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Figure 4 Transparent and solid surfaces for SO, SO, and H,SO,, calculated using Spartan '10, version
1.0.1. The calculations for all three molecules were performed using the B3LYP density functional quantum
mechanical model at the 6-311-G** basis set level. The electron density shown is 0.22 electrons per cubic
bohr (1 bohr=5.292 x10-""m).

Further reading

Purser, G. (1999) Lewis structures are models for predicting agreement between electron density calculations and Lewis
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Purser, G. (1989) The significance of the bond angle in sulfur overcoming philosophical confusion in chemical
dioxide. Journal of Chemical Education, 66, 710-713. education. Journal of Chemical Education, 87(5),

Purser, G. (2001) Lewis structures in general chemistry: 552-558.

Christopher Talbot teaches IB Chemistry, Philosophy and Theory of Knowledge at Anglo-Chinese
School (Independent), 121 Dover Road, Singapore 139650, Republic of Singapore.
Email: mctalbot@singnet.com.sg

Diet drinks and Mentos: a novel twist on an old favourite
Paul C. Beaumont, Andrew Boswell and Christopher Lloyd

The phrase exocharmic was introduced into the available to educators, particularly those involved
literature to describe those (chemical) reactions in teaching in schools and colleges.

and/or demonstrations which ‘fascinate, allure or A very popular and striking demonstration
delight the observer’ (Ramette, 1980). In SSERC is the so-called Diet Coke™/Mentos™

we actively pursue (see, for example, Adams eruption (Wikipedia — see Websites). A detailed

et al.,2012; Beaumont, 2011) opportunities to add  explanation of the scientific principles involved
to the variety and number of exocharmic systems has been published (Coffey, 2008a) together
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with a description of how the Diet Coke/Mentos
experiment can be used as the basis for student
investigations (Coffey, 2008b). A number of video
clips of the experiment exist but, in our opinion,
one of the most spectacular is available on the
Eepybird website (see Websites). Virtually any
carbonated drink can be substituted for the Diet
Coke, including tonic water. Interestingly, tonic
water contains quinine, which, when illuminated
with ultraviolet (UV) light, emits a blue
fluorescence. We thus wondered whether it might
be possible to produce a fluorescent rainbow
based on carbonated drinks/Mentos eruptions. Our
results are summarised in this Science note.

Materials and methods

The light source used was a 365nm XX-40BLB
lamp from Ultra-Violet Products Ltd (Trinity
Hall Farm Estate, Nuffield Road, Cambridge
CB4 1TG; see Websites). Because the
fluorescence from the samples is best observed
under reduced lighting levels (preferably when
one’s eyes have become dark-adapted), it is
important that precautions to reduce exposure to
UV light, especially of the eyes, are taken.

In all experiments reported here, we used
‘diet’ carbonated drinks because any residues that
are produced are less ‘sticky’ and are more easily
removed. Where indicated, proprietary brands
of drinks were used without special preparations
being made; for example, Schweppes Diet Tonic
Water was used. In most of the experiments
reported, we used Premium Diet Lemonade from
Tesco — this choice was based on two key factors:

® Dboth container and lemonade were
non-fluorescent when viewed under UV light

@ the drink was on ‘special offer’ on the day of
purchase.

Rhodamine B and rhodamine 6G dyes were
drawn from laboratory stock (both had been
originally purchased from Sigma-Aldrich; see
Websites) and used without further purification.
Aqueous stock solutions of the dyes were
prepared at a concentration of 5% 10 *moldm
(the molecular mass of both rhodamine dyes is
479 gmol ") and appropriate aliquots (typically
30-40cm?) of these solutions were added
to bottles (1 dm®) of diet lemonade at room
temperature. To produce green fluorescence, we
used Tesco Lemon All Purpose Cleaner and, in this
case, approximately 40 cm? of undiluted cleaner
was added to a bottle (1 dm?) of diet lemonade.

Science notes

Mentos were placed in a ‘geyser tube’, which
allows for a controlled release of Mentos into the
bottle containing the carbonated drink. Geyser
tubes are available from a number of sources
including Amazon (see Websites) and a typical
experimental setup is shown in Figure 1.

