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ABSTRACT

Sulphur dioxide is most noteworthy as an envirortalgpollutant. Interaction of a free electron laser beam of
wavelength 4 um with rotational lines of sulphumxddle is studied. Values of transmittance, averamest intervals

of 0.1 crit, are obtained for absorber thickness 0.01, 0.1 ardm-cm, using the quasi-random model of molecula
band absorption. From these values, intensitiethefhigh resolution absorption lines of S&e simulated in the
frequency interval 2463.4983— 2464.919'ciihe experimental data taken for this work agred with the result.
There is clearly a scope to apply this work in agpteeric optics.
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INTRODUCTION

Sulfur dioxide (SQ) is one of a group of highly reactive gasses knasr‘oxides of sulphur.”Sulphur dioxide
enters the atmosphere as a result of both nathi@igmena and anthropogenic activiti€#be largest sources of
SO, emissions are from fossil fuel combustion at poplants (73%) and other industrial facilities (209gmaller
sources of S@emissions include industrial processes such asaiig metal from ore, and the burning of high
sulfur containing fuels by locomotives, large shigsd non-road equipment [ tmospheric optics uses lasers for
the remote probing of the atmosphere, includingtieasurement of traces of pollutant gases, temperahd water
vapour concentration. The first precision measuregnoé ozone in the atmosphere was made using leseote
sensing. The attenuation and fluctuation of thécapparameters of the penetrating radiation ae tduabsorption
by molecular bands or scattering by atmosphericiespe Recently a linear relationship between comagan of
sulfur dioxide and optical parameter (OP) is ess@leld using the Beer—Lambert law .[2] precise knowledge of
the spectra of sulphur dioxide is very important docurate measurements involving the passagelaxfea beam
through this gaseous medium. In this work, a fleetmn laser is considered tuned o The frequency interval
in which the propagation of this free electron tabeam is considered, 2463.4983— 2464.919dies in the
combination vibration — rotatiom;+v; band of S@Q The combination vibration — rotatian+vs band of S@ has
been recorded under Doppler limited and atmospluaniciitions with 3* 10 cm* instrumental resolution using a
difference-frequency laser [3]. Thg+v; band of SQ is strategically located in the dm atmospheric window
which is convenient for monitoring SQn the air or observing extraterrestrial StBrough the atmosphere. The
method used in this work, the quasi-random modglofdmolecular band absorption, is a variant of afehe
methods described by Goody and Yung [5]. In theimograph, Goody and Yung have contrasted the use of
random models with the line by-line method, andobatied that in some circumstances the random madigjist
be sufficient, and require much less computer timiared transmittances, based on the quasi-randodel, have
been calculated for 4@ and CQ and the results fitted with experimental measurdm¢s,7]. Using this model,
simulations of intensities of absorption lines haeen done for p-benzoquinone-H4 vapour [8] inrdgon 17800

- 24900 crit, for water vapour [9] around 1.18n, and for nitrogen [10&round 575 nm. Potential use of this model
in developing rapid models for accurately calculgtiatmospheric transmittances has been indicatédl [1
Simulating the intensities of high-resolution lirefsnitrogen around 570 nm, applicability of thiedel in optics of
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the atmosphere, especially of the upper atmosphee, been shown [12]. Intensities of the high rasmh
absorption lines of sulphur dioxide are simulatadtie frequency intervals 2499.0115-2499.9910¢8] and
2523.336 - 2524.727 c¢h{14, 15]. The frequency interval under consideration in tmespnt study is another
convenient sector in the sulphur dioxide spectramrfvestigation of propagation of a laser bearoufh it.

MATERIALSAND METHODS

METHOD OF CALCULATION

High-resolution near-infrared absorption spectrunsudphur dioxide is considered frequency inter2463.4983—
2464.919 cril. The maximum relative intensity is normalized oty and other values of intensity are taken reti
to this one. The lines along with the assignednisitees are given in Table 1. The entire spectrardivided into
frequency interval€ = 0.1 cmi* wide. TheseQs are the intervals over which the average tratanties have been
computed. Each interval is further divided into #erantervalsd = 0.025 cri’. The quasi-random model localizes
each line within an error defined by the interviaes. The transmittance at a frequengyas affected by glines
within the interval, is computed from the expression [16]

n

T0)=[4[  |[exd-sublv.v, o 0

where n represents the number of lines within the intgnsiinge i, which itself is characterized by an ager
intensity $ u is the absorber thickness in atm-cm (atmospbenéimeter), and b(v;) is the Lorentz shape factor
defined by € is the half-width, i.e. half the frequency diffaoe between the half-maximum poingsyefers to the
center of the line).

The gases of the atmosphere are usually measurdtehynitatmosphere centimeti@tm-cm). This measurement
unit is used to define an atmospheric gas diseitbalong a path reduced to a layer at STP, proutikedther gases

bv.v.) = aln
v.v,) AT )

are excluded. The resulting thickness is then esgme in atm-cm, given by = cLP, wherec is the fractional
concentration of the absorbéris the path length in cm arftlis the pressure in atmosphere.

