Student Name:
Student Number:
Partner’s Name and Student #:

Demonstrator's Name: Amin Nozari

PLEASE NOTE: IfANY of the above information is UNCLEAR or not provided, your grade
will NOT be recorded!!

Lab Day (circle):  Tues aft Tues night Wed Thurs aft Thurs night @

Lab Week (circle): 1 @

Laboratory Report Form

Experiment 3.

Acid/Base Titrations

Checklist:

o Raw Data Sheet written in pen, signed by
TA AND Raw data from LabQuest attached

o Data tables and graphs (12 minimum!)
made in Logger Pro attached

o Report Form attached

Student’s Initials



Introduction:

This lab will be covering the general concept of titrations. To begin, the terms; acids and
bases will be used a lot in this lab. Acids are ionic compounds that when in water break apart to
form a hydrogen ion(H+). This means that acids are considered to be donors of protons. Acids
usually have the characteristics of having a sour taste, being very reactive to metals and being
very corrosive. [1] Bases are ionic compounds that when submerged in water break apart to
form negatively charged hydroxide ions(OH-). This means that bases are donors of hydroxide
ions. Bases usually have the characteristics of having a sour taste, slippery touch and also have a
burning feeling depending on concentration of the base. [1]

HNO3 = H* +NO;3;(Acid) NaOH - OH- +Na*(Base) [3]

What defines a strong acid and a strong base is the idea of how many (H*) or (OH") ions
are produced in their respected solutions. A strong base is defined by a solution that contains
many (OH-) ions and a strong acid is defined by a solution that contains many (H*) ions. [5] If
there is more acid or base compared to water then the concentration of the solution will be
higher. If there is less acid or base compared to water, then the concentration of the solution will
be less. To determine the concentration of a solution the following equation is used:
Concentration(mol/L) =Amount of solute(mol)/Volume of solute(L){1}[3]

This equation is used to show the amount of acid or base (or in other words the solute)
found within a given volume of solution to determine how much of the solute can be found in so
many liters of solution. The equation;
Cinitial(mol/L)*Vinitial(L.)=Cfinal(mol/L)*Vfinal(L){2}[3]
is used to determine the final concentration of a solution after the original solution has been
diluted.

Titration reactions is a reaction between an acid and a base that will cause for
neutralization of a solution. [6] This is because when the OH- ions and the H+ ions are reacted
with; water is a product. [2] OH- +H* > H.O [2]

The point in which the solution is considered neutralized is called the equivalence point which
is defined as the exact volume of solution needed to titrate a solution. This technique is used to
determine the unknown concentrations of solutions by using the known concentration of a
solution. [3] To determine unknown concentrations the following equation is used;
Concentration of base(mol/L) *Volume of base(L) = (b/a) Concentration of
acid(mol/L) *Volume of acid(L){3}[3]

The values of a and b being the stoichiometric coefficients of the acids and bases (a used for the

coefficient of acid and b used for the coefficient of base). [3]

The point at which there are equal amounts of acid and base in a reaction is referred to
as the end point of a reaction. This point of the reaction can be determined by calculations but
visually it is difficult to be determined. This is because most acids and bases have no colour, and
so to see a difference it is difficult. To help determine this endpoint an indicator is used, this
indicator if chosen well will change colour when the solution is close or equal to the endpoint of
the reaction. So a good titration will have a similar endpoint and equivalence point. [3]

The concept of this lab is to be able to determine the concentration of numerous
solutions. The first part of the lab is the preparation of a diluted base(NaOH). The second part of
the lab is to determine the concentration of this diluted solution using equation (2). The third
part is using the diluted base to titrate an unknown acid and juice and determine the
concentration of the said unknown acid and juice using the equation (3). Finally, the fourth part
is to determine the mass percentage of acid in a juice solution given its concentration(mol/L),
density(g/L), molar mass of the acid within(g/mol) and by using the equation:

Mass percent of Acid in Juice= ((Cacia,mol/L)(MM.a.id, g/mol)/(density juice,
g/mL)x1000)100% {4}.[3]
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Procedure:
Refer to lab manual [4]

Observations:
Quantitative:

Data Tables

Table 1. Formation of a stock solution of NaOH

Volume of concentrated NaOH

solution (mL)

Concentration of concentrated
NaOH solution (M)

Volume of stock solution after

dilution (mL)

Approximate concentration of

stock solution (M)

Table 2. Standardization of Stock Solution of NaOH

Data

Trial 1(Run #9)

Trial 2(Run#2)

Trial 3(Run#3)

Concentration of
Standard Acid solution
(M)

0.1000

Volume of Standard Acid
solution (mL)

10.1

10.0

10.0

Volume of stock solution of
NaOH (mL)

Colour change:
9.50
Final volume:
11.00

Colour Change:
8.00
Final volume:
12.00

Colour Change:
9.00
Final volume:
15.00

Concentration of stock
solution of NaOH (M)

Visually:
0.125
Graphically:
0.0466

Visually:
0.105
Graphically:
0.0402

Visually:
0.100
Graphically:
0.0414

Average Concentration of
stock solution of NaOH

)
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Table 3. Determination of the Concentration of an Unknown Acid

Data

Trial 1(Run#4)

Trial 2(Run#5)

Sample Number of
Unknown Acid

2

2

Volume of Unknown Acid
solution (mL)

Volume of stock solution of
NaOH (mL)

Colour change:
5.50
Final volume:
7-50

Colour change:
4.00
Final volume:
9.00

Concentration of stock
solution of NaOH (M)

