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Sándor Kunsági-Máté
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September 11, 2016

Contents
1 Investigating the temperature dependence of drug decomposition

3

2 Determination of selectivity coefficient of ion-selective electrode

7

3 Determination of dissociation constants of weak acids with conductometry
11
4 Electrochemical study of the catalytic oxidation of vitamin C

15

5 Investigation of sucrose inversion with polarimetry

18

1

Drug decomposition – GYB”
”

1

Investigating the temperature dependence of
drug decomposition

1.1

Introduction

During this practice we study the pseudo first-order hydrolysis reaction of acetilsalicilic acid. The rate constant of a first-order reaction can be written as:
k=

1
z
ln
t z−x

(1.1)

where t is time, z is the initial concentration of the reagent, x is the concentration
of the product at time t.
The reaction rate depends on temperature, which is stated in the Arrhenius law :
E
d ln k
=
dT
RT 2

(1.2)

k = Ae−E/(RT )

(1.3)

after integration:

and
E
(1.4)
2.303RT
A is the preexponential factor, E is the activation energy, and R is the universal
gas constant (R= 8.314 J/Kmol). The factor 2.303 is the conversion form ln to lg.
Activation energy can be obtained graphically if we take the slope of the function
lg k − 1/T and multiply it by 2.303 × 8.314. The dimension in this case for E is
J/mol. If we measure k on two different temperatures (k1 and k2 on T1 and T2
temperature), activation energy can be calculated as follows:
lg k = lg A −

E = 2.303 × 8.314 lg

1.2

k1 T1 T2
k2 T1 − T2

(1.5)

Practice procedures

Alkaline hydrolysis of acetylsalicylic acid (Fig. 1.1) is a pseudo first-order reaction. The reaction is quite slow on room temperature, therefore we conduct our
measurements at a higher temperature. To determine the rate constant k, we need
to know the change in concentration of the reactants or the products as a function of
time. In this practice, we will use spectrophotometry after forming an Fe3+ salicilate
complex by adding FeCl3 to the samples. The complex has a deep violet color, and
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Figure 1.1: Alkaline hydrolysis of acetylsalicylic acid.
its absorbance is directly proportional to the concentration of the complex, therefore
to the concentration of the product salicilate as stated by Lambert-Beer’s law :
A = lc

(1.6)

where A is absorbance,  is the molar decadic absorption coefficient, l is the
length of the solution block the light is passing through, and c is the concentration.
We take known volumes of samples from the alkaline reaction vessel, and suddenly
decrease [OH− ] and temperature by adding NaOH and putting the samples on ice. If
the measured absorbance is above 2 A.U., dilution is necessary, since over this value
the relationship between c and A is not linear anymore. To determine the product
concentration at t = ∞ (which equals to the reactant concentration at t = 0), we
take samples at the and of the practice. We carry out the measurements at two
different temperatures, determined by the instructor (usually 313 and 353 K).
Pulverize an Aspirin tablet in a mortar with the help of a pestle, dissolve it a
small amount of deionized water, then filter it into a 100 cm3 measuring flask, and
fill it up to 100 cm3 . This will be the stock solution. The stock solution obtained in
this way will be most likely saturated1
Starting and following the reaction:
(a) Determining the initial concentration z of acetylsalicylic acid. Pipette 2-2 cm3
sample from the stock solution into two Erlenmeyer flasks with bottlecaps (low
and high temp.), and add 3-3 cm3 0.25 M NaOH solution to them. Put them
into the two thermostats after labeling them. At the end of the practice we stop
the reaction. It should be complete, but we should treat these solutions as the
others to rule out any artifacts. Stop the reactions” by adding 2-2 cm3 0.25 M
”
HCl solution and 3-3 cm3 FeCl3 , then fill the flasks up to 100 cm3 with deionized
water.
1
An Aspirin tablet has 500 mg acetylsalicylic acid in it, and its solubility in water is 2 - 4 g /
L, depending on temperature.
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(b) Determining concentration x at time t. Put one half of the remaining stock
solution into an Erlenmeyer and the other half into another Erlenmeyer flask.
Close the flasks, label them, and put them into their respective thermostats. Add
5 cm3 buffer solution (ask the technician), and start a stopwatch. By adding the
buffer solution the reaction starts (t = 0). Without taking out the flask, take
2 cm3 samples from them at 15, 20, 25, 30 and 35 minutes after the reaction
has started, and put them into separate, labeled 25 cm3 measuring flasks you
prepared beforehand. Prepare them by adding 0.5 cm3 0.25 M HCl solution
(this will stop the alkaline hdydrolysis), and 0.5 cm3 0.1 M FeCl3 solution (to
form the complex and make the product visible for spectrophotometry). Fill
the remaining volume in the 25 cm3 flasks with deionized water. Start the two
reactions by shifting one by 1 − 2 minutes, so you don’t have to take samples at
the same time from the two reactions.
Measuring absorbance and calculating concentration. Both the initial and
the instantaneous concentration at time t will be measured spectrophotomertically.
Find the users manual next to the instrument, or ask the instructor to help. To
calculate the concentration from absorbance use the factor b = 8.3 (mol/dm3 )/AU .
This is the concentration of the theoretical solution, whose absorbance is 1 AU, if
d = 1 cm, where d is the length of solution block in the path from source to detector.

