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Figure 4.7 Spectral output of a variety of commercial IR radiation sources, including a silicon carbide source
(dashed line marked SiC) and an NIR quartz tungsten-halogen lamp (the dotted line marked QTH).
A blackbody curve at 1273 K is included for comparison. (Courtesy of Newport Corporation, Irvine,
CA, www.newport.com.)

Ina standard tungsten filament lamp, the tungsten evaporates from the filament and deposits on the
lamp wall. This process reduces the light output as a result of the black deposit on the wall and the
thinner filament. The halogen gas in a tungsten-halogen lamp removes the evaporated tungsten an.d
redeposits it on the filament, increasing the light output and source stability. The intensity of FhlS
source is very high compared to a standard tungsten filament incandescent l.amp. The range of light
put out by this source is from 25,000 to 2,000 cm™. Figure 4.8 shows typical commercial quartz

wngsten-halogen lamps and a plot of the spectral output of such a source.
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4.2.1.3 Far-IR Sources

. < i 400 cm', the intensity drops off. A More
'hile some of the mid-IR sources emit light below . ; _ ‘
scf“lh'krcc forotfln far-IR region is the high-pressure mercury dlSChfzrgc lamp. This lamp is ¢op.
:n:tc:::f a quartz bulb containing elemental Hg, a small amount of m;r.t £as, gﬂ? o electrodes,
' i ited, and ionized, forming a plasmg
! | the lamp. mercury is vaporized, excited, ; :
:mmﬂﬁm:ﬂn atm). l‘:n the UV and visible regions, this }amp emits atomic Hg emis-
SH0m l‘misc that are very narrow and discrete, but it emits an intense continuum in the far-IR region,

v~

4.2.1.4 IR Laser Sources

A laser is a light source that emits very intense monochromatic radiation. S'ome }asers, called
tunable lasers, emit more than one wavelength of light, but each wavelength femntte.d 1s monochro- -
matic. The combination of high intensity and narrow linewidth makes lz}sers ideal light sources for
some applications. Two types of IR lasers are available: gas phase and sqlld state. The tunable carbon
dioxide laser is an example of a gas-phase laser. It emits discrete lines in the 1100-900 cm™ range,
Some of these lines coincide with the narrow vibrational-rotational lines of gas-phase analytes. This
makes the laser an excellent source for measuring gases in the atmosphere or gases in a production
process. Open path environmental measurements of atmospheric hydrogen sulfide, nitrogen dioxide,
chiorinated hydrocarbons, and other pollutants can be made using a carbon dioxide laser.

Tunable gas-phase lasers are expensive. Less expensive solid-state diode lasers with wave-
lengths in the NIR are available. Commercial instruments using multiple diode lasers are available
for NIR analyses of food and fuels. Because of the narrow emission lines from a laser system, laser
sources are often used in dedicated applications for specific analytes. They can be ideal for process
analysis and product quality control (QC), for example, but are not as flexible in their applications
as 2 continuous source or 4 tunable laser.

v’
4.2.2 Monochromators and Interferometers

The radiation emitted by the source covers a wide frequency range. However, the sample absorbs
only at certain characteristic frequencies. In practice, it is important to know what these frequencies
are. To obtain this information, we must be able to select radiation of any desired frequency from
our source and ﬁiminate}hat at other frequencies. This can be done by means of a monochroma-
tor, which consists of a dispersion element and a slit system, as discussed in Chapter 2. This type
of system is caﬂed a dispersive spectrometer or spectrophotometer. Double-beam spectrophotom-
eters were routinely used because both CO, and H,0 present in air absorb IR radiation. Changesif

frequency of light. A dispersive system is said to record a

estimated (Coates, 1997) that no more than
sive instruments and that figure has
on the FTIR based on a Michelson
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1.2.2.1 FT Spectrometers

wo beams of light of the sa : F s

ad:follher and Continfe down the ;]:;ltv;:letl\m& - dl} bf“mghl together in phase, the beams reinforce
¢ forence takes tcs. This interfrasios - OWt\Lr. if the two beams are out of phase, destructive
inte o 49). Ad 3 HOC 154t a maximum when the two beams of light are 180" out
of phan:( ;gun’f t. f vantage is taken f)f .thlS fact in the FT instrument. The FT instrument is based
ond Mlchelison inf e}r1 eron;efer, a schematic is shown in Figure 4.10. The system consists of four optical
arms, usually atright angles t? each other, with a beam splitter at their point of intersection. Radiation
passes down the first arm and is separated by a beam splitter into two perpendicular beams of approxi-
mately equal intensity. These beams pass down into other arms of the spectrometer. Al. the ends of
hese arms, the two beams are reflected by mirrors back to the beam splitter, where they recombine
and are reflected together onto the detector. One of the mirrors is fixed in position; the other mirror can
move toward or away from the beam splitter, changing the path length of that arr‘n.

It is easicst. to discuss what happens in the interferometer if we assume that the source is mono-
chromatic, emitting only a single wavelength of light. If the side arm paths are equal in length, there
i« no difference in path length. This position is shown in Figure 4.10 as the zero path difference (ZPD)
point. For ZPD, when the two beams are recombined they will be in phase, reinforcing each other. The
maximum signal will be obtained by the detector. If the moving mirror is moved from ZPD by 1/8 of
a wavelength, the total path difference on recombination is [2 x (1/8)A] or (1/4) and partial interfer-
ence will occur. If the moving mirror is moved from ZPD by 1/4 of a wavelength, then the beams will
be one-half of a wavelength out of phase with each other; that is, they will destructively interfere with
each other such that a minimum signal reaches the detector. Figure 4.11 shows the signal at the detec-
tor as a function of path length difference for monochromatic light. In practice, the mirror in one arm

is kept stationary and that in the second arm is moved slowly. As the moving mirror moves, the net

signal falling on the detector is 2 cosine wave with the usual maxima and minima when plotted against

the travel of the mirror. The frequency of the cosine signal is equal to

=—i—(v) (4.8)

where
[fis the frequency
vis the velocity of the moving mirror
)is the wavelength of radiation. (Note: v is

+ In phase ,\/\N\/\/\I
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interference ,\/\N\/\/\/
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interference \/\N\N\/\

Figure 4.9 Wave interactions. (Top) Constructive interference occurs when
(Bottom) Destructive interference occurs when both waves are out 0
Scientific, www.thermofisher.com. Used with permission.)

an italic *“v,” not the Greek letter “nu.”)

§

poth waves are in phase.
f phase. (© Thermo Fisher
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Figure 410 (Top) Schematic diagram of a Michelson interferg
ference (j.e., the fixed mirror and

meter. ZPD stands for zero path length dif
. moving mirror are equidistant from the beam splitter). (From
Coates, J., Vibrational Spectroscopy, in Ewing, G.

W., ed., Anaiytical Instrumentation Handbook,
2nd edn., Marcel Dekker, Inc., New York, 1997, With permission.) (Bottom) A simple commercial
FTIR spectrometer layout showing the He—Ne laser, optics, the source, interferometer, sample,
and detector. (© Thermo Fisher Scientific (Www.thermofisher.com). Used with permission.)

own in Figure 4.12. The “centerburst” is located in the (:)nt“
of the interferogram because modern FTIR Systems scan the moving mirror symmetngallydamaim
pectral information from the source (or sample) in a time a0
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