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c speed oflighι (3 χ 1010 cm s Ι)

ft Planck's constant
ν frequenoy (ΗΖ or s-')
,θ wavelength (cm)

ß wavenumber (om 1)

The normal region of αη IR speotrum lies between 4000 and
400 cm l.

Manyfunctional groups ßη organio molecules sho\M character-
istic vibrations, ιvhich colTespond to absoφtion bands ßη de-
fined regions of the IR spectrum. These molecular vibrations
aΙe essentiaΙly looalised ιvithin the functional groups and do
not extend overthe rest ofthe molecule.Thus such functional
gfoups οαη be identified by their absoφtion bands. This faot,
together with the simple measurement technique, makes IR

spectrosoopy the easiest, quickest, and often most reliable
method of assigning α substanoe tο α partioular class of com-
pounds. Usuallyit is possible to decide immediatelyif αη αΙòο-
hol, amine, orketone, oran aliphatio oraromatic compound is
present. From closer inspection of the position and intensity
of the bands it is possible to draw even more deiailed òοηòlυ-
sions, for example as to the type of substitution of aromatics,
or the presence of carboxylio acid, ester, or amide functions.
Furthermore there aτe noιvlarge oolleciions ofreference speo-
tra available ßη oatalogues or data bases for comparison. Thus
it is often possible to unambiguously identify αη υηΚηοττη
compound from its IR spectrum alone. The number of IR
spectra catalogued or published ßη the literature cuπently
amounts to òα. 100,000. This immense range of reference
material is increasingly becoming available tο oomputerised
search methods.
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Ε Basic Principles and Selection Rules

Tb comprehend the processes whioh lead to αη IR speotrum it
is useful to consider α simple model derived from classical
mechanics. Ιf atoms are considered as point masses, the vibra-
tions ßη α diatomic molecule (e.g. HCl) òαη be desoribed as ßη
Fig.2.1.The moleoule oonsists of the masses πι, and rrr,which
arejoined by αη elastic spring (α). Ifthe equilibrium distance 16

between the masses is increased by the amount χ, + χ, (b) α
restoring force Kensues. Οη release the system vibrates about
the equilibrium distance.

l-- h *ι χ2

Fig. 2.1 Mechanical model of α vibrating diatomic molecule.
(Ütension Δτ:χ, + χ,)

According to Hooke's Lalv the restoring force is to α first
approximation proportional to the extension 1r

Κ: -κ,Δτ.
The negative sign arises since the foroe is opposed to the
extension. Iη the mechanical model the proportionality con-
stant kis the elasticity oonstant of the spring. Iη the molecule
Κ (the force constant) is α measure of the bond strength be-
trryeen the atoms.
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Fig.2,2 Potential energycurve of α harmonic oscillatorlvith dis-
crete vibrational levels ξ
The energy ofthe vibration òαη be derived from the model ofa
harmonic osoillator (Fig. 2.2). Its potential energy is α funotion
of the intemuclear distance r*

ν(Þ : +κ. χ' : 2π' μν1,,. χ'
ι/ potential energy

κ force constant
χ θxtension

m,,m,ß- ' '_reducedmass' ml+m2
νο"" vibration frequency οΓ the οsòßΙΙαtοτ

* see standard physics textbooks
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The syrnmetryproperies of amolecule ßη α orystal lattice òαη
be diflerent from those ßη the vapour or ßη solution. Accord-

ingly the solid state φεòßτυπ b -'
phase or solutiσn φ€{tπm-

Er Ιη Speatrometers

Two basically different types of IR speotrometel are currently
ßη use, the traditional grating orprism (scanning) instruments
having been largely replaced by the more porπerful Fourier
¸ansform (FT)-IR spectlometers.

Fig.2,4 Schematic design of grating (left) and Fouriertransfoιm
(righl) ΙR spectrometers

Boih φρεs ινοτΚ οη the same basic principle. Αη IR source
emits radiation, which is reduoed ßη strength as it passes
through the sample. This reduction is frequency dependent,
corresponding to the exoited molecular vibrations, The resid-
υα1 radiaiion is measured with α detector and electronically
converted into α spectrum (Fig.2,a).

The decisive requirement for the radiation source is that ßt
must constanφemit iight covering the total frequencyrange
of interest. Commonly used 1ight soulce§ ιηrhßòh fulfil this
requirement are α ιyhite hoi Nemst filament (zirconium di-
oxide lvith rare eaIth additives) or the so-called Globar made
from silicon carbide (operating temperature: Ι500 Κ).

