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i on the speed of the m wing mirror. The spectral informatiog

obtained from the wings of the interferogram.
can be extracted from the interferogram, the contribution from each
se individual wavelength contributions can be reconstructed to
give the spectrum in the frequency domain. that is, the usual spectrum obtained t"rom a dispersive
spectrometer. A Fourier transform 1 ased to convert the time-domain spectrum into a frequency-
domain spectrum, hence, the term FTIR spectrometer for this type of system.

It is mechanically difficult to move the reflecting mirror at a controlled, known, steady veloc-
ity. and position variations due to temperature changes, vibrations, and other environmental effects
must be corrected for. The position of the moving mirror must be known accurately. The position
and the velocity are controlled by using a helium-neon (He-Ne) laser beam that is directed down
the light path producing an interference pattern with itself. The cosine curve of the interference pat-
tern of the laser is used to adjust the moving mirror in real time in many spectrometers. The He-Ne
laser is also used to identify the points at which the interferogram is sampled for the FT, as shown
schematically in Figure 4.13.

There are a number of advantages to the use 0
is exposed to all source wavelengths at once, all wavelengths are measured simultaneously in less

than 1 s. This is known as the multiplex or Fellgett's advantage, and it greatly increases the sensi-
tivity and accuracy in measuring the wavelengths of absorption maxima. This multiplex advantage
permits collection of many spectra from the same sample in a very short time. Many spectra can
be averaged, resulting in improved signal-to-noise ratio. An FTIR is considerably more accurate
and precise than a2 monochromator (Connes’ advantage). Another advantage is that the intensity
of the radiation falling on the detector is much greater because there are no slits; large beam aper-
tures are used, resulting in higher energy throughput to the detector. This is called the throughput
or Jacquinot’s advantage. Resolution is dependent on the linear movement of the mirror. As the
1otal distance traveled increases, the resolution improves. It is not difficult to obtain a resolution of
0.5 crm~'. A comparison between FTIR and dispersive IR is given in Table 4.4.

The signal-to-noise improvement in FTIR comes about as a result of the multiplex and through-
put advantages. These permit a rapid spectrum collection rate. A sample spectrum can be scanned
and rescanned many times in a few seconds and the spectra added and averaged electronically. The
IR signal (S) accumulated is additive, but the noise level (N) in the signal is random. The S/N ratio
therefore increases with the square root of the number of scans (i.e., if 64 scans are accumulated,
the S/N ratio increases eight times). FTIR has the potential to be many orders of magnitude more
sensitive than dispersive IR. However, in practice, the sheer number of scans necessary to continue
1o improve the sensitivity limits the improvement. For example, 64 scans improve sensitivity eight
times. It would require 4096 scans to increase the S/N 64-fold. A practical limit of one to tWO

v versius time base

If the unique cosine waves

wavelength can be obtained. The

w©ngt

f FTIR over dispersive IR. Because the sample

Sampling the interferogram

¢ ints
Figure 4.13 Sehematic diagram showing how the interferogram is digitized by sampling it at discrete neg:lf:‘ “
based on the He—Ne laser signal, shown at the bottom. Each vertical line represents a sa

point. (© Thermo Fisher Scientific (www.thermofisher.com). Used with permission.)
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Table 4.5 Detectors for IR Spectroscopy

m"’__s -le
;‘.‘: :r‘nz) o Mid-IR (4,000-400 cm-'; Far-IR (400-20 cm-';
2.5-25 um) 25-500 um)
InGaAs (12,000-6,000 cm-")
PbSe (11,000-2,000 cm-')
InSb (11,500-1,850 cm-")

mercury cadmium telluride
MCT) (1,700400my T (1700400

DTGS/KBr (12,000-350 cm™')  DTGS/KBF (12,000-350 om-)

Photoacoustic (10,000-400 cm-')
DTGS/Csl (8,400-200 cm-)

DTGS/PE (700-50 cm™')
Si bolometer (600-20 cm™')
Source: © Thermo Fisher Scientific (www.thermofisher.com). Used with permission.

Note: KBr, Csl, and PE (polyethylene) are the window materi
erials for the DTGS detectors. The MCT
detector can vary in its spectral range depending on the stoichiometry of the material.

Incident IR radiation heats up this conductor, which causes its electrical resistance to change. The

degree of change of the conductor’s resistance is a measure of the amount of radiation that has fallen

on the detector. ln thecase ?f Rlatinum, the resistance change is 0.4%/°C. The change in temperature
: y of incident radiation and on the thermal capacity of the detector. It is impor-
tant to use a detector and to focus the radiation on it. The rate at which the detector heats up

or cools down determines how fast the detector responds to a change in radiation intensity as expe-
rienced when an absorption band is recorded. This constitutes the response time of the detector. For

older types of bolometers, the response time is long, on the order of seconds. Consequently, a
complete mid-IR scan using a dispersive instrument and bolometer could take 20 min.

