Internal assessment example 2: Distribution coefficients of ammonia

2920 Words

Investigation on the Distribution Coefficients of Ammonia between Water and three Different
Chloroethanes

INTRODUCTION
RESEARCH QUESTION

What effect does increasing the number of chlorine atoms on chloroethane have on the

distribution coefficient of ammonia between water and chloroethane? Commented [A1]: Research design, first strand:
Independent and dependent variables are included, and
RATIONALE there is a concise description of the system.

In class, the distribution coefficient, defined as the ratio of solubility of a substance between two
immiscible layers, was largely related to equilibrium. I, however, saw this as an opportunity to
explore the effects of polarity, as | saw a connection between the extent of dissolution of a
substance and its relative polarity. | decided to investigate how the difference polarities of the
immiscible layers may affect the ratio of substance (ammonia) dissolution, with the assumption that,
in terms of chloroethane, the extent of polarity was determined by the number of electronegative
chlorine atoms on the molecule in

BACKGROUND INFORMATION

The distribution coefficient, also known as the partition coefficient is the "concentration of ratio of
chemical between the two media at equilibrium."(Johanson, 2010) As per the definition, the

formula for determining the distribution coefficient at equilibrium is as follows

. lNH?.(aq)J
[NHz(0g;]

K
In this investigation, the aim is to find the distribution coefficient of ammonia, NHs, between an
inorganic solvent (distilled water) and various organic solvents.

The solute (NHs) will be found in both layers, however as a result of its relative polarity,
concentrations of ammonia in each solution will depend on the solvent's polarity. This
phenomenon occurs as per the Nernst Distribution law which states:

“When a solute that is soluble in each of two immiscible liquids distributes between the
two immiscible liquids, the solute distributes itself between the two liquids in such a way
that the ratio of its concentration or solubility in the two liquid layers is equal to a
constant known as the partition coefficient, Kec or distribution coefficient, K,”

Given that:

e The temperature is controlled
e Solvents are immiscible and dilute

t (www.ipc.kit.edu, 2016)
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e The solute does not react with either solvent Commented [A2]: Research design, first strand:
Provides a relevant background.

NH; is a polar molecule due to (a) its asymmetrical shape and (b) the presence of hydrogen Commented [A3]: Research design, first strand:

. - 5 . . Ammonia is a symmetrical molecule.
atoms bonded to a central nitrogen atom (Nelson, 2019). Ammonia's polarity and its ability to fat i ! Y

form intermolecular hydrogen bonds result in its being highly miscible in water, another polar
molecule with the ability to form hydrogen bonds. The organic solvents used, however, have
relatively low polarity and do not form hydrogen bonds. This will cause the concentration of
ammonia in the aqueous layer to be greater than its concentration in the organic solvent.

However, as more electronegative atoms (chlorine) are added to the organic solvents, the

solvents’ polarity will increase, allowing ammonia to dissolve to a greater extent. Commented [A4]: Research design, first strand: The
theory is concisely described, including some use of
HYPOTHESIS intermolecular forces.

As the number of chlorine atoms on chloroethane increases, so will the polarity (due to the

electronegativity of chlorine.) As polarity increases, the hydrophilicity and thus affinity to NH;

molecules will increase. This will cause the organic solvent to absorb more NH; increasing the

concentration of base in the solvent, and thus reducing the distribution coefficient.

From Thompson & Atteshlis 1986, it is known that the distribution coefficient of ammonia between

water and trichloroethane is 290. Based on this and the preceding assumptions Commented [A5]: Research design, first strand:
Reference values from a reliable source are reported.

1,1,2,2-tetrachloroethane will have a K value less than 290 and 1,2-dichloroethne will have a

K, more than 290. 1,1,1-trichloroethane will have a K, of 290. Additionally, as NHs forms

hydrogen bonds with water, it will have a much greater affinity to the inorganic compound,

causing the distribution coefficient to be greater than 1.
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Variables
Variable Type Variables measured Possible Effect on Data | How variable was
changed/measured/controlled
Independent Organic solvents The increase in the Three organic solutions,

number of chlorine
atoms will resultin a 1,2- dichloroethane,
larger polarity of the
solver.ﬂ anda greater 1,1,1-trichloroethane and 1,1,1,2-
solubility of ammonia. tetrachloroethane were used.

