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Introduction

Acids and bases are present in our everyday lives, from the food we eat to various
cleaning products used all around the world. Although they are often placed under the
same category, they are quite different and it is important to know the difference. An
acid is an ionic compound, meaning that it can have either a positive or negative charge.
When acids are placed in water, they break apart and a hydrogen ion is formed (H+).
Therefore, the amount of hydrogen ions (H+) determines the strength of the acid in
question, and so some acids are much stronger than others as a result. Bases on the
other hand, are quite different. A base is also an ionic compound, so it has a partial
charge, either positive or negative. However, when a base disassociates in water, it
forms a negatively charged hydroxide ion (OH-). As well, the concentration of hydroxide
ions (OH-) affects the strength of the given base. There were three acids used in this
experiment, which include; 0.1M HCl, a sample of juice containing citric acid, as well as
an unknown acid solution that was left to be determined. The only base used in the
following experiment was concentrated 6.0M NaOH, otherwise known as Sodium
hydroxide. A titration between an acid and base was the objective of this lab and the
purpose was to study the effects of a titration between an acid and a base. A titration
involves a neutralization reaction between the given acid and base and at the point of
equivalence, when both compounds have been neutralized, the amount of both the acid
and the base should be equal at this point. On top of there being acids and bases, there
are also strong acids and strong bases. These are compounds that are ionized completely
when dissolved in water. Coincidentally, the standard acid and base used in this reaction
were very high strength. Hydrochloric acid (HCl) and Sodium hydroxide (NaOH) are
each an example of a strong acid and a strong base, respectively. Due to the fact that
these are strong acids and bases, it makes it much easier to calculate the pH of the
reactions used. With weak acids and bases, the ionic compounds do not dissociate
completely in water, so it is a much more complicated process in order to determine the
pH at equilibrium. A titration curve (otherwise known as a pH curve), is a plot of the
changing pH as a function of the volume added at a constant rate. For this lab, the pH
curve was similar for the different titrations performed and this is due to the fact that
the acids and base used were strong and so the result/equivalence point was very similar
between the trials.

Broderick, Catherine. “Acid/Base Basics” www.chem.libretexts.org. 10 July, 2016.

Dr. R. Venkateswaran, “What in the World isn’t Chemistry?”, General Chemistry Laboratory
Manual, 2016, Experiment 3. p(74-77).
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Data Tables

Table 1. Formation of a stock solution of NaOH

Volume of concentrated NaOH
solution (mL) 5.10mL

Concentration of concentrated
NaOH solution (M) 6.00M

Volume of stock solution after
dilution (mL) 255.10mL

Approximate concentration of
stock solution (M) 0.12M

Table 2. Standardization of Stock Solution of NaOH

Data Trial 1 Trial 2

Concentration of Standard Acid
solution (M)

0.1000M

HCl

0.1000M

HCl

Volume of Standard Acid solution (mL)
10.05mL 10.25mL

Volume of stock solution of NaOH (mL) 9.554mL 7.427mL

Concentration of stock solution of NaOH
(M)

0.11M 0.14M

Average Concentration of stock
solution of NaOH (M) 0.13M
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Table 3. Determination of the Concentration of an Unknown Acid

Data Trial 1 Trial 2 Trial 3

Sample Number of
Unknown Acid

ACID #3 ACID #3 ACID #3

Volume of Unknown Acid
solution (mL)

14.8mL 15.1mL 10.1mL

Volume of stock solution of
NaOH (mL)

24.88mL 11.00mL 7.502mL

Concentration of stock
solution of NaOH (M)

0.13M 0.13M 0.13M

Concentration of Unknown
Acid Solution (M)

0.11 M 0.047M 0.048M

Average Concentration of
Unknown Acid solution

(M)
0.068M

Observations (all parts of the experiment):

For all of the trials that were performed, the results were very similar. As the Sodium
hydroxide solution was added dropwise into the solution containing the acid, there was
a color change that occurred. Initially, all of the acids used were clear and colorless
before the reaction between the acid and the base solution. The sodium hydroxide
solution was also clear and colorless prior to the reaction. The juice used was clear but
was not colorless, and had a slight yellow tint to the color. As the base solution was
added dropwise into the acid, the pH slowly started rising at a constant rate and as a
certain point, the pH spiked rapidly and the color that appeared was a clear and purple
solution. This was caused due to the clear colorless Phenolphthalein color indicator that
was in the solution which changes color when there is a large change in pH.
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Table 4. Determination of the Mass Percentage of Acid in a Juice