Modern bolometers are micromachined from silicon, This type of bolometer is only a few
micrometers in diameter and is usually placed in one arm of a Wheatstone bridge for measurements.
The modern microbolometer has a fast response. time and is particularly useful for detecting far-IR

_radiation (60020 cm™").

v
4.2.3.2 Thermocouples

A thermocouple is made by welding together at each end two wires made from _gffgfg_nt 7n}etalsr
Figure 4.15). If one welded joint (called the hot junction) becomes hotter than the other joint (thq. cold
s oo, sunicll 0 poorpo potential develops between the joints. In IR spectroscopy, the cold junc-
ﬁncawfully screened in a protective box and kept at a constant temperature. The hot junction is

exposed to the IR radiation, which increases the temperature of the junction. The potential difference
ene <ion of the erature difference between the junctions and, therefore,

neraied in the wires is a function of the temp :
 the intensi radiation falling on the hot junction. The response time of the thermocouple
,mﬁ*'——"l" ﬂ,emmcoupmﬂ;no‘ be used as detectors for FTIR due to their slow response. |
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NFRA
-
4.2.3.6 photon Detectors

¢ e B

ﬂt‘j‘fl_cd- msistance,and lﬁerefore a very rapwd resp . . .
S&ﬁgggnd_mdétcctor is the time required to Chan::x:: '}_" IR signal. The w«e timg of a
' hich is frequentl . " ng semiconductor from an insulator to a con-
ductor, W requently as short as | ns, The basic congept behind thi
of an IR photon raises an electron in th‘;&e ML AT e
Rl g ol detector material from the valence band of the semicon-
ductor &CTOS gap into the conduction band, changing i it
S he photon must have suffici : el nging its conductivity greatly. In order to do
this. tUV‘::)r vie}blé'—hét—onssuﬁs!gqape'lq"gy to displace the electron. IR photons have less energy
than r visible p The' e semiconductors chosen as TR defectors must have band gaps of
£ —— band gap of the detector material determines the longest wavelength
jowest wavg_n_n_;_mbet) that can be detected. —~
/Mﬁ‘als such as lead é?ltnidq (PbSe), indium antimonide (InSb), indium gallium arsenide
(InGaAs), and mercury cadmium tell HgCdTe, also called MCTJ are intrinsic semiconductors
m used as dewcn?rs in the__b_lll} and mid:IR regions. Cooling of these detectors is required
for MCT requires operation at 77 yana must be cooled with liguid nitrogen; other
such as InGaAs can operate without cooling but show improved S/N if cooled 10,=30°C
5o with thermoelectric cooling. For the far-IR region, extrinsic semiconductors such as Si and
e 1 low levels of coppef, mercury, or other dopants are used. The dopants provide the
ons for conductivity and control the response range of the detector. These doped germanium
' in liquid helium but are sensitive to radiation with wavelengths

onse curves of some semiconductor detectors are shown in

-m-um pm. The spectral resp

re The MCT material used is nonstoichiometric and can be represented as Hg,, ,Cd Te.
he Hg/Cd ratio.

The actual spectral range of an MCT detector can be varied by varying t
~ Semiconductor detectors are very sensitive and very fast. The fast response time has permitted
.n IR to become a reality, as 15 needed in FT spectrometers and coupled techniques such

tha transient peaks. The sensitivity of these detectors has opened up the field of

pling IR microscopy, and online IR systems for process control.
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v’
4.2.4 Detector Response Time

called its response time. This varies greatly with the type © bas thermocousles h = l~ .cam
e ion of the IR instrument. Thermal detectors such as ther ples, thermisiorg,
i o o e times, on the order of seconds. Consequently, when 3 spec-
iy b910m§ters L i o responSl seconc’ie for the detector to reach an equilibrium point gpq
trum is being scanned, it Te83 BVETA 5t .+ falling on it. If the detector is not exposed to th
thus give a true reading of the radiation intensity fa g . AT gt ¢
light long enough, it will not reach equilibrium and an incorrect a ’SOTP . it € ODtained,
It was normal for dispersive IR instruments with older—styl_e thermdl detecFors o ta e on t.he Ord_c'
of 15 min to complete an IR scan. Attempts to decrease this time resulted in errors in the intensity
of the absorption bands and recording of distorted shapes of the bands.

The slow response time of thermal detectors is due to the fact that the detector t.emper‘amre
must change in order to generate the signal to be measured. When there is a change in 'ra.dlatiOn
intensity, the temperature at first changes fairly rapidly, but as the system approaf:hes equilibrium,
the change in temperature becomes slower and slower and would take an infinitely long time to
reach the true equilibrium temperature. It should also be remembered that when an absorption
band is reached, the intensity falling on the detector decreases and the response depends on how
fast the detector cools.

Semiconductors operate on a different principle. When radiation falls on them, they change
from a nonconductor to a conductor. No temperature change is involved in the process; only the
change in electrical resistance is important. This takes place over an extremely short period of time.
Response times of the order of nanoseconds are common. This enables instruments to be designed
with very short scanning times. It is possible to complete the scan in a few seconds using such
detectors. These kinds of instruments are very valuable when put onto the end of a GC and used to
obtain the IR spectra of the effluents. Such scans must be made in a few seconds and be completely
recorded before the next component emerges from the GC column.

