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BP701T. INSTRUMENTAL METHODS OF ANALYSIS (Theory)

45 Hours
Course Content:

Unit -1 10 Hours
UV Visible spectroscopy: Electronic transitions, chromophores, auxochromes, spectral shifts,
solvent effect on absorption spectra, Beer and Lambert’s law, Derivation and deviations.
Instrumentation - Sources of radiation, wavelength selectors, sample cells, detectors-Photo tube,
Photomultiplier tube, Photo voltaic cell, Silicon Photodiode.

Applications- Spectrophotometric titrations, Single component and multi component analysis.

1.1.INTRODUCTION TO SPECTROSCOPY

It is the branch of science that deals with the interaction of light/electromagnetic radiation with
matter. The word spectroscopy is derived from the word spectrum, which means a band of
different colours formed due to differences in wavelength. The word scopy is derived from the
word skopein, meaning examination or evaluation. Thus, spectroscopy is the branch of science
that deals with the examination of spectra. The study deals with both types of phenomena, i.e.,
either absorption or emission. Based on this, they are also known as absorption or emission
spectra.

1.2.Electromagnetic Radiation (EMR)

EMR or EM radiation is a fundamental form of energy that surrounds us everywhere, i.e., from
the microwaves that heat our food to the radio waves that bring us music and news. These
waves are generated when electrically charged particles move through matter or a vacuum.
These particles carry energy as they travel, thus creating a wave-like portion of electric and
magnetic fields. The classical wave model explains/describes EMR as waves that have:

o Wavelength

o Frequency

e Velocity

e Amplitude

The properties of EMR can explain classical characteristics of EMR such as reflection,
refraction, diffraction, interference, etc.

Figure 1: Classical Wave Model

1.3. Characteristics or Units of a Wave
a) Wavelength (A): It is the distance between the adjacent crests or troughs in a particular
wave. It is denoted by (A) lambda. It can be expressed in:

e Angstrom (A)

e Nanometers (nm)

e Millimicrons (m)



(i1))  Absorption bands near 270-350 mp with very low intensity, emax 10—100 are due to n
— w* transitions of the carbonyl group. See table T2—1.
(ii1))  Simple conjugated chromophores such as dienes or o, p — Unsaturated ketones have
high emax values, i.e., from 10,000 to 20,000.
(iv)  The absorption with emax value between 1000 to 10,000 shows an aromatic system.
Table 1.2: Simple Unconjugated Chromophores

Absorption
Chromophore Transition max (mp) By Solvent
C=C - m* ~175 ~15000 Vapour
(i) ~175 ~10000 Hexane
n — n¥ (it) 196 ~2000 ”
—=C—
(iii) 220 ~150 2
C=0 n — a* 160 18000 "
n — ¥ 180 10000 Hexane
n — n* 285% 15
R—NO, n - n* ~200 5000 Methanol
n— m¥ ~274 15
—C=0
| n — n* 204 60 Methanol
OH
—N=N— n - n* 338 ~5 Ethanol
—CONH, n— n* 178 9500 Hexane
i n— m¥ 220 63 Hexane
AUXOCHROME

An auxochrome can be defined as any group-which does not itself act as a chromophore but whose
presence brings about a shift of the absorption band towards the red end of the spectrum (longer
wavelength). The absorption at longer wavelength is due to the combination of a chromophore and
an auxochrome to give rise to another chromophore. An auxochromic group is called colour
enhancing group. Auxochromic groups do not show characteristic absorption above 200 mp. Some
common auxochromic groups are —OH, —OR, —NH,, —NHR, —NR,, —SH etc. The effect of
the auxochrome is due to its ability to extend the conjugation of a chromophore by the sharing of
non-bonding electrons. Thus, a new chromophore results which has a different value of the
absorption maximum as well as the extinction coefficient. For example, benzene shows an
absorption maximum at 255 mp [emax= 203] whereas aniline absorbs at 280 mp [emax=1430]. Hence,
amino (—NH2) group is an auxochrome.

Consider the following :

.e @
NH, NH,

2 =280 nm A =254 nm

“max “max

( = 1430) (e, =160) Aniline

“ = max = max



UV Spectroscopy
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H2-D2 Lamp: H>-D; lamp is used as the source of radiation which emits light within the range
of 300-375 nm. In these lamps, quartz windows are typically used because the glass absorbs
light below 375 nm.