0.0764

0.0764

Concentration of Unknown
Acid Solution (M)

Visually:
0.0208
Graphically:
0.0469

Visually:
0.0153
Graphically:
0.0477

Average Concentration of
Unknown Acid solution
(0Y

0.0327
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Table 4. Determination of the Mass Percentage of Acid in a Juice

Data

Trial 1(Run#6)

Trial 2(Run#7)

Trial 3(Run#8)

Sample Number of Juice

1

1

1

Volume of Juice (mL)

10.00

10.00

10.00

Volume of stock solution of
NaOH (mL)

Colour change:
8.00
Final volume:
10.00

Colour change:
8.00
Final volume:
10.00

Colour change:
8.00
Final volume:
10.00

Concentration of stock
solution of NaOH (M)

0.0764

0.0764

0.0764

Concentration of acid in Juice
M)

Visually:
0.0204
Graphically:
0.0514

Visually:
0.0204
Graphically:
0.0508

Visually:
0.0204
Graphically:
0.0511

Average Concentration of
Acid in Juice (M)

0.0357

Density of Juice (g/mL)

Molar Mass of acid in Juice
(g/mol)

Mass Percent of Acid in Juice
(%)

Qualitative:

The stock solution of NaOH was a clear transparent liquid and when enough stock
solution was added to the clear transparent liquid HCI a colour change was noticed. The
colour changed from two clear transparent liquids to a soft pink coloured transparent
liquid. The unknown acid #2 was a clear, transparent liquid that turned a transparent
soft pink colour when enough NaOH was added to the acid. The juice also was a clear
transparent liquid and that when mixed with sufficient amount of NaOH stock solution
would have a colour change making the solution a soft pink coloured transparent liquid.
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Table 5. First derivatives of graphs (Run 1 to 5)

