Page 1 of 14
DEPTH OF BIOLOGY - Level up your studies with DOB
For more updates Join Depth of biology Application

Pageno.1

IR Spectroscopy

IR spectroscopy is used to detect the presence
of functionad group or which type of functional

group present in molecule or chemical compound
To perform IR specitoscopy we use a spedfic range
of EM Spedtum called TR (Infrared Racliafion).

Applicakiod of IR radiodion called IR Spectroscopy,

Instrument which is used in IR SpedToswpPy is
called TR Spedrophstometer.

TR radiocfion are lights of different wavelength.
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¢ Vibrations are of two types
| !
Streching Bending
. Symmetric |, Scissoring
stretching
- Wagging
— Assymeiric - Rocking
SiTteching | Twlisting

Symmetric Streching.

Asgmmefﬁc S’machmg .
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Bonds show different types of Vibrafions ot
difterent wavelength of light -
cule are gble 10 Show different types of

One mole
For calculate the. vibrafion we have

Vibradion .

Formula . For linear — 3N-§
C For non-linear —» 3N -6

eg. Linear molewd@ —> (CO2
L, N (No.of atoms) =3

3(3)- 5
4 Vibrations.
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on the basis of wavenumber we can easily
identify functional group in compound .

T =1
T = wave humber
A

= wWave length

Principle of TR Specitoscopy

\When T-R radiation pass through sample [ IR

Active compound, then the sample Absorbs
T.R. radiation and sample only absorb the
T.R radiofion when the frequency of I.RiS

- same as the Vibrational frequency of compound.

Selection of Sample — Q. Frequency must be
maitch.

b. Dipole Moments not
be 0.

Fundamental Vibrations

Vibrations are of two types— > I- Strefching

— 1. Bending
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1.| Strechin g

In this type of vibratfion the distance between
Two atomM increases or decreases buy in the same
directions .

Stretching are of +wo +ypes

Q. Symmetric
b. Asymmetric

a.  Symmetric

Movements of atoms are in same divection.
-
. —=<
)
4— —_
b.  Asymmetric

s S

2. Bending
In bending position of atom changes with respeg
o the orginal bond oxis . s . geissoring |
. Rocking -
‘ fo
Bending are of four types iii. Wagging.
iv. Twisting.
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1) Scissoring

'Two adtoms approaches each other.
p
‘_< 3
Movement of adtom in Same direction
! i'\

1it)  Wagging

ITJ Rocking

In wagging two cdoms move up and down the
plane with wespect to central atom.

<. =<

i) Tuwisting

Ih twisting one adom move up the planeand they
moves down with Tespect to the centrol ajom
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Factors affecting Vibrations

1. Coupled vibrations.

2. Resonahce -

3. Electronic effect-

4. Hydrogen Bonding.

1. Coupled Vibradion

An isolafe C-H bond has only one strefching
vibrational frequency whereas Methylene CcH2)
group show two stretching vibrations, symm efrical
and  Asymmeirical .

Example :  Group Assymmetrical symmetnicol

— CH2 3400 cm™! 2gqo00cm™

Asymmetnc vibration occurs af higher frequency
or wave humber then symm efric Stretching

vibration.

. TThese are known as Coupled Vibration because

this vibrationg occurs of different f—‘requency.
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VY

Symmeimc stretch Asymmetmc Siretch .

2. Bond Angle

Bond Angle Yy — Strain T —— Vibrational
(Ringstrain) Frequency ¢

(o D=0 =0 D=

(1215cm)  C(1#45em-)  (1380cm™) (1815 cm™)
4P
Bond Angle ¢
Strain 1
V. F 4

3. Field effect

Two functional group aften influence eachother
Vibradional frequency .

eg.
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Distance beiween +wo functiona) group in spaticd
arrangement also affect vibration.

1. Hydrogen bonding

H-bonding changes the position and Shape of an
TI.R absorption band.

. 2 types of H- bond _[» TIntermeolecu ar H-bonding
- bondin
] » Tntramolecudar H- bonding.

* Intermolectlar H-bonding

Gives rise 1o broad band.

Concentralion dependent.

Intramolecud ar H- bondln9

Gives rise o sharp band.

Concentrafion independent.

