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INTRODUCTION

The surface tension of liquids is frequently utilized within science
and the environment. Water (H2O) has the second highest
surface tension of known liquids of 72mN/m (Laurén, 2023). This
high surface tension has supported ecosystems by aiding
Insects and raise the xylem tissues of plants within bodies of
water, making surface tension of water a crucial part of the
environment (Georgia Tech Biological Sciences, 2024). Due to
Issues with climate change and ocean acidification, the balance
and properties of ocean water is altering, causing changes
within the surface tension (Union of Concerned Scientists, 2019).
This raised the qguestion of how increased acidity of water
affects its surface tension and modifies the impact it has on the
environment. This investigation explored the affect acidification
has in a body of water.

AIM

The aim of the
experiment was to
determine the impact of
acidification on the
surface tension of water
in relation to ocean
acidification.

HYPOTHESIS

If the acidity of the
solution increases, the
surface tension will
decrease due to
molecular interactions.

SURFACE

=========
.-------*.
.*-**-.

Surface tension—molecules at the surface
form stronger honds

BACKGROUND INFORMATION
SURFACE TENSION

Surface tension is the chemical property of the surface of liquids
and their ability to resist external force (Water Science School,
2019). The surface tension of liquids is caused by the attraction of
particles on the surface layer and is determined by
intermolecular forces within the fluids. The properties of liquids
make it difficult to move a substance through liguid due to the
strong attractive forces of the molecules near the surface, as
shown in Figure 1({Laurén, 2023). Surface tension is only directly
measurable for liquids (Kibron, 2022).
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BACKGROUND INFORMATION

WATER AND HYDROGEN BONDING

Hydrogen bonding is an intermolecular force that forms a type of dipole-dipole attraction when
a hydrogen atom is bonded to an electronegative atom. It is the strongest type of intermolecular
force and generates high surface tensions (Byjus, 2022). Water is able to form 4 hydrogen bonds,
causing it to have an extremely high surface tension, as seen in figure 1. On the surface of water,
molecules only interact with molecules underneath them and the water molecules experience
interactions in all directions, causing the net force of the molecules to face inwards, which is
illustrated in figure 2 (University of Hawaii, 2024). Due to their hydrogen bonds, water molecules
are attracted to each other, resulting in strong intermolecular forces in the surface causing
molecules to contract and resist against being stretched or broken, as shown in figure 2 (Lauréen,

2023),
ACIDS

Acids are chemical substances which contain hydrogen ions and are capable of donating a
proton (Byjus, 2018). They have a lower pH and density compared to water, and exhibits 3
Intermolecular forces: London dispersion forces, Dipole-Dipole forces and hydrogen bonding
(Shah et al, 2022). When reacted to bases, they form salts as the cations of the base is combined
with anions of the acid. Acids can be identified by observing the number of hydrogens in each
substance before and after a reaction. The decrease of hydrogens indicates that the substance is

an acid as it donates hydrogen ions (Byjus, 2018).

Vinegar is acetic acid which is a carboxylic acid
with the chemical formula of CHzCOOH, as
shown in figure 3. Acetic acid, also known as
ethanoic acid has a carboxylic acid functional
group which can produce hydrogen bonding
and dipole-dipole interactions. Like water, it is A
polar substance causing its molecules to attract
with water molecules when forming a solution
(Extramarks, 2022). This creates a homogenous
mixture where the water molecules are dissolved
Into the vinegar molecules (Toppr, 2020).

N
H-C-C

H b—H

Lemon juice has the chemical formula of
C6H8OY7, consisting of water, citric acid and
carboxylic acid, as shown in figure 4 (AL-Jabr,
2018). Lemon juice has the density of
approximately 1.66g/cm?= When it is added to
water, the acid dissociates into charged cations
and anions, forming a homogonous mixture with
water (Vedantu, 2020).
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CHOICE OF METHOD

This experiment was done in the same environment, ensuring a
tighter control of variables, and is easily repeatable, which makes it
eqgsier to examine the effects of the independent variable on the
dependent variable.

This investigation uses the capillary action to find the surface tension
of the solutions. Capillary action utilizes adhesion and cohesive forces
which create the strong forces between liquid molecules and cause
liquids to stick to solid surfaces, resulting in the rise of the liquid up the
straw. The height the liquid rises is used to calculate the surface
tension with the formula S =phga/2, where g stands for acceleration
due to gravity, h is the height the liquid rises above water, a is the
radius of the thin tube, p is the density of the liquid and S is the surface
tension (Ruff, 2022).