Run 1 Run 2 Run 3 Run 4 Run 5
Volume ’ pH FD Volume ’ pH FD Volume ’ pH ‘ FD Volume ‘ pH ‘ FD Volume ‘ pH ‘ FD
(mL) (mL) (mL) (mL) (mL)
IR 0.000 2.33 0.000 0.000 2.18 0.000 0.000 2.19 0.000 0.000 2.86 0.000 0.000 261  -0.009
2 0.117 2.33 0.000 0.117 2.18 0.000 0.117 219  -0.002 0.117 2.86 0.000 0.117 261 -0.016
& 0.233 2.33 0.000 0.233 218  -0.001 0.233 219  -0.005 0.233 2.86 0.001 0.233 260 -0.013
=7 0.350 2.33 0.000 0.350 2.18  -0.004 0.350 219  -0.014 0.350 2.86 0.003 0.350 2.60 0.001
5 0.467 2.33 0.000 0.467 2.18  -0.011 0.467 218  -0.014 0.467 2.86 0.010 0.467 2.60 0.018
6 0.583 2.33 0.000 0.583 2.18 0.000 0.583 218  -0.004 0.583 2.86 0.002 0.583 2.61 0.030
7 0.700 2.33 0.000 0.700 2.18 0.011 0.700 218  -0.001 0.700 2.86 0.001 0.700 2.61 0.022
8 0.817 2.33 0.000 0.817 2.18 0.004 0.817 2.18 0.000 0.817 2.86 0.035 0.817 2.61 0.016
e 0.933 2.33 0.000 0.933 2.18 0.000 0.933 2.18 0.000 0.933 2.87 0.060 0.933 2.62 0.001
10 1.050 2.33 0.000 1.050 2.18  -0.004 1.050 2.18 0.001 1.050 2.88 0.048 1.050 261  -0.011
11 1.167 2.33 0.000 1.167 218  -0.011 1.167 2.18 0.004 1.167 2.88 0.044 1.167 261  -0.004
12 1.284 2.33 0.000 1.284 218  -0.001 1.284 2.18 0.014 1.284 2.89 0.044 1.284 261  -0.001
13 1.400 233 0.000 1.400 2.18 0.007 1.400 2.19 0.014 1.400 2.89 0.021 1.400 2.61 0.000
14 1.517 2.33 0.000 1.517 218  -0.007 1.517 2.19 0.004 1.517 2.89 0.034 1.517 2.61 0.002
15 | 1.634 2.33 0.000 1.634 2.18 0.002 1.634 2.19 0.001 1.634 2.90 0.065 1.634 2.61 0.010
16 | 1.750 2.33 0.000 1.750 2.18 0.015 1.750 2.19 0.001 1.750 2.91 0.064 1.750 2.61 0.033
17 1.867 2.33 0.000 1.867 2.18 0.017 1.867 2.19 0.003 1.867 292  -0.001 1.867 2.62 0.044
18 | 1.984 2.33 0.000 1.984 2.19 0.012 1.984 2.19 0.012 1.984 2.91 -0.068 1.984 2.63 0.022
19 2.100 2.33 0.000 2.100 219  -0.006 2.100 2.19 0.009 2.100 289  -0.038 2.100 2.62 0.030
20 | 2.217 2.33 0.000 2.217 2.18 0.001 2.217 2.19 0.021 2.217 2.90 0.018 2.217 2.63 0.023
2 2.334 2.33 0.000 2.334 2.19 0.010 2.334 2.20 0.031 2.334 2.90 0.071 2.334 263  -0.012
22 2.450 2.33 0.000 2.450 2.19 0.003 2.450 2.20 0.022 2.450 2.90 0.202 2.450 2.63 0.002
23 2.567 2.33 0.000 2.567 2.19 0.001 2.567 2.20 0.017 2.567 2.96 0.179 2.567 2.63 0.022
24 2.684 2.33 0.000 2.684 2.19 0.000 2.684 2.20 0.004 2.684 2.95 0.101 2.684 2.63 0.046
25 2.800 2.33  -0.001 2.800 2.19 0.000 2.800 2.20 0.001 2.800 2.98 0.057 2.800 2.64 0.042
26 2917 233  -0.003 2.917 2.19 0.000 2.917 2.20 0.001 2917 2.96 0.007 2917 2.64 0.004
2T 3.034 233  -0.010 3.034 2.19 0.000 3.034 2.20 0.004 3.034 2.96 0.104 3.034 2.64 0.006
28 3.151 2.32 0.001 3.151 2.19 0.000 3.151 2.20 0.014 3.151 3.01 0.037 3.151 2.64 0.027
29 | 3.267 2.33 0.014 3.267 2.19 0.000 3.267 2.21 0.016 3.267 298  -0.061 3.267 2.64 0.061
30 3.384 2.33 0.014 3.384 2.19 0.000 3.384 2.2 0.009 3.384 2.97 0.016 3.384 2.65 0.122
31 3.501 2.33 0.001 3.501 2.19 0.000 3.501 2.21 0.016 3.501 2.98 0.129 3.501 2.69 0.077
32 3.617 233  -0.011 3.617 2.19 0.000 3.617 221 0.015 3.617 2.99 0.295 3.617 2.67 0.023
33 3.734 2.33  -0.004 3.734 2.19 0.001 3.734 2.21 0.007 3.734 3.04 0.464 3.734 2.68 0.036
34 3.851 233  -0.001 3.851 2.19 0.006 3.851 221 0.010 3.851 3.18 0.087 3.851 2.68 0.054
35 3.967 2.33 0.000 3.967 2.19 0.020 3.967 2.21 0.029 3.967 3.04 -0.157 3.967 2.70 0.064
Table 6. First derivatives of graphs (Run 6 to 9)
Run 6 Run 7 Run 8 Run 9
Volume pH ED Volume pH D) Volume pH FD Volume pH FD
(mL) (mL) (mL) (mL)
1 0.000 3.19 -0.024 0.000 3.18 0.000 0.000 3.20 0.009 0.000 2.34 -0.011
2 0.117| 3.19 -0.005 0.117 3.13 0.000 0.117 3.20 0.018 0.117 2.34 -0.023
IS 0.233 3.19 0.000 0.233 3.13 0.000 0.233 3.20 0.022 0.233 233 -0.030
4 0.350 3.19 0.004 0.350 3.13 0.000 0.350 3.20 0.029 0.350 2.33 -0.019
S 0.467 3.19 0.012 0.467 3.13 0.000 0.467 321 0.053 0.467 2.33 -0.001
_G 0.583 3.19 0.004 0.583 3.13 0.000 0.583 3.22 0.065 0.583 2.33 0.016
7 0.700 3.19 0.001 0.700 38.18 0.000 0.700 3.22 0.117 0.700 2.33 0.023
8 0.817 3.19 0.001 0.817 3.18 0.000 0.817 325 0.145 0.817 2.33 0.030
9 0.933 3.19 0.004 0.933 3.13 0.000 0.933 3.25 0.175 0.933 2.34 0.020
10 1.050 3.19 0.013 1.050 3.13 0.000 1.050 3.26 0.365 1.050 2.34 0.009
11 1.167 3.20 0.011 1.167 3.138 0.000 1.167 337 0.263 1.167 2.34 0.012
12 1.284 3.20 -0.006 1.284 3.13 0.000 1.284 3.35 -0.023 1.284 2.34 0.005
13 1.400 3.19 0.006 1.400 3.13 0.000 1.400 338 -0.084 1.400 2.34 0.006
14 1.517| 3.20 0.030 1.517 3.13 -0.001 1.517| 3.33 -0.089 1.517| 2.34 0.015
15 1.634 3.20 0.071 1.634 3.13 -0.003 1.634 3.31 -0.025 1.634 2.34 0.016
16 1.750 3.22 0.091 1.750 3.13 -0.011 1.750 337 0.092 1.750 2.34 0.009
17 1.867 3.23 0.052 1.867 3.13 -0.004 1.867 3.33 0.205 1.867 2.34 0.016
e 1.984 3.23 0.030 1.984 3.13 -0.004 1.984 3.39 0.104 1.984 2.35 0.014
19 2.100 3.23 0.026 2.100 3.13 -0.012 2.100 3.36 -0.062 2.100 2.35 0.006
20 2.217 3.23 0.035 2.217 3.18 -0.007 2.217 334 -0.024 2.217 2.35 0.007
.21 2.334 3.24 0.038 2.334 3.13 -0.011 2.334 3.35 0.092 2.334 2.35 0.019
22 2.450 3.24 0.034 2.450 3.18 0.000 2.450 3.38 0.145 2.450 2.35 0.031
23 2.567 3.24 0.052 2.567 3.13 0.010 2.567 3.39 0.150 2. 567 2.36 0.031
24 2.684 3.25 0.056 2.684 3.13 0.002 2.684 3.40 0.215 2.684 2.36 0.046
25 2.800 3.26 0.049 2.800 3.13 -0.003 2.800 3.46 0.134 2.800 2.36 0.097
26 2.917 3.26 0.052 2.917 3.13 -0.014 2.917 3.43 0.069 2.917 2.39 0.068
27 3.034 3.27 0.042 3.034 3.13 -0.014 3.034 3.45 0.160 3.034 2.39 -0.020
28 | 3.151 3.27 0.035 3.151 3.13 -0.004 3.151 3.48 0.150 3151 2.38 -0.034
29 3.267 3.28 0.054 3.267 3.13 -0.001 3.267 3.48 0.215 3.267 2.37 0.001
- 30 3.384 3.29 0.063 3.384 3.13 0.000 3.384 3.54 0.184 3.384 2.37 0.073
IE31l 3.501 3.29 0.076 3.501 3.138 0.000 3.501 353 0.085 3.501 2.41 0.030
52 3.617 3.31 0.077 3.617 3.13 0.000 3.617 3.54 0.121 3.617 2.38 -0.031
33 3.734 3.9 0.069 3.734 3.18 0.000 3.734 3.57 0.100 3.734 2.38 0.025
34 3.851 3.32 0.074 3.851 3.13 0.000 3.851 3.57 0.085 3.851 2.39 0.059
35 3.967 3.33 0.066 3.967 3.18 0.000 3.967 357 0.164 3.967 2.40 0.056
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Graph 1. Titration reaction with HCI. Trial 1(Run 9)

