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y result in a specific crystal orientation with re

ma) e X
w look different from the spec 5 .
may | pectrum of the same material collected as a mull or a pellet. When

ossible, spectra of known materials obtained b

. \ y the same sampl arati » .
ed when tryin 4P 3 i sample preparation method should be
e s UnKown- The useof  igh pressure hydrauic pres or KBr
pe {he u i le~ re. ‘urc changes 1n some materials; again, standards and samples should
have the ¢ ple preparation method used if spectra are to be compared

Spect to the light beam. Hence, thin film spectra

4.3.1.2 Liquid Samples ¥

e s bl e Mo sy el e

| R y 1 quids that are not volatile are analyzed by pressing a drop of the
liquid 8 at salt plates to form a very thin film. The salt plates are held together by capil-
R 10D, AT By be clamped together. NaCl, KBr, AgCl, and similar salts are used as the plates.
Volatile liquids may be analyzed neat by using a pair of salt plates with a thin spacer in a sealed
cell. The path length of these cells depends on the spacer thickness. For neat liquids, very small path
lengths, less than 0.05 mm, must be used to avoid complete absorption of the source beam. Sample
sizes used for the collection of neat spectra are on the order of a few milligrams of material.

The use of dilute solutions of material for IR analysis is the preferred choice for several reasons.
Solutions give more reproducible spectra, and dilution in an IR-transparent solvent eliminates the
problem of total absorption by the strong bands in a neat sample. Solvents commonly used for IR
spectroscopy include carbon tetrachloride, carbon disulfide, methylene chloride, and some alkanes
such as hexane. No one solvent is transparent over the entire mid-IR region, so the analyst must
choose a solvent that is transparent in the region of interest. Figure 4.18 shows the IR-transparent
regions for some common solvents. Liquid cells for solutions are sealed cells, generally with a path
length of 0.1-1 mm and two salt windows. The path length is fixed by a spacer placed between the
two salt windows. Some cells come with a single fixed path length; other cells can be purchased
with a variety of spacers. These cells can be disassembled and the path length changed by inserting

a different spacer (Figure 4.192). The windows and spacer are clamped into a metal frame that has
two ports: one inlet and one outlet port. The cell is filled by injecting sample solution with a syringe
ion exits the other port. Solution concentrations

into one port and allowing it to flow until the soluti '
ork. Solvent absorption peaks are compensated

of 1%—10% sample are used for most quantitative W . .
ive IR by using matched cells. One cell is used to contain the sample

for in a double-beam disperst
u mmm B

Acetone

Benzene [ | | | ] “

Carbon disulfide ] .

Carbon tetrachloride l -

Chloroform | ' -

Isopropanol - _ -

‘Water - . —
1 L 1 ot e I . it e
3 B 7 9 11 13

Wavelength (um)

Fi tion chara of some common solvents. Regions of strong IR absorbance in
bl Al - cept water, 0.01 mm cell) are shown as shaded areas. Longer cell paths will
Gt S8~ (exions of absorption and in some cases introduce new regions where absorption

g o |'e(lgqeprinted from Aikens, D.A. et al., Principles and Techniques for an Integraté
is significant Waveland Press, Inc., Prospect Heights, IL, 1978, Reissued 1984 Al

nistry Laboratory,
?\ggg ras};rved. With permiasion.)

cteristics
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Figure 4.19 (a) Standard demountable cell for liquid samples, shown in an “exploded” view. The spacer is
of Teflon or metal. The width of the Spacer used determines the path length of the assembled
cell. The nuts screw onto the four threaded Posts to seal the assembled cell. Once the cell is
assembled, it is filled via syringe. The inlet port on the back plate is equipped with a fitting for a
syringe (not shown); the outlet port is the hole in the back plate opposite the inlet hole. Sample is
injected until the liquid appears at the top of the outlet port. Plugs are put into both inlet and outlet
ports to seal the cell. [© 2000-2014 PerkinElmer, Inc. All rights reserved. Printed with per-
mission. (www.perkinelmer.com)] (b) and (c) show the absorbance spectra for two commercial
disposable IR cards with polymer film windows. The choice of polymer depends on the region of
the spectrum to be studied. Polytetrafluoroethylene (PTFE) (c) would be used if the C-H stretch
region needs to be measured, while clearly poly

ethylene (b) is not suited for that use. (© Thermo
Fisher Scientific (www.tharmofisher.com). Used wit?"i pem(n;sion.) (

