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SECTION I 

INTRODUCTION 

Since infrared spectroscopy is an important analytical tool for air 

pollution studies--both laboratory research and environmental monitoring-- 

there is a need for accurate, high resolution spectra of the many gases and 

vapors that may occur as atmospheric pollutants. The Environics Branch of 

the Air Force Weapons Laboratory (now the Environics Directorate of the Air 

Force Civil Engineering Center), as the lead organization for environmental 

research in the USAF, has produced this collection of spectra as part of 

its data base for use in environmental studies. The 22 compounds studied 

include acetaldehyde, acetronitrile, acetylene, acrolein, ammonia, carbon 

dioxide, carbon monoxide, ethane, ethylene, formaldehyde, formic acid, 

hydrogen chloride, hydrogen cyanide, hydrogen sulfide, methane, methanol, 

nitric oxide, nitrogen dioxide, nitrous oxide, ozone, sulfur dioxide, and 

water. Knowledge of the infrared absorption frequencies of these substances 

is of value to users of conventional IR absorption or emission spectroscopy, 

laser absorption spectroscopy, laser Raman scattering, and other spectro¬ 

scopic techniques for local monitoring or remote sensing of ambient air 
and discrete sources. 

The spectra in this report have all been taken at the same resolution-- 

0.5 cm~l--at low pressure to enhance the fine structure of the absorption 

bands. Fourier transform spectroscopic techniques, which are preferable 

because of high sensitivity and low signal-to-noise ratio to conventional 
dispersive methods, were employed. 

Characteristic regions of the spectrum of each of the compounds studied 

are presented. In addition, all the absorption frequencies measured are 

listed in wavenumber sequence, accurate to 0.1 cm--*-. The list, in conjunction 

with the spectra themselves, may be used for identification of unknown ab¬ 
sorbing species. 

In the next section, experimental procedures are briefly described. 

The spectral data follows in tabular and graphical form. In Appendix A, a 

discussion of signal-to-noise ratio optimization in Fourier transform spec¬ 

troscopy is given as a justification for the particular instrumental para¬ 

meters used in this work. 

Í 
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' 
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SECTION II 

EXPERIMENTAL 

1. CHEMICALS 

Ail substances studied except ozone were obtained 
niiPTS Liouids were dried with MgS04 before use. No further purification 

was found to be necessary since absorption bands of c0^a^nants generally 

Hid not overlap with bands of the substances of interest and thus were 
no concern Preise they could be eliminated by ratioing spectra see para¬ 

graph 4). ’in a few cases in which absorption lines of contaminants 

present in the spectra reproduced here, they hav, been identified. 

Ozone was produced from electrolytic grade (99.98 ¿ion 
a Matheson laboratory ozone generator, which Produced an ozone 
of 2 to 5 percent. The IR cell was heated and purged with the ozon yg 

mlYtnrP at1 1 atm pressure for several hours, then a sample of the gas was 

trapped II (he ceU at reduced pressure end spectra »ere taken It was not 
possible to eliminate all impurities, partrnuiarly carbon monoxrde, even with 

extensive purging. 

2 CELL CONDITIONS 

IK 1-meter path length gas cell was used for alJ sP=ctra 

“í ’o“ observed^ a^a 
the other substances were released as essentially pure gast ï 

a previously evacuated cell. 

In order to optimize the signal-to-noise ratio over regions of the 

^sr:asntriL"Ingr?rir™rH, ^1 pressureCin the other 

cases were on the order of 1 to a few mmHg. The best spectrum tor 

band was selected for presentation in this report. 

Thp annearance of spectra depends on total pressure. At higher pres 
sures, line broadening occurs. At low pressures, fine structure is enhance . 

However, frequencies of absorption maxima were found to be " “ ‘‘¡P’ 
varying total pressure between 1 and 760 mm Hg, within the 0.1 cm accuracy 

of this report. 