Data Trial 1 Trial 2 Trial 3

Sample Number of Juice Juice #4 Juice #4 N/A

Volume of Juice (mL) 9.50mL 9.70mL N/A

Volume of stock solution of
NaOH (mL)

7.877mL 4.876mL N/A

Concentration of stock
solution of NaOH (M)

0.13M 0.13M N/A

Concentration of acid in Juice
(M)

0.036M 0.022M N/A

Average Concentration of
Acid in Juice (M)

0.029M

Density of Juice (g/mL) 0.9997g/mL

Molar Mass of acid in Juice
(g/mol)

192.12g/mol

Mass Percent of Acid in Juice
(%)

0.56%
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GRAPHS: Attach Logger Pro data tables AND graphs (at
least 12 [2 per trial]) to this form!!

Figure 1: Representation of the standardization of the Base, TRIAL #1.

Figure 2: Representation of the standardization of the Base, TRIAL #2.
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Figure 3: Representation of the titration of the Unknown acid, TRIAL#1.

Figure 4: Representation of the titration of the Unknown acid, TRIAL#2.
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Figure 5:Representation of the titration of the Unknown acid, TRIAL#3.

Figure 6: Representation of the titration of the Juice#4, TRIAL #1.
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Figure 7: Representation of the titration of the Juice#4, TRIAL #2.

Table 1: Partial representation of Standardization of Base TRIAL 1&2
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Table 2: Partial representation of Titration of Diprotic Acid TRIAL 1&2
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Table 3: Partial representation of Titration of Diprotic Acid TRIAL 3

Table 4: Partial representation of
Titration of Juice #4 TRIAL 1&2
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TABLE 5: Partial representation of the raw data for all of the titration trials

CALCULATIONS

(Part 1)

1. Approximate concentration of stock solution

C1= 6.0M C1V1= C2V2
V1= 5.10mL C2= (C1V1)/V2
V2= 255mL C2= (6.0M*5.10mL)/255mL C2= 0.12M



Report Form…Page 13

(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):

TRIAL 1
CAcid= 0.1000M nNaOH= nAcid
VAcid= 10.05mL
VNaOH= 9.554mL CNaOH VNaOH = CAcidVAcid

CNaOH = (CAcid VAcid)/VNaOH
CNaOH = (0.1000 M x 10.05ml)/9.554mL
CNaOH= 0.11 M

TRIAL 2
CAcid= 0.1000M nNaOH= nAcid
VAcid= 10.25mL
VNaOH= 7.427mL CNaOH VNaOH = CAcidVAcid

CNaOH = (CAcid VAcid)/VNaOH
CNaOH = (0.1000 M x 10.25ml)/7.427mL
CNaOH= 0.14 M

3. Average concentration of stock solution:

C1= 0.11 M Cavg = (C1 + C2)/2
C2 = 0.11 M Cavg= (0.11 M + 0.14 M)/2

Cavg = 0.13 M
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(Part 3)

4. Concentration of Unknown Acid (from visual endpoint and cV calculations
AND by first derivative from titration curve using LabQuest data):

TRIAL 1
CNaOH = 0.13 M nNaOH = 2nAcid
VNaOH = 24.88 ml CNaOH VNaOH = 2(CAcid VAcid)
VAcid = 14.8 ml Cacid = (CNaOH VNaOH)/2Vacid

Cacid = (0.13 M x 24.88 ml)/2(14.8 ml)
Cacid = 0.11 M

TRIAL 2
CNaOH = 0.13M nNaOH = 2nAcid
VNaOH = 11.00ml CNaOH VNaOH = 2(CAcid VAcid)
VAcid = 15.1ml Cacid = (CNaOH VNaOH)/2Vacid

