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Introduction to Sample Handling in IR Spectroscopy P ot

Sample Cells

Importance of Must be
Proper Sample Transparent to
Preparation IR Radiation

Common Materials:
lonic Substances
E.g: KBr, NaCl

Ensures Accurate
and Reproducible
IR Spetra
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Materials for Sample Cells

Usually made of
transparent ionic substances

Common Materials:
SodiumChloride NaCl), Potassium Bromide (KBr)

KBr is preferred due better compatible with IR

IR measurements
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Forms of Infrared Samples

. .

LIQUIDS SOLID SOLIDS
SOLUTIONS

| (| 5 [ =,

¥

EACH REQUIRES SPECIFIC
PREPARATION TECHNIQUES
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Handling Liquid Samples

v

A DROP PLACED BETWEEN
KBR PLATES

J PLATE SPACING: < 0.01 mm

-
PLATESPACING:; j

SAMPLE AMOUNT: 1-10 mg

PREPARE AS

SOLUTION IF
NEEDED
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Considerations for Liquid Samples

.’\.
0° %/ °o
Aqueous Solutions Chloroform
Not preferred due to dissolving (o) Common and effective organic
KBr/NaCl cells O solvent

Anhydrous Organic
Solvents

Recommended to avoid cell
damage
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Solid Solutions

.

Sample volume: Solution concentration:
1-10 mg 0.05-10%

~» LB

LU TIons

Volume: Cell thickness:
0.1-1.0 mL 0.17-1T mm
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Handling Solid Samples — Pressed Pellet Technigue

MOST COMMON
METHOD
FOR SOLIDS

FORM THIN
TRANSPARENT
PELLET USING
HYDRAULIC PRESS
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SAMPLE
MIXED
WITH KBr

PRODUCES
CLEAR,
UNIFORM DISK
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Precautions with KBr Pellets

1. KBr IS 2. MINIMIZE 3. MOISTURE
HYGROSCOPIC .| ————3 ATMOSPHERIC ——» INTERFERESWITH SPECTRUM
EXPOSURE

/E'_J\

Cloudy Pellets =
Poor Spectrum

(Causes Cloudy Pellets & ]

Interferes with spectrum

-

t ’ Moisture
s R e
v

;?\Y”( 2\

b -

~

=

)
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Nujol Mull (Mull Technique)

— 1. GRIND SAMPLE ——— 2, APPLY THIN FILM —— 3. ANALYZEIN IR
WITH NUJOL OIL

IR Spectmeter

Absorbs
Mineral Qil

I
)
(3]

AL
" ;; B 2; Ciart =
N— IR-Transparent N——

Plate
[ Useful when KBr ]

Interaction is a concern
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Caution with Solvents in Mull Technique

1. CCl, ABSORSPTION
INTERFERENCE

Strong CCl,
Absorption
@ 785 cm™

CCl, absorbs strongly, Interfering
with spectrum analysis.
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— 2. AVOID INSTANT REACTIONS

& =

e
HAZARZOUS

oy - + SOLVENT

) N —

Avoid solvent-sample
combinations that react instantly
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Factors Affecting Vibrations

@ Molecular Structure

P N oéo Intermolecular Forces
,‘/'
\/’
Factors Affectin ‘ -
{ : : ‘ l-J femperature
\ Vibrations (T -
\
\
& )
NG o

O Solvent Effects
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Coupled Vibrations

Isolated C—H: Methylene group  CH,-):
J\\
®
0 4 H i

Single strecthing frequency

14 Symmerical ,, Asymmetrical

3

A4l N Q—% """ —mechanical

2 l N 2 coupling

Bl - 0 .

0 frequency -0 4 H
frequency

Two streching modes
Due to mechanical coupling
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Coupled Vibrations

Asymmetrical Stretching: Higher Frequency

O~ 0g
H H)

Symmetrical Stretching: Lower Frequency

/

Isolated C—-H Stretch
\ @

Occur at different frequencies
than isolated C-H
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Fermi Resonance

Interaction between:

Fundamental vibration
Overtone or combination tone

Original Frequencies

New Frequencies

19-12-2025

> T original frequency
Interaction

Q. 1 i

i

O

Fundamental vibration (v,
Overtone/Combination Tone (2v,)

Higher Frequency (v+) T
: >

>
Lower Frequency (v—) l‘
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Produces two new vibrational modes