o
Statistics for: Run 9 | First Derivative

min: -0.1540 at 21.82 max: 4.157 at 21.47
mean: 1.231 median: 1.141

std. dev: 0.9847 samples: 53
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Graph 2. Titration reaction with HCI. Trial 2(Run 2)
10+ i
Statistics for: Run 2 | First Derivative
min: -0.2085 at 22.05 max: 3.383 at 24.85
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Graph 3. Titration reaction with HCI. Trial 3(Run 3)

min: -0.04062 at 21.12 max: 2.948at 24.15
mean: 1.228 median: 0.8424
std. dev: 0.9842 samples: 51
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Statistics for: Run 3 | First Derivative
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Graph 4. Titration reaction with unknown acid. Trial 1(Run 4)
104 -
Statistics for: Run 4 | First Derivative
min: 0.4804 at 10.62 max: 3.048 at 12.49
mean: 1.765 median: 1.795
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5-

pH First Derivative

Graph 5. Titration with unknown acid. Trial 2(Run 5)

i

Statistics for: Run § | First Derivative

min: -0.03410 at 10.85 max: 2.741at 12.49
mean: 1.528 median: 1.714

std. dev: 0.6951 samples: 33

Ay:2.775
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(7.35, 9.959) (Ax:4.26 Ay:4.44)

Graph 6. Titration with juice. Trial 1(Run 6)

o
Statistics for: Run 6 | First Derivative
min: 0.1214 at 22.05 max: 4.608 at 20.19
mean: 1.099 median: 0.5016

std. dev: 1.316 samples: 36

Ay: 4.487

Volume (mL)
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10

Graph 7. Titration with juice. Trial 2(Run 7)

1

Statistics for: Run 7 | First Derivative

min: 0.1143 at 21.82 max: 2.599 at 19.95
mean: 0.9959 median: 0.6970

std. dev: 0.7873 samples: 36

Ay:2.485
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Graph 8. Titration with juice. Trial 3(Run 8)
10 T
Statistics for: Run 8 | First Derivative
min: 1.905E-011 at 18.32 max: 2.194 at 20.07
mean: 0.8613 median: 0.5803
std. dev: 0.6602 samples: 43
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Graph 9. Flawed trial of titrqtion with HCI. Trial o(Run 1)

i

B
PR

min: -0.6257 at 22.64 max: 3.820 at 24.15
mean: 1.197 median: 0.5351
std. dev: 1.435 samples: 53

]
Statistics for: Run 1 | First Derivative
Ay: 4.446

pH First Derivative

(9.57, 10.083) (Ax:6.09 Ay:9.79) Volume (mL)

This trial was not used because the titration was not catalyzed meaning that the
magnetic stirrer was not being operated during the time of the catalyst. This caused for
the data to be slightly higher than that of what was expected. The data for this trial was
not used during the calculations but was replaced by Graph 1. Which is referred to “Trial
1” and it is named “Run 9” in all the data.
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Sample Calculation: (Part 1)

1. Approximate concentration of stock solution

Cinitial* Vinitial=Cfinal * Vfinal

Cfinal= (cinitial*Vinitial) / Vfinal
=(6mol/L * 4.7x10-3L)/0.2547L
=0.11072mol/L
=0.1M

Sample Calculation: (Part 2)

2. Exact concentration of stock solution (from visual endpoint and cV
calculations AND by first derivative from titration curve using LabQuest 2
data):

SINCE the ratio of NaOH to HCl is 1imol:1mol b/a =(1/1)
Graphically:
Trial 1: chase*Vbase= b / a Cacid * Vacid
cbase = (b * cacid * Vacid)/(a * Vbase)
=(1* 0.1000M * 0.0100L)/(1 * 0.02485L)
= 0.0402M
Trial 2: cbhase = (1 ¥ 0.1000M * 0.0100L)/(1 * 0.02415L)

= 0.0414M

Trial 3: chase = (1 * 0.1000M * 0.0100L)/(1 * 0.02147L)
= 0.0466M

Visually:

Trial 1: cbase = (1 * 0.1000M * 0.0100L)/(1 * 8.00x10-3L)
= 0.125M

Trial 2: cbase = (1 * 0.1000M * 0.0100L)/(1 * 9.50x10-3L)
= 0.105M

Trial 3: cbase = (1 * 0.1000M * 0.0100L)/(1 * 9.00x10-3L)
= 0.100M

3. Average concentration of stock solution:
Average= (CbasetriahG+ Cbasetrial2G+ Cbasetrial3G+ CbasetrialiV+ Cbasetrial2V+ CbasetrialgV) / #of trials

= (0.0402M+0.0414M+0.0414M+0.125M+0.105M+0.100M)/6
=0.0764M
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Sample Calculation: (Part 3)

4. Concentration of Unknown Acid (from visual endpoint and ¢V calculations
AND by first derivative from titration curve using LabQuest data):
SINCE unknown acid is diprotic, ratio of b/a = (2/1)

Graphically:
Trial 1: cbase*Vbase= b / a Cacid * Vacid
Cacid= (a * Chase * Vbase)/ (b * Vacid)
Cacid= (1 * 0.0764M * 0.01241L)/(2 * 0.0101L)

= 0.0469M

Trial 2: cacid= (1 * 0.0764M * 0.01249L)/(2 * 0.0100L)
= 0.0477M

Visually:

Trial 1: cacia= (1 * 0.0764M * 5.50x10-3L)/(2 * 0.0101L)
= 0.0208M

Trial 2: cacid = (1 * 0.0764M * 4.00x10-3L)/(2 * 0.0100L)
= 0.0153M

5. Average concentration of unknown acid:

Average= (CacidtrialiG+ Cacidtrial2G+ Cacidtrialiv+ Cacidtrial2v)/#0f trials
= (0.0469M+0.0477M+0.0208M+0.0153M)/4

=0.0327M

Sample Calculation: (Part 4)

6. Concentration of acid in juice (from visual endpoint and ¢V calculations AND
by first derivative from titration curve using LabQuest data):
SINCE the juice is triprotic, ratio of b/a = (3/1)

Graphically:
Trial 1: cbase*Vbase= b/ a ® cacid * Vacid
Cacid= (a * Chbase * Vbase)/ (b * Vacid)
Cacid= (1 * 0.0764M * 0.02019L)/(3 * 0.0100L)
= 0.0514M
Trial 2: cacid= (1 * 0.0764M * 0.01995L)/(3 * 0.0100L)
= 0.0508M
Trial 3: cacid= (1 ¥ 0.0764M * 0.02007L)/(3 * 0.0100L)
= 0.0511M
Visually:
Trial 1: cacia= (1 * 0.0764M * 8.00x10-3L)/(3 * 0.010L)
= 0.0204M
Trial 2: cacid= (1 * 0.0764M * 8.00x10-3L)/(3 * 0.010L)
= 0.0204M
Trial 3: cacid= (1 * 0.0764M * 8.00x10-3L)/(3 * 0.010L)
= 0.0204M
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7. Average concentration of acid in juice:

Average= (CacidtrialiG+ cacidtrial2G+ Cacidtrial3G+ Cacidtrialiv+ Cacidtrial2v+ Cacidtrialgv)/#o0f trials
= (0.0514M+0.0508M+0.0511M+0.204M+0.204M+0.204M)/6

=0.0357M

8. Mass percentage of acid in juice:
Mass percent of Acid in Juice= ((Cacia,mol/L)(MMadq, g/mol)/(density juice, g/mL)x1000)100%
=((0.0357M* 192.14g/mol)/( 1.0003g/ml * 1000)) *100%
=0.686%

Discussion:

The average calculated concentration of the NaOH stock solution was
0.0764mol/L. When the stock solution was made, the volume of the concentrated NaOH
was crucial, this is because the more of the NaOH added would cause for a higher
concentration of the stock solution which would later impact the other calculations for
determining the concentration of the acids. If the concentration of the stock solution
was higher than expected the concentration of the HCl would result in a higher
concentration of HClL. The importance of determining the concentration of the stock
solution at the start is because the concentration of the stock solution is crucial for the
calculations of the acid concentrations within the lab.

The average calculated concentration of the HCl, unknown acid and juice was
found to be about 0.0764mol/L, 0.0327mol/L and 0.0357mol/L respectively. The lab
went well except for the graphs found on logger pro was not close to the observations
made during the lab. The values for the colour change were found to be drastically
different. For example, the visual observation for colour change of the HCl in trial 1 was
found to be 9.50mL where in comparison the graph determined that the colour change
occurred at 21.47mL. This change was more than double that of the visually observed
value. This being said, while setting up the drop counter must have not been calibrated
correctly so therefore the drop counter would count more drops of solution than there
were. Since the volumes of stock solution used were much higher than the volume of
stock solution observed, the average concentration of the HCI, unknown acid and juice
suffered and was lowered in comparison to what the value should have been.

With the error of improperly calibrated the value of the percent mass of citric
acid in the juice was lowered. The juice’s concentration was lowered because the
calculated concentration of the juice was lower (when using results from graph) which
lowered the average concentration of the juice. When calculating the percent mass of the
citric acid in the juice, it is important that density of the juice is multiplied by 1000 to
account for the density being in g/ml. This 1000 factor is important to ensure that the
final answer is in the correct units.