Table 1: Variables

WHY IS THIS
A FAIR TEST?

To ensure a fair test,
there must be one
variable that is changed
(independent variable),
one that is measured
(dependent variable),
and all other variables
kept the same (control
variable), allowing the
experiment to determine
the affect of the
Independent variable on
the dependent variable.
The variables of this
experiment are shown in
Table 1. The experiment
wWaQas also repeated twice,
with the average
measure taken, to
Increase the accuracy
and reliability of the
practical. To maintain
the credibility of this
experiment, potential
biases (systematic and
random) were avoided.

Independent Variable

The concentration of acid in the solution (%)
Surface tension of solutions (J/m?)

Type of Water

Type of vinegar & citric acid

Total amount of liquid (L)

Temperature of liquid

Person measuring and taking the results
Ruler used to measure

Environment used for experiment

Dependent Variable
Controlled Variables
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EXPERIMENT FLOWCHART

METHOD

1.150mL of tap water was added to the cup.

2.Vinegar was added to the water according to calculations for the dilution level.

3.The plastic straw was put vertically into the centre of the cup.

4. A ruler was used to measure the height of the water raised above the surface of the glass.
5.The glass, ruler and straw were thoroughly rinsed.

6.Steps 1 to 4 were repeated for each dilution level, and the calculations below were used.
7.Steps 1to 5 were repeated for lemon juice.

Table 2: Dilution of vinegar and lemon juice calculations

Amount of Water (mL) Dilution Level Calculations Amount of Acids (mL)
150 0% 0*150 0
135 10% 0.1*150 15
120 20% 0.2%150 30
105 30% 0.3%¥150 45
90 40% 0.4*150 60
75 50% 0.5*%150 75
60 60% 0.6*150 90
45 70% 0.7%150 105
30 80% 0.8%150 120
15 90% 0.9%150 135
0 100% 1*150 150
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MATERIALS

e Vinegar x67/5mL

e [emon Juice
X675mL

o \Water x1.35L

e Ruler XxI

e Straw x1 (0.7cm
In diameter)

e Spoon (for
stirring) x1

e Scale (for
weighing) X1

e Glass Cup X1

e Disposable
Syringe xI

POSSIBLE RISKS

Table 3: Risk audit

Figure 6: Photos showing the materials used during the experiment.

with materials.

Possible Risks Likelihood of risk Measures of risk prevention
Reckless handling of vinegar Medium Risk Measuring small amounts of
could cause accidental vinegar at a time and making
inhalation or eye injuries. sure all bottles are labelled.
Liquid spillage could cause a High Risk Ensure all spillages are
tripping hazard cleaned immediately.

Glass cups breaking from Medium Risk Ensure all glass materials are
inattentive handling, causing kept within the middle of the
glass shards scattered around table.

experiment.

Injuries from reckless actions Low Risk Keeping distractions away

whilst focusing on experiment
and ensure the safe handling of

materials.
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FORMULA

RESULTS - VINEGAR

Note: All figures are rounded to 2 decimal places other than for surface tension due to the
small range of data, where is it rounded to 3 significant figures for comparison.

Table 4: Height above vinegar dilutions trial 1, trial 2, and average

Concentration of Vinegar | Height above water Height above water | Average Height
(mm) Trial 1 (mm) Trial 2 (mm)
0% 5.00 4.90 4.95
109% 4.50 4.20 4.35
20% 4.10 3.80 3.95
30% 3.80 3.50 3.65
40% 3.20 3.10 3.15
50% 3.00 3.00 3.00
60% 2.50 2.80 2.65
70% 2.20 2.30 2.25
80% 1.90 2.00 1.95
90% 1.40 1.30 1.35
100% 1.00 1.00 1.00
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RESULTS - VINEGAR (CONTINUED)

