-Fluorobenene(B3LYP) 

Parameters 6-311**G 

Bond-length((Å) 

C2-C1 

C3-C2 

C4-C3 

C5-C4 

H1-H2 

H3-H2 

H4-H3 

H6-H5 

Cl5-Cl4 

F2-F1 

1.38642 

1.39883 

1.39180 

1.39180 

1.07961 

1.07962 

1.07930 

1.07939 

1.82711 

1.40496 

1-Chloro 4-Fluorobenene(B3LYP) 

Parameters 6-311**G 

Bond-Angles((º) 

C3-C2-C1 

C4-C3-C2 

C5-C4-C3 

H1-H2-H3 

H3-H2-H1 

H4-H3-H2 

H6-H5-H4 

Cl5-Cl4-Cl3 

F2-F1-F6 

118.3327 

118.9867 

122.1477 

120.2923 

120.2945 

120.5128 

120.4996 

188.9200 

118.3927 
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located over methyl groups; consequently the HOMO→LUMO transition implies an electron density transfer to 

C-C bond of the benzene ring from methyl groups, more over these orbitals significantly overlap in their 

position for 1-Chloro 4-Fluorobenzene. The atomic orbital compositions of the frontier molecular orbitals are 

sketched in Fig:3. The HOMO →LUMO energy gap of 1-Chloro 4-Fluorobenzene has been calculated by using 

B3LYP level. It reveals that the energy gap reflects the chemical activity of the molecule LUMO as an electron 

acceptor represents the ability to donate an electron the strong change transfer interaction through π conjucated 

bridge resulting in substantial ground state donar-acceptor (DA)mixing and the appearance of a charge transfer 

band in the electron absorption spectrum. 

 HOMO energy = -0.2704ev 

 LUMO energy = -0.04839ev 

HOMO-LUMO Energy gap = 0.22201ev.The Homo and LUMO energy gap explains the fact that 

eventual charge transfer interactions is taking place within the molecule. 

 
Fig.3 Calculated HOMO-LUMO Plots of 1-Chloro 4-Fluorobenzene and HOMO-LUMO gap 

 

III. Mulliken Population Analysis 
2.6.1 Mulliken Atomic Charge 

Mulliken atomic charge calculation has an important role in the application of quantum chemical 

calculation to molecular system because atomic charges affect dipole moment polarizability electronic structure 

and much more properties of molecular systems the total atomic charges of 1-Chloro 4-Fluorobenzene obtained 

by Mulliken population analysis with 6-311**Gbasis sets are listed in Table.3 The corresponding Mulliken’s 

plot for title compounds with 6-311**Gbasis sets are shown in Fig.4. For 1-Chloro 4-Fluorobenzene molecule 

the atomic charge on C1,C2,C3,C4,C6,F12, are negative whereas the remaining atoms are positively charged for 

basis the Mulliken atomic charge values for all atoms of 1-Chloro 4-Fluorobenzene  decreases expect the atomic 

charge value of C5 and C11 increases 6-311**Gbasis set. The Mulliken atomic charge of C5 in 6-311**Gbasis of 

1-Chloro 4-Fluorobenzene occupies the higher positive value. The basis sets become more negative, while their 

natural atomic charges show positive value. 

Atoms Atomic charge with (B3LYP) 

1-Chloro 4-Fluorobenzene  

6-311**G 

C1 -0.026 

C2 -0.564 

C3 -0.026 

C4 -0.938 

C5 1.079 

C6 -0.938 

H7 0.323 

H8 0.323 

H9 0.292 

H10 0.292 
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Table.3 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.4The Charge distribution Calculated by the Mulliken method 

 

2.7 Vibrational Analysis 

The vibrational spectra analysis of 1-Chloro 4-Fluorobenzene is based on theoretical and experimental 

FT-IR theoretical and Experimental Raman spectra Fig.5 using Density functional theory at B3LYP/ 6-

311**Glevel. The vibrations of 1-Chloro 4-Fluorobenzene phenyl ring modes have been separately analysed. 

The calculated vibrational wavenumbers measured infrared and Raman band positions and their assignments are 

given in the Table. 4. 

