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Basics of Laboratory Solutions

Solute: the stuff being dissolved.  For example, in sugar water, it would be the sugar.

Solvent: the stuff doing the dissolving.  For example, in sugar water, it would be the water.

Solution: a mixture of solute + solvent.  For example, sugar water is a solution.  By definition, solutions need to be clear.

Molarity, M

Molarity is the most common unit of solution concentration.  Concentration means how many parts there are in the whole thing. Molarity is defined as the number of moles of solute in a total volume of a liter of solution.

To make a molar solution, calculate how many grams of solute (powdered stuff) you need, weigh it out, put it in a beaker, add water, mix until the solid is dissolved, then put in a graduated cylinder and add more water until the volume reaches the total volume you need. You can also use a volumetric flask instead of a graduated cylinder. 
Molarity = 
moles of solute
=
mol



Liter of solution

L

You can use dimensional analysis to determine how much solute you need for a particular molarity, or what the molarity will be given a certain amount of solute.

For example, what is the molarity of 25.5 grams of NaCl dissolved in water, total volume of the solution being 100. mL?

First calculate molecular weight of the solute, NaCl.  Recall that the atomic mass on the periodic table is the same number as how much a mole of the substance would weigh, in grams.  So:
Na:  23.0 g/mol
Cl: 35.5 g/mol

therefore NaCl:  58.5 g/mol

Write down what you are given in grams and convert into moles.

25.5 g

x

1 mol


=
mol





58.5 g








=   0.436 mol

This 0.436 mol is dissolved in 100. mL, so:

100. mL 
x 
1 L

=
L




1000mL






=
0.100 L

now set up the fraction so it is in terms of mol/L:

0.436 mol
=
M

0.100 L


4.36 mol

=
4.36 M

          L

Example 2: Prepare 800 mL of 2 M sodium chloride

MMNaCl
= 58.5 g/mol   (The molecular weight or molar mass of NaCl)

Volume in mL
x
mL to L 
x 
Molarity  x
Molecular weight= 
grams needed

800 mL 

x 
1 L
  x
2 mol
x 
58.5 g

=    g of NaCl needed 





1000 mL
1 L

mol

93.6 g of NaCl is needed; bring the total volume up to 800 mL.

Example 3: Dilution with molarity:



M1V1
= 
M2V2


Or

 CiVi
=
CfVf

M1 = starting molarity

M2 = ending molarity

C= concentration


V1 = starting volume

V2 = ending volume

i = initial
f = final

In this equation, the volume goes with its molarity on the same side of the equals sign.  

Prepare 100 mL of 1.0 M hydrochloric acid from concentrated, 12.1 M, hydrochloric acid.  

So to solve this problem, you would put 100 mL and 1.0 M on the same side of the equals sign because they go together.  12.1 M would go with a variable on the other side of the equals sign.  We need to figure out how much of the really concentrated acid we need to only have 100 mL of a 1.0 M solution of acid.  


M1V1

= 
M2V2


(12.1 M) V1
=
(1.0 M)(100 mL)




divide both sides by 12.1 M




V1 
=
8.26 mL of concentrated HCl

Percent Solutions

Mass-volume percent solution (w/v %)

These are the most common percent solutions made. These are made when the molecular weight of the substance is very large or difficult to figure out.  You don’t have to know the molecular formula or molecular weight of the solute when you do mass-volume percent solutions.  It makes things easier. 
These solutions are indicated by w/v% and are determined by the grams of solute per 100 milliliters of solution.  NOTE: I have found references that state that it is per 100 mL of solvent and references that say it is per 100 mL of solution.  Since I don’t know what the rule book for solution making is, I don’t know for sure if it is per solvent or per solution.  Per solution is easier, so we’ll do it as per solution. 
Concentration of solute (w/v %)
=
mass of solute (g)


x 100







Volume of solution (mL)

For example, suppose we dissolve 1.2 g of NaCl in enough water to make 160 mL of (saline) solution, what is the w/v % of NaCl?