Other than the drop counter not being properly calibrated, the lab was completed
with little errors. An error that occurred was the first trial made during he lab to
determine the concentration of the HCI, this trial was titles “Run 1”. The reason the trial
was disregarded within the lab calculations was that while the trial was being attempted,
the magnetic stirrer was not being operated. With the magnetic stirrer not being
operated, the titration was being completed without a catalyst and theoretically the

Report Form...Page 14



titration reaction would require more NaOH stock solution to neutralize the HCI and
bring the solution to an apparent equivalence point. This trial (Run 1) was replaced with
“Run 9” in order for the results to be more consistent through out the lab. Run 9 was
then used in Table 2. under “trial 1”. An improvement to this lab would be insuring that
multiple attempts are made to ensure that there is less room for drastic change in
calculated concentration of an acid or a base. This drastic change will be compensated
for by the extra attempts that remained close to the consistent attempts.

Conclusion:

The calculated average concentration of the NaOH stock solution was found to be
0.0764mol/L. This calculated average concentration was found to calculate the average
concentrations of an unknown acid solution and a juice, having average concentrations
of; 0.0327mol/L and 0.0357mol/L and this caused for a mass percent of 0.686% citric
acid in the juice.

Report Form...Page 15



Bibliography:
[1]-Acid, Base, and pH Tutorial - Irs.ed.uiuc.edu. (N.d.). Retrieved October 19, 2016, from
http://Irs.ed.uiuc.edu/students/erlinger/water/background/ph.html

[2]-Ball, David W. ""Acids and bases." The Gale Encyclopedia of Science. Ed. K. Lee Lerner
and Brenda Wilmoth Lerner. 5th ed. Farmington Hills, MI: Gale, 2014. Science in Context.
Web. 21 Oct. 2016.

[3]-Dr. R. Venkateswaran, ""What In the World IS NOT Chemistry?" General Chemistry
Laboratory Manual, 2016, p 3. Experiment (2-5)

[4]-Dr. R. Venkateswaran, ""What In the World IS NOT Chemistry?' General Chemistry
Laboratory Manual, 2016, p 3. Experiment (7-11)

[5]-Strong Acids and Bases - University of Waterloo. (N.d.). Retrieved October 19, 2016,
from http://www.science.uwaterloo.ca/~cchieh/cact/c123/stacids.html

[6]-What Is a Titration - Purdue University. (N.d.). Retrieved October 19, 2016, from
http://chemed.chem.purdue.edu/genchem/lab/techniques/titration/what.html

Report Form...Page 16


http://chemed.chem.purdue.edu/genchem/lab/techniques/titration/what.html

Trial 3~ Goludion tunned
Data Tables 4 soﬁ (lnK Cofowr
Jr{u/';(cft]u/‘/ AN SOQM'

Jla OH U «ddal

Table 1. Formation of a stock solution of NaOH

I~ Grioymwl
Volume of concentrated NaOH ‘ i e
solution (mL) , Sol odoa
Wwe$ 4 glar
Concentration of concentrated | s e
NaOH solution (M) T( “r8es e {V
. PH M / q" df f
Volume of stock solution after o (4+ “t
dilution (mL) S ' |
ebod
Approximate concentration of 1o mL
stock solution (M)
e .' 5 ’ 4
~
6.07 LN
Concentration of c
Standard Acid solution B
™)
Volume of Standard Acid “ 1
solution (mL) ;
\ C \ m L < ¢ ' il
Gov0tmML > L{(P:,D JEL AN - T BOmML
Volume of stock solution of 0.0 o), 6 3
NaOH (mL) ' |
Colbe choant 5055C
Concentration of stock
solution of NaOH (M)

: | Average Concentration of
| stock solution of NaOH

(el Pyo THoMLge  LIOMIO Dowiinse”
ﬂ'm’ (y M 12700y 6 JA\ £ Done w Y

p T |i’ :

9 Rl ) A, 56mL e L AL ek whal Qo

[7.2mL
Pl bt GRont

Report Form..Page 2

Report Form...Page 17



— " 1 il »r o

wif

Table 3. Determination of the Concentration of an U%mown Acid

Sample Number of
Unknown Acid

Volume of Unknown Acid || 3= |3.8° ,
solution (mL) lo.] ¢

‘ Otml = BB o)
| Volume of stock solution of e 7.56mL

NaOH (mL)
CciCor chige - SH by

Concentration of stock
solution of NaOH (M)

Concentration of Unknown
Acid Solution (M)

I Average Concentration of
| Unknown Acid solution

Observations (all of the experiment): . _—
- » Sob v f’/\ﬂ - TEX - )

: |%:_scm-hu Tuond 4 %% Giovr “FRec gpoud G.56mML
’J"OH WS 40‘(/60(

= -”‘Q ‘DH /ib’é/u/ Cut (‘fﬁ\rnq 7.5emL
~ oiufen wss clar 6l {rs)
\rial ¢ “reasperen? st
= Twe %\M'Xé'\ Yurned & Sol bk el colevr ;J;err Gbouh Her-gl.
NeON cddeqf
- The Solufion e Cleer “"\"J‘V"'ST‘VW