 
B3LYP/6-

311**G Observed 

frequency(cm
-1

) 
SERS(cm

-1
) 

Assignments(%) Calculated 

Frequency(cm
-1

) 

Raman  FTIR Raman  FTIR A B 

- 239 - - - - Out of plane bending ring 

- 324 328 - - - CO out of plane bending    

- - 383 - - - tOH 

349 - - - - - CF bending   

- 419 - - - - Out of plane bending phenyl 

- - - 487 - - 
Out of plane bending phenyl 

substituent sensitive  

- 513 - - - - ωNH2 

- 609 - - - - 
NH2 In plane bending phenyl 

wagging NH2  

- - - 627 - - υsS-(OH)2 

- - - 831 - - C-H out of plane bending  

- 865 - - - - C-H out of plane bending  

652 - 641 - - 643 C-H Out of plane bending 

- - 803 - - - C-H In plane bending  

815 - - - - 816 N-H rocking 

- 1045 - - - - C-H In plane bending 

- - - 1010 - - C-H In plane bending  

1086 1092 1088 1087 1077 - CH bending   

1194 1121 1155 - - - C-C Stretching 

- 1215 1236 1222 - - C-C Stretching 

1324 1339 - - - - ωCH2 

- - - 1490 - - CH3 symentric bending   

- 1538 1588 1587 1595 - υC=O 

1617 1614 - - - - υC=O 

- - - - 1632 - C=O Stretching 

- 1643 - -   - υsCH2 

Cl11 0.502 

F12 -0.320 
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- - - 1889   - CH2 asymentric stretch 

- - - 2856 2886 - C-H Stretching 

- - - 2920   - C-H Stretching 

- - 3093 3098 3054 - C-H Stretching 

- - - - 3067 3071 C-H stretching  

 -  -  -  -  - 3082 υOH(H-bond) 

 -  -  -  -  - 3093 υas(N–H)   

- - - - 3115 - υas(N–H)  

3210 3227 - - - - NH Stretching  

3221 - - - - -  NH Stretching 

t, torsional; ω, wagging; υ,stretching; s,symmetric; as, asymmetric;S, strong; 

Table.4 Details assignment of fundamental vibrations of 1-Chloro 4-Fluorobenzene 
 

IV. Results And Discussion 
2.8.1 FT-IR and Raman Spectrum 

The FT-IR and FT-Raman Spectrum of 1-Chloro 4-Fluorobenzene Shows in Fig.5 and Fig.6 the 

wavenumbers of the observed FTIR and Raman bands their relative frequency calculated values and the 

assignments are given in Table.4  

 
Fig.5 Comparison of observed and calculated FTIR spectra of the title compound 

 

2.8.2 Phenyl Ring Vibrations 

The aromatic C-H stretching [19-21]vibrations in mono substituted benzene rings are generally 

observed in the region 3000-3100cm-
1
 for 1-Chloro 4-Fluorobenzene ring the strong bands at 2856cm

-1 
medium 

bands 2920cm
-1 

weak bands 2856cm
-1 

in FT-IR Spectrum corresponds to the ring modes experimentally based 

on the Eigen vector distribution of the computed vibrational modes while the weak bands in Raman at 3093C m
-

1 
belong to the ring mode respectively 

The tangential C-C stretching mode vibrations can be observed [19-21] as a very strong band in Raman 

at 1236 cm
-1 

as a medium shoulder in FTIR at 1222cm
-1

. It is relatively weaker companion ca be found as a 

medium band in the FTIR spectrum at 421cm
-1 

and 1215cm
-1

 as a weak band in Raman Spectrum 1194cm
-1 

and 

1155cm
-1 

and the band positions are supported by computations. 

C-H In plane bending modes can be observed in the Raman Spectrum  as a medium band at 803cm
-1

 , 

the modes are active in FTIR as a strong band 1045 cm
-1 

as a medium band at 1010cm
-1

 respectively. Normal 

vibration of phenyl ring is usually referred to as a substituent sensitivevibration. This is confirmed by the strong 

intense FTIR band and weak intense Raman band. This is supported by computed results. 

