IR Spectroscopy

INFRARED SPECTROSCOPY
(IR)

Theory and Interpretation of
IR spectra

ORGANIC STRUCTURE DETERMINATION
How do we know:

* How atoms are connected together?
* Which bonds are single, double, or triple?

* What functional groups exist in the
molecule?

* |f we have a specific stereoisomer?

The field of organic structure determination attempts
to answer these questions.
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Spectroscopy

*“seeing the unseeable”

*Using electromagnetic radiation as a probe to obtain
information about atoms and molecules that are too
small to see.

*Electromagnetic radiation is propagated at the speed
of light through a vacuum as an oscillating wave.
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Infrared Spectroscopy

* The structure of new compounds that are
isolated from natural sources or prepared
in the lab must be determined (and/or
verified).

— Chemical analysis
— Spectroscopy

» Spectroscopic  techniques are non-
destructive and generally require small
amounts of sample
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Infrared Spectroscopy

* Four common spectroscopic techniques
used to determine structure:

— Infrared Spectroscopy (IR)
— Mass Spectrometry (MS or Mass Spec)

—Nuclear Magnetic Resonance Spectroscopy
(NMR)

— Ultraviolet Spectroscopy
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IR Spectroscopy

INSTRUMENTAL METHODS OF
STRUCTURE DETERMINATION

Nuclear Magnetic Resonance (NMR) — Excitation of the nucleus of
atoms through radiofrequency irradiation. Provides extensive
information about molecular structure and atom connectivity.
Infrared Spectroscopy (IR) — Triggering molecular vibrations
through irradiation with infrared light. Provides mostly information
about the presence or absence of certain functional groups.

Mass spectrometry — Bombardment of the sample with electrons
and detection of resulting molecular fragments. Provides information
about molecular mass and atom connectivity.

Ultraviolet spectroscopy (UV) — Promotion of electrons to higher
energy levels through irradiation of the molecule with ultraviolet light.
Provides mostly information about the presence of conjugated m
systems and the presence of double and triple bonds.

SPECTROSCOPY - Study of spectral
information

Physical M Detecti
. — olecule | — response — etecting

Visual (most common) |

representation, or
Spectrum

Upon irradiation with infrared light, certain bonds respond
by vibrating faster. This response can be detected and
translated into a visual representation called a spectrum.
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SPECTRUM INTERPRETATION
PROCESS

1. Recognize a pattern.
2. Associate patterns with physical parameters.

3. Identify possible meanings, i.e. propose
explanations.

Once a spectrum is obtained, the main challenge is to
extract the information it contains in abstract, or hidden form.
This requires the recognition of certain patterns, the
association of these patterns with physical parameters, and
the interpretation of these patterns in terms of meaningful
and logical explanations.

ELECTROMAGNETIC SPECTRUM

Most organic spectroscopy uses electromagnetic energy, or radiation,
as the physical stimulus.

Electromagnetic energy (such as visible light) has no detectable mass
component. In other words, it can be referred to as “pure energy.”

Other types of radiation such as alpha rays, which consist of helium
nuclei, have a detectable mass component and therefore cannot be
categorized as electromagnetic energy.

The important parameters associated with electromagnetic radiation are:

« Energy (E): Energy is directly proportional to frequency, and inversely
proportional to wavelength, as indicated by the equation below.

* Frequency ()

« Wavelength (1)
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EFFECT OF ELECTROMAGNETIC RADIATION
ON MOLECULES

Wavelength ().) Energy  Molecular effects
higher frequency cm kcal/mol
shorter wavelength 1079 gamma rays 100
1077 X rays 10* ionization
vacuum UV 10?
1073 near UV electronic transitions
1074 visible 10
_3 W 1 molecular vibrations
10 ({IR)
1072
107! microwave Jg—4 rotational motion
102 - 6 . -
lower frequency 10% radio 10 nuclear spin transitions

longer wavelength

Infrared Spectroscopy

* Infrared spectroscopy:

— Used to determine the functional groups
present (or absent) in a molecule

CHy— CH—CH,

OH

a0 N e 10 10 o
WvEnnR 1
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IR Spectroscopy

INFRARED SPECTROSCOPY

* Infrared radiation stimulates molecular
vibrations.

* Infrared spectra are traditionally displayed
as %T (percent transmittance) versus
wave number (4000-400 cm-1).

» Useful in identifying presence or absence
of functional groups.
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Infrared radiation is largely thermal energy.
It induces stronger molecular vibrations in covalent bonds, which can
be viewed as springs holding together two masses, or atoms.

Specific bonds respond to (absorb) specific frequencies

OO OO OO

equilibrium stretched compressed
bond length

ome
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VIBRATIONAL MODES

Covalent bonds can vibrate in several modes, including stretching,
rocking, and scissoring.

The most useful bands in an infrared spectrum correspond to
stretching frequencies, and those will be the ones we’ll focus on.

@ @
NS O N®

symmetric stretching antisymmetric stretching bending (scissoring)
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Infrared Spectroscopy

» Since energy is quantized, covalent bonds can
vibrate/stretch only at certain allowed frequencies.

— The position of an absorption band correlates
with the type of chemical bond.
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TRANSMISSION vs. ABSORPTION

When a chemical sample is exposed to the action of IR LIGHT, it can
absorb some frequencies and transmit the rest. Some of the light can
also be reflected back to the source.

R Chemical Transmitted light S
source| * sample -

I

From all the frequencies it receives, the chemical sample
can absorb (retain) specific frequencies and allow the
rest to pass through it (transmitted light).

The detector detects the transmitted frequencies, and by doing so also reveals the
values of the absorbed frequencies.
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AN IR SPECTRUM IN ABSORPTION MODE

The IR spectrum is basically a plot of transmitted (or absorbed) frequencies
vs. intensity of the transmission (or absorption). Frequencies appear in the
x-axis in units of inverse centimeters (wavenumbers), and intensities are
plotted on the y-axis in percentage units.

Absorption

100 %

0% }
~ 3600 (cm-1)
Frequency in wavenumbers (cm-1)

The graph above shows a spectrum in absorption mode.
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IR Spectroscopy

AN IR SPECTRUM IN TRANSMISSION MODE

Transmission
4

100 %4—

0% }
~ 3600 (cm-1)
Frequency in wavenumbers (cm-1)

The graph above shows a spectrum in transmission mode.
This is the most commonly used representation and the one found in most
chemistry and spectroscopy books. Therefore we will use this representation.
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CLASSIFICATION OF IR BANDS
IR bands can be classified as strong (s), medium (m), or weak (w),
depending on their relative intensities in the infrared spectrum. A strong

band covers most of the y-axis. A medium band falls to about half of the
y-axis, and a weak band falls to about one third or less of the y-axis.

