Experiment 1: Using Micropipettes and Graduated Pipettes
Adapted from the CSUS Biochemistry (Chem 162) Lab Manual, Fall 2002.
And
The Science Learning Center at the University of Michigan-Dearborn

I. Introduction
Purpose: The purpose of this lab is to
a) Review available types of pipettes
b) Learn how to use and check the calibration of a micropipette.
c) Learn the proper use of graduated pipettes
d) Determine the accuracy and precision of measurements taken with each.
Types of Pipets
Pipets come in a variety of types and sizes. Among them are

a) Volumetric pipettes (the kind used in Chem 400)
Used to measure a single volume accurately, typically to 4 significant figures.
(volumes typically vary from 0.5 to 100 mL)
On a volumetric pipette, the specifications indicate:
♦ How much liquid will be transferred if the liquid is drawn up to the calibration line on the neck
♦ The temperature at which the calibration was made
(remember that the volume of a liquid changes with temperature!)
♦ Whether it is a TD (to deliver) or a TC (to contain) measuring device.

Proper use of a volumetric pipette includes:
♦ When emptying a volumetric pipette, the liquid is allowed to slowly drain out. It is never forced
out.
♦ After it is emptied, the small amount of liquid, which remains in the tip, should not be blown out.
♦ Volumetric Pipettes are NOT blow-out pipettes.
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b)

Micropipettes
used to accurately measure small volumes of liquids (volumes typically vary from 5 to 1000 µL)
The parts of typical micropipettes are shown below.

Type A
c)

Type B

Graduated Pipets
used to measure various volumes with a single pipette
(volumes delivered depend on the overall size of the pipette)
Graduated pipettes are not as accurate as volumetric pipettes, due to the fact that each graduation
line is not individually calibrated and any imperfection in the internal diameter will have a greater
effect on the volume delivered.
Graduated Pipettes are divided into:

The Graduated pipette in your locker should be a serological pipette. Please verify this before
beginning this experiment!
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d) Blow-Out Pipettes
If a serological pipette has a frosted band or two thin rings around the neck, then it is a blow-out
pipette.
This means that after all the liquid has been allowed to drain out by gravity, the last drop remaining
in the tip is also forced out with the pipette bulb.

Please verify that the graduated pipette in your locker is NOT a blow-out pipette before
beginning this experiment.
Accuracy and Precision
Pipettes and micropipettes can deliver accurate and precise volumes of solution. Our goal is to determine
how accurate and how precise our pipette and micropipette are.
Accuracy is a measure of how close a measured value is to the accepted or “true” value. It is related to
the percent error between the average volume of solution measured experimentally and the volume that
was expected (the accepted value). Smaller percent error reflects higher accuracy. Percent error can be
negative, indicating that the measured volume was smaller than the expected volume or positive,
indicating that the measured volume was larger than the expected volume. For example, we are
attempting to measure two different volumes of water with our micropipette and two with our graduated
pipette. Perfect accuracy would have us measure the exact volume we desire each time. However, the
volume of water that we actually measure will be close but probably different from these volumes. The
farther away from the correct volume, the lower the accuracy of our pipettes and/or our technique will be.
The formula for percent error is in the Statistical Functions portion of the Lab Manual Introduction.
Precision measures the closeness of a set of values obtained from identical measurements of the same
quantity. It is the ability to repetitively measure the same volume of solution (whether its accurate or not).
Precision is related to the standard deviation of a series of measurements of the same thing. For example,
if the micropipette is set to the same volume (300 µL) and four measurements are taken at this volume, a
standard deviation can be taken of these five measurements. The smaller the standard deviation, the more
precise the micropipette is. We will use the standard deviation as a measure of the spread of potential
errors in a given measurement. The formula for standard deviation is in the Statistical Functions portion
of the Lab Manual Introduction. Standard deviation is usually reported with the average value like this:
average value ± standard deviation
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In order to minimize the waste generated from experiments in this class, a number of the experiments
involve a micropipette that can deliver between 100 and 1000 microliters (µL). The micropipettes are
only to be used for this volume range. For larger volumes, a graduated pipette is in your locker (bulbs
available from the stockroom or one of the side drawers).
Use of the micropipettes
When you push down gently on the plunger of the micropipette, you will feel a “stop” where the
resistance increases. If you push a little harder, the plunger will move even further to a second stop. The
first stop is used to suck up the correct volume. The second stop is used to completely expel the liquid
you are measuring.
Liquid is never drawn into the barrel of the micropipette itself. An appropriate tip should always be
placed firmly on the end. Since the principle by which the micropipette works is the creation of a vacuum
in the tip, causing liquid to be drawn up, it is critical that the tip be on tight enough to make an air-tight
seal. Having said this, do NOT jam the tips on so hard that they are hard to get off. The tips used for the
1000µL pipettes are usually blue.
The volume to be taken up is set by turning the plunger on the top of the micropipette and reading the
numerical settings displayed. A setting of 100 µL is equal to 0.100 mL. A setting of 1000 µL is equal to
1.000 mL. Do not set the micropipette below 100 µL or above 1000 µL under any circumstances!
Doing this is essentially the only way that the micropipettes can be broken.
This semester, we will primarily be using pipettes typical to those shown as “Type B” on Page 2. The
volume on these is shown directly in µL. Occasionally, we may be using ones similar to “Type A”. These
show the leading zero, and can cause confusion when dialing in the proper value. The proper reading of
the “Type A” micropipette digital volume display is shown below.
The volume
What volume
setting shown
(in µL) is specified
here represents
in the picture to the
left?
0.684 mL or
____________
682µL.