Dependent Volume of acid HCl acid was used in a titration to determine|the

used for titration concentration of base in each solvent.
Controlled Concentration of If there were any 1 molar ammonia stock solution was used for all

ammonia

Concentration of
acid used

impurities or errors in
the stock solution, they
would be repeated in
every test and thus
result in a systematic
error.

the three tests.

The same stock solutions of 0.01 molar (for the
organic solvent) and 0.5 molar (for the inorganic
solvent) were used.

Amount of solvents
between which the
Ky of ammonia is
observed

Amount of solvents
between which the K of
ammonia is observed
are controlled because
excess of solvents would
lead to a change in
concentration and thus
achange in Kp

All solvents were measured with use of
graduated pipettes to minimize error.

Temperature and
pressure

Temperature and
pressure may affect the
equilibrium constant
and thus the
concentrations of base
in each solvent.

AC used kept at constant temperature.
throughout practical. All tests were conducted at
sea level in the fume cupboard.

Amount of time
solvents were
mixed for and
amount of time
after which liquids
were separated.

Ideally, mixing would
allow the concentration
of ammonia in each
solvent to become
constant, and quick
separation would stop
the dynamic exchange of
ammonia between the
two layers.

Organic and inorganic solution were shook
rigorously for two minutes in separating funnel.

Immediately after the two layers had separated,
they were removed from the funnel and each
liquid was laced in a different beaker.

Indicator used

Indicator needs to be
comparable for
qualitative analysis.

Same stock of phenolphthalein was used to
indicate endpoint of titration.
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Commented [A6]: Research design, second strand:
The choice of type of compounds is explained. The
number used will not provide enough data to answer the
research question. There is no explanation regarding
the use of only three (the candidate admits this is a
limitation in their evaluation).

Commented [A7]: Research design, second strand:
Independent and dependent variables are identified.
The candidate explains how the dependent variable will
be measured.

Commented [A8]: Research design, second strand:
The candidate explains the method used to control
these variables.

Commented [A9]: Research design, second strand:
There is an honest attempt to control the temperature,
but choosing an air conditioner is not an adequate
choice. Considering the pressure is constant is an
oversimplification.

Commented [A10]: Research design, second
strand: The selection of indicator is stated here but
then explained in the evaluation.



APPARATUS

Internal assessment example 2: Distribution coefficients of ammonia

¢1,2-dichloroethane 50mL

e 1,1,1-trichloroethane SOmL

* 1,1,1,2- tetrachloroethane SOmL
® 25% lab grade ammonia, 13.4M
e Lab grade 12.0M HCI

¢ 5g Phenolphthalein powder

¢ 1M ammonia solution

¢ Separating funnel

e Timer (+0.1s)

e Marker

e Retort stand and clamp

e Burettes 2 (+ 0.01mL)

e Comical flasks

e Phenolphthalein

e 50ml 100% (or 95%) Ethanol
e Distilled water

e Measuring cylinders 10mL +0.1mL,
20mL £0.1m L, 50mL (+0.5mL)

RISK/ASSESSMENT|

Risk

Precautions

Use of IM ammonia solution Irritates skin and
eyes (Cleapss.org, 2019)

Wear suitable eye protection. Perform the
experiment in the fume cupboard.

Use of 1,2-dichloroethane: Long exposure
may cause nervous system disorders, kidnev
diseases and affect lungs, (ATSDR. 2001

Use of 1,1,1- tetrachloroethane. Long
exposure to high concentrations can cause
dizziness, headache, sleepiness, confusion,
nausea, difficulty in speaking and walking,
unconsciousness, and death. (RAIS, 2019)

Conduct experiment in fume cupboard; use
measuring cylinders to measure solvents
rather than pipettes to speed up process
and thus reduce exposure to chemical vapor.

