Mathematics used when doing biotechnology labs

aka: Biotech Math

Types of solution math being covered this year:

Part 1:

Molarity- doing it, calculations, definition

Molality- calculations, definition

Normality- calculations, definition

Part 2: 

Percent solutions, % (w/v)- doing it, calculations, definition

Percent solutions, % (v/v)- calculations, definition

Diluting a solution- doing it, calculations, definition

Serial dilutions- doing it, calculations, definition, diagramming procedure

Part 3: 

pH

Diluting acids- doing it, calculations, definition

Diluting bases- doing it, calculations, definition

Buffers

Part I: Molarity, molality, normality

Definitions:
Solute- the salt being added

if you are mixing two liquids, it is the smaller volume of liquid being added 

Solvent- the stuff the salt is dissolving into, the stuff doing the dissolving

Solution= solute + solvent

Water is considered to be the Universal Solvent because so many things will dissolve in water. 

Concentration- how much stuff is in mixed in the entire solution, i.e. moles per liter tells you how many moles of something are in a liter of the solution. Abbreviation for concentration is [  ].

Molarity- moles of solute per liter of solution, abbreviation: M, capital “M”

Molar = M
=
moles
of solute





liter of solution

molality- moles of solute per liter of solvent. Since the total volume of the solution is not a concern, the total volume of the solution will most often be greater than the volume of the solvent that was added. Abbreviation: m, lower case “m”.

molal = m
=
moles
of solute





liter of solvent

This lesson will probably be the only time molal is used in class, but it is important for you to be aware that there are more ways to measure the concentration of solutions than just Molar. 

Molarity and molality are very similar.   A couple ways to think of how they are different are:

Molarity- the final volume of one mole of substance in a 1 Molar solution is 1 liter; molar solutions are brought up to a specific volume with the solvent

Molality- the final volume of one mole of substance in a 1 molal is greater than 1 liter; the total volume of a molal solution usually does not matter because what is important with molal is that a specific amount of solvent was added

Normal- we will be using it in the context of acids and bases; essentially it is talking about how many moles of H+ ions go into solution or are absorbed by a base. Abbreviated: N

Examples of math using these terms:

Molarity example 1:
Calculate how many grams of sodium chloride are needed to make 300. mL of a 5.0 M solution. 

Step 1: pull out information in the problem that is useful

Type of substance: sodium chloride, NaCl

Volume: 300. mL

Concentration: 5.0 M

Step 2: figure out what you need to solve for

Asking for grams

Step 3: how do you get from the given information to what you are looking for?

Grams can be converted to moles; moles can be converted to grams.

mL can be converted to L and M (molarity) is in terms of moles/liter

So we figure out how many L are 300. mL and then how many moles are in that many L of solution. Once we know the number of moles, we can use the molecular weight of the solute to figure out how many grams are in that number of moles. 

Step 4: do the math, dimensional analysis (yippee!!!)

300. mL
x
1L____
= 0.300 L




1000mL

5.0 M 
= 
5 moles


1 liter

So we figure out how many moles are in 0.300 L:

0.300 L 
x 
5 moles
=
 1.5 moles




1 liter

How do we figure out how many grams are in a mole of sodium chloride? We use a periodic table!

Na = 23.0 g/mol

Cl = 35.5 g/mol


So NaCl = 23.0 + 35.5 = 58.5 g/mol

1.5 moles 
x
58.5 grams
=
87.75 grams




1 mole

which = 88 grams when we round to 2 significant figures.  Ms Getz understands that you did not go in depth with significant figures in your chemistry class. While there are some very specific rules for significant figures (sig figs), we don’t have time to go in depth with them in biotech. Ms Getz is happy to teach you the rules if you want to come in for tutoring during lunch. The rules for sig figs cover how much to round a number. Be careful to not round a number so that it is smaller than what your equipment can measure or so large that your equipment is more precise than the number you get.  Our balances go to 2 decimal places, so calculations involving grams should not go less than 2 decimal places and more than 3 places is more specific than our equipment can handle.

Molarity example 2:

What is the molarity of a solution of MgCl2 when we put 150. g of MgCl2 in water and bring the total volume up to 500. mL?

Step 1: pull out information in the problem that is useful

Amount of solute: 150. g MgCl2

Total volume of solution: 500. mL of water

Step 2: figure out what you need to solve for

Asking for molarity

Recall molar = 
moles



Liter

Step 3: how do you get from the given information to what you are looking for?

We need to get from grams of solute to moles of solute. We also need to get from mL of solution to L of solution. Once we have those two numbers then we can set up a fraction for moles/liter which = molarity.