The absorption bands arising from C-H out of plane bending vibrations are usually observed in the 

region [21-25] at 1000-675cm
-1

. The weak band at 831cm-
1 

inFTIR spectrum and medium band at 865cm
-1

. The 

computed vibrational modes. The C-H out of plane bending vibrations are observed as a medium band at 

652cm
-1 

weak band at 641cm
-1 

in Raman spectrum respectively. 
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Fig.6 Comparison of observed and calculated Raman spectra of the title compound 

 

2.8.3 Methylene Group Vibrations 

The asymmetric CH2 stretch modes of methylene group is expected in the region [21-23]around 

2940Cm
-1 

and the symmetric around the region2860cm
-1

. In 1-Chloro 4-Fluorobenzene the CH2 asymmetric 

stretch mode it is found be medium intense in FTIR spectrum at 1889cm-
1 

wavenumbers are calculated foe 

methylene CH2 asymmetric stretch. 

The CH3 Symmetric bending modes can be observed in FTIR spectrum at 1490cm
-1 

medium band 

respectively. The υC=O modes can be observed in FTIR band at 1538cm
-1

weak band and 1587cm
-1 

medium 

band and 1614cm
-1 

strong band respectively. In the Raman band ofυC=O modes can be observed in Raman band 

1588cm
-1

 medium band and 1617cm
-1 

strong band respectively. 

The υsCH2 can be observed in FTIR spectrum at 1643cm
-1 

the wave numbers are calculated. The C-H 

bending modes can be observed in FTIR band at 1092cm
-1

strong band and 1087 cm
-1 

medium band. In the 

Raman band at 1086cm
-1 

strong band and 1088 cm
-1 

medium band respectively. 

The N-H rocking modes can be observed in Raman spectrum at 815cm
-1 

the wavenumbers are 

calculated. The υsS-(OH)2 can be observed in FTIR spectrum at 627cm
-1

 the wavenumbers are calculated. The 

NH2In plane bending phenyl wagging NH2 can be observed in FTIR spectrum at 609cm
-1 

the wavenumbers are 

calculated. The out of plane bending phenyl substituent sensitive can be observed in Raman spectrum 487cm
-1 

the wavenumbers are observed. 

The CF bending can be observed in Raman spectrum 349cm
-1

 the wavenumbers are calculated. The 

tOH can be observed in Raman Spectrum 383cm
-1 

the wavenumbers are observed. The CO out of plane bending 

can be observed in FTIR spectrum spectrum 324cm
-1 

the wavenumbers are calculated. In the Raman spectrum 

328cm
-1 

the wavenumbers are observed. The out of plane bending ring can be observed in the FTIR spectrum at 

239cm
-1 

the wavenumbersare calculated. 

The N-H Stretching modes can be observed as a strong band in FT-IR at 3227cm
-1 

and as a medium 

band in Raman Spectrum at 3210cm
-1 

 and also the strong band in the Raman Spectrum at 3221cm
-1 

the 

wavenumbers are calculated. The out of plane bending ring modes can be observed as a band in FTIR spectrum 

atthe 239cm
-1

. The ωNH2 modes can be observedas a band in FTIR  spectrum at 513cm
-1  

.The ωCH2 modes can 

be observed as a medium band in the Raman spectrum at 1324cm
-1  

and as amedium band in FTIR spectrum at 

1339cm
-1

. The torsion modes can be observed as a band s in FTIR spectrum at 125cm
-1 

the wavenumbers are 

calculated. 

 

2.9 SERS (Surface Enhanced Raman Scattering)Spectral Analysis 

The SERS spectrum of 1-Chloro 4-Fluorobenzene Fig.7 has been recorded by comparing it with the 

normal Raman Spectrum recorded in the wavenumber range between 500-400cm
-1

. The relative intensity of the 

SERS bands are expected to differ significantly from those of the normal Raman Spectrum owing to the specific 

selection rules[26].According to the surface selection rules when a molecule is adsorbed flat on the silver 

surface it’sout of plane bending modes will be more enhanced and vice versa. When it is adsorbed perpendicular 

to the surface [27,28]. It is further seen that vibrations involving groups that are close to the silver surface will 

be more enhanced. It has been suggested that when the wavenumber difference of the normal Raman band and 
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SERS is less than 5cm-1the molecular plane will be perpendicular to the silver surface [34].The orientation of 

the molecules for 1-Chloro 4-Fluorobenzene can be inferred from C-H stretching vibrations, C-H out of plane 

bending,C=O Stretching vibration and the SERS surface selection rule [34,35]. It has also been documented in 

the literature that when a vibration  moiety interacts directly with a vibration breathing mode shifted by about 

10cm
-1

 along with substantial band broadening in the SERS spectrum.  