Table 5: Average surface tension calculations for vinegar

Concentration Density (kg/ m?) Height (m) Acceleration (ms?) Radius (m)
0% ~997 0.00495 9.8 0.007
10% ~098 0.00435 9.8 0.007
20% ~999 0.00395 9.8 0.007
30% ~1000 0.00365 9.8 0.007
40% ~1001 0.00315 9.8 0.007
50% ~1002 0.003 9.8 0.007
60% ~1003 0.00265 9.8 0.007
70% ~1004 0.00225 9.8 0.007
80% ~1005 0.00195 9.8 0.007
90% ~1006 0.00135 9.8 0.007
100% ~1007 0.001 0.8 0.007

Table 6: Finding average surface tension of solutions: rounded to 3 significant figures

Concentration Formula Surface tension (J/m?)
0% 8997=0.00495=9.8=0.007 =0.169
10% 9981[:.[::]4325:9.5:(].613? ~0.149
20% QQEEI!D.DGEQEE::E!.B:D.DD? ~0.135
3090 ‘IEJDEJ!D.G{}SE%EKQ.BxG.GD? =0.125
40% 1001 !E].G{}S'IEEﬂQ.BﬂG.GD? =0.108
20% 1{}[]2!{}.{}[];9.8![!.[!1]? =0.103
60% ‘IGDSKG.G{}EE?ExQ.ExG.GD? =0.091
/0% ‘IﬂDd!ﬂ.ﬂﬂEf—EEExQ.Sxﬂ.ﬂD? =0.077
80% ‘IGDEKG.G{}1§5:¢Q.B!¢G.GD? =0.067
90% ‘IGDE!G.G{H:&{Q.&G.GD? =0.047
100% 1{}[]?“{}.{}[]12!9.8![!.[!1]? =0.035
2
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RESULTS - VINEGAR (CONTINUED)

Table 7: Trial 1 surface tension calculations for vinegar

Concentration Formula Surface tension (J/m?)
094 997x=0.005=9.8=0.007 =0.171
10% E!QE:D.DDdEiELB!D.DG? =0.154
20% E!QE!:D.DDd'IE!ELB!D.DG? =0.140
3090 'IGDGﬁG.GDEEEHEJ.BKD.Dﬂ? =0.130
40% 1001 xﬂ.GDSEE!Ei.B!D.D{}? =0.110
50% 1{}[&“{}.{}6;9.8![!.[!{]? =0.103
60% 1{][33“{].{][!225”9.5“[].[]{}? =(0.086
/0% 'IGDMG.CIDEEE!E!.SIG.[J{}? =0.076
80% *IGDExG.GD’IEE!:E!.B:D.DD? =0.065
90% 'IGDExG.CID‘Ii:E!.B:D.DD? =0.048
100% H}ﬂ?xﬂ.{}ﬂ'IE!ELEmD.DG? =0.035
2
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RESULTS - VINEGAR (CONTINUED)

Table 8: Trial 2 surface tension calculations for vinegar

Concentration Formula Surface tension (J/m?)
0% 99 /7=0.0049=9.8=0.007 =0.168
10% QQB!D.G{M;!Q.B!D.D{]? =(0.144
20% E!BE!!D.G{}S;Q.BED.D{]? =0.130
30% 'IGDGKG.GDEEEHE!.B!D.DD? 70,120
A40%p 1007 ﬂﬂ.ﬂ[ﬂ:}% «9 . 8=0.007 =0.106
20% 1E+GEHD.{}D§!ELB!D.DG? =0.103
60% 'IUDS*{G.{]DEEB!ELB:D.DD? =(0.096
70% 'IﬂD-iﬂﬂ.ﬂDEé!Q.E:D.DD? =0.0/79
80% 1EH]E+H{}.{}D§!9.B!D.DG? =0.069
90% ’IGDEKG.GD‘I%HQ.BHD.DD? =0.045
100% H}D?HD.{}D’IE!ELB!D.DG? =(0.035
2

Table 9: Surface tension of diluted vinegar from both trials and average

Concentration of Vinegar Trial 1 (J/m?) Trial 2 (J/m?) Average (J/m?)
0% =0.171 =0.168 =0.169
10% =0.154 =0.144 =(0.149
20% =0.140 =0.130 =0.135
30% =(0.130 =0.120 =0.125
40% =0.110 =0.106 =0.108
50% =0.103 =0.103 =0.103
60% =0.086 ~0.096 =0.091
70% =0.076 =0.079 =0.077
80% =0.065 =0.069 =0.067
90% =0.048 =0.045 =0.047
1009 =0.035 =0.035 =~0.035
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RESULTS - LEMON JUICE