Example
- R-0-H
(dilured soludiony .
(Broad) 3350- 3200cm~! 3650- 35qo cm-!

Csham) .
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Bb. Electronic effect — a. Induchive effect-
b. Mesomerc effect.
C. Cory‘ugom'on effect.

a. Induchve eFFecj— — (1)

+ T effect — IR quuenCy.

- I effect — 4 IR ‘FFQCLUEHCH.

rD ¢ ="
1 O 0"
V1l el
—»\C'—@—y EN® and — C+ — £N |
(3.5 -
(More -T) effect (Less-1) effect .
V.F = 1%90 cm-! |320 crm ~!

b. Mesomeric effect —» (M)

+ ™M effect — { Vibration frequency.

- M effect — T vibration frequency.

ethony group
{- oMe —— ERG]

—No2 — EWG

< OD
I(')
*3\)
:0: )
] N::ra
Me V.F{ lo V.F4
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Conjugation effect —  Conjugation # :I'.Rﬁeq/ue,ncg v

C.
= E)
9 N AN
1650 cm-! 16‘10(;m"

. Sample  Handling Technique

For IR gpecttoscopy. there are four techniques bgmhicb
we can pw the sample in sample holderin IR

Speciroswopy.

1. Solid Sampling technique-

2. Liquid sampling technigue.

Gas sampling technique.

4. aolution Sampling Fechnique:

1. [Solid Sampling Technique

Here we prepare solid samples.

I. Direct sampling — Here solid sample is directly
placed in a sample holder.

I. Pelletization Technique -+ Here , we mixed solid sample
with k8r Then passed under
very high pressure and press to
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form a small 1-2mm thick pellets ( 10m diameter).

These pellets are transparentto IR radiation .

I-2mm
o, . —" thickness
°% * .. —> Passed under >
K8r very High Pressure &
. Drug Y 1cm
diameter
KBr or Nacl

IS used because itis Transparent So, itis
useddue to Transparengy light (IR) is edsily passed
fom them.

Mulling is the process of grinding up a sample into fine

powder through mortar and Pestle& then dispersing info
a liguid or solid matrix. 1o form a Mull.

Liqmd mulls have been formed by combinlng the
powdered analy’re with Nuyjol.

# Nujol is a mulling agent and then thick paste is formed.

Iv. As Solid film

« JIn which we placed our sample solution on Nacl or K8r
Surface and then solvent is evaporated.

* Due to evaporation solid sample leave behind and a
thin flm left on the cell surface.
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* (Here we use volafile liquid, so liquid evaporates and
solid film is formed and then we analyze this via

IR).

2. |Liquid Sampling Technique

In this sample the liguid sample is squeezed
between +wo Naci plates produces thin filrm of
sample abour (0:01-0.2mm) thickness.

x i .
Plates are |mmedlaIeJy Cleaned via using CHCl 3,
Toluene , etc.

—> NacCl Plare

Sample “—)O

— Nacl plate

due to (
Cqpillary
action

3. [ Sampling of Gases

Gas sample are infroduced into Gas cell and
Transparent cell which allow the cell topass the

(Nacl :
Beam coll i1salso present here)
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The beam falls on sample and then defector

detect or P\na.LL/ze )

* Usually sample cell /Gas cell with long path length

of 5- 10 cm is needed: because the gases show

relatively weak absorbahce.

Gas cell — 5-10cm — Path lengtht — Light Travel

Gas cell

{n more time

!

Absorbance via
Gas®
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IR spectroscopy

Introduction, fundamental modes of vibrations in poly atomic molecules, sample
handling, factors affecting vibrations

Instrumentation - Sources of radiation, wavelength selectors, detectors - Golay cell,
Bolometer, Thermocouple, Thermister, Pyroelectric detector and applications
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Instrumentation

Instrumentation - Sources of radiation, wavelength
Selectors, detectors - Golay cell, Bolumexer.

Page No-1

‘Thermocouple, Thermister, Pyroelectric detector and
applications.

IR Spectroscopy

1R specttoscopy deals with the interaction of infrared

radiation with matter by absorption, emission or reflection .
1L
It used fo study and identify chemical substances or

functional groups in solid , liquid or gaseous forms.