Phenolphthalein:

May be harmful upon ingestion. May cause
irritation to the digestive tract, fever, blood
pressure increases or vascular effects.
Exposure to eyes may cause irritation.

Use of HCI. Mild irritant, long exposure may
cause damage to skin and eyes.

Wear protective goggles and conduct
experiment in fume cupboard. Do not
inhale, ingest or allow substance to come
into contact with body parts
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Commented [A11]: Research design, third strand:
Lists are not required if the candidate includes the
relevant details regarding instrument and size in the
method.

Commented [A12]: Data analysis, first strand: This
seems an unusual uncertainty, and it is inconsistent
with the value reported in the processing.

Commented [A13]: Research design, second
strand: The report identifies safety issues that need to
be addressed.
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ETHICAL AND ENVIRONMENTAL ISSUES

The organic solvents used in this investigation are highly flammable and form toxic gasses when

not kept in correct conditions. There were no ethical issues identified in the investigation as Commented [A14]: Research design, first strand:
The disposal of leftovers is not adequate.

living organisms were endangered in this experiment.

PROCEDURE

Preparation of solutions:

Preparation of 1M Ammonia

Diluting 25% lab grade ammonia, 13.4M to 100mL 1M ammonia solution Commented [A15]: Data analysis, second strand:
This concentration seems incorrect. However, it is the
Example Calculation: value reported in a number of tables available on the

internet and therefore the benefit of the doubt is given.
Standard Formula. mivi= myv,

Substitution
13.4 vi=1x 100mL = 7.46ml
1. Pour 7.46mL of 25% lab grade ammonia 13.4M into a 100mL volumetric flask
2. Make up the solution to the 100mL mark with distilled water.
Preparation of 0.5M HCI (Dilution from lab grade 12.0M HCI to 100mL. 0.5M HCI)
1. Pour 4.17mL of 12.0 M HCl into a 100mL volumetric flask
2. Make up the solution to the 100mL mark with distilled water
Preparation of 0.01M HCI (Dilution from 0.5 M HCl to 100mL 0.01M HCI
1.Pour 2.00mL of 0.5M HCl into a 100mL volumetric flask.
2. Make up the solution to the 100mL mark with distilled water.
Preparation of Phenolphthalein Indicator Solution (Mathe, 2017)
1. Weigh 0.5g Phenolphthalein powder
2. Add the powder to 50mL 100% (or 95%) Ethanol and stir well. Allow the powder to
properly dissolve in ethanol.
3. Make up the volume to 100ml by adding distilled water.
Experimental Procedure (Thompson & Atteshlis, 1985)
This practical must be conducted in a fume cupboard. Label all equipment accordingly (i.e.
beaker used to measure mL. organic solution must be labelled 'use for organic solution’.)
1. Measure 50mL organic solvent and 50mL of 1M ammonia solution in two separate Commented [A16]: Research design, second
measuring cylinders. strand: The temperature should have been monitored.

The values chosen result in low volumes in the titration.

2. Pour the contents of both the cylinders into a separating and shake vigorously for two A pilot would have helped to optimize the methodology.

minutes. Note qualitative data.
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3. Ensure the separating funnel is closed, and clamp it onto a retort stand.
Wait for liquids to separate. Ensure there is a clear distinction between layers and no
bubbles remain.

5. Run off the entire bottom layer (organic solvent) into a beaker. This is the stock solution
that must be used for all three trials.

6. Run off the aqueous layer into a separate beaker. This is the stock solution that must be
used for all three trials.

7. Prepare two 50mL burettes. Wash, rinse and fill one with 0.5M HCI for the aqueous

solution. Fill the other burette with 0.01M HClI for the organic solution. Commented [A17]: Research design, second
8. Prepare two conical flasks. Fill each with 20mL distilled water and 5 drops of strand: Titrations in non-aqueous systems result in
. several challenges. This exceeds the level of the course
phenolphthalein. and is allowed. Standardizing the titrant would have
9. Measure 10mL of aqueous solution in a measuring cylinder. (ammonia distributed in added value.

water.) Pour the 10mL solution into a conical flask.

