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1.1: Linear Absorption Spectroscopy

Absorption is the simplest example of a coherent spectroscopy. In the semi-classical picture, the polarization induced by the
electromagnetic field radiates a signal field that is out-of-phase with the transmitted light. To describe this, all of the relevant
information is in R(t) or x(w).

P(t)= [ drR(r)E(t—1) (1.1.1)
/

P(w) = x(w)E(w) (1.1.2)

Let’s begin with a frequency-domain description of the absorption spectrum, which we previously found was proportional to the
imaginary part of the susceptibility, x'.! We consider one monochromatic field incident on the sample that resonantly drives
dipoles in the sample to create a polarization, which subsequently re-radiate a signal field (free induction decay). For one input
field, the energy and momentum conservation conditions dictate that w;, = wsiy and k;, = kg, that is a signal field of the same
frequency propagates in the direction of the transmitted excitation field.
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Figure 1.1.1: Linear absorption with the signal propagating in the same direction as the incident light.

In practice, an absorption spectrum is measured by characterizing the frequency-dependent transmission decrease on adding the
sample A = —log I,/ Iy, . For the perturbative case, let’s take the change of intensity 61 = I;;, — I+ to be small, so that A ~= 61
and I;;, =~ I,,,; . Then we can write the measured intensity after the sample as
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Here we have made use of the assumption that | E;, | >> |x|. We see that as a result of the phase shift between the polarization and
the radiated field that the absorbance is proportional to x"' : 6I = 2x"I;,, .

A time-domain approach to absorption draws on Eq. (2.1.1) and should recover the relationships to the dipole autocorrelation

function that we discussed previously. Equating P(t) with u(t), we can calculate the polarization in the density matrix picture as

P(t) =Tr ()" (1)) (1.1.3)

where the first order expansion of the density matrix is

t

o :_% /dtl[VI(tl)vpeq] (1.1.4)
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Substituting eq. (2.13) we find
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P(t)=Tr uz(t)% / dt'[~pr (¢ ) E(t'), peg]
_ _% / dt' B )Tr (ur(t) [ur(t), peg))
_ % / drE(t—7)Tr ([ur(r), 11(0)] peg)

In the last line, we switched variables to the time interval 7 =¢ —¢' , and made use of the identity [4, [B, C]] = [[4, B], C]. Now
comparing to Eq. (2.1.1), we see, as expected

R(r) = 26T (1 (), 1 0)] peg) (1.15)

So the linear response function is the sum of two correlation functions, or more precisely, the imaginary part of the dipole
correlation function.

R(1) = %9(7’) (C(r)—-C*(1)) (1.1.6)
C(r) =Tr (ur(m)11(0)peg)
O* (r) = Tr (s (7)pegr(0)) (1.1.7)

Also, as we would expect, when we use an impulsive driving potential to induce a free induction decay (i.e.,
E(t—71)=Ed(t —7) ), the polarization is directly proportional to the response function, which can be Fourier transformed to
obtain the absorption lineshape.

1. Remember the following relationships of the susceptibility with the complex dielectric constant €(w), the index of refraction
n(w), and the absorption coefficient & (w):

e(w) =1+4mx(w)

e(w) = n(w) = n(w) +ik(w)

This page titled 1.1: Linear Absorption Spectroscopy is shared under a CC BY-NC-SA 4.0 license and was authored, remixed, and/or curated by
Andrei Tokmakoff via source content that was edited to the style and standards of the LibreTexts platform.

https://chem.libretexts.org/@go/page/298949


https://libretexts.org/
https://creativecommons.org/licenses/by-nc-sa/4.0/
https://chem.libretexts.org/@go/page/298949?pdf
https://chem.libretexts.org/Bookshelves/Physical_and_Theoretical_Chemistry_Textbook_Maps/Nonlinear_and_Two-Dimensional_Spectroscopy_(Tokmakoff)/01%3A_Coherent_Spectroscopy_and_the_Nonlinear_Polarization/1.01%3A_Linear_Absorption_Spectroscopy
https://creativecommons.org/licenses/by-nc-sa/4.0
https://chemistry.uchicago.edu/faculty/andrei-tokmakoff
https://tdqms.uchicago.edu/