Table 10: Height above lemon juice dilutions trial 1, trial 2, and average

Concentration of Lemon Height above water Height above water | Average Height

Juice (mm) Trial 1 (mm) Trial 2 (mm)

0% 5.00 5.00 5.00

10% 4.00 3.90 3.95

20% 2.50 2.30 2.40

30% 2.10 2.20 2.15

40% 2.00 2.10 2.05

50% 2.00 2.00 2.00

60% 1.90 1.90 1.90

70% 1.70 1.80 1.75

80% 1.30 1.50 1.40

90% 1.00 1.10 1.05

100% 0.75 0.50 0.63

Table 11: Average surface tension calculations for lemon juice

Concentration Density (kg/m?) Height (m) Acceleration (ms?) Radius (m)
0% =997 0.005 9.8 0.007
10% =1000 0.00395 9.8 0.007
20% =1003 0.0024 9.8 0.007
30% =1007 0.00215 9.8 0.007
40% =1010 0.00205 9.8 0.007
50% %1013 0.002 9.8 0.007
60% =1017 0.0019 9.8 0.007
70% =1020 0.00175 9.8 0.007
80% =1023 0.0014 9.8 0.007
90% =1027 0.00105 9.8 0.007
100% =1030 0.000625 9.8 0.007
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RESULTS - LEMON JUICE (CONTINUED)

Table 12: Finding average surface tension of solutions: rounded to 3 significant figures

Concentration Formula Surface tension

0% 99/7=0.005=9.8=0.00/ ~0.171

109% 1DDD*¢D.UDE§5H9.BHG.DG? ~0.135
2

20% 1003=0.0024x9,.8=0.007 ~0.083
2

300% 1007=0.00215=9.68=0.007 ~0.074
2

409% 10710=0.00205=9.6=0.007 =0.071
2

50% 1013=0.002=9.8=0.00/7 ~0.069

60% 1D1?=¢D.{]D129H9.EHD.D[}? ~0.066

709% 1DED*ED.[JD1?%5H9.BH{].D[J? ~0.061

809% 'IDESKD.{]D‘I%IHEJ.BHD.DD? ~0.049
2

900% 1027=0.00105=9.68=0.007/ ~0.037
2

1009% 1030=0.000625=9.6=0.007 =0.022
2
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RESULTS - LEMON JUICE (CONTINUED)

Table 13: Trial 1 surface tension calculations for lemon juice

Concentration Formula Surface tension
0% 997x0.005%9.8x0.007 ~0.171 J/m2
10% 1000x0.00§x9.8x0.007 ~0.137 J/m?2
20% 1003*0.00225x9*8x0.00? ~0.086 J/m?2
30% 100?1:0*002?1 x9.8x0.007 ~0.073 J/m?
40% 1010x0.00§x9.8x0.007 ~0.069 J/m>2
50% 1013x0i00§x9.8x0.00? ~0.069 J/m>
60% 101?x0.00129x9.8x0.00? ~0.066 J/m?2
70% 1020x0.0012}’x9.8x0.00? ~0.059 J/m>2
80% 1023*0.001éx9*8x0.00? ~0.046 J/m?2
90% 102?><0.0012x9.8x0.007 ~0.035 J/m>2
100% 1030K0.000725x9.8>¢0.007 ~0.026 J/m?
2
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RESULTS - LEMON JUICE (CONTINUED)

‘Table 14: Trial 2 surface tension calculations for lemon juice

Concentration Formula Surface tension (J/m?)
0% 937x0.005=9.8=0.007 ~0.171
10% 'ID[}{]KU.GDEEQHQ.EHU.DD? ~0.134
20% 1003 KG.DDEESHQ.BH[J.DD? ~0.079
30% 1007 EG.GDE.E?HEI.BH[J.DD? ~(0.076
40% 'IDH]K[LGDE%I *9.8=0.007 ~0.073
50% 101 BHD.D[};KB.E x(0.007 ~(0.069
60% 101 ?EG.GD‘IZE;HQ.BHD.DD? ~(0.066
70% 1020 KG.GD‘IéHQ.BHG.DD? ~0.063
80% 1023 KG.GD‘I%::HQ.BH[J.DD? ~0.053
90% ’IDE?K[J.{]DEI x9.8x0.007 ~0.035
100% 'IDBGEU.GDD%:HQ.BHU.DD? ~0.018
2

