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NaOH Standardization Using an Acid-Base Titration

**Instructions: You may work in groups of four, but the results should be yours. Please write your
name and your group members in the space provided and upload it to Gradescope. It is highly
recommended to watch the introductory video linked below before starting**

Purpose/Background

For today’s experiment, you will standardize a solution of NaOH by titrating a known concentration
of potassium acid phthalate (KHCgH,0, or more commonly just KHP). Standardization is the process
in which the exact molarity of a solution is determined. For this experiment, since we know the
exact concentration of KHP, we can use this to determine the exact concentration of NaOH. But why
do we need to standardize a preexisting NaOH solution? Why not just go to the lab, use proper
techniques and glassware, and create a fresh solution of NaOH? You can, but NaOH is very
hygroscopic (it readily absorbs water from the air), so when a mass of NaOH is measured, the weight
is both a combination of water and solid NaOH, thereby causing error in any concentration
measurements made. This is a very common issue in the laboratory, but the exact concentration of
NaOH can be determined using the standardization method. When you go to the experiment, you
will note the concentration listed is 1 M NaOH. If the individual making this solution did so
correctly, we know the concentration is roughly 1 M, but after standardization, we will know the
exact concentration, and report this more accurately to four significant figures.

To deliver the NaOH, you will be using a burette, which are the preferred items of choice when
performing titrations. Burette’s are preferred because small increments of volume can be added at a
desired pace, while still being able to measure volume at an accurate level (the same accuracy of a
graduated cylinder). Additionally, the ability to swirl one’s solution for homogeneity while adding
solution is another advantage of using burettes. To determine the amount of solution used during a
titration, you will fill your burette with the NaOH solution, and take an initial volume (or starting
volume). After the titration is over, you will take another reading, which is the final volume. You will
then take the difference of the two numbers and you will know how much solution you used. For
example, let’s say you fill your burette up to the 13.50 mL mark, perform your titration, and take
another reading at 32.00 mL. In this case, 13.50 mL is your initial volume, 32.00 mL is your final
volume, and the volume of solution used is the difference between these two numbers (18.50 mL).
Burettes are the only items of glassware where you will use this method of taking initial and final
volumes, but it is very effective and efficient in the laboratory setting.

To perform today’s titration, you will be given 25.00 mL of 0.500 M KHP already inside an
Erlenmeyer flask. To this flask, you will add a few drops of phenolphthalein indicator solution.
Phenolphthalein is a common indicator for acid-base titrations, because the change in pH of your
solution is readily trackable just by considering the color changes occurring. For example, if your
solution is acidic, the solution will be colorless, but if the solution is basic, the solution will be a dark



pink color. For our titrations, we are looking for a balance between the two, a very light pink color,
letting us know we have reached the endpoint. The endpoint is the interval in which we know that
the moles of NaOH have completely the consumed moles of KHP. When you are titrating today, you
will notice that the solution starts and remains clear for a while, indicating that the solution is acidic
(from KHP). After multiple additions of NaOH, you will then see a quick change to a pink solution,
indicating the solution is basic (from NaOH). Your job is to find the balance between the two, and
get the lightest pink color possible (this can be very difficult in the lab setting!).

A couple items should be clarified here. First, the phenolphthalein is only indicating the pH of the
solution, and it is not part of the balanced chemical equation (below).

NaOH + KHCgH;0,4 - NaKCgH;04 + H,0

Additionally, there is a limitation when using indicator solutions during titrations, due to the fact
that we are solely relying on a color change to know when the titration is complete. Alternatively,
with the correct equipment, you could create a titration curve, which measures pH as a function of
volume, and then extrapolate the endpoint (the correct term here would actually be equivalence
point). Although this is a small setback, today’s experiment will prove to be a very efficient method
in determining the NaOH concentration.