10. Measure 10mL of the organic solution in a measuring cylinder. Pour the solution into a
conical flask (step 9.) At this point, the solutions in each conical flask should be pink

11. Place each flask under its respective burette (step 8.) Start with the aqueous solution.
Titrate the solution dropwise until it turns colourless. Note the reading on the burette, then
carefully refill the burette with 0.5M HCI.

12. Titrate the organic solution dropwise until it turns colourless. Note the reading on the
burette, then carefully refill the burette with 0.01M HCI.

13. Empty and rinse the conical flasks, then repeat steps 8-14 twice more using the same Commented [A18]: Research design, second strand:
equipment The candidate states there will be three trials.
Repeat this method with all the three organic solvents 1,2-dichloroethane, 1,1,1-Trichloroethane, Commented [A19]: Research design, third strand:

The diagram does not add value and is superfluous.
and 1,1,2,2- tetrachloroethane.

ﬁ Burette

Separating
DIAGRAM] funnel

Where the lighter liquid would T S :
be the water (aqueous/inorganic)

with dissolved aqueous ionde A - Tap
ammonia, and the heavy liquid . ConicalFlask
would be the organic solvent G

(dichloroethane, trichloroethane ;':imn

and tetrachloroethane.)

Figure 1(left) Showing separating fuel
containing immiscible liquids
(Neerthlp.com.nd.) Figure 6(right) slowing
set up of titration. (VAWD, n.d.
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RESULTS

Odor 3

QUALITATIVE RESULTS

Note. the following results apply to all three tests.

Table showing qualitative observations before, during and after several stages.

Organic Solvents had sweet smells. Ammonia bad a strong smell.

AN

_ -~ ~ | Commented [A20]: Data analysis, first strand: The
recording of the data is clear.

Mixing The Two | Both solvents were The solvents began to | The upper layer was
Solvents clear. One looked look transiucent. maore clear than (he
thicker than the other. | Bubbles formed n the | bounom Jayer.
bottom layer.
Adding One layer was quite Both separated layers looked pink. The same
Phenolphthalein | clear whilst the other amount of phenolphthalein gave a darker
tonked more clondy, pink colar n the wpper layer {morganic
layer} than in the botiom layer {orgenic.)
Titration Substance in conical As HCl was added. the | At the end point,
flask was quite pink. solution became both solutiens were
lighter and lighter, calorless.

QUANTITATIVE RAW ‘DATAL | Commented [A21]: Data analysis, first strand:

Reporting initial and final volumes would add clarity, but
the communication is precise. Values are not too
dispersed, but no outlier has been identified.

Table Showing Volume of HCl Added To Diluted Basic Solutions During Titration:

Note the diluted basic solution described contains 10ml base, 26ml distilled water and

five drops of phenolphthalein.

A NHsas) 53 5] 52 52
NHper 09 08 07 08
B NH 3aq) 52 49 49 50
T —— 09 08 08 0.3
3 NHagaq) 52 48 43 49
NHscrcey 72 6.6 66 63

PROCESSED DATA

Finding The Distribution Coefficient

To find the distribution coefficient of ammonia within the two solvents, concentrations of

ammonia (base) in both solvents must be known. These can be found using the formula:
mv;  MmpV,
EE

Finding the concentration in Tests A, B and C:

m; = concentration of HCI; m, = concentration of NH; to be found

vi = average volume of HCl added to neutralize base
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v>= volume of NHsin conical flask; n; = molar coefficient of acid

n2=molar concentration of base

As shown in the equation in the introduction, the molar coefficient of acid and base are both 1.

