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Is that a polarimeter in your pocket? A zero-cost, technology-
enabled demonstration of optical rotation
Patrick I. T. Thomson*

University of Strathclyde, Department of Pure & Applied Chemistry, 295 Cathedral Street, Glasgow,
G1 1XL

ABSTRACT
A polarimeter can be constructed using a document camera as a visualizer and a standard

smartphone screen as a source of polarized light. A pair of 3D glasses can be used as a polarizing filter
and the optical rotation angle of liquids can be measured using any free compass app. Consequently, a

demonstration of optical rotation can be conducted with no preparation time or specialized equipment.
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Practical demonstrations, conducted by a lecturer in front of an audience, are as old as science
teaching itself.! Demonstrations involving the transmission of light, for example solution-state color
changes in chemistry, have been conveniently presented to large audiences using overhead projection
technology for many decades.2:3 One area that this has been applied to with great success is that of

optical rotation: The phenomenon of the rotation of plane polarized light by molecules that exhibit
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chirality.3-15 Such demonstrations can be readily converted into hands-on experiments,16-2! but the
requirement for specialized or self-constructed equipment presents a barrier to entry.

The measurement of the plane of polarized light requires the use of an instrument called a
polarimeter. A polarimeter consists of a source of monochromatic light, a polarizing filter, an area
where this light can pass through a sample, a second rotatable polarizing filter (the analyzer), and a
detector to measure the intensity of the resulting light and consequently the angle of rotation. In the
absence of a sample, the light transmission will be maximized when the polarizers are aligned, and
minimized when the polarizers are perpendicular to each other. Chiral molecules rotate the plane of
polarized light by an angle dependent on temperature, concentration, path length, wavelength of light,
and the specific rotation of the sample. This angle can be measured by rotating the analyzer to
minimize or maximize the transmitted light, then converted to a specific rotation.

Literature values for specific rotation are cited at a particular temperature and monochromatic
wavelength, most commonly 589nm. Specific rotation is different at different wavelengths, so for this
reason, measurements taken in the lecture theatre using white light sources also exhibit optical
rotatory dispersion (colored fringes of light on either side of the angle of minimum transmission).>
Demonstrations, then, are usually limited to qualitative observations, such as the equal and opposite
optical rotation of enantiomers, or the modification of chiral activity during a solution-phase
reaction.”.22
Demonstrations also require the use of polarizing film, and equipment to hold and rotate this film. For
these demonstrations, polarizing film has been sourced from certain types of consumer electronics,16
certain kinds of sunglasses,23-25 or purchased from scientific laboratory suppliers. The holder can be
constructed from inexpensive materials,'® but combined time and effort remains a barrier to entry for
a simple lecture demonstration. Additionally, the traditional overhead projector typically contains a
high-powered incandescent light source which can also pose a fire hazard when using flammable
solvents.

The current demonstration is one which can be assembled extremely quickly from entirely
household items, namely a smartphone and a pair of 3D glasses. It can be displayed using the now-

ubiquitous lecture support, the document camera. And it can be used to measure household
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substances: solutions of sugar. Demonstrations of chemical principles created from mundane items
are more engaging for students, and reduce the perceived abstract nature of the principle being
demonstrated.26 A diagram of the assembly of the polarimeter is shown below (Figure 1), where the
smartphone acts as both source of light and a rotatable polarizing filter. The 3D glasses act as the
second polarizing filter, and the document camera acts as a method of measuring and displaying the
angle of rotation. A video of the demonstration being used in a lecture is available in the Supporting

Information.

Document camera

3D glasses

Liquid sample
Smartphone

Figure 1: Schematic of the polarimeter

COMPONENTS OF THE POLARIMETER
To run this demonstration, the following materials and equipment are required: A source of

polarized light (usually a smartphone), a pair of 3D glasses, a document camera, a chiral liquid or
solution of a chiral molecule (usually sucrose), and a way of measuring angles (a protractor, or a

compass application installed on the smartphone).

