Synthesis of Benzocaine
Introduction and Research Questions
Benzocaine is a local anaesthetic used commonly in antiseptic lotions and in after- sun products.
The aim of our experiment was to synthesis Benzocaine from a sample of 4-amino benzoic acid; using techniques unique to working in a chemistry laboratory. We
would then develop our analysis skills to determine the purity of our product.
• Is it possible to conduct the synthesis of 4-amino benzoic acid to produce benzocaine, using the techniques learnt both in the classroom and the laboratory?
• Is it possible to determine the yield and purity of the product using chemical analysis techniques?

Method:
1. 4-aminobenzoic acid (1.35g) was added to a mixture of ethanol and sulphuric acid (10cm3) in a round bottom flask before adding bumping granules and swirling the
mixture to form a suspension.
2. The apparatus for reflux was set up, the water flow was started, and the heater switched on until a gentle boil was maintained.
3. The solution was left to boil for three hours.
4. Meanwhile, the melting point and an infrared spectra of both 4-aminobenzoic acid and pure benzocaine was measured.
5. After the 3 hours the heater was switched off and the solution was allowed to cool.
6. Aqueous sodium carbonate (40cm3 0.5moldm-3) was added into a round bottom flask and using a pipette, small portions of the reaction mixture was added to this.
7. The while precipitate formed was collected using filter paper and a Buchner Funnel, before rinsing the solid with ice cold water.
8. The product was vacuum dried, transferred into a watch glass, and allowed to dry in an oven for 30 minutes.
9. After this, the watch glass containing our product was weighed, and the percentage yield was calculated.
10. The melting point and infrared spectra of the product was recorded.
11. The benzocaine was analysed further using a Nuclear Magnetic Resonance and High Performance Liquid Chromatography.

IR Spectroscopy
Infrared Spectroscopy is used to identify the presence of the
functional groups present in the molecule. The spectrum is
unable to display the molecular mass of each molecule, but it
produces an image that is unique to a particular molecule. If
the spectrum is the same as the pure product’s, it is pure.

Mass Spectroscopy/ High Performance Liquid Chromatography
Mass Spectroscopy relies on the difference in molecular mass between different
organic molecules to identify a sample. If the product matched the mass
spectrum of the pure benzocaine, then a pure product was created.
All the results obtained are significantly similar to the results from the pure benzocaine sample. This shows that the product we have synthesised is very pure and the aims have been completed to a high standard.

Melting point
Melting point of pure 4-amino benzoic acid/ °C
Knowing what the substance is, the melting point can be used to determine the
Melting point of pure benzocaine/ °C
purity. Comparing the expected melting point1 with the product’s melting point
Melting point of product/ °C
can indicate the purity of the synthesised product.
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NMR
Nuclear Magnetic Resonance (NMR) determines both the amount and placement
of protons present in a molecule, which can then be used to determine the bonds
present. Results similar to the pure sample show that the product produced is
correct and pure.

Evaluation
All the results obtained are significantly similar to the results from the pure benzocaine sample. This shows that the product we have
synthesised is very pure and the aims have been completed to a high standard.
1. Shkurenko, G. (2016). Diffusion kinetics of the ion exchange of benzocaine. Russian Journal of Physical Chemistry, 90(6), pp.907-912.

Introduction
“Binary stars are two stars that share a gravitational link and simultaneously orbit their common centre of mass” (1). One of the ways that scientists work out the mass of
stars is by “measuring their gravitational interaction with other objects” (2). “Information about the two stars can be deduced from study of spectral lines emitted by the
stars that are Doppler-shifted as a result of their orbital motion” (2).
It’s useful to use a binary system to find individual stars’ mass is because “when two objects orbit one another, their mass can be calculated very precisely by using
Newton’s calculations for gravity. The data collected from binary stars allows astrophysicists to extrapolate the relative mass of similar single stars” (3).
We did an experiment which imitated two stars rotating about a centre of mass.

Method
1)

2)
3)

4)

5)
6)

7)

8)

Equipment should already be set up as shown on
the side, about a meter away form a microscope,
with bubble wrap in between to avoid reflection of
sound. This microscope should be connected to a
computer
with
spectrogram
16
open.
First of all, connect the system to the oscilloscope
and measured the frequency of the speaker.
Disconnect the circuit from the oscilloscope and
connect it to the power pack which makes the ruler
stick spin so the Doppler Effect can be measured.
Measure how many times the speaker completes a
full cycle by using a stop watch to measure 10
cycles and divide it by 10.
Turn the power pack and the speaker on and the
programme will pick up the signal.
Record the frequency of the signal by hovering the
cursor over the maximum and minimum points,
and finding the mean.
Save it, and log the values. Click points along the
line making sure to be accurate. Copy and paste the
results into excel and work out other values for the
equation by using the formulae.
Make a graph out of the results and do the same
thing using the frequency reading from the
oscilloscope at the beginning and add to the graph.

