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Abstract-The spectral absorption coefficient of CO fundamental band at temperatures from 300 to 
1500°K is determined from the existing spectral absorption data in the strong-line approximation region 
and in the transition region. This has been achieved by use of the Godson approximation for the Elsasser 
function and the estimated mean values for the line half-width-spacing ratio at various temperatures. 
The resulting spectral absorption coefficients compare favorably with the available experimental data at 
room temperature and with the theoretical results at various temperatures For the integrated intensity 
of the CO fundamental band extrapolated to STP the present investigation results in a value of 290 f 16 
atm-i cm-‘, which again is in good agreement with the recent experimental data of Breeze and Ferriso. 

NOMENCLATURE 

spectral absorptivity; 
total band absorptance ; 
line spacing ; 
self-broadening constant ; 
Bessel function of order n ; 
geometric path length ; 
Ladenberg and Reiche function de- 
lined by equation (5) ; 
partial pressure of absorbing gas ; 
effective pressure of the gas ; 
spectral absorption coefficient ; 
line intensity ; 
absolute temperature of the gas c”K] ; 
optical depth defined by equation (3) ; 
parameter defined by equation (6) ; 
line half-width-spacing ratio per unit 
atmosphere defined by equation (7) ; 
= YzjPe. 

Greek symbols 
&, line half-width per unit atmosphere; 
a WY = a:P,; 
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integrated intensity defined by 
tion (8); 
wave number. 

INTRODUCHON 

equa- 

IN A PREVIOUS publication [l], the authors have 
reported i.r. absorption data of CO fundamental 
and first-overtone bands at various thermo- 
dynamic and optical conditions. To ensure wide 
applications of these results, it is recognized that 
spectral absorptivity data must be reduced to 
basic spectroscopic parameters in order to 
predict spectral absorption at conditions dilfer- 
ent from those covered in the experiment 
[2, 31 and to calculate radiative heat transfer 
in real gases [4, 51. In the i.r. region, these 
spectroscopic parameters are the line intensity- 
spacing ratio (S&f) and the line half-width- 
spacing ratio (a_/Q The line intensity-spacing 
ratio is often referred to as the spectral absorption 
coefficient. 

It is well established experimentally and 
theoretically [3,6] that,‘for direct determination 
of the line intensity-spacing ratio, the optical 
conditions of the gas must be in the range of 
weak-line approximation. This could be 
achieved experimentally with very small path 
lengths for pure radiating gases or with medium 
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path lengths but only with a mixture of the 
radiating gas and an inert gas at high pressures. 
Examples of such experiments have been per- 
formed recently by many investigators [7-91 
mainly to determine the spectral and integrated 
intensity of CO2 and H,O at high temperatures. 
In case the gas path length is large or the total 
gas pressure is small, the spectral data are often 
in the region of strong-line approximation, and 
will yield only the product of the line intensity- 
spacing ratio and the line half-width-spacing 
ratio [3, 61. 

For some gases such as CO and NO, which 
possess small (cr,/d), the high pressure required 
to smear the rotational lines constitutes a 
formidable experimental problem in design of 
the i.r. apparatus, especially at elevated tempera- 
tures. As a result, much of the high-temperature 
experimental data on the i.r. absorption of these 
gases was obtained at relatively low pressures 
and consequently lies in the region of strong- 
line approximation, or in the transition region. 

In the present paper, the line intensity-spacing 
ratio (or the spectral absorption coefficient) of 
the CO fundamental band is determined from 
the i.r. experimental data in the region of strong- 
line approximation and in the transition region 
by use of the Elsasser band model. The Elsasser 
band model is generally regarded as an appro- 
priate model for representing spectral absorp- 
tion of CO, due to the orderly distribution of the 
rotational lines of diatomic molecules [2, 31. 
With the approximate Elsasser function, also 
indicated in the paper, the resulting spectral 
absorption coefficient would facilitate calcula- 
tions of spectral absorptivity under various 
optical conditions at elevated temperatures. 