= The oM levered oUN oreund  qooml

of

Trial
(

Report Form...Page 3

Report Form...Page 18



- ‘ > I AT 3 . Cd n
el |- The Selutien Turned ¢ Sy Tink wﬁ"rsf’w(n‘.‘ attr

chout YOmL of N--.@H — PH Jeveled out a* |o‘00/_r'L,
—_ Or!S(7a

a Juice ¢4\ /1"
(oS ([cer
4!\0( fMP‘ﬂ"‘F
(T io=Jlet | ]43.20 —rclf Mg [2° ‘
0. 6emL lecoml |~ The sotu'
| ©5.60 M~ W @0 .coml ~ Gl 68OV - Lo 0enly | nedd < N o
Volume of stock solution of o0 \G\'K\T"L 5008 \G.saml 16,80 .u’ ) Cj"'/
[ NaOH (mL) ; ( e FL | - ru?(ofw
€0(0wr thenge S (olone \nona? Si o (dlour drene 57w qu( aboul
Concentration of stock ) Il 5)©mL
solution of NaOH (M) ’ ; (;¥ N F
| . g
ll Concentration of acid in Juice P}' , levefe
™) O'\Ai > *—
mlL
: Average Concentration of
Acid in Juice (M) T)\( G{ljbff""
| Coivy i
Density of Juice (g/mL) g 3 {Solv 1 .5
| : ; (leer anl
B Molar Mass of acid in Juice | ) ane
| (g/moD) Warspco
{ ~Fcror '(“rju”
il Mass Percent of Acid in Juice ')‘35 t wn QA
et f’(u)’e
Par its

GRAPHS: Attach Logger Pro data tables AND graphs (at
least 12 [2 per trial]) to this form!!
7(‘6\’3: ~ 7‘11 Scluhor\ "V(‘ndd ¢ So-/l’ (-’(AK C(\[()vr frirwg‘ow
affer Gbaut 8O ML ( )

- The C,(I'S']m." Solulien Wes CI@/ ~)fq,\5"7c,\£/f_.

= Twe ,”H leeled ot aroungl leot nL

Report Form..Page 4

Report Form...Page 19



Data Tables

Table 1. Formation of a stock solution of NaOH

Volume of concentrated NaOH
solution (mL)

4.70

Concentration of concentrated
NaOH solution (M)

6

Volume of stock solution after
dilution (mL)

Approximate concentration of
stock solution (M)

"(1(4 kz

00w in behg
1RO L & Eier
e ———

Concentration of

o)

Standard Acid solution O _

10,00 alis 2"

TM b &,
06t Emﬁ |
. 10006

Volume of Standard Acid
solution (mL)

Volume of stock solution of
NaOH (mL)

@é@@ \

0.56— 10.76

q.90 AL

6050 - egxmo g 00
X 00me
(o s 0|

s00mL
/LLcrge.“Sl.(D

60.00-~ Y § .00

1100 a L
o, g 60.50

Concentration of stock
solution of NaOH (M)

Average Concentration of
stock solution of NaOH

(7(;'“\. NeoM U lufed

Sp 158 2L Hho QU0 mlH,0
i cyleeder ta Sl
QL bYel  Q Gualhiy
\'A(g\‘nd% SR (\Jllndo(
\r),]v:(ru(s

g Ot HEH 10 sol”

Dure <70
2.}0~L fho incdea\ o gch{'%.Oo/‘“L
\'A(\\jl.wa, C‘nu\‘ H oo |7&()w(
Hel ‘IALQ(I\"I
e .50 L
ot cylines Report Form..Page2 =
76.0 deps

Report Form...Page 20



Table 3. Determination of the Concentration of an Unknown Acid
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Table 4. Determination of the Mass Percentage of Acid in a Juice
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Raw data collected from trials

Run 1 Run 2 Run 3 Run 4 Run 5 Run 6 Run 7 Run 8 Run 9
Volume pH Volume pH Volume pH Volume pH Volume pH Volume pH Volume pH Volume pH Volume \’ pH
(mL) (mL) (mL) (mL) (mL) (mL) (mL) (mL) (mL)

il 0.000 233 0.000 2.18 0.000 2.19 0.000 2.86 0.000 2.61 0.000 3.19 0.000 3.13 0.000 3.20 0.000 =
2 | 0.117 2.33 0.117 2.18 0.117 2.19 0.117 2.86 0.117 2.61 0.117 3.19 0.117 313 0.117 3.20 0.117
3 0.233 2.33 0.233 2.18 0.233 2.19 0.233 2.86 0.233 2.60 0.233 3.19 0.233 3.13 0.233 3.20 0.233
4 | 0.350 2.33 0.350 2.18 0.350 2.19 0.350 2.86 0.350 2.60 0.350 3.19 0.350 3.13 0.350 3.20 0.350
EoN 0.467 2.33 0.467 2.18 0.467 2.18 0.467 2.86 0.467 2.60 0.467 3.19 0.467 3.13 0.467 a1 0.467
6 | 0.583 2.33 0.583 2.18 0.583 2.18 0.583 2.86 0.583 2.61 0.583 3.19 0.583 3.13 0.583 3.22 0.583