The method or fechnique of infrared spectroscopy is

conducted with an” instrument called an infrared

Spectometer .

3.
Infra-red spectrometer produces an infrared spectrum.

LR Spectroscopy Tnsthrumentation

The main parts of TR spstrometer are as follows -

Radiation source
Monochromaodors
Sample cells and sampling of substances

Detectors
Recorders
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4 ) bk 2
L ™ = n
e, v Srennce!
: c— X Monochomalic 1 |t
L \;"' System
TR Source ' s Readout

1R Radiation Sources .

* IR instfruments reqmre Q source ::::F radiant energy
“which emit IR radiation which Mmust be steady, ( staple)-

Intfensge enough for detection and extend over the
desired wavelength . Various sources of IR

radiafions are aqs follows:

Nernst glower

* Incandescent wiire

* Glober source
AL, ‘EJML = T &k Resictamee ge« gﬁtﬂﬂﬁ Cu«m

«—{Nernst |: Lediocip Lo
connected at two ends of this

MDSHJ Used SaaEs rlower "“‘5"“5‘”’“‘“’*‘ > Th L Resiskance ¥ e
[I R—P,‘-O&ut:cp) . ﬂ]u:rt of current is al;:rr‘we::rl :
in ToR Consisk of STy ot

1-
5&@— The Nernst Glower is ® cylinder (1-2mm diameter,

approximadely 20mm long) of rare eqrth axideg.[m;;&.wg Cmiuin)
(Mekal)- *

Platinum wires are sealed tothe ends, and a
current passed through the cylinder.

The Nernst glower can Teach remperaiureg of 2200 Kﬂ:,i:::fﬂ

Cucrent o

’lf\-mug\'t £3
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1. It emits IR radiations over a wide

range of wavelength. pﬁgg no- 3
2. Intensity of radiation remains steady

and constant over a long period of

time.

Ceramic Barrier

1

Nernst Lamp

=

Resistor

Power.

= Ballast. |
Shifter
(relay) .—I\
Magnefic variahion . _ LJ J

; Mﬂn!nna - TV J/ Rﬂﬁlﬁhmtab f,fwm{jé?m@q\_; Move kMore

i
G"Ob Cuvredk
ar Source P:%ﬂu Bomebme —> T T E{ R & Cuyvent gﬂw v f‘;‘%ﬁ‘?ﬁ:

‘The Globar source is a silicon carbide rod (5mm

diameter, 50 mm long) which is electrically heated

to abouwtr 1500 K.
To PieNent O‘Jﬂf““ﬁ“l'{“J '

A
Water cooling of the electrical contacts is needed to
prevent arcing. (q. o fedid mmhc—@_

The spectral ourput is comparable with the Nernst
glower, except at short wavelengths (lessthan 5.um)
where it’'s ouwrpud becomes \arger.

[' XN TR

Globar Source
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Incandescent NiréJ

Restrick Curreat s

The incandescent wire source g a fightly woundceil of Crecat

nichrome wire, electrically heated 1o 1100K.

It produces a lower Intensity of radiation than the

Nemst or Globar sources. but has a anger working

|ife.

QL) '
9 ol
Bl

¥

Ron 0>

Jdhcandescent Wire
Lmt;r;o;:?\romm%rs

A monochromator is an opfical instrument which
Measures the light spectrum .

Light is focused in the Inpwt slit and diffracted by a
grading.

Only one colour is transmitted Through the output slit
at a given time-

" Specita are then recorder wavelength by wavelength,
rofaiing the grating.
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Dispersive .
element -
Entrance | | Exit slit
slit . , . i
White (polychromatic) Light — T
Vs% —> [ | Monochomadic
light -
H Rotation of dispersive i
= elemenT ._I
Dispersive _, #
Entrance | element Exitslit
slit X = > &

hite (polychromatic) light

o

Rotation of dispersive
element-

Monochromaor.

—5

"] Monechromadtic
lig ht
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diffraction gratings are often used in ™modern

iINnstruments.
Exit slit
diFfraction
grating
Colli ma_ﬁng
enfrance mirror,
slig

2. |Prisms|

‘The dispersive element in Prism monochromadors isq
Prism. Prisms have a high light utilization eFFiciencﬂ
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and do not produce higher otder light and very
little  stray light.

