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To obtain a transmission spectrum, the sample must bc.prcpurcd, A ‘f”‘-‘“‘“"“(: 15 used fo
cutting a very thin slice of the sample through which r:_u,]'l:.nmn can I)C”C'-r‘d“-ﬂ Sample thickneg,
must be in the range of 15 pm and the sample must be fiat. lhc (Jlléllfly ‘fl' ‘.h" ‘T’CL‘Y'J'TJ depends g,
the sample preparation. All of the reflectance mndcs'arc available for nnu(':s'w.py. a'wf-ludmg‘ ATR
and grazing angle analysis. These generally require little or no sample preparation. The sensitivity
obtainable is subnanogram quantities of analyte. :

Modern FTIR microscopes are available with cumpulcr-cnntmjlud Microscope stages anQ videg
imaging systems that permit a 2D picture of the sample to be dlspluyed',.and areas containing 4
specified functional group to be highlighted using “false color’ 1o show differences in composition
with respect to position in the sample. Microscopes are available that qllnw ic use of polarized
light for imaging and that can obtain ﬂijilré?cehcc images. These are useful to improve the contras
in samples that lack features under normal illumination. - '

A prime example of the use of FTIR microscopy is in the examination of polymers, a very
important class of engineering materials. The physical properties of polymers are very dependent
on their molecular structure. The presence of impurities, residual monomers, degree of crystallinity,
size, and orientation of crystalline regions (the microstructure of a polymer) greatly affects their

‘mechanical behavior. FTIR microscopy can identify polymers and additives and determine the
presence of impurities.

Food-packaging materials may be made up of several layers of different polymers, called  lam-

inate, to provide a single plastic sheet with the desired properties. Typical layers are between 10 and
200 pm thick. Using an automated FTIR microscope, it is possible to obtain acceptable spectra from
each layer and identify the polymers involved. As an example, a cross section of a polymer laminate,
compressed between NaCl plates, is shown in Figure A4.25. Three layers were seen under magnifica-
tion. The sample was moved in a straight line, as shown, and IR spectra were collected every 2 ym
across the sample. legspcﬂgcollected from the laminate can be displayed in a variety of formats,
such as the ‘?‘waterfall display” presented in Figure 4.26. This display gives the analyst a very clear
picture of the differences in the three layers. If we look at the band on the left, between 3200 and
3400 cm™', we see that it is high in the layer plotted at the front of the display and as we move back
(along the sample), we reach the thin middle layer. Note that the band is still there but much less

intense. Then, moving back into the third layer, the band disappears. The same thing happens to

com n

$h"m Bfegshalogg the. e ITQloas 'prasslon cell and spectra were collected automatically
ermo Fisher Scientific was used for t ton . :
Fishar Scientitic (www.therm oﬂlher.oom;‘ha automatic data collection and results. (© Thermo
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Figure 4.28 The results of a library search of the spectrum from the middle layer of the laminate. The top
spectrum is that collected from the sample; the bottom spectrum, urethane alkyd, is the best
match found in the search of a polymer database. Other possible compounds are suggested by
the search routine and listed in the box below the spectra. Note the match number—the higher
the number, the better the agreement between the sample spectrum and the library spectrum.
(© Thermo Fisher Scientific (www.thermofisher.com). Used with permission.)

spectrum is shown in Figure 4.29. The spectral region below 1000 cm™ is where pigments absorb.
Hit-and-run drivers frequently leave traces of paint on cars, structures, and victims with which
they collide. Identification of the paint can help to identify the car. Both transmission and ATR
sampling can be used in conjunction with optical microscopy and FTIR imaging. A typical paint
chip will have layers of coatings, base coat, and binder, as well as possibly the substrate (plastic,
fiberglass). In a real case, 2 jogger was intentionally struck by a car and killed. The driver of the
car was convicted of murder based on the FTIR microscopy data from a tiny paint chip found on
the victim’s clothing. The tiny sample from the victim and a sample of paint from the car were
mounted in paraffin and cross sectioned with a microtome. IR spectra were collected from five
layers in each paint sample. Based on the data, the paints were shown to be identical and the hit
and run driver found guilty. o~