The C-H Stretching vibrationsare observed in the SERS spectrum at 2886, 3054, 3067, 3071cm
-1.

 This 

again supports the possibility of direct interaction between the Fluoro group and the metal surface. This is 

justifiable because the modes of groups directly interacting with the metal surface will be prominent in SERS 

spectrum and undergo a wavenumber shift[36,37]. 

The C-H out of plane bending are present at 643cm
-1

 and N-H rocking are present at 816cm
-1

 in the 

SERS spectrum from the intensities of the out of plane bending and N-H rocking of vibration of the benzene 

ring it can be inferred that for 1-Chloro 4-Fluorobenzene adsorbed on benzene ring has a titles orientation. 

 In the SERS spectrum of 1-Chloro 4-Fluorobenzene the υas(N–H) is strongly enhanced, which 

indicates NH2 group interacts more with metal surface [38]. This interaction causes weakening of the N-H 

bond. Hence more molecules are subjected to absorption and are responsible for strong enhancement of υas(N–

H) in the SERS spectrum. Also for 1-chloro 4-Fluorobenzene the enhanced band at 3115cm
-1

 corresponding to 

υas(N–H) suggests that the interaction between the fluoro group and the metal surface is strong38 in the case of 

υC=O band is present in the SERS spectrum at 1595cm
-1

and at 1538 and 1587cm
-1

 in the normal Raman 

spectrum [39]. Such a shift was invoked by Holze[40] to conclude that 1-Chloro 4-Fluorobenzene interacts with 

the surface via its benzene group in the present case we observed C-H bending in the SERS spectrum at 

1770cm
-1

. Also the υas(N–H) in the SERS spectrum at 3093cm
-1

 as a strong band in the SERS spectrum. The 

presence of these C=O Stretching modes observed in the SERS spectrum at 1632cm-1.the υOH(H-bond) modes 

observed in the SERS spectrum at 3082cm
-1

. The mode corresponds observed as a strong band at 3093cm
-1

 and 

3115cm
-1

 in the SERS spectrum respectively corresponding Raman can be observed in the different region. 

Neither a substantial wavelength shift nor significant band broadening was identified in the SERS spectrum of 

1-Chloro 4-Fluorobenzene imploying that the probability of a direct band C-H stretching vibration. In the SERS 

spectrum of 1-Chloro 4-Fluorobenzene  Fig:7the 2886 and 3054Cm
-1

  band assigned to the C-H Stretching of 

benzene are both very strong indicating that the interaction between benzene ring of 1-Chloro 4-Fluorobenzene 

is strong .  But there are no shifts of these two bands compared with the corresponding bands in the Raman 

Spectrum moreover the medium intense band at 643cm
-1

 in the SERS spectrum. Also the presence of SERS 

band at  3093cm
-1

   supports that assumption similarly, the enhanced medium intensity SERS band at 3115cm
-1

 

is assigned for υas(N–H) the bending modes. 

 
Fig.7 Comparison of Raman and SERS spectra of 1-Fluoro 4-Nitrobenzene(A) 
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Fig.8 Comparison of Raman and SERS spectra of 1-Fluoro 4-Nitrobenzene(B) 

 

The charge transfer mechanism of SERS can be explained by the resonant Raman mechanism in which 

charge transfer excitations from the metal to the absorbed molecule or vice versa occur at the energy of the 

incident laser wavenumber[41,42]the frontier orbital theory plays a significant role in the understanding of the 

charge transfer mechanisms of SERStwo types of charge transfer mechanisms are predicted. One is molecule to 

metal and the other is metal to molecule. Molecule to metal charge transfer excitation occurs when an electron 

is transferred from the highest occupied molecular orbital (HOMO) of the adsorbate to the Femi level of the 

metal. Conversely transfer of an electron from the fermi level of the metal to the lowest unoccupied molecular 

orbital (LUMO) results in metal to molecule charge transferthe theoretical results shows that HOMO,LUMO 

energy of the molecule are -0.2704ev,-0.04839ev respectively. Here we conclude that the metal to molecule 

charge transfer interactions is more preferred in our case. The electron is  probablytransferred from the metal to 

the LUMO of the molecule. 

Analysing Table.4 we can see that the calculted vibrational wavenumbers have tiny difference. 

