Infrared Absorption
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FIGURE 12—1 Infrared absorption spectrum of a thin polystyrene film recorded with a

modern IR spectrophotometer. Note that the abscissa scale changes at 2000 cm
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Comparison of interferograms and optical spect
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Fourier Transformation of
interferograms

e The wave in Fig. a is described as:
P(6)=1/2p(v)Cos 2 rft
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FIGURE 12—10 Time domain signals for the three
interferometers contained in a Fourier transform infrared
instrument. Curve A: infrared signal; curve £8: white-light signal;
curve C: laser-fringe reference signals cufve [: square-wave
electrical signal formed from the laser signal. (From P. G.
Griffiths, Chemical Infrared Fourier Transforrm Spectroscopy, p.
102. New York: Wiley, 1975. Reprinted by permission of John
Wiley & Sons, Inc.)
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FIGURE 12—11 A single-beam FTIR spectrometer.
Courtesy of Perkin-Elmer, Norwalk, CT.)
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Inlet tubes

Wavenumber, cm ™'

5000 2500 1667 1250 1000 833 714 625
Carbon disulfide
Carbon tetrachloride

Tetrachloroethylene
Chloroform
: Dimethylformamide
Neopreng— Vindow ' .
: Dioxane
gasket Spacer— Window
5 Cyclohexane

Neoprene gasket
Benzene

Front plate <
/ Quick-acting nuts (4) 6 8 10 12 14 16

FIGURE 12-16 Expanded view of a demountable infrared cell for
liquid samples. Teflon spacers ranging in thickness from 0.015 to
1 mm are available. (Courtesy of Perkin-Elmer, Norwalk, CT.)
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FIGURE 12-15 Infrared solvents. Horizontal lines indicate useful regions.

5o58 ygolo oo Sa st e gleDs @

50

sdadfarnia@yazd.ac.ir



Ad gl Augh (g )

0.1- 1% 0 aiges clile
(23 M= y0g) aliwg 4 ool M=) lawg IR il NERVRIPPSC S8

salld clasle

A KVIEN

KBr oS 100 + 4igai p Sbia 1 af dugs (il
PEEERE NI - e (o

N Jon o (e G S g 8 gy okl 5o b ey

Wavelength, em~!

2800 2400

Transmittance, % T

12

= — = 0.0052
5( 3230 — 2080) o

(b)

FIGURE 12—-17 (a) Actual recorder tracing with empty

cell in sample beam. (b) lllustration of calculation of path 51
lenath _b.

AN s adfarnia@yazd.ac.ir




Wavenumber, cm’
4000 2000 2500 2000 400 1300 1200 1100 1000 900 Wavenumber, e
e e 5000 4000 3000 2500 2000 1500 1400 1300 1200 1100 1000 900

CH,CH— CHCH,

_—C—H CH, CH,
stretch :

CH,CHCH,CH,

C—H
strefch CH,

®
0
=
s
£
o]
c
@
-
c
0
0
2
[
[«

Percent transmittance

Wavelength in microns
@) j+——— Group frequency region ——+«——— Fingerprint region _
a

Wavelength in microns

308 ogle (i) a5 (29,5 (5 )8
(1200~ 3600 €MLY g 5 oils 5 ois (i
| B ) hele 095 (s (&
IR QT (SN NICY R, I s . AR < ... (5.. (-
. 600- 1200 cm™ oSl 31 asb logases) il L3

Msdadfarnia@yazd.ac.ir

52



oy 508 asle odo b aS glas S

Wavenumber, cm™'
5000 4000 3000 2500 2000 1500 1400 1300 1200 1100 1000 S00

_C—H

_~" stretch /
/ '
O—~H
stretch

@
o
c
a
E
E
b
<
o
s
<
2
o
e
@
o

Wavelength in microns

Wavenumber, cm~
5000 4000 3000 2500 2000 1500 1400 1300 1200 1100 1000 900

C—H
/ stretch
CH
| # c—cl —
stretch

CH,CCH,CH,

Percent transmittance

Cl

N

2 3 4 5 6 7 8 11 12 13 14
Wavelength in microns

) . j«——— Group frequency region ————»}«———— Fingerprint region —
sdadfarnia@yazd.ac.ir (@




