Mathematics used when doing biotechnology labs

aka: Biotech Math

Part 2: Percent solutions and Dilutions

Percent Solutions

Percent solution math is done mostly with chemicals whose molecular weight is not easy to figure out or is so large that making a Molar solution would not make sense. Other substances like bleach or alcohols exist as liquids to begin with so making a Molar solution would not make sense. Substances like SDS (a molecule like soap), starch, bleach, hydrogen peroxide, or alcohols are often made as percent solutions instead of Molar. 

By mass: % solute dry stuff in total volume of solution

Most common type of percent solutions done in the lab

Figure out the mass (grams) of the stuff you are putting in the solution and bring up the volume to the total volume. 

Units of g / mL

Example:

A 20% solution of glucose means you weighed 20 g of glucose and brought the volume up to 100 mL.  

20 %
=
20 g



100 mL

By volume: % solute liquid in total volume of solution

Units of mL/ mL

Example:

A 70% solution of ethanol (often abbreviated as EtOH) means that it is 70 mL of 100% ethanol in a total volume of 100 mL.

70% ethanol
= 
70 parts ethanol
= 
70 mL ethanol



100 parts total

100 mL total

Alcohols are most often sold in a % solution. Some of the alcohols we may be using in class are 

· 70% isopropanol (a 3 carbon alcohol)

· 70% ethanol (a 2 carbon alcohol) (EtOH)

· 95% isopropanol 

· 95 % EtOH

· 99% isopropanol

· 99% EtOH

While we may dilute a 95% or 99% alcohol to make a 70%, we are not capable of making the alcohol by ourselves. We have to buy it already at a % solution. The companies that make alcohols denature them so that they are stable and can be easily used in ordinary laboratory situations. The denaturing compounds are often methanol (1 carbon alcohol) which can make a person very sick, and possibly blind. This is why as cute as it may seem to want to drink the ethanol used in class, it is extremely dangerous and obviously forbidden. As you might expect, 100% ethanol does exist, but will probably never be seen in a high school classroom because it is actually governmentally regulated or regulated by the institution using it. Being 100%, it is not diluted or denatured. It is straight 100% ethanol.  Even if you find some, you are not encouraged to drink it because its concentration could be dangerous.

Dilutions

The only way you can make something more concentrated is by adding more solute. This is cumbersome and does not really make sense so what most scientists do is make a concentrated solution to begin with.  From this concentrated solution, they make a diluted version when needed. If scientists kept only diluted solutions around, they would need much more storage space.  One bottle of a concentrated solution takes up much less space than five bottles of the diluted version. 

Diluting a solution

Equation: M1V1 = M2V2
OR
C1V1 = C2V2
Where M = Molarity, V = volume, and C = concentration

When diluting a solution, you’re figuring out how much of the concentrated stuff you need so that the right amount of solute is in the final volume of the new solution. 
Diluting an acid

Most acids do not come as a powder that is mixed in water. They are purchased from the supplier as a concentrated liquid. HCl is 12 Molar, H2SO4 is roughly18 Molar, and HNO3 is 15.8 molar.  Because of the way the chemistry works, it is very difficult to get more of a particular acid into solution, thus these Molarities are fairly constant for concentrated acids. 

Equation used to dilute an acid: same one: M1V1 = M2V2
Diluting a base

Unlike acids, bases are made by mixing a solid in water. After making the concentrated solution, their dilutions are the same as if the were regular solutions. 

Equation used to dilute a concentrated base solution: 

same one: M1V1 = M2V2
Serial dilutions
Serial dilutions are like the name describes- they are dilutions made in a series- one directly from another; one leads to the next one.

There are three main ratios that are followed when doing serial dilutions:

1:10

1:5

1:2

1:10 dilutions

One part original solution + 9 parts water = 10 parts diluted solution

The original solution is now diluted 10 times, or is 10 times weaker. 

1:5 dilutions

One part of the original solution + 4 parts water = 5 parts diluted solution

The original solution is now diluted 5 times, or is 5 times weaker.

1:2 dilutions

One part of the original solution + 1 part water = 2 parts diluted solution. 

The original solution was diluted by half. 

The reason serial dilutions are often done is because the scientist is trying to figure out the right concentration to use for an experiment. Other times it just makes more sense to serially dilute a solution because doing a quick dilution with very small solute volumes may bring in too much error. 

For example, to make a 1:1000 dilution, it makes more sense to do 1:10 dilutions 3 times (1/10 x 1/10 x 1/10 = 1/1000) than to just do a 1 part + 999 parts water.  The ratio of 1 part to 999 parts is so tiny that the slightest error in measuring the 1 part can cause a much greater error in the end.  

Another way to explain:

To make 100 mL of a 1:1000 dilution, I could take 0.1 mL of concentrated solution and add 99.9 mL of water. 

OR 

I could take 10 mL of concentrated solution, and add 90 mL of water.

From this dilution (1:10) I can take 10 mL of solution and add 90 mL of water to make a 1:100 dilution.  Mix thoroughly.

Now take all 10 mL of the 1:100 dilution and add 90 mL of water.  This is a 1:10 dilution of a 1:100 dilution which equals 1:1000 dilution. (1/10 x 1/100 = 1/1000).

Yes we wasted essentially 9 mL of the concentrated solution, but because we used a larger volume of the concentrated solution, a slight error in measurement would result in less overall error. 

1 drop of 0.5 mL is a large amount whereas 1 drop of 10 mL is not as significant. By doing serial dilutions, we are trying to minimize total error brought in by small measuring errors. 