Since instrumental sensitivity was adequate and high resolution capa-^ 

bility was available, and since pressure did no , structure 
results, spectra were recorded at low pressure so as to make fine structure 



clear and the identification and measurement of individual lines easy Band 

dHi”sreP“rt Sh°“1J be accurat0 for a "lde '■ange of pressure con- 

SPECTROMETER 

Spectra were taken using a Digilab FTS-20 Fourier Transform Infrared 

Spectrophotometer. Instrument parameters were set for a resolution of 

thît'i' l't A^ilscussion of Fourier transform spectroscopy and the reasoning 
that led to the parameter values chosen for data collection as well as 
data processing (see paragraph 4) is given in Appendix A. 

4. DATA PROCESSING AND DATA PRESENTATION 

During data collection, 120 interferometer scans were signal-averaged 
to form the raw mterferogram, which was apodized with a trapezoidal 

weighting function and then inverse Fourier transformed to yield the 
spectrum. 

Each spectrum was plotted as the ratio of energy transmitted by the 

analyzed substance to that transmitted by a reference material. This method 

compensates tor permanent interferences (such as atmospheric water vapor 
and carbon dioxide along the optical path), variation of the source inten¬ 

sity with frequency, and optical characteristics of mirror coatings and cell 

windows in the instrument, providing a very flat zero-absorbance baseline 
it also allows the removal of absorption lines of contaminants from the 

spectrum, by using a small quantity of the contaminant as a reference. 

Vhere there was no problem with impure samples, the reference material was 
simply the evacuated cell. 

The spectral plots reproduced in this report were automatically scale- 
expanded so that the largest peak fills the full vertical space available, 

in order to assign absorption frequencies, the spectra were plotted at a 
Scale Of 2 cm a ner inrh- f-rnm t-lioco ,-.1 .i-t.., r_• , . , , 

with an accuracy of 0.1 cm 

“ _ ^ -I-- J ‘ ~ wcic p-lULLCU cl L. a 

per inch; from these plots the frequencies could be measured 
of 0 1 r'rr '1 

Absorption frequencies and the identity of corresponding species were 

by^omputer0^5’ S°rted and listed in descending wave number sequence 

VACUUM CORRECTION 

The frequencies measured and coded on punch cards were for radiation 
in air. The speed of light in a vacuum is greater than that in air- con- 

bandewnKth^felengtr ^ of * given absorption 
band will be different if measured in a vacuum rather than in air. In 

order to increase the usefulness of this report, it was decided to list 
oand frequencies in vacuum as well as in air. 

'mm 
■ ‘¿L - it • - --: ■'/ ; nw. 
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The frequency in vacuum, c?vac, is related to the frequency 

aair> by the refractive index of the air, n, at the appropriate 

in air, 

frequency : 

o = a . /n 
vac air 

A vacuum correction factor, ctcoi.j i-s defined such that 

a = a . - a 
vac air cor 

Using Edlen's formula (Reference 1) for the refractive index of stan¬ 

dard air (dry, 0.03 percent C02, 15°C, 750 mm llg), the following equation 

can be obtained (Reference 2): 

a = a . [2.72415 x 10 
cor air 

-4 
G . (8.62123 
air 

x 10'11)] 

where and are in wave numbers (cm-1). This equation was used to 

calculate the vacuum correction and generate the avac listed m the table 

of absorption frequencies in Appendix B. 

Although the above equation is accurate to +^ 0.0006 cm ^ for standard 

air and frequencies in the range 4000 cm-1 > 0 cm-1, under the normal 

variations expected in laboratory ambient air conditions the absolute ac¬ 

curacy of this equation may decrease to +_ 0.01 cm-1. 

4 



APPENDIX A 

SIGNAL-TO-NOISE RATIO OPTIMIZATION IN FOURIER TRANSFORM SPECTROSCOPY 

1. INTRODUCTION 

In Fourier transform spectroscopy, the light beam is passed through an 

interferometer and then through the absorbing substance. The signal mea- 

sured--flux as a function of optical path difference between the two beams 
of the interferometer--is called the interferogram and is the Fourier 

transform of the absorption spectrum. Using a minicomputer (an integral 

part of the Digilab FTS-20) for control and computation, the interferogram 

is collected, stored, and inverse Fourier transformed; the resulting spec¬ 
trum can be plotted in a variety of ways. 