23R sla puilS

Abbreviated Table of Group Frequencies for Organic Groups

Frequency
Range,
Bond Type of Compound cm ! Intensity
C—H Alkanes 2850-2970 Strong
1340-1470 Strong
H
C—H Alkenes (:C=C: 3010-3095 Medium
675-995 Strong
C—H Alkynes (— C=C—H) 3300 Strong
C—H Aromatic rings 30103100 Medium
690-900 Strong
O—H Monomeric alcohols, phenols 3590-3650 Variable
Hydrogen-bonded alcohols, phenols 3200-3600 Variable,
sometimes broad
Monomeric carboxylic acids 3500-3650 Medium
Hydrogen-bonded carboxylic acids 2500-2700 Broad
N-—H Amines, amides 33003500 Medium
C=—=C Alkenes 1610-1680 Variable
C=C Aromatic rings 1500—-1600 Variable
C=C Alkynes 2100-2260 Variable
C—N Amines, amides 1180—-1360 Strong
C=N Nitriles 2210-2280 Strong
CcC—O Alcohols, ethers, carboxylic acids, esters 1050—-1300 Strong
C=—0 Aldchydes, ketones, carboxylic acids, esters 1690-1760 Strong
NO, Nitro compounds 1500-1570 Surong
1300—-1370 Strong
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FIGURE 12—19 Correlation chart. (From N. B. Colthup, J. Optical Soc. Am.
397. With permission.)
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FIGURE 12—-20 Plot of an unknown spectrum and the best match from a
search report. (Courtesy of Sadtler Research Laboratories, Bio-Rad Division,
Philadelphia, PA.)
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An Example of Infrared Analysis of Air Contaminants®

Concn, Found, Relative
Contaminants ppm ppm Error, %
Caoom TR R N SN\ AR
Methylethyl kKetone 100 93.3 &
Methyl alcohol 100 99.0 1.0
.Eth¥lene oxide 50 49.9 0.2
Chloroform 100 99.5 0.5

* Courtesy of The Foxboro Company, Foxboro, MA.
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Some Examples of Infrared Vapor Analysis for OSHA Compliance®

Allowable Exposure, Minimum Detectable

Compound ppm® A, pm Concentration, ppm¢
Carbon disulfide 20 4.54 0.5
Chloroprene 25 11.4 4
Diborane 0.1 3.9 0.05
Ethylenediamine 10 13.0 - 0.4
Hydrogen cyanide 10 3.04 0.4
Methyl mercaptan 10 3.38 0.4
Nitrobenzene 1 11.8 0.2
Pyridine 5 14.2 0.2
Sulfur dioxide 5 8.6 0.5
Vinyl chloride 1 10.9 0.3
® Courtesy of The Foxboro Company, Foxboro, MA.
* 1977 OSHA exposure limits for 8-hour weighted average.
¢ For 20.25-m cell.
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Wavelength, nm
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Carbon disulfide
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Dimethyl sulfoxide

FIGURE 12—24 Some useful near-infrared solvents. Solid lines indicate
satisfactory transparency for use with 1-cm cells.
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FIGURE 12-23 Internal reflectance apparatus. (a) Sample mounted on reflection
plate; (b) internal reflection adapter. (Courtesy of The Foxboro Company, Foxboro,
MA.)
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Turret-mounted filters

detector detector

FIGURE 12-26 A diffuse-reflectance photometer. Mirror position 1: refiectance of
sample gives /. Mirror position 2 gives reflectance of the standard reflectance area (k).
Reflectance = R = I/, (From D. L. Wetzel, Anal. Chem., 1983, 55, 1174A. With
permission.)
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FIGURE 12-8 Infrared spectrum of n-hexanal illustrating overshooting at low
percentage T.
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