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Introduction:

Acids and bases are substances that can be classified in many ways. The Arrhenius
definition describes acids as proton donors, meaning they give away H+ ions when dissolved in
water, and bases as a hydroxide ion donors, meaning they give away OH- ions when dissolved in
water, however, this does not fully explain how many bases do not have OH- ions to donate. An
expanded theory is the Brensted-Lowry theory, where acids remain the same as previously
defined, however, bases are defined as substances that accept H+ ions when placed in water, but
this does not explain how many acids and bases do not have H+ ions. The most expanded
definition is the Lewis definition, where acids are described as electron-pair acceptors and bases
are electron-pair donors. For this experiment, the Arrhenius definition will be used as all of the

chemicals being used have H+ and OH- ions.

Acids and bases can be classified based on their strength. Strong acids and bases almost
fully dissociate when placed in water to form ions, where weak acids and bases do not
completely dissociate. Lastly, acids and bases can be described by their concentration.
Concentration depends on the amount of acid or base in a certain volume of water and is
measured as moles/litres. If there are more moles of acid/base and less water, the solution has a
high concentration, but if there are fewer moles of acid/base and more water, the solution has a

low concentration.

The technique used for determining the unknown concentration of an acid or base is
called a titration, where drops of titrant are added until an equivalence point is reached indicating

that there is exactly enough acid to neutralize the base. The equation that describes this is,
(C, V)=V,

Where “C,” is the known concentration, “V,” is the volume of the known concentration, “V,” is
the volume of the unknown concentration and “C,” is the unknown concentration. The volumes
are determined by the equivalence point. To find the unknown concentration, the equation is

adjusted.

C,=(C, V) IV,



The equivalence point is measured using an indicator like phenolphthalein which changes
colour when the equivalence point is reached. The point where this colour change is reached is

called the endpoint, therefore endpoint and equivalence point should be very close [2].

Procedure:

As described in the lab manual (“Oh How Bitter a Thing is...” Acid Base Titrations, Dr. Rashmi

Venkateswaran, 2019, Exp. 4, p. 1).

Discussion:

Preparation of diluted NaOH

Component Volume (L)
6.00M NaOH 0.004
Distilled water 0.25

Table 1: Components of the diluted solution

Distilled water was added to a stock solution of 6.00M of NaOH to form a diluted
solution which was used throughout the rest of the experiment. After adding the components and
calculating the concentration, the solution was found to have a concentration of 0.096M. It was
important to note the exact volume of concentrated NaOH used to get the most accurate results
when finding the concentration. The concentration of this solution was determined before using

it because it is the basis of the rest of the calculations from the titration.



Standardization of NaOH

Trial Concentration | Volume of | Initial volume of | Final volume | Total volume of
of HCL (M) HCL (L) NaOH (L) of NaOH (L) | NaOH used (L)
1 0.100 0.010 0.040 0.029 0.011
2 0.100 0.010 0.041 0.029 0.012
3 0.100 0.010 0.041 0.028 0.013
Averag 0.100 0.010 0.041 0.029 0.012
e
Table 2: Final results from the standardization of NaOH
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Graph 1: Results from the standardization of NaOH




Standardization was used to confirm the concentration of the prepared NaOH solution,
which was done using a titration with 0.1M HCI. In the lab. Water was added to the beaker with
the acid, however, this did not affect the titration. This is because the water only changed the
volume of the acid, not the amount of moles inside of it [1]. The addition of water allows the
endpoint to be displayed more clearly. Using the average collected values from the three trials,
the concentration was calculated to be 0.083M even though it was supposed to be very close to
0.096M. This is a 0.013M difference in concentration which displays an error of 13.5%. This
error occurred for many different reasons. First, the drop counter failed as it was not calibrated
properly so it did not measure anything close to accurate data. Due to this, the calculations were
done based on raw data, which leaves a possibility for human error. To expand on that, the
readings taken from the burette may not be accurate, which leads to the data not being accurate.
The pH probe that was used also did not display the most accurate results. To elaborate, when
the solution reached endpoint, the pH probe displayed that the pH was 5-6 for trials 2 and 3 even
though it should have been around 7. Trial 1 was the only trial where the endpoint was shown as
close to 7. The equivalence point and endpoint should be close considering colour change occurs
when the equivalence point is reached. Since this data is not accurate, the calculated
concentration is also not accurate. Due to these errors, the standardized value of the diluted
NaOH solution will not be used to find the concentration of the unknown acid. Instead, the value

0.096M that was originally calculated will be used as it is more precise.

Concentration of Unknown acid

Trial Volume of Initial volume of | Final volume of Total volume of
unknown acid (L) NaOH (L) NaOH (L) NaOH used (L)
1 0.010 0.040 0.020 0.020

2 0.010 0.040 0.019 0.021




3 0.010 0.042 0.024 0.018

Average 0.010 0.041 0.021 0.020

Table 3: Final results from titration of unknown acid
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Graph 2: Final results from titration of unknown acid

The diluted NaOH was used in a titration to determine the concentration of the unknown
diprotic acid #5. Using the average values collected from the three trials, the concentration of the
unknown acid was found to be 0.096M. Since the unknown acid was diprotic, it donated 2H+
ions, which is displayed by two sharp inclines on Graph 2. The equation for the titration of a
diprotic acid is H,A + 2NaOH -> Na,A + 2H,0. In this case, there is a 1:2 ratio between the acid
and base, therefore the equation to find the concentration must change to (C,V,) / (2)(V,) =C,.
The result of the unknown concentration may not be the most accurate as errors occurred again
with the drop counter so the raw data was used for the calculations. Since raw data is not very

accurate, the calculations may be inaccurate as well.



Conclusion:

In conclusion, the approximate concentration of the diluted NaOH solution was found to
be 0.096M. This value was used to determine the concentration of an unknown diprotic acid #5.

Using the technique of titration, the concentration of this acid was found to be 0.096M.

Reference(s):
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Graph 4: Standardization trial 2



r o
16 -
Statistics for: Run 3 | Derivative
min: 2.102 at 7107 max: 16.77 at 7.250
e mean: 8.343 median: 6.745
std. dev: 6.172 samples: 7
hy:14.666
2
B
=
g
ae 54
T
a o
o o o POy J J . A A sl
-5
0 2 4 6 8 10
(8x:0.287 £y:0.33) Velume (mL)

Graph 5: Standardization trial 3
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Graph 6: Unknown acid trial 1
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Graph 8: Unknown acid trial 3




Sample Calculations

Prep of diluted NaOH

Concentration of diluted NaOH:

C,: 6.00M V,: 0.004L
C:? V,: 0.250L
C,V=CV,

(6.00)(0.004) = (C,)(0.250)
(6.00)(0.004) / (0.250) = C,
0.096M = C,

Standardization

Confirming concentration of diluted NaOH:

C,: 0.100M V,:0.010L
C,:? V,:0.012L
C\V, =GV,

(0.100)(0.010) = (C,)(0.012)
(0.100)(0.010) / (0.012) = C,
C,=0.083

Difference from actual:
0.096 - 0.083 =0.013
% Error:

(0.013/0.096) x100%
=13.5%

Unknown acid

Finding concentration of unknown acid #5:
C,: 0.096M V,:0.020L

C:? V,:0.010L



C,V,=C,V,
(0.096)(0.020) = 2(C,)(0.010)
(0.096)(0.020) /2 (0.010) = C,
C, = 0.096M
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