When drawing liquid up into the micropipette, set the dial, then push the plunger down to the first stop.
While holding it there, put the end of the tip under the surface of the liquid to be measured and slowly,
gently allow the plunger to return to its top position. If you go too fast, you will cause some liquid to spurt
up into the micropipette barrel itself, which is bad for the micropipette, bad for your results and bad for
your chemistry karma, whatever that is. This also lets air in, so the volume of fluid sucked up into the tip
will be lower than the amount that you want. Never let the plunger snap up by itself. Next, place the end
of the tip where you want the liquid to go and push the down the plunger to the second stop to deliver the
exact amount of fluid desired.
Although micropipettes are usually quite accurate when first purchased, they can eventually develop
problems with use. We will spend some time checking the calibration of the micropipettes that we will be
using throughout the semester to ensure that they are delivering a known volume of fluid. We will
measure out different exact volumes of water with the micropipette, and using the density of water at the
temperature of the water, we will determine the volume of fluid delivered based on the fluids mass.
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II. Experimental
A. Equipment Needed
From stock room: numbered micropipette
pipette bulb
thermometer
From your locker: graduated pipette
medium size beaker
small beaker
B. Experimental considerations
The micropipettes are not fragile but they can be broken if a few simple rules are not followed.
We are lucky to have the micropipettes and must take care of them. Please follow these rules all
semester: 1. Do not go below 100 µL or above 1000 µL. 2. Do not allow any fluid into the
barrel of the micropipette–always use a micropipette tip. DO NOT CHANGE THE
SETTING OF THE MICROPIPETTE WITHOUT PRIOR PERMISSION OF THE
INSTRUCTOR!
C. Before Starting Experimental Work
1. In your notebook, enter the experiment title, date, your name and name of partner. Number
each page in the notebook.
2. Purpose: Write the purpose of the lab after the title “Purpose”. (NOTE: There may be more
than one purpose!)
3. Executive Summary: Write a Summary of Procedures described in this lab. Write “Procedure
1:” followed by a summary of what you will be doing in that section of the experiment.
Note: Do not include minute details of the procedures, but include the main steps and
calculations that will be tackled in each procedure of the experiment.
D. Procedure 1. Using the Micropipette.
1. Partner ‘A’ should collect a micropipette that has been set to 300 µL. Record the number of
your micropipette.
2. Place a tip on the micropipette. Use the micropipette to measure out 300 µL as follows: Press
the plunger down to the first stop. Then place the end of the tip into the solution to be measured
and slowly, gently allow the plunger to return to its top position.
3. Look at the tip to see what 300 µL looks like in the tip. Both partners should draw a picture in
their notebook of the tip with the fluid in it, noting the volume that the drawing represents.
4. Move the tip to a beaker and press the plunger (slowly and gently) down to the second stop to
dispel the liquid.
5. Partner ‘B’ should repeat this exercise for 0.700 mL (700 µL). Both partners should draw a
picture in their notebook of the tip with the fluid in it, noting the volume that the drawing
represents.
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E. Procedure 2. Checking the Calibration of the Micropipette.
You will calibrate your micropipette at two different volumes: 300 µL, and 700µL. (Each partner
should perform the actual measurements for one of the two volumes. Both partners should record all
data.)
This procedure will use the technique of balance taring (zeroing) prior to each measurement. This will
allow direct measurement of the mass from each use of the micropipette.
1 Collect approximately 50-100 mL of DI water in a medium sized beaker.
2. Record the temperature to the nearest 0.1 °C.
3. Create the following data table in your notebook. (Note: You may create this and other tables
presented in laboratory instructions by drawing them with pen and ruler directly in your
laboratory notebook. Alternately, you may cut this table out and tape it into your notebook. If you
choose the later option, the table must be taped into your notebook before collection of your
data. Any data collected on loose paper will be thrown away by your instructor and you will be
required to repeat the experiment!!!
Table 1:Calibration Check for ________uL Setting on Micropipette _____