44 7 Ly R deeoan ) oY
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Figure 4.20 Schematic gas absorption cell. Reflection of the light beam through the cell makes the effective

path length longer than the cell length.
Itiple reflections to increase the effective path length. Commercial
hs of 2, 10, 20, 40, and up to 120 m are available. The IR beam

is reflected multiple times from internal mirrors in the cell. Such a cell is shown schematically in

Figure 4.20, where the multiple reflections make the effective path length five times longer than the

actual physical length of the cell. A single-pass 10 cm cell requires about 50 tort of sample pressure

to obtain a good IR spectrum. However, multiple reflection cells with long path lengths permit the

analysis of ppm concentrations of gases. Gas cells are also used to obtain the vapor-phase spectrum

of highly volatile liquids. A drop or two of liquid is placed in the cell, the valves are closed, and the

sample is allowed to come to equilibrium. The vapor-phase spectrum of HCI (Figure 4.2) was col-

lected by placing a few drops of concentrated hydrochloric acid in a 10 cm gas cell with a glass body

and KBr windows. The gas sample must not react with the cell windows or surfaces. Temperature

and pressure must also be controlled if quantitative measurements are being made. |
A second type of gas sampling FTIR is the open-path instrumentation used for the analysis of ’

ambient air for environmental monitoring, chemical agent, and toxic vapor detection. These open-

path systems are specifically designed for use in the field and are “hardened” against mechanical

shock, vibration, temperature, and humidity changes. These systems use interferometry and either a

passive mid-IR detector which measures IR signatures naturally emitted by chemicals or an active

detector measuring absorption signatures using transmitted light from an active IR source. The sys-
tems can measure chemical agents and pollutants at distances of from one mile to several kilome-
ters. They are used for smoke stack emission measurements, air pollution measurements, emissions
for waste disposal sites, chemical accidents, or toxic agents deliberately released into the air. The
Bruker website, www.bruker.com, has pictures and technical details of its HAWK First Responder

and EM27 Open Path FTIR instruments, for example.

but most gas cells make use of mu
gas cells with effective path lengt

/" 4.3.2 Background Correction in Transmission Measurements

The two main sources of background absorption (i.e., absorpti i

sample) are the solvent used for liquid solutions 2:1(1 thézir_ih therg;t)lgga?l(i);n[:aa:nnﬁll : ::l:):vtet:lm

doub!e—beam dispersive system, comparing the sample beam to the reference beam and recording

the dxffgrenc'e spectrum in real time automatically eliminate absorption from air and solvent. If the

sample is a liquid solution, a matching liquid cell with pure solvent is placed in the reference beam. 1
|
i
\

;I;ll;eszzf;;plt)iz:m from ge E;olvent and from the air is measured simultaneously and subtracted from
. signal. However, FTIR is a single-beam syst i '

to the signal, so corrections must be made in several steps.y A - st
\/ 4.3.2.1 Solvent Absorption i

The solvent absorption spectrum is measured b " s g e
e i it spectru. This gecirum s sored by the pure solveit in the liquid sampie c¢!
A), The cell (or anident; 1 is stored by the computer under an assigned file 0ar<

(eg. Spectrem A) or an identical cell) is then filled with the sample solution in that solver

ken, recorded, and stored under a file name (e.g.. Spectrum B). Spectrum A is then |

‘a‘
) :“
its spectrum 12
r
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puracted frOm Spectrum B, giving the net Spectrum of th
. absorption by the air is also measured ip bo the sa 1
by air is also corrected for.

4322 Air Absorption

th Spectrum A ;

Gaseous CO, and H,O vapor are both stron

R P PO e | rong IR absorbers. Both in air i ical Ii

(h and contribute 19 any IR absc_n-ptlon signal measured. This back (::;CULIn' i s
o of two way. First,the a ground signal may be corrected

ctrum may be re : ;
ent. This constitutes th?“blanlf,’,f oy berecorded by running a spectrum with no sample

‘spectrum and is record L |
BLANK). Samples of any type—rnulls, pellets, or neat Ii e Mol e sy adlied

i quids—may be run and their total spectrum
(air + sample) recorded and stored. The blank (air) spectrum i
ng the net sample spectrum. Any suspected c Spectrum is then Subiracted by the computer, leay-

, hanges in humidit ot
—r 2 y or CO, content can be corrected
by updating the blank spectrum at regular intervals. This is an easy and rapid measurement for an

FTIR, a;d - ?ﬁm}e analysis, the background spectrum should be collected and the file updated on a
regular basis. a/qx\c-qgg od, purging the optical path, is more difficult. The optical system can
be purged'wﬁh\‘ ry N, o1 argog, l'emm g CO, and H,0 in the process. This eliminates the necessity
of correcting fgﬂhe—bfank 81gn.al derived from impurities in the air if done effectively. However, the
ease of collection and subtraction of the background with modern FTIR systems and the difficulty
of purging the sample compartment completely makes the first option the more common approach.