Table 15: Surface Tension of diluted lemon juice from both trials and average

Concentration of Trial 1 (J/m?) Trial 2 (J/m?) Average (J/m?)
Lemon Juice
0% =0.171 =0.171 =0.17/1
10% =(0.137 =(0.134 =0.135
20% ~(0.086 =0.079 =0.083
30% =0.073 =0.076 =0.074
40% =~(0.069 =0.073 =0.07/1
50% =(0.069 =(0.069 =(0.069
60% ~0.066 =0.066 =0.066
70% =0.059 =0.063 =0.061
80% =0.046 =(0.053 =(0.049
90% =0.035 =(0.035 =0.037
100% ~0.026 ~0.018 =0.022
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GRAPHS

Graph 1: Effects of diluting vinegar and lemon juice
on surface tension of water

Graph 2: Effects of diluting vinegar on surface tension
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GRAPHS (CONTINUED)

Graph 3: Effects of diluting lemon juice on surface tension

Effects of Lemon Juice on Surface Tension
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DISCUSSION

Across all the graphs, a negative relationship between the concentration of the
acid and surface tension was shown, proving that as the concentration of acids
increased, the surface tension of the liquid decreased. Graph 2 had a relatively
more consistent decreasing trend in comparison to Graph 3. As shown in Graph 1
and Graph 3, there was g very steep decrease in the surface tension between 0%
and 30% of lemon juice. The slope then became more gradual until 70%, where it
dropped again, replicating the steep slope on the left side of the graph. Both
Craphs 2 and 3, with diluted vinegar and lemon juice, showed that as more
vinegar was added to the solution, the surface tension would decrease can be
drawn.
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DISCUSSION (CONTINUED)

In Graph 1, the lowest point of the average surface tension for the dilution of
vinegar was at 0.035 J/mr2 and the peak was at 0.169 J/mr2, while the lowest
point for lemon juice was at 0.022 J/mA2 and the peak was 0.171 J/mnA2, both acids
at 0% to 100% concentration respectively for the lowest point and peak. This
showed that as the concentration of acidic substances in the water increases, the
surface tension will decrease, supported by the decreasing trend of both lines in
the graph and illustrating a negative relationship between the concentration of
acids and the surface tension. As more vinegar was added to the liquid until there
were no remaining water molecules — reaching 100% concentration — the surface
tension decreased by 0.134 J/mA2 while adding lemon juice would reduce the
surface tension by 0.149 J/m~A2. As the lemon juice had a slightly lower pH than
the vinegar, making it more acidic, it had a vaguely bigger effect on the surface
tension of the water. This was supported throughout the graph, as the surface
tension of the diluted lemon juice was mostly lower than diluted vinegar. The only
exception for this was at 0% concentration, being pure tap water.

In Graph 2, with vinegar diluted into the water, the surface tension from the first
trial was usually stronger than in trial 2 by minor differences. When the
concentration of vinegar was 0%, the result from trial 1 was higher than in trial 2
by less than 0.005 J/mn2. As the concentration of vinegar increased, there was an
increase in the margin of error, with the result from trial 1 being bigger than the
result from trial 2 by around 0.01 J/mna2. At 50% and 100% vinegar, the results
across both trials were the same. In Graph 3, with diluted lemon juice, the
strength of the surface tension across the two trials varied. However, the margin
of error between the trials was smaller than vinegar, the difference generally
being less than 0.01 J/m~A2, as shown in Table 15. At 0%, 50%, and 60% of lemon
juice, the surface tension across all trials was identical. This shows that the
precision of the data was relatively high. Across the graphs, the few
Inconsistencies and fluctuations could have been due to potential errors in the
experiment.
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DISCUSSION (CONTINUED)

The decreasing surface tension when acid was added to the solution could have
been due to the decrease in water molecules. Water has a naturally higher
surface tension than vinegar due to its intermolecular force, polarity, and
hydrogen bonding. Water has a higher polarity and stronger hydrogen bonding
than vinegar, causing its intermolecular force to be high, as hydrogen bonds are
the strongest intermolecular force (Toppr, 2020). Acids generally exhibit 3
intermolecular forces: Dipole Dipole, hydrogen bonding, and London dispersion
(Cassandra, 2021). However, the hydrogen bonding in water is a lot stronger than
those in vinegar and lemon juice, due to its molecular structure of two negative
oxygen attracted with 1 positive hydrogen (Monzur, 2016). So, as more acid is
added to the solution, less hydrogen bonding will be formed, decreasing its
INntermolecular force, which decreases the overall surface tension.