The puφose of the detector is to coilect the incoming radia-
tion and convert the optical signals into eleotrical signals. The
mosi common type is the D|ΓGS detector (deuteriated trigly-
cine sulfaie).

Whereas the radiation source and ihe deieotor are identical for
both tlpes of spectrometer, the measulemΘnt of the Γrθ-
quenoy dependence of the absoφtion and the signa.l proces-
sing are fundamentally different.

3.1 Glassical (Scanning) lR Spectrometers

These instruments usually operate οη the double bqam princi
ple; α beam splilteτ (ehopp er) divides the oontinuous radiation
from the source into t\η,ο be2ms of equal intensity. One of the
beams is passed through the sample, the othel serves as α òοη-
trol beam and usually passes through air, ßη the case of solu-
tion measurementε through α cel1 with pure solvent. After
ορtßòαΙ comparison ßη the photometer the light beams are
recombined. The monochromator (α prism or diffraotion grat-
ing) spectrally analyses the resultant radiation. Thus the speo:
irum can be recorded as α function ofwavelength (scanning) -
at αηγ point ßη time α single frequency is reoorded. After ampli-
fication the signals are plotted οη α chart reoorder as α spec-
trum (abscissa: wavelòngth increasing fτom right to left, ordi-
naie: 0/ο transmittance). The recording of α òρεòßτυm typically
takes about 10 minutes.
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Because of the speed of FTIR measurements α very useful
application for the organio chemist has beoome available: the
coupling of gas ohromatography and IR spectroscopy. Gas
phase speotra of the flactions eluted from the GC oolumn are
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measured directly (see also Sec.4.1). Most FTIR instruments
òαη be fitted with α special detector for these purposes (see
also Fig. 2.6), GC/FTIR specirosoopy has become ßη many
cases α genuine altemative οf supplement to GC/MS.

Ε Sa.ple Preparation

IR speotra οαη be measured οη substances ßη αΙΙ three phases
of matter (gaseous, liquid, solid) as ινεΙΙ as ßη solution. The
choice ofthe appropriate method depends οη the nature and
physioal properties of the sample, such as melting point and
solubility.

4.1 Measurements ßη the Gas Phase

Gases are measured ßη gas cells which are fitted ινßth stop-
cooks and have IR transparent NaC1 plates at the ends,

Because of the lorry density of gases the optioal path length
through the òεΙΙ is chosen to be as long as possible (normally
10 cm). Since most organic compounds have relatively 1οιν
vapour pressures, this method is rarely used.

Cells for coupled GC/IR measurements ωe designed ßη basi-
òαΙlγ the same \ταγ. The sample is introduced into the cell,
rvhich is fitted \η.ßth entry and exit ports, by α stleam ofcarrier
gas (hydrogen or helium). Because of the short drryell time of
the sample ßη the cell and the small amount of substance,
GC/IR coupled measurements are onlypossible with the FT
technique (see also Fig, 2.6).
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36 d Infrareci and Raman Spectroscopy

Because of intermolecular interactions the positions of the
bands ßη solid state spectra are often different from those
observed for the same substance ßη solution, This is especially
true for funotional groups ιγhßòh form hydrogen bonds. Α1so
the number of resolved bands ßη solid state spectla is often

higher, If for example α synthetic product is to be compared
rvith α natural product, the measurement is best carried ουt ßι
the solid state, assuming that both samples exist ßη the qgφ
crystal modification. Ηο,ιγενετ α synthetic racemate shoulilbe
compared with α natural product ßη solution.

§ τηε IR Specτrum

Ιη Fig,2.8 the simple spectrum of Nujol, α paraffin, is given as
αη example. Nujol is used for the preparation of samples
ryhich are to be measured as α suspension (see above); its
absoφtion bands are therefore overlaid οη the spectrum of
the sample. Fig.2.8 shows horv IR spectra ατε displayed. The
transmittance as α percentage 0/ο is the ordinate (γ axis). That
replesents the proportion, by comparison with the referenoe
beam, of the radiation which is transmitted by the sample.