Mass of Water

Volume of Water

Error

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

Avg.

% Error

SD

% RSD

4. Place a clean weigh boat on the scale.
5. Tare (zero) the scale with the weigh boat on it.
6. Add 300 µL of deionized water to the weigh boat. Record its mass in your notebook table.
7. Repeat steps 5 and 6 until you have 4 recorded measurements at this volume. You don’t have
to dump the water out of the weigh boat each time; instead tare the scale with the water in the
weigh boat and then add 300 µL more. Show these results to your instructor before proceeding
to the 700 µL check. Failure to do so will result in a loss of completeness points.(This is to
catch any gross errors in your technique before you repeat it 3 more times!)
8. Repeat steps 3-7 for 700 µL. If partner A operated the micropipette for the 300 µL
measurements, partner B should do the physical manipulations for the second volume. Both
partners must record their data directly into their laboratory notebook.
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F. Procedure 3. Using the Graduated Pipette.
You will practice using your graduated pipette at two different volumes: 3.0 mL and 7.0mL. (Each
partner should perform the actual measurements for one of the two volumes. Both partners must
record all data.)
This procedure will use the technique of weighing by difference. All mass values will require the
subtraction of two separate measurements. For this reason, you will get the best results if all
measurements for this portion of the experiment are performed with the same balance. Do not attempt
to use the same technique as was used in the first portion of the experiment. This will require you to
tie up the balance for too long, preventing other students from completing the experiment in a timely
fashion.
1 Collect approximately 50-100 mL of DI water in a medium sized beaker.
2. Record the temperature to the nearest 0.1 °C.
3. Create the following data table in your notebook.
Table 2: Calibration Check for ________mL on Graduated Pipette
Mass of beaker,
Mass of water Volume of water
watch glass,
(and water)
Empty Beaker

N/A

Error

N/A

N/A

+ Addition #1

N/A

N/A

+ Addition #2

N/A

N/A

+ Addition #3

N/A

N/A

Avg.

N/A

% Error:

SD

N/A

% RSD:

4. Tare the balance.
5. Place a clean 50 mL beaker covered with a watch glass on the scale.
6. Measure and record the weight of the beaker and watch glass in your notebook data table.
7. Return to your workstation and add 3.0 mL of deionized water to the beaker with your
graduated pipette.
8. Reweigh the beaker, water, and watch glass. Record its mass in your lab notebook in Table 2.
Calculate the mass of your water sample. Show this value to your instructor (first
measurement only) before proceeding with step 9. Failure to do so will result in a loss of
completeness points. (This is to catch any gross errors in your technique before you repeat it
2 more times!)
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9. Repeat steps 7 and 8 until you have 3 recorded measurements at this volume. (You don’t
have to dump the water out of the beaker each time; instead use the ending weight for one
measurement as the beginning measurement for the next.)
10. Repeat procedure 3 using a volume of 7.0 mL with the other partner doing the physical
manipulations with the pipette.
Fill your wash bottle with DI water before you leave so that you will have a source of room
temperature water for your next experiment.