However, dispersion is dependent on wavelength
Chigh for UV, low for IR)and temperature.

Light dispersed into
component colpurs.

\\\th /,
, - =t
= == > ]
s L - v
Liahf source Slit Prism

Rispersion of light through Prism

[Sample cells|

e

Infrared Specfroscopy routfinely is used 1o analyze
gas, liquid, and solid samples.

* Sampler cells are made fiom materials, such as

NaCl and KBr, that are fransparent to infrared
radiafion.

‘Gases are analyzed using a cell witha pathlength of
Qpprox'nmamlg 10 cm.

* lLonger pathlengths are obtained by using mirmmorsto
pass the beam of radiation through the sample
several fimes .
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Sample cells.
EJ‘_ .
] ]
Sample >
compartment 8 x Idaﬂelengih

dial -

’

O A
O/ T anc 1007.T @

adjustment -

Sampling of Substa noes]

]

IR spectroswopy has been used for +he
characterization of solid, Liguid or gas samples.

Solid : Various fechnigues are used for preparing
Solid samples such as pressed pellet
fechnigue, mull technique, etc.

Liquid : Samples can be held using a liguid
Sample cell made of alkali halides. Aqueous

solvents cannot be used asthey wil) dissolve

alkall nalides. anly organic solvents like
- Chloroform can be used.

Gas : Sampling of gasis similar to the sampling
of liguids-
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|8ump|in3 of Solide|

Various techniques used for pPreparing solid samples
are as follows :

Mull technique : In this technigue, the finely
crushed sample is mixed with Nujol Cmulling
agent) in @ matrble or agate mortar, with q pestie

to make a thick paste. A thin film is applied
onto the salt plates. This is Then mounted ina

path of IR peam and the sSpectrum is recorded

Pressed pellet fechnique : In this technique, a

small amount of finely ground solid sample

Is mixed with 100 fimes its weight of

porassium bromide and compressed into a thin

transparent peller using a hydrauwlic press. These

Pellets are fransparent to IR radiation and itis used
for analygsis,

Samplir;g of liqwds]

Liquid sample cells can be sand wiched using liquid
Sample cells of highly purtified alkali halides,

normallxj NacCl.
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L

P\cLueoue solvents cannot be used because they
cannof dissolve alkali hajides.

‘The sample t+hickness Showd be selected so
that +he transmittance lies between 15-207.

solvents like chloroform can be used .

For most liguids, the sample cell thickhessis

0-01-0:05 mm. some salt: plafes are highly
soluble in water, so the Sdmpe and mashing

reagents must be anhydrous.

Sampling of gases|

‘The sample cell is mMade up of Nac|, kBr, erc. and
itis similar 1o the liquwid sample cell.

A sample cell with along paih length (S-10cm) is
Needed .

' Because the gases show relatively weaks absorbance.

Other salts such as KBr and CaFz can dlso be ysed.
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Algo Kenoon 6@ Prewmakic Detector:

IR transparent
El= '[""‘/ window (TR Radicker pssed)
from Heve)
Xe gais L‘Ewk (nas / Nobe] &m)
Phototube
(Deﬁaﬁ%*)-

& .7« Flexible
: ot <chrg¢; ij’w%)
LMG\IQ‘::\E) : SRR

Consists of a. gos-filled enclosure with an infrared

absorbing material and a flexible diaphragm or membrane.

When infrared radiation is absorbed | it heats thegas, causing
T expal’}d' b%IRHLﬁMLQM Tamp~(T‘5==‘-

The feSWliing increase in pressure deforms the membrane .
Light reflected off the membrane is derected by o photo -

-diode, and motion of the membrane produces
the signal on the photodiode-

a ch ange N
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. LBqlomELi'e r]

TR Radiahom

L L L] e
Responsive element <€

3
'ﬁ’-!‘-\j ch\um-_ HE‘.Q\: :

Rere meler-

. > ]+  E —

Made from sirips of metrals like platinum or Nickel or

semiconductor CGermanium). The metals have the high-

Yemperature coefficient, i.e their temperajure increases

with the increase in temperature. Exhibit large changein

resistance with temperodure.
The resistance of metal (8 directly pypportional to The
tfemperature.
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Ther‘mocou.ple

Lm‘\a _ Referonce
A junchior X7
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ls0
Cordant ’meuglmu)c Bi [itm mﬁ) [_gﬁ,mim) Move Heal- Mkl
’\ﬂt PTDE.E,E;E‘
— Amplifier O
Has two J‘meﬁnns e

Difference in the ftemperature of fwo junchions, creates q

voltage due to themmoelectric effect which provides a
sighal .