However SERS value are in good enhancement. Raman values compare with SERS spectrum for the SERS 

spectrum at  good enhancement. The calculated vibrational spectra using DFT-B3LYP which are in good 

agreement with experimental value Fig.6(experiment) A and B the SERS spectrum of good enhancement for 

most lines. 

 

V. Conclusion 
 FT-IR,FT-Raman and SERS spectra of 1-Chloro 4-Fluorobenzene were studied the molecular 

geomentry and wavenumbers have been calculated theoretically. The SERS spectrum of the title compound for 

the two different ratio for the good enhancement. The calculated vibrational wavenumbers obtained by SERS 

are in the good enhancement with the experimental values obtained for the investigated molecule.1-Chloro 4-

Fluorobenzene of the vibrational spectral analysis was carriedout using near FTIR and Raman spectroscopy. 

The density functional theoretical (DFT) computations were also performed at the B3LYP at 6-311**Gbasis set 

to derive the equilibrium geometry, vibrational wavenumbers and intensities vibrational spectral assignments 

are carriedout. The Raman vibrational wavenumbers of the adsorption geometry of 1-Chloro 4-Fluorobenzene 

on a silver surface has been simulated using DFT-B3LYP and its compared with the experimental spectrum. 

The calculated vibrational spectra are in good enhancement with experiment value and proved the prosed 

adsorption congiguration. In this study the1-Chloro 4-Fluorobenzene based on DFT calculations have been 

carried out. The HOMO and LUMO energy gap explains the eventual charge transfer interactions taking place 

with in the molecule. 

 

References 
[1]. T.Zhiming  and F.Yan  An experimental and theoretical study on the adsorption behaviors of MHBA ions on silver nano-particles, 

J. Mol. Struct,2006, 40,797. 

[2]. T.Takeyuki , N.Atsushi , W.Akiko,O. Takashi  and O.Yukihiro , Surface-enhanced Raman scattering of pyridine and p-nitrophenol 

studied by density functional theory calculations, Vibra. Spectra, 34,2004,157. 

[3]. A.Michot and J.Bukowska, Surface-enhanced Raman scattering (SERS) of 4-mercaptobenzoic acid on silver and gold substrates, 

Raman Spectrosc, 2003, 34, 21. 

[4]. J.Wang,  W.D.Li,  W.H.Xin, S.Xu  and C.F. Liu, FT-IR and Surface- enhanced Raman Scattering and DFT based theoretical 

studies on the adsorption behaviour of (S)- Phenylsuccinic acid, Spectrochim. Acta Part, 1987,A43, 375. 

0 1000 2000 3000 4000

(B)
R

a
m

a
n

 I
n

te
n

si
ty

(a
.u

)

Wavenumber(cm-1)

 Solution=Raman

 

 Sol+Slolution=SERS



Ft-Ir, Ft-Raman And Sers Spectral Studies, Homo-Lumo Analyses, Mulliken Population Analysis …. 

 

DOI: 10.9790/4861-08121625                                         www.iosrjournals.org                                         25 | Page 

[5]. K.Kneipp, R.R.Casari and Y. Wang, A SANS study on growth of anionic micelles with quaternary ammonium bromide,Appl. 

Spectrosc , 1994, 48,951. 

[6]. M.Moskovits and J.S.Suh, Surface geometry change in 2-naphthoic acid adsorbed on Silver, J. Phys. Chem, 1988, 92, 6327. 

[7]. J.Y. Kwon, B.S. Lee, Kim K and M.S Kim, New Routes to the preparation of Silver-Doped Sol-Gel Films for a SERS study, J. 

Mol. Struct,1944, 25, 318. 

[8]. D.Sajan, F.Andreas, J.I.Hubert and V.S.Jayakumar, Vibrational Spectrosopy of Hydrogen Bonding:  of the Different Behavior of 

the C-H…O Hydrogen bond, J. Raman Specrosco, 2006, 37, 1307. 

[9]. Sajan D, Andreas Fischer, Hubert Joe I and Jayakumar V S NIR-FT-Raman, FT-IR and Surface- enhanced Raman Scattering and 

DFT based theoretical studies on the adsorption behaviour of (S)- Phenylsuccinic acid on Silver nanoparticles, Spectrochim. Acta 

Part A , 2006, 580 

[10]. M.J. Frisch, G.W. Trucks, H.B. Schlegel, G.E. Scuseria, M.A. Robbe, J.R. Cheeseman, G. Scalmani, V. Barone, B. Mennucci, 

G.A.Petersson, H. Nakatsuji, M.Caricato, X. Li, H.P. Hratchian, A.F. Izmaylov, J. Bloino, G. Zheng, J.L. Sonnenberg, M.Hada, O. 