The results could have also been affected by the temperature. Acidic substances
generally have a higher temperature than basic substances. An increase in the
temperature could lead to a decrease in the surface tension. This is due to
molecular thermal activities increasing, which causes a decrease in the
intermolecular cohesive forces (Unacademy, 2022). As the temperature of water
increases, more hydrogen ions are also formed due to endothermic processes,
which can either enhance or weaken the hydrogen bonds, affecting their strength
(LibreTexts, 2013).

Overall, the precision of this data was fairly high. The surface tension remained
consistent across both trials, with a slow, downward trend of the results as the
concentration of vinegar increased, which supports the hypothesis. There were d
few small fluctuations which may have been caused by external factors that were
not controlled or were hard to control.
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IMPROVEMENTS

A main improvement for this experiment was to use multiple different methods to
measure surface tension. This would drastically improve the reliability of the
results as thereoretically, different methods should still provide similar results.
Another improvement was to use a thermometer to measure the starting
temperatures of the liquids to ensure that there is a consistent starting
temperature as surface tension is affected by temperature. This would increase
the accuracy of the investigation as temperature was an uncontrolled variable.

POTENTIAL ERRORS

Table 16: Systematic Errors

Systematic Errors

Effect on Results

Improvements

Tap water was used, which
means there could be varying
differences in acidity and pH.

This could have altered the
starting acidity of the water
used as tap water could
contain different amount of
acidity to bottled or spring
water.

Bottled water from the same
brand could be used to
improve the accuracy.

The straw was placed in
different areas of the cup
during different trials.

Whilst the cup had a flat
bottom so the height would
not have changed much, this
still could have slightly
altered the results.

To make sure the straw is
placed in the same spot
during every trial. To help
this, the chosen spot can be
marked at the bottom of the
cup, soitis easier to find.

Table 17: Random Errors

Random Errors

Effect on Results

Improvements

Taking the height of water
rising above the surface
relied on eyesight, could
have been potential human
error

This would have affected the
precision of the results as
relying on eyesight is not
completely accurate.

Setting a camera up on the
same angle to capture the
height.

Some inconsistent dilutions
of acid and water from using
measuring cups with
intervals of 20mL.

This would have affected the
accuracy of the results as
slight differences with the
concentration could have
affected the overall surface
tension.

By using measuring cups
labelled for every 5 intervals
S0 no measurement had to
be estimated.
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POTENTIAL ERRORS (CONTINUED)

aTable 21: Factors not controlled/were hard to control.

Uncontrolled factors

Effect on Results

Improvements

Room temperature around
the experiment.

The temperature of the water
could be affected by the
room temperature, therefore
affecting the precision of the
results as temperature alters
surface tension.

By controlling the room
temperature as much as
possible and carrying out the
experiments as quickly and
efficiently as possible.

Lighting

The natural lighting could
have dimmed throughout the
time of the experiment,
which could have changed
the perception of the results,
affecting the accuracy of the
results.

By opening lights and closing
windows to keep the
environment at a similar
lighting.

FURTHER INVESTIGATION

Further investigations on this topic of the effect of acidification on surface tension,
would be to investigate with a variety of strong and weak acids. By observing the
differences in surface tension with more acids, more conclusions can be drawn on
how the difference chemical properties of each acid affect its surface tension
compared to others. Basic substances can also be tested to experiment on the
effect alkalines have on surface tension and how their chemical properties affect
the result of the experiment.

Figure 7: Photos showing different acids and bases tested for pH that could be used for further investigation.
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CONCLUSION

The aim of this investigation was to determine the effects of acidification on the
surface tension of water in relation to ocean acidification. The hypothesis that if
the acidity of the solution increases, the surface tension will decrease due to
molecular interactions, is supported. This is shown through the graphs, where
there was a steady downward trend depicting the decrease of surface tension as
the concentration of vinegar and lemon juice increases. Many improvements
could be made to this experiment to avoid potential biases and increase the
accuracy of this experiment.
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