100

Β0

60

4Ο

2ο

4οο0 ..-ι 300ο 2οοο 160ο
Wavenumber ;

Fig.2.8 lR spectιum of α paιaffin (ΝυlοΙ measured as α liquid
film)

Α Absorption band, i,e. α1 this vιlavelength the molecule
absorbs the maximum amount of radiation energy. lη this
oase the vibrations responsibie are the (C-H) stretching
vibrations of the CH. and ΟΗ, groups,

Β,Β' Switohing points; at ceΠain frequencies (here 20Ο0 and
600 cm ') largeι instruments change gratings, filters, or the
plotting scale; the ραρει stops moving vιlhile the switching
takes place,The switching points can act as α cheok as to

6,0

More rarely the percentage absoφtion (0/ο Ι) is given instead,
vvhere

0/ο Ζ: 100 - Ψο Ι
The abscissa (χ axis) is calibrated both ßη μm (wavelength ,ß)
and ßη cm 1 (vravenumber ß). The scale is linearin wavenum-
bers. This has the advantage that the peaks are symmetrical.
Energy differences òαη be easily recognised.

Wavelength λ *
7,0 8,0 l0 1ι, 20 25 μm

º200 800 400

vlhether the paper is inseιted properly. They do not oocur ßη
FTlR instruments.
so called spikes; these are pen deflections caused by
uncontrolled vollage iιregularities, recognisable by theiι
narrovl ιvidth. Do not appear lvith FTlR instruments,
(Ο-Η) bending vibrations of ΟΗ, and ΟΗ, groups. Foι ΟΗ.
groups thiS iS the asymmetric (C-H) bending vibration
(abbreviated: α"(ΟΗ.)), foι CΗ, gιουρs the symmetιic
(abbrev. d" (OH.)).These terms αιε explained below.
symmetιic (C-Η) bending vibration of ΟΗ, groups (d,(CΗ.)).
Shoulder; arises from the oveιlap οf two or more bands.
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38 tnfrared and Raman Spectroscopy

resonance: if αη overtone or combination vibration ooinciden-
tally has the same frequency as α normal vibration, the tlvo
frequencies move apaIt, TWo bands of similar intensity are
observed. The bands can then ηο longer be assigned to indi-
vidual vibrations.

Αη IR spectrum therefore exists of two main regions: above
Ι500 cm-l lie absoφtion bands which can be assigned to the
individual functional groups, ιvhereas the region belolv
1500 cm ' contains many bands and oharacterises the mole-
cule as α ιvhole. This region is therefore knorvn as the Ιinger-
print region. The use oΓthis fingeφrint region to identify α sub-
stance by comparison with αη authentic sample is ßη most
cases more reliable than using mixed melting points or thin-

layerchromatography.Thebands ;ι- -,,
lyhich arise from functional gτο,ι-;s :: : : -

aid to identification and ηοι as c.]:,-i : ,

The regions ßη vyhich specific fυηòι . :,. _ _

shoιvn by the example οΓ aceιon: ß- ; -

vibrations of single bonds to hl,Ci:,g-: , - _- -
Ν-Η) absorb at the highest frequen.-:.s r _ -

the small mass of the hydrogen α:,,''- ; ,-: -
region ßη Fig.2.9). As the atomic ιι1*>;: - _-: * :

ιßοη bands are shifιed ιο lowel\\a\ e1-:-:, - _

series demonstrates.
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Fig. 2.9 Absorption regions of the lR spectrum
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§ Overuieιr of Gharacteristic Absorptions

Ιη Fig. 2.9 the IR spectrum is divided into 4 regions, which are
more fυllγ described ßη the assignment summaries (Fie.2.10 -
2,14). Ιη the region 1800 - 1500 cm 1 carbonyl bands (Fig.2.13)
are listed separately from other absoφtions (Fie. 2,12).

For each individual functional group wavenumber regions are
given ιvhere αη absoφtion might appear; typical intensities
(rvhich can be αη aid to assignments) are also given.Intensities
ßη IR spectra are not as easy to measure as ßη tJY; they are
generally descιibed by the subjective terms strong (s), me-
dium strong (m), ινεαΚ (w), and variable (γ).

Ιη Tbbs 2.1 to 2,21 tγφßòαl bands of functional groups are listed
ßη detail. The summary οη page 39 serves as αη index.