Transmission

v

weak

100 %4

medium

strong

0%
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Infrared Spectroscopy

» The polarity of a bond has a significant impact on
the intensity of an IR absorption band.

— Vibrations that cause a significant change in
the dipole moment of a chemical bond lead to
strong absorption bands.

— Vibrations that result in no change/very little
change in dipole moment lead to very weak
or no absorption band.

» Symmetrical bonds often exhibit very weak or no

INFRARED ACTIVE BONDS

Not all covalent bonds display bands in the IR spectrum. Only polar
bonds do so. These are referred to as IR active.

The intensity of the bands depends on the magnitude of the dipole
moment associated with the bond in question:

« Strongly polar bonds such as carbonyl groups (C=0) produce strong
bands.

* Medium polarity bonds and asymmetric bonds produce medium
bands.

* Weakly polar bond and symmetric bonds produce weak or non
observable bands.

absorption band. e | ' J
I €=M HCSC—CH,  H,C—C=C—CH,
P = - -
NOT
STRONG MEDIUM WEAK OBSERWVABLE
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INFRARED BAND SHAPES

* Infrared band shapes come in various forms. Two of the most
common are narrow and broad. Narrow bands are thin and pointed,
like a dagger. Broad bands are wide and smoother.

« A typical example of a broad band is that displayed by O-H bonds,
such as those found in alcohols and carboxylic acids, as shown

below.
3

100 %4—

0 %

www.anilmi: name

INFORMATION OBTAINED FROM IR SPECTRA

IR is most useful in providing information about the presence or
absence of specific functional groups.

IR can provide a molecular fingerprint that can be used when
comparing samples. If two pure samples display the same IR
spectrum it can be argued that they are the same compound.

IR does not provide detailed information or proof of molecular
formula or structure. It provides information on molecular fragments,
specifically functional groups.

Therefore it is very limited in scope, and must be used in conjunction
with other techniques to provide a more complete picture of the
molecular structure.
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IR Spectroscopy

IR ABSORPTION RANGE

The typical IR absorption range for covalent bonds is 600 - 4000 cm-'. The graph
shows the regions of the spectrum where the following types of bonds normally
absorb. For example a sharp band around 2200-2400 cm™ would indicate the
possible presence of a C-N or a C-C triple bond.

100 T T T T T =TT T T T
3 80 g
g J
E 6of N—H o= s ]
g | (5 v = , -
£ [¢] c{ I C=N C—N ~L N
: 401 1
et 1
20 g

0 . . | [
4000 3500 3000 2500 2000 1800 1600 1400 1200 1000 800 600
wavenumber (cm™)
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Infrared Spectroscopy

» Each molecule has a unique IR spectrum.

—The IR spectrum is a “fingerprint” for the
molecule.

* IR spectrum results from a combination of all
possible stretching and/or bending vibrations of the
individual bonds and the whole molecule.

— Simple stretching: ~1600-4000 cm-".
— Complex vibrations: 600-1400 cm', called
the “fingerprint region.”
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THE FINGERPRINT REGION

Although the entire IR spectrum can be used as a fingerprint for the purposes of
comparing molecules, the 600 - 1400 cm- range is called the fingerprint region.
This is normally a complex area showing many bands, frequently overlapping each
other. This complexity limits its use to that of a fingerprint, and should be ignored by
beginners when analyzing the spectrum. As a student, you should focus your
analysis on the rest of the spectrum, that is the region to the left of 1400 cm™.

Carbon-Carbon Bonds

* Increasing bond order leads to higher frequencies:
—-C-C 1200 cm!
-C=C 1600 - 1680 cm™
—-C=C 2200 cm"

(fingerprint region)

(weak or absent if internal)

hhhhh | e i it . .
b ‘ @l \ n v \‘ e~ » Conjugation lowers the frequency:

= | 1Y R A Y .
e i e A —isolated C=C 1640-1680 cm”

\' e conjugated C=C 1620-1640 cm”
40 i bl ‘,’ 1 | 4 W (‘7(.:“\‘[“.*" _ = -

N [O—H 1f f (unreliable) ]

£ poeen /)L oo ‘ —aromatic C=C approx. 1600 cm™!

Focus your analysis on this regi‘on, This is where most stretching Fingerprint region: ccmglex and difficult to . ) .
0 teciioncicslappea interpret refiably. * C=C peaks are generally weak to moderate in intensity.
4000 3500 3000 2500 2000 1800 1600 1400 1200 1000 800 600

wavenumber (cm ™)
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Carbon-Hydrogen Bonds

* Bonds with more s character absorb at a
higher frequency.

IR SPECTRUM OF ALKANES

Alkanes have no functional groups. Their IR spectrum displays only C-C and C-H
bond vibrations. Of these the most useful are the C-H bands, which appear
around 3000 cm™'. Since most organic molecules have such bonds, most organic
molecules will display those bands in their spectrum.

wavclength (m)

_ Sp3 (a'kane) C_H 2.5 3 35 4‘ (7 !} Y 10 1" 12 Vl.'! iji
« just below 3000 cm-" (to the right) i ! , “\
— sp? (alkene or aromatic hydrocarbon) C-H af§ f ? ; ;’ : o e
« just above 3000 cm™' (to the left) al- % ‘ #’ CH hending —
- Sp (alkyne) C-H 1"1, - } it ']CHJCthCH;’l T
+ at 3300 cm"! e e e e
. 4000 3500 3000 2500 20:2%“:::3&, (:':‘Z(‘l) 1400 1200 1000 800 600