The advantages of using Fourier transform interferometric techniques 
foi analyzing extremely weak signals have been recognized for many years 

(Reference 3). The efficiency of the interferometric method is associated 

with the ability to observe all the spectral frequencies simultaneously 

[multiplex or Felgett advantage (References 4 and 5)], while at the same 

time permitting a larger energy throughput obtained by eliminating the 

narrow slits and reduced apertures required in a grating monochromator 
[throughput or Jacquinot advantage (References 6 and 7)]. 

One disadvantage of interferometry, however, is all too frequently 

ignored. An interferogram is measured in the time (or optical path) domain 

and evaluated in terms of the frequency (spectral) domain via the mathe¬ 

matical formalism of the Fourier transform. Each portion of an interfero¬ 

gram, regardless of size, contains information about the entire frequency 

or spectral domain, and it is this characteristic, inherent in the multi¬ 

plex nature of interferometry, which can cause problems in using FT tech¬ 

niques to observe very weak signals. For example, one incorrect data point 
in an interferogram can result in incorrect spectral features throughout 

the entire frequency domain of the transformed signal. The nature of this 

problem as it relates to the analysis of atmospheric pollutants is discussed 
in paragraph 2. 

2. DISCRETE NOISE PROBLEMS IN INTERFEROMETRY 

Instruments for Fourier transform spectroscopy commonly use a Michelson 

interferometer to modulate the source beam. The frequency resolution is 

related to the length of the path (retardation) traversed by the interfero¬ 

meter mirror in generating the interferogram (see paragraph 3). Consequently, 

as one samples portions of the interferogram increasingly removed from the 

point of zero retardation, the amount of information contained in these 
regions (called "wings") is indicative of the extent of fine structure to 

be expected in the transformed spectrum. An example of the above charac¬ 

teristic is shown in Figures A-l and A-2. The interferogram in Figure A-l 

was taken through an evacuated 1-meter cell, whereas the interferogram in 

1....,,....,1.-..4,0........-.. .-,1 mam 



Figure A-2 was taken after filling the cell wUh 5 mm of 1^0. Note that in 

Figure A-2 the amount of energy in the "wings" of the interferogram has 

dramatically increased, with a concomitant decrease in the amount of energy 

in the region of zero retardation. 

Now consider what can happen whan a "glitch" occurs in the interfero¬ 

meter due to some electrical or mechanical disturbance. A "glitch" is 
defined as any noise-related energy spike which has an intensity at least 

one order of magnitude larger than the median noise level. Some common 

sources of glitches include abrupt changes in line voltage, digitizing 

errors associated with line voltage spikes, scintillation problems within 
the optical path, externally caused vibrations of the interferometer during 

scanning, and RF interference from motors or arc lamps. Glitches are much 

more common than many users of commercial instruments realize. The ettect 

that glitches have on the final spectrum is shown in the examples below. 

In Figure A-3, a "perfect" interferogram is displayed (top of figure) 

and its Fourier transformed spectrum (bottom). The spectrum is displayed 

in the transmittance mode such that the baseline at the bottom o t \e igure 

is at 0.0 percent. Figures A-4, A-5, and A-6 indicate what happens when 
an artificial glitch is superimposed on the interferogram. In Figure A-4, 

the glitch is placed in the region of zero retardation and results in a low 

frequency sine wave throughout the entire range of the transformed spectrum. 

In Figure A-5, a glitch of comparable intensity has been placed in the 
wings of the interferogram, resulting in a sine wave of comparable magnitude, 

but much higher frequency, than that observed^ in Figure A-4. The dependence 

of the frequency on the location of the glitch should be qualitatively 

understood from the previous discussion of Figures A-l and A-2. That the 

magnitude of the sine wave is directly proportional to the magnitude ot 

the glitch is shown in Figures A-4 and A-5. 

