EXERCISE 2

Reaction of Blue
Food C ’

INTRODUCTION

In the experiment, you will study the rate of the reaction
of FD&C Blue #1 (Blue #1 is denoted by E number
E133 in food stuff) with sodium hypochlorite (NaClO).
Since this reaction is very visible, you will use a
spectrophotometer to quantitatively follow the rate of
disappearance of the coloured reagent. Your data will
allow you to determine the rate law and to propose a
possible mechanism for the reaction.

Figure 1: FD&C Blue
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. ULTRAVIOLET - VISIBLE SPECTROSCOPY (UV)

Because of the extended conjugation of alternating double
bonds within the molecule, the IT- IT* absorption occurs in
the visible region of the spectrum at 628 nm. When the dye
reacts with hypochlorite, the colour disappears. Even though
the product of this reaction is not completely known, we
can still carry out rate studies with the reagents to determine
the mechanism that occurs. One possible explanation

for this reaction is that the bleach oxidises the central
methylene carbon atom so that the molecule no longer has
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Figure 2: Possible mechanism of FD&C Blue #1 reacting with the hypochlorite ion

The Rate Law:

The rate of a reaction can be represented either by the
disappearance of reactants or the appearance of
products. Since Blue #1 is the only coloured species in the
reaction, we can monitor the rate of the reaction shown
above by recording the decrease in the colour of solution
with time. That is:

d[Blue#1]

= k[Blue#1]2 [OCI']°
p [Blue#1]% [OCI]

Rate = —

Where the exponents a and b indicate the order of the
reaction with respect to each reagent, and k is the overall
rate constant for the reaction at room temperature.

The overall rate of reaction is the sum of a and b.

The square brackets, [ ], represent the concentration of
the given reagent. The objective of this experiment is to
determine the values of the exponents a and b and the
value of k at room temperature.
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the extend conjugation system and the IT- IT* absorption
of the less conjugated product occurs at a lower
wavelength outside of the visible region of the spectrum.

The product might be an alcohol compound depicted in
the reaction below. A study of how the concentration of
the reactants affect the rate of the reaction gives insight
into the mechanism and whether this simple explanation
might be correct.
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Beer-Lambert Law

In order to measure the concentration of the dye
solution over the course of the reaction you will be
using a spectrophotometer. The spectrophotometer

will be set to a wavelength, which corresponds to an
absorption peak of the dye (628 nm), and the absorbance
will be measured over the course of reaction.

Looking at the Beer-Lambert law:

A=¢cl

It can be seen that the Absorbance (A) is directly
proportional to the concentration (c); therefore, for this
experiment the absorbance will be used instead of the
concentration.
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Zero-order Reactions

These are reactions whose rate does
not change when the concentration of
a reactant changes. If this applies to
reactant A whose rate equation is:

Rate=k[A]*

Then the expression for [A]* must
always equal 1. This is achieved by
using the power zero; hence the
reaction is a zero-order reaction.

Rate=k[A]° which gives rate=k

First-order Reactions

This is where the rate of a reaction
is directly proportional to the
concentration of one species;
taking this species to be A, the rate
equation for reactant A is given as:

rate =k[A]" or rate=k[A]

Any such reaction is called a
first-order reaction with respect to A,
where [A] in the rate equation is the
value for the concentration of A.

If the concentration doubles, the rate
of the reaction will also double.
Another way of determining if a
reaction is first order with respect to
A is plot a graph of In[A] versus time.
If the plot results in a straight line then
the reaction is first order and the rate
constant k is equal to the slope of the
line (i.e. k=-gradient).

Second-order Reactions

This is where the rate of a reaction is
proportional to the concentration of
one species by a factor of 2;

taking this species to be A, the rate
equation for reactant A is given as:

rate=k[A]?

If the concentration doubles,

the rate of the reaction will quadruple.
Another way of determining if a
reaction is second order with respect
to Ais plot a graph of 1/[A] versus
time. If the plot results in a straight line
then the reaction is second order and
the rate constant k is equal to the
slope of the line (i.e. k=gradient).
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Figure: Graphs for a zero-order reaction (a) rate plotted against time,
and (b) concentration plotted against time.
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Figure: Graphs for a first-order reaction (a) concentration plotted against time,
and (b) In[A] plotted against time.
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Figure: Graphs for a second-order reaction (a) concentration plotted against time,
and (b) 1/[A] plotted against time.
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METHOD

Group Allocation:

GROUP VOL. OF DYE
SOLUTION (ml)

1 3.0

2 4.0

3 3.0

4 2.0

5 2.0
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VOL. OF DISTILLED VOL. OF BLEACH

WATER (ml) (ml)
1.0 0.5
0.0 0.5
0.5 1.0
15 1.0
0.5 2.0

Solution Preparation:

1.Pour 10 ml of the dye solution in to a small labelled
beaker. Pour 10 ml of the distilled water into a small
labelled beaker. Pour 10 ml of the bleach into a small
labelled beaker. These will be your stock solutions.

2.1n cuvette A place 4.5 ml of distilled water into it.
This will be your reference sample.

3.1In cuvette B, place the volume of dye solution that is
indicated in the table above.

4.n cuvette B place the volume of distilled water that is
indicated in the table above.

DO NOT ADD YOUR BLEACH SOLUTION YET

5.Take cuvette A and B, with your stock solution of bleach
over to the spectrophotometer. A technician will help you
with the running of the instrument.

ANALYSIS OF RESULTS

1.0n your worksheet find the natural logarithm of each
absorbance value. (Note: On your calculator this is
designated as “In”).

2.Again, in the same table find the inverse (reciprocal) of
each absorbance value.

3.Plot (using the graph paper provided) a graph of
In[Abs] versus Time.

4.Plot (using the graph paper provided) a graph of
1/[Abs] versus Time.

5.By inspection of the graphs, what is the order of the
reaction with respect to the dye?

6.Record a reference spectrum using your
reference sample.

7.Prepare your kinetics sample by first measuring out the
required volume of bleach. Quickly add the bleach to
your kinetics solution. Place the lid on the cuvette and
turn the cuvette over twice. Place the kinetics sample in
the spectrometer and record the absorbance over a
period time (i.e. two minutes) on your worksheet.

Practice run

Before carrying out the experiment using the
spectrophotometer do a test run. Prepare a dye
solution in a curvette and quickly add the bleach.
Place the lid on curvette and turn the curvette
over twice. Leave curvette on your workbench
and observe the colour change.

8.0nce the kinetic program has finished get a print-out
of all the data.

6.From the graph that appeared linear determine the
gradient (the rate constant k) of the graph.

7.0nce you have determined your rate constant place it
on the group result table provided and take note of the
other groups values.

8.Use the group results to determine b and the order
of the reaction with respect to the hypochlorite
concentration (a).

Rate= k [Blue #1]° [OCI]°
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