Cacid = (0.13 M x 11.00ml)/2(15.1 ml)
Cacid = 0.047 M

TRIAL 3
CNaOH = 0.13M nNaOH = 2nAcid
VNaOH = 7.502ml CNaOH VNaOH = 2(CAcid VAcid)
VAcid = 10.10ml Cacid = (CNaOH VNaOH)/2Vacid

Cacid = (0.13 M x 7.502ml)/2(10.10 ml)
Cacid = 0.048 M

5. Average concentration of unknown acid:

C1= 0.11M Cavg = (C1 + C2+C3 )/3
C2= 0.047M Cavg = (0.11M + 0.047M + 0.048M )/3
C3= 0.048M Cavg = 0.068M

(Part 4)

6. Concentration of acid in juice (from visual endpoint and cV calculations AND
by first derivative from titration curve using LabQuest data):

TRIAL 1

CNaOH = 0.13 M nNaOH= 3nAcid
VNaOH = 7.877 ml CNaOH VNaOH = 3(CAcid VAcid)
VAcid = 9.50 ml Cacid = (CNaOH VNaOH)/3Vacid

Cacid = (0.13M x 7.877ml)/3(9.50ml)
Cacid= 0.036 M
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TRIAL 2

CNaOH = 0.13 M nNaOH= 3nAcid
VNaOH = 4.876 ml CNaOH VNaOH = 3(CAcid VAcid)
VAcid = 9.70 ml Cacid = (CNaOH VNaOH)/9Vacid

Cacid = (0.13M x 4.876ml)/3(9.70ml)
Cacid= 0.022 M

7. Average concentration of acid in juice:

C1= 0.036M Cavg = (C1 + C2)/2
C2 = 0.022M Cavg= (0.036 M + 0.022 M)/2

Cavg = 0.029M

8. Mass percentage of acid in juice:

CAcid = 0.029 M Mass % = [(CAcid*MAcid)/DAcid] x 100%
MAcid= 192.12g/mol = (0.029 M*192.12g/mol)/999.7g/L
DAcid= 0.9997g/mL(1000mL/1L) = 0.0018 x 100%

= 999.7g/L = 0.56%

Discussion:

The volume of concentrated NaOH does not matter for the initial calculations of
concentrations and volume of both the NaOH solution as well as the stock solution. The
value achieved for this calculation was not used for any other calculations of other
concentrations. The achieved value for the concentration is just an approximate
calculation and comes before there are any titrations between acids and bases. We were
required to calculate the concentration of the NaOH solution following the dilution with
water because this value remained constant throughout the rest of the lab. The same
concentrated NaOH solution was used for every trial of every titration and so it is
important to keep the values constant throughout the entire lab. There was a slight
discrepincy between the visual endpoint of the titration and the equivalence point
determined by Logger Pro. For the standard acid used, the volumes visually observed
were 8.998mL and 8.627mL whereas the Logger Pro data revealed 9.554mL and
7.427mL, respectively. For the diprotic (unknown) acid, the visual endpoints were
23.75mL, 9.688mL and 7.502mL whereas the Logger Pro data was 24.88mL, 11.00mL
and 7.502mL, respectively. For the final titration involving the juice, the visual
endpoints were at 8.702mL and 8.971mL, compared to the 7.877mL and 4.876mL that
were discovered using the first derivative. There is a factor of 1000 associated with the
density in the equation for mass percent of the juice because of the fact that the density
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is given in (g/mL). Due to the fact that the concentrations and volume are given in L, it
is important to convert ml to L which happens to be a factor of 1000. There aren’t really
many sources of error in this lab due to the precision and accuracy of the tools that were
being used. A potential source of error could be with the dropper, and if the rate of the
falling drops were to be changed in some way. This occurred with our first trial of the
diprotic (unknown) acid, the dropper rate was increased in order to speed up the
reaction and this had a large impact on both the calculations as well as the graphs. This
error caused the concentration of the acid to increase greatly.

Conclusion:

All in all, with the lab we were able to calculate the concentrations of acids and bases at
an equilibrium point in a titration. The concentrations for the standard acid, diprotic
unknown acid and the citric acid found in the juice were 0.13M, 0.068M, and 0.029M,
respectively.
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ROUGH NOTES
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