Although the above examples significantly overestimate the magnitude 

of the usual glitch problem, they do provide a vivid example of how a 
single incorrect feature in a digitized interferogram can result m the 
total dissolution of the transformed spectrum. For researchers looking for 

extremely weak absorption bands associated with pollutants m the parts per 

billion range, however, a few small glitches can result m spectral features 

throughout the frequency range that can easily be mistaken for weak absorp¬ 

tion bands. The tendency of the transformation operation to produce from 

these noise elements features similar to real absorption bands compounds 

the problem of detection. Some useful instrumental procedures available 

for minimizing glitch problems are described in the following paragraphs. 
These paragraphs describe the reasons for choosing certain spectrophoto- 

metric parameters in recording the spectra contained in this cata og. 

3. SPECTRAL RESOLUTION 

The resolution inherent in an interferometric spectrometer is propor¬ 

tional to the retardation. The numerical resolution, calculated as the 

6 



iiiverse of the retardation, may be decreased by computational filtering 
methods involving either the mterferogram (apodization) or the transformed 

sS?S4UlUtmrhÍn8)- BeCaUSe °f the theorem (Kefeíence 3) S 
must be Îw ce tbmnimUm ""f6r °f P°intS taken Per centimeter of retardation 
points digitized mîX1T„ qUen?y -(a max^ °f the sPectrum, the number of 
I _ f ' . 1 ant* t:*1e tesolution (Aa in wave numbers) are related 
by the following formula: tea 

IN 
^ max/ Aa 

Consequently the „'ini,,n, number of points required to achieve a resolution 
U.5 cm over a 4000 cm range is 2 4000)/0.5 = 16,000 points As the ó™ rrr1 the S 

creases This fact results from the comparatively large amount of signal 
observed in the region of zero retardation versus thatObserved in tHe wings 

eLíi poiüÍerÍoweverm‘- ^011^ °f ^56 inherent in thc measurement of 
abovePreasons the^i1S t0 the degree °f «tardation. For the 

bovc reasons the signal-to-noise ratio decreases by roughly one-half for 

no se WL Ir lnCr:f\Ín the resolution- Because noise (especialíy gl^ch 
resolution be mistaken for spectral features, the use of higher 

-olutun than absolutely necessary is clearly disadvantageous. 

™ amount of resolution necessary to observe pollutants has been dis- 

r - SOme etai1 by !IanSt’ Lefohn and Gay (Reference 8). The amount 
of resolution necessary to observe a given pollutant is not only dependent 

píesentewhiíhrb °f ^ p°nutant> but on the nature of the other molecules 
present which have absorption bands in the region being studied. Virtually 
all molecules which are sufficiently small to exhibit rotational fine struc¬ 
ture Wll çhnw rlol-alloU ri____ _ _1 . . SLIUL ture will show detailed fine structure at 1 cm"1 resolution. In general —-- X WJ.« in general, 
therefore, the above resolution would usually be sufficient to assign ob¬ 
served bands uniquely to given molecular species. However, when other 

absorption bands are interfering with the region of interest, higher reso¬ 
lution may be necessary to separate individual lines. Numerous examples 
lave icen discussed by Hanst, et al, who frequently used resolutions as 
nigb as 0.125 cm to separate individual species (Reference 8). Although 
the spectrometer is routinely capable of 0.125 crn’l resolution, it is be¬ 
lieved that signal-to-noise ratio Problems are usually too high at this 
reso ution to permit the observation of very weak signals. An optimum 
rf^^OIIITirNTt -f-rp-v» _ 1 1.. . • Ä » I X 

i 4 r* , . - oxguci.tD, nn uprinium 

15 °-5 C" : .*! thlf '-«elution, band 
maxima can easily be measured to an accuracy of 0.1 cm-1 

4. COMPUTATIONAL FILTERING 

Computational filtering may be applied to either the interferogram or 
o the transformed spectrum. In both instances the rationale and result are 

very similar. The filtering is applied to attenuate the noise in the spec- 
um, but in the process of reducing the noise, a decrease in the resolution 
the spectrum must result. In each instance, the operator must determine 

the appropriate trade-off point. 

mum iMBWiiiiUiiiilUi 



When filtering is applied in interferogram space, it is usually called 
When nirer g i i hprause an interferogram cannot be 

™ sS'.;-.",:;’“;;,*.;::™». «,.... ..•» - >* 
sides of the peak. 

