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Fio. 1.35. Polarized Raman spectra of CHCl, and CDCl,. The less inlex_xse spectra
are run with perpendicular polarization and the more intense spectra are run with parnllfl
polarization. The depolarization ratio is  for the depolarized bands (m;arked DP) and is
between 0 and ¢ for the polarized bands (marked P), the latter belonging to the tota_lly
symmetric species. The weaker bands (1216, 758, 907, and 736 Fm' ') have b_een rerun with
higher gain. The incident radiation is from a laser source and is piane polarized.

58 1. VIBRATIONAL AND ROTATIONAL SPECTRA
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FiG. 1.30. Schematic illustration of Raman and Rayleigh scattering and infrared
absorption. In infrared absorption the incident photon has the same frequency as the
molecular vibration. In Rayleigh and Raman scattering, the incident photon has much
higher frequency (7v in this figure). The scattered ppoton is like the incident photon in
Rayleigh scattering but in Raman scattering the scattered photon has a lower or higher
frequency (7v + v). The photon frequency difference is the same as the molecular vibrational

frequency.
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Figure 104 (a) IR and (b) Raman spectrum of 1-octene.

1§ §%

i



% Transmittance

4000

Sec. 14-2 | Instrumentation

Double-beam

Wavenumber, cm™! mode

2000 1300 1100 1000

2500

3000 § 900

800

700 650

M AR T

T KA SAAAS RAGA RS MMM KAMAS WAAR KAAA MAAM MAMM

T

I B A L T R B

Single-beam
mode

10
Wavelength, um

FIGURE 14-4 Single- and double-beam spectra of atmospheric water
vapor and CO,. In the lower, single-beam trace, the absorption of at-
mospheric gases is apparent. The top, double-beam trace shows that the
reference beam compensates nearly perfectly for this absorption and al-

lows a stable 100% T baseline to be obtained.
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FIGURE 14-5 Optical null double-
beam spectrophotometer for infrared
absorption measurements. In (a), the
radiation from the source is split into
two beams. One beam passes through
the reference cell and the other
through the sample cell. The beams
are recombined and chopped prior to
passing alternately through the mon-
ochromator and striking the detec-
tor. Any difference in the intensity
of the beams causes an ac signal from
the detector, which is amplified and
synchronously demodulated (b). The
sign of the dc output of the synchro-
nous demodulator (lock-in amplifier)
depends on the phase of the ac de-
modulator input, which in turn de-
pends on which beam is more in-
tense. The dc output can be further
amplified to drive a dc motor which
is connected to a beam attenuator and
the pen on the recorder. Alterna-
tively, the dc signal can be remodu-
lated by an electrical chopper and ap-
plied to one winding of an ac motor.
The other winding is attached to the
same signal that drives the electrical
chopper. In either case, if the ref-
erence beam intensity is higher than
the sample beam intensity, as in the
lower ac signal in (b), the motor turns
in the appropriate direction to move
the attenuator further into the ref-
erence beam and reduce its intensity.
Similarly, if the sample beam inten-
sity is higher, as in the upper ac signal
in (b), the attenuator is pulled back
s0 as to increase the reference beam
intensity.
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FIGURE 16-8 Cell configurations for Raman spectra of micro samples.
In (a) the laser beam enters through the bottom of the capillary cell. The
cell bottom serves as a lens to collimate the laser radiation. The scattered
radiation is collected at 90° to the excitation beam and focused with a lens
onto the wavelength selection device. Note that this arrangement provides
a long pathlength for excitation and viewing along the monochromator
slit width. Sample volumes can be as small as 0.04 pL. In (b) the laser
beam enters the cell from the side and is reflected by a mirror to traverse
the cell again. Transverse excitation simplifies alignment and allows the
used of open end capillary tubes. The scattered radiation is again collected
at right angles to the laser beam. With this geometry, sample volumes
can be as small as 0.008 pL.
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Comparison of Raman and IR Spectrometry

Although the spectra obtained by Raman scattering and
IR absorption spectrometry have much in common, there
are also many important differences between the two
techniques. This is especially true when one considers
the instrumentation and techniques for sample han-
dling. Some of the advantages of Raman in comparison
to IR spectrometry include:

1.

