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Precision of Glassware and Significant Figures

**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

The purpose of this experiment is to introduce you to various pieces of glassware found in the
laboratory setting and to determine the proper use of these items, specifically when measuring
volumes of solvents. Examples of glassware items you will find in this virtual lab, or any typical
general chemistry lab include: Erlenmeyer flasks, graduated cylinders, volumetric pipettes, beakers,
and volumetric flasks. All of these items of glassware have volume etchings imprinted on their
surfaces, but the degree of accuracy varies greatly between each item.

In a general sense, beakers and Erlenmeyer flasks are ideal for holding /\ TR
solvents, mixing, heating, etc. but not measuring them. Why not \ N\ - 4
measuring? Simply, the volumetric etchings on these items are known to

have a great deal of inaccuracy, as they were not manufactured for volume

reading. Consider the image of a beaker to the right, and you will notice

only a handful of volume markings on the glassware. Hypothetically one | =
could estimate a volume reading, or use one of the exact etchings, but the /

A\

degree of accuracy is so low that the volume reading would not be valid. S——

The next item of glassware we will consider are graduated cylinders. Graduated cylinders
are one of the most common items used in the laboratory to measure volumes, but

because of their shape, are not items of choice when it comes to mixing or heating Ey
reactions. Graduated cylinders are ideal due to the versatility in being able to measure a 2’
large span of volumes, with a great deal of accuracy. An image of a graduated cylinder is
shown to the right. The accuracy when using a graduated cylinder is ideal enough where
you could measure 3.10 mL at one point, or 8.25 mL at another point, depending on the 2
overall volume size of the glassware (for these volumes, a 10 mL graduated cylinder is .
best). The important item to note is to read the bottom of the meniscus at eye level to ’
attain an accurate reading when reading graduated cylinders. -




Finally, we will consider volumetric flasks and volumetric pipettes. These items are
considered the gold standard in volume measurement, even surpassing the accuracy | .
of graduated cylinders. You will note that both items begin with the word
“volumetric”, an easy way to remember their accuracy. These flasks are typically used
in the analytical chemistry setting, when volumes have to be as exact as possible, and
there is no room for error. The main disadvantage to using volumetric flasks is each
item of glassware is only calibrated to read one volume (see the picture to the right).
If comparing, a 100 mL graduated cylinder can give very accurate readings all the way
up to the maximum volume, compared to a 100 mL volumetric flask or 100 mL
volumetric pipette that can only provide a single volume reading. Like the graduated
cylinder, the volumetric flask should be read at eye level, and the bottom of the
meniscus should be used to record the volume.
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When reading volumes from these items of glassware, you are expected to estimate one more digit
past what the item of glassware gives you. We refer to this as maintaining a correct number of
significant figures, or sig figs. It is important to mind your sig figs because this indicates the degree
of accuracy of your glassware. For graduated cylinders and volumetric flasks, we read these to two
decimals, as the first decimal is clearly readable, and the second decimal can be estimated. Since we
can only read volumetric flasks to one volume, we write volume readings with two zeroes in the
decimal place, such as “10.00 mL” or “100.00 mL”. Examples of glassware items filled with various

solvents are shown below.
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The volume reading for the beaker above can be estimated to be 78 or 79 mL (this is a very rough
reading). You will note that the second digit is estimated, and that there are no decimals listed. For
the graduated cylinder, the image above demonstrates not only reading the meniscus, but also
reading at eye level, and the volume may be reported as 67.00 mL. Finally, the volume in the
volumetric flask is 1000.00 mL, as you will note the meniscus falls directly on the etched line at the
top, where the volume is read.
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Link to virtual lab:
http://chemcollective.org/activities/vlab/67 (don’t mind the title of the experiment on the website,
as we are only using the basic lab items for this experiment)

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




Procedure

10.

11.
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16.

17.
18.

For this experiment, we will look more closely at Erlenmeyer flasks, graduated cylinders, and
volumetric flasks

Go to the solutions tab in the stockroom and add a 3.0 L bottle of distilled water to your
workbench

Go back to the stockroom under the glassware tab and add one 250 mL, one 500 mL, and one
1000 mL Erlenmeyer flask to your workbench

You will now add a considerable volume of distilled water to each flask

Click on your distilled water container and drag it over the 250 mL flask. A separate window will
pop up, giving you the option to add water to this piece of glassware using either the “precise”,
“sig fig” or “realistic” function. For all of the Erlenmeyer flasks, you will use the “sig fig” function
Once you are under the “sig fig” function, dispense 250 mL of water into your flask

After dispensing the water, the simulation will provide you a reading of water in the flask.
Record this in the results table

Now that the simulation has given you a reading, take your own independent reading of the
flask (you may need to zoom in to get a decent reading) and record this in the results table. The
etched line at the very top is the 250 mL line. What volume would you report this as? If you are
having trouble reading your Erlenmeyer flask volume, that’s okay, as these flasks are not
designed for glassware reading. There is more than one possible answer for this reading, but do
not forget to use the correct number of sig figs for your answers