Although apodization is generally^considered^a^desirabl^bProcedure^ 

0000%¾1 some'invest i gat or s have argued that there are S 

?o not apoditing a high resolution spectrun f;ec ^ Tand^idth 

host argument for gèL^l m^h^ of apoutting 
inherent in A.7) ‘ Box.car apodization permits the trun- 
are commonly used (see igure j weights the region 
cation of the interferogram at the Box-car 
near zero retardation to preven °^in ü procedure. Trapezoidal apodi- 
apodization should be variable filtering in 
zation (center of Figure A-7) pen . f th interferogram may 
that the position of the breakpoint tn “remove virtu- 
be varied. Triangular apodtzatton ts equally severe, 
ally all traces of side lobes, but tí . Pi A_8 phe retarda- 
Tbese three methods of apodization are compared figure total of 

tion for the interferometer scan was retardation occurred 
16,384 data points was collected. The point or zc break point 
after 150 points had been collected.n ^ in pigure A-7 was at 

appropriate for all three ay _ „ 1 n three procedures was at the 
300 points. Ihe final P°in intermediate break point for the 
truncation point (i.e., set at 8000. The resulting spectral 

S:idíhaÍaí“edahy digitally -a-jng the width of h Une at 

compromise between side lobe b f. f rams associated with the spec- 
function was applied to all ot tne inicnc & 
tra presented in this catalog. 

Filtering can also be performed 
applied, it is primarily for the purpo f ^ results in a decrease 

ratio. AS in methods of improving the signal-to- 

i;oireSOratio“(iee paragraph 5), spectral filtering will not be discussed 

further . 

SIGNAL AVERAGING 
t • ic: thp most efficient method of improving signal-to- 

Signal averaging is the most eriicit averaged, the 
noise ratio. When two or more fectra to the nuL; of 
amplitude of the coherent signa ini“ discrete glitches) increase as 
scans, N, while incoherent signals (noise or discrete g 

■MUáÜáMlÉÜ am 



the square root of N. Consequently, the signal-to-noise ratio increases in 
pioportion to the square root of the number of scans. 

beneficial’ T inherently incoherent, signal averaging has a 
eneficial effect on discrete spikes as well. All of the spectra presented 

in this catalog were obtained after averaging 120 interferograms Although 

da:haftb -aVerf8in8rmay appear t0 appr0ach "-erkill.At was doîe™* 
intd that this number of scans was necessary to reduce a discrete cl itch 

•t wouldUprSuceeeablt t0 " SUCh that after transformation 
retained as a îes, 5T f ieatures smaller in magnitude than the side lobes 
retained as a result of our trapezoidal apodization procedure. 
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APPENDIX B 

THE SPECTRAL CATALOG 

i 

I 

I 

1. LIST OF COMPOUNDS AND MAJOR BANDS 

Acetaldehyde (CH CHO) 2730.2 cm Ethane 
3 1761.8 

1746.5 
1352.8 

1121.4 

Acetonitrile (CH„CN) 3041.5 
^ 1482.7 

1463.9 
1059.3 

1026.2 

Ethylene (02^) 

Acetylene (^l^) 3327.9 

3314.9 
1338.0 Formaldehyde (I^CO) 

1303.0 
748.2 

729.4 

Acrolein (CELCHCHO) 2813.0 
z 2785.4 

1724.5 

993.0 
959.0 

Formic Acid (HCOOH) 