Step 4: do the math, calculate molecular weights, and do some dimensional analysis 

Step 4a: determine the molecular weight of MgCl2 

From the periodic table:

Molecular weight of Mg = 24.3 g/mol

Molecular weight of Cl = 35.5 g/mol

We have 2 atoms of Cl per molecule of MgCl2, so the total weight of MgCl2 is

24.3 + 2(35.5) 
=
24.3 + 71.0
=  95.3 g/mol

Note: if you want to keep Cl as 35.45, that is fine. Your final molecular weight will be:

24.3 + 35.45 + 35.45 = 95.2 g/mol

Step 4b: convert 150 grams to moles

150. grams
x
1 mole
= 1.5739  moles




95.3 grams
Step 4c: convert mL to liters

500. mL 
x
1 L

=
0.500 L




1000 mL

Step 4d: put moles per liter in a fraction form because the units for molarity are moles/liter


1.5739 moles


0.500 L

Step 4e: reduce the fraction (do the division)


3.1478 moles
=
3.15 M


Liter

Molarity example 3:

What is the concentration of a solution when 235 grams of (NH4)2SO4 are mixed in  water to a final volume of 600. mL? 

Step 1: pull out information in the problem that is useful

Amount of solute: 235 grams of (NH4)2SO4

Total volume of solution: 600. mL of water

Step 2: figure out what you need to solve for

Asking for molarity

Recall molar = 
moles



Liter

Step 3: how do you get from the given information to what you are looking for?

We need to get from grams of solute to moles of solute. We also need to get from mL of solution to L of solution. Once we have those two numbers then we can set up a fraction for moles/liter which = molarity.

Step 4a: determine the molecular weight of (NH4)2SO4
(NH4)2SO4 can be added a few different ways:

2 x (1 N + 4 H) + 1 S + 4 O

or

2 N + 8 H + 1 S + 4 O

either method is correct

2(14.0 + 4.0) + 32.1 + 4(16.0)

= 2(18.0) + 32.1 + 48.0

= 36.0 + 32.1 + 48.0

=  116.1 g/mol

Step 4b: convert 235 grams to moles of (NH4)2SO4
235 grams
x
1 mole
=
2.02 moles (NH4)2SO4




116.1 grams

Step 4c: convert 600. mL to L

600. mL 
x
1 L

= 0.600 L




1000 mL

Step 4d: put moles over liters in a fraction form


2.02 moles


0.600 L

Step 4e: do the math of the fraction

= 3.373 moles/Liter 
=
3.73 M

Molarity example #4:
We need to make a 5 M solution of CaCl2.  We have 400. g of CaCl2 to use. What should be the final volume? 
Step 1: pull out information in the problem that is useful

Amount of solute: 400. grams of CaCl2
Molarity of solution: 5 M

Step 2: figure out what you need to solve for

Asking for final volume of solution

Step 3: how do you get from the given information to what you are looking for?

We need to get from grams of solute to moles of solute.  We then figure out how many liters are needed using molarity flipped so moles is on the bottom and will cross out with moles in dimensional analysis. We’ll be left with liters of solution which is what we want.

Step 4a:

Convert 400 grams of CaCl2 to moles.

400 grams CaCl2
x
1 mole 

= 3.6003
moles






111.1 grams

Step 4b:

Using the number of moles, multiply by the molarity where the value for moles is on the bottom. Notice that L is on top and moles are on the bottom. The number “5” is attached to the units “moles” so it is on the bottom, too.

3.6003 moles
x
1 L

= 
0.72006
L




5 moles

Step 4c:

Do the math.  Convert to mL if needed. 1 L = 1000 mL 
The final volume should be brought up to 0.720 L which also equals 720. mL.
0.720 L
x
1000 mL

=
720. mL




1 L
Molality math example:
We added 500. mL of water to 64 grams of potassium iodide. What is its molality?

Step 1: pull out information in the problem that is useful

Volume of water added to the solution: 500. mL 

Grams of solute added to the solution: 64 g of KI

Step 2: figure out what you need to solve for

We need to figure out how many moles of solute are per liter of solvent

Step 3: how do you get from the given information to what you are looking for?

We figure out how many moles are in 64 g of KI. We then adjust the math so that it is per 1 liter of solvent and not just 500. mL

Step 4: do the math, dimensional analysis (yippee!!!)

Potassium iodide = KI= 39.1 + 126.9 = 166.0 g/mol

64 g
x
1 mol

= 0.39 mol





166.0 g

500. mL 
x
1 L

= 0.500 L




1000 mL

0.39 mol
=
0.78 mol
= 0.78 m

0.500 L

1 L

Technically you should not round until the very end so the real answer for this problem is:

64 g
x
1 mol

x 
1

= .771 mol 


166.0 g

.500 L


L

This rounds to two sig figs = .77 mol/L

Normality math example:

What is the Normality of 4 M H2SO4?

Each mole of H2SO4 releases 2 moles of H+ ions so 

4 moles H2SO4
x
2 moles of H+

= 
8 moles H+
=
 8 N

Liter of H2SO4


mole of H2SO4


liter of H2SO4
Few last comments:

You should put a section in your lab notebook for biotech math. You may put in the definitions as well as examples of how to solve specific problems. You are to use the problems in this guide sheet or the homework for your lab notebook notes. You will lose points if you put answers to review sheets in your lab notebook.  If, however, you put biotech math information in your lab notebook as we go over it, you may put in as many notes as you would like. This information should fall in the middle of or right after the cheese and root beer labs. Be sure to include Biotech Math in your table of contents.
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