Lecture Note of Prof. Anil Mishra from www.anilmishra.name




IR Spectroscopy

Besides the presence of C-H bonds, alkenes also show sharp, medium bands ) )
corresponding to the C=C bond stretching vibration at about 1600-1700 cm™. This spectrum shows that the band appearing around 3080 cm™ can be obscured
Some alkenes might also show a band for the =C-H bond stretch, appearing by the broader bands appearing around 3000 cm-!.
around 3080 cm-! as shown below. However, this band could be obscured by the
. 2 _
broader bands appearing around 3000 cm T‘\\“”\ i aHE ‘ ‘
e § T } | ‘ m‘m)‘ W I . M ! /
2.5 3 35 4 4.5 5 55 6 b4 3 9 1 11 12 13 14 1516 B 5' il c=c | I \’\ ll
e R e e v z T T e - 60f- 4 : U
e i Wen ] I g siretch 111 } 7
r\ / T T I T H H |
01 L AN | {1 —— 4001 R Wl
i P I f i baibh I ] | =g |
i = W g [cuscrca—cn, e 1T 1 3 3023 #lkane U 57 S
60-w-— 3080 1 (b I-hexene T —1— — 20| € —c—p 1 r Oy 5| | | HyC (CHy) CHy
 _am St : i i i
sl t L sern e | g R i t i \
FEEFREHE e—=n T ! L i e e | 4000 3500 3000 2500 2000 1800 1600 1400 1200 1000 500 600
i 1 Sireldh [ E 5 { wavenumber (cm™)
Dy T I LIt B e PN e
it I —C stretcl —H bending
| W'MHHEH L
4000 3500 3000 2500 2000 1800 1600 1400 1200 1000 800 600
wavenumber (cmi™')
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IR SPECTRUM OF ALKYNES IR SPECTRUM OF ALKYNES

The most prominent band in alkynes corresponds to the carbon-carbon

triple bond. It shows as a sharp, weak band at about 2100 cm-'. The -

reason it's weak is because the triple bond is not very polar. In some f R o Il 1 s | "T’V/%V‘ Vinfim:

cases, such as in highly symmetrical alkynes, it may not show at all due to o ‘.‘ HY f i - r ‘ﬁ L “‘ 4

the low polarity of the triple bond associated with those alkynes. T i I ! : W'T‘.j B
L ol e sl T i

u } 2119 X \

Terminal alkynes, that is to say those where the triple bond is at the end of ot ‘.‘ “ J c=c !1 “, |

a carbon chain, have C-H bonds involving the sp carbon (the carbon that i \ - streteh ! o

forms part of the triple bond). Therefore they may also show a sharp, weak | ¢ | [j\_' ‘

band at about 3300 cm*! corresponding to the C-H stretch. 4 3313 4 ! | i
4000 3500 3000 2500 2000 1800 1600 1400 1200 1000 800 600

wavenumber {cm ™'}
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IR SPECTRUM OF ALKYNES O-H and N-H Bonds

* Internal alkynes,‘that is those where the triple bond is in the middle * Both O_H and N-H stretches appear
of a carbon chain, do not have C-H bonds to the sp carbon and d 3300 1 p h look diff
therefore lack the aforementioned band. aroun cm, Ut t ey 00 | erent-
» The following slide shows a comparison between an unsymmetrical — Alcohol O-H
terminal alkyne (1-octyne) and a symmetrical internal alkyne (4- « broad with rounded tip when hydrogen bonding is
ﬁ?tlrf:f B e e present (sharp in the absence of hydrogen
) e ;"w y bonding)
| ne C=C i .
3 y 1 | s e — Secondary amine (R,NH)
60| A e A | . .
i e o * Broad (usually) with one sharp spike
[T fissEinnte — Primary amine (RNH,)
| ¢ L.fﬁ e IC”“”[""h,f,;,,\.'““""=t « Broad (usually) with two sharp spikes.
4%0(7 75’()() }()f:.’: . 2500 . 2000 1800 1600 1400 1200 1000 800 L - No Signal for a tertiary amine (RSN)

wavenumber (cm 'y
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IR Spectroscopy

wavelength (um)

25 ”“r 3 4 45 g 55 (‘a 4 8 ? 10 11 1; 13 14 15 1§
U ERVERNSRR) R REEN T
e - T A ] IR SPECTRUM OF A NITRILE
i L R e
7 - - .
ol \ E—— ik ”‘ ‘U 1 - In a manner very similar to alkynes, nitriles show a prominent band around 2250
? i I |<‘11;u‘1 [3,;0”| i V“v J|J i b I cm-' caused by the CN triple bond. This band has a sharp, pointed shape just
a0l Tt X( P | il i 1L I i‘W C(*“]“{)f‘ch IDEE like the alkyne C-C triple bond, but because the CN triple bond is more polar, this
unreliable) N -
[N H Ofﬁ' U‘ band is stronger than in alkynes.
2 € | stretch saturated
} } i } I FTT“M“‘
0 ' i i 573 130 R i o
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wavenumber (em 1) 80/ Vel g I
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25 3 35 4 4.5 5 55 7 8 9 10 11 1213 14 1516 : | T fl C=N
AT T A [T T i i1 1 | 17 srecn 249
LR e I T n i il i
il RSN |
30{"}&,‘3‘3 I 7] awopytamine | A y Wt - |
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L& E spike; | j [ I € i
ors ! i 2 i
ful | fJ T I I (‘ I\ Y i
q0| 1 I \J/ 0 | ! |
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t
oLl . ‘
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IR SPECTRUM OF AN ALCOHOL

The most prominent band in alcohols is due to the O-H bond, and it appears as a
strong, broad band covering the range of about 3000 - 3700 cm™'. The sheer size
and broad shape of the band dominate the IR spectrum and make it hard to miss.

10
e i A I [ R AT
DAL
% | T 0 L R Y
e { P iy
o 5 //\ / 1-butancl '1"/\‘ M k’l} i
H / CHA(CH,):0H I i
ok I ' T e—0 streteh
I I
b2 Ho—a ¥ [M cunreliablc)
£ Jswetch TS raed I
& 18 lﬂ C—H siretch

0
4000 3500 3000 2500 2000 1800 1600 1400 1200 1000 800 600
wavenumber (em ')
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Carbonyls

» Carbonyl stretches are generally strong:

— Aldehyde ~1710 cm""

— Ketone ~1710 cm™"

— Carboxylicacid  ~1710 cm!

— Ester ~1730 - 1740 cm™
— Amide ~1640-1680 cm"

+ Conjugation shifts all carbonyls to lower frequencies.
* Ring strain shifts carbonyls to higher frequencies.

r 1745 cm’

I
Hs
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IR SPECTRUM OF ALDEHYDES AND KETONES

Carbonyl compounds are those that contain the C=0 functional group. In
aldehydes, this group is at the end of a carbon chain, whereas in ketones it's in
the middle of the chain. As a result, the carbon in the C=0 bond of aldehydes is
also bonded to another carbon and a hydrogen, whereas the same carbon in a
ketone is bonded to two other carbons.