Figure 1: The binary system
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Figure 2: Set up to model the binary star system.

Figure 3: Simplified binary system

Figure 4: Our results. The orange line is the theoretical results we should have achieved – this
is a sin graph. The pink line is our actual results.

Evaluation
The results broadly followed the trend of the theoretical results, however there was deviation.
This could be because of the background noise in the lab. To improve the experiment, it would be ideal to be in an quiet or silent room so that only the sound
emitted from the speaker would be picked up by the microphone.
Furthermore, there is a possibility that some sound waves reflected off of the computer screen or another surface would interfere destructively with the
sound travelling towards the microphone, which would have a huge impact on the results. Soft panelling could be used to avoid reflection, destructive
interference and echoes.
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The Sensuino
A prototype for home automation with the aim of improving quality of life.

What does it do?
It collects data on the surroundings, such as temperature and light intensity, which it then uses to provide a useful output such as turning the fan on when it gets
above a certain temperature to make the home owner feel comfortable. It also has other useful functions such as turning on the lights when it gets too dark. In
addition, the Sensuino displays the collected data on a LCD (Liquid Crystal Display) which can provide useful information for any homeowner.

Default screen which shows the
data being collected, measured
and updated every 750ms

How it works

Darkness threshold screen which
allows the user to change at what
level of darkness which they want
the lights to turn on.

Fan speed screen which allows the
user to adjust the fan speed
regardless of the temperature

The Sensuino prototype is built using an Arduino, a microcomputer that is commonly used in embedded systems, as its foundation and allows us through the
use of programming to interact directly with hardware such as LEDs, LCDs, motors and sensors. Our current prototype utilises a thermistor to measure
temperature, a photoresistor to measure the intensity of light and a LCD to output the data and allow the user to change the settings such as the intensity of
light at which the user wants the lights to turn on and also the speed of the fan.

The thermistor is a sensor used to measure the temperature and it works
by resisting the current based on the temperature of the environment,
the higher the temperature, the greater the resistance. Our software that
is uploaded on the Arduino will measure the current and then convert
this through the use of a formula to degrees Celsius. Depending on this
temperature the motor, controlling the fan, spins faster or slower to
lower the temperature.

The photoresistor is used to measure the intensity of light and will also like
the thermistor resist the current based on the light intensity, the darker it is
the lower the resistance. The software in this case based on the custom
threshold set by the user will turn on the LEDs based on the intensity of light.

The current version of the prototype currently uses a motor as the fan, the
speed of the motor is dependent on the flow of the current and we can adjust
this through the use of our software which increases the current if the
temperature is higher which in turns spins the motor faster.

A light-emitting diode is a two-lead semiconductor light source, that emits
light when current is supplied. Our prototype uses four LEDs, which turns on
based on the threshold value of the intensity of light set by the user and
measured by the photoresistor.

Real Life Applications
Home automation is the future and the industry is rapidly growing, with IoT (Internet of Things)
becoming cheaper and more accessible, the Sensuino is the basis of any home automation
system. It automatically adapts based on the environment without any input from the user. It is
very easy to think of our prototype in a limited sense, but it can be applied to a variety of
situations. For example instead of a motor, the system could be hooked up to an air conditioning
unit, in place of the LEDs we can have an expensive chandelier in the lounge.

References: https://www.arduino.cc/reference/en/
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Solving Connect Four with Game
Theory
How is Game Theory related to
Maths?

History of Connect 4

Game theory is a branch of applied maths that
allows us to model and analyse zero-sum games
between intelligent rational decision makers.
Connect 4 is an example of a game that can be
modelled and “solved” using game theory.

Victor Allis

Howard Wexler

Connect 4 was made in February 1974 by Howard
Wexler, but was only perfectly “solved” in 1988 by
Victor Allis and James D. Allen. The game involved
two players playing on a 7x6 board trying to make a
row of 4. The objective of the game and the rules
sound simple but the proof for such a winning
strategy is extremely complicated and can only be
derived by a computer.

Fact
There are over 4,531,985,219,092
different ways to fill a Connect 4 grid!

Figure 1

Number of legal 7 X 6 Connect-Four positions after n moves

The perfect strategy to Connect 4
Connect 4 was “solved” in 1988 by Victor Allis and
James D. Allen, they proved that Player 1 will always
win if playing perfectly in 41 moves or less, they also
proved that the only way to win when against
someone who also knows the perfect strategy is to go
in the middle. Anywhere else will result in a draw or
loss. The only problem is that the perfect strategy is
extremely complicated and humans cannot possibly
compute every position.

Did you know?
Chess is another zero-sum game with two players.
However the computational power to “solve” chess
is too high for current computers!
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