Experiment 13 Qualitative Analysis with Infrared Spectrophotometer

Introduction
Infrared is the portion of the electromagnetic spectrum that extends beyond the visible into the
microwave region (Fig. 1). It is measured in units of frequency or wavelength. In the infrared,

frequency is usually expressed in wavenumber units, or reciprocal centimeter. Wavelength is

expressed in microns ( 10" m), abbreviated p. Frequency, f, and wavelength, A, are related by the

equation f-A = C, where frequency is defined as cycles per second and C is the velocity of light (3 x

10® cm/sec). A wavenumber unit, v, is defined as the reciprocal of wavelength (v =1/A) The
product of v and C gives the frequency in cycles/sec. The infrared region extends from approximately
0.75u to almost 1 mm, but the segment most often used by the chemist is from 4000 to 650 cm’!, (2.5
to 15.4um) termed the “fundamental” region. The low frequency region from 650 cm™! to the
microwave region is often called the far infrared, whereas that from 4000 cm™ to the visible is often
called the near infrared or overtone region.

All molecules are made up of atoms held together by chemical bonds. These atoms vibrate with
respect to each other, the bonds acting much like springs connecting the atoms. Each molecule has its
own specific set of vibrational frequencies, but different molecules have different sets of vibrations.
The frequencies of these vibrations are in the same range as the infrared frequencies of

electromagnetic radiation.

r 8 6 4 4 2
Wavenumber, cm 10 10 2.5'10 1.25°10 4000 650 12 510

5 -2 -3 -5

Energy, eV 1.24 10 124 3.1 1.55 0.496 8.1'10 1.5:10 10
Gamma Rays | X -Rays Ultra- Visible Near IR | Infrared Far IR Microwave Radio
Violet (Radar)
-5 2 -1 -1 5

Wavelength, pm 10 10 410 810 25 15.4 830 210

Fig. 1 The electromagnetic spectrum.

Infrared analysis gives the scientist a permanent, step-by -step record of his work, providing him
and his organization with evidence of dates on which he reached various stages, a record which can
be invaluable in patent applications. In carrying out a complex synthesis, he can determine the
identity and purity of reagents, follow stepwise changing in all materials, determine percent yields,
and can check back at any stage. Furthermore, there no fear of having insufficient sample to proceed
to the next stage, since infrared analysis is nondestructive and the sample is recoverable.

Since the infrared spectrum of a chemical compound is perhaps its most characteristic physical
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property, infrared finds extensive application in “fingerprinting” or identifying materials. By
matching the infrared spectrum of an unknown with that of a known material, proof of identity is
established.

Molecular vibrations can be divided into stretching vibrations and bending vibrations:
1. Stretching Vibration:
Symmetric Stretching: Atoms move simultaneously in the same direction.

Asymmetric Stretching: Atoms move in opposite directions.
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2. Bending Vibration:
In-Plane Bending: Such as scissoring and rocking.

Out-of-Plane Bending: Such as twisting and wagging.
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Each functional group has specific absorption frequency ranges. For example:
Hydroxyl Group (-OH): Strong absorption band in the 3200-3600 cm™! range.
Carbonyl Group (-C=0): Strong absorption peak around 1700 cm'.

Alkenyl Group (-C=C): Absorption in the 1620-1680 cm™' range.

Identifying Functional Groups
Using FT-IR, functional groups in a sample can be identified by recognizing the positions and
intensities of absorption peaks. The specific steps are:
1. Obtain the FT-IR Spectrum of the sample.
2. Identify Major Absorption Peaks and record their wavenumber positions.
3. Refer to Infrared Spectral Libraries or standard functional group absorption
4. frequency tables to match the absorption peaks with known functional groups.

Determine the Functional Groups in the sample and infer its molecular structure.
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Instrument
Shimadzu IR Affinity-1 FT-IR

Sample Preparation

1. Read the operational manual for FT- Infrared Spectrophotometer carefully.

2. Prepare solid unknown samples by weighing out about 1~2 mg of unknown sample and mixing
with about 99 mg of dried KBr. Mix them and grind them with an agate pestle and mortar . (ask
TA for these equipment.)

GGt:- ¥24$6~8 mg CHeOs + ~0.396 g KBr )

3. Put the mixture in a metallic cylinder container ( die ) and try to make a wafer by compressing the
mixture with manual hydraulic press. The sample is ready to run.

4. If the film is too thick or the scanning spectrum is not satisfactory, you may readjust the
proportions of either sample or KBr.

5. Clean the cells and equipment used.

Results
1. Using the formula provided by TA and the IR spectrum, predict the molecular

structure of your unknown.
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