A typical background spectrum of air taken by an FTIR spectrometer is shown in Figure 4.14.
The bands above 3000 cm™' and between 1400 and 1700 cm' are due to water; the main CO, band
is the band at about 2350 cm'. The FTIR is a single-beam system; this background spectrum is
collected and stored for subtraction from all subsequent sample spectra, However, the absorption of
the source intensity by carbon dioxide and water reduces the energy available in the regions where
they absorb. To reduce the spectral background from carbon dioxide and water and increase the
light intensity in these regions, many spectrometers have sealed and desiccated optical systems or a
means of purging the optical path to remove the air.

4.3.3 Techniques for Reflectance and Emission Measurements

The sample techniques just described are designed for collection of transmission (absorption)

. i limited in its appli-
spectra. This been the most common type of IR spectroscopy, but it was
) - e f samples that are not suited to the conventional sample cells and

s : o solid samples, paints, coatings, fibers, polymers, aqueous
Wms just discussed. Thlctl; (:iPe‘;g‘;ycd such as artwork or forensic evidence samples, and hot

terials posed problems for the analytical chemist who wanted

i ides a nondestructive
obtain absorpti trum. The use of reflectance techniques provid
: by fpsn spos hat are opaque, insoluble, or cannot

method for obtaini spectral information from materials t
be Mﬁ! - IR al sam 1(1: cells. In addition, IR emission from heated samples can be used
to mm::ecmvel'mol = 3 e::;f lzamples and even measure remote sources such as smokestacks. In

reflectance i s that for transmission. For

emissi FTIR spectrometer system is the same 4 . :
Wm‘d samp ?on,atch;ssories f: different and in some specialized cases contain an mte.gral
detector. mmehea,ed slammg le itself provides the light for emission measurements; therefore, there 1s no
. ot d sample holder for laboratory emission measurements.

ieed for an IR source. There may be a heate

4.3.3.1 Attenuated Total Reflectance

. - A . ical element is called
ATR or int | reflectance uses an optical element of high RI. This opti¢ ghRI oaterial Is

the internal reflection element (IRE) or the ATR crystal. Light traveling in 2 hi
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reflected when it encounters an interface with

' b > angle of incidence is gre.
depends upon the angle of incidence at the interface. When the lélc seflsction of | 5“;“"
b C . ) S, C PR RIS :
thpe ti ‘l) mgle, which depends on the ratio of the two RIs, comple 1ght o
€ critical angle, :

UNDERGRADUATE INSTRUMENTAL oy, YSig
1 Q

a material of a lower RL. The amount of ligh |

C”L‘L‘[C(I
ter thay
CL'HI'\ at

. 3 & > of material, such as a squishy POlyme
: - al internal reflection). If a sample o ol : er or
the interface (i.e., total internal reflec i e g &
T)b ali (uid is placed directly against the IRE, an interface 1s Ior:nul IThe Iijghl beam trayg).
SRESSR W S U, Is pic . : ¢ if the critical angle condition i« me
ing in the le will be completely reflected at the interface if the critical angle condition is -

the beam of light actually penetrates a very short dist

ance (generally less than 2 pm) into the lower

RI material (in this case, the sample). This pcnetruting bgam 1S %‘al(llﬁillfdt;\]::f:;ete::n\?zv‘e. If the
sample cannot absorb any of the light, all of the intensity 1s rt_:ﬂeclci e [ thé ‘t'repuen::' d sorb pary
of the light, the light beam is attenuated, that is, rec.luced in 1.ntens:y. tlhemmic?- i :cs wf?erc the
sample absorbs. This is the basis of the ATR sampling techlmque. A sc o wa:& ' e?tauon of a
multiple reflection ATR crystal is shown in Figure 4.2lt. The Olfn:relzasc:n(;l; ](; e scent wave with
i ides an IR absorption spectrum .
. ?l::psl:lgstsizr:\ngpis r,z\'{‘llgecryslal materil;l for a specific sgmple analysns' dégenils l(])n the Crystal
RI, its spectral range, and its chemical and physical propertles. The crystal should aye a higher
index of refraction than the sample. The majority of organic §al?1ples have Rls' of approximately | 5,
ATR crystals span a range of 2.4-4.0 in RL If the RI ratio is pot appropriate, spectr‘:.ll. features
may be distorted, with diminished peak symmetries, sharp baseline/peak shoulder transitions, ang

derivative-like features in the spectrum.