Tungsten filaments: Tungsten filament is used as the source of visible light. This type of lamp
is used in the wavelength range of 375 — 800 nm and covers a wide range of wavelengths.
Tungsten-halogen lamps used in modern spectrometers have high lifetime than that of normal
tungsten lamps. They are very efficient and cover the wavelength range up to the ultraviolet
region.

Monochromator

It converts the polychromatic light into monochromatic light. It consists of different parts they
are as follows:

e Entrance slit

e Collimating lens

e QGrating or prism

e Reflecting lenses

e Exist lens

Polychromatic light enters the monochromator through the entrance slit. The beam 1is
collimated by a collimating lens and dispersed by prism or grating. The reflecting lens reflects
the beam with a particular wavelength towards the exit slit. By adjusting the position of the
grating or exit slit, radiation with a particular wavelength leaves the monochromator through
the exit slit.

Chopper: It splits monochromator light into two beams, one passes through the sample while
the other passes through reference.

Sample Container: The sample and reference solution containers must be radiation-
transparent so that the radiation will pass through them. For UV-Visible spectroscopy, quartz
or fused silica cuvettes are used as a sample container.



Appilcations of UV Spectroscopy
Detection of conjugation:

e For detection of C=C bonds or C=C bonds.

e For C=0, C=S bonds.

o Conjugation between double bonds and an aromatic ring.
It can reveal the presence of aromatic ring itself and the number and location of substituents
attached to carbons of conjugated system.
Detection of geometrical isomerism: The trans isomer exhibit Amax at slightly longer
wavelength and have larger extinction coefficients than the cis isomer.
For example:
cis-stilbene Amax =285 nm
trans-stilbene Amax = 294 nm

Detection of Impurities: UV absorption spectroscopy is one of the best methods for detecting
impurities in organic compounds. Can be done as: The bands of impurities are very intense.
For example: An impurity having an amount of 0.05% has a € value of 2000, therefore this can
be easily detected by absorption at 255 nm, too in a transparent major component.
Eg: In cyclohexane, common impurity is benzene. It can easily be detected at 255 nm.

Single Component Analysis: This is the simplest and most direct method used in
spectrophotometry when the sample contains only one analyte of interest. In this approach, the
absorbance of the compound is measured at its characteristic wavelength, generally at the
Amax, where it shows maximum absorption and minimal interference. The quantitative
estimation is then carried out by applying Beer—Lambert’s Law, which relates absorbance to
concentration in a linear manner. Since only one compound is being analyzed, the method
requires calibration with a series of standard solutions of the same analyte to construct a
calibration curve. Once the calibration is established, the concentration of the unknown sample
can be determined by simply measuring its absorbance and interpolating from the graph. This
method is highly accurate, simple to perform, and suitable for routine quality control analysis
when no interfering substances are present in the matrix. For example, the estimation of
paracetamol in bulk drug solutions at its Amax (around 243 nm) is a typical application of single
component analysis.

Multi-Component Analysis: In contrast, multi-component analysis is employed when the
sample contains more than one analyte that absorbs in the same spectral region, making their
signals overlap. In such cases, a direct application of Beer—Lambert’s Law for a single analyte
is not sufficient, since the observed absorbance is actually a sum of contributions from multiple
components. To overcome this problem, absorbance values are recorded at two or more
selected wavelengths, and the data are treated mathematically to resolve the individual
concentrations. Methods such as the simultaneous equation method, absorbance ratio
method, or advanced techniques like derivative spectroscopy and chemometrics are
commonly used to achieve this separation. This approach allows accurate determination of
individual analytes without the need for physical separation, making it highly useful in the
analysis of combined dosage forms where two or more drugs are present together. For
example, paracetamol and ibuprofen present in a fixed-dose combination tablet can be



D) Both Titrant and Titrand Absorbs In this titration both titrant and titrand absorbs but
the product does not absorption at selected wavelength. In this titration there is gradual
decrease in absorbance up to the equivalence point. After equivalence point again
gradual increase in absorbance is observed. Example: Titration of coloured titrant
producing colourless product.
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