The formula can thus be rearranged as follows:

my vy

m, =
vz

Table Showing Calculations Done To Determine Concentration of Base In Each ‘Solventf

| Concentration

Tew | Base Formda

Test A Concentration of NHsaq my = myy | 0260
Conceniration of NHy(pcg) 10ml | 0.001

Test B | Concenwation of NH3l-aq) | 0.248
Concentration of NH3reiy ’ 0.001

Test C Concentration of NHqo0 0.245
Concentration of NHz(ree | 0.007

Test Formeda Substitution fro three | Distribution
signfcant fiewes) coefiiaent
Test A " __ 06 3194
x. = WNizaq)] ® ~ Do0DB14 |
Test B D [NH3(0|:‘)] K, = 0.248 2988
0.000823 |
Test € _ 0245 36.03
2" p.0DAED
ERROR CALCULATIONS

2 Test A is done with 1,2-dichloroethane; B with 1,1,1-trichloroethane and test C with 1,1,1,2-

tetrachloroethane.

Commented [A22]: Data analysis, first strand:
Numbering the tables would improve clarity.

Commented [A23]: Data analysis, first strand: The
processing is clear and mostly precise. There is some
inconsistency in the number of decimal places.

Commented [A24]: Data analysis, second strand:
The uncertainty is different to the value reported in the
list. 0.1 mL would be the usual value resulting from
propagating the initial burette reading (Vi) and final
burette reading (Vr), with the burette having + 0.05 mL
uncertainty. This is considered an honest mistake in the
list.

The processing of uncertainties includes some
inaccuracies.

N
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g Absolute Random Error:

Test | Sowrce of Random Error Absolute Readings | Total sum | Absolute
Uncertainty of readings | Random
error
A 10ml measuring cylinder +0.1 6 60.0 +2.0%
Burette readings [ 02 6 i8 16.6%
Total percentage uncertainty in Test A | 86%
B 10ml measuring cylinder | 40.1 6 600 12.0%
Burette readings | 0.2 6 17.4 +6.9%
Total percentage uncertainty in Test B | +8.9%
C | 10ml measuring cylinder | 01 | 6 | 600 +2.0%
Burette readings [+02 |6 | 353 +3.4%
Total percentage uncertainty in Test C | +£5.4%

Tabie Showing Caiculaiions To Determine
Formulae:

Total percentage error =

Towd Percerage Error And Systematic Ervor o Test B

Theoretical value — practical value

Systematic Error = percentage error — total random emror

Theoreticial Value

Total Percenigge Ermor for Tesi B

Theoretical Value of K,

Practical Valuc of K, obtained

Taotal Percentage Error on Kp

0

2983

+3.0%

Total systematic error i Test B

DISCUSSION and CONCLUSION

31

0— 4.8= +1.8%

It was found that the distribution coefficient of tetrachloroethane was lesser than that of

trichloroethane. However, it was also found that dichloroethane's distribution coefficient fell

between that of trichloroethane's and tetrachloroethane's- rather than dichloroethane having the

largest distribution coefficient of the three. This is explained below:

1,2- Dichloroethane has a as follows:

The electronegativity of chlorine is 3.2,

hydrogen is 2.2 (Organization, 2014) This results in the electronegativityL

at the ‘top' of the molecule (area with

both Cl atoms) to be a total of 6.4,

and the electronegativity at the 'bottom'

of the molecule (with four H atoms) to
be 8.8. The difference, therefore, in

electronegativities at the top

whilst the electronegativity of

/

| Commented [A25]: Data analysis, second strand:

{ Systematic errors are not stated with +.

Commented [A26]: Data analysis, second strand:
The candidate finds percentage difference that adds
value to the analysis.

~| Commented [A27]: Data analysis, third strand: The

processing of electronegativities is a bit simplistic. The
candidate should have considered the dipole moments
because the electronegativity differences are not
enough given that they ignore structural features. The
values for the dipole moments can be found in many
sources.

AN
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and bottom of the molecule is 2.4.

