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TABLE 16-1 IR Spectral Regions

Region Wavelengths (A), pm Wavenumbers (), cm™’ Frequencies (v), Hz

Near 0.78 to 2.5 12800 to 4000 3.8 X 10" to 1.2 > 10"
Middle 2.5t0 50 4000 to 200 1.2 % 10" to 6.0 x 10"
Far 50 to 1000 200 to 10 6.0 > 10" to 3.0 x 10"
Most used 2.5t015 4000 to 670 1.2 % 10" t0 2.0 x 10"
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FIGURE 16-1 IR absorption spectrum of a thin polystyrene film. Note the scale change on the x-axis at 2000 cm™.
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Symmetric Asymmetric
(a) Stretching vibrations

Sy

In-plane rocking In-plane scissoring
* Y . * Y -
Out-of-plane wagging Out-of-plane twisting

(b) Bending vibrations

FIGURE 16-2 Types of molecular vibrations. Note that + indicates
motion from the page toward the reader and — indicates motion
away from the reader.
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FIGURE 16-3 Potential-energy diagrams. (a) Harmonic oscillator. (b) Curve 1, harmonic oscillator; curve 2, anharmonic motion.
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The mass of the carbon atom in kilograms is given by

12 X 107 kg/mol
" 7 6.0 X 107 atem/mol
= 2.0 X 107*kg

> 1 atem

Similarly, for oxygen,
m, = (16 x 107%)/(6.0 X 10%) = 2.7 X 10 * kg
and the reduced mass y is given by (Equation 16-9)

2.0 X 107 kg X 2.7 X 10 * kg
B 20+ 27) x 10 % kg

= 1.1 X 107*kg

As noted earlier, the force constant for the typical double
bond is about 1 > 10° N/m. Substituting this value and y into
Equation 16-15 gives

1 % 10° N/m
1.1 X 107 * kg

7=53x 107" sfcm\j

=16 X 10°cm™!

The carbonyl stretching band is found experimentally to be in
the region of 1600 to 1800 cm ™' (6.3 to 5.6 um).
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FIGURE 7-40 An iron emission spectrum illustrating the high resolving power of a Fourier
transform emission spectrometer. (From A. P. Thorne, Anal. Chem., 1991, &3, 57A,
DOI: 10.1021/ac00002a712. Copyright 1991 American Chemical Society.)
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(b) Time-domain plot of the sum of the two waveforms in (a). (c) Frequency-domain plot of »,. (d) Frequency-demain
plot of »,. (e) Frequency-domain plot of the waveform in (b).
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FIGURE 7-43 Schematic of a Michelson interferometer illuminated
by a monochromatic source.
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Calculate the frequency range of a modulated signal from a

Michelson interferometer with a mirror velocity of 0.20 cm/s,
for visible radiation of 700 nm and IR radiation of 16 pm
(43 % 10" to 1.9 X 10" Hz).

»Solution
Using Equation 7-23, we find

f = 2 X 020cm/s
! 700 nm ¥ 1077 cm/nm

B 2 X 0.20cm/s
16 um * 107% cm/pum

= 5700 Hz

fi = 250 Hz

o S cpl yo 1y cadle lgs sla s g 8l w0l e 85 9 (S sl yugradl sl (S
Sl jalls 8o a5 (gl oo dgae loj gpedd il (lgice o S JLso g oS
Bgos 0,5 Lo AS oo St |y (Sye g 70,8 05 alie ol (L W5 30
‘59"‘“"" o



(a) (d) (g)

A B

P(§)
Pig)
Pi&)

(b) & (e) & (h) &
7
— i'ﬁ-" L
EL' -nf A f—f
(c) ¥ (f) ¥ (i} v

FIGURE 7-44 Formation of interferograms at the output of the Michelson interferometer. (a) Interference pattern at the output of
the interferometer resulting from a monochromatic source. (b) Sinusoidally varying signal (interferogram) produced at the detector

as the pattern in (a) sweeps across the detector. (c) Frequency spectrum of the monochromatic light source resulting from the Fourier
transformation of the signal in (b). (d) Interference pattern at the output of the interferometer resulting from a two-frequency source.
(2) Complex signal produced by the interference pattern of (d) as it falls on the detector. Zero retardation is indicated by point A.

(F) Freguency spectrum of the two-frequency source. (g) Interference pattern resulting from a bread emissien band. (h) Interferogram
of the source in (f). (i) Frequency spectrum of the emission band.
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FIGURE 16-4 Interferometers in an FTIR spectrometer. Subscript 1 defines the radiation path in the IR
interferometer. Subscripts 2 and 3 refer to the laser and white-light interferometers, respectively. (Courtesy of
Thermo Fisher Scientific Inc., Waltham, MA.)
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FIGURE 16-5 Time-domain signals for the three interferometers
contained in many FTIR instruments. Curve 4, IR signal; curve B,
white-light signal; curve €, laser-fringe reference signal; curve [,
square-wave electrical signal formed from the laser signal. (Adapted
from P. R. Griffiths, Anal. Chem., 1974, 46, 645A, DOI: 10.1021/
ac60343a756. Copyright 1974 American Chemical Society.)
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FIGURE 16-7 Diagram of a basic FTIR spectrometer. Radiation of all frequencies
from the IR source is reflected into the interferometer where it is modulated by the
moving mirrer on the left. The modulated radiation is then reflected from the two
mirrors on the right through the sample in the compartment at the bottom. After
passing through the sample, the radiation falls on the transducer. A data-acquisition
system attached to the transducer records the signal and stores it in the memory of a
computer as an interferogram. (Courtesy of Thermo Fisher Scientific, Waltham, MA.)
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FIGURE 16-10 Single- and double-beam spectra of atmospheric water vapor and C0;. In the lower, single-beam trace, the
absorption of atmospheric gases is apparent. The top, double-beam spectrum shows that the reference beam compensates
very well for this absorption and allows for a stable 100% T baseline to be obtained. (From J. . Ingle Jr. and 5. R. Crouch,
Spectrochemical Analysis, p. 400, Upper Saddle River, NJ: Prentice-Hall, 1988. With permission.)
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FIGURE 16-11 Schematic diagram of a double-beam, dispersive
IR spectrophotometer. The heavy black lines indicate mechanical linkages,
and the light ines indicate electrical connections. The radiation path s

designated by dashed Lines.
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FIGURE 16-13 A portable IR photometer designed for gas analysis. The sample is introduced into the cell by means of a pump. The
path length can be changed by altering the number of mirror reflections. (Courtesy of Thermo Fsher Scientific, Waltham, MA.)




