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Photometers
Introduction

Light and Color
Before entering into colorimetry, we need to understand the
relationship between light and color.

The simple answer is that colors are dependent on light. We do not
actually see colors, what we see as color is the effect of light shining
on an object. When white light shines on an object, it may be
reflected, absorbed or transmitted. Glass transmits most of the light
that comes into contact with it, thus it appears colorless. Snow
reflects all of the light and appears white. A black cloth absorbs all
light, and so appears black. A red piece of paper reflects red light
better than it reflects other colors. Most objects appear colored
because their chemical structure absorbs certain wavelengths of
light and reflects others.

When we talk about light, we usually mean white light.  A thin line of
light is called a ray; a beam is made up of many rays of light. When
white light passes through a prism (a triangular transparent object)
the colors that make up white light disperse into seven bands of
color. These bands of color are called a spectrum.  Seven colors
constitute white light: red, orange, yellow, green, blue, indigo, and
violet. In any spectrum, the bands of color are always organized in
this order from left to right.

The variation of the color of a system with change in concentration
of some component is the basis of colorimetric analysis. 

Suppose we shine a beam of white light at a substance that absorbs
blue light. Since the blue component of the white light gets
absorbed by the substance, the light that is transmitted is mostly
yellow, the complementary color of blue. This yellow light reaches
our eyes, and we “see” the substance as a yellow colored substance. Colorimetry

Colorimetry is simply the measurement of color. Colorimetry is
concerned with the determination of the concentration of a
substance by measurement of the relative absorption of light with
respect to a known concentration of the substance. In visual
colorimetry, natural or artificial white light is generally used as a 
light source, and determinations are usually made with a simple
instrument termed a colorimeter, or color comparator. When the eye
is replaced by a photoelectric cell the instruments is termed
photoelectric colorimeter.

A colorimetric analysis is based on the principle that many
substances react with each other and form a color which can indicate
the concentration of the substance to be measured. When a
substance is exposed to a beam of light of intensity I0 a portion of
the radiation is absorbed by the substance's molecules and a
radiation of intensity I lower than I0 is emitted.
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Therefore, the concentration (C) can be calculated from the
absorbance of the substance determined by the emitted radiation
(I), as the other factors are known.

A typical block diagram of a photometer is shown below:

Sources of light used by HANNA colorimeters:

Tungsten lamp an incandescent lamp having tungsten 
filaments

LED light emitting diode

The optical distance is measured by the dimension of the cuvette
containing the sample. The photoelectric cell collects the radiation
(I) emitted by the sample and converts it into an electric current,
producing a potential in the mV range. The microprocessor uses this
potential to convert the incoming value into the desired measuring
unit and to display it on the LCD.

In fact, the preparation of the solution to be measured occurs under
known conditions, which are programmed into the meter's
microprocessor in the form of a calibration curve. This curve is used
as a reference for each measurement. It is then possible to
determine unknown concentrations of a sample by inducing a
colorimetric reaction, and thus obtain the mV related to the emitted

intensity (I) (the color of the sample). By employing the calibration
curve, one can determine the concentration of the sample that
corresponds to the mV value.

Supposing that for one chemical substance we have one maximum
absorbance at 610 nm. On the following you have one example of
how the colorimeters are working:

The quantity of radiation absorbed is given by the 
Beer-Lambert Law:   A = log  Io—I

Absorbance is also given by: A= ελ • C • l

where: 

A is a dimensionless number

ελ the proportionality constant, is called the molar 
extinction coefficient or molar absorptivity; it is a 
constant for a given substance, provided the 
temperature and wavelength are constant
(liter/mol ∙ cm)

C concentration of the substance (mol/liter)

l optical distance light travels through sample (cm)

One example of an early colorimetric analysis is Nessler’s
method for ammonia, which was first proposed in 1856.
Nessler found that adding an alkaline solution of HgI2 and KI to
a dilute solution of ammonia produced a yellow to reddish
brown colloid with the color determined by the concentration
of ammonia. A comparison of the sample’s color for a series of
standards was used to determine the
concentration of ammonia. Equal
volumes of the sample and standards were
transferred to a set of tubes with flat
bottoms. The tubes were placed in a rack
equipped at the bottom with a reflecting
surface, allowing light to pass through the
solution. The colors of the samples and
standards were compared by looking down
through the solutions. Until recently, a
modified form of this method was listed as a
standard method for the analysis of ammonia
in water and wastewater.
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