Link to virtual lab:
http://chemcollective.org/vlab/101

Link to introductory video:
http://www.chemcollective.org/chem/common/vlab_walkthrouh html5.php

Procedure

1. Go to the solutions tab in the stockroom and add a flask of ~1 M NaOH, a flask of 0.500 M KHP,
and a bottle of phenolphthalein. Go back to the stockroom and a 50 mL burette

2. Go to your KHP flask, and read the volume given by the simulation. Record this volume in the
results using two decimal places (assume the solution was transferred using a volumetric item of
glassware). Also, record the exact concentration of KHP provided

3. Now add 45 mL of ~1 M NaOH to the 50 mL burette using the “precise” function. Take a reading
of the meniscus and report the volume using two decimal places. This is your initial volume
Important: do not record 45 mL as your initial volume of NaOH. Record the volume from the
burette by reading the meniscus (it is nowhere near 45 mL, nor should it be, we are just filling
our burette up with excess solution)

4. You now have a burette full of NaOH. You will use this solution to titrate the KHP solution

5. To your KHP flask, add 0.2 mL of phenolphthalein. Why this volume? One drop of solution is
typically regarded as 0.05 mL, roughly, and you only need four drops of indicator for this
experiment

6. Start adding 1 mL increments of NaOH from your burette using the “precise” function. Do this
slowly, and stop when you see a color change

7. After you see the color change, go to the results section and record your observations for what
you saw

8. Afterwards, go back to your burette and take another volume reading using the same protocols
as before. This is your final volume



9. The volume of NaOH dispensed is the difference between your final and initial volumes. This is
accepted practice for reading burettes

10. You will now repeat this experiment one more time, except with a more careful approach

11. Go to your burette and take another initial reading (unless you refill it with NaOH, it will be the
same as the final volume for the prior titration, and that is okay)

12. Remove the KHP flask, and attain a new one from the stockroom. Record the volume for the
new flask

13. Take a moment for a quick reflection. You know the volume of NaOH required to make the color
change in the prior titration, so for the second one, you know you need a smaller volume of
NaOH, but not much smaller. Hypothetically, let’s say it took 30 mL NaOH to see the color
change, but at 28-29 mL, you did not see anything. For the second run, you can add 28-29 mL
very quickly, then start adding solution in much smaller increments. Why not just start by adding
smaller increments? You can, but performing a “rough titration” can be more efficient at times.
It also gives you more practice!

14. This time, you will start adding 1 mL NaOH increments again, but you should stop once you are
1-2 mL short of the total volume titrated last time

15. At this point, you should still have a clear solution

16. Now, start adding NaOH, except add this in 0.05 mL increments. This equates to about one drop,
and with good technique and patience, can be replicated in the lab setting by carefully opening
the burette stopcock

17. Do this very slowly, paying very close attention to the flask

18. At some point, you will notice a very subtle change in color in your flask. It will not be as obvious
as the last color change you saw. Once you see this faint color, stop your titration immediately,
and record the final volume

19. If you did not see a faint color, but rather a dark one, then you have over titrated your sample
and need to start over

20. Go to the results and record your observations

21. Now that you have performed a more accurate titration, you can now determine the exact
concentration of NaOH that you started with. The final value should be close to ~1 M NaOH.
Report this final value using appropriate sig figs

Results

Burette Reading #1

Volume of KHP Solution

Concentration of KHP Solution

Initial Volume of NaOH

Final Volume of NaOH

Total NaOH Volume Dispensed




In the box below, record your observations when performing the first titration

Burette Reading #2

Volume of KHP Solution

Concentration of KHP Solution

Initial Volume of NaOH

Final Volume of NaOH

Total NaOH Volume Dispensed

Standardized Concentration NaOH

In the box below, record your observations when performing the second titration

In the box below, show all of your work in determining the standardized concentration of NaOH
using data from the second titration only




Post Lab Question

1. Lisa performed a titration in her chemistry lab today also, except she was trying to standardize a
solution of Ca(OH),. She started off by weighing 0.6398 grams KHP and dissolving this in a fixed
amount of deionized water. Upon titrating, she found that 18.49 mL of Ba(OH), solution was
needed. Based on this information, what is the concentration of her Ba(OH), solution? The
balanced equation in shown below. Provide all of your work and final answer in the box given

Ba(OH)z + 2KHC3H4049 BaCgH;0,4 + K,CgH404 +2H,0
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