3011.2 

2955.9 

2892.5 
1469.0 

1379.5 

822.5 

3140.5 

2989.1 
1889.5 

1445.1 
978.8 

949.8 

3472.5 
2898.0 

2779.2 
1746.2 

1719.0 

2948.8 
1793.0 

1777.0 

1105.3 
674.2 

Ammonia (NH^) 

Carbon Dioxide (CO2) 

Carbon Monoxide (CO) 

ta. i . .CL ; 

3433.0 
3334.5 
1580.0 

1141.0 

966.6 
931.5 

3729.5 
3709.4 

2363.5 

2358.0 

668.3 

2180.4 

2173.4 
2166.2 

2120.3 

2099.7 

Hydrogen Chloride (HC1) 

Hydrogen Cyanide (HCN) 

Hydrogen Sulfide (H2S^ 

18 

ÉüMuihm 
tMWV*. -.:, . iImÍéiM inl-'ií'iiin-i 'MrilTii- , 

2981.8 

2907.0 
2844.4 

2799.7 

3335.3 
3288.2 

2806.2 

726.9 
712.8 

3862.2 

3747.0 

2689.9 

1365.0 
1257.3 

—- émrnM 



1. LIST OF COMPOUNDS AND MAJOR BANDS (Concluded) 

Methane (CH ) 3077.5 

3017.4 

2989.8 

1333.0 
1306.5 

1298.0 

Methanol (CH OH) 3017.0 

2982.8 

2845.3 
1052.5 

1033.5 

1006.5 

Nitric Oxide (NO) 3745.3 

3682.5 
1894.5 

1876.3 

1861.3 

Nitrogen Dioxide (NO«) 2921.0 

1623.0 

1611.5 
1603.1 

750.3 

Nitrous Oxide (N„0) 3492.5 

2798.9 
2235.4 

2214.9 

589.5 

Ozone (03) 3056.6 

2785.6 
1056.3 

1039.6 

679.5 
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Sulfur Dioxide (SO„) 2499.2 

1374.5 

1362.0 

1342.9 
538.1 

Water (HO) 3839.0 

3750.5 
3689.5 

1685.3 
1542.5 

1521.7 
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INDEX OF SPECTRA BY DECREASING UPPER BOUND OF 

SPECTRAL SEGMENT PLOTTED 

COMPOUND RANGE(cm-1) SPECTRUM NO 

Hydrogen SulfideCH^S) 

Water (H2O) 

Nitric Oxide (NO) 

3900-3670 
3670-3580 
3900-3660 
3660-3420 
3770-3650 

1 
2 
3 
4 
5 

Carbon Dioxide(CO2) 
Formic Acid (HCOOH) 

Ammonia (NH^) 

Formaldehyde (H2CO) 

3760-3550 
3620-3500 
3550-3350 
3550-3150 
3530-3420 

6 
7 
8 
9 

10 

Nitrous Oxide (N2O) 

Hydrogen Cyanide (HCN) 

Acetylene (C2H2) 
Ethylene (C2H4) 

3520-3320 
3410-3210 
3380-3190 
3260-3040 
3040-2930 

11 
12 
13 
14 
15 

Methane (CH4) 

Acetonitrile (CH3CN) 
Ozone (O3) 

Hydrogen Chloride (HCL) 

3195-2965 
2965-2850 
3140-2920 
3100-2980 
3100-2620 

16 
17 
18 
19 
20 

Ethane (C2Hg) 

Methanol (CH3OH) 

Formic Acid (HCOOH) 
Formaldehyde (H2C0) 
Nitrogen Dioxide (NO2) 

Hydrogen Cyanide (HCN) 

Acrolein (CH2CHCHO) 

Nitrous Oxide (N20) 
Ozone (O3) 

Hydrogen Sulfide (H2S) 

Sulfur Dioxide (SO2) 

Nitrous Oxide (N2O) 

Carbon Dioxide (CO2) 

Carbon Monoxide (CO) 
Ozone (O3) 

3080-2840 
3040-2820 
3005-2885 
2970-2730 
2940-2840 

2865-2745 
2860-2650 
2830-2505 
2820-2720 
2770-2620 

2530-2455 
2505-2140 
2400-2280 
2240-2020 
2150-2040 

21 
22 
23 
24 
25 

26 
27 
28 
29 
30 

31 
32 
33 
34 
35 



COMPOUND RANGE (ein"1) SPECTRUM NO. 