APPROXIMATE ELSASSER FUNCTION 

In the Elsasser band model [3,6], the spectral 
absorptivity as a function of pressure and path 
length is given in a complicated integral form 
and is often referred to as the Elsasser function. 
As there exists no general explicit expression, 
the function is tabulated in numerical form. It is 
wsll known, however, that explicit expressions 

for the spectral absorptivity can be obtained in 
the following two limiting cases: the weak-line 
approximation, 

A, = 1 - exp(-P,u) 

and the strong-line approximation, 

(1) 

A, = erf [(7cP, Y z) . (P,u)lf (2) 

u = PJ, Y; = (Y-/P,) = (at)/d) (3) 

where P, is the spectral absorption coefficient 
(or the line intensity-spacing ratio), P, the 
pressure of the absorbing gas, / the geometric 
path length, az the line half-width per unit 
atmosphere, d the line spacing and P, the 
effective pressure. ‘For pure CO, P, = DP, where 
the self-broadening constant D = 1.02 for the 
fundamental band and is relatively independent 
of temperature [lo]. 

While the above approximations have been 
frequently used in their respective regions, it is 
highly desirable to establish a continuous 
explicit expression for the Elsasser function. 
Not only will it be useful in correlating experi- 
mental data in the whole range, but it also gives 
a formula, which shows a general functional 
dependence of various parameters and can be 
manipulated mathematically, such as differentia- 
ation and integration. Indeed, such an approxi- 
mation has been proposed by Godson [6] as : 

A, = erf [rr*Y,L(x)] (4) 

where L(x) is the Ladenberg and Reiche function, 

L(x) = x exp (-x) [Jo(ix) - iJ,(ix)] (5) 

with J,, being the Bessel function of order n and 

x = (P,u)/(2nY,). (6) 

Values of L(x) defined by equation (5), are 
tabulated as functions of x in [3, 61. A simple 
approximate expression for L(x) has been 
suggested recently by Tien [ 111. Comparison of 
the exact Elsasser function and the Godson 
approximation indicates that the agreement is 
extremely good when Y, is equal to or less than 
0.1. For the CO fundamental band, it can be 
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shown later that Y, is about 0,054 at room 
temperature (300°K) and 3 atm pressure. For 
the experimental data to be considered here, 
with temperatures greater than 300°K and 
pressures less than 3 atm [l], Y, is much 
smaller and cons~uently, the Godson approxi- 
mation is even more applicable. 

SPECTRAL ABSORPTION COEFFICIENT 
OF CO FUNDAMENTAL RAND 

Calculation of the spectral absorption co- 
efficient of CO fundamental band from spectral 
absorptivity data in the transition and the 
strong-line approximation regions can now be 
accomplished by use of equations (4) and (6) and 
the tabulated values of L(x), provided that the 
dependence of Yz on temperature and wave- 
length is known, At room temperature, the 
study by Oppenheim and Ben-Aryeh [2] shows 
that YE for CO fundamental band is almost 
independent of wavelength and may be assigned 
a mean value of 0*0175. At elevated temperatures 
covered in the present study, the rotational line 
spacing of diatomic molecules varies slightly 
with temperature and the variation will be 
neglected in this investigation. From simple 
arguments of kinetic theory, however, the line 
half-width is inversely proportional to the 
square root of temperature. Therefore, it follows, 

300 f 
YE = 0.0175 7 

( > 
(7) 

which is in a slightly different form from that 
based on band correlation [l]. The quantity 
B: in equation (13) of El] corresponds to (4Yz). 

For each of the temperatures 300, 600, 900, 
1200 and 1500°K the spectral absorption co- 
efficient P, was calculated, by use of equations 
(4, 6, 7) and the tabulated values of L(x), from 
the experimental absorptivity data at various 
path lengths and pressures [l]. Values of P, as 
a function of wave number at the different 
temperatures are shown in Figs. l-5. The 
symbols *, q , A and 0 used in these figures 
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FIG. 1. Spectral absorption coefkjent for fundamental band 
of CO at temperature 300°K. 
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FIG. 2. Spectral absorption coefficient for fundamental band 
of CO at temperature 600°K. 
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FIG. 3. Spectral absorption coefficient for fundamental band 
of CO at temperature 900°K. 
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FIG. 4. Spectral absorption coefficient for fundamental band 
of CO at temperature 1200°K. 