Other uses of an IR microscope in forensic analysis include the examination of ﬁb:uﬁilfg-
and W' For example, oxidation of hair can occur chemically or by sun L
oxidation of cystine to cysteic acid can be seen in hair fibers by FTIR microscopy (Robotham
and Tzzia). Excellent examples in full color of FTIR imaging microscopy can be found on the
websites of companies like PerkinElmer and Thermo Fisher Scientific. Our limitations in use of
gray scale make many of the examples unsuited for reproduction in the text. A novel IR micro-
scope combined with atomic force microscopy, the nanolR™ platform from Anasys Instruments
(www.anasysinstruments.com). permits nanoscale IR spectroscopy, AFM topography, nan
thermal analysis, and mechanical testing. !

[R microscopy is used in the characterization of icals, catalysts. minerals, geM”
ones. adhesives. composites, processed metal surfaces, Semico materials, fossils, and 87
work. Biological samples such as plant Jeaves-and stems
can be imaged. —
scope that combines DO
spectroscopy.:
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ern painu and textiles use materials that were Ot avyi

e of srn paints S
d. The presence of mn(lun. p_: 5 Or modern Ynthegj,
ecently. In a similar manner, reg]

fake “masterpieces” can be detected. MUd,

able when many masterpieces were paintc B

fabrics confirms that the painting must have lb“C" 4

can be diSti“g“iS?wd i mo.der‘n' l,lznva:;(r)l[l];hcs are measured by rc'//(*(-f‘un.( e analysis, g Process
As.already dlSCU..S'Se.d, pq!ntLJWith IR light and the reflected Iighl’l& introduced intg an IR

x:::s;?etr:]te';’;?il:ni](r);d(()jll;:‘:i reflecting surface, absorbs radiation in the same manper 4 a

; i identify the paint on appliances or z

traversed solution. This techmqu‘e can bc usclgi l:) (l)(ilc;j:g r‘rmguutomob[i’l& < ,l:}“:i(:
biles without destrpyigg;he St;?iizt:g]li;icne(}i the make and year of the car may be abje (,
Szn;:,tz{:r[:]it:;gxaann(;l:neal;:hggr?o that involved in a hit and run, for example, or to a car involyeq
: a;c:::;:i‘c science makes use of IR spectroscopy and IR microscopy, s only for pair?t analysis
but for analysis of controlled substances. IR can be used to detect t.he a%‘tlve compounds in hal]ygi.
nogenic mushrooms, for example. IR is often used to C()i?hrm th‘e ldc?nllty of controlled sub’s(gnceg
such as cocaine. It has the advantage of being able to differentiate isomers Lhzlat cannot be distin-
R S), for cxample, ephedripe and pseudoephgdrme. e

In industry, IR spectroscopy has important uses. It is used to determine impurities in raw
materials. This is necessary to ensure good products. It can be used for QC by checking the com-
position of the product, either in batch mode or continuously (online or process analysis). Online [R
analyzers can be used to control the process in real time, a very cost-effective way of producing good
products. IR spectroscopy is used in the identification of new materials made in industrial research
laboratories and in the analysis of materials made or used by competitors (a process called “reverse
engineering”). New handheld portable FTIR systems are available and can be used in manufactur-
ing plants to identify incoming raw materials and finished products on site, to identify coatings
(composition, thickness, homogeneity), in the field to identify minerals, to characterize materials. to
evaluate surface cleanliness, and to determine cure times for polymer coatings in real time. A hand-
held instrument can evaluate pieces too large or too valuable to be analyzed in a laboratory setting.
The handheld instrument in Figure 4.31 is a Michelson interferometer system, weighs 7 Ib; is battery
powered; has both DR and single-reflection diamond ATR sampling heads and a DTGS detector;

covers the 4000-650 em™' range, is water, shock. and vibration resistant: f
' : 2 ; te from 32°F
to 120°F (0°C—50°C), sistant; and can operate from

i”]”!l“,\:;‘

(a)

(b)

Figure 4.31 The Agilent 4100 Ex
rubbel’fJ tire conditio: iSnca:gal;"It"l:'.QU7&d2(a) g Ch‘a BRIt o and 6 B
Used with permission, 7 %013 Agllent Technologies, Inc., www.agient.o
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4.61 qualitative Analyses and Stru
by Mid-IR Absorption Spectro:tcu;:;Determlnatlon