Water is a useful solvent in Raman spectrom-
etry, whereas it is generally a poor solvent for
IR studies.

The optics and cell materials for Raman spec-
trometry are made from glass or quartz in-
stead of the salts used in IR measurements.
This greatly simplifies sample handling for
Raman methods.

The properties of the laser sources used in
Raman spectrometry make it relatively easy
to probe micro-samples, surfaces, films, pow-
ders, solutions, gases, and many other sample
types.

Transducers in Raman instruments are stand-
ard UV-visible devices (PMTs, diode arrays,
etc.) instead of the thermal detectors em-
ployed in IR spectrometry. Since Raman de-

tectors respond very rapidly, Raman spec-
trometry can be used to study short-lived or
transient species and to follow the kinetics of
rapid reactions.

A single Raman spectrometer can cover the
entire range of vibrational frequencies, whereas
even with FTIR systems, changes in detectors
or beam splitters must be made to cover this
range. With conventional IR spectrophotom-
eters, two or more instruments must be used
over this range.

Raman spectra are usually much simpler than
IR spectra because overtone and combination
bands are not very intense. Overlapping bands
are thus much less common.

Totally symmetric vibrations can be observed
with Raman Spectrometry, whereas they are
not with IR spectrometry.

Polarization measurements add an extra di-
mension to the information obtained by Ra-
man spectrometry. This aids in band assign-
ments and structure determinations.

Raman intensities are directly proportional to
concentration and to the laser power.

On the other hand, IR spectrophotometry is still
widely used for many applications. Among the advan-
tages of IR over Raman spectrometry are:

1.

Radiant power

Because of the intensity of overtone and com-
bination bands, IR spectrophotometry is more
sensitive to small structural differences. Hence
it is more useful in qualitative analysis and
complementary to Raman spectrometry for
structural elucidation studies. Extensive li-
braries of infrared spectra have been com-
piled.

Infrared instruments are generally less expen-
sive than Raman instruments. Raman meas-
urements are susceptible to spectral artifacts
from grating imperfections (e.g., ghosts) and
other sources. The monochromators used in
Raman spectrometers must be of higher qual-
ity than those used in IR spectrometry. Align-
ment is often simpler with IR spectrophotom-
eters. .

Because Raman spectra depend highly on laser
power, cell geometry, and instrument char-
acteristics, it is difficult to compare Raman
intensities from instrument to instrument. With
IR spectrophotometers, the nature of absorp-
tion measurements (e.g., ratio measurement)
makes this comparison easier.

Detection limits for IR spectrometry are often
superior to those obtained with Raman spec-
trometry unless resonance enhancement (see
later in this section) is utilized. Neither tech-
nique is considered particularly good for trace
analysis.

The efficiency of the Raman process is quite
low. Even in favorable situations a very small
fraction (e.g., 10~8) of the incident photons
are converted to scattered photons. As a re-
sult, broadband fluorescence emission can
completely obscure the Raman signals.

m ;Rnyle'ghllnc
| ;
Ul X |
. I Anti-Stokes lines
I \
. ’I
| \
| f.
/
S S VU SR T S SN SN WA SHN N SRS S SR W S
800 600 400 200 0 200 £00 800

Raman shift (39). cm !

FIGURE 16-6 Raman spectrum of pure carbon
tetrachloride. This spectrum was obtained with
an He-Ne laser and 3 pL of sample. The Raman
shift (AV) is the difference in wavenumbers be-
tween the Rayleigh line and the Raman line. [Re-

drawn with permission from B. J. Bulkin, J. Chem.
LAdeer AL A™01 7100N )
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