refer to values of the spectral absorption co- 
efficient obtained from the spectral absorptivity 
data at 1, 5, 10 and 20 cm, respective1y.t It is 
clearly shown that all spectral data points at 
different optical and thermodynamic conditions 
can be well correlated with a single line as 
indicated. At room temperature, a comparison 
has been made in Fig. 1 with the existing results 
of Oppenheim and Ben-Aryeh [2], which were 
obtained from the experimental data of Burch 
and Williams [ 121 by way of equation (1). Good 
agreement is indicated. 
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FIG. 5. Spectral absorption coefficient for fundamental band 
of CO at temperature 1500°K. 

To compare with the theoretical prediction 
of the spectral absorption coefficient for CO 
fundamental band, the theoretical results of 
Malkmus and Thomson [13] for the spectral 
emissivity in the weak-line approximation has 
been converted into the spectral absorption co- 
efficient by use of equation (1) and are shown in 

t The black symbols indicate that the spectral absorption 
coefficient was calculated from absorptivity data having the 
same path length as the corresponding white symbols but at 
a different pressure. 
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Figs. 1, 2 and 4. Again, the agreement is quite 
good, and part of the deviation may have 
resulted from the effect of the spectral slit width 
used in the experimental study [l]. The mono- 
chromator employed in that study was operating 
in a range of spectral slit widths between 7 and 
12 cm- ‘, while the theoretical results of Malk- 
mus and Thomson are based on the average over 
a single line spacing which is about 3.8 cm-’ 
for CO fundamental band. 

It should be emphasized here that, combined 
with equations (4) and (7), the spectral absorp- 
tion coefficient as presented in Figs. l-5 for 
various temperatures renders a convenient 
analytical description of the spectral absorptivity 
or emissivity for the whole range of optical 
conditions. 

INTEGRATED INTENSITY OF 
CO FUNDAMENTAL BAND 

For practical calculations, it is often con- 
venient to use the total band absorptance, which 
becomes in the optical thin limit in the weak- 
line-approximation region (P,u * l), 

A = jA,dw = s[l - exp(-P,u)]do 

= u&do = au (8) 

where a is called the integrated intensity and is 

290 f 16 cm-’ atm-’ is almost in perfect 
agreement with that recently reported by Breeze 
and Ferris0 based on their high-temperature 
data [14], and is about 10 per cent higher than 
that of Penner and Weber from their room- 
temperature data [3]. With such agreement, no 
attempt has been processed to modify the simple 
expression for Yz to yield closer results to those 
of Penner [3]. 

CONCLUDING REMARKS 

It should be mentioned in conclusion that 
possible investigation of the spectral absorption 
coefficient for the CO first-overtone band 
could have been accomplished in the same way 
as for the fundamental band. It is recognized, 
however, that the existing absorption profiles 
of CO first-overtone band [l] have been dis- 
torted and neither the band center nor the P and 
R branches of the band could be identified with 
a reasonable degree of accuracy. This is mainly 
due to the large spectral slit widths used in the 
experimental study and the insufficient ampli- 
fication of the recorded spectral data. According- 
ly, it is decided to exclude any data on the 
spectral absorption coefficient of CO lirst- 
overtone. Theoretical calculations of the spectral 

Table 1. Integrated intensity of COfindamental band at elevated temperatures 

Temperature (“K) 300 600 900 1200 1500 

Integrated intensity, (cm-‘atm-‘) 264 134 86 72 58 

often investigated by molecular spectroscopists. 
By measuring the area under the spectral 
absorption curve, the integrated intensity for CO 
fundamental band at various temperatures has 
been determined and their values are shown in 
Table 1. To compare with existing experi- 
mental data, a mean value for the integrated 
intensities given in Table 1 and extrapolated to 
the density of STP is obtained. The value of 