Those familiar with the Diet Coke/Mentos
experiment and its variants will know that
significant volumes of liquid can be released and
this activity is not normally performed indoors.
The experiments described here require the
environment to be blacked out or, at the very least,
lighting levels should be kept to a minimum and
for this reason it is convenient to perform the
experiment indoors. Consequently, you will need

Figure 1 Geyser tube arrangement with three Mentos
in place; removal of the pin (located just underneath
the Mentos) releases the Mentos into the bottle
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to consider how best to reduce the effects of
spillages. We place our carbonated drinks bottles
(1dm?) in the centre of a large paddling pool and
we find that, of the 500 cm? of liquid typically
released (the actual volume released depends on a
number of factors including the number of Mentos
used and temperature of the carbonated drink), at
least 90% of this volume falls back into the
paddling pool. In line with good laboratory
practice, we recommend that the demonstrator
wears eye protection. Clearly, it is important to
avoid directing the liquid at any electrical (for
example, ceiling lights) or sensitive equipment and
we recommend that the UV lamp should be kept at
a minimum of 2m from the drinks bottle.

Safety note

None of the experiments here present significant
health and safety risks provided standard
laboratory practices are observed. Eye protection
to reduce exposure to UV light should be worn
by those carrying out the experiment. We
recommend that the experiments, as described,
should not be carried out by students.

At the final concentrations used, the fluorescent
dyes do not pose significant health risks although
care should be taken when handling pure
rhodamine dyes and undiluted Tesco Lemon

All Purpose Cleaner. When preparing stock
solutions of rhodamine dyes, appropriate care
should be taken to avoid skin and eye contact.

Results and discussion

We purchased a variety of carbonated drinks
from our local supermarket and tested them for
fluorescence under UV illumination. Tonic water,
because of its intrinsic ability to fluoresce (owing
to the presence of quinine, which has a high
quantum yield (®y) of fluorescence), can be used
in combination with Mentos to produce a visually
stunning demonstration when using a UV lamp as
the light source (Figure 2).

Other than tonic water, the only other possible
candidate for inclusion in our ‘commercially
available’ rainbow was Red Bull, although
the level of fluorescence was low under UV
illumination compared with that obtained from
tonic water. We did get quite excited after buying

a bottle of Mountain Dew Energy, only to find that

the yellow-green fluorescence we observed was
from the container rather than the contents!
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Given the absence of suitable commercially
available fluorescent drinks, we decided to add
fluorescent materials to diet lemonade to provide
us with a range of colours of the rainbow. Our
choice of fluorescent dye was based on a number
of criteria:

water solubility

availability

high yield of fluorescence

UV absorption properties

low toxicological concerns at the
concentrations used.

Shortly into our investigations we encountered
difficulties, yet to be overcome, in identifying
water-soluble dyes which when illuminated with
the UV lamp available to us gave rise to suitably

Figure 2 Diet tonic water + Mentos eruption; the
illumination was from a 365nm UV lamp located just
out of the camera’s view




intense fluorescence in the violet and far-red
portions of the spectrum. However, we have made
good progress with other parts of the spectrum
and the results we obtained are shown in Figure 3.

The amount of fluorescence emitted by
a sample is related to: (i) the fluorescence
efficiency (that is, the ratio of emitted photons to
absorbed photons); and (ii) the extent to which
excitation light (in this case 365nm) is absorbed
by the sample (Haugland, 2002). The fact that
the fluorescence fountains observed are not all
of the same light intensity can be explained by
consideration of these two factors. We would
be keen to hear from anyone who can suggest
dyes that display fluorescence in the violet or red
portions of the spectrum and that additionally
meet the criteria stated above.

It had been our original intention to use
fluorescein as one of the chosen dyes but the
observed yield of fluorescence was rather low
under the conditions used. In part, the explanation
for this is that @y for fluorescein is pH dependent.
At pH 3 (the approximate pH of the lemonade
used), @y is reduced by about 90% compared
with that at pH 7 (Haugland, 2002). Tesco Lemon
All Purpose Cleaner contains the trisodium
salt of 8-hydroxypyrene-1,3,6-trisulfonic acid
(also known as pyranine or Solvent Green 7)
as the fluorophore (information from www.
detergentinfo.com) and the yield of fluorescence
is appreciable and apparently not affected by
changes in pH.