Typical ATR crystal materials are listed in Table 4.6. Samples' must be in actual iqtimate physi-
cal contact with the ATR crystal. The first ATR systems were designed to. analyze.: solids that copld
be pressed against the surface of the crystal: polymers, films, moldable resins, textiles, canvas palr}t-
ings, and the like. Little or no sample preparation is required. For example, the IR spectrum of a

IR energy in

Sample

IR energy out

-

Internal reé}tion crystal \
RN

Sample

Figure 4.21 Schematic ATR sam
At each reflection, a small amoun
the vibrational frequencies for th

Table 4.6 Common ATR IRE Materials

pling accessory. The internal reflection crystal permits multipl_e reﬂectionsi
t of IR energy penetrates the sample, and absorption occurcs;)
e sample. (Courtesy of Pattacini Associates, LLC, Danbury, CT.

: Spectral Penetration

Material Range (cm-") RI Depth® (um) Uses B

Germanium  5,500-675 4 0.66 Good for most samples; strongly
absorbing samples such as dark

_ polymers

Silicon 8,900-1,500 3.4 0.85 Resistant to basic solutions

AMTIR® ™,000-725 25 177 Very resistant to acidic solutions

ZnSe 15.0%4?80. 24 2.01 General use

Diamond  30,000-200 24 2.01 Good for most samples, extremely

A - S8, - caustic or hard samples
: © Thermo Fisher Scientific : ol : ;
;Sog;cr;:h at 45° and 1000 em-1, ofisher.com). Used with permission.

b AMTIR is an m-transpmmm'mmw%ﬁﬁ-. As, and Se.
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- golutions .Aﬁi"‘mmuwmmmxidswmmm\ sel-

* enide. The crystal KRS-5 is not only soft but somewhat soluble in water and should be used only in
nge of 5-8. Other crystals are susceptible to temperature and pressure changes.

can be used to monitor organic reactions and processing of organic materials. For example.

robe is put into a mixture of reacting organic compounds, one particular wavelength can

d to indica the disappearance of one of the reactants or the appearance of a product

tion proceeds. This eliminates the need to remove samples from the reaction vessel or

in order to obtain an IR spectrum and permits continuous monitoring of the reaction

e system. ATR systems are also available with heaters to monitor processes
of a process that can be monitored by ATR at elevated temperature. ATR
‘study of fossils. IR spectra can be obtained from the surface of fossilized
| is nondestructive, and the samples need not be removed from the

examined.
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The thin films or coatings can be studied nondestructively, W'llh n<{31 sa{mp?ﬁ ﬁre-puration Other
than deposition on a polished metal surface if necessary. SPCFUl‘fif = ec': ‘af["-f! 1as been useq ¢,
study lubricant films on computer disks, oxide layers on metal sur ac_es. s cur‘mg as a‘function
of time, and molecules adsorbed on surfaces. For example, the IR absorpnon spectrum of Proteing
adsorbed onto a polished gold surface can be studied. This spectrum from an adsorbed layer can
form the basis of sensors for compounds that will bind to the. proteins apd .Change ”}C spectrum,
The use of a polarizer in conjunction with grazing angle analysis can provide information about pe
orientation of molecules adsorbed onto surfaces.

4.3.3.3 Diffuse Reflectance

DR, also called DRIFTS, is a technique used to obtain an IR or NIR spectrum from a rough
surface. The rough surface may be a continuous solid, such as a painted sur.face, fabric, an insect
wing or a piece of wood, or it may be a powder that has just been dumped into a sample cup, not
pressed into a glassy pellet. The incident light beam interacts with the sample in several modes,
Specular reflectance from the surface can occur; this is not desired and samples may need some
preparation or dilution with KBr to minimize the specular component. The desired DR occurs by
interaction of the incident beam with the sample. Ideally, the beam should penetrate about 100 ym
into the sample and the reflected light is scattered at many angles back out of the sample. A large
collecting mirror or, for NIR, an integrating sphere is used to collect the scattered radiation.

Acrylate polymer coating

Hollow core

Silica tubing

(b)

Figure 4.22 (a) Hollow Wave guide schematic ang (5 . ) -
Mid-IR FlexiA™ with remote probes.

i
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