absorption coefficient of CO first-overtone band 
in the weak-line-approximation region has been 
reported by Young [15]. 
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R&m&-Le coefficient d’absorption spectrale de la bande fondamentale de CO au x temperatures allant 
de 300” a 1500°K est determine a partir des don&s existantes d’absorption spectrale dam la region 
d’approximation par une ligne intense et dans la region de transistion. Ceci a ete accompli en utilisant 
I’approximation de Godsen pour la fonction d’EIsasser et les valeurs moyennes estim&es pour le rapport de 
la demi-largeur des lignes a leur especement a differentes temperatures. Les coefficients d’absorption 
spectrale qui en resultent concordent avec les donn&es experimentales disponibles a temperature ambiante 
et avec les resultats theoriques & differentes temperatures. L’etude actuelle conduit a une valeur de 290 &- 
16 atm-* cm-’ pour l’intensitt globale de la bande fondamentale de CO extrapolee a STP, valeur qui 

est Cgalement en bon accord avec les don&es experimentales recentes de Breeze et Ferriso. 

Zusammenfassung-Der spektrale Absorptionskoeffzient der CO Fundamentalbande wurde bei Tempera- 
turen von 300” bis 1500°K aus den vorhandenen Spektralabsorptionsdaten im Nlherungsbereich der 
starken Linien und im tibergangsbereich bestimmt. Dies wurde erreicht mit Hilfe der Godson-Naherung 
fiir die Els~sser-Funktion und der geschltzten Mittelwerte fiir V~r~ltnisse halber Linienbreiten-Abst~nd~ 
bei verschiedenen Temperaturen. Die sich ergebendeh spektralen Absorptionsk~~zienten sind gut mit. 
verffigbaren Versuchsdaten bei Zimmertemperatur und mit theoretischen Werten bei verschiedenen 
anderen Temperaturen vergleichbar. Fiir die Gesamtintensitlt der CO Fundamentalbande ergibt sich 
nach der gegenwartigen Untersuchung bei Extrapolation auf STP der Wert 290 + 16 atm-’ cm-‘, der 

wieder gut mit ktirzlich erhaltenen Versuchswerten von Breese und Ferris0 tibereinstimmt. 

AlntroTaHMsr-Ha OCHOBe SfMeiO~HXCf-f AaHHbIX B 06nacTH npH6nwHteHHfi CMnbHOH JIHHRH A 
nepexomioft 06nacTH 0npe~enHeTcH KOaQt#u%UHelfT cneIETpanbHOfO norJxomeHnR OCHO3HOti 
nonocbr co HpH Te~nepaTypax OT 300” ~0 15oo*fc. c ZJTO~ u,enbio ~p~~eHffeTc~ a~~poKc~- 

raqw I'ogaoHa ~nfs (PYH~ZUMM 3zb3accepa si pacseTabfx cpegisix .3HaqeH~~ OTHO~~H~~ 

nO~y~~p~H~ JiHHHH H paCCT0ffHHK.i MelKAy A?iMX np?d pa3JiHvHbIX TeMllepaTypaX. nOJIy- 

Yefnible CneKTpanbHbIe Ko3@@u5feKTbI norzoueHvrf3 xopof.110 cornacyeTcfz c M3BecTHblhiH 

aKCm?pHMeHTanbHbrMH RaHHbIMH npH KOMHaTHOti TeMHepaType Ii C TeOpeTHHeCHHMH pe3ynb- 
TaTaMH npH pa3nHHHbrX TeMHepaTypaX. B AaHHoM &fCCJle~OBaHMkl AJGi HHTel'panbHOfi HHTeH- 
CHRHOCTA OCHOBHOfi IIOJlOCbl co, 3KCTpaIIOnkipOBaHHOti Ha HOpMaJIbHyHJ TeMnepaTypy H 

.lJaBJIeHile,IIOJlyYeHbl3Ha~eHMfl2~o dz 16 aTM-* CM-a,KOTOp~eTaK?Ke XOpOIllO COWIaCyiOTCfl 

C IlOCJle,lJHMMH 3KCllepHMeHTaJIbHMM&l AaHHblMli EpH3a M @eppWiO. 