1.3

Results to submit

1. Measured and calculated data in table (use table 1.1 as reference).
2. Calculate the rate constants (table 1.2.) for both temperatures, and calculate
standard deviation2 .
3. From the temperature dependence of the rate constant, calculate the rate
constant for 20 ℃-on (293 K) graphically by plotting lg k as a function of 1/T .
4. Calculate E and A by substituting into the integrated form of the Arrhenius
equation:
(a) E [kJ mol−1 ]
(b) lg A [s−1 ]
(c) A [s−1 ]

2

Standard deviáció, s =

q

Σ(xi −x)2
n−1
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Table 1.1: Measured and calculated data.
T = ... K, z = ... mg/100 cm3
reaction time, s dilution A x, mg / 100 cm3 (z-x), mg / 100 cm3
...
...
...
...
...

1

k, s−1
...

Table 1.2: Temperature dependence of the rate constant.
T, K 1/T k (average), s−1 lg k standard deviation
...
...
...
...
...

6
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Determination of selectivity coefficient of ionselective electrode

2.1

Introduction

Ion-selective electrodes are potentiometric sensors, that allow the selective determination of the activity of certain ions. They are widely used in the clinical
diagnostics for routine measurements: automatic blood analisators measure the Na+
and K+ -ion activity in blood samples. One more example is the determination of
F− -ion in tap water, even if there are interfering ions such as Cl− or OH− . Their
function is based on a selective membrane, which can be ionophore based (Na+ and
K+ ), or lattice vacancy based (F− ). An example for the latter is the F− ion-selective
electrode, which is based on a europium doped lanthanum fluoride crystal.
The equation that describes the behaviour of these electrodes is the Nernstequation:
E = E0 +

RT
ln(ai )
zi F

(2.1)

where zi is the signed valence of the primary ion (the ion that the electrode is
selective to), ai is its activity. According to the equation, for cation elective electrodes the electrode potential (E) is increasing with increasing actvity, and for anion
selective ones, it decreases. Because of deviations from the theoretical behaviour, in
practice, we use the following, experimental equation:
E = E 0 ± Sln(ai )

(2.2)

where S is the slope of the linear part of the electrode calibration curve, which
can be measured. In real, multi-component samples, the potential of the ion-selective
electrodes is influenced by the so-called interfering ions, but in fact, more or less by
every ion in the sample to some (small) extent. For this reason, using eqs. 2.1 and 2.2
will introduce error during evaluation. To take into account these deviations we use
the concept of selectivity coefficient (kpot ). With this we can rewrite the equations
as such:
"
#

X
RT
z /z
E = E0 +
ln ai +
kij aj i j
zi F
j

(2.3)