For the interpretation of the IR spectrum of αη unknown com-
pound the follorving procedure is recommended:

Firstly the three regions above 1500 cm-l are ohecked using
Figs, 2.10 - 2.Ι3 to see if there are indications of particular
structural elements or if struotures òαη be excluded.
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Fig.2.i0 Positions of the stretching vibιations of hydrogen (ßη
the shaded areas the borders aιe less vyell defined); band inten-
sity § strong, m medium, νιι ιlveak, ν variable.
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Fß9. 2.17 Cyclohexanone (as liquid film)

3400 cm 'overtone Vibration of thθ carbonyl group (see also Fig.2.20 and 2.9,ρ,57 and 3Β)
(C-H) siretching vibration v,","(CHJ

1710 cm-' (C:Ο) stretching vibration ιΖ (C:Ο)
-Ι450 om-' (C-Η) bending vibration d (CΗ")

1420 cm-1 (C-Η) bending vibration next to Ο:Ο
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Th_;5 exampιe shoι,vs characteristio baπd§ for αη alcohol, αη ethθr, and α monωutΕiitu¸d αßΟßΠαÞΕ 

'ΤΤα

Α - 3350 cm ' hydrogen bonded (ο-Η) streiching vibration
Β (C-Η) stretching vibration οf the benzene ring

C (C-Η) stretching vibration of the CΗ, groups
D 125ο σm, ßò-ο) $reιòhßηü vibraιion ßη aryl alkyLetherò; dialkyl ether bands lie at loιηlerfrequency Oab.2.19)

Χ1 760 cm 1 monosubstituted aromatic, i.e. five neighbouring H-atoms

Χ2 6θ5 om-' (cf, toluene, Fi,g. 2.23)
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Ablorpτion bands ßη the region 23ΟΟ-2ΟOΟ cm-r are almost certain indicators of triple bonds (see Tab. 2.Β, ρ. 47)

Α (Ο-Η) stretching vibrations γ"","(ΟΗ,, CΗ.)
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print region are typical for aliphatic rings
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Determination of the substitution pattern fιom Tab, 2.16 (ρ. 53)

ΧÞ,2 74Ο cm ' typical of four neighbouring Η οη αη aromatio ('1 ,2-disubstitution)
Χτ,3 770 cm ' three neighbouring Η (1,3-disubstitution)
Χ1,4 770 cm-' tι,vo neighbouring Η (1 ,4-disubstitution)
Fοß ιhe assignment of the remaining bands compare vvith the speotrum of toluene (see Fig. 2.23)
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Α 3'Ι00 cm-] aromatio (C-Η) stretching vibration
Β aromatic overtone vibrations
C ]600 cm-' aromatic (C:C) stretohing vibrations
D 1520 om ' asymmetric and symmetric Ν:Ο stretohing vibralion

]340 cm-' (conjugated to aromatic system)
θ15 cm' probablythe t\vo bands o{the out-oΙplane (C-Η) bending vibrations
Β40 cm'' indicative of ],2,4-substitution
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Β 1725 cm ' (C:Ο) stretohing Vibration; (C-Ο) and (C-Ν) stretching vibration
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Χ1 745 cm' monosubstituted aromatic (the values inTab.2.16 applyapproximatelyto pyridines)
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D 1665 cm-' amino acid Ι; unusually strong
Ε 1610 cm ' probably aryl group
F 15Β5 cm ' amino acid ΙΙ; ionised carboxyl group -COO
G 1555 cm-r-NHl bending vibration
Η 755 or745 om-'(C-H) ouιoiplane bending vibrations of α-] ,2-disubstituted benzene ring
Ν Nujol bands
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66 lnfrared and Raman Spectroscopy

affect the determination of 1οlΙ Thus KBr discs are οηlγ suit-
able for semi-quantitative IR measurements.

The quantitative determination οΓα sample using IR spectros-
copy essentially τequires the establishment οf αη empirical
calibration curve. Several solutions of different ooncentτations
are prepaτed and the resulting absorbances ofa oharacteristic
absoφtion plotted against the concentration. Sinoe there is
initially ηο τeference point against ryhich to measure the
absorbance, the base line method is often used. This consists
of using as the base line (i,e, the line of ηο absorbance) α

straight line, often draryn as α tangent to the absorption curve
as ßη Fig, 2,3l. The ratio lol/can then be easily deteτmined fοτ
each concentration.