* Several thermocouples in serieg is called thermopile

(increased sensitivity).
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Voltage can be considered as the pressure hat forces

the charged electrons 1o flow in an electrical circwt.

i 8|1
e
oy b
T g .
e o - ’ :+
—> J
N sl " |
free elechons The greater the potential,the

» The flow of chr.:rge carriers berween the hot and cold
fegions in turn creates o voltnge difference.

Made up of 2 metal Iike bismwh and antimony coated
by metal oxides.

It wires of 2 dissimilar metals joined hegd +o tail,

then a difference in remperature between head and
tail causes a current to flow in the wjre.

.

This current is proportional to the intensity of
radiation. - @ejcec’tecq 1:::6 balVampmeley .

‘These are also called as thermopile detector.

Materials should be Thermally active and these qre

used in dispersive instruments.

Response time is 30 milliseconda and they give

respongse for all frequencies.

greater the atraction of election-
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B.  Thermishor P
= TR Radiahomn #Mﬁbﬁmﬁﬁ

r < . S EML- CONDUCTDR —C

o e eud
L (v, - ‘ ade Ug
vV y Produce Heal MI"""lmL':III'\ﬁ" Gﬂ‘\fnmnme.\-w-

| (T’e’re:.-’r Curvenk Hmﬂ)
- | > l - -I [ >

Thermistore work on the principle thad the resistance
of the semiconductor maferial changes in response

to temperature changes,|allowing for accurate

temperaiure measurement .

TR vudiakien %@.ﬁﬁb on Do (ondudsc - Sont- b e O off o s

(

*Tt MesrsNse In Temperatue feats dolLge tn
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esiskance (Ve (% (uwrvent %&wmwg
mbﬂ& n Currend gﬂ@m@ bc\r Gmmfnnme&,f .

: SEns\ng element — uUsually a meral oxide (Miﬁ,FEO.etﬂ_

- Electrodes —» Ty pically made up of (Au,Ag,Pt).

- Lead wires — connects electrodes o external Ciraudtry.
+ Encapsulaion — Sensing element & electtodes are protecrey |

n D W Lo

" Housing— Some thermistors are mounted in o Metad o
plastic housing for added prtection.
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* Thermistors help ensure the quality, safety and efficacy

of pharmaceutical products by providing dccuraie

Ffemperature control and monitoring.

It includes,

1. "Temperoture controlin Storage .
For sStoring sensitive medications & vaccines.

0. Freezer femperature monitoring:

For storing vaccines and biologicals.

3. TIhcubator temperature control :

For cell cultures, microbiological testing and other

laboratory applications:.

4. Auwoclave temperature monitoring -

For sterilization processes.

B. C?uﬂlii‘ﬂ Control :
During manufacturing processes, such as lypphilization

and gran ulation.

6. 8‘|‘Clbil'|1'g testing °
Monitoring temperatures during stability testing of
pharmaceutical products .
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@) Randomly oviented b) Aligned dlipoles
dipoles (At room (above room temperatiire
temperatwre). and below Cure temperadlue) .

Pyroelectric material is sandwiched in the form of

single crystalline wafers between two electrodes,
one of which is IR fransparent. a4 Temperafure

dependent capacitor is formed.
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Applications of IR Spectroscopy

1.ldentification of Organic Compound

e The identity of an organic compound can be established
from its fingerprint region (1400-900cm).

e The identity of an organic compound is conformed of its
fingerprint region exactly matches with the known
spectrum of the compound.

e The compounds containing same functional group may
have similar absorption above 1500cm but they differ
in the fingerprint region.
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2. Structural Determination

e This technique helps to establish the structure of an unknown
compound.

e All major functional groups absorbs at their characteristic wave
numbers.