Light source: the smartphone
The first item of technology used in this demonstration is the smartphone. Smartphones are a

mainstay of the student pocket and higher education practitioners and researchers have been quick to
capitalize on this, with such advances as in-lecture polling, student video production, and lab
notebooks.27-30 However, as well as a platform for digital and visual content, the smartphone has
physical hardware capable of specific interactions with the chemical world. For example, the camera
has been used as a colorimeter for spectroscopy, and the audio output has been used to control an
electroformation chamber.31.32 Of relevance to the current research, mobile phone screens are

polarized light sources.24 A liquid crystal display (LCD) emits polarized light as a necessary by-product
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of its technology,33:34 but polarizing film is a component of more modern organic light-emitting diode
(OLED) displays as well in order to eliminate internal reflection and glare.35 It seems, therefore, that
pocket polarized light sources are everywhere, and here to stay, although some newer models of phone
screens use circular polarizing filters which need a modification to the current demonstration (see
Supporting Information). Particular acknowledgement at this point is given to the recent prior work of
Schwartz et. al.2* who were the first to use the same LCD as a source of light and a polarizing filter
simultaneously. A tablet computer or laptop screen can also be used if no suitable smartphone is

available.

Polarizing filter: the 3D glasses
The second item of technology used in this demonstration is a pair of stereoscopic glasses for use

in 3D cinema. There are two widespread types of 3D cinema technology at the time of writing,
corresponding to two types of polarization: linear polarization (used in 3D IMAX® screens) and circular
polarization (used in other types of 3D cinema). IMAX®-compatible 3D glasses can consequently be
used as linear polarizers without modification, and can be purchased cheaply or obtained after
watching a film.36 The circular polarizers found in “RealD-3D” glasses can be converted to linear
polarizing film by peeling off the inside layer with a razor blade, or potentially used as-is as part of a
demonstration of circular dichroism. If you have 3D glasses of unknown technology, they can be worn
while examining a suitable smartphone: The screen will fade to 100% black on rotation only when
viewed through linear polarizers. Certain kinds of anti-glare sunglasses have also been used in prior

demonstrations.23-25

Analyzer: the document camera
The third item of technology used in this demonstration is the visualizer, or document camera.

This relatively new article of technology has fast become an essential part of the education repertoire
when paired with a digital projector. In chemical education, it has been used to demonstrate chemical
reactions,37 color changes, and even optical rotation.24 Historically, an overhead projector (OHP) was
used for the same purpose,? and optical rotation was one of the few demonstrations that was easier
with the older technology, owing to the OHP’s built-in light source.3® However, the document camera is

a more versatile tool, as it can record and project non-transparent demonstrations onto screens of
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arbitrary size. A large fraction of university lecture theatres are now equipped with document cameras,
particularly those larger spaces suited to introductory courses within which the concept of optical
rotation is likely introduced.

RUNNING THE DEMONSTRATION

3D glasses containing linearly-polarizing filters are affixed to a document camera using adhesive
tape, in such a way as to cover most of the field of view of the camera with one lens of the glasses.
Transparent contact adhesive tape leaves no residue, which may avoid causing undue distress to the
learning technology team of your institution (the glasses could also be clamped using a retort stand).

A smartphone is placed on the bed of the visualiser and brought into focus (at this point,
automatic focusing should be disabled if possible). The screen is set to display an all-white (or pure
colored) background using a flashlight app, blank word processor, or other source of single color. A
sample of chiral liquid is placed in a beaker or measuring cylinder and placed on the screen of the
smartphone. A solution of table sugar (sucrose) is the recommended substrate for this demonstration,
primarily due to safety concerns but also since aqueous solutions can be prepared during the lecture
to further enhance the demonstration.26.39

When used as part of a more comprehensive lesson on chirality, limonene, pinene, and carvone all
exist as pairs of enantiomers which can be discriminated by scent and so the same materials can be
used for visual and olfactory demonstrations of chirality. If both enantiomers of a chiral liquid are
available, then they can be mixed during the demonstration to show the reduction of optical activity in
non-enantiopure or racemic mixtures. Care should be taken when using these substances, however,
as they are flammable and may have other specific chemical hazards (see Hazards section for further
details).

The smartphone can then be rotated back and forth between the angle where the unaltered light is
minimized (Figure 2, left), and one when the light passing through the sample is minimized (Figure 2,
right). A particularly impactful and quick demonstration could be to load an image of a chemical
structure, then twist the smartphone so that the image is completely occluded by the action of the

perpendicular polarizing filter. A beaker can then be placed on top of the phone and a chiral liquid
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poured in, bringing the image back into view. The phone can then be rotated back and forth to

demonstrate the change in angle of maximum occlusion.

Figure 2: A dilute solution of sucrose exhibiting a rotation of ca. 5°. The phone was rotated to minimize light from the screen (right) and the
sample (left). A video of this in action is available in the Supporting Information.