Methanol (CH„OH) 

Water (^0) 

Nitric Oxide (NO) 

2090-1990 

2080-1720 

1720-1480 

1480-1250 

1970-1770 

36 

37 

38 
39 

40 

Ethylene (C2H4) 
Ammonia (NH3) 

Formic Acid (HCOOH) 

Formaldehyde (H^CO) 

1945-1825 

1830-1590 

1590-1390 

1820-1710 

1805-1685 

41 

42 

43 

44 

45 

Acetaldehyde (CHICHO) 

Acrolein (CH2CHCHO) 
Nitrogen Dioxide (NO ) 

Acetonitrile (CH^CN)^ 

Ethane (C2H^) 

1780-1720 

1780-1680 

1660-1550 

1590-1350 

1590-1350 

46 

47 

48 

49 

50 

Formaldehyde (H„C0) 1560-1440 

Ethylene (C^H,) 1500-1380 

Acetaldehyde (CHICHO) 1500-1330 

Hydrogen Sulfide (H0S) 1425-1185 

1185-1080 

51 

52 

53 

54 

55 

Sulfur Dioxide (SO2) 
Methane (CH^) 

Acetylene (C2H2) 
Formaldehyde(H CO) 

Nitrous Oxide I^O) 

1400-1310 

1400-1200 

1390-1270 

1390-1150 

1340-1220 

56 

57 

58 

59 

60 

Ammonia (NH3) 

Sulfur Dioxide (SO^) 

Nitrous Oxide (N2O) 
Ozone (03) 

1230-990 

990-750 

1220-1100 

1220-1120 

1200-960 

1080-970 

61 

62 

63 

64 

65 

66 

Acetaldehyde (CHICHO) 

Formic Acid (HCOOH) 

Formaldehyde (H2CHO) 
Acetonitrile (CH^CN) 

1160-1060 

1150-1050 

1150-1030 

1105-985 

67 

68 
69 

70 

138 



SPECTRUM NO. 
COMPOUND 

RANGE (cm 

Methanol (CH3OH) 
Ethylene (CH 

Acrolein (CH2 
Acetaldehyde (CH3CHO) 
Nitrogen Dioxide (NO^ 

Ethane (C2H6) 
Acetaldehyde (CII CHO) 
Ozone (O3) ^ 

Acetylene (C2H2) 
Hydrogen Cyanide (HCN) 

1080-970 

1080-840 

1035-915 
940-850 

890-660 

885-765 

820-720 

810-610 

790-670 

775-655 

Carbon Dioxide (CO ) 730-610 

Formic Acid (HCOOHJ 720-600 

Acrolein (CH CHCHO) 650-540 

Nitrous Oxidé? (N^O) 630-550 

Sulfur Dioxide (SO ) 620-460 

71 

72 

73 
74 

75 

76 

77 

78 

79 

80 

81 

82 

83 

84 

85 
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INDEX OF SPECTRA BY COMPOUND 

C0MP0UND RANGE(cm"^) SPECTRUM NO. 

Acetaldehyde (CH3CHO) 1780-1720 46 
1500-1330 53 
1160-1060 67 
940-850 74 
820-720 77 

Acetonitrile (CH3CN) 3140-2920 i8 
1590-1350 49 
1105-985 70 

Acetylene (^H ) 3380-3190 J3 

1390-1270 58 

790-670 79 

Acrolein (CH2CHCHO) 2860-2650 27 

1780-1680 47 
1035-915 73 
650-540 83 

Ammonia (NH3) 3550-3350 8 

3350-3Í50 9 
1830-1590 42 
1590-1390 43 
1230-990 6i 

990-750 62 

Carbon Dioxide (C02) 3760-3550 6 
2400-2280 33 
730-610 81 

Carbon Monoxide (CO) 2240-2020 34 

Ethane (C2H6) 3080-2840 21 

1590-1350 50 

885-765 76 

Ethylene (C^) 3260-3040 14 
3040-2930 15 

1945-1825 41 

1500-1380 52 
1080-840 72 

Formaldehyde (H2CO) 3530-3420 10 

2970-2730 24 
1805-1685 45 
1560-1440 51 

1390-1150 59 
1150-1030 69 



. ..—- 

COMPOUND 

Formic Acid (HCOOH) 

