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Molecular absorption processes

~1018 J

Electronic transitions
UV and visible wavelengths

Molecular vibrations

Thermal infrared wavelengths snerepsingienengg

Molecular rotations

Microwave and far-IR wavelengths
~10-23 J

Each of these processes is quantized
Translational kinetic energy of molecules is unquantized



Schematic energy diagram for a diatomic molecule
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Line shapes
kv 2 ZSn5(V_Vn)

where the S, are constants, called the line strengths

d(v-v,) is the Dirac delta function.

However, this model of sharp, delta-function, peaks in the extinction
coefficient is an idealisation. In practice several physical effects lead

to a broadening of the sharp peaks

coefficient
>

Absorption




kv ZZSn5(V—Vn) Is replaced by kv - ZSH fn (V—Vn)
n n
f, are line-shape functions, each normalised such that
LO f(v—v )dv=1

There are two main cases
(a) Collisional or natural broadening

The energy levels have finite lifetimes for one of two reasons

1) there is a collisional lifetime 7,

2) excited states have a natural lifetime ¥ with respect to
spontaneous decay.



In the case of collisional broadening we obtain the Lorentz line shape,
of the form

= S

7. =(27r.)™"  the half-width at half maximum of the line

We can get 7 . and hence /| from kinetic theory, in ferms of the mean
molecular velocity (which is proportional to T /2), number density
(proportional to p/T) and collision cross section, giving the following
temperature and pressure dependence of /|

A T pT_]jz

A similar calculation applies to natural broadening, but in this case

7/L :(zmn)_l



In the infra-red, the corresponding line width is much less than that
due to collisional broadening and than that due to the Doppler
broadening discussed below, so natural broadening can usually be
neglected. However, natural broadening can be important in the ultra-
violeft,

T, KT,
b) Doppler broadening V=V, Y —vgl=(U/C)y,
assuming that U<<C u, u-+du P(u)du

mu?

m 8
P(u) = 1/2e 2kgT
(1) (27z'kT)

m is the molecular mass. The spectral line shape, rather than being a
delta function, becomes the convolution of P(u) with a delta function:
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We then get the Doppler line shape kv —

on normalising such that S — Jmo kK dv
| %4

kBT )1/2
m

where, o L (2
C

The half-width at half maximumis 7 (IN2)"?2

and is proportional to K7

but independent of p



The Lorentz and Doppler line shapes are shown in Figure; also shown is
the Voigt line shape, which applies when both collisional and Doppler
broadening are important.

The fact that/L is proportional to pressure (see equation ¥, = pT_]jz)
means that collisional broadening dominates at low altitudes (<30 km), in
the infra-red. Higher up, Doppler broadening becomes significant in the
visible and ultra-violet.




Transmittance

the spectral transmittanc
r.(5:5) =0 [k OO0 | e {2(5) 2 (6) ]
7.(s) = j k (s")p,(s)dS"  the optical path

L&) =[" 3, (e dy+Le*

for measurements under laboratory conditions at fixed p and T,above Eq.

2 (Sl’ Sz) =€EXp [_kv ( p,T)ua (31’ 52)]

(5,5:) = [ pu(6)ds

the mass of absorber gas, per unit
transverse cross-sectional areaq, in the path




If the absorber density is also constant along the path, then U,

where | is the length of the path.

X=(-v)ly
q=u,S/(y ) A =1-7,  the absorptance

(q>>1, solid curve) (g <1 dotted curve)
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Two other useful quantities are the band absorptance

A :1_?r

and the equivalent width or integrated absorptance
W =] (-7)dv=Av,(1-7)=AvA

Note that for small amounts of absorber (again at fixed p and T along
the path), we have

r =% x1-ku
So that \\/ ~ L k wdv=3u,

using SZL kaV



to obtain the strong-line approximations WzZ(SUa?/L)]/Z

for a Lorentz line and

1/2
W =2y, {In[Sua / (Q/D\ﬁ]} for a Doppler line



Irradiance / W mi™ nni™

Absorption by atmospheric gases

The solar spectrum
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Radiation in the Atmosphere

Deviations from blackbody due to absorption by the solar atmosphere,
absorption and scattering by the earth’'s atmosphere (below).
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Radiation at Sea Level

Absorption Bands
H20 co,
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Solar Radiation Spectrum
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Water absorbs a lot of IR = heat!
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