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مخلصال  

آلورايѧد المقѧاس مѧن خѧلال طيѧف      في هذا البحث تم اجراء دراسة للطيف الجزيئѧي للفنيѧل       
 و  الكتѧرون فولѧت    ) ١١ -٥(وق البنفسجي عالي الفصل فѧي مѧدى الطاقѧات           فالامتصاص الفراغي   

آѧذلك تѧم حѧساب مѧستويات     .  لاشѧعاع الѧسينكروترون   نѧانومتر  ) ٢٥٠< λ < ١١٥( طول موجي 
للفنيѧل آلورايѧد   أيضا تم حساب العمѧر الزمنѧي المتوقѧع          . حاسوبي  طاقة ريدبيرك باستخدام برنامج     

 .في طبقات الغلاف الجوي
 

Abstract 
In this work, a comprehensive study of the molecular spectroscopy 

of vinyl chloride is reported. A high resolution VUV photo absorption 
spectrum of vinyl chloride has been measured using a synchrotron 
radiation in the range (5 - 11) eV (115 > λ > 250) nm. The excited 
Rydberg states of vinyl chloride were calculated using a software 
program. The photolysis has also been investigated to give an estimate of 
the life time in the atmosphere.  
 
 
Introduction 

Research in the area of molecular excited electronic states covers a 
broad field of endeavour, touching as it does many aspects in 
spectroscopy, dynamics/kinetics, photo-dissociation, and chemical 
reactions (1). Vinyl Chloride is a highly volatile molecule that exists as a 
gas at Standard Temperature and Pressure; for this reason, occupational 
exposure to Vinyl Chloride Molecule (VCM) occurs primarily through 
inhalation.  

Vinyl chloride is most commonly released into the environment as 
gas emissions or wastewater from polyvinyl chloride (PVC) plastic 
manufacturing plants. Liquid vinyl chloride evaporates easily into the air. 
Vinyl chloride, if it is near the surface of soil or water, can also 
evaporate.  

Vinyl chloride in the air can break down within a few days to other 
substances, some of which can be harmful. Small amounts of vinyl 
chloride can dissolve in water. Vinyl chloride formed from the 
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breakdown of other chemicals can enter groundwater. Vinyl chloride is 
unlikely to build up in plant, animal, or aquatic life. The independent 
scientific community has recognized VCM as a multi-potential 
carcinogen for almost thirty years and it is recognized as a potent cause of 
a wide variety of cancers arising in various organs of the body, both in 
humans and in animals. These cancers are not at all limited to vinyl 
chloride's "signal neoplasm," an giosarcoma of the liver, whose very 
existence in a given population strongly implies a larger occupational 
cancer risk caused by vinyl chloride. Most vinyl chloride is used to make 
polyvinyl chloride (PVC) plastic and vinyl products (2).   

Acute (short-term) exposure to high levels of vinyl chloride in air 
has resulted in central nervous system effects (CNS), such as dizziness, 
drowsiness, and headaches in humans.  Chronic (long-term) exposure to 
vinyl chloride through inhalation and oral exposure in humans has 
resulted in liver damage.  Cancer is a major concern from exposure to 
vinyl chloride via inhalation, as vinyl chloride exposure has been shown 
to increase the risk of a rare form of liver cancer in humans. It has been 
classified vinyl chloride as a Group A, human carcinogen. 
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Fig. ( 1 )The molecular structure of Vinyl chloride (C2H3Cl) 

         
Despite being an atmospheric pollutant, vinyl chloride ~VC, 

C2H3Cl) has been widely used in the industry for poly ~vinyl chloride 
production (3). The understanding of its photochemistry and spectroscopy 
is therefore very important. The purpose of this experiment is to measure 
cross-section for the photo ionisation of ions as a function of photon 
energy, and also to determine the Rydberg states for the molecule 
vinylchloride through the use of Synchrotron radiation. The Syncrotron 
radaition provides an excellent source of photons for photo absorption 
experiments. The emission is entense and extends over a contiuous 
energy range. Further more the light is highly colimated and completely 
polarised in the plane of the stoage ring (4). 

The emission of synchrotron radiation is the product of the 
acceleration of charged particle. In a synchrotron radiation source (SRS), 
the charged particles are electrons and the key acceleration is initiated by 
strong magnetic fields. The applied magnetic fields are perpendicular to 
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the pulse velocity so electrons fellow arced trajectories. The intensity of 
the radiation output of an SRS is proportional to the square of the electron 
velocity. 