For three different masses per unit area, u = @A and 1.0 atm-cm, and taking the half-widthoa®.015 cn,
equation (1) is evaluated with the help of a corapgrogram based on Simpson's rule of numericalymation.
First, the transmittance values are calculatetieatentre of 0.1 cthintervals. Transmittances by the wings of lines
at the left and right adjacent intervals are alsdluded. The transmittance at the centre of amvatds finally
obtained as [17]

T=T[]T ©

1]

Next, transmittance values are obtained for amatbeof frequency intervals whose centres ardeshify half the
interval size (0.05 cij from the original positions of the centres of theervals. This is done in order to minimize
the error associated with the occurrence linesegfuencies near the edges of a given interval.rékelts for the
shifted and un-shifted intervals are averaged,tans we obtain the average transmittance over ariinterval.
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Figure 1: Threetypical adjacent intervals showing the position and relative intensities of the lines contained in each.

Table1: SO, lines affecting the propagation of the 4 um laser beam

Frequency (cr) Intensity Frequency (cr) Intensity
(cmYmolecules-cr) (crt/molecules-crif)

2463.4983 0.67 2464.200 0.28
2463.5305 0.70 2464.312 0.53
2463.551 0.33 2464.386 0.37
2463.6461 0.69 2464.546 0.61
2463.6527 0.74 2464.569 0.47
2463.693 0.37 2464.647 0.35
2463.704 0.18 2464.682 0.37
2463.7683 0.61 2464.688 0.42
2463.776 0.38 2464.7298 0.74
2463.832 0.27 2464.7773 0.90
2463.9421 1 2464.817 0.83
2463.9561 0.82 2464.843 0.24
2463.9822 0.78 2464.866 0.87
2464.025 0.52 2464.876 0.85
2464.0388 0.75 2464.905 0.77
2464.1415 0.74 2464.919 0.78
2464.1942 0.61

Table 2: Absorption of afreeelectron laser beam for three different amounts of SO,

Frequency ADSOTpLance (Jo) 1or pain rengm

(cm®) 0.01 atm-cm 0.1 atm-cm 1 atm-cm
2463.5483 41.25 41.75 46.5
2463.6483 53.25 54.02 60.99
2463.7483 55.57 57.82 72.15
2463.8483 59.67 79.92 95.93
2463.9483 62.39 91.45 100
2464. 0483 62.3 91.23 100
2464.1483 58.28 73.1 89.09
2464.2483 55.43 56.52 65.95
2464.3483 55.35 55.71 59.1
2464.4483 55.33 55.51 57.3
2464.5483 55.32 55.46 56.75
2464.6483 55.33 55.49 57.05
2464.7483 55.33 55.51 57.25
2464.8483 50.74 50.92 52.69
2464.9483 41.56 41.73 43.32
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Figure 2: Absorptance of a4 um free electron laser beam for a 0.01 atm-cm path length of SO..
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Figure 3: Absorptance of a 4 um free electron laser beam for a 0.1 atm-cm path length of SO..
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Figure4: Absorptance of a4 um free electron laser beam for a5 atm-cm path length of SO».

RESULTSAND DISCUSSION

Influences of 33 lines for the interval are worlad for 0.01, 0.1 and 1 atm-cm thickness of sulptiakide in the
frequency intervals 2463.4983— 2464.919"cifhe computational results for the propagatioa dfum laser beam
through these three amounts of the absorber asemes in Tables 2 and shown in Figures 2 —4vhais from the
figures that the smaller the amount of the absattieemore marked is the variation and with greateounts of the
absorber the absorptance values tend to saturaben Eenerated absorptance values intensities ofhigb

resolution absorption lines in the above intenfads®, can be simulated. The absorption values agreewillthe

experimental data taken for this work. This conelidhat the quasi-random model for simulating titenisity

distribution by grouping the lines in a given freqay interval works reasonably well - a fact estddald in recent
times for important atmospheric species like nitmogulphur dioxide and methane.

CONCLUSION

As the rotational lines are observed to be suffityefine, therefore in this work the broadeningtbé lines is
assumed to be homogeneous. There is a scope toatipmeéhe model for inhomogeneous broadening at we
Application prospect of this work in atmospheridiop is quite bright. Till now, a large number afjin resolution
absorption spectra of other diatomic and polyatomiadecules have been reported; the present workl @asily be
extended to these spectra. Temperature and preseendence of the linewidth, and consequently hef t
absorptance, is the aspect that calls for furtesearch. The scopes of error in these computadien&) the size of
the small intervalsgd, as mentioned in the description of the model, @)dhe number of divisions taken in the
Simpson-rule based program, which is known to angm@mmmer.
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