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Occasionally a solution is too concentrated to be used as it is. For example, when one is
performing manual blood counts, the blood contains too many cells to be counted as such. Or
when performing a given test, it may be found that the concentration of the substance being
measured is too high for measurement with a certain instrument. In such cases, a dilution is
necessary.

Laboratory procedures in which an amount of one substance is added to another to
reduce the concentration of one of the substances are referred to as dilutions. A dilution usually
means the volume of original substance in the total volume of final solution.

In dilution statements, the smaller number is the number of parts of the substance that is
being diluted; the larger number refers to the total number of parts in the final solution unless
explicitly stated otherwise. All of the following statements mean the same thing:

Make a 1 to 10 dilution of serum in saline.

Make a 1 in 10 dilution of serum in saline.

Make a 1 to 10 dilution of serum with saline.
Make a 1/10 dilution of serum with saline.

Dilute the serum 10 times with saline

Make a dilution of 1 part serum and 9 parts saline.
Make a dilution of 1 part serum to 9 parts saline.
Make a 1:9 dilution of serum and saline.
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The first five statements are symbolically shown as "1/10" dilutions and the last three are
shown as "1:9" dilutions. Terms such as "1/10", "1/100", "1/500", etc. are called dilution factors.
In each of the preceding dilutions, the numerator, 1, refers to the number of parts of serum and
the denominators, 10, 100, 500, refer to the number of total parts of each dilution. Saline is
called “diluent” in the above statements. Also note that in the preceding statements, the
directions can be followed by combining 1 ml of serum with 9 ml of saline to make 10 ml of the
final solution, by adding 2 oz. of serum to 18 oz. saline, etc. In all cases, there is 1 part of the
original substance in 10 parts of the final solution.

1 part of the concentrated material
+ 9 parts of the diluent
10 parts of the final solution

Example: 5 ml of serum is diluted to 25 ml with saline. What is the serum dilution?
Set up the problem as 5 ml serum + X ml saline = 25 ml of the final solution.

X=25-5
X = 20 ml of saline

The serum dilution is the amount of serum in the amount of total solution; hence, this is a
5/25 serum dilution which would equal a 1/5 dilution.
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Series of Dilutions

Two important points should be considered in dilutions: how each dilution is made and
what each dilution contains. The important consideration is the concentration of the materials in
the dilution. However, it is first necessary to know how a dilution was made. A general rule to
use in calculating the concentration of solutions in a series is to multiply the original
concentration by the first dilution factor, this by the second dilution factor, this by the third
dilution factor, and so on until the final concentration is known.

Example: A 5M solution of HCl is diluted 1/5. The resulting solution is diluted 1/10. Determine
the concentration of each of the solutions.

In this example, one solution is made from a solution that was made from yet another.
To calculate the concentration of any of the solutions in such a series, first express all dilutions
as a fraction, then multiply the concentration of the beginning solution by the dilution factor used
in each succeeding step. The following steps are used in solving this example.

1. The concentration of the first solution is given as 5M HCI. This then is the first answer.

2. The second solution was made by a 1/5 dilution of the first solution. The concentration of HCI
in the second solution would be calculated by multiplying the concentration of the first solution
by the dilution factor used to produce the second solution. Hence, the second solution has an
HCI concentration of 1M.

5M HCI x 1/5 = 5M/5 =1M

3. To calculate the concentration of HCI in the third solution in the series, multiply the original
concentration of HCI by the value of each succeeding dilution factor.

BM x 1/5x 1/10 =5M/50 = 1M/10
Therefore, the concentration of HCI in the last solution is 0.1M.

Notice that in each solution of this problem the concentration is expressed in molarity.
This is because the concentration of the original solution was measured in molarity. In this type
of problem the concentration of each dilution will be expressed in the same unit as that used in
the original solution.

The calculations used to determine the concentration of each solution in a series may be
used in reverse to produce a dilution series having prescribed concentrations at each step.

Example: Make the following dilutions of serum in buffer: 1/10, 1/100, and 1/500.

Before attempting to solve such a problem, it should be mentioned that any one dilution
could usually be made by several procedures depending on how large a volume of the final
solution is needed and how much of the original solution (to be diluted) is available. For
example, in the problem above, we may need only 10 ml of the 1/500 dilution, so if we take 1 ml
of the original serum and add 499 ml of buffer, we will be left with a large volume of a solution,
most of which is of no use to us. Additionally, storage space is a precious commodity to many
research and health workers. Now back to solving our original problem.
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1. To make the first dilution, place 1 part serum in a vessel and bring the total volume up to 10
parts total. This is a 1 to 10 dilution of serum in buffer. The "parts" can mean any multiple or
fraction of any unit of measurement. For example, let 1 part equal 1 ml. This means that 1 ml of
serum was brought up to 10 ml total with buffer. One could let 1 part equal 0.5 ml, 0.001 ml, 1
liter, etc., as long as all related calculations are based on the same thing.

2. To make the 1/100 serum in buffer dilution, use the first dilution as a starting point and repeat
the procedure in step 1 above; i.e., place 1 part of the 1/10 diluted serum in a vessel and bring
the volume up to 10 parts total. If a 1/10 dilution was not prepared ahead of time, one could
make the 1/100 dilution directly, provided sufficient buffer was available. In this case, 1 part of
the undiluted serum would need to be mixed with 99 parts of the buffer in the vessel.