III. Further Instructions
A. Calculations
1. For the Micropipette
Each calculation should be labeled as to which calculation follows.
Note: All
calculations for
the micropipette
must be shown
explicitly.
Those for the
graduated
pipette may be
done directly in
your calculator,

a) Average value in grams (Example label: Calculation of Average Mass for 300uL)
b) Standard Deviation in grams
(How to take the average and standard deviation are described in the Statistical Functions
portion of the Lab Manual Introduction.)
c) Conversion to microliters
Convert the average and standard deviation from mass to the corresponding volume in
microliters of water. (The conversion uses the density of water at the measured lab
temperature (table below) and a conversion from mL to µL.
d) Accuracy (Percent Error)
Calculate a percent error for this micropipette to measure 300 µL. Use 300µL as the
accepted value (since that is the volume for which you set the micropipette) and your
average value as the experimental value.
% error = experimental value – true value
true value

x 100

Percent error is also described in the Statistical Functions portion of the Laboratory Manual
Introduction. Percent error can be negative.
A positive value for % error means that the experimental results were high.
A negative value for % error means that the experimental results were low.
e) Calculate the precision of the pipette (% relative standard deviation).
%RSD = s.d.
x 100
mean
f) Transfer your calculated values to your data table.
g) Repeat all of the above calculations for the second volume checked.
2. For the Graduated Pipette
a) Calculate the mass of water added for each addition.
b) Repeat the same calculations listed in steps a thru f in section III/A/1 above with the
exception that volumes should be listed in milliliters rather than microliters.
The calculations for the standard deviation may be done with your calculator and do not need
to be expressly shown in your notebook. The final values must be summarized in your data
tables.
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B. In-Class Work
1. All data collection must be completed during class time.
2. All of the calculations for the 300 µL check of the micropipette must be finished before
leaving class. You must have your calculations initialed by your instructor before
leaving. The rest of the calculations can be done at home.
C. Results: at home
1. Complete all remaining required calculations for Procedures 2 & 3.
2. Paste a copy of the Table 3 in your notebook for reference throughout the semester.
D. Discussion Items
In your notebook, after completion of all experimental work and calculations, create the heading
Discussion Items, copy the following questions, and provide appropriate answers.
1. Describe in your own words how to use a micropipette.
2. What is the reason we observed the volumes in the tip of the micropipette during procedure 1?
3. What is the difference between the definitions of accuracy and precision?
4. Why was placing a watch glass on top of the weighing container required for procedure 3 but
not procedure 2?
5. A student obtained the following data when checking the calibration of a micropipette at 400 uL.
Temperature: 21.5 ºC
mass #1: 0.385g
mass #2: 0.401g
mass #3: 0.375g
mass#4: 0.411g
Calculate the average mass and standard deviation of the mass.
Calculate the average volume and standard deviation of the volume in microliters.
Calculate the accuracy (%error) and precision (%rsd) for the pipette.
E. Experimental Summary:
After all calculations are complete for both volumes on the micropipette and both on the graduated
pipette and the Discussion Items have been addressed, create a heading in your notebook for
Experimental Summary. In this section:
1. Create a table summarizing your findings for the 4 measurements made.
2. Discuss whether the accuracy and precision change as a function of the volume of fluid
measured. Were any trends evident? Explain by referencing your results.

IV. Table 3: Density of Water as a Function of Temperature
Temperature
Density of water1
(°C)
(g/mL)
15
0.9991026
16
0.9989460
17
0.9987779
18
0.9985986
19
0.9984082
20
0.9982071
21
0.9979955
22
0.9977735
23
0.9975415
24
0.9972995
25
0.9970479
26
0.9967867
27
0.9965162
Note: You will need to bring a floppy disk or flash drive to class next week in order to save your data.
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