 
Theory 

The features of the spectra can be labelled by calculated 
assignments representing Rydberg series. These calculations are taken 
place from the Rydberg formula: 

2)(
..

δ−
−=

n
REIEn   ………………………………… (1) 

Where En is the energy of the experimental band of the spectrum , 
I.E. is the ionization limit of the series , R is the Rydberg constant , n is 
the principle quantum number , and δ is the quantum defect which 
assigned in this work .  However, it is also possible that Rydberg 
transitions may not be sharp and therefore not easily fit to the above 
equation. Broad transitions might also be valence transitions, and Robin 
notes that researchers at one time had a propensity to assume that any 
broad transition was a valence transition. In the vacuum-ultraviolet, 
valence and Rydberg states are much more likely to mix than they are in 
the quartz-ultraviolet. Rydberg states can be defined as those which fit 
Eq. (1) and whose wave functions are appropriate to generate such a 
series. Excitation energies are often reported as the difference between 
the Rydberg state and the corresponding ionization limit; these are 
referred to as \term values" in this context. For theoretical work, it may be 
more desirable to compute these term values than the actual excitation 
energies because the Rydberg state should look more like the ion than the 
ground state; orbital relaxation and correlation effects are more likely to 
cancel. While any particular valence transition may also fit Eq. (1), it will 
not belong to a series with increasing quantum number n. An electron in a 
polyatomic molecule will fit such a formula if it is very diffuse, so that 
the core appears as a point charge. Of course this will never be entirely 
true, so the parameter ± is added to correct for the extent to which the 
distant electron penetrates the core. The ground state of an atom may 
have an electron with a large radius and may thus be referred to as a 
Rydberg state; for neutral polyatomic, this never happens. Rydberg 
transitions may be split by core asymmetries, but the splittings decrease 
with increasing n because the core becomes better modelled as a point 
charge as the electron radius increases. For second-row atoms and 
molecules, the general trends in δ are: 

ns:     Penetrate the core to a large extent; δ ~ 1.  
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np:    Penetrate to a moderate extent; δ ~ 0.6. 

nd:    Hardly penetrate the core; δ ~ 0. 

For lower rows of the periodic table, more general rules are 
required. A Rydberg orbital will be non penetrating ( δ ~ 0) if the core 
does not contain any occupied orbitals of its symmetry. Mulliken refers to 
such core orbitals as “real precursors”.  Hence δ ~ 0 for, e.g., 2p, 3d, and 
4f. (5) 

Experimental Apparatus 

The experiment was held in the Daresbury Synchrotron Radiation 
Source (SRS) fig. (2). A synchrotron is a source of radiation that provides 
a continuum of photons from infrared to X-ray energies.  The main 
features of a synchrotron emission spectrum are that the intensities are 
many orders of magnitude higher than conventional light sources ( 8 ) . 

   

 

        Fig.( 2 ) Schematic layout of the Daresbury SRS 

 

 The SRS offers a large mix of experimental facilities which deliver 
radiation with wavelengths extending from the infrared to hard X-rays. 
Synchrotron radiation is a very efficient source of light due to its high 
beam brilliance and excellent collimation.  It has been previously applied 
as radiation source to the study of photochemical reactions on polymers 
(6).  The SRS is a 2GeV electron storage ring, operated solely for the 
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provision of synchrotron radiation (synchrotron light) for multiple 
simultaneous user experiments. It routinely operates at high circulating 
currents (150-250mA) and long lifetimes (>24 hours), typically providing 
4,500 hours per year of user beam with outstanding stability and 
reproducibility. The UV beam , fig. ( 3 ) , passes through a simple static 
gas cell with an absorption path length of 25 cm and the transmitted 
intensity It measured at 0.05 nm intervals using a photo multiplayer 
detector ( 500 Volt operating voltage ). The transmitted light intensity , as 
well as the sample pressure ( measured on an MKS 390HA Baratron 
capacitance manometer   ±0.1 %  ) . 

 

               Fig. (3) Schematic diagram of the VUV beam line  

The typical resolution was ~0.075 nm. The sample cell is then 
evacuated and the radiation transmitted through the empty cell Io is 
recorded. The absolute photo absorption cross section was calculated 
using the attenuation Beer – Lambert law : 

)exp( xnII o σ−= ……………………………………. (2) 

With n is the target gas number density, σ is the absolute photo 
absorption cross section of the molecular species and x is the path    
length (7).  
 
