3/30/06 Lab 1. Basic Skills

Lab 1.
BASIC SKILLS: DILUTIONS, MICROPIPETTES AND
SPECTROPHOTOMETRY

There are three parts to this exercise:
I.
II.
III.

Concepts and Calculations for Dilutions and Solutions
Use and Calibration of Micropipettes
Spectrophotometric Analysis of Food Colors

I.

CONCEPTS AND CALCULATIONS FOR SOLUTIONS

Preparing reagents and solutions is a never-ending task in most laboratories. This is
a basic laboratory skill that often confuses people at first. Here we present the
standard, general approach to computing dilutions and concentrations; the Dilution
Factor Technique. It is a convenient way of computing dilutions at the bench. Work
through this section BEFORE coming to lab.
A.

Terminology and Concepts
Stock solution:

concentrated solution which is being diluted

Working solution:

diluted solution, ready to use

Diluent:

the fluid used for diluting concentrate

Dilution Factor (DF):
The DF is a dimensionless number that unambiguously describes the
"strength" of the dilution. It is equal to the volume of stock solution used (V1),
divided by the total volume of working solution produced (V2). In turn, V2 = V1
+ the volume of diluent used.
The dilution factor also gives the relationship between solute concentration in
the stock solution (C1) and the working solution (C2).
The precise relationships are given by:
Dilution factor (DF) = C2 / C1 = V1 / V2
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This is sometimes given as:
C1 X V1 = C2 X V2
Remember: • V2 > V1
• C2 < C1
• DF < 1.0 (A "50-fold [50X]" dilution has DF = 1/50 = 0.02)
• When you add 1.0 ml of stock to 4.0 ml of diluent, DF = 1/5,
NOT 1/4.
Serial dilutions
A sequential set of dilutions in which the stock for each dilution in the series is
the working solution from previous dilution. In effect, except for the last
dilution, each dilution is both a stock and a working solution.
The DF for the entire series as a whole is the product of the DF's of each
individual dilution.
DF total = DF1 X DF 2 X DF 3 etc.

Ordinarily, volumes are chosen to give DF values that are simple powers of ten.
This makes it relatively simple to remember what you are doing and to perform
the dilution calculations in your head.
The most commonly encountered standard dilutions are described in the table
below:
Stock Volume
(V1)
1.0 ml
0.1 ml
0.1 ml
0.01 ml

1.2

Diluent Volume
9.0 ml
0.9 ml
9.9 ml
0.99 ml

Working Volume
(V2)
10.0 ml
1.0 ml
10.0 ml
1.0 ml

DF
10-1
10-1
10-2
10-2
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B.
1.

2.

3.

4.

EXAMPLES
Given a stock of 32% w/v NaCl, how would you make 500 ml of 5.6% w/v
NaCl?
•

DF = C2 / C1

= 5.6/32

•

V1 = DF X V2 = 0.175 X 500 ml = 87.5 ml

•

Add 87.5 ml NaCl stock to 412.5 ml water.

= 0.175

How would you make 100 ml of 32% w/v NaCl? (Note: A 1% w/v solution
contains 1 g of solute in a volume of 100 ml).
•

Weigh 32.0 g NaCl on a balance.

•

Add enough water to give a final volume of 100 ml. (This will be less than
100 ml!)

You have a stock solution of 20X TAE Buffer. “20X” refers to the solute
concentration of the stock relative to the final “working concentration”. How
would you prepare 1 liter of TAE Buffer at working concentration (1X) from the
20X TAE stock?
•

DF = C2 / C1

= 1X/20X

•

V1 = DF X V2 = 0.05 X 1,000 ml = 50.0 ml

•

Measure 50.0 ml of the 20X stock solution and add enough water to give a
final volume of 1 liter. (The approximate volume of water will be 950 ml.)

= 0.05

How much of a 20 mg/ml stock solution of ampicillin would you need to add to
1 liter of bacterial growth medium to achieve a final concentration of 100
µg/ml ampicillin?
•

DF = C2 / C1

= 100 µg/ml / 20,000 µg/ml

•

V1 = DF X V2 = 5 X 10-3 X 1,000 ml = 5.0 ml

•

Add 5.0 ml ampicillin stock to 1 liter medium.

= 5 X 10-3
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You have 1.0 ml of bovine serum albumin (BSA) at a concentration of 10
mg/ml. You want 1.0 ml of BSA at a concentration of 10 ng/ml. Describe the
procedure you would use to dilute your sample to 10 ng/ml.
Careful. This is not as straightforward as it appears. Remember that you
cannot measure volumes less than 1 µl accurately; therefore a serial dilution
is used.