Aldehydes and ketones show a strong, prominent, stake-shaped band around
1710 - 1720 cm™' (right in the middle of the spectrum). This band is due to the
highly polar C=0 bond. Because of its position, shape, and size, it is hard to
miss.

Because aldehydes also contain a C-H bond to the sp? carbon of the C=0 bond,
they also show a pair of medium strength bands positioned about 2700 and 2800
cm'. These bands are missing in the spectrum of a ketone because the sp?
carbon of the ketone lacks the C-H bond.

The following slide shows a spectrum of an aldehyde and a ketone. Study the
similarities and the differences so that you can distinguish between the two.
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Aldehydes o _1710cm™!

R—C—\I-\I
aldehyde
2700, 2800 cm ™!
wavelength (jum)
25 3 35 4 45 5 55 6 708 900 11 12 13 141516
100 T
M"""‘w\‘ /./-r—‘r«r—f.—‘\ i i I
0 Il c—H A f; X\.__ i o [ I /(
iR g S il HbHIAA B 1/
) etch LI \1 stretch \‘ | \/f\ i | AN Il
i
I I
iy - .
y H 2720 | CHyCH,CH,—C—H
i ISR 50) R c=0 i (b) butyraldehyde
| H stretch T T
0 l I ‘ |7zn‘ [ 1 ‘
4000 3500 3000 2500 2000 1800 1600 1400 1200 1000 500 600

wavenumber (cm ™)
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IR Spectroscopy

~m 1
Ketones Q S0 IR SPECTRUM OF ALDEHYDES AND KETONES
R o C L R, SOW\\"\JJM\, ‘ﬂ': 2 "”'\x\ i .
H e 208 ‘w ‘ i
ketone sopf— C—H streteh |
w0 1 o }
wavelengun (pim) } CH;CH,CHy—C—H|
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B 111 R , R e AHN | [
i R T
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T saturated o ‘ sire shifi) } i i i | I WH |
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= } i i e I il i ‘ W I L
1718 | | | o b
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IR SPECTRUM OF A CARBOXYLIC ACID Carboxylic Acids .
e} 1710 cm
A carboxylic acid functional group combines the features of alcohols and ketones
because it has both the O-H bond and the C=0 bond. Therefore carboxylic acids R—C—O—H
show a very strong and broad band covering a wide range between 2800 and
3500 cm-* for the O-H stretch. At the same time they also show the stake-shaped acid
band in the middle of the spectrum around 1710 cm! corresponding to the C=0 broad, 2500-3500 cm™!
stretch. wavelength (1um)
|25 35 4 45 55 6 78 91 12 13 14 1516
100 i 100 ] T
Y =% i i
- R Y | A A
- o—n Fp RS I - JIETET Y
-4 e B o i, 2 e 0—H 1] iy
W I »ff \‘ J\f \/ 60 stretch 1 { L\l \
1 U . +
40pT c=0 \ / \J o , { M
< Jl C—H stretch || |f S LT | I
i LV stetch i CH3(CH,),COOH H =) } 1
N | hexanoic acid Y C—H S
‘ ‘ui/ i [ e ¥ siretch Setet M [ cHycHy,co0H |
400 3500 3000 2500 2000 1800 1600 1400 1200 1000 500 600 H W i ] - ' | hexanoicacid_ |
wavenumber (cm™") I } { ‘ { i1 }
QLTI L
4000 3500 3000 2500 2000 1800 1600 1400 1200 1000 800 600
wavenumber (cm ™! )
WWW. 1l i name WWW.alinnsi a.iane
Esters IR SPECTRA OF AMINES
The most characteristic band in amines is due to the N-H bond stretch, and it appears as a
weak to medium, somewhat broad band (but not as broad as the O-H band of alcohols). This
— C=0 stretch at ~ 1730-1740 Cm"1 band is positioned at the left end of the spectrum, in the range of about 3200 - 3600 cm-'.
stron
and 9 Primary amines have two N-H bonds, therefore they typically show two spikes that make this
band resemble a molar tooth. Secondary amines have only one N-H bond, which makes
. _ -1 them show only one spike, resembling a canine tooth. Finally, tertiary amines have no N-H
C O StretCh at 1 000 1 300 cm (broad) bonds, and therefore this band is absent from the IR spectrum altogether. The spectrum
. . below shows a secondary amine.
(Note: other functional groups may have peaks in the 1000- v
[ Pe N ot gt fAG R i oy
: d VT Ty /
b T S [ sipropiamine | i “l“w".l Vi s W /
0] E spike ‘ | h I’M \ /
401 i I’ p |
] i i
c gl el i |
2 — H stretel
" \’Jg i
! i
1743 oo 3500 3000 2500 2000 1800 1600 1400 1200 1000 300 600
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IR Spectroscopy

IR SPECTRUM OF AMIDES

The amide functional group combines the features of amines and ketones because
it has both the N-H bond and the C=0 bond. Therefore amides show a very
strong, somewhat broad band at the left end of the spectrum, in the range between . .
3100 and 3500 cm for the N-H stretch. At the same time they also show the « Animations
stake-shaped band in the middle of the spectrum around 1710 cm! for the C=0
stretch. As with amines, primary amides show two spikes, whereas secondary
amides show only one spike.

