
 

 
115 

 

       Vol. 6  ,  Issue 2 ,  Dec. 2021 , 115 - 123     
 

Mohammed, Mohammed  and Haneen  – The Spectral .... 
Regression ……. 

K. U. C. J.                   
 

 

 

 

 

The Spectral Properties of C6H5Cl and C6H5OH Compounds 

M. R. Mohammad 1 , Mohammed S. Mahde 2 , Haneen Muthanna Awad 3 

 

 

 

Affiliation of Authors  
1 Applied  Sciences Department, 

University of Technology, Baghdad, 

Iraq, 10001 

 d_mohamed11@yahoo.com  

 
2 Department of  Medical Physics,  

Al-Karkh University of Science, 

Baghdad, Iraq,10001 

mosame_11@yahoo.com  

 
3 Applied  Sciences Department, 

University of Technology, Baghdad, 

Iraq, 10001 

randa5794@yahoo.com   

 

 3 Corresponding Author 

 

Paper Info. 

Published:  Dec.  2021 

 

 

 

 

 

 انتساب الباحثين
بغداد،  ،الجامعة التكنلوجية ،قسم العلوم التطبيقية 1

 10001 ،العراق

d_mohamed11@yahoo.com   

 
 10001 ،العراقبغداد،  ،جامعة الكرخ  للعلوم 2

 mosame_11@yahoo.com      

 
 بغداد،  قسم العلوم التطبيقية، الجامعة التكنلوجية،  3

  10001 ،العراق

randa5794@yahoo.com  

 

 
   المؤلف المراسل 3

 

 معلومات البحث

 2021  كانون الأول تأريخ النشر :

Abstract 

The electronic spectra within UV-Vis region for chlorobenzene (C6H5Cl) and 

phenol (C6H5OH) and, have been studied. The bands, centered at 260nm and 

240nm are assigned to electronic transitions π→π*   type for C6H5Cl and 

C6H5OH respectively. However, an electronic transition of type n→σ*   has been 

absorbed, at 265nm only for C6H5OH compound .The spectral shifts of these 

electronic bands were studied under various [pH] values. The vibrational bands 

of these two compounds have been studied by using Infrared and Raman 

scattering techniques. In the fact, these two compounds may be regarded as 

benzene C6H6 which belongs to D6h point group with one of the hydrogen atom 

is substituted by Cl- and OH-   ions for C6H5Cl, and C6H5OH respectively .These 

substitutions will reduce the symmetry of point group to C2V, and hence will 

activate all the vibrational modes to be allowed in both infrared and Raman 

techniques. These aspects will be studied and discussed in this work. 
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 الخصائص الطيفية لمركبات الكلوروبنزين والفينول

 3 حنين مثنى عواد  ،  2 محمد صالح مهدي أ. د.  ، 1 محمد راضي محمدأ. د. 

 

 : الخلاصة

(  للكلوروبنزين (UV_Visbleتم دراسةةةةةةة الألإيات انلكترونية قة منطقة  قوق البنوسةةةةةةجية وال ر ية  

(Cl5H6C( والوينول )OH5H6C يتم تعيين النطةةاقةةام ال ت ركز  قة .)نةةانومتر  240نةةانومتر و  260

، تم بشةةك   ملحو . ومذ كل  OH5H6Cو  C6H5Clمن النوع   π→ πعلى التحولام انلكترونية  *

. تم دراسة OH5H6Cنانومتر ققط ل ركب  265، عند   → σnامتصاص الانتقال انلكترونية  لنوع * 

الاهتزازية  [ مختلوة . وقد ت ت دراسة الحزم pHالتحولام الطيوية لهذه النطاقام انلكترونية تحت قيم ]

الأشةعة تحت الح را  والرامان. قة الواقذ ، ي كن النرر للى لهذين ال ركبين باسةتخدام تقنيام الانتشةار ب

مذ واحد  من  h6Dالذي ينت ة للى مج وعة نقطة  6H6Cهذين ال ركبين على أنه يتم اسةةةةةةةتبدال البنزين 

على التوالة. هذه البدا    OH5H6C، و  Cl5H6Cأيونام   -and OH -Clكر  الهيدروجين بواسةةةطة 

، وبالتالة سيتم توعي  ج يذ وسا ط الاهتزاز ليتم الس اح V2C ـةةةةةةسوت تقل  من تنا ر مج وعة النقالإ ل

 قة تقنيام الأشعة تحت الح را  ورامان. سيتم دراسة هذه الجوانب ومناقشتها قة هذا الع  .