One higher, one lower than
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Fermi Resonance

Unpertubed Pertubed

Interaction

Original Frequencies
(Unpertubed) L/

G Fundamental (v,)

Higher Frequency (v+)

Lower Frequency (v—) @

Energy Gap
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Electronic Effects

Inductive Effect ‘
0
Mesomeric ? . (PO Absorption
Effect / (34D Frequency
N \ ~
Field Effect - g )
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Inductive & Mesomeric effect

Frequency y | I | I @ Frequency
Decrease Lowering

Inductive Effect Mesomeric Effect
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Field effect

Ortho-Haloacetophene A Ortho-Haloacetophene B
X Through-Space X .
. N CH interaction e . S E:z'\cri
X% - Through-Space =
- O/CHs Interaction 2 O/CHa
0 0

Changes Vibrational
Frequencies

: Frequency 1 Frequency 2
Lone Pairs Influence (Original) (Affected)
Other Through Space =
[=——:1
Compound A Compound B
OH; OH
NCH;

g

o) OH

CH
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Hydrogen Bonding

CIErITU oS

Occurs Between Proton Donor and Acceptor
Stronger H-bond = Longer O—H bond

Intermolecular Intramolecular Hydrogen Bonding
H2=0 HOH3
0] (@) N
______ v
HO @) (@) (0] HO
OH NH,
> >
LC) y 8 A
[¢B] D
> >
o o
= Broader & More T Sharper & More
L
. Intense Band = Intense Band
()
= S
= S
Broad Bands Sharp, Defined Bands
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Summary:

IV SIS,

SAMPLE HANDLING FACTORS AFFECTING VIBRATIONS

® CELLS ~ SAMPLE FORMS ¢ Coupled Vibration

0] CH, Symbbhertic Stretth

NaCl k 0~ <20 0)\» M

KBR (Prefered)  Transparent ionic substances

- CH, group
e Liquids: GHe

+ KBR plates (<0.01mm) / » Fermi Reseance
* Anhdyrous Organic Solvents /
(e'gn CHLC) R N3 >

« Avoid H,0 —  QOvertone/Combination Tone
/& New Levels (Higher & Lower Freq)

»

R™ "o * "
H H Coupling of two mudes 8

Energy transfer Energy transfer

Solid Solutions: =

* 1-10mg solid + CCl4 (0.1-1ml)
* 0.05-10% solution 0.05-10% solution

Cell thickness N 1-Tmm
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Summary:

SAMPLE HANDLING

e Solids

Pressed Pellet (KBR + Sample) KBRis
Thin transparent —— hyigoscopic
Thin film on cell

e Solids

Mull Technique
(Nujol + Sample)

Mull Technique
Thin film on cell)

19-12-2025

IMA | SAMPLE HANDLING AND FACTORS AFFECTING VIBRATIONS | DURGADEVI G |
AP | SNSCPHS |

IV SIS,

FACTORS AFFECTING VIBRATIONS

@ Electronic Effects

Mesomeric effect = Lower Higher Frq
N (Bond Weakning)

R\)J\/ ..... )
S Field Effects Effect = Lower FrsH

HO
PN,
(\\ ..... ®)
Ho
@ \\©
Salicylic acid

Intermolecular Proton Donor + Acceptor
(Broad Band) Stronger H-bond = Lower Frey,
(Sharp Band) Broader, More Intense
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Assessment

1. Which solvent should be used for analyzing liquid samples?

—
—

o |
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Assessment

1. Which solvent should be used for analyzing liquid samples?

OO

Aqueous Solutions

O O
Chloro “”rw'r*r‘
(NI RIAG IRV NS

Common and effective organic
solvent

Not preferred due to dissolving
KBr/NaCl cells

-
3

Anhydrous Organic
Solvents

Recommended to avoid cell
damage
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Assessment

2. In which type of electronic effect the lone pairs influence each other
through space?
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/ff/.’)/‘/;';
Assessment

2. In which type of electronic effect the lone pairs influence each other
through space?

Inductive Effect

|
Mesomeric &) \ . (PO Absorption
Effect ~ (XD Frequency
, N
Field Effect - g |
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Assessment

3. Which material is preferred for Sample Cells?
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Assessment

3. Which material is preferred for Sample Cells?

= =, =
-\/’ [ &
NaCl Quartz Plastic
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