] 15 IS 5 s ot et
1 ™
* Y %
x { \
H I HI
cors L) /
H il kY,
" I
a0 1 o
H 1
20 : ! ‘I
W——— i T
A i W
N—H stretch YT 16301600 C=0swrerch — ||
0
4000 3500 3000 2500 2000 1800 1600 1400 1200 1000 800 ©
wavenumher (cm ™)
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Some istic infrared
HIT-NO-857 [GCORE- (  1]&0BS-NO=97 [TR-NIDA-63542 & LIOUID FILM BOND COMPOUND TYPE FREQUENCY RANGE, emt
TOLUENE tol cn alkanes 2850-2960 and 1350-1470
oluene alkenes 3020-3080 (m) and
T RCH=CH2 910-920 and 990-1000
It R2C=CH2 880-900
cis-RCH=CHR 675-730 (v)
trans-RCH=CHR 965-975
aromatic rings 3000-3100 (m) and
monosubst. 690-710 and 730-770
ortho-disubst. 735-770
E meta-disubst. 690-710 and 750-810 (m)
] para-disubst. 810-840 (m)
Ee 4
£ alkynes 3300
= o-x aleohols or phenols 3200-3640 (b)
c=c alkenes 1640-1680 (v)
aromatic rings 1500 and 1600 (v)
c=c alkynes 2100-2260 (v)
o . , . . . . , co primary alcohols 1050 (b)
om0 2000 eaon 1510 1000 st
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a6z 5a | 1803 B4 | 1178 9 | 786 &d phenols 1230 (v)
a0ze 37 | uova §9 | moe @e | TR e
2998 66 | 524 75 | 1107 84 | 696 12 CHy alkyl ethers 1060-1150
2920 S5 | 1495 70\ 1082 62 | 678 74 aryl ethers 1200-1275(b) and 1020-1075 (m)
2273 70 | 151 50 | wsz 77 | oams zs
las2 8+ | 1378 74 | w030 &7
- SRS SRS less marked: m, moderate; v, variable; b, broad
WWW. .name www.anilmishra.ndme

HIT-HO=1328 \SCDRE: ( I|SI]BS*NEI:247E \IR*NIDH*EELSE # LIouID FILM
FENTRNE
n-pentane
IR spectra of ALKANES e

C—H bond “saturated”
(sp3) 2850-2960 cm-1
+ 1350-1470 cm™"

2850-2960
-CH,- + 1430-1470 3000 cn cm-!

-CH, + “  and1375 sard e
CH(CHy), + * and1370,1385
_C(CHy)s + “  and1370(s), 1395 (m)

TERNSRETTANCE %0

1470 &1375 cm™!

oo 1500 1000 sto
HAVENUMBERI 1|

a8z A6 | 2518 @6 | 1138 61 | 732 GG
&

feo s |13 %o | sie 7 CH3CH,CH,CH,CH;4

www.anilmi: .name www.anilmi: .name
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IR Spectroscopy

RCH=CH,

=C—H bond, “unsaturated” vinyl

(sp?)

cis-RCH=CHR

3020-3080 cm""
+ 675-1000

+ 910-920 & 990-1000
R,C=CH,

+ 880-900
+ 675-730 (v)

trans-RCH=CHR +965-975

C=C bond

1640-1680 cm-! (v)

www.anilmi: .name

TERNSRETTANCE %0

HIT-HB=1737 \SCDRE: ( l|SI]ES*NEI:2UB \IR*NIDR*HHD i LIOUID FILM HIT-NB=4225 \SCDRE: ( l|SI]ES*NEI:10533 \IR*NIDR*GSSQ? i LIOUID FILM
HEXANE ISDPENTANE
n-hexane 2-methylbutane
T Csfii (isopentane)
o T T T T T T T o T T T T T T
e as [ v | 7w LT BV TR TR R TIFRT
3176 a4 | 1379 4@ 2064 4 | 1360 41 | 272 0 HC—CH—CH,—CHj
2aso 4 | om0 o4 2939 s | 1o 41 | 313 04
lae 7| 1364 o4 CH,CH,CH,CH,CH,CH, G 5 |12 81 | 1 a4
e 13 | i e 32 a1 | izes as | a4 4
sse 15 | oa1 o4 szn o | 1076 ol CH
2734 a1 B84 84 2804 86 | 1147 77 3
www.anilmishra.name www.anilmishra.name
HIT-HD=1104 \SCDRE: ] !|SI]BS*NEI:EE4 \IR*NIDR*DEESB i LIOUID FILM HIT-ND=1236 \SCDRE: ] !|SI]BS*NEI:897 \IR*NIDR*DSEE] i LIOUID FILM
2,3-DINETHYLAUTANE . CYCLOHEXANE
2,3-dimethylbutane cyclohexane
Toflis Toie
no 1375 cm™’
no —CH,
o T T T T T T T o T T T T T T
T17 o6 [ oonl av [ dael a5 [ 12w w2 | w0 of 2 & [ w2
2958 4 | 1851 77 | 1370 39 | 1204 O | 870 &4 CH, —CH—CH—CH w53 & | 1257 77
2938 13 gzl 72 1330 79 g3 7 B3 BB 3 3 734 7z 1033 41
Gz 3 | 15ta 74 | 1923 17 |lles o | aia 7 ‘ tee0 ai | 1015 84
Tz o4 | 16w 74 | 1918 1 | 1098 70 teel o | ‘snd ot
2875 a6 | 1464 24 | 1280 AL | 981 78 CH CH 2013 a4 | 862 60
2614 86 | 1389 4B | 1223 84 | 966 =1 3 3 2599 a4+ | 624 8B
www.anilmi .name WWW. .name
HIT-ND=1698 \SCDRE: ] !|SI]BS*NEI:2024 \IR*NIDR*EHEEA‘ i LIOUID FILM
1-0ECENE
1-decene
IR of ALKENES —
1o

©
S
)
e

cm-! I 910-920 &

C=C 1640-1680 ey

RCH=CH,

o T i T T T T T
068 a | 1622 s1 | 83l 44 CH,=—CH—(CH, y—CH
rg98 58 | 1642 30 9i0 15 2 2 3

WWW.

.name
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IR Spectroscopy

HIT-ND=897 [5CORE=

(

1 [80BS-N0=212 [

IR-NIDA-03077 : LIOUID FILH

4=METHYTL-1-PENTENE

4-methyl-1-pentene

otz

TRRNSHITTRHCE 41

910-920 &

RCH=CH,
o T T T T T T T
A R B i HaC— CH— CH.—CH— CH
2960 4 | 1828 74 | 1337 85 | 1041 T4 2 2 3
2374 15 | 1440 47 | 1235 8L | &%l 74 CHy

www.anilmishra.name

TRRNSHITTRHCE 41

HIT-HO=1774 \SCDRE: ( I|SI]ES*NEI:2HE \IR*NIDR*GSWE i LIOUID FILM
2-NETHYL-1-BUTENE
2-methyl-1-butene
Cstio
R,C=CH,
077 a6 | 17en 7z | 1237 6z | ses =0 CHy=C—CHy;—CHs
2886 37 | 1284 77 EEERKE 3

www.anilmishra.name

HIT-HO=2801 |S5CORE=

(

1[60B5-N0=4815 [IR-NIDA-03377 i L1GUID FILI

Z2,3-0DIMETHYL-1-BUTENE

2,3-dimethyl-1-butene

CeHlio

TERSHTTANCE 1

900

IR spectra BENZENEs

=C—H bond, “unsaturated” “aryl
3000-3100 cm-*

(sp?)