 

 الرامان، الأشعة تحت الح را ، الاهتزازيةالكلمات المفتاحية :  
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1.  Introduction 

 The C6H6  molecule posses D6h  point group , with  

6C2 , C3 , and C6 (axes of rotations) , 6σv , and σh 

(planes of reflections ) , and  S6 (plane of reflection 

+  axis of rotation ) symmetry operations . However 

when one of hydrogen atom at corner is substituted 

by Cl- and OH-   , the point group of the new molecule 

will be reduced to C2V  point group [1]. These two 

organic compounds are colorless, and flammable 

usually used as intermediate solvents in 

manufacturing of some pesticide [2]. The impress of 

the hydroxyl group on the electronic spectra of 

Benzene derivatives (for example C6H5OH) is of 

interest for a number of reasons [3]. Firstly phenol is 

known to give rise to hydrogen bonding form, and 

secondly, phenol may be regarded as substation 

compound of Benzene (derivative). The 

Chlorobenzene compound is also an aromatic 

organic compound with one hydrogen atom is 

substituted by Cl- [2].  The bond lengths of the ring 

have also shown characteristic variation but these 

changes have been small and less well determined 

than the changes of angles between bonds [4].  Due 

to the high symmetry of the hexagonal unsubstituted 

benzene framework and its relative rigidity, the 

substituted benzene derivatives are well suited for 

accurate geometrical studies [4,5]. The following 

work will deal with the electronic spectra, and 

vibrational spectra by using IR and Raman 

techniques for these two compounds. 

 

2. Experimental details 

 2.1 Chemicals and reagents 

Different chemicals and reagents which have been 

used in present study, are listed in table  (1) . The 

purities, companies, and manufacture countries of 

the used chemical are show in table (1) . 

 

Table (1): Chemical and regents, which have been used in this study 

 

 

 

 

 

Derivatives are well suited for accurate geometrical 

studies [4,5]. 

The following work will deal with the electronic 

spectra, and vibrational spectra by using IR and 

Raman techniques for these two compounds. 

 

2.2 The UV-Visible spectra: 

 The UV-Visible spectra have been measured by 

using Perkin – Elmer lambda 750. 

2.3 Fourier Transform Infrared Spectroscopy 

(FTIR) Measurements: 

 Fourier transform infrared spectrometer 

(SHIMADZO IRAFFINITY- Japan) has been 

used.to measure Infrared spectra of, C6H5Cl 

solution and C6H5OH compounds. 

2.4 The Raman spectra: 

 Have been measured by using ventana 

spectrophotometer which is used the second 

Chemical Company Country Purity 

Chlorobenzene Schuchardt Germany 99.8% 

Phenol Fluka Switzerland 98.6% 

Ethanol sigma Aldrich USA 99.9% 

NaOH BDH England 99.9% 

HCl Romil UK 99.98% 
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harmonic generation laser (532nm) of the Nd-Yag 

laser as an excitation source. 

3.  Results and discussions 

The UV-Vis spectrum of C6H5Cl is shown in figure 

(1). The band centered at 240nm is assigned to 

π→π* electronic transition of C=C band. It should 

be mentioned that there is no bands have been 

observed within visible region (400-800nm) which 

indicates that this compound is colorless substance 

[6]. 

 

Figure 1: Shows; the UV-Visible Spectrum of pure C6H5Cl compound

However, one may expect bands within vaccum 

Ultra-Violet region (𝜆 < 200nm) for  σ →σ* 

electronic transitions   of  C-H ,  C-C  and  C-Cl 

bonds , where the used UV-Vis spectrometer does 

not cover this wavelength range. 