 1.2 g 

x 
100
=
0.75 w/v % solution of NaCl

160 mL

We interpret this number as 0.75 g of NaCl in 100 mL of solution. (Example borrowed from website: http://www.iun.edu/~cpanhd/C101webnotes/aqueoussolns/wvpcnt.html) 

Mass percent solutions (w/w %)

Grams of solute per 100 grams of solvent.

For example, 20. g of sodium chloride plus 80. g of water is a 20% by mass solution.

To make a mass percent solution you weigh both the solute and the solvent, then mix. 

Volume percent solutions (v/v %)

Milliliters of solute per 100 mL of solution.

For example, 10 mL of ethyl alcohol plus enough H2O to bring the total volume to 100 mL is a 10% by volume solution.

Calculating Molarity from Percent Solutions

These can be done a couple of different ways. One example is given here.  You may be able to think through a different, but equivalent way to solve this problem. 

To determine the molarity of a weight percent solution, the density of the solution is required.

volume of  solution
x
density of liquid solution

= 
 mass of solution
mass of solution 
x
mass percent of solute    = 
mass of solution due to solute

mass of solution due to solute x molecular weight of solute =   moles of solute
Molarity = 
 moles
so, take your moles of solute and put over the volume of solution



Liter

Example:  Determine the molarity of 12.5 % hydrochloric acid.   (density 1.19 g/mL).

1000 mL
x
1.19 g

=
1190 g    (this is the mass of solution)

(arbitrary number,
1 mL

works well)




If we had 1.000 L, or 1000. mL of 12.5% HCl, the solution should weigh 1190 g.  We want to know how much of these 1190 g are due to HCl molecules.
1190g x 12.5  (rewriting percent as a fraction) = the number of grams of HCl that make up the 1190 g


100 

= 148.75 g  This means that of the 1190 g of solution, 148.75 g are due to HCl molecules.
Convert g to moles

148.75 g

x
1 mol

=  4.08
mol





36.5 g

4.08 moles in a total volume of 1000 mL (that arbitrary number chosen in the beginning) = 4.08 M

Molality, m:

Number of moles of solute divided by the number of kilograms of SOLVENT (not of solution.)

Note for water, 1 kg of solvent is 1L.

To make a liter of a molal solution with water, you would add one liter of water because 1 L of water weighs 1 kg.

The difference between molar and molal is that when making 1 liter of a solution, with molar, the total volume is 1 liter, whereas with molal the total volume is slightly larger than 1 liter because you added 1 liter of water to the solute.  It is a small difference, but for some reason chemists think it is important. 

Normality, N

The number of equivalents of solute per liter of solution.

For example, 1 M HCl is 1 N, but 1 M H2SO4 is 2 N because 2 hydrogen ions are given off per mole of H2SO4.

I’ve only seen normality used in reference to acids and bases.  Essentially it is the number of hydrogens that can come off in solution as the acid dissociates.  

So, a 3 M H2SO4 solution would be 6 N

3 mol 
x 
2 H+ ions released 
=  
6 equivalents of H+ ions being released
    L

  mole




liter

= 6 N

Serial Dilutions

There are three main types of serial dilution ratios:

1:2



1:5



1:10

These ratios are part:whole.  So a 1:2 dilution is 1 part something: 2 parts something plus buffer  

(where the 2 parts something plus buffer = 1 part something + 1 part buffer).  

A 1:5 dilution is 1 part something : 5 parts something plus buffer
(where the 5 parts something plus buffer = 1 part something + 4 parts buffer).  

A “part” is a volume measurement.  It could be 10 mL, 100 mL, or even 1000 mL.  It does not matter what the exact volume is, but what does matter is that 4 parts of something is 4 times the volume of what 1 part would be.  For example if 1 part is 100 mL, then 4 parts is 400 mL.

Serial dilutions can be done all the way from 1:2 to 1:1,000,000 in easy, logical steps.  For example, to get a 1:1000 dilution, what someone does is a succession of three 1:10 dilutions. 
To make a 1:2 dilution, you take equal parts of your substance and buffer and mix them together.  

To make a 1:5 dilution, you take one part of your substance and four parts buffer and mix them together.  The sum of the parts is 5, thus the second number in the ratio.