mono-substituted +

+ 690-840

690-710, 730-770

ortho-disubstituted + 735-770
meta-disubstituted + 690-710, 750-810(m)

CH
A . .
para-disubstituted + 810-840(m)
Sowr 45 e w [ Toor 7o | e P T—— ;
e 7| e | S a 2 2 C=Cbond 1500,1600 cm
S 13 | iske el | 1168 e | i3 6 ‘
2a7s 17 | 1380 36 | 1089 me CH CH
2727 81 | 1383 Bz | ge8 a1 3 3
WWW. .name WWW. .name

HIT-HO=1402 \SCDRE: ( I|SI]BS*NEI:1332 \IR*NIDR*DEEEB # LIouID FILM HIT-HO=1272 \SCDRE: ( I|SI]BS*NEIZIDEB \IR*NIDR*ZIME # LIouID FILM
ETHYLBENZENE 0-X¥LENE
ethylbenzene o-xylene
T T
Ew ] - Ew ]
: cm-! :
= , =
Unsat
d C-H 1500 & 1600 735
Benzene ring 770
mono- ortho
o T u T T T T T o T T T T T T T
066 39 | 1966 B4 | 1496 13 | 106+ 70 46 20 CHy—CHg a018 26 | 1942 B4 | 1466 27 | 1146 AL B#2 a1
2067 10 | 1966 78 | 1329 79 | @66 72 | 485 B3 2921 26 | 1606 6D | 1291 B4 | 1022 4B | 431 &2 CHy
WWW. .name WWW. .name
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IR Spectroscopy

HIT-NO=1236 [SCORE= (

1[50B5-N0=698

[IR-NIDA-63586 : LIOUID FILN

P-XTLENE

p-xylene

Lo

TRRNSHITTRKCE %1

810-840(m

T
a000

T
enn

T T
13m0 1000 i)

a0
HavENURBER) 1
313 81 | 2323 24 | 1364 60 | 1043 62
3025 74 | 2mE8 44 | 1378 B4 | ID23 6
3047 43 (2733 78 | 1243 ma | o5 &
3020 36 | 1881 77 | 1220 12 | 464 7 H-C CHs
000 37 | 1783 @4 | 1183 as
2976 43 | 1630 78 | 1120 §5
2045 41 | IGIE LI | 1103 &8
www.anilmishra.name

TRRNSHITTRHCE 41

HIT-HB=1275 [5CORE= ( 1|50BS-NO=1032 [TR-MIDA-63601 : LIOUID FILH
M=%YLENE

m-xylene
Cotio

T T
amon 3000 edon

T T
et 1000 st

HAVENUBERI 11
3106 74 | 1864 84 | 143z 33 | 110 BB | 726 B4

3016 3z | 1772 84 | 1482 33 | 187 77 | Ew 8

2948 37 | 1964 83 | 1462 24 | 1095 57 | 55 B4 CHy
2421 24 | 1668 B4 | 1376 BE | 1040 BT | 4E3 86

2864 4T | 1614 31 | 1263 8B | 905 BE | 478 86

273z 79 | 1592 59 | 1256 86 | 89 B0 | 454 46

a2 34 | IGlE BB | 1260 &4 | 788 4 HL

www.anilmishra.name

HIT-H0=2170 [SCORE= (1 [50B5-N0=3044 [IR-NIDA-10290 : LI1GUID FILI HIT-ND=1654 [SCORE= ( 1]5DBS-NO=2368 [TR-NIDA-00385 & LIOUID FILA
STYRENE 1SDFROPENTLEENZENE
styrene 2-phenylpropene
CgHy Cofia
Sat'd C-H
no sat’d C-H =
1640~
c=C
-
-
mol| mono
o T T T T T T T ° T i T L) . DZ"_{‘: Z 4
I IR R, il e { o
2950 §7 | 1601 53 | 1317 B8 | 982 1+ | 585 6O 2948 4z | 48N 0 | 1273 E4 | D4 4 cH
1966 77 1676 41 1290 66 ang 1] 442 B7 2920 6% 1676 B4 1118 8l B8 77 3
WWW. i .name WWW. .name
HIT-ND=3320 \SCDRE: ] I|SDBS*ND:ESEB \IR*NIDH*DBBDI i LIOUID FILM
P-NETHYLSTYRENE
p-methylstyrene
= IR spectra ALCOHOLS & ETHERS
C—Obond 1050-1275 (b) cm™!
1° ROH 1050
2°ROH 1100
3°ROH 1150
ethers 1060-1150
-
para
A e O—Hbond 3200-3640 (b) *
a007 31 | 1628 32 | 1403 43 | 1032 B3 730 39 H1C CH=CH,
WWW. i .name WWW. .name
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IR Spectroscopy

HIT-NO=1418 [SCORE=

{ 1[8DBS-NO=1374 [TR-NIDA-05406 : LIOUID FILH

1-BUTANOL

1-butanol

10

TRRNSHITTRHCE 41

320043640(b) o-

HIT-HO=1035 \SCDRE: i I|SI]ES*NEI:507 \IR*NIDR*GWGD i LIOUID FILM
2-BUTANOL

2-butanol
C4H1ol

TRRNSHITTRHCE 41

!