The [pH] value measurements have been recorded 

by using pH meter Hana, (Mauritius), different 

values of [pH] for C6H5Cl compound as shown 

Table [2]. However,  on going from  [pH-] = 7→ 12 

, blue shift (shifting toward shorter wavelenght ) has 

been  absorved. 

Table 2: wave length shifts of π→π*   band  at different values of [pH ] , for C6H5Cl  compound. 

[pH ] values 𝜆 (nm) 

2 235 

4 240 

7 260 

10 240 

12 235 

 

 

On changing the values of [pH] by adding 

drops of  HCl and NaOH , the centre of π→π* band 

shows red shift (shifting toward higher wavelenght 

on going from [pH] = 2→ 7 , as shown in figure [2]. 
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Figure2: Shows; the wavelength  Shifts of  π→π*   band  with various [pH], for C6H5Cl compound. 

 

For C6H5OH compound the  UV-Vis 

spectrum  shows two bands center at 240nm and 

262nm as has been shown in figure (3). These two 

bands are assigned as π→π* and n→σ* electronic 

transitions, respectively [6].  

 

 

Figure3: Shows; the UV-Visible Spectrum of  pure C6H5OH  compound . 

 

The [pH] value measurements have been recorded 

by using pH meter Hana, (Mauritius), different 

values of [pH] for C6H5OH compound as shown 

Table [3]. 
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Table 3: listed the wave length shift of n →σ*   band center  at different values of [pH] for C6H5OH compound 

. 

 

 

 

 

However, blue shift has been absorbed for n→σ*   

band, on increasing the value from [pH] = 2→ 7, 

and red shift has been recorded on changing [pH] = 

7→12, as shown in figure (4).These wave length 

shifts, of the electronic bands for the two 

compounds, are expected because of the 

environmental existences of H+ and OH- ions by 

adding HCl and NaOH respectively 

 

 

Figure 4 : Shows; the wavelength Shift  of  n →σ*  band for C6H5OH compound . 

 

Therefore ,when the point group of C6H5Cl and  

C6H5OH   molecules have been reduced to C2v [12] 

, on substuting one H-atom at covner by Cl- and OH-  

, respectively , Accordingly , all modes of vibrations 

will be active in both techniquce Figure (5) (A) the 

FTIR Spectrum, and (B) the Raman spectrum of  

C6H5Cl compound. 

 

 

260

265

270

275

280

285

290

295

300

0 2 4 6 8 10 12 14

W
av

e
le

n
gt

h
 S

h
if

t 
(n

m
)

[pH]

[pH] 𝜆(nm) 

2 290 

4 270 

7 265 

10 280 

12 295 



 

 
120 

 

       Vol. 6  ,  Issue 2 ,  Dec. 2021 , 115 - 123     
 

Mohammed, Mohammed  and Haneen  – The Spectral .... 
Regression ……. 

K. U. C. J.                   
 

 

 

 

 

 

 

  

 

 

 

Figure (5) : Shows, (A)  the FTIR Spectrum, and (B) the Raman spectrum  of  C6H5Cl  compound. 

 

When the intensities of  vibrational modes depend 

on the strength, of dipole moments , and 

polarizability tensors [16-18].  

the point groups of  Phenol C2v symmetry according 

to the activities of  the vibrational bands, techniquce 

Figure (6) Shows (A) the FTIR Spectrum, and (B) 

the Raman spectrum of  C6H5OH compound.  
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Similar spectra have been reported by many 

workers for both compounds C6H5Cl and C6H5OH . 

[13-15]. 

 

 

Figure (6) Shows , (A)  the FTIR Spectrum, and (B) the Raman spectrum of  C6H5OH. 
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4. Conclusions 

The spectral bands for the C6H5OH and C6H5Cl, 

which have been observed within UV- region, have 

been assigned as π→π* and n→σ* electronic 

transitions. The wavelength shifts of these bands 

were studied. 

The modes of vibrations have been studied by using 

IR and Raman techniques where the point groups of 

these two compounds revealed C2v symmetry 

according to the activities of   the vibrational bands. 
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