Kitao, H.Nakai, T. Vreven, J.A. Montgomery Jr., J.E. Peralta, F.Ogliaro, M. Bearpark, J.J. Heyd, E. Brothers, K.N. Kudin, V.N. 

Staroverov, R. Kobayashi, J. Normand, K. Raghavachari, A. Rendell, J.C. Burant, S.S. Iyengar, J.Tomasi, M.Cossi, N. Rega, J. M. 

Millam, M. Klene, J.E. Knox,J.B.Cross, V. Bakken, C.Adamo, J.Jaramillo, R. Gomperts, R.E. Stratmann, O. Yazyev, A.J. Austin, 

R. Cammi, C. Pomelli, J.W. Ochterski, R.L. Martin, K. Morokuma, V.G. Zakrzewski, G.A. Voth, P.Salvador, J.J. Dannenberg, S. 

Dapprich, A.D. Daniels, O. Farkas, J.B. Foresman, J.V. Ortiz, J. Cioslowski, D.J. Fox. Gaussian-09, Revision A.02, Gaussian Inc, 

Wallingford CT, 2009. 

[11]. C.Lee , W.Yang and G.P. Robert, Development of the Colle-Salvetti Correlation-energy formula into a functional of the electron 

density, Phys Rev B, 1988, 37, 785. 

[12]. Frisch Nielson A B & Holder A J,Gauss view user’s manual Gaussian Inc, Pitt’s burgh PA,2099. 

[13]. J. M. Flaud, W. Lafferty, Equilibrium Molecular Structures: From Spectroscopy to Quantum Chemistry, J. Mol. Spectrosc, 1993, 

161,396. 

[14]. T.Masiello, J. Barber, E. T. H. Chrysostom, J. W. Nibler, A. Maki, A. Weber, T. A. Blake, R. L. Sams, Analysis of high-resolution 

Infrared and CARS spectra of 34S18O3, J. Mol.Spectrosc, 2004, 84,223. 

[15]. A. Altun, K. Golcuk, M. Kumru, Structure and vibrational spectra of P-methylaniline: Hatree-Fock, MP2 and density functional 

theory studies, J. Mol.Struct.(THEOCHEM), 2003, 155, 637. 

[16]. G.Pongor,P. Pauly,G.Fogarasi, J.E.Boggs, Ab initio Molecular Orbital and Density Functional Theoretical Studies on 1-Naphtol, J. 

Am. Chem. Soc, 1984, 106, 2765. 

[17]. Y. Ataly , D.Avci and A.Ba Soglu, Molecular structure, Vibrational Spectroscopic and HOMO, LUMO studies of 4-nitroaniline by 

density functional method, Struct Chem, 2008, 19, 239. 

[18]. T.Vijayakumar, J.I.Hubert, C.P.R. Nair and V.S. Jayakumar, Computation and Interpretation of Vibrational spectra, 

thermodynamical and HOMO-LUMO analysis of 2-Chloro 4-nitroaniline, Chem Phys, 2008, 83, 343. 

[19]. N.B.Colthup ,L.H. Daly and S.E. Wiberley, Introduction to infrared and Raman spectroscopy (New York: Academic Press), 1990, 

[20]. G.Socrates, Infrared characteristic group frequencies (Wiley Interscience Publication), 1980. 

[21]. G.Varsanyi, Vibrational spectra of benzene derivatives(New York:Academic Press) ,1969. 

[22]. F.R.Dollish , W.G. fateley and F.F.Bentley, Characteristic Raman frequencies of organic Compounds (New York: John Wiley and 

sons), 1997. 

[23]. B.C.Smith, Infrared Spectral interpretation (Boca Raton: CRC Press), 19996. 

[24]. A.Anjaneyulu ,R.Raman, FT-IR, FT-Raman spectra and ab initio HF and DFT calculations of 2-nitro and 4- nitrobenzaldehydes, 

Spectrochim. Acta , 1999, A55, 749. 

