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Refractive index is a topic of interest to cosmetic chemists for a number of reasons. These
include (1) production of so called clear emulsions via refractive index matching and (2)
gloss production which is related to refractive index. Despite its importance many people

do not understand what refractive index really is, so | present the following:

Dr. Zon

Refractive Index

The refractive index is a constant for a given pair of materials. It can

be defined as

speed of light in material 1/ speed of light in material 2



This is usually written jn,and is the refractive index of material 2
relative to material 1. The incident light is in material 1 and the
refracted light is in material 2.

If the incident light is in a vacuum this value is called the absolute
refractive index of material 2. This is the value given in data books.

By definition the refractive index of a vacuum is 1. In practice, air
makes little difference to the refraction of light with an absolute
refractive index of 1.0008, so the value of the absolute refractive index
can be used assuming the incident light is in air.

Air 1.0008
Water 1.330
|Glass, soda-lime \1.510
Diamond 2.417
Ruby 1.760

REFRACTION INDEX

(All items except Vacuum are in alphabetical order)
(STP = Standard Temperature and Pressure)

MATERIAL Index

Vacuum ... ie i i i e aaaaaaa 1.00000 (exactly)
Alr (STP) e et 1.00029

Acetone ... ... ... .. . _-.--. 1.36

Alcohol ... .. . .. . ... 1.329



Amorphous Selenium .......... 2.92

Calsparl ... .. ... ... . ... .... 1.66
Calspar2 ... ... oo ioaao... 1.486
Carbon Disulfide ........_.... 1.63
Chromium Oxide .............. 2.705
Copper Oxide . ... o.. 2.705
Crown Glass ................. 1.52
Crystal ... ... .. ... .. ...... 2.00
Diamond ... .. ... ... ... 2.417
Emerald ... ... . .. ... 1.57
Ethyl Alcohol . _...___._..__..._. 1.36
Flourite ... ... ... ... ....... 1.434
Fused Quartz ................ 1.46
Heaviest Flint Glass ........ 1.89
Heavy Flint Glass ........... 1.65
Glass .. i 1.5
lce .. .. ... 1.309
lodine Crystal .............. 3.34
Lapis Lazuli ... ... ... ...... 1.61
Light Flint Glass ........... 1.575
Liquid Carbon Dioxide ....... 1.20
Polystyrene ... . ... ... ._...... 1.55
Quartz 1 ... ... i 1.644
QUANEZ 2 - oo e 1.553
Ruby ..o 1.77



Sodium Chloride (Salt) 1 .... 1.544

Sodium Chloride (Salt) 2 .... 1.644
Sugar Solution (30%) ........ 1.38
Sugar Solution (80%) ........ 1.49
Topaz - ..o oo 1.61
Water (20 C) oo 1.333
Zinc Crown Glass ............ 1.517

The Refractive Index

The ratio of the velocity of light in vacuum to the velocity of light in a medium is referred
to as the medium'’s refractive index, denoted by the letter n. The velocity of light in a
vacuum is 3.0 x 10® m/s or about 186,000 miles/s. If we go back to our beach/ocean
analogy we can think of the refractive index of the water as something like its density.
Aiir is not very dense at all (its refractive index is 1.003), so the people run through quite
easily; but when they run into water, which is denser than air (and has a refractive index
of 1.333), the people slow down and their line bends at the ocean/beach interface. For
light, the index of refraction n equals the ratio of the velocities of light in vacuum (c) to
that in the medium (v), that is n = c/v.

Refractive indices are most easily determined from the measured values of the incident
angle and the angle of refraction and their geometric relationship. Values of the refractive
indices for the media shown in Fig. 2 are given below.

Values of Refractive Index

|Medium ‘ Refractive Index
|Air | 1.003
|Water ‘ 1.33
‘(L)iir;seed ‘ 148
|Co Green ‘ 2.00
|Diamond ‘ 2.42
Ti White | 2.5




The path of light in air incident on and transmitted through a glass plate is shown in
Figure 5. The angle of the incident ray to the normal is 45° and equals that of the
reflected ray. The transmitted ray is refracted at an angle of 28° to the normal and exits
the glass at an angle of 45° to the normal, an angle equal to that of the incident ray. This
explains why, for example, the image we see through a flat-glass window pane is
unchanged from that seen through an open window.
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Figure 5. Light incident on a glass plate. The reflected part of the ray is shown along with the light path for
the refracted component.

Light incident normal to a glass plate does not change direction as the transmitted light
continues normal to the surface (air/glass interface). The light is not refracted (that is, no
change in angle) but the wavelength and velocity do change. Light does reflect as it
encounters the air/glass interface (about 4% in this case).

The paths of light traversing different media are reversible. The same relations are
obeyed in Fig. 5, for example, if the light were incident on the bottom of the glass plate.
Similarly, in Fig. 4, if the light started in the water, it would be refracted at the water/air
interface and would retrace the same reversible path as for light incident from air.

Total Internal Reflection
If light is inside a material such as glass with a larger refractive index n, than that n; of
the material outside such as air, there is an angle, the critical angle of incidence, beyond
which the light is reflected back into the material and does not escape. This is total
internal reflection. The critical angle i. is given by

sinic=ny/n

For light exiting glass, n, = 1.5, the relation becomes

sini;=1.0/15



and the value of the critical angle of incidence is 41°. Light in glass at any angle of
incidence to the normal 41° or greater will be reflected from the glass-air interface back
into the glass. The bluer area in Fig. 6 is the angular region where light is reflected back
into the glass. The greater difference in the two indices of refraction, the smaller the
amount of light can escape.
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Figure 6. The internal reflectance at an air/glass interface for light rays from a point source in glass. Light
rays incident at angles to normal at greater than the critical angle (here, 41° for glass to air) do not leave the
material and are reflected at the glass/air interface.

Light fibers and diamonds are both materials with a high refractive index and are used for
their properties of "retaining"” light.

Chromatic Aberration

Fortunately, the index of refraction of most materials is not the same for each
wavelength passing through it; otherwise, we wouldn't see rainbows or the sun's green
flash at sunset. When white light passes through a lens or a prism, blue light is bent more
than red light. When seen through a lens, this change of index of refraction with
wavelength is called chromatic aberration, the change in focal length_for different

wavelengths of light.
lens

Figure 7. Chromatic aberration in a lens. Blue light is bent more than red light so its focal length is shorter
than that of red light, and the "blue" image is located in front of the "red" image.



In precision lens systems, chromatic aberration is undesirable, so achromatic lenses are
used to reduce or eliminate this effect. The simplest achromatic lens system is just two
lenses with different indices of refraction put together: one convex, one concave. Quality
telescopes, microscopes, and camera lenses all have achromatic lens elements.