This is the Nikolsky equation. aj is the activity of the jth interfering ion, zj
is its charge, kpot i, j is the selectivity coefficient of the jth ion. The selectivity
coefficient shows how much more sensitive is the electrode towards the primary ion,
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Figure 2.1: Using the mixed solution method to determine the selectivity coefficient.
then towards to the interfering ion. For instance, if k = 10−2 , the activity of the j
ion must be hundredfold of the i primary ion to have the same effect on the electrode
potential (increase or decrease it to the same extent). There are two main methods for
determining the selectivity coefficient: the mixed and the separate solution methods.
In the mixed solution method, ion activity of the j interfering ion is constant,
and we increase the activity i primary ion, and measure the potential response. After
plotting the data fig. 2.1, we find Q. Then, we calculate the selectivity coefficient as
follows:
z

pot
ki,j

(a j )Q
= i zi
aj

(2.4)

When using the separate solution method, we need to record two calibration
curves. First, at zero interfering ion activity, we make a calibration of primary ion i,
then at zero primary ion i activity, we make a calibration plot of interfering ion j.
After obtaining these two curves, the selectivity coefficient can be obtained as seen
in fig. 2.2, taking either
(a) activities corresponding to the same potentials:
pot
ki,j
=

ai
zi /zj
aj

(2.5)

(b) or potentials corresponding to the same activities:
pot
lg ki,j
=

(E2 − E1 )zF
∆E
=
2.303RT
S

(2.6)

There are a number of factors that influence the selectivity coefficient: ionic
strength, method, etc... As it can be seen, from relationships 2.5 and 2.6, the draw8

Physical chemistry lab. practice for pharmacy students

2

Ionselective electrodes – SZEL”
”

A

EMF
(mV)

B

EMF
(mV)

E1
E=f(ai)

E=f(aj)
E2

E2

E=f(ai)

E1
E=f(aj)

Log(ai,j)

ai

aj

Log(ai,j)

ai

aj

Figure 2.2: Determining the selectivity coefficient with the separate solution method
for positive (A) and negative (B) ions.
back of the separate solution method is that it assumes, that the valence of the
primary and interfering ion is equal, and that the sensitivity towards them is the
same. For this reason, selectivity coefficients obtained with this method are regarded
as approximations, and the much better mixed solution method is preferred.

2.2

Practice procedures

The purpose of this practice is to study the function of potassium or fluoride
ion-selective electrodes (ask the instructor which one). Your first task is to prepare
a dilution series of soluions of the primary ion. Use salts KCl or NaF. Prepare 100
ml 10−2 mol·dm−3 solution using a salt of the primary ion. Then make a tenfold
dilution by taking out 10 ml from this solution, and putting it in another, clean
100 ml measuring flask. Fill it up to 100 ml with deionized water. Continue making
dilution by always using the previous solutions, until you reach a concentration of
10−6 mol·dm−3 . Pour a small amount of each into separate, labeled beakers, so that
the electrodes can submerse into them with their active area. Then start with the
most dilute solution by putting the measuring and the reference electrodes into it.
Wait 1 minute, and write down the potential. Move on to the next solution (10×
more conc.), wait another 1 minute, and record the data. Carry out measurements
in all five solutions advancing from dilute to concentrated, repeat it altogether 3
times. Carefully rinse the electrodes between series.
2.2.1

Determining the selectivity coefficient using the separate solution
method

Repeat the previous procedure, but use a salt of the interfering ion to prepare
the first solution, the do the dilutions. It’s important to use deionized water free of
potassium, sodium, chloride and fluoride ions as much as possible. Ask the technician
Physical chemistry lab. practice for pharmacy students
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for ultrapure water.
2.2.2

Determining the selectivity coefficient using the mixed solution
method

For this method prepare another dilution series by using a salt of the primary ion,
but instead of deionized water, use a 10−2 M solution of the interfering ion as solvent.
In this way, the interfering ion concentration will be constant in all of the solutions,
but the primary ion concentration will vary just like in the first experiment.