To make a 1:10 dilution, you take one part of your substance and nine parts buffer and mix them together.  The sum of the parts is 10, thus the second number in the ratio.

To get a 1:500 dilution, you would do a 1:5 dilution and two 1:10 dilutions.  The order in which you do them is not important. 

Sample problem: Tell how to make a 1:500 dilution:

1. Take one part of your substance and add 9 parts buffer.  

2. Mix.  

3. Take one part of this 1:10 dilution and put in a new container.  

4. Add 9 parts buffer.  

5. Mix.  

6. Take one part of this 1:100 dilution and put in a new container.  

7. Add 4 parts buffer.  

8. Mix.  

You now have a 1:500 dilution made out of two 1:10 dilutions and one 1:5 dilution. 

You will be expected to draw and tell how to make any serial dilution scheme that involves a 1:2, a 1:5, and/or a 1:10 dilution.  

One thing to consider when doing serial dilutions is how much volume you are transferring from one tube to the next.  For example, a 1:1000 dilution could, in theory, be 1 uL of starting material + 999 uL of water to make 1000 uL of solution.  The amount of error in mixing 1 uL in 999 uL of water is much greater than if you were to :

Take 10 uL of starting material and add 90 uL of water.  Mix (1:10 dilution)

Then take 10 uL of the 1:10 dilution and add 90 uL of water. Mix (now you have a 1:100 dilution)

Finally take 10 uL of the 1:100 dilution and add 90 uL of water.  Mix. You now have 100 uL of a 1:1000 dilution.   

If you needed 1000 uL of a 1:1000 dilution, you could take all 100 uL of the 1:100 dilution and add 900 uL of water to get 1000 uL of a 1:1000 dilution. 
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A diagram of 1:2, 1:5, and 1:10 serial dilutions.  Diagram stolen from: http://ntri.tamuk.edu/dilutions/dilution.html
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X solutions

Stock solutions are stored anywhere from 5x to 50x concentrations. Most working solutions are at 1x, although over time, some protocols will say that a 0.5x concentration is good to use.  Knowing how to dilute a stock solution is important because most of the solutions you use in the lab are stored in a concentrated form.  For example, we have 10x TBE as our stock buffer for electrophoresis.  We use it in a 1x concentration.  We need to go from 10x to 1x, a dilution of 10 times.  So we need to do a 1:10 dilution.  If we made a liter of 1x solution, we would take 100 mL of the 10x solution and add it to 900 mL of water. 

If we were to use TBE as a 0.5x solution, then we would have to dilute a 10x stock 20 times.  (10 divided by 0.5 = 20)  This means for 1 liter of 0.5x TBE we would take 50 mL of 10x stock and add 950 mL of water.  (50 mL is 1/20 of 1000 mL) 

pH

pH by definition is –log [H+].  In words this is: pH equals the negative log of the concentration of hydrogen ions in solution.  Acids add hydrogen ions to solution.  Bases remove hydrogen ions from solution. 

[formula] means concentration of whatever the formula is.  The concentration is in terms of molarity.
The pH scale ranges from 0 -14.  If a pH reads from 0-6.9, the solution is acidic.  If the pH is 7.0, the solution is neutral.  If the pH is 7.1 -14, the solution is basic.  

At first the pH scale seems backwards.  The higher the pH, the fewer H+ ions are in solution. A lower pH is actually more acidic….has more H+ ions in solution.  


This backwards situation is because pH only measures the amount of ions in solution if the Molarity is less than 1.

Why?   Looking at the equation:  -log [H+], if the H+ = 1.0 (because a 1 M solution of HCl has 1 mole of H+ ions per liter of solution)

The equation becomes – log 1

Put in your calculator: 1, then log (unless you have a graphing calculator which lets you put it in directly as –log #)

The log of 1 is 0.

The negative of 0 is 0.

A number larger than 1 would give you a negative pH.  Scientists decided that a negative pH has no meaning. (Technically measuring pH involves an electrical gradient so negative values would have no meaning.)
A molarity smaller than 1 will give you a positive pH.  Scientists like a positive pH so they allow it to have meaning.

Example:

What is the pH if the molarity of HCl is 0.1 M?