The calibration curve is then generated by plotting the absoτ-
bances against the concentration (Fig.2,32). From the calibra-
tion curve αη υηΚηοιγη concentration q can be determined
from α measurement of Þ.

m Raιmam §peatroseιlpy

The Raman effect was predicted theoretically by Α. Smekal ßη
1923 and observed experimentally five years later by C. ν.
Raman,

Raman spectra αιε not normally recorded routinely, and the
organic-oriented chemist seldom uses Raman spectroscopy
for structural determination, Nevertheless α Raman spectrum
òαη for certain specialised problems be α useful complement
to IR spectroscopy, for example for the measurement of aque-
ous solutions, single crystals, and polymers. The applicability
of Raman spectroscopy has also become much easier and
quicker by the applioation οΓ laser technology,

15.1 The Raman Effect

If α liquid or α concentrated solution οΓ α substance is irra-
diated with monochromatic light (e,g. ιvith αη argon 1aser,

which has α ιvavelength οf 488 nm :20492 cm-') then:

- the majority of the light passes through the sample unaf-
fected (transmission)

- α small portion of the light (factor 1Γ4) is scattered ßη αΙΙ

'.,ß

Quantitative IR analysis nowadays finds ρ:.: _

ßη the plastics industry and ßη qualit_v cοηι:]
cals and agricultural pesticides,

0,6

0,5

0,4

Ο,3

0,2

Ο,ι

0

OOncentration of lhe sample .+
Fig, 2,32 Oalibration ourve

directions, but retains the frequency οf the irraC::=Lg

light; this is oalled Rayleigh scattering and can be ιhε;:τ,
of as arising from elastic impacts of the light qυαηιÝ η,º
the molecules.

- αη even smallerpoτtion of the light (factor ßΓ8) is also ;;"l-
tered ßη αΙ1 directions, but has α frequency distτibuιic,:, ι

arises from absoφtion and re-emission combined ιß,l: ι
vibrational excitation or extinction. This scattered r":il-
tion òαη be spectrally analysed and recorded with α ρh:ι:-
εlεòtτßò detector.The difference between the frequenò ι;
the irradiating line and α Raman line is the frequenc_r, oi:--r:

relevant vibration.

The Raman effect is thus α oonsequence of the interaction r=
tween mattel and electromagnetic radiation. The Raman sp*;,

trum is αη emission spectrum. The frequenoy of the Ramr-
lines or bands òαη be larger or smaller than the excitation τ:=

quency ν0 (Rayleigh line). Characteristic fοτ α moleoule aτe ιt:
ilifferences between the Raman frequencies and the εχòßtαιßι-ι
frequency νο, They are independent ofvo and òαη also be fouo:
ßη the IR speotrum as absoφtion bands (see selection τυßδ -

,,,,",, ιß

ßßιιιιι
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òυlευτατ,&ηυε θιιι Jod ,sΘιηòΘιοτυ 

1εòυlαιυιυτ{s ro3 Δdocsor1
-ceds υτυεχ3ο θòυθμοdιυι θι{ι sθullJepun sιιLL,ΘΔιιòθ υΕτιι3υ
sI uoIlθJgIΔ sιιιι θJoJΘJeql ζq Θlθιs ρθρυεμε Θql υι ι3ι{ι ιυοr3
luΘJθJJIp JΘΛΘΔ\οq §τ G Θlθιs pessordιuoc eq1 υτ Þgτqεsττεlοd
θιLL,ιυτlòΘds θιι1 υι puθq uolldJosqθ ου §Θsηθò ρυε'Θ,ιτlòτυι
υι οJοJΘJθιι1 sI υοιιθJgιΛ sII{J ºυθιυοιυ εlοdφ eq1 υι aEuuqc
ου sI ΘJθιιι ιθιιι 1uerεddε sτ 1ι q ρυε τ sορηlηdιυε qlιΔ\ υοτιθJqιΔ
8ulqclerls òπlευτιυΙs oq1 u1,(69,g,6τg) οlηοεlοιυ θρτχοιρ uoq
-JBc θqlJo θιdιυθχθ o1darτs eq1 Λq ρεlττlsυοιυερ θq υΒο slql
,(ρεηοlε) ειμòε dlετευεΕ τurulceds χ1 oq1 υ ρυτ (uepplqro;)
ΘΔιρθυι υθιυθυ ετε εηυεò,ftlειυιυΔs eq1 1ηοqτ ουlειυιυds 1ου
ΘJθ ι{òιι{ηΔ suollθJqlΔ ºιΘsJθΔυοò ,αΛιρθ υθιιιθυ lnq (1υετυοτυ
alodφ 3ο εΕυεqò ου) θΔτιòΒυι υι ΘJ3 ετlυεò ΛηοιυιυΙs
Θιι1 lnoqe culeιuurΙs εΕ ιριßιΔÞ, suollpJqrΔ sΘιηòΘιοιυ ι?òιJτΘιυ
-ιυΙs υτ :ecuenbesuoc 1υεμοdιυτ ue o,req sΘιτ υοιιòειΘs εsθιLL
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eq1 υο esoq1'sΘu1 §Θºοιò ρΘιιθò θJ? dcuΘnbòr; q3τε1.(εγ eq13o
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Tab,2,22 Assignment of the bands ßη Figs. 2.34 and 2.35