To measure angles, the demonstration can be carried out on a sheet of plain paper and the edge of
the smartphone used as a ruler to draw straight lines. The angle can then be measured using any free
compass application running on the same phone (usually accurate to within a few degrees).40 If the
smartphone is not equipped with a magnetic field sensor, then a protractor can be used to measure
the angle of rotation.

Using this setup, the measured rotation of a sample of (R)-limonene of depth 0.4 dm was found to
be +56°, which corresponds to a specific rotation of +166°. (R)-limonene was chosen as it is the more
common isomer, and cheaply available from commercial sources (see Supporting Information for more
sample data and details of calculations). If this demonstration is to be conducted by students directly,
a sucrose solutions should be used instead as this poses no fire hazard.

The measured specific rotation of (R)-limonene is much higher than the literature value of +120° at
589nm, due to the aforementioned optical rotatory dispersion as the white light of the smartphone has
a significant blue component, as shown in Figure 3 below.

HAZARDS

Handling: Limonene, pinene, and carvone are irritants and students should not be allowed to work
with these solvents. The relevant material safety data sheet should be consulted before use and
institutional risk-assessment procedures should be followed prior to any demonstration. Limonene,
pinene, and carvone are also flammable, so care should be taken in line with institutional procedures

as with any flammable solvent. These solvents should only be handled by an experienced chemist
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wearing a lab coat, safety glasses, and gloves. Sucrose solutions should be used instead whenever
possible, to demonstrate qualitative effects.

Disposal: Sugar solutions can be disposed of down the sink. Organic solvents limonene, pinene
and carvone should be disposed of in line with your institutional practices for non-halogenated
solvents, or kept for re-use at a later date.

Further handling advice can be found in the Supporting Information.

OPTICAL ROTATORY DISPERSION

Optical rotatory dispersion is the phenomenon whereby the optical rotation of a sample depends
on the wavelength of the polarized light.41:42 Since classroom light sources are generally polychromatic,
demonstrations using classroom light sources have only been used to display the qualitative effects of
optical rotation to date. However, numerous prior authors have noted that you can observe optical
rotatory dispersion in the form of blue and red tinges to the transmitted light of a sample.10.17,22,25,43,44
These demonstrations usually used a broad-spectrum light source, such as the filament bulb of an
overhead projector, although some have used colored filters to narrow the spectrum of the light used.4>

The modern smartphone screen consists of red, green, and blue pixels. To emit white light of the
type used in our demonstration so far, all three colors of these pixels are illuminated. Due to variation
in the underlying technology, the spectral responses of these pixels are not consistent across different
models of smartphone, so the optical emission spectra of the author’s own phone was measured whilst
displaying red, green, blue, and white images (Figure 3). The spectral trace corresponding to white
light approximates a direct superposition of the other three, indicating that individual color families of
pixels are being activated by the images (although a small amount of blue light is present in each

image).
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Figure 3: The visible light emission of a Nexus 5 smartphone screen, displaying various colors of images, taken with a Si-Photonics CCD array
UV-Vis spectrophotometer. Experimental details can be found in the Supporting Information.

180
The specific rotation of a sample of (R)-limonene was then measured using the protocol in the

previous section, using red, green, blue, and white light, and charted, along with literature values at
various wavelengths and a value taken of the same sample using a manual Hilger-Watts polarimeter
(Figure 4).46 It can see from the presented trend that even though the colored light sources have a full
185  width at half-maximum (FWHM) of 40-100 nm, the rotational dependence on wavelength is visible —
the rotation angle of limonene is almost doubled when switching from red to blue light. White light
gives a specific rotation of 166°, which corresponds to an effective monochromatic wavelength of ~500

nm or a black-body radiation temperature of 5500K, about the same as that for a normal LCD screen.
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Figure 4: Wavelength dependence of the specific rotation of (R)-limonene, measured with a Nexus 5 smartphone. Path length was 4cm, and
specific rotation was calculated using the literature density of 0.842 g/ mL. Horizontal bars indicate the full width half maximum of the spectral
responses taken from Figure 3.

There is scope for further work around wavelength-specific optical rotation - for example, can an

accurate monochromatic optical rotation value be calculated, given only a broad-spectrum light source

and a single measurement taken with this light?

CONCLUSION
This demonstration has been used with first-year introductory organic chemistry lectures of

several hundred students, and could easily be adapted to a hands-on laboratory experiment where
students use their own smartphones to take optical rotation measurements. My hope is that this
demonstration will be useful in the teaching of optical rotation without time or expense, and will

further promote the use of practical demonstrations in large-group teaching.

ASSOCIATED CONTENT
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