(g_qaljtati\'e analysis of unknown samples is a maj

Since itis bet.ter tQ give no answer than an inéoér:c?-\djt.)r part of the work of an analytical chemist.
(ative analysis using an array of techniques that ()\;;";We.f- most upulyticul chemists perform quali-
sum more information than could be obtained with lhr ‘dp nd C(wlnhfn.n each other, providing in the
analysis of an unknown organic compound, the mos e separate individual methods. For qualitative
follows: IR spectroscopy to see which fun’ction::mt commonly used spectroscopic methods are as
e o 1 L e e
(}jl\sl ts(;)epctroscopy wdgzz:da:n“;;‘ghﬂmw‘) of the unknown and additional structural information.
Oy Spe F B paskio study unsaturated or substituted compounds; it has been
almost entirely replaced for qualitative structural information by NMR and MS which are com-
monly av.allable in undergraduate chemistry labs. Each technique provides an nbukn,dance of valuable
;‘3@2“}119“ a mqlec.u'_lgr structure, but a combination of methods is used to ensure more reliable
identification. In addition 1o Spectroscopy. real samples may be submitted to chromatography to
determine if the unknown 1s a pure substance or a mixture, (o determine the number of compounds

resent, and to separate afld purify the compound of interest. < v/ @ malille :
The value to qualitative analysis of prior knowledge about the sample cannot be overempha-
sized. Before trying to interpret an IR spectrum, it is important to find out as much as possible about
the sample, For example, to identify the products of an organic reaction, it is very valuable to have
information about the materials that were present before the reaction started, the compounds the
reaction was expected to produce, the possible degradation products that may come about after the
reaction, and so on. Armed with as much of this information as possible, we may be able to identify

the molecules in the sample from their IR spectra.
based on the characteristics

The general technique for qualitative analysis is
ter. That is, the frequency O

and behavior mentioned at the beginning of the chap! f vibration of different
ds on the weight of the vibrating atoms (or groups) and the bond strength.

parts of a molecule depen ight of the ms (or groups’ he bond
Many groups can be treated as isolated harmonicps_cillators and their vrgl_)ratfonal frequencies galcu—
lated. More commonly. vibrational frequencies for functional groups are identified by the collection of
‘spectra from hundreds of different compounds containing the desired functional group. These charac-

Jation charts. Table 4.2

teristic group vibrational frequencies are tabulated in correlation tables or correlati '
is a short list of functional groups and their relevant vibrational frequencies. Since the absorption
frequency is the same as the vibration frequency, the presence of absorption at a given frequency 1s
an indication that the functional group may be present. M:rebtat;l_cls af'i f.ounddla\t;r ;“:d V;l')' fie:ﬂ:ld
g i i biblio ilverstein and Webster, Favia "

Q. fond £ o R e mgtl:g gRC)'I Handbook of Chemistry and Physics.
the wavelengths of the absorption bands in the

Lambert et al., Colthup et al. Dean, Roginso:t, zl:qd
B SiTp matching
w%‘:::t!:;\;: nszlz]s;;elﬁ:;ntig (\):;ve)l,engths of functior.lal groups lis-ted in a correl.ation table.
Before a positive identification can be made, all the absorption bands typical of the functional group |
must be observed More importantly: th bsorption bgnd where one should be can be |
k used to rule out c@n functional groups- For example, as We will see later, if there is no strong
absorption at about 1700 cm™' due to the C=0 stretch in a pure unknown com'pound. we can state
in a C=0 group and therefore is not a ketone, alde-
[ €1l aith Al UL :
an unknown

hyde, amide, ester, or carboxyli¢ acid. Cﬂhﬂ@i% Sugdn?atching the IR spec
S ur )
each L way to identify the

B&anse I¢

peak for Pe:::e ;R:P:W“ um of spectrum of @ known material is a very good >

unknown. This is often done with the aid of computerized spectral libraries and search |

we saw for the polymer lami (Figure 4.28). A number of companies, instrument manufac m‘“ﬂ;
: ublish collections of reference spectra in electroni€

of molecular structure
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