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INTRODUCTION

In the initial volume of this series infrareddata for the 3600-600 cm™! wave-
number range were taken from APIProject 44 spectra, from textbooks, and from
periodicals. This provided a wide variety of spectra, run over a period of several
years. Supplements 1 and 2, using essentially the same sources, extended the
tabulation into the 700-0 cm™! range. The present volume, which covers the
entire wavelength range, is the first one to present data from only the current
periodical literature. Since research reports published in most journals are
subject to a painstaking review process, it can generally be assumed that the
work was performed on very accurate instruments and with high-purity com-
pounds, and that the data reported are therefore accurate and reliable. It is
an established fact that, given the same sample conditions, workers in different
laboratories using modern high-resolution instruments are consistently capable
of determining band positions to within 1 cm™.

This accuracy strengthens the very concept on which the Infrared Band
Handbook is based—the reporting of data by band position. Still, I suggest that
in comparing the spectrum of an unknown with the data in the Handbook, the
reader check bands within 2-5 cm™! of the position of the band in his spectrum.
This range should be sufficient to allow for variations due to slight differences
in experimental conditions.

It may be useful here to restate my reasons for preparing the Infrared Band
Handbook series. The most important information obtained from an infrared
spectrum is the position of the absorption bands. Frequently journal articles
deal with only a single band for a series of related compounds. Others may
discuss some of the infrared bands of a given compound in great detail without
giving the full spectrum of the compound., Such fragmentary reports are often
excluded from spectra compilations and the valuable informationthey contain may
be losttothe researcher unless he is willing to undertake an extensive and careful
literature search. In a handbook indexed by band position, the inclusion of single
bands—~provided they are reported with the required accuracy—presents no
problem. The informationand the original literature citation are then available to
the reader by a simple check of the molecular formula index.

But this is of course only one ofthe ways in which the Handbook can be used.
Others include the identification of unknown compounds by inspection in the
Handbook of the regions in which strong bands are observed in the unkrown
spectrum. An exact identification can be made if several coincidences are found,
or the Handbook entries may suggest a general formula.

The assignment of v1brat10ns,iat%kpown compound can also be facilitated by
comparing the observed spect‘:rum W1th ass}g{lments in the Handbook.

Now that the Infrar@ Band Handbook ‘sencompasses three volumes, the
question suggests itself whether the plla&ipn of absorption bands will have

to continue in perpetlﬁty fo1:/f 'Ik»‘ to lattain total effectiveness. Many
spectroscopists today erl -4, 'h(at isnot’ the! case but that a finite number of
spectra of represem:anv w\quld y 1d nearly all the bands required




for the identification of nearly all conceivable compounds. We cannot be certain
today exactly what that number of spectra will be, but one group of workers
engaged in the compilation of spectra in a different form has suggested that 15,000
compounds would be sufficient. Presumably, the spectrum of any compound not
in this set would contain a sufficient number of absorption bands that coincide
with bands in the collection so that it can still be identified. If this concept is
correct, we can foresee that the Infrared Band Handbook series will eventually
be terminated as a definitive collection in a limited number of volumes.

In the meantime, in grateful acknowledgment of the enthusiastic reception
afforded the first two volumes in the series, I shall continue with the compilation
of the most recent and representative data available in the literature.

Buffalo, New York Herman A. Szymanski
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EXPLANATION



In this volume, Greek letter symbols rather than
descriptive terms have been used to characterize the
vibration assignments. These symbols have the fol-

lowing significance:
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out-of-plane stretch
in-plane stretch
asymmetric stretch
symmetric stretch
asymmetic bend
symmetric bend

deformation (bend,
twist, or rock)

wag

rock

in-plane rock
out-of-plane rock
torsion } usually
twist equivalent
in-plane bend
out-of-plane bend

The following additions have been made to the Intensity and

Physical State Codes:

intensity Code
D = doublet
T = triplet

Physical State Code
R = NaCl disk




EXPLANATION

The information listed to the left of the STRUCTURAL FORMULA of each
compound has the following significance:

(1

The first line gives the WAVE
NUMBER in cm~! and a code des-

ignation indicating the INTENSITY .

of the band (see Intensity Code
below). For gases the band center
or branch is identified whenever
possible.

2

The second entry gives either a
code letter indicating the PHYSI-
CAL STATE in which the spectrum
was measured (see Physical State
Code below) or the solvent used
for the sample (followed by the
concentration, in brackets, and
cell thickness, where pertinent).