Note: the simulation provides a reading in its own sig figs for all of the glassware items, and it is
your responsibility to check this volume and the reported sig figs, and make necessary
corrections in the manual reading

Repeat steps 5-8 for both the 500 mL and 1000 mL flask

Important: for these steps, add 500 mL of water to the 500 mL flask, and 1000 mL of water to
the 1000 mL flask, while always using the “sig fig” function. The etched lines at the top of these
flasks correspond to the 500 mL and 1000 mL volume readings, like with the 250 mL flask

You may now move onto the next section of this experiment, where you will look at volume
readings with graduated cylinders

Go to the file tab at the top left and add a new workbench

Now go to the solutions tab in the stockroom and add a 3.0 L bottle of distilled water to your
workbench

Go back to the stockroom under the glassware tab and add one 10 mL, one 25 mL, and one 50
mL graduated cylinder

To your 10 mL graduated cylinder, add 5 mL of water using the “sig fig” function. Take your own
independent reading of the graduated cylinder, using the same protocol as you did with the
Erlenmeyer flasks, and record the simulations reading

Note: the simulation may not exactly 5 mL, which is okay, as long as you attain an accurate
reading

For your independent readings, read the glassware using the bottom of the meniscus. A zoomed
in screen shot should automatically open up. If it disappears, or if it does not show up, right click
on the graduated cylinder and click on “detail view” to open this

Repeat steps 14-15 for both the 25 mL and 50 mL graduated cylinder. For the 25 mL graduated
cylinder, add 10 mL of water. For the 50 mL graduated cylinder, add 40 mL of water

You will now finish the last section. Go to the file tab at the top left and add a new workbench
Go to the solutions tab in the stockroom and add a 3.0 L bottle of distilled water to your
workbench



19. Go back to the stockroom under the glassware tab and add one 100 mL, one 250 mL, and one
500 mL volumetric flask to your workbench

20. To your 100 mL volumetric flask, add 100 mL of water using the “precise” function, not the “sig
fig” function. Record the volume provided by the simulation, and take your own independent
reading, using the same protocol as you have done previously. Specifically, be sure to use your
meniscus reading for all of these readings

21. Repeat step 20 for both the 250 mL and 500 mL volumetric flasks. For the 250 mL volumetric
flask, add 250 mL of water. For the 500 mL graduated cylinder, add 500 mL of water. Do not
forget to use the “precise” functions for these additions

Results

Item of Glassware Simulation Reading Manual Reading

250 mL Erlenmeyer flask volume

500 mL Erlenmeyer flask volume

1000 mL Erlenmeyer flask volume

Item of Glassware Simulation Reading Manual Reading

10 mL graduated cylinder volume

25 mL graduated cylinder volume

50 mL graduated cylinder volume

Item of Glassware Simulation Reading Manual Reading

100 mL volumetric flask volume

250 mL volumetric flask volume

500 mL volumetric flask volume

Post Lab Questions

1. For the following scenarios, you will follow Walt, a scientist in the lab running a synthesis
reaction. Each step will offer the choice of three types of glassware, and you will indicate
which item of glassware is best for that reaction step. You do not need to use complete
sentences, just list the best item of glassware to be used

a. The first step of Walt’s reaction requires a specific concentration of acid.
Unfortunately, the only concentration available in the lab is quite higher. He knows



that he can dilute the acid, but it must be done quite precisely, and will need exactly
250.00 mL of water. Would a 250 mL Erlenmeyer flask, 250 mL graduated cylinder,
or a 250 mL volumetric flask be best for this step?

Best item of glassware to use:

b. After diluting the acid, Walt needs to mix this solvent with two other powder based
reactants, and mix them together very thoroughly. Would a 100 mL beaker, 100 mL
graduated cylinder, or a 100 mL volumetric flask be best for this step?

Best item of glassware to use:

c. Once he mixes all of the reagents together, Walt needs to add approximately 10.50
mL of deionized water to the reaction vessel. Would a 25 mL beaker, 25 mL
graduated cylinder, or a 25 mL volumetric pipette be best for this step?

Best item of glassware to use:

d. Finally, Walt needs about 68 mL of one last reagent to finish out his reaction. It does
not need to be exactly 68 mL, but the more accurate the better. Would a 100 mL
Erlenmeyer flask, 100 mL graduated cylinder, or a 100 mL volumetric flask be best
for this step?

Best item of glassware to use:

2. Consider the graduated cylinders below filled at different volumes. Using your knowledge of
sig figs and meniscus reading, provide the volumes of the solvents to your best ability

a. Graduated cylinder #1:

b. Graduated cylinder #2:

c. Graduated cylinder #3:
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