Hydrogen Chloride (HCL) 

Hydrogen Cyanide (HCN) 

Hydrogen Sulfide (H2S) 

Methane (CH4) 

Methanol (CH^OH) 

Nitric Oxide (NO) 

Nitrogen Dioxide (NO2) 

Nitrous Oxide (N2O) 

Ozone (O3) 

éà 7¾. 

RANGE(cm i) 

3620-3500 
3005-2885 
1820-1710 
1150-1050 

720-600 

3100-2620 

3410-3210 
2865-2745 

775-655 

3900-3670 
3670-3580 
2770-2620 
1425-1185 
1185-1080 

3195-2965 
2965-2850 
1400-1200 

3040-2820 
2090-1990 
1080-970 

3770-3650 
1970-1770 

2940-2840 
1660-1550 
890-660 

3520-3320 
2830-2505 
2505-2140 
1340-1220 
1220-1120 
630-550 

3100-2980 
2820-2720 
2150-2040 
1200-960 
1080-970 
810-610 

SPECTRUM NO. 

7 
23 
¿(4 

68 
82 

20 

12 
26 
80 

1 
2 

30 
54 
55 

16 
17 
57 

22 
36 
71 

5 
40 

25 
48 
75 

11 
28 
32 
60 
64 
84 

19 
29 
35 
65 
66 
78 
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COMPOUND RANGE ( cm“-1) SPECTRUM NO. 

Sulfur Dioxide (S02) 2530-2455 31 

1400-1310 56 

1220-1100 63 
620-460 85 

Water (1^0) 3900-3660 3 

3660-3420 4 

2080-1720 37 

1720-1480 38 

1480-1250 39 
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iVfef 0f RSD/iMRD-ARE F Defense RScfl c r rt,;L~E 
OASD/Health f P ?r/AD tEWS) 
Chief nf M § Environ 
Protection3n■°E/Environ 

N«P, Code "sia' ^-45 
«aval Air Dev ctr/MAc 

Naval Ship Rfp ft , 
Environ Protectin AC°de 3021) 
Environ Protection i8Cy (RD677^ 

^fonal Science F0ungdCy fRD676J 

AFCEC/Ev!vedlCal Bioengn PSD Lab 
iUL (AUL/LSE-70-23^1 
Nq USAF/PREE '^ 
Hq USAF/RDPs 
ifq dsaf/sgpa 
AFSC/DLCAW 
afsc/sgb 
afsc/dev 
afosr 
AFIT/DEM 
AFAPL 
AFAL/tsr 
AFFDL/TST 
AMRL/dal 
AFML/DO/Library 
Hiî tac/sgpb 
CINCSAC/SGPA 
MAC/SGPE 

AFGL/xoplr0nmentaI Healtfi Lab 
USAFSAM/EDE 
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afatl/dlosl 
AFRPL/Library 

2weEC/XR CTeCh Library) 
afcec/ev 
A Med Service So 
PACAF/l Med . 
AFETR/DER ervice Wg/SGB 

1 
1 
1 
1 
1 
1 

1 
1 
1 

12 
1 
1 
1 
1 
1 
2 
1 
1 
2 
2 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
1 
2 
1 
2 
1 
1 
1 

20 
1 
1 
1 

USAF Environ Health r u 
USAFA/DEV Health Lab 
aedc/dee 

^5rUSAP Pechnical Ops Gn 
Environ Hygn Agcy P 

1 
1 
1 
1 
1 
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