—
C-02°
C-01°
° T T T T T T T ° T T T T T T T
4o 3000 edon 1810 1000 st 4o 3000 edon 1810 1000 st
WavERUBERI -1 WavERUBERI -1
3333 9 | 1434 45 | 1073 16 | 801 7 3363 10 | 1376 24 | 1110 26 | G666 6D cH Ch CH cH
3323 9 |379 27 | e 6 | &8 &7 2868 4 | 1327 sz | 1031 26 | ESI EO —CH— —
3 2 El
2360 4 | 133 §7 | W47 23 | 73 5B . za3z 1z | 1300 46 | %3l 16 | s01 7e
BmilmalmE| me CH3CH,CH,CH,-OH R P
2375 & | 1282 74 | ML 42 | 65 B2 2234 70 | 154 35 | m13 15
L4gs 30 | 1z17 8B | 392 a8 457 25 | 1Len 3% | a0 Bz OH
L4EL 3% |16 45 | 983 az Ll a4 |12z 28 | 77 s
www.anilmishra.name ishra.name
HIT-NO-1034 [SCORE- ( 1 ]SDBS-NO-506 [IR-NIDA-05409 : LIOUID FILM HIT-NO-2077 [SCORE- ( 1 [S0BS-N0-2641 [IR-NIDA-03073 : LIOUID FILM
2-NETHYL-Z-FROFANDL METHTL FROFYL ETHER
tert-butyl alcohol methyl n-propyl ether
CaHyoll CaHyoll
It It
o E
C-O ether
O-H
C-03° «
° T T T T T T T T T T T T T T
om0 2000 eaon 1510 1000 st o 2000 eaon 1510 1000 st
HAYENUBERI -1 HAYENUBERI -1
3366 15 | 1630 77 | 120z 1z | 611 a1 o 300 84 | 26l6 8¢ | 1348 37 | 106 10 | 763 BL
038 12 | 05 SB | 1022 B4 | 471 77 s 2965 7 2805 &¢ | 1307 9@ | l0s 41 | s &6
2374 4 | 19w se | 13 19 2335 7 |zom o4 | 1205 60 | oz 7E
2910 a1 | 1471 36 | 143 a2 CHy— C—OH 2879 7 2039 86 | 1260 6@ | 968 BD CHy—(CHs y—DO—CH
2875 44 | 1381 20 | 893 &8 | 2830 15 | 1465 2B | 1204 2L | @3¢ 43 3 2 3
2564 79 | 1363 43 | maz 6s 20 21 | 1458 29 [N 7 | 814 s8
2386 86 | 1239 37 | 643 68 CH3 2746 64 | 1391 32 | 1120 4 | 8% 7O
www.anilmi: .name www.anilmi: .name
HIT-NO-1228 [SCORE- (1 |S0BS-NO-888 [IR-NIDA-33689 : LIOUID FILM 576 [SCORE- (1 |S0BS-NO-1816 [IR-NIDA-63602 : LIOUID FILM
2-BUTANTNE
2-butanone CoH,
T Hg0 Tz
It It
] 1500 & 1600
Eoo
£ benzene
* c=0
1700 4.( ) C-H ungat'd & sat’'d mon
~ S,
CgHqp— CeHy = -
° T T T T T T T ° T ; T T T T T
om0 2000 eaon 1510 1000 st om0 2000 eaon 1510 1000 st
HAYENUBERI -1 HAYENUBERI -1
I 84 | 78 4 | 1173 14 cH cH - cH 084 62 | 2871 38 | M66 4z | 1281 77 | 1028 A4
2416 19 | 1461 3¢ | 1087 B4 — —C— 064 53 | 1942 B¢ | 1458 53 | 1213 B4 | @z &L P
z30L 2o | 1434 30 | 330 74 3 2 3 a0ze 37 | ugon oo | 1452 31 1m0 oo | mos 73 isopropylbenzene
e as | 1407 27 | sa H f002 o | 160 sy | 1364 b2 |lies W | Tl 9
29s0 37 | 1366 13 | 6L 6B 2961 7 | 1604 B2 | 1384 57 | 118 &1 | E2a 1 n-
2309 G0 | azs1 s | me0 57 2927 35 | isea &t | 1323 8L |lom s2 | 555 o4
2383 Gz | 1208 B3 | BI7 66 2390 16 | 494 28 | 1300 8L | 10R@ BT | 478 84 propvibenzene?
www.anilmi: .name www.anilmi: .name

Lecture Note of Prof. Anil Mishra from www.anilmishra.name




IR Spectroscopy

HIT-ND=1235 [SCORE= ( 1]50B5-NO=896 [TR-NIDA-G4856 : LIOUID FILH
PROPYLBENZENE
n-propylbenzene
Csthz
[t
Eso ]
° T T T T T T
4o 3000 edon 1810 1000 st
WavERUBERI -1
308 77 | 2873 20 | 166 4L | 1111 77 | 613 T4
a085 5z |ise1 78 | 1483 13 |l0o8 B2 | TaE g
3064 45 | 1801 &1 | 1379 55 | 10% &1 | 698 4
anze 2z | 1G0a 48 | 1341 0 |l0Re 74 | E&7 70 (CHy L— CHs
002 62 | ise+ 74 | 1288 84 | 103 66 | EBE &2
2360 5 | 153 &s | 1203 B4 | 903 74 | 430 57
203l 10 | 146 1e | 1178 8L | ses 77 | 4E1 6
www.anilmishra.name

TRRNSHITTRHCE 41

HIT-NO=1576 [BCORE= [ 1]5DBS-NO=1816 | IR-NIDA-6360Z : LIOUID FILH
CUNENE R
isopropylbenzene

Cotyz
1w
o

isopropyl split 1370 + (1385
o T T T T T T T
oo oo e o oo sho
[r——

3084 oz | 2671 38 | 1ee 4z | dzm1 70 | 10z 44

3064 53 194z 84 1488 53 1213 &d Qzz 81 CHJ

3028 37 | 1858 @5 | 1452 3L | 1150 @6 | 905 73 pd

002 g8 | 1800 ¢ | 1384 B2 | 144 68 | Tl o cH

g6l 7 |804 62 | 1384 7 | lioa @i | B9 4 N

2327 95 | 1503 & | 1323 6L | 1082 62 | 535 o4

2800 46 l4ad4 2B 1300 Al 1080 E7 478 84 CHgy

www.anilmishra.name

448 [ACORE- «

1[60B5-N0=1444 [IR-NIDA-E3379 : LI1GUID FILI

CgHs

ey

Wavelength,

25 3 ] E] 5 7 ] s 10 n 1s

R T T T T T T 0
—10
—20

sourqivsqy

880- 1

HAVENUNBER -1

Which compound is this?
1-perftandi-Pentanone

b) 1-pentanol

c) 1-bromopentane

d) 2-methylpentane

www.anilmishra.name

1680
o 900 .
=C ‘
H ot W e 1o b 1oy ] RECECH, L
_ 4000 3500 3000 2500 2000 1800 1600 1400 1200 1000 00 0
C5HG CGH5 CZH Sodiler 8514 K Frequency, cm™
Wavelength, u
o T T T T T T T
10 2000 o0t 5 100 sio .
Jrv— isobutylene CH,
3906 85 | 2110 74 | 167 68 | 176 ol | 645 6 CH,;C=CH,
3305 16 | 1954 84 | 1488 1S | 1S9 &1 | 757 4
3631 3z | 1900 o6 | 1a44 31 | wwe os | om 3 phenylacetylene
3081 62 | 1885 84 | 1385 €5 | 1071 67 | &G6 24
a0ss 62 | ls0d 86 | 1331 gl |lo28 S3 | B2l =
3034 85 | 1757 a6 | 1282 vz | sln 87 | sm 30
3022 72 | 1698 70 | 1245 65 | =R3 84 | B+ 43
www.anilmi .name www.anilmi .name
[HIT-NO-vbee |GCORE- [ J]G06G-WO-4321 [IR-NIDA-0ee0t & L100I0 FICn TIT-ND- 1986 JGLORE- [ 16066 NO-2673 [IR-NIDA-00435 ¢ L100I0 FICn
wo 1o
o T T T T T T T o T T T T T T T
10 2000 o0t 5 100 sio 10 2000 o0t 5 100 sio