As αη illustration the IR and Raman spectra of (Ζ)-dßòhΙοτο-
ethylene (ß.ε. α symmetrical molecule) are shoιvn ßη Figs. 2.34
and 2.35. These show clearly hοιγ IR and Raman spectroscopy
yield oomplementary picture§ of the vibrations ßη α molecule ι

ßη the IR speotrum the absoφtions from the antislmmehic
vibrations appβar, rvhereas the Raman spectrum shorrys the
emission bands of the symmetric vibrations, Ιη Thb. 2.22 the
indiyidua1 yibrations are assigned to theiτ respective bands,

ν (C-H)

ν (C*Cl) 817 (D)

δ (c-H) 1200 (Β)

Cl Η+\/
γ (C-Η) - p=q - s95 (ò),\+Η cι

ν (C:C)

δ (C-Cl) beloÞ/
300 cm-'
ßη lR



Tab. 2.19 Functional groups ινßlh C-Ο single bonds
This region suffers f rom multiple overlap!The bands are
nificant ßη conjunction lvith other structural indicators

aιiitrj1]:s

Alcohols
c-oH 1250_1000 (S) primary alcohols at th€

Tab,2.ß7 Sulfur compound§ S

_ S_H 2600-2550 ω

Η

c-N
{\

^_c

S=o

pulfones

So,

pulfonamides

/
R-SOz -Ν\
suIjonales

R- SOz -OR'

Sulfates

Ro-So2-oR'

1200-1050 (s)

-3400

1550-1460 (s)

1300-1100 (s)

1060-]040 (s)

1350-'Ι310 (s)

1 160-1 1 20 (s)

1370-]330 (S)

] 1 80-1 ] 60 (s)

1420-1330 (s)

1200-] 145 (s)

1 440-1 350
1 200-1 1 45

etherS

c-O-c
c-O-c

ιΙ
epoxideS

..LJ..
γ

eSterS

c-O-c
ι|
0

cHtco-o-c
RCO-0-CHl

1150-1070 (s)

1275-1200 (s)
"ι075_1020 (S)

-1 250, -900,
-800

(S-H) sΤetching vibra-
tion; lveaker than Ο-Η
and less influenced by
hydrogen bonding,
This absorption is
strong ßη the Raman
Spectrum

(Ν-Η) stretching vibra-
tion; shifted ßη the so!id
State to as Ιοιν as
3150 cm'
amide ΙΙ

amide Ι

lov/est, tertiary and phe-
nols at the highest end of
the region often doublet

SometimeS split,
see Fig, 2,1Β (ρ. 56)

asymmetric stretching
vibration
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Fig.2.
Alcohc

Α:ß

Ι330-1050 (s) 2 bands
δ""r. stronger,
and at Io\Ver Vvavenumbers

-1240
-] 165

O-F
C-ΟΙ
O-Br
ι,- ι

1365-1120 (s)

830- 560 (s)

6Β0- 515 (s)

= 500 (S)

1 270_1 1 00
1 100-1030 ι skeιetaι
1075_1030 ι Vibrations
- 1060 

'

100

Δ ο/ο

Ιrο
'60

40

2Ι

Βß
c1
31

-|

Ε-ι

Ρ-Η
Ρ- Phenyt

Ρ-Ο- ΑΙΚγΙ

Ρ-Ο- Aryl

Ρ=ο

Ρ-ο-Ρ
ο
ιι

- Ρ-οΗ
I

2400-2350 (s)

1440 (s)

1050-º030 (s)

1240-1 1θ0 (S)

1300-1250 (s)

θ70- θ10 (s)

27ο0-2560
1240-11Β0 (s)

ammonιum
cyanide,
thiocyanate,
cyanate
carbonate
suIfate
nitrate
niτite
phoSphate

3300-3030

2200-2000
,1 450-141 0
1 1 30_1 080
1 380-] 350
1 250-1 230
1 1 00_1 000

sharp

sharp

broad

hydrogen bonded Ο-Η
(Ρ:Ο) stretching
Vibration

αΙΙ bands αιε strong

Tab,2.20 Halogen compounds C-ΗαΙ

Tab,2.18 Phosphorus compounds Ρ

Tab. 2,21 lnorganic ions