3. To make the 1/500 dilution of serum in buffer, the easiest way is to make a 1/5 dilution of the
1/100 dilution that was already prepared; i.e., bring 1 part of the 1/100 dilution of serum in buffer
up to 5 parts total volume. Thus:

1/100 x 1/5 = 1/500
Serial Dilutions

Many procedures call for a dilution series in which all dilutions after the first one are the
same. This type of dilution series is referred to as a serial dilution. This method and calculations
discussed here are used in producing a series of solutions having equal increments of dilution.
Note that "serial dilution" is a special case of "series of dilutions".

Example: A serum sample is diluted twice with buffer. A series of five dilutions is made of this
first dilution by diluting it 1/10, re-diluting 1/10, and then three times more, each resulting
solution then being a 1/10 dilution of the previous one in the series. The concentration of serum
in each solution is as follows: 1/2, 1/20, 1/200, 1/2,000, 1/20,000, and 1/200,000.

Example: The instructions indicate that a 1/10,000 dilution of a stock solution is to be made in
water. This means 1 part of stock solution and 9,999 parts of water. If you equate 1 part as 1 ml,
this would mean that we would end up with 10,000 ml (= 10 liters) of the diluted solution which is
rather quite a large volume. Most probably, you may not have enough shelf space to store this
amount. Further, you may actually need only a few ml of the final diluted solution. So we have to
use some other way of doing the dilution without ending up with such surplus. One quick,
economical and efficient way is as follows:

1 ml stock/10 ml water x 1/10 x 1/10 x 1/10 = 1/10,000 dilution

This means taking only 1 ml of the original stock and diluting it 1/10 four times. This
would produce 10 ml of a 1/10,000 dilution of stock in water.

Another way is to dilute the stock 1/10 twice and then perform a further 1/100 dilution:
1/10 x 1/10 x 1/100 = 1/10,000 dilution

This would yield 100 ml of a 1/10,000 dilution of stock in water.

Yet another way is to make a 1/100 dilution twice:

1/100 x 1/100 = 1/10,000 dilution
3
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This would produce 100 ml of a 1/10,000 dilution of stock in water.
Any combination of dilutions that will yield a final concentration of 1/10,000 may be used.
As mentioned earlier, the combination is determined in part by the glassware available and the
volume needed.
Determining Volumes and Concentrations
To decide what dilution to use, one needs to know several things:
1. Original concentration of the substance being diluted
2. Final volume desired
3. Final concentration desired
4. Number of dilutions to be made (at times)

Example: A 1/200 stock solution of boric acid is on hand. The procedure requires 50 ml of a
1/500 solution. How would the necessary amount be made without making excess?

Going from 1/200 to 1/500 produces a 2/5 ratio. This ratio is found by X below:

(1/200) X = (1/500)
X = (200/500) = 2/5

This means taking 2 parts of the original boric acid solution and bringing up the volume to 5
parts. So, if we need 50 parts (1 part = 1 ml), we should take 20 ml of the stock.

A quick way to do problems of this sort is to use the famous formula:
Ci1V1=C2V2

where Cq and C2 are concentrations of solutions 1 and 2 and V{ and V2 are their respective
volumes. If we fill the parts for the problem at hand, we will have:

(1/200) V1 = (1/500) (50)

Solving the fractions for V41, we get V1 = 20 ml. Again this means that if we take 20 ml of the
stock boric acid and add 30 ml water, we would have 50 ml of the desired solution.

Some Final Notes

1. After doing your calculations, it is always a good idea to work backwards and see if you come
up with the original data given. This is a good check as to the correctness of your calculations.

2. When working with very large or very small numbers, it is customary to convert them to a
number between 1 and 9, times a power of base 10. For example:

32,000,000 = 3.2 x 107
0.000047 = 4.7 x 107
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Note in the above examples that (a) the first number in the conversion is between 1 and 9 and
(b) the power of base 10 can be positive or negative. A positive power means the number is
large(r than 1) and a negative power means the number is small(er than 1).

Dilution factors are similarly converted to powers of 10. For example:

1/10=0.1 =101 1/100 = 0.01 = 1072
1/10,000 = 0.0001 = 1074 1/1,000,000 = 0.000001 = 106
Similarly, reciprocals of dilution factors can be converted to powers of 10 as well. For example:
10 =101 100 = 102
10,000 = 104 1,000,000 = 106

3. Units of measurements can be converted as follows:

1 Kg=1000g
1 g=1000 mg
1 mg = 1000 ug
1 pyg = 1000 ng
1 ng = 1000 pg
1 liter = 1000 ml
1 ml=1000 yl

4. Although already mentioned at the beginning of this chapter, it is worth repeating that "the
original solution is always more concentrated (think big numbers, possibly with positive powers)
than the diluted samples (think small numbers, possibly with negative powers)”. Check these
rules of thumb whenever you are confronted with a dilution problem. Can you verify these rules
in the preceding examples?

5. The ratio of the numbers rather than the numbers themselves is important. For example, 1 ml
in 10 ml, 0.1 mlin 1.0 ml, 5 ml in 50 ml, etc. all give the same dilution (ratio). The only
differences are the amounts of the individual constituents as well as the final product.

6. Log on to “http://www.bio.upenn.edu/computing/media/lnstructional.Dilution.php” to see a
video explaining dilutions.

Use of any section of this Lab Manual without the written consent of Dr. Eby Bassiri, Dept. of
Biology, University of Pennsylvania is strictly prohibited.
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