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A solution is a particular type of mixture. Mixtures in chemistry are combinations of different substances where each substance retains its chemical properties. Generally, mixtures can be separated by non-chemical means such as filtration, heating, or centrifugation.

A solution is a homogeneous mixture, but that's not the full definition. Homogeneous means that the mixture is the same all the way through. You could take two same-sized samples: one from the bottom and one from the top and they would be identical. Homogeneous mixtures do not settle out if left to sit undisturbed, whereas a heterogeneous mixture would. Blood is a good example of a heterogeneous mixture.

A solution is a homogeneous mixture where all particles exist as individual molecules or ions. This is the definition of a solution.

By the way, there are homogeneous mixtures where the particle size is much larger than individual molecules. However, the particle size is so small that the mixture never settles out. Terms such as colloid, sol, and gel are used to identify these mixtures. Even though their study is an important part of chemistry, the ChemTeam will only focus on solutions.



A solution has two components: the solute and the solvent.

The solvent is the substance in greater amount.

It is usually a liquid, although it does not have to be. It is usually water, but it does not have to be. The ChemTeam will focus on water only and will leave non-aqueous solvents alone.

The solute is the substance in lesser amount.

It is usually a solid, although it does not have to be. The ChemTeam will focus mostly on solid solutes, but the occasional liquid solute will get mentioned.

Ya know, I can just see that gleam in your eye. "OK, Mr. hot-shot ChemTeam," you say, "what about a situation where both substances are in equal amount?" That's easy - the water is the solvent. "But," you say, "it's not water, it's, it's ALCOHOL." No problem - the liquid substanceis the solvent. "But...," you start to say as I ....

You finish the story.



The word concentration refers to how much solute is dissolved.

Dilute means that only a little solute is dissolved and concentrated means a lot is dissolved.

These are NOT numerical type numbers, but they are words you should be familiar with.

There are two major concentration words that are numerical in nature: molarity and molality. Usually molarity is introduced first in beginning classes, so go there first.

As is clear from its name, molarity involves moles. Boy, does it!

The molarity of a solution is calculated by taking the moles of solute and dividing by the liters of solution.
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This is probably easiest to explain with examples.



Example #1 - Suppose we had 1.00 mole of sucrose (it's about 342.3 grams) and proceeded to mix it into some water. It would dissolve and make sugar water. We keep adding water, dissolving and stirring until all the solid was gone. We then made sure that when everything was well-mixed, there was exactly 1.00 liter of solution.

What would be the molarity of this solution?
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The answer is 1.00 mol/L. Notice that both the units of mol