[25]. J.H.S.Green and D.J. Harrison, NIR-FT-Raman, FT-IR and Surface- enhanced Raman Scattering and DFT based theoretical studies 

on the adsorption behaviour of (S)- Phenylsuccinic acid on Silver nanoparticles, Spectrochim. Acta ,1976, A32, 1265. 

[26]. V. Krishnakumar, V. Balachandran, FTIR and FT-Raman spectra, vibrational compounds assignments and density functional 

theory calculations of 2,6-dibromo -4-nitroaniline and 2(mrthylthio) aniline, Spectrochim. Acta, 2005, 61A, 1811. 

[27]. A.Altun, K. Golcuk, M.Kumru, Spectroscopic properties Inorganic and Organometallic, Vib. Spectrosc,2003, 31, 215. 

[28]. M. Kurt, M. Yurdakul, S. Yurdakul, Experimental and Theoretical FT-IR and Ft-Raman Spectroscopic analysis of N1-Methyl 2-

Chloroaniline, J. Mol. Struct.(THEOCHEM, 2004, 25, 711. 

[29]. N.B. Colthup, L.H. Daly, S.E. Wiberly, Introduction to Infrared and Raman Spectroscopy (2nd edn), Academic press: New York, 

1985. 

[30]. E. Akalin , S. Akyuz, Experimental and Theoretical study of the vibrational spectra of paraphenylenediamine transition metal(II) 

complexes, J. Mol. Struct, 2001,579.563-564. 

[31]. J.Coates, R.A.Meyers (Eds), Interpretation of Infrared Spectra, A Practical Approach, John Wiely and Sons: Chichester, 2000. 

[32]. G.Varsanyi, Assignments of Vibrational Spectra of Seven Hundred Benzene Derivatives, Wiley:New York, 1974. 

[33]. S.Higuchi, H. Tsuyama, S.tanaka, H.kamada, Vibrational Study of diphenylphosphorus halides Ph2 PX(X,CL,Br,I), Spectrochim. 

Acta, 2003, 33, 21. 

[34]. A.F. Jalbout, Z.Y. Jiang, A.Ouasri, H. Jeghnou, A. Rhandour, M.C. Dhamelincourt, P.Dhamelincourt, A. Mazzah, Synthesis and 

Physical Characterization of 2-((E)-1-(3-((E)-1-(2-hydroxyphenyl)ethylideneamino)-2- methylphenylimino)ethyl)phenol, Vib. 

Spectrosc,2003, 33, 21. 

[35]. A. K. Rai, S.Kumar, A.Rai, Computation and interpretation of vibrational spectra, thermodynamical and HOMO-LUMO analysis 

of 2-chloro-4-nitroaniline,Vib. Spectrosc, 2006, 42, 397. 

[36]. A. Campion , P. Kambhampati, Surface –Enhanced Raman Scattering, Chem. Soc. Rev, 1988, 27, 241. 

[37]. J. F. Arenas, J. Soto, I. L. Tocon, D.J. Fernandez, J. C. Otero, J. I. Marcos, Nano Biophotonics: Science and Technology, 

J.Chem.Phys. 2002,116,7207. 

[38]. J. Sarkar, J. Chowdhury, P. Pal, G.B. Talapatra, Surface-Enhanced Raman Spectroscopy based Quantitative Bioassay on Aptamer-

Functionalized Nanopillars using Large- Area Raman Mapping,Vib. Spectrosc, 2006, 41, 90. 

[39]. R.L. Garell, J.E. Chadwick, D.L.Severance, N.A. McDonald, D.C. Myles, FT-IR, FT- Raman and SERS spectra of anilinium 

sulfate, J.Am. Chem. Soc, 1995, 11, 563. 

[40]. J.Sarkar, J. Chowdhury, M. Ghosh, R. De, G.B. Talapatra, Surface-enhanced raman scattering (SERS) spectroscopy for trace level 

detection of chlorogenic acid, J. Phys. Chem , 2005, 22, 536. 

[41]. A. R. Bizzarri, S. Cannistraro, Surface-Enhanced Raman Scattering Physics and Applications, Chem. Phys. 2003, 290, 297. 

[42]. A.R. Bizzarri, S. Cannistraro, Surface-Enhanced Raman Scattering Physics and Applications, Chem. Phys. Lett. 2004, 395,222 