2.3

Evaluation

1. Find the activity coefficients for the primary and interfering ions online, and
calculate the activities from the concentrations.
2. Plot the lg ai – E functions as seen in the diagrams above.
3. Determine the slope of the linear part by linear fitting for each graph.
4. Determine the lower limit of detection of the electrode towards the primary
ion (Q when there is no interfering ion).
5. Calculate the selectivity coefficients using all 3 methods (1 mixed solution
method and 2 separate solution methods).
6. For the separate solution method, plot the two curves in the same diagram.

2.4

Results to submit

Lower limit of detecction towards the primary ion, 2 selectivity coefficients from
the separate solution method, and 1 from the mixed solution method. Five calibration diagrams, each with linear fits on the linear section.

10
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Determination of dissociation constants of weak
acids with conductometry

3.1

Introduction

According to Ohm’s law, the current passing through between two points and
the potential difference between those two points are in linear relationship:
U =I ·R

(3.1)

where R is the factor of proportionality, called electrical resistance. Its dimension is ohm (Ω).
Specific resistance is the longitudinal resistance of a conductor which is 1 m long
and has a cross section of 1 m2 (1 mm2 in practice).
In electrochemistry it is often more simple to use the reciprocal of these quantities. The reciprocal of resistance is conductivity, its dimension is Siemens, S = 1/Ω.
The reciprocal of specific resistance is specific conductivity. The specific conductivity
of an electrolyte is the conductivity we measure if the two electrodes have a surface
area of 1 cm2 , they are 1 cm apart, they are made of an inert metal (gold, platinum),
and they are submersed in the electrolyte. Its dimension is S · cm−1 . It depends on
concentration, temperature, and it’s a unique property of every material.
Molar specific conductivity (Λm ) is the ratio of the specific conductivity and the
concentration:
Λm =

κ1000
= κV
c

(3.2)

where c is concentration (mol·dm−3 ), and V is dilution.
Kohlrausch found that the limiting molar conductivity (molar conductivity of
an infinitely dilute solution) of anions and cations are additive: the conductivity of
a solution of a strong electrolyte is equal to the sum of conductivity contributions
from the cation and anion:
Λ0m = λ0a νa za + λ0k νk zk

(3.3)

where za , zk are the valence of the ions, νa , νk are stochiometric factors, λ0a and
λ0k are the limiting molar conductivities for the anions and the cations.
The conductivity of weak electrolytes can be described as follows:
λc = αλ0
Physical chemistry lab. practice for pharmacy students
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where α is the degree of dissociation, λ0 is the limiting molar conductivity. The
dissociation constant Kd of a weak acid can be calculated from its concentration and
its degree of dissociation:
Kd =

α2 c
1−α

(3.5)

It is worth noting however, that Kd – based on the Debye-Hückel theory – depends on the permittivity of the media and temperature.
If we express α from 3.4, we get Ostwald’s law of dilution:
Kd =

λ2c c
λ20 − λ0 λc

(3.6)

That means we can determine Kd from conductometric measurements. λc can
be measured directly, while λ0 can be obtained with the following method. By rearranging eq. 3.6 we get
1
1
1
= λc c
+
2
λc
Kd λ0 λ0

(3.7)

If we plot 1/λc as a function of λc c (which is nothing but κ), we get a straight
line whose y interception is 1/λ0 . And knowing λc and λ0 we can calculate Kd .
Additionally, we have to consider these:
(a) The solvent also contributes to the conductivity of the solution. Therefore we
substract the conductivity of the pure solvent (Gsolvent ) from each measurement
carried out in the solutions of that solvent.
(b) In practice, we don’t use the conductivity cell from the definition of specific
conductivity. Instead, the more practical bell electrodes” are used. To obtain
”
specific conductivity from the conductivity values measured with these cells, we
multiply every value with the cell constant C (dimension: m−1 or cm−1 ).
The cell constant shows the relationship between solution with a known specific
conductivity (κref ) and the conductivity measured with cell used in practice
(Gmeasured ):
C = κref /Gmeasured