Response time is not the only detector characteristic that must be considered. Linearity is very
important in the mid-IR region where wide variations in light intensity occur as a result of absorp-
tion by a sample. The ability of the detector to handle high light levels without saturating is also
important. The MCT detectors saturate easily and should not be used for high-intensity applica-
tions; DTGS, on the other hand, while not as sensitive as MCT, does not saturate readily. DTGS can
be used for higher intensity applications than MCT.

v
4.3 SAMPLING TECHNIQUES 1

M TR e e, W

IR spectroscopy is one of the few analytical techniques that can be used for the characterization
of solid, liquid, and gas samples. The choice of sampling technique depends upon the goal of the
analysis, qualitative identification, or quantitative measurement of specific analytes, upon the sam-
ple size available, and upon sample composition. Water content of the sample is a major concern.
since the most common IR-transparent materials are soluble in water. Samples in different phases
must be treated differently. Sampling techniques are available for transmission (absorption) mea-
surements and, since the advent of FTIR, for several types of reflectance (reflection) measurements.
The common reflectance measurements are attenuated total reflectance (ATR), diffuse reflectance
(DR) or DR-IR-FT spectroscopy (DRIFTS), and specular reflectance. The term reflection may be
used in place of reflectance and may be more accurate; specular reflection is actually what occurs
in that measurement, for example. However, the term reflectance is widely used in the literature and

will be used here.

Koni il =

Scanned with CamScanner



INFRARED, NEAR-INFRARED, AND R
- AN SPECTRQ
SCOPY
269

=y tion, it may be possible to dissolve it or dilute it
_ Obtain a transmission spectrum. Other approaches are to obtain
$sion spectra from opaque materials.

with an IR-transparent materi
IR reflectance spectra or emi

4.3.1.1 Solid Samples"”

Three traditional t'echniques are available for preparing solid samples for collection of transmis-

sion IR sp‘ectra: mulling, pelleting, and thin film deposition. First, the sample may be ground to a

powder with particle diameters less than 2 pm. The small particle size is necessary to avoid scatter

of radiation. A small amount of the powder, 2-4 mg, can be made into a thick slurry, or mull, by

grinding it with a few drops of a greasy, viscous liquid, such as Nujol (a paraffin oil) or chlorofluoro-

carbon greases. The mull is then pressed between two salt plates to form a thin film. This method is

good for qualitative studies, but not for quantitative analysis. To cover the complete mid-IR region,

it is often necessary to use two different mulling agents, since the mulling agents have absorption

bands in different regions of the spectrum. The spectrum of the mulling agents alone should be
obtained for comparison with the sample spectrum.

The second technique is the KBr pellet method, which involves mixing about 1 mg of a ﬁneI)'r groun'd

(<2 pm diameter) solid sample with about 100 mg powdered dry potassium brpmlde. The m¥xtu.re is

compressed under very hi'gh pressure (>50,000 psi) in a vacuum to form z'lsmall disk about 1 cm m.dlam-

i eter. An evacuable die is designed for use ina hydraulic press. A dig consists pf abody @d two anvils that

will compress the powdered mixture. The faces of the anvils are hlgp]y polished to give a pressed pellet

with smooth surfaces. A schematic of an evacuable die is shgwp in Figure 4.17. When donfe correctly, the

KBr pellet looks like glass. The disk is transparent to IR radiation and may bc? analyzed dnrgctly by plac-

ing it in a standard pellet holder. There are small, hand-operated presses available for making KBr pel-

lets, but the quality of the pellet obtained may not be as good as th_at obtained W.lth an evacgable die. The

pellet often will contain more water, which absorbs in the. IR region and may 1r}terfere \.wth the sample

dheld presses available. A common design consists of two bolts

! mﬁﬁfﬁﬁgﬁof&?m block or nut. The nut serves as .the body of the dig and also as
; B s::;\ e holder. One bolt is threaded into place. The KBr mix is added into the.o;.)en hole in the nut so
that theréace of th;g inserted bolt is covered with powdered mix. The second bolt is inserted into the nut.
hes, one on each bolt. The bolts are then removed; the KBr pellet is

. . 1 enc .
;?surﬂt:s apphgdmus:l'ﬁ mtw];)l:;d in the light path of the spectrometer. The pellet should appear clear: if
s vers, clouts Tight scaering vill result, giving a poor spectrum. The pellet i remaved by Tt

2y Ehiiys T f this type of die is that the pellet usually cannot be removed

. isadvantage O d ;
mﬂf r?;tmtac'w“ht"v;};zlgge:;d to be saved for possible reanalysis, a standard die and hydraulic press

in diameter
. .o are available that produce KBr pellets on the order of 1 mmin
::ﬂdpembehuwdm. Mlc;;og:llmet dl::d on a few micrograms of sample. A beam condenser IS used to reduce

the size of the IR source beam at the sampling point.
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