Some general rules:

1. You want to do the smallest number of dilutions as possible so that you do not waste reagents. 

2. You do not want to make any dilution greater than 1:10.  (That means 1:20 is too big of a jump. To do a 1:20 you would do a 1:10 then a 1:2.)

3. Do 1:10 dilutions first, then do any 1:5 or 1:2 as needed. Occasionally you may have to do a 1:4 dilution, but in this class we’ll only be doing 1:2, 1:5 and 1:10.

4. Make sure you use a clean transfer pipette (or graduated cylinder) to transfer from the concentrated solution into the dilute one. 

5. It is OK to reuse a pipette if it was first used in a dilute solution. For some reason, scientists think it is ok to “contaminate” a solution with a more dilute one whereas adding in more solute by using a contaminated pipette is a bad thing to do. For example, you made a series of serial dilutions. You need to put samples of the dilutions in another container so you can test the dilutions. You can use the same pipette to transfer the dilutions to the new container IF you start by transferring the dilute ones first. If you transfer a concentrated solution first, then you need to get a new pipette or clean it before you transfer a more dilute solution.
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Examples of how to solve problems:

Percent solution:

Example 1:

How many grams of DMSO will I need to make 200 mL of a 30% solution of DMSO?

200 mL 
x
30 g

=
6000 g
= 60 g




100 mL

100 

Example 2:

We need to make 10% SDS.  If I have 450 g of SDS, how many L of 10% SDS can I make?

450 g
x
100 mL
=
45000 mL
= 4000 mL



10 g


10

4000 mL
x
1L

=
4 L




1000 mL

Dilutions: 

Example 1:

I need 500. mL of 65% ethanol, but I only have 95% ethanol. How much 95% ethanol do I need and what do I do with it?

C1V1 = C2V2
C1= 95%
V1 = x

C2= 65%
V2= 500. mL
NOTE: C1 could have been info about 65% EtOH.  Which one is the “1” or the “2” does not matter. What matters is the concentration of the substance goes with the volume variable for that substance.

(95%)(x mL) 
= (65%)(500. mL)


(95%)(x mL)
= (65%)(500. mL)

    95%

95%

x mL
= (65%)(500. mL)




95%


x mL
= 342 mL

To make the 500. mL of 65% EtOH, we measure the 342 mL of 95% ethanol in a graduated cylinder. We put that volume in another graduated cylinder or in a volumetric flask that measures 500 mL and bring up the volume to 500. mL with distilled water.

Example 2:

We have 50x TAE and need 4L of a working concentration of 1x.   How do I make 4 L of 1x TAE?  

NOTE: “x” is not a variable when it is after the 50 or the 1. It stands for “times”. 50x means fifty times concentrated.  1x means one times concentrated. Most often the working concentration of a solution is 1x or 0.5x.  The 0.5x designation is because over time, scientists found that the 1x concentration was more concentrated than they needed to use. They found they could save on paying for reagents (solutes) if they used a working concentration of 0.5x rather than 1x. 

C1V1 = C2V2
C1= 50 x
V1 =  ? L

C2= 1x
V2= 4 L
(50 x) (?L)
= (1x)(4L)

divide both sides by 50x

? L = (1x)(4L)

50x

? L = 
4L

50

0.08 L =    L

But we don’t have equipment that we think of in terms of fractions of a L. We do have equipment that is in fractions of a L, but we call it mL. So…we need to convert this L to mL.  OR we could have started by converting the 4L to 4000 mL and then solved the problem in terms of mL.

   L
x
1000 mL
=   80. mL



1L

Example 3:

Our stock solution of EDTA is 5 M EDTA. Our working concentration is 0.5 M EDTA. How do I make 300. mL of 0.5 M EDTA from a starting concentration of 5M EDTA?

M1V1 = M2V2
	M1= 5 M

V1 =  ? mL
	M2= 0.5 M

V2=  300. mL


(5 M) (x mL)

=
(0.5 M) (300. mL)

divide both sides by 5 M

x mL
= (0.5 M) (300. mL)


5 M

x mL =  30 mL

Measure  30 mL of the 5 M EDTA and put in a graduated cylinder. Bring up the volume to 300 mL with distilled water. 

Example 4:

Write out a serial dilution scheme to have 500 mL of a 1:100,000 dilution.  Waste as little water as possible, yet make sure your volumes are large enough so small measuring errors do not cause a large error problem in the end. If your starting concentration is 8 M, what are the concentrations along the way?

	Amount of solute
	Any amount of 8 M
	10 mL of 8 M
	10 mL of 0.8 M
	10 mL of 0.08 M
	10 mL of 0.008 M
	10 mL of 0.0008 M

	Amount of solvent
	0 mL
	90 mL of water
	90 mL of water
	90 mL of water
	90 mL of water
	90 mL of water

	Dilution
	0, or thought of as 1:1
	100 mL of 1:10
	100 mL of 1:100 
	100 mL of 1:1000
	100 mL of 1:10,000
	100 mL of 1:100,000

	Final concentration
	8 M
	0.8 M
	0.08 M
	0.008 M
	0.0008 M
	0.00008 M


You are encouraged to draw the serial dilution scheme. It is just really difficult to do on the computer so I did not redraw one here.

Now I see that 100 mL of 1:100,000 does not solve the problem. So I am going to go backwards. To have 500 mL of a 1:100,000 dilution, I need 450 mL of water and 50 mL of 1:10,000 (or 0.0008 M). My final dilution will actually be 450 mL of water added to 50 mL of the 1:10,000 aka 0.0008 M dilution.  

(50 mL solute : 500 mL of solution is still a 1:10 dilution;  

50 mL of solute + 450 mL of solvent is the same as 1 part solute + 9 parts solvent = 10 parts solution.)
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