» 938 Rbrancn)” /o '

A (10 mm Hg, 10 cm)

§
i

t

B T

0

o0

“4\ RRENCIR L o A
'

;bosH
- E

Grating

e 300 [CH, wig]\

[H;CNO,] Na*

,328

3]

The next line is reserved for SPE-
CIAL INFORMATION, such as the
dispersive element used, the ma-
terial of the prism, etc. In the
absence of an entry the reader
may assume that an NaCl prism
was used.

(4

The bracketed entry on the last
line indicates the STRUCTURAL
GROUP to which the vibration was
assigned in the original reference,
which may belong to either the
original or the isomerized form of
the compound, and the mode of
vibration, where pertinent.

0

The number in the lower right-hand corner is the REFERENCE NUMBER and pertains
to the list of source material on page 247.

Intensity Code
{Intensity 1s described relative to all other bands in a given spectrum, except where it is necessary
to use different path lengths and/or concentrations to record all bands. in such cases the path
length ‘and/or concentration is stated on the second line.)

§ = Strong, M = Medium, W = Weak, V = Very, B = Broad, Sh = Shoulder, Sp = Sharp

Physical State Code

(The temperature is given after the code letter if it is other than 25°C.)

A = Vapor or gaseous state (foHowed by
the pressure and path length, where
pertinent)
= Sample run as a liquid (followed by
the cell thickness, in millimeters, where

pertinent)
C = Solid, powder
D = Solid, film
E = Nujol oil

F = Fluorocarbon oil

G = KBr disk
H = Solution — solvent not specified
1 = Solid state — method not specified
K = Polyethylene bagging
M = Hexachlorobutadiene mull
N = Sample above room temperature and

run as a liquid

0 = Single crystal
P = KCI disk
Q = Kl disk




EXPLICATION

Les renseignements situés a gauche de la FORMULE DE CONSTITUTION
de chaque composé ont la signification suivante:

. R , La seconde inscription donne soit
La premiere ligne donne I'INDICE une lettre-code indiquant I'ETAT

DE L'ONDE en cm- 1 et une désigna- PHYSIQUE dans lequel le spectre

0 :tion-code indiquant "'NTENS,'T,E de @ fut mesuré (voir Code-Etat Physique
a bande (voir Code-Intensité ci- ci-dessous) ou le solvant utilisé

Jdezsn i < .
;“"; ";" Poulr' les gaz, le milieu de comme échantillon, entre paren-
2 bande ou l'embranchement est théses, et la cellule épaisse, la 00

c'esi a propos.

;ybésa S (R branch)’ ,ﬁ T ’

'“H
A (10 mm Hg, 10 cm)

r0ﬁ Grating \0 [H,CNO,)"Na* ;
. o_-0
- B gi,&# [cn, ?sla.: o ./{”?

La ligne suivante est réservée pour L'inscription entre crochets de la
9 p derniére ligne indigue le GROUPE

des RENSEIGNEMENTS SPECIAUX, DE CONSTITUTION auquel la vibra-

t_e|§ que I'élément du_composé uti tion fut assignée dans la référence

lisé, la nature du prisme, etc. En L A

K s X - originale, laquelle peut appartenir
I'absence d'une inscription, le lec- e )

teur peut assumer qu'on a employé ou a l'originale ou a la forme isome-

p a ploy risée du composé, et du genre du

un prisme NaCl. vibration, 1a ol c’est a propos.

9 Le nombre qui se trouve a I'extrémité droite, en bas, est te NUMERO DE REFERENCE
et se rattache a la liste de matériel source au page 247.

Code-intensité
(L'intensité est décrite relative & toutes les autres bandes d'un spectre donné, sauf la ol il faut s’en
servir des differentes longueurs de traces et.ou des concentrations differentes pour enregistrer
toutes les bandes. Dans de tels cas, la longueur de trace et/ou la concentration est donnée dans
la seconde ligne.)

S = fort, M = moyen, W = faible, V = trés, B = large, Sh = epaulement, Sp = aigu

Code-Etat Physique
{Si la température est avtre que 25°C, elie est donnée aprés la lettre-code.)