(3.8)

Based on this, we can calculate the contribution of solute to the conductivity of
the solution: κkorr = (Gsolution − Gsolvent )C, where κkorr is the specific conductivity of
the solution taking into account that of the solvent and the cell constant.
Therefore, specific molar conductivity of a weak acid is:
12
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λ = κkorr V

(3.9)

1
λc

*
*
*

α

*

* * * *
tgα =
1
λo

1
K d λ20

λc⋅c
Figure 3.1: Obtaining the limiting molar conductivity (λ0 ).

3.2

Practice procedures

Rinse the electrode of the conductometer several times (4 - 5) with deionized
water, the with ultrapure water (κ < 1 µS/cm). Ask the technician for ultrapure
deionized water.
Prepare 20 v/v% solution from an alcohol selected by the instructor. Then prepare two weak acid solutions (the weak acid is also selected by the instructor), from
the stock solution (1 mol·dm−3 ) by pipetting 2.00 cm3 into two 100 cm3 measuring flasks, and then filling one with the 20 v/v% alcohol solution, the other with
ultrapure deionized water up to 100 cm3 .
Carry out the conductivity measurements in a measuring cilinder. Pour the water based solution into the cilinder and measure its conductivity. Then, pipette 25
cm3 from the cilinder into a clean 50 cm3 measuring flask, fill it up with ultrapure
deionized water (2× dilution), and measure the conductivity of the new solution
after carefully rinsing it with ultrapure deionized water. Repeat the dilution and
measurement 3 times. Then do the same with the alcohol based solution, but using
the 20 v/v% alcohol solution for the dilutions and rinsing.
Note and record the temperature measured by the built-in thermometer of the
electrode for each measurement.
Finally, measure the conductivity of the solvents as well (for the correction).
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Figure 3.2: Schematics of a conductometric cell. 1 - bell electrode”, 2 - platinized
”
platinum rings, 3 - electrical connection, 4 - double walled vessel, 5 - magnetic stirrer.
Then, to obtain the cell constant, measure the conductivity of 0.01 M KCl solution,
and write down the temperature as well. Based on table
Figure 3.2 shows the schematics of a conductometric cell. A well-defined, inert
electrode pair is submersed into an electrolyte, and the voltage drop between them
is measured. Alternating current is used to avoid polarization and electrolysis.

3.3

Evaluation

1. Calculate the cell constant. Present the recorded data in such a table:
c (mol · dm−3 ) Gmeasured
...
...

κkorr (S · cm−1 ) λc
...
...

1/λc
...

λc c α Kd
... ... ...

2. Determine λ0 graphically. Knowing λc and λ0 , calculate α and Kd for each
concentration.

14
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Electrochemical study of the catalytic oxidation
of vitamin C

4.1

Introduction

In this practice we will use an electrochemical method, voltammetry to study
the catalytic oxidation of vitamin C. It is an essential vitamin for humans. Its spontanaeous oxidation is well known:
C6 H8 O6 + 1/2O2 = C6 H6 O6 + H2 O

(4.1)

The reaction is catalyzed by multivalent metal ions. If there is excess oxygen,
the reaction becomes pseudo first-order. In this case, the measured rate constant is
an apparent rate constant. Let’s look at a simple reaction:
A+B =P

(4.2)

In this reaction, product P is formed from reactants A and B. The rate equation
is
d[A]
d[P ]
=−
= k[A]
(4.3)
dt
dt
To determine k, we can either measure the change in [A], [B] or [P ] as a function
of time t. Consider the change in [A]. Assume, that the initial (t = 0) concentration
is [A0 ]. Then we can solve the differential equation 4.3 by integrating:
v=

Z

[A]

[A0 ]

d[A]
= −k
dt

Z

t

dt

(4.4)

0

The solution is:
[A]
= −kt
[A0 ]

(4.5)