1,1,1-trichloroethane has a structure as follows:

In this structure, due to all the chlorine atoms being joined to

the same carbon atom, there is also large induced dipole

electronegativity on the 'left' side of the molecule is 9.6, and on

the 'right' 6.6. the difference in electronegativities in the molecules is, therefore, 3,‘0L

1,1,2,2-tetrachloroethane has a structure as follows:

In this structure the area containing two H atoms has an
electronegativity of 4.4, and the area containing Cl

atoms has an electronegativity of 12.8.

The difference in these electronegativities is 8.4, rendering this

molecule the most polar. This value may not be entirely accurate due to the asymmetry of the

The greater the difference in electronegativities, the greater the polarity. The greater the polarity,
the greater the extent of dissolution of ammonia, and thus, the smaller the distribution
coefficient. 'The relationship between the difference in electronegativities has been shown in the

graph below;

Commented [A28]: Data analysis, third strand: The

candidate considers the dipole moment although only
qualitatively and attempts to explain it as a result of the

| differences in the electronegativity values.

Commented [A29]: Conclusion, first strand: The
candidate interprets the data. The analysis is based on
only three compounds. The processing is
oversimplified—using differences in electronegativities

| rather than the dipole moments.

Commented [A30]: Data analysis, third strand: The

candidate uses critical thinking and shows awareness
that the structure of molecules limits the simple
consideration of electronegativities, however valence
shell electron pair repulsion (VSEPR) theory is in the

| syllabus and dipole moments easy to find.

Commented [A31]: Conclusion, first strand: The
candidate realizes they are not considering the
structures correctly.

AN
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Graph showing relationship between dsitribution
coefficient and difference n electronegativity

ient
w
=
]

Distribution coeffiici
b

2 3 5
Difference

[
]
o
1.

This graph shows that the change in distribution coefficient with respect to the increase in

molecules tested.

In this investigation, the effects of increasing the number of chlorine atoms on chloroethane was
explored, with reference to the change in polarity and what effects it had on the distribution
coefficient. It was predicted that as the number of chlorine atoms increased, the polarity would
increase, which was justified in the discussion with the electronegativities of Cl and H atoms.

The ultimate prediction was that as the number of Cl atoms increased, the distribution coefficient
would decrease. The results found fully agreed with the hypothesis, and thus allow for

the question “What effect does increasing the number of chlorine atoms on chloroethane have on

distribution coefficient of ammonia between water and chloroethane?" to finally be answered.

As the number of chlorine atoms on chloroethane increase, the polarity increases and the

distribution coefficient decreases These results are summarized in the table below:

Solvent | Distribution Ceefficient | Difference in electrongalivities
| 1,2 dichloroethane 319 |22

1,11 trichloroethane 2982 30

11,2 2 tetrachloroethane 35.03 84

These results have been graphically demonstrated in the discussion. The graph is not ‘completely{ -

linear, likely due to the asymmetry of dichloroethane and tetrachloroethane, explained in this

discussion. The total percentage error of Test B, +3.0%, showed that the practically obtained

Commented [A32]: Data analysis, second strand:
| Including R2 would add value.

|| Commented [A33]: Data analysis, third strand: The

processing is correctly and accurately done. The

'/| candidate is trying to establish a trend, which is not

possible with only three values.

Including the equation for the function would add value,
| enabling a quantitative analysis.

Commented [A34]: Conclusion, first strand: The
candidate explains the results, making use of the
| polarities in each molecule.

Commented [A35]: Conclusion, first strand: The
conclusion answers the research question with
limitations. The candidate identifies the relationship is
not linear, but from a qualitative analysis. The impact
resulting from structures was previously addressed, but
not well explained.

C ted [A36]: Conclusion, first strand: The
hypothesis is addressed, and the candidate answers
the research question to a limited extent. Mere addition
and subtraction do not suitably justify the use of
differences in electronegativities. The conclusion is

| described qualitatively.