Example:

l. This IR spectra of amino acids exhibits bands for ionised

carboxylic acids and amine salts (-*NH;). No band for free =NH,
and —COOH groups is observed.

*NH;-CH-COOr

|. From the IR bands of sulphanilic acid, it is solid that the

compound contains *NH; and SO, and not free groups as —NH,
and —SO;H.
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3. Qualitative Analysis of Functional Groups

e The presence or absence of absorption bands help in predicting
the presence of certain functional groups in the compound.

Example:

l. The presence of oxygen reveals that the groups maybe —OH,
C=0, -COOR, -COOH, anhydride, etc. But the absorption band is
in between 3600-3200cm*. The band in this region maybe due
to -O-H.

Il In case of —=NH,, -NH groups , all this can be seen. -NH, shows
two absorption bands while -NH shows only one band.

1. Its distinction from —OH structure can be made from the extent
of H-bonding which is stronger in —OH compounds and causes
lowering in wave number.
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4. Distinction Between Two Types of Hydrogen
Bonding

e Itis known that in H-bonding the electron clouds transfer from a hydrogen atom to the
neighbouring electronegative atom.

e The strength of H-bond is maximum when the proton donor group and the axis of lone pair
orbital are collinear and varies inversely to the distance to the distance between hydrogen
and oxygen.

Example:

The hydroxyl compounds in the solid or liquid state exist as polymeric aggregates.

» The absorption in aggregate form occurs at lower frequencies and bands formed are
relatively broad.

But when such a substance is dissolved in non-polar solvent such as CCl,, the aggregates or
polymers break in dimers and monomers.

Due to this, the O-H structure absorption shifts to higher frequencies and the peaks below
become sharp.

This technique helps to distinguish between intra-molecular H-bonding.

Ortho nitro phenol exhibits intra-molecular H-bonding. Intra-molecular H-bonded compound
doesn’t show any shift in absorption or dilution whereas intermolecular H-bonded does.

’ W

v Y

\ i

Y
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5. Quantitative Analysis
The estimation of the compound of the mixture can be done by:-

e Measuring the intensities of absorption bands characteristic of each
compound.

e Knowing the optical density of the absorption band for a pure component.
Example:

e Xylene exists as a mixture of three isomers, i.e. ortho, meta and para
xylenes.

e The percentage composition of mixture can be determined by IR spectrum
of the mixture.

e Bands are formed at:

a) 740cm? for ortho isomers
b) 880cm-! for meta isomers
c) 830cm! for para isomers

e Mixtures of known composition are recorded and the working curves are
drawn for the bands.
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6. Study of a Chemical Reaction

e Reduction of a standard aliphatic ketone to form a stronger
bond at about 1710cm™* when it is subjected to reduction, it
forms butan-2-ol which absorbs at 3300cmtdue to —0O-H.

e |R spectroscopy is also used to predict the products formed in a
photochemical reaction.

Example:

When verbenone is irradiated in ethanol solution, the UV
absorption maximum due to verbenone disappears and the IR
spectrum of crude verbenone appears at 1787, 1740, 1715 and
1685cm.

e By chromatographic separation we get chrysanthenone, ethyl
geraniate,ethyl-3,7- dimethyl octa-3,6-dienoate.
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7. Study of Keto- enol Tautomerism

e Diketones and keto esters exhibit keto-enol tautomerism.

e They have a-H atom in them. The IR spectrum of such
compound contains bands due to C=0, O-H, C=C bonds.

Example: Ethyl aceto acetic ester- It exists in keto-enol isomers in
equilibrium.

H-..
0 o) 7z 0
1 i ! T “
C o N,
/ \ / \0 H C-\ C'\
HJC CH:. cl S / \\CH/ Dfi“S
HJC
«]
; . 3300 cm
3 ¢ 1333 em” Voun * 7 5 ems
L= .
110 ew Veio * 1

e The lowering of v._, absorption in the enolic bonding form is due
intra-molecular H-bonding which is stabilised by resonance.

e The appearance of bands clearly confirms keto-enol
tautomerism in aceto acetic ester.
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8. Study of Complex Molecules

e This technique is also useful to establish the structure of
complex molecules.