[A] = [A0 ]e−kt

(4.6)

ln
and

In a first-order reaction, concentration changes exponentially in time, and the
logarithm of concentration changes linearly as a function of time. By using eq. 4.6,
we can decide if a reaction is first-order or not. This can be done by plotting ln[A]
as a function of time, and see if the points fit on a line or not. If they do, it’s a
first-order reaction, and the slope is the rate constant k.
Physical chemistry lab. practice for pharmacy students
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Practice procedures

We will use voltammetry to determine the concentration of ascorbic acid at any
time t. First, make a calibration plot:
1. Start by preparing 50 ml 10 mM stock solution, dissolved in deionized water.
2. Then take a clean 20 - 50 ml beaker, and measure 10 ml of 0.1 M NaCl solution
into it. Place the beaker on a magnetic stirrer, and put a magnet into the
beaker. Put the electrodes into the solution. We will use carbon paste working
electrode, Ag/AgCl reference electrode, and a platinum auxiliary electrode.
3. Record a cyclic voltammogramm from 0 to 0.8 V, with a scanrate of 100 mV/s.
Adjust the current range if necessary.
4. Then start increasing the ascorbic acid concentration (now it’s zero), by adding
small volumes (30 µl) from the stock solution. Record a CV after every addition. Repeat it 10 times, so you have 11 measurements. Now you have data
for the calibration curve. Calculate the concentrations at home. (For example if you add 100 µl, c = n/V = (0.1 mol · L−1 × 0.0001 L)/0.0101 L =
9.9 · 10−3 mol · L−1 .) Prepare a table to record the data in. (First column:
added total volume of ascorbic acid, second column: anodic peak current, ipa .)
Then, we will follow the catalytic oxidation of ascorbic acid by measuring its
concentration with voltammetry:
1. To study the catalytic oxidation of ascorbic acid, we will use a double walled,
thermostatted reaction vessel. Start the thermostat. Put 80 ml of 0.1 M NaCl
solution into it. Add 100 µl of 0.1 M CuCl2 . This will serve as a catalyst.
2. Start the oxygen pump. This serves two purposes. First, it supplies the reaction
with plenty of oxygen, so it becomes pseudo first-order. Additionally, it stirs
the solution.
3. Take a small sample out, and record a CV the same way you did in the calibration measurements. The volume doesn’t matter, but it should be enough
for the electrodes to have their acitve area submersed. Put the sample back
into the reaction vessel after the measurement is complete.
4. Add 1 ml of stock solution to the reaction vessel. Start a stopwatch at the
moment of addition. This is when the reaction starts.
5. At t = 5, 10, 15, 20, 25, 30, 35, 40 minutes, take samples and record a CV in
them. Always put the sample back into the reaction vessel.
16
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4.3

Results to submit

1. Cyclic voltammogramms of the calibration measurements.
2. Cyclic voltammogramms of the measurements for the catalytic breakdown.
3. Calibration plot (c − ipa ). ipa is the anodic peak on the CV. Its magnitude is
proportional to the concentration of ascorbic acid. This relationship is what we
will use in the determination of the concentration. From the calibration plot,
the concentration of ascorbic acid in an unknown solution can be determined
from the anodic peak.
4. t − c table for the catalytic breakdown. First column: time, second column:
concentration of ascorbic acid calculated from the anodic peak currents, using
on the calibration plot.
5. lnc − t plot. This is the plot on which you should fit a linear equation. Its
slope will be the rate constant. This is the end result of the practice. Write a
conlcusion: Rate constant of the catalytic breakdown of ascorbic acid, based
”
on my measurements in these conditions (list conditions here) is k = ...s−1 .
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5

Investigation of sucrose inversion with polarimetry

5.1

Introduction

The purpose of the studies in reaction kinetics is to reveal the underlying mechanisms, for which the knowledge of the order or partial order regarding the reactants
is really helpful. The general rate equation for homogeneous reactions is:
r = k[A]βa [B]βb ...[N ]βn