Commented [A37]: Conclusion, second strand: The
candidate describes the conclusion, making some
| reference to the relevant scientific context.

AN
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distribution coefficient was quite accurate, and due to the lack of literature values and the
similarity of random errors in test B and C, it was assumed that they had the same percentage
error as Test B. The total systematic error derived from the percentage error was +1.8%. The
random errors yielded for test A, B and C were +8.6%, +8.9% and +5.4%.

EVALUATION

The aim of this experiment was to determine the effect of increasing the number of chlorine
atoms on the distribution coefficient. The range of chlorine atoms chosen was from 2 to 4 (di to
tetra), an appropriate range to address the research question. The data provided from this range
of solvents was sufficient in answering the research question, as the results were concluded and
showed a clear trend in the change in distribution coefficient with change in number of chlorines.
The original method had to be altered to address the research question

rather than testing the distribution coefficient of just one solvent, the distribution coefficient of
three had to be investigated. The indicator used was also changed to phenolphthalein, as methyl
orange, suggested in the original method, would not provide a notable colour change for the
solvents tested.

The random errors propagated in this practical were similar between all three tests, due to the
uniformity of equipment used and small readings taken. The errors for tests A, B and C were
+8.6%,48.9% and +5.4% respectively. The benefit of these errors lies in that they allow for the
linearity of the distribution coefficients with respect to polarity. The minute systematic errors in
this experiment, although only quantitatively determined for test B (+1.8%) may have been
caused by the conditions in which the practical was conducted; the practical was conducted in a
fume cupboard with exhaust fans on which may have changed the movement of particles in the
highly volatile organic solvents (ultimately increasing the temperature which drastically affects
equilibrium.) They may also be a result of some errors in the making of stock solutions.

This investigation leaves scope for many further improvements: to address the random errors and
improve precision, more accurate equipment may be used, and more trials for each solvent may
be taken. To address the systematic errors, and improve the overall accuracy of the experiment,
control of the exhaust fans is recommended to ensure that the temperature of the solvents does
not increase. The one anomalous point (of dichloroethane) on the graph provided, showing that
the digression of the distribution coefficient with increase polarity was not properly linear,

provides scope for further investigation: it may be investigated how the structural configuration

@ Chemistry assessed student work

Commented [A38]: Conclusion, first strand: The
conclusion considers the impact of errors on results.
Both systematic and random errors are identified, but
the direction of the former is not stated.

Commented [A39]: Evaluation, first strand: The
candidate fails to identify that the limited number of
points for the independent variable does not allow them
to fully answer the question.

Commented [A40]: Conclusion, first strand: The
trend found is not clear and using only three solvents is
not a good decision.

Commented [A41]: Evaluation, second strand: A
realistic improvement is introduced during the pilot, and
it is explained.

Commented [A42]: Research design, second
strand: Explains the choice of indicator.

Commented [A43]: Conclusion, first strand: The
trend is not linear.

Commented [A44]: Conclusion, first strand: The
random and systematic errors are taken into account.

Commented [A45]: Evaluation, first strand: The
temperature was not recorded and this claim is not
based on any presented evidence.

Commented [A46]: Evaluation, second strand: The

suggested improvements are of generic nature and not
realistic. Candidates should only consider instruments

available in their schools.

Commented [A47]: Data analysis, first strand: The
candidate identifies an anomalous value.

Conclusion, first strand: There is no further
explanation on the anomalous value, but the candidate
realizes the trend is not linear.
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of molecules affects their practical polarity with reference to the distribution coefficient. A wider

range of solvents (chloroethanes) must also be taken into consideration, as on the basis of a

graph, three points are insufficient in determining the relationship between the polarity of a Commented [A48]: Evaluation, first strand: The
candidate admits the number of points is insufficient.

molecule and its number of chloroethanes. It may also be useful to explore more properties of the
Evaluation, second strand: The improvements are

solvents used (i.e., electronic configuration, molecular structure, polarity and potential to make stated.

bonds.)
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