A = Vapeur ou état gazeux (suivi de la G= Disqqe KBr .
pression et la longueur du trace, 12 ou H = Solution—solvant non specifié¢
c'est a propos) § = Etat solide— méthode non specifié

B = Echantillon éprouvé en tant que liquide K = Ensachement polyéthyléng
o y . M = Mélange hexachlorobutadiene
(suivi de I'épaisseur de la cellule, en N = Echantillon au-dessus de la température
millimétres, 1a o c'est & propos) =Ec on au- e 'a temp
C = Solid, en dre normale d'intérieur et utilisé
= Soic, en pou en tant que liquide
D = Soiide, pellicule O = Cristal simple
E = Huile de Nujol P = Disque KCl
F = Huile de fluorocarbone Q = Disque Kl



NOACHEHHA

Caesa CTPYKTYPHOH dOPMYJIBI Kanoro COeMUHEHNA MPHBOAATCA

faHHbIe, HMEIOllHe cJIeaylollee 3HaAYCHHE

Ha neppolt cTpOKe YKa3bIBAHTCA
HOMEP BOJIHBI B cu-1 u Kop,
ob6o3navaromuyt HHTEHCHB-
0 HOCT®H nodochr. (CM. HHXKE KOZ

HHTEHCHBHOCTH.) JIJIA8 ras3oB TaM,
rfe 3TO NpeACTaBJAETCH BO3MOX-
HbIM, OG0O3HAYAETCA IEHTP HJH
BeTBb TIOJIOCHI.

[ 2]

Ha Bropolt cTpoke NPHBOAHTCA
6yxBa KoZza, YKa3bIBAIOINAA Ha
SH3NYECKOE COCTOSIHME, B
KOTOPOM H3MepAJICA CHeKTDp (CM.
HHRXe KOX d)HSH‘leCKOPO COCTO-~
AHHA), HJIH PACTBOPHTEJb, IPHME-
HABWHACA nnA npob6bi. 3aTeM, B
CKOGKB.X, yxa3eiBaeTcs KOHIEH-
TpaLHi, a TaM, rae 3To CyLmiecTBeH-
HO, TOJINIHHA AYelKH.

> 989 8 (R branch) ’/o MS,’WG M

A (10 mm Hg, 10 cm) E

——0

A

N

0. _-0

. (2O

Grating [H,CNO,} Na*

(CH, wag]\ ; o "r#*?‘

(3

Ha cJhaexyrouielt crpoke IPHBEO-
aarca OCOBBIE NAHHBIE, kak-
TO: NPUMERABIMHHACH 37IeMeHT JHC-
NMePCHH, MATEPHAJ NPH3MBLI H T. A.
EcnH TpeTbs CTPOKA OTCYTCTBYeT,
cnefyeT CYHTATb, YTO IIPHMEHA-
aacs nmpu3ma NaCl.

Ha nocaexmeit crpoke, B ckobxax,
ykxaspiBaerca CTPYKTYPHASA
T'PYTITIA, x koTtopoft BH6panHs
O6b1y1a OTHECEHA B NEPBOBAYANILHOR
0 CChUIKe. DTa rpyinna MoxeT OTHO-
CRTBCR K NMEPBOHAYAJIBHOA HIK K
HM30MePH30BAHHON ¢opMe coegH-
HeHHH, & TaKXe TaM, I'le 3TO Cy-
IMeCTBEHHO, K THNMy BH6pauuH.

5

Homep, naneuaTannnii cnpasa BHu3y, aAsaaerca HOMEPOM CCBUIKH. On orno-
CHTCA K CHHCKY HCTOYHHKOB, YIIOMHHAIOLIHXCA HA CTp. 247.

Kogz HHTEHCHBHOCTH

(HHTEeHCHBHOCTb YK&3BIBAETCA B OTHOLUEHHH BCeX NPOYHX NOJOC AAHHOTO CMeKtpa, 34 HCKII0-
YeHHeM TeX CcJaYy4daeB, KOrga cjenyer TNIPHMEHATE HHble AJIHHBI npoGera H/HJ‘IH xom.(eu'rpaux-m
AJ8 3aMHCH BceX mojioc. B TakuxX ciydaax RJIHHA npoGera H/HIH KOHLUEHTPAIHM NPHBOXATCH
Ha BTOpo#t cTpoke.)

S = cunbHaA, M = cpenunasa, W = cnabas, V = odeHns, B = mHpokad, Sh = naewo, Sp = ocrpas

Kopx dpuzHueckoro COCTOMHHA
(TemnepaTypa caeayer 3a 6yksofi KO8 B TOM Cjyyae, €CJIH OHA He paBHAeTcAa 25°.)