Bl 0.700 233 0.700 2.18 0.700 2.18 0.700 2.86 0.700 2.61 0.700 3.19 0.700 3.13 0.700 3.22 0.700 |
8 | 0.817 2.33 0.817 2.18 0.817 2.18 0.817 2.86 0.817 2.61 0.817 3.19 0.817 3.13 0.817 3.25 0.817
E9N 0.933 233 0.933 2.18 0.933 2.18 0.933 2.87 0.933 2.62 0.933 3.19 0.933 3.13 0.933 3.25 0.933
10 1.050 2.33 1.050 2.18 1.050 2.18 1.050 2.88 1.050 2.61 1.050 3.19 1.050 3.13 1.050 3.26 1.050
11 1.167 2.33 1.167 2.18 1.167 2.18 1.167 2.88 1.167 2.61 1.167 3.20 1.167 313 1.167 3.37 1.167
12 1.284 2.33 1.284 2.18 1.284 2.18 1.284 2.89 1.284 2.61 1.284 3.20 1.284 3.13 1.284 3.35 1.284
13 | 1.400 2.33 1.400 2.18 1.400 2.19 1.400 2.89 1.400 2.61 1.400 3.19 1.400 3.13 1.400 3.33 1.400
14 | 1.517] 234 1.517 2.18 1.517 2.19 1.517 2.89 1.517 2.61 1.517 3.20 1.517 3.13 1.517 3.33 1.517
15 1.634 233 1.634 2.18 1.634 2.19 1.634 2.90 1.634 2.61 1.634 3.20 1.634 3413 1.634 3.31 1.634
16 1.750 233 1.750 2.18 1.750 2.19 1.750 2.91 1.750 2.61 1.750 3.22 1.750 3.13 1.750 3.31 1.750
17 1.867 2.33 1.867 2.18 1.867 2.19 1.867 2.92 1.867 2.62 1.867 3.23 1.867 3.18 1.867 3.33 1.867
18 | 1.984 2.33 1.984 2.19 1.984 2.19 1.984 2.91 1.984 2.63 1.984 823 1.984 313 1.984 3.39 1.984
19 2.100 2.33 2.100 2.19 2.100 2.19 2.100 2.89 2.100 2.62 2.100 3.23 2.100 3.13 2.100 3.36 2.100
r_20i 2.217 2.33 2.217 2.18 2.217 2.19 2.217 2.90 2.217 2.63 2.217 8.23 2217 813 2217 3.34 2217
21 2.334 2.33 2.334 2.19 2.334 2.20 2.334 2.90 2.334 2.63 2.334 3.24 2.334 813 2.334 3.35 2.334
227 2.450 233 2.450 2.19 2.450 2.20 2.450 2.90 2.450 2.63 2.450 3.24 2.450 3.18 2.450 3.38 2.450
23 2.567 239 2.567 2.19 2.567 2.20 2.567 2.96 2.567 2.63 2.567 3.24 2.567 3.13 2.567 3.39 2.567
24 2.684 233 2.684 2.19 2.684 2.20 2.684 2.95 2.684 2.63 2.684 3.25 2.684 3.13 2.684 3.40 2.684
25 | 2.800 233 2.800 2.19 2.800 2.20 2.800 2.98 2.800 2.64 2.800 3.26 2.800 313 2.800 3.46 2.800
26 2917 2.33 2.917 2.19 2917 2.20 2.917 2.96 2917 2.64 2917 3.26 2917 3.13 2917 3.43 2.917
27 | 3.034 289 3.034 2.19 3.034 2.20 3.034 2.96 3.034 2.64 3.034 3.27 3.034 3.13 3.034 3.45 3.034
28 3.151 232 3.151 2.19 3.151 2.20 3.151 3.01 3.151 2.64 3.151 3.27 3.151 3.13 3.151 3.48 3.151
129 | 3.267 2.33 3.267 2.19 3.267 2.21 3.267 2.98 3.267 2.64 3.267 3.28 3.267 3.13 3.267 3.48 3.267
30 | 3.384 233 3.384 2.19 3.384 2.21 3.384 2.97 3.384 2.65 3.384 3.29 3.384 3.13 3.384 3.54 3.384
231 | 3.501 2.33 3.501 2.19 3.501 2.21 3.501 2.98 3.501 2.69 3.501 3.29 3.501 3.13 3.501 3.53 3.501
32 | 3.617 233 3.617 2.19 3.617 2.21 3.617 2.99 3.617 2.67 3.617 3.31 3.617 3.13 3.617 3.54 3.617
383 | 3.734 2:33 3.734 2.19 3.734 2.21 3.734 3.04 3.734 2.68 3.734 3.31 3.734 3.13 3.734 3.57 3.734
34 | 3.851 2.33 3.851 2.19 3.851 221 3.851 3.18 3.851 2.68 3.851 3.32 3.851 3.13 3.851 3.57 3.851
35 3.967 2.33 3.967 2.19 3.967 2.21 3.967 3.04 3.967 2.70 3.967 3.33 3.967 3.13 3.967 3.57 3.967
36 | 4.084 2.33 4.084 2.19 4.084 2.22 4.084 3.06 4.084 2.69 4.084 3.33 4.084 3.13 4.084 3.62 4.084
B3 4.201 233 4.201 2.20 4.201 2.22 4.201 3.13 4.201 2.73 4.201 3.34 4.201 813 4.201 3.62 4.201
38 | 4.317 233 4.317 2.20 4.317 2.22 4.317 3.09 4.317 2.72 4.317 3.35 4.317 3.13 4.317 3.62 4.317
39 | 4.434 2.33 4.434 2.20 4.434 2.22 4.434 3.12 4434 2.70 4.434 3.36 4.434 3.12 4434 3.65 4.434
40 4.551 2.33 4.551 2.20 4.551 2.22 4.551 3N 4.551 2.70 4.551 3.38 4.551 3.18 4.551 3.65 4.551
41 4.667 2.33 4.667 2.20 4.667 2.23 4.667 3.10 4.667 2.70 4.667 3.39 4.667 3/18 4.667 3.65 4.667
42 4.784 2.33 4784 2.20 4.784 2.23 4.784 3.12 4.784 2.73 4784 3.42 4.784 3.14 4.784 3.67 4.784
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