Instrumentation of UV spectroscopy

Instrumentation in Spectroscopy
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1. Sources of Radiation

Radiation sources provide the electromagnetic energy needed for absorption or emission by samples.
The type of source depends on the spectral region of interest.

e UV Region (200400 nm):

o Deuterium lamp: Emits continuous UV radiation, especially between 160—400 nm.
It operates by electrical excitation of deuterium gas.

e Visible Region (400—700 nm):

o Tungsten-halogen lamp: Emits a continuous spectrum in the visible and near-IR
range (320-2500 nm).

¢ IR Region (700 nm—1 mm):

o Globar (silicon carbide) and Nernst glowers (rare earth oxides): Used for infrared
spectroscopy.

Ideal characteristics of a radiation source:
o Stability over time

e Wide spectral range



o High intensity

e Continuous output

2. Wavelength Selectors
Wavelength selectors isolate specific wavelengths of light to interact with the sample.
¢  Monochromators (more common):
o Use prisms or diffraction gratings to disperse light.
o Diffraction gratings are most common due to better resolution and linear dispersion.
o Equipped with slits to allow narrow bandwidth selection.
o Filters:
o Absorption filters: Colored glass or gel that absorbs unwanted wavelengths.

o Interference filters: Use constructive and destructive interference to select narrow
wavelength bands.

3. Sample Cells (Cuvettes)
Sample cells hold the analyte during analysis and must be transparent to the wavelength used.
e Material:
o Quartz cuvettes: Used for UV region.
o Glass or plastic cuvettes: Suitable for visible region.

¢ Path length: Usually 1 cm (standard).

4. Detectors (Photodetectors)

Detectors convert transmitted or emitted light into electrical signals. The choice depends on
sensitivity, wavelength range, and application.

A. Phototube (Photoelectric Tube)
¢ Contains a photoemissive cathode and an anode in a vacuum.
e  When photons hit the cathode, electrons are emitted (photoelectric effect).
e The current generated is proportional to light intensity.

Pros: Simple, inexpensive
Cons: Low sensitivity, limited gain

B. Photomultiplier Tube (PMT)

e An advanced phototube with a series of dynodes to amplify the signal.



e Electrons from the photoemissive cathode strike dynodes, causing secondary electron
emission, amplifying the current.

Pros: Extremely sensitive, fast response
Cons: Expensive, affected by stray magnetic fields

C. Photovoltaic Cell
e Also called barrier-layer cells.

e Light falls on a semiconductor (e.g., selenium), generating voltage directly (no external
power required).

e Produces a current proportional to light intensity.

Pros: Rugged, low cost, no external power
Cons: Low sensitivity and poor response in UV range

D. Silicon Photodiode
¢ Made from semiconductor p-n junction; produces a current when exposed to light.
e Can operate in photovoltaic mode (zero bias) or photoconductive mode (reverse bias).
e More linear and stable than phototubes.

Pros: Compact, good sensitivity, suitable for array detectors
Cons: Moderate sensitivity compared to PMT

Photodetector Comparison Table

Detector Sensitivity Cost Speed Common Use
Phototube Moderate Low Moderate Basic spectrometers
Photomultiplier Tube Very High High Very Fast Fluorescence, UV-Vis
Photovoltaic Cell Low Very Low Slow Light meters

Silicon Photodiode High Moderate Fast Portable instruments
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