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Smart pH Reader — Students’ Handout
The Importance of pH

The measurement of pH tells you how acidic or basic a substance is. Knowing this pH value is
important in many fields including science, agriculture, water testing, the food industry, and
medicine. We use a pH scale ranging from 0 (very acidic) to 14 (very basic) while pure, distilled
water at room temperature is neutral with a pH of 7.

The pH of Common Solutions

Currently, the most accurate way to measure pH is using a pH meter; however, this equipment
is expensive and requires a large volume for proper readings. A more economical option uses
pH paper, yet the results must be interpreted by the naked eye and therefore are not as
accurate. We have developed two applications which can analyze pH and give a much more
accurate reading. This makes these apps strong contenders for possibly replacing pH meters
with more affordable and readily-available technology. You will be performing a series of
experiments to test the accuracy of these apps and learn about acid-base titration.

What is Acid-Base Titration?

Acid-Base titration is a method to determine the concentration of an acid/base. In this instance,
we can do this by using dimensional analysis with the following equations:

CH;COOH + NaOH - CH3;COONa + H,0O
Where:




Let’s get started!

Experiment 1: Determining the pH of three different solutions

You will be split into small groups. Each group will make three of the six possible solutions listed
below. In each case, use your stir rod to gently mix the solution until homogenous.

Step 1: Prepare the following solutions in a beaker

a) Lemon or Lime Juice Solution: Combine 10 mL of Juice with 40 mL of distilled water.

b) Windex Solution: Combine 5 sprays of Windex with 40 mL of distilled water.

c) Vinegar: 20 mL of white vinegar (5% acetic acid by volume).

d) Baking Soda Solution: Add 1 teaspoon of Baking Soda (NaHCO3) to 40 mL of distilled
water.

e) Dry lIce in Water: Add a few pieces of dry ice (CO,) to 40 mL of distilled water until the
bubbling stops.

Step 2: Measure the pH of the solution using universal pH paper
First, you will use the universal pH paper to give you a rough estimate of the pH range. Record
this value on the next page.

Step 3: Measure the pH of the solution using a more accurate pH paper
Once you have a range, identify which range pH paper you will be using and use that range
paper to determine the pH of each solution. Record this value on the next page.

Step 4: Measure the pH of the solution using either Smart Paper Reader App or a pH meter

Lastly, using either Smart Paper Reader (Group 1 & 2) or a pH meter (Group 3) get a more
accurate reading of the pH for each of your solutions.

Experiment 2: Acid-Base Titration

You will be titrating 20 mL of white vinegar (5% acetic acid by volume) with 1.0 M NaOH. The
NaOH will be added slowly in varied increments, and the pH will be measured after each
addition. Once you have all the measurements, you will graph the titration curve (pH vs volume
of NaOH added) on the provided graphing paper. Each group will use different methods to
measure the pH during the titration:

Group 1 & 2: Use the universal pH paper and Smart Paper Reader to determine the pH value.

Group 3: Use a pH meter to determine the pH value.



Experiment 1 (Group 1)

(Tape your dry pH paper strips in the provided boxes below)

Solution: Lemon Juice | — —
Universal pH paper range: eeizatvages | Pranet Paper
Range pH paper reading:

App Value:

Solution: Baking Soda ——— | —
Universal pH paper range: i el e
Range pH paper reading:

App Value:

Solution: Windex — —
Universal pH paper range: el il

Range pH paper reading:

App Value:




Experiment 1 (Group 2)




Experiment 1 (Group 3)

(Tape your dry pH paper strips in the provided boxes below)
Solution: Lemon Juice
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pH meter value:
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Universal pH paper range:

Range pH paper reading:
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Experiment 1 (Group 3)

(Tape your dry pH paper strips in the provided boxes below)

Solution: Lime Juice

Universal pH paper range:

Range pH paper reading:

pH meter value:

Solution: Dry Ice

Universal pH paper range:

Range pH paper reading:

pH meter value:

Solution: Vinegar

Universal pH paper range:

Range pH paper reading:




Experiment 2: Vinegar Titration with NaOH Using a Universal Indicator

(Group 1)

NaOH Smart Indicator
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Experiment 2: Vineqar Titration with NaOH Using a Universal pH
Paper (Group 2)

NaOH Smart Paper
Volume (mL) Reader
reading
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Experiment 2: Vineqar Titration with NaOH Using a pH Meter
(Group 3)

NaOH pH meter
Volume (mL) reading
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Experiment 2: Titration Curve (Universal pH Paper)
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Experiment 2: Titration Curve (Universal Indicator)
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Experiment 2: Titration Curve (pH Meter)

Use the scrap paper at the end of this handout to do your calculation.

What is your vinegar solution concentration?
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Application Download and Setting

There will be 2 applications you will need to download on your phone or tablet. Once you
access the links, DO NOT click the file (app-debug.apk), but rather, click the button “Download
anyway”.

1) For analyzing the universal pH paper and range pH paper colour change pictures:
https://tinyurl.com/2dashjyk

2) For analyzing the universal indicator colour change pictures: https://tinyurl.com/4d73wnxt

Reading the pH Paper:

1) Dip your pH paper in your solution.

2) Setit down on a blank, white paper.

3) Position your phone or tablet directly above (parallel) the paper, around 6 inches away.

4) Take a picture and crop it: you only want to keep the coloured portion you will be
analyzing in the picture.

5) Open the application and select the pH test you want in the app (pH range).
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Scrap paper for calculations

Vinegar concentration: 5% acetic acid per volume
Acetic acid molar mass: 60 g.mol*
Acetic acid density: 1.05 g/cm-

NaOH concentration: 1.0 M.
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