HAVENUNBER -1

What is the compound?
2-pgntangsiemopentane
b) 1-pentanol

c) 2-pentanone

d) 2-methylpentane
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IR Spectroscopy

In a “matching” problem, do not try to fully analyze each spectrum. Look for
differences in the possible compounds that will show up in an infrared
spectrum.

: c O keo, OO

bipheny! allylbenzene 1,2-diphenylethane
CHj
CH3
o, L— Rl B D CHyCH,CH,CH,CHy  F CH,CH,CH,CHg
. A e e s 0 el B B P e eyl X =
T T T T e T
W\ 1
o-xylene n-pentane n-butylbenzene
www.anilmishra.name

HIT-HD=3317 [SCORE=

(

1 [GOB5-ND=6325

[IR-NIDA-64189 & LIGUID FILN

TERNSRETTANCE %0

a0 3000

oo

1500 1000 sto

w

TERSRETTANC

HIT-HD=1929 [SCORE= ( 1 [GDBS-N0O=2475 [IR-NIDA-E8185 & LIGUID FILN

o 3000

oo 1500 1000 sto

HAYENUBERI -1 HAYENUBERI -1
08z a7 | 19+ 81 | 1463 24 | 1107 78 | 606 77 318z 86 | 26l9 86 | 1138 8l | 732 66

061 34 | 1804 78 | 1432 46 | 1071 B4 | T4l 13 a172 86 | 1462 24 | 1068 BB

a0z 20 | uo38 3¢ | 141z o |loom sz | ome 4 2361 4 | 1300 45 | mev o4

a005 G0 | 1503 44 | 1285 9 | 994 2B | 662 6@ 2928 B | 1342 78 | 813 77

2972 43 | 1S5 72 | 1194 @ | a@n 15 | E25 7@ 2875 & | 1307 8¢ | =0 2

2904 50 | 1493 17 | 1iss BL | e21 78 | 487 53 233 79 | 1264 gs | asz 9

2333 0 | 1476 77 | 1178 8L | 16 7B | 4= e 2666 8+ | 44 84 | 765 8L

www.ani .name WWW. .name

HIT-HD=1575 [SCORE=

(

1 |[GOB5-NO=161&

[IR-NIDA-02821 : LIOUID FILM |

TERNSRETTANCE %0

a0 3000

oo

1500 1000 sto

TERNSRETTAN

HIT-ND=1384 |[SCORE= (1 |GDBS-NO=1£64 [IR-NIDA-G2151 : KBR DIsC |

a0 3000 oo 1500 1000 sto

HAYENUBERI -1 HAYENUBERI -1
3108 66 | 2873 1t | 1467 2L | 1087 67 | 731 23 310z 84 | 23l8 66 | 1600 68 | 1145 77 | B4l B4
087 43 2860 13 | 1454 11 |10a0 43 | E@B 4 083 77 | 2856 55 | 1583 A | 1084 E2 | 7B 47
3064 35 [use1 76 | 1378 A | ses 7R | oo 7z 3030 30 | 363 oo | 1432 30 |loEm oo | ez 18
aoze 1a | 1800 7¢ | 1363 0 | 934 74 | a1 6@ a0e 79 | 1946 75 | 1460 20 | 1003 B4 | 699 4
a0z 55 | 1604 33 | 1342 2 | @ 70 | ST S0 027 36 | 1874 &1 | 1383 84 | @es &4 | E22 &L
2952 5 | 1584 &4 | 1179 77 | 779 &6 | S0 5§ 300z 85 | io0a @1 | 1202 B8 | @53 7S | s2a 44
2931 4+ | 1497 16 | 1105 B4 | T46 13 | E03 B7 2943 &7 | U761 ®6 | 1180 Bl | @ 72 | Eis 27
www.ani .name WWW. .name
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IR Spectroscopy

HIT-ND=1555 [SCORE= ( 1 [&0BS-NO=1182 [IR-NIDA-BOL14 : KBR DISC 1 HIT-ND=1272 [SCORE= ( 1 [&0BS-NO=1026 [IR-NIDA-2184% : LIOUID FILNK 1
i i
Eso Ew

T T T T T T T o T T T T T T T
" w000 e 1 1000 sto oo w000 e 1 1000 sto
[r—— [r——

311 77 [ 2534 75 | 1665 74 | 1183 7z | 1007 66 3106 70 | 2878 4z | 1683 77 | 1223 75 | %6 66

a0se 74 2821 79 | 148l 18 | L1 B2 | @04 &8 A0EE 43 | 2860 44 | 1495 18 | llee &4 | @s2 EL

064 B0 (2308 79 | 1430 a8 | 1155 o8 | 70 4 3050 43 |2e32 91 | We7 20 | Lis1 et | raz 4

045 sa 287 78 | 1385 &4 |12 BL | 700 16 a016 25 | 1siz 84 | 1455 27 | 1Lk B1 | a2 6L

a3 55 |1sed @ | 1377 @4 |lose 7 | B e0 a7l 26 |1so1 79 | 1334 48 |l &7 | E0 4

2370 7 | 16m 8¢ | 1345 7z | l0m 73 | 458 54 2340 2z | 1707 81 | 1374 85 | 1053 8 | 43 b2

2380 77 | 1840 77 | 1300 8s | lods ss s3zL 26 | lsus 80 | 1201 a4 | lose 40 | 4z ez

www.anilmishra.name www.anilmishra.name

Lecture Note of Prof. Anil Mishra from www.anilmishra.name