0.1 M = 10-1 M

pH = -log [H+]

pH = - log 10-1
pH = - -1

pH = +1

So, as the concentration of hydrogen ions (acid) gets smaller, the pH gets larger.  Another example:

What is the pH if the molarity of HCl is 0.001 M?

0.001 M = 10-3 M

pH = -log [H+]

pH = - log 10-3
pH = - -3

pH = +3

Why is pH of 7 considered neutral?
Neutrality happens when the amount of acid equals the amount of base.  Put another way:

[H+] = [OH-]

With water, the H2O dissociates into H+ ions and OH- ions.  HOH < == > H+  + OH-
For each water molecule, there is one hydrogen ion and one hydroxide ion.  Since water is the foundation for studying science, scientists decided that water is neutral.  When there are more hydrogen ions in solution than in pure water, you have an acid.  When there are fewer hydrogen ions (more hydroxide ions) in solution than in pure water, you have a base.

There is a mathematical way to write the concentration of hydrogen and hydroxide ions showing that they are in equilibrium. At equilibrium the rate that water falls apart to make hydrogen and hydroxide ions equals the rate that hydrogen and hydroxide ions find each other to make a water molecule.  The following notation is used:

Ksp= 
[products]

[reactants]

Using a balanced equation, the coefficients become exponents.  Numbers are substituted and the equation is solved.  Fortunately with water, all of the coefficients are 1, so the math is easy.

For water, the Ksp becomes Kw meaning the equilibrium constant for water. 

Kw = [H+][OH-]


[H2O]

The [H2O] is assumed to = 1 because it is in a liquid form.  The concentration of liquids remains constant so [H2O] will always be a constant.  The [H+] and [OH-] ions can fit between water molecules, so their concentration can change without really changing the volume very much.  Since you can put in more H+ ions and OH- ions without changing the volume, their concentrations are included in the equilibrium constant expression.

Some scientist figured out that for water, Kw = 1.0 x 10-14
The “14” is where the “14” for the pH scale comes from.  
Solving for the concentration of H+ and OH-, we do the following:

Kw = [H+][OH-]

Kw= (x) (x)  
because the concentration of H+ = concentration of OH-

Kw = x2
Kw= 10-14 = x2
Square root both sides to get 10-7 = x

This means that the concentration of hydrogen ions and hydroxide ions in pure water is 10-7. 

pH = -log [H+]

pH = - log 10-7
pH = - -7

pH = 7

You do not have to know how to solve equilibrium constants, but you should be able to go from concentration to pH and from pH to concentration.

From concentration to pH

What is the pH of a 0.023 M solution of HCl?

pH = -log [H+]

pH = - log (0.023)

pH = - -1.6

pH = 1.6   
From pH to concentration

What is the concentration of  HCl whose pH is 6.3?

pH = - log [H+]

6.3 = - log [H+]

- 6.3 = log [H+]

Anti-log both sides

5.0 x 10-7 M = [H+]  (We assume that the units that go on the concentration are Molarity units.)

Buffers:

A buffer helps stabilize the pH of a solution.  We often use a buffer called Tris.  Tris is a common buffer used in electrophoresis because it works well to withstand pH changes under an electric current.  The pH of a solution changes according to room temperature, but for our purposes, we will act like our room temperature is a constant 25 (C. 

Tris base is often combined with boric acid or acetic acid to make electrophoresis buffers. The electrophoresis buffer we use is TBE: Tris, Borate, EDTA. 

EDTA is added as a preservative.

TBE is most often made up as a 10x concentration.  We run gels at 1x or 0.5x concentration of TBE depending on where we get the agarose from and if it has already been dissolved in a buffer.  

10x TBE is:  89 mM Tris-borate and 2mM EDTA, pH 8.3.  

one liter of 10x TBE is made by adding together:

108 g of Trizma base

7.5 g of EDTA

55 g of boric acid

bring up the volume to 1 L

Dilute 1 to 10 for a 1x buffer; the pH should already be 8.3. Do not adjust the pH. 

Another common buffer is phosphate.

A phosphate buffer system is often used with proteins. 
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