(5.1)

where βa , βb and βn are the partial order of the respective reactants, and β =
βa + βb + ... + βn is the overall order of the reaction.
If there is concentration – time data available and we know the order of the
reaction, the rate constant can be calculated.
Using the rate equations. It is possible to use the indefinite integral form of
first order reactions for graphical evaluations:
ln

[A]
= −kt
[A]0

(5.2)

Plotting ln[A] as a function of time we get a staright line, whose slope is −k,
the rate constant (fig. 5.1). Note that the slope of the ln([A]/[A]0 ) − t and ln[A] − t
functions are the same, since ln([A]/[A]0 ) = ln[A] − ln[A]0 and ln[A]0 is constant.
Usually concentration is not measured directly, but a quantitiy that is proportional to concentration is measured. We will denote this quantitiy as z in general.
It is easy to see that the difference between z0 at time t = 0 and z∞ at time t = ∞
is proportional to [A]0 and the product concentration at the end of the reaction

[A ]
[A 0 ]

ln

[A ]
[A 0]

*

*
*

*

*
*

*
*
t

t

Figure 5.1: Determining the rate constant of a first order reaction.
18
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(t = ∞), if there is a linear relationship between z and [A]. Then, it is possible to
express the concentration [A] at any time t if the measured signal zt at time t and
z∞ is known. Substituting to eq. 5.2, we get
ln

z∞ − zt
= −kt
z∞ − z0

(5.3)

Guggenheim’s method. To use eq. 5.3, to determine the rate constant of a
first order reaction, the knowledge of the physical parameter z at both t = 0 and
t = ∞ is necessary. When the reaction is too fast or too slow however, measuring
z0 or z∞ might prove to be problematic due to technical difficulties. To circumvent
these difficulties one could use Guggenheim’s method. To do this, measure zt at
t1 , t2 , t3 , ..., tn and at t1 + ∆t, t2 + ∆t, t3 + ∆t, ..., tn + ∆t, where ∆t is a constant time
interval. For instance if we measured z at t = 12, 18 and 27 seconds, and ∆t = 30s,
we measure z at 42, 48 and 57 seconds as well.
z

*
*
*
*
*
∆t

*
*

*

*

∆t
t1

t2

t1+∆t

t2+∆t

t

Figure 5.2: Determining the rate constant of a first order reaction using Guggenheim’s method.
First we substitute t and t+∆t into the exponential form of eq. 5.3, then rearrange
the resulting equation:
zt − z∞ = (z0 − z∞ )e−kt

(5.4)

zt+∆t − z∞ = (z0 − z∞ )e−k(t+∆t)

(5.5)

Then substract eq. 5.5 from 5.4 to get
ln(zt − zt+∆t ) = −kt + ln(z0 − z∞ )(1 − e−k∆t )

(5.6)

The second term on the right side is constant, since z0 and z∞ does not change
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during the reaction (we don’t add or remove reactants or products), and ∆t − t was
chosen to be constant. Thus, if we plot the left side as a function of t, we get a linear
equation, whose slope is k, the rate constant. Notice that for this method to work,
we don’t need to know either z0 nor z∞ . It must be mentioned however that one
should choose ∆t carefully, preferably it should be as big as possible. The estimation
will be more precise if we measure in a small range of conversion, and ∆t approaches
the half life (t1/2 ) of the reaction.
Method of initial rates. Usually it’s not possible to follow the concentration
changes of all components in a reaction, nevertheless, the reaction order and rate
constant is possible to measure anyway. Let’s take a logarithm of both sides of eq.
5.1:
ln r = ln k + βa ln[A] + βb ln[B] + ... + βn ln[N ]

(5.7)

If we keep the concentration of every component constant except for example
A, and we measure the rate constant at several different [A]0 , the we get a linear
equation when we plot ln r as a function of ln[A]0 . The slope of this equation is βa ,
the partial order with respect to A. This is true only at low conversion range, ie.
the initial part of the reaction. The measurements must be done at time instances
when t << 0.05t1/2 .