A = Ilapo- MJIH ra3zoo6pasHoe COCTORHHE
(c yka3aHHeM AABJIEHHA H AJIHHBI
npobera TaMm, rAe 3TO CYU(eCTBEHHO)

B = IIpo6a B }XHAKOM COCTOAHHH (C
yKa3aHHeM TOJIHHBI A4YeHKH B
MHJIJIHMETPax TaM, Cae 3TO
CYLIeCTBEHHO)

C = TBepaoe TeJ0, MOPOLLIOK

D = Tsepnoe Teno, NJjeHKa

E = Macyo Hroxons

F = $TOpoyrieBOAOPOAHOE MACHO

G = Juck KBr

H = PacTBop-—-6e3 yka3aHHs DacTBOPHTeNA

I = TBepaoe cocTosHne —6e3 yKasaHus
MeTona

K = IToau3THIEeHOBaA YTIAKOBKA

M = HlecTuxjopobyTagneHoBas cMeCb

N = TeMnepatypa npo6bl BbIllle KOMHATHON;
npo6a B MKHIKOM COCTOAHHH

0O = MOHOKpHCTAAN

P = Ouck KCl

Q = Auck KI



ERKLARUNG

Die links von der STRUKTURFORMEL einer jeden Verbindung stehenden
Angaben haben die folgende Bedeutung:

N i Die zweite Eintragung enthalt ent,
Auf der ersten Zeile steht die WEL- weder einen Kennbuchstaben, der

LENZAHL in cm—? sowie ein oder den PHYSIKALISCHEN ZUSTAND

zwei Kennbuchstaben, die die bezeichnet, in dem das Spektrum
” INTENSITAT des Bandes angeben 0 ermittelt wurde (siehe- Zustands-

(siehe Intensitats-Kennbuchstaben Kennbuchstaben unten), oder das
unten). Nach Moglichkeit ist fur firdie Probe benutzte Losungsmitte!
Gase die Bandmitte oder jeweilige (sowie nachstehend die Konzentra-
Bandseite mitgeteilt. tion in eckigen Klammern und die
Zellendicke, falls zutreffend).

= ﬁggmehf‘o‘““/a T SR

g A(10 mm Hg, 10 cm) ;

3

, o | Graog
{ | i \ [H,CNG,]"Na* ;
: o0 :

Die Eintragung in eckigen Kiam-

Die niichste Zeile ist fur BESON- mern auf der letzten Zeile gibt die
DERE ANGABEN vorbehaiten, wie STRUKTURGRUPPE an, der die
z.B. das benutzte Dispersionsele- Schwingung im Originaibericht zu-
0 ment, das Prismenmaterial usw. So- 0 geteilt worden war—diese kann ent-
fern keine Angaben gemacht sind, weder der urspriinglichen oder der
kann der Leser annehmen, dass ein isomerischen Form der Verbindung
NaCl-Prisma benutzt wurde. angehdren —, sowie die Schwin-

gungsart, falls zutreffend.

Die Zahl in der rechten unteren Ecke stelit die BEZUGSZAHL dar und bezieht sich auf
die Quellenliste auf S. 247.

Intensitiits-Kennbuchstaben

(Die Einstufung der Intensitat bezieht sich auf alle anderen Bander eines gegebenen Spektrums,
ausser in Fiallen, wo verschiedene Bahnlangen und/oder Konzentrationen erforderlich waren, um

alle Bander zu erfassen. In diesen Fallen sind Bahnlange und/oder Konzentration auf der zweiten
Zeile angegeben.)

S = Stark, M = Mittel, W = Schwach, V = Sehr, B = Breit, vSh = Schulter, Sp = Schart

Zustands-Kennbuchstaben
(Die Temperatur ist nach dem Kennbuchstaben angefihrt, falls sie nicht 25°C betrug.)

A = Dampf- oder Gaszustand (dahinter Druck H = Lésung — Losungsmittel nicht angegeben

und Bahnlange, falls zutreffend) I = Festzustand—Methode nicht angegeben
B = Prifung erfolgte im flissigen Zustand K = Polyathylen-Beutel

(dahinter die Zellendicke, falls zutreffend) M = Hexachlorbutadien-Mull
C = Festzustand, pulverférmig N = Prifung oberhalb Zimmertemperatur im
D = Festzustand, Filmform fliissigen Zustand
E = Nujol-01 0 = Einkristall
F = Fluorkohlenstoff-Ol P = KCI-Scheibe
G = KBr-Scheibe Q = Kl-Scheibe
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