 
The Results  

The VUV photo absorption cross section for Vinyl Chloride 
(C2H3Cl) using special program (9 and 10) is shown in fig. (4).  

 



Rydberg states and Molecular Photo- Absorption… 

 51

0
10
20
30
40
50
60
70
80
90

100

110 130 150 170 190 210 230

Wavelength (nm)

C
ro

ss
-S

ec
tio

n

 
 
 

Fig. ( 4 ) The VUV photo absorption cross section for Vinyl 
Chloride  

 
 
The spectrum feature a large number of fine structure, these 

structure have been tentatively assigned to members of Rydberg series 
converging to the ionization energy ( 9.99 eV ) as in table ( 1 ), using 
equation ( 1) .  

The assignments of the Rydberg states for Vinyl Chloride were 
calculated using a special software program written for this research.  

 
 

 
Energy of the experimental 

band of spectrum  
Assignment 

6.782 3s 
6.930 3s 
7.415 3p 
7.453 3p 
7.493 3p 
7.667 3p 
7.710 3p 
7.778 3d 
7.867 3d 
7.919 3d 
8.061 3d 
8.132 3d 
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Energy of the experimental 
band of spectrum  

Assignment 

8.221 3d 
8.329 3d 
8.400 3d 
8.661 4s 
8.703 4s 
8.746 4p 
8.786 4p 
8.821 4p 
8.843 4p 
8.897 4p 
8.935 4d 
8.977 4d 
9.020 4d 
9.063 4d 
9.096 4d 
9.119 4d 
9.129 4d 
9.177 5s 
9.201 5s 
9.256 5p 
9.315 5p 
9.414 5d 
9.457 6s 
9.551 6d 
9.562 6d 
9.614 7s 
9.641 7p 
9.686 7d 
9.758 8d 
9.816 9d 
9.871 11d 

Table (1) : Energy values and assignments of Rydberg series for 
Vinyl Chloride 

The spectroscopic study of Rydberg states (illustrated in fig. (5)) 
helps us to illuminate the photo dissociation path ways and to manifest 
the complicated chemical-reaction mechanisms due to the multi-
dimensionality in polyatomic molecular potential energy surfaces (1). 
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Photolysis rate and local life time 
Using the absolute photo – absorption cross-sections the photolysis 

rates for Vinyl chloride can be calculated at 1 km altitude steps up to 
stratopause (50 km). Photolysis rate were calculated as the product of the 
solar actinic flux at a given wavelength and altitude, and the molecular 
photo absorption cross-section at the same wavelength for Vinyl chloride. 
At each altitude the total rates shown in fig. ( 6 ) are the summing over 
the individual photolysis rates for that altitude.  

  
Photolysis Rates by Altitude (0-50 km)
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Fig. (6)  Photolysis rates (by wavelength and altitude) for Vinyl 

Chloride  
  

The reciprocal of the total photolysis rate gives the local photolysis 
lifetime at that altitude, i.e. the time taken for the molecule to photo-
dissociate if altitude and solar actinic flux remain constant.  

The results show that the local photolysis lifetime of this molecule 
varies and molecular photo - absorption cross-section at different 
altitudes and wavelengths assuming that the quantum yield for photo-
dissociation being unity, at wavelength 196 nm, the lifetime will then be 
nearly 4 days (3.99 days) at altitude 1000 km. 
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Total Photolysis Rate (single wavelength, all altitudes [0-50km]) vs Wavelength
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Fig. (7) Photolysis rate of ( 50 and 1000 km ) for Vinyl Chloride 

 
 The lifetimes calculated are for molecules with fixed altitude in a 

sunlit, clear sky atmosphere. Fig. (7) Represent the relationship between 
photolysis rate and wavelength. At wavelength 198 nm and altitude 50 
km, the lifetime is 10.7 days. It is these long lifetimes at low altitudes 
coupled with its strong infrared absorption properties that make these 
molecules such a strong greenhouse gases. 
 
Conclusion 

The experimental results presented in this paper provide the highest 
resolution VUV photo – absorption spectra of Vinyl Chloride in the 
range (5 - 11) eV (115 > λ > 250) nm, yet reported. Rydberg states were 
assigned for the first time. Photolysis rates and local lifetimes of the 
molecules were calculated for various altitudes in the atmosphere.  
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