We recognise that the costs of the rhodamine
dyes used in these experiments may be beyond
the scope of many school budgets in the current
economic climate but we expect that access to diet
tonic water and Tesco Lemon All Purpose Cleaner
should not be too problematic. If you have a UV
lamp and a room that can be blacked out, we
thoroughly recommend that you try one or more
of the fluorescent combinations described here —
in our view, they are indeed exocharmic.
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Science notes

A B C D

Figure 3 The Mentos eruption in the presence

of fluorescent dyes and illuminated with 365nm
UV light. In each case, two Mentos were added
via a geyser tube. A: tonic water; B: lemonade +
Tesco Lemon All Purpose Cleaner (40cm?® cleaner
added to 1dm? of lemonade); C: lemonade +
rhodamine 6G (1.5 x 10-°moldm~?); D: lemonade +
rhodamine B (1.5 x 10-°moldm3).
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Websites

Amazon — geyser tubes: www.amazon.co.uk/s/
ref=nb_sb_noss_1?url=search-alias%3Daps&field-
keywords=geyser+ttube.

Eepybird — The Extreme Diet Coke & Mentos Experiments:
www.eepybird.com/featured-video/the-extreme-diet-
coke-mentos-experiments/.

Sigma-Aldrich: www.sigmaaldrich.com.

Ulta-Violet Products Ltd: http://uvp.com.

Wikipedia — Diet Coke and Mentos eruption: en.wikipedia.
org/wiki/Soda_and candy_eruption.
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Wavenumbers in infrared spectroscopy

Christopher Talbot

The technique of infrared spectroscopy and
analysis of infrared spectra is studied in the
modern analytical chemistry option of the current
International Baccalaureate (IB) Chemistry
programme and is also present in some A-level
Chemistry syllabi.

Students (and teachers) are often puzzled by
the use of wavenumbers (with units of reciprocal
centimetre, cm!) on infrared spectra, rather than
the more familiar wavelength or frequency. A
few older A-level texts use wavelength in pm but
modern texts invariably use wavenumbers.

The wave number (¥) is defined as the
number of waves in 1 cm. The wavenumber
is the reciprocal of the wavelength /4 (in cm).
Wavenumber (1/2) is proportional to frequency (f)
and hence to energy (E):

c=fx; v=1/2; E=hf=hc/l; hence v=E/hc.

Wavelength does not have a linear relationship
with energy and so is misleading on a vibrational
spectrum graph when plotted in this way

Although the relationship above justifies
the use of wavenumbers it does not explain its
preferential use. One mundane reason may be that
the numbers for frequencies in Hertz are too high
and that the numbers for wavelengths in metres
may be too small. The wavenumber may just be a
convenient unit for spectroscopists.

However, consulting the Wikipedia entry
for wavenumber suggests that it may also be an
historic oddity. Wavenumbers were first used by
Rydberg, who formulated his Rydberg equation in
terms of wavenumbers. This equation uses Bohr
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theory to describe the wavelengths of the spectral
lines of many chemical elements.

1/A=Ry -
where n, and n, are integers, with n, greater
than n,. Ry is termed the Rydberg constant and
is known accurately from experiment to be
109677.581 cm™.

Later, spectral lines were explained using
quantum theory as differences between energy
levels, energy being proportional to wavenumber,
or frequency. However, spectroscopic data kept
being tabulated in terms of wavenumber rather
than frequency or energy. This is because some
spectroscopic instruments are typically calibrated
in terms of wavelength, independent of the value
for the speed of light or Planck’s constant.

Professional spectrometers use reflection
gratings, which are essentially mirrors scored
with many parallel lines spaced at a distance d
from each other. The value of the grating spacing
d determines the angle 6 at which light of a
wavelength 4 is strongly reflected. The governing
equation is nA=dsin 6, where n is a whole number.
So wavelength is the primary quantity measured
by a spectrometer, with d the underlying scaling
factor to convert angles into wavelength. The
grating spacing d is usually quoted in ‘lines per
mm’ or ‘lines per cm’, reflecting the underlying
manufacturing process whereby the mirror is
moved along by a screw thread after each pass of
the scoring head. ‘Lines per cm’ has units of cm™,
suggesting that d ! is actually the primary scaling
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