Example:

Two structures of penicillin were prepared on the basis of IR
spectral.

H
R—CoN S CHy s (H
z 3 \ i lf*-cna
N :
COOH Rk hH'l (00
0 0

. 1

B-lactam Oxazolone
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The IR structure of oxazolone shows two characteristic bands:

a) 1825cm™ due to v¢.q
b) v,y due to 1675cm™

e Itis found that no such band appear in the spectrum of
penicillin. Thus, oxazolone structure for penicillin is ruled out.

e It is known that B- lactams do not absorb near 1770cm™
whereas B- lactam fused to thiazolidine ring exhibits a band at
1770cmL. Thus, the B- lactam structure of penicillin is

confirmed.
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9. Conformational Analysis

e Useful for conformations of cyclic compounds cyclohexane
exists in boat form and chair form.

Chair Form Boat Form

e There are 18 IR active C-C structure and CH, rocking and
twisting vibration for boat form (ll) whereas there are only five
for the chair form ().
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e The spectral examination of cyclohexane in the region 1350-
700cm™ reveals five bands expected for chair form.

e This shows the greater stability for chair conformation over
boat conformation.

e By IR spectroscopy, axial and equatorial substituents in
cyclohexane substituents in cyclohexane can be distinguished.

e The equatorial substituent usually absorbs at a higher
frequency than does the same substituent at axial position.

e This is due to steric hindrance of C-X bond with adjacent H-
atoms.
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10. Detection of Impurity in a Compound

e |R spectroscopy is also useful in the detection of
impurity in a compound by comparing its spectrum
with the spectrum of the authentic sample of the
compound.

e Pure sample always consists of poor bands and also
some additional bands.
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Dispersive and Fourier transform IR
spectrophotometer

Dispersive IR Spectrometer:

—Uses prism or grating fo break IR light into individual
wavelengths.

-Scans one wavelength at a time.

-Like moving a flashlight one step at a time.

W Definition:

A Dispersive IR Spectrometer is a type of infrared
spectrophotometer that uses a monochromator (like
a prism or grating) to separate infrared (IR) light
into individual wavelengths and then passes them
one by one through the sample.
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How It Works (Step by Step):

1. IR light source emits a broad range of IR
wavelengths.

2. The monochromator (a prism or grating)
disperses the light into separate wavelengths
(like a rainbow).

3. Only one wavelength at a time is allowed to
pass through using slits.

4. This single wavelength passes through the
sample.

5. The detector measures how much light is
absorbed by the sample.

6. The instrument scans all wavelengths one by
one to build the full IR spectrum.

Spectrum Output:

-Wavelength (or wavenumber) on X-axis
-Absorbance or transmittance on Y-axis
-It helps identify functional
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Key Features-

Scans one wavelength at a tfime — makes it slow

Lower sensitivity than modern FT-IR
Was commonly used before FT-IR was invented
Still used in teaching labs or where cost is a concern
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Fourier transform IR spectrophotometer

B Definition -

An FT-IR (Fourier Transform Infrared) Spectrometer
is an advanced type of IR instrument that collects all
infrared wavelengths at once, then uses a
mathematical process (Fourier Transform) to produce
the spectrum quickly and accurately.

<> Main Components:

“\ Part 2 Function

IR Source Emits broad-range IR radiation

Michelson Interferometer Modulates IR light to produce all wavelengths at once
Sample Holder Holds the sample (solid, liquid, gas)

Detector Measures absorption of IR light

Computer Applies Fourier Transform to create the spectrum
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How It Works (Step by Step) -

1. IR light from the source goes into a device called
a Michelson interferometer.

2. This device modifies the IR light by splitting and
recombining it (produces a signal called an
interferogram).

3. The interferogram passes through the sample.

4. The detector measures how the IR light is
absorbed by the sample.

5. A computer applies Fourier Transform to convert
the raw data into a normal IR spectrum.

Spectrum Output:
Graph of:

Wavenumber (cm1) on X-axis
Absorbance or Transmittance on Y-axis
Used to identify functional groups in molecules
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& Key Features:

Very fast (all wavelengths measured at once)
High resolution and high sensitivity

Requires less sample

Better for detecting mixtures and weak peaks
Most commonly used modern IR technique
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