5.2

Investigating the inversion reaction of sucrose

Sucrose is a disaccharide, which undergoes hydrolysis in acidic medium. As a
result, D-glucose and D-fructode are being produced:
C12 H22 O11 + H2 O = C6 H12 O6 + C6 H12 O6

(5.8)

If the solution is dilute enough, this becomes a pseudo first order reaction, because the concentration of water”does not change significantly. The reaction occures
”
in neutral solutions as well, but very slowly. Dilute acids will catalyse the reaction,
and the reaction rate will be proportional with the concentration of the acid. Since
the reaction can be regarded as first order reaction, with eq. 5.3 the rate constant
can be calculated if we measure a physical parameter that is proportional with the
concentration of any of the components in the reaction. In this practice we will use
rotation of light that is passing through the solution. In our system there are several
optically active components: the solution of sucrose rotates light to the right (+),
the products rotate light to the left (−). This phenomenon is a result of the chirality
of chemical compounds. The speed of light in the optically active media is different
20
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Table 5.1: Reaction
# sucrose
1
2
3
4

mixtures to study sucrose inversion as a function of time.
solution, ml HCl solution, ml deionized water
10
10
0
10
8
2
10
5
5
10
2
8

for light polarized to the right and left. Thus, there is a shift in phase when light hits
the detector. If we use polarized light, there is only light with a certain rotational
angle, and it’s possible to measure the phase shift.
In a cuvette with a length l, rotation is defined by
10πl
(nl − nd )
(5.9)
λ
where λ is the wavelength of light in cm, nl is the refractive index of light polarized to the left, nd is that of light polarized to the right. Specific rotation is
the rotation angle which is observed in a solution with a concentration of 1 g/cm3
when l = 1 dm. Since rotation depends on waveength and temperature, usually it is
referenced to the D line of sodium for either 20 or 25 ℃.
α=

5.3

Practice procedures

Prepare 100 cm3 30 m/m% sucrose solution and 50 cm3 5 M HCl. To have a
complete reaction at the end of the practice, first assemble the following reaction:
10 cm3 sucrose solution + 10 cm3 HCl. Put it in a 50 ℃ thermostat. By the end of
the practice, the reaction should have been undergone completely. Leave it there for
now, and continue with the t = 0 solution. Do this by creating a solution of 10 cm3
sucrose solution + 10 cm3 H2 O. In this solution the reactions proceeds quite slowly,
and it will not change significantly during the practice. This is the initial state, since
there is only sucrose in the solution, and no glucose or fructose. You can take your
time and familiarize yourself with the polarimeter.
Turn on the Krüss P1000-LED polarimeter. This instrument is using LEDs as
light source, therefore there is no need for warmup. Ask the instructor or the technician if you don’t know how to use it. Measure the rotation of light in the t = 0
solution. Start recording in such a table:
t, minutes z, degrees
...
...
Prepare 2 of reaction mixtures from table 5.1 (ask the instructor which 2).
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Prepare the solutions in a large enough, clean beaker. Stir the mixture thoroughly
and start the stopwatch when you pour tha last component into the beaker (it should
be the sucrose or the HCl solution, but NOT water). This is when the reaction starts.
Then quickly fill the cuvette of the polarimeter with the reaction mixture and put
it into the polarimeter (don’t forget the caps). Start reading rotational angles at a
60, or if you can handle it a 30 s interval. Write down in the table the time and the
angle at that time. Collect altogether 25 points for each reactions.

5.4

Evaluation

Evaluate the collected data according to this table:
# of reaction: ... , z0 = ... degrees, z∞ = ... degrees
t, minutes zt , degrees zt − z∞ ln(z0 − z∞ ) − ln(zt − z∞ ), degrees k, 1/s
...
...
...
...
...
Plot the 4th column as a function of time t, and determine k graphically as well.
Calculate k with Guggenheim’s method too. Choose at least 15 minutes for ∆t. Plot
ln(zt − zt+∆t ) as a function of t, and determine k from the slope.
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