1.4

•

DF = C2 / C1

= 10 ng/ml / 107 ng/ml

•

V1 = DF X V2 = 10-6 X 1,000 µl = 10-3 µl

•

Add 10-3 µl stock to 1.0 ml water.

•

The problem we see with this method is that there is no convenient
way to measure 10-3 µl accurately.

•

Instead, you should perform a series of standard dilutions. For
example, could do a series of three consecutive 10-2 dilutions to reach
a total dilution of 10-6.

= 10-6
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C.

Exercises

1.

Fill in the blank spaces with the appropriate value. See Appendix A.7 for the definitions of unit
prefixes in the metric system.
10 mM =
1 µM =
1 liter =
0.1 ml =
10 mg =
10 µg =

_______ M
_________
_________
_______ µl
_________
_________

M
ml
g
g

2.

Describe how you would prepare 200 ml of a 0.25 M solution of NaOH (molecular weight = 40
g/mol).

3.

“Physiological” saline is a solution of 0.85% (weight/volume) NaCl that is isotonic with tissue.
Describe how you would prepare 1 liter of physiological saline. (Remember that 1% w/v is
equivalent to 1 g/100 ml.)

4.

Calculate how much glycerol you would need to make 200 ml of a 20% (v/v) glycerol solution.
(Glycerol is a liquid.)

5.

Describe how you would prepare 125 ml of a 0.8% w/v agarose in 1X TAE buffer starting with
a 20X TAE stock solution and solid agarose powder.

6.

If a 100X solution is 1 M, what is the concentration of a 1X solution?

7.

The following problem is derived from a notorious article in a prestigious journal. [Davenas, E.
et al. (1988) Nature 333, 816-818.].
Solutions containing a specific antibody cause a response called “degranulation” when the
antibody solution is mixed with a suspension of human leukocytes (white blood cells).
Degranulation is part of the normal immunologic response of the leukocytes to the presence
of foreign antigens. In an assay for degranulation, 1.5 ml of the antibody solution is mixed
with 30 µl of leukocyte cell suspension and then the cells are examined using a microscopic
to determine whether or not degranulation has occurred.
The article in Nature reported the following experimental observation based on the
degranulation assay described above: A solution of antibody antibody at a concentration of
2 X 10–9 M causes the degranulation response. When the 2 X 10–9 M antibody solution was
diluted by a factor of DF = 10–100, the degranulation response still occurred.
Why do you think this claim evoked expressions of astonishment worldwide? Evaluate the
result using the ability to perform dilution series calculations and suggest why it was met with
incredulity. (HINT: Avagadro’s number is 6.02 X 1023 molecules/mole.)
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USE AND CALIBRATION OF MICROPIPETTES

Take nothing for granted, least of all the equipment you rely on. Micropipettes are
indispensable tools in modern biology laboratories. How accurate are the yours?
How precise are yours? What is the difference between accuracy and precision?
Find out.
.
Accuracy refers to performance with respect to a standard value. Precision refers to
the reliability or repeatability of performance and doesn’t necessarily depend on a
standard at all. These two features are independent of each other. It is possible
(and not so unusual) to have an instrument that is precisely inaccurate (or accurately
imprecise)! Confused? Perhaps the following diagram will help.

ACCURATE

INACCURATE

PRECISE

BEST

MAYBE LIVE WITH IT

IMPRECISE

BAD

WORST

Target Analogy to Illustrate Accuracy and Precision
Here, the bullseye represents the "standard" against which accuracy is judged.
To simultaneously evaluate the accuracy and precision of your pipettes you must
conduct multiple measurements and compute the % Error Of The Mean and
Standard Deviation of the measurements for each pipette.
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A.

Directions for use of Gilson Pipettes

Gilson micropipettes are virtually ubiquitous in our research labs. Often you may
hear them simply referred to as "Pipettepeople".
You have 3 sizes of micropipette. The P-1000, the P-200 and the P-20. The model
numbers refer to the maximum volume in microliters. Initially you will need to puzzle
out which pipette to use in a given circumstance. For example, if I tell you to transfer
0.18 ml you would probably need to use the P-200 because 0.18 ml = 180 ul and
because the P-200 will measure this volume with greater accuracy and precision
than the P-1000 will. Generally, you chose the smallest volume pipette that will
transfer the entire volume.
What would you do if I told you to measure 1.20 ml?
These pipettes are not toys. They are top of the line, expensive equipment and we
demand that you use them responsibly. Here are a few simple rules.

Rules:
• Always use a disposable tip. The P-20 and P-200 use the yellow tips and the P1000 uses blue ones. Never draw any fluid into the white barrel of the pipette itself.
• Never lay a pipette down while there is fluid in the tip. The fluid may accidentally
find its way into the barrel.
• Never turn the adjustment scale below or above the full range settings.
• To maximize precision, Always use the smallest volume pipette and tube for a
given total volume.
1. Set the desired volume.
Turn the volume up just a tiny bit past the desired setting, then down.

2. Attach a tip.
Press it on firmly, with a slight twisting motion. The tip must make an air-tight seal with the pipette
barrel.

3. Depress the plunger to first stop.
Most people operate the plunger with their thumb.

4. Insert the tip in the liquid you want to transfer.
1.7
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Not far, just a bit below the surface.

5. Release plunger s l o w l y .
Releasing the plunger suddenly may cause the pipette to underfill.
Also, be aware that the liquid level in the tube will drop as you withdraw fluid. Make sure that it
doesn't drop below the level of the tip or you will suck air.

6. As you withdraw the tip, touch it to the side wall of the tube to remove excess
fluid from the exterior.
7. To dispense, depress plunger slowly to the first stop; hesitate; then depress all
the way.
When pipetting viscous solutions (such as restriction enzyme stocks) it is
advisable to rinse the tip by pipetting the solution up and down once or twice.
One of the most common problems for
the beginner is the tendency of small
liquid volumes to adhere to the pipette
tip rather than dispensing into the
tube. Never dispense a small volume
into thin air. Always dispense into a
liquid or onto the wall of a tube so that
adhesion will draw the expelled liquid
off the tip. Unfortunately, this may
mean that the tip is contaminated and
cannot be reused.
8. With the plunger still fully depressed,
remove tip from the liquid.
9. Think about what to do with the
pipette tip. Should you discard it or
use it again? "If in doubt, throw it out."
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B.

Directions for checking pipette calibration.

Each member of a pair should complete the pipette calibration independently using
the same pipettors.
Remember that 1.0 milliliter of distilled water weighs 1.0 gram at 25°C.
Ideally the calibration should be checked at several at points throughout its range.
To save time we will check the calibration at the maximum setting only.
It is ideal to use an electronic analytical balance that is accurate to the nearest 0.1
mg. Accuracy to the nearest 1.0 mg is sufficient for checking the P-1000 and P-200,
but not the P-20. (For an analysis of the way balance precision affects your
calibration see the web site.)
The data and results of this calibration exercise are best recorded and presented in
a TABLE. We provide these tables as an example. In subsequent exercises you will
create your own tables. This is something you should do BEFORE coming to lab
whenever possible.
For your P200 micropipette:
1.

Use a strip of Parafilm or a plastic weighing boat on the balance pan.

2.

Set the balance to zero. (The zero button may be labeled “tare”).

3.

Set the pipette to its maximum volume and attach a tip.

4.

Dispense the water onto the balance and record the balance reading.

5.

Repeat step 4. until you have a total of five readings.

6.

Compute the MEAN, the % ERROR of the MEAN and the STANDARD
DEVIATION of the 5 readings. Assume 1.0 ml of water weighs 1.0 g.
The standard deviation is:

∑ ⎡⎣[ x − x ] ⎤⎦
2

Standard Deviation =

n −1

_
where “X” is each individual value, “X-bar (X )” is the average of all values, and
“n” is the number of values.
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[

The % ERROR is = (MEAN VOL. - SET VOL. ) / SET VOL.

1.10

] X 100.
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C.

Data Sheet

P-200
Sample
#

Weight Delivered
(g)

Vol. Delivered
(µl)

1
2
3
4
5

Mean =
% Error =
Std. Dev. =

_____µl
_____%
_____µl
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Questions for Discussion

How much inaccuracy and imprecision are acceptable, do you think? Compare to
the manufacturer's specifications given below.
The accuracy and precision of the measurements are affected by the micropipette
AND by your technique. Can you devise a way to test the relative contributions of
pipette error and operator error to total error?
Does the % Error Of The Mean tell you about accuracy, or precision?
Does the Standard Deviation tell you about accuracy, or precision?

Factory Performance specifications for the Pipettman-brand Autopipettes
Model
P-20
P-200
P-1000

% Error of Mean
<1%@10-20 µl
<0.8%@60-200 µl
<0.8%@375-1000 µl

Std. Dev.
<0.06 µl@20µl
<0.3 µl@200 µl
<1.3 µl@1000 µl

*Your pipettes may not meet these standards.

See the web site for further technical information on micropipette calibration.

E.

A Test
Here are two quick tests of your ability to operate the pipettors.
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•

Use a P1000 to add 0.5 ml of H2O to a microfuge tube.
Set the P200 to 100 µl and withdraw the entire 0.5 ml.

•

Use a P200 to add 0.05 ml of di H2O to a microfuge tube.
Set the P20 to 10 µl and withdraw the entire 0.05 ml.
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III.

SPECTROPHOTOMETRIC ANALYSIS OF GREEN FOOD COLOR

III.A

INTRODUCTION

Each pair of students will attempt to determine the composition of green food color
from a commercial set of 4 food colors (RED, BLUE GREEN and YELLOW) sold in
supermarkets. “Composition” in this context means that we need to estimate the
amount of each component present.
The food colors are made from pure dyes listed on the package, which are:
DYES
Tartrazine (FDC Yellow#5)
Erythrosine BS (FDCRed #3)
Allura Red AC (FDC Red #40)
Brilliant Blue FCF (FDC Blue #1)
Note that there is no GREEN DYE listed.
Your task is to determine which dye/s is/are present in green color and to estimate
the molar concentration of each dye. The strategy is to determine the absorbance
spectrum of the green food color and compare it to the known absorbance spectra
of the pure dyes listed as ingredients on the package. An absorbance spectrum is a
graph of the relative absorbance value (A) of the solution at different wavelengths
within the visible range.
The absorbance spectra for the 4 pure dyes may be found posted on the course web
site. Also see the course web site for chemical structures of the dyes and for
interesting information about FDA regulation of food colors.
Please do not confuse the food COLORS with the pure DYE solutions.
III.B

Procedure

•

See Appendix I at the back of the Manual for a review of basic concepts in
spectrophotometry, and for instructions on the use of the spectrophotometers.

•

Determine Absorbance (A) for the green food color at intervals of 20 nm
throughout the visible range (400 nm - 710 nm). When you find the absorbance
maximum or maxima, you should take readings at 10 nm intervals on either side
of the peak to define λmax more precisely.
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•

The undiluted food color has an absorbance value > 2.0 (off scale) throughout
much of the visible range. Therefore, you will need to do some systematic trial
and error to find appropriate dilutions for different portions of the absorbance
spectrum. The dilution appropriate for one segment of the spectrum may be
different than for a different range of wavelengths. Any dilution that brings your
readings below 1.5, and which is still detectable, is acceptable.

•

Use the pH buffer provided to dilute the food color. The absorbance spectrum of
many dyes will change with pH, so this must be controlled. Remember to mix the
dilutions thoroughly before reading them. This may be conveniently done by
placing a piece of "parafilm" over the mouth of the tube and then inverting
several times.

•

A little thought should allow you to guess the approximate (λmax) of the food
color.

•

Record your data in a table with four columns:
wavelength (λ)
dilution factor (DF) (for the undiluted solution DF= 1.0.)
Absorbance (Araw)
Corrected Absorbance (Acorr = Araw x 1/DF) [If the sample is undiluted, DF=1.0.]

•

The diluted food coloring can be discarded in the drains.

III.C
•

Results and Analysis

Create an absorbance spectrum graph of the food color. Plot λ (nm) on the
horizontal axis and Absorbance (unitless) on the vertical axis. Adjust the overall
dimensions of the plot area and the scales to clearly represent the data points.
This can be done with Microsoft Excel if you choose. I can show you how.

•

Determine the location of the absorbance maximum (λmax), or of the absorbance
maxima if there is more than one major peak.

•

Now consult the absorbance sprectrum graphs of the pure dyes that we have
posted on the web site. Find the dye with an absorbance maximum
corresponding to each λmax value in your graph. This identifies which dye or
dyes is present in your food color.

1.14

3/30/06 Lab 1. Basic Skills

•

Finally, determine the molar concentration of each dye in your food color. This
requires consulting again the absorbance spectrum graphs of the pure dyes that
we have posted on the web site. In these graphs, the vertical axis is the
Absorbance of a 1 mM solution of the pure dye.
Knowing the absorbance of a 1 mM solution of the pure dye, the molar
concentration of the dye in the food color is easily calculated on the assumption
that concentration is proportional to absorbance.

Example: A 1 mM solution of Brilliant Blue FCF has an absorbance of 29 (at its
λmax). The Brilliant Blue FCF peak in the spectrum of a food color has an
absorbance of 58 at the same wavelength. Therefore the concentration of
Brilliant Blue FCF in the food color would be 58/29 = 2 mM.
(This calculation assumes that Brilliant Blue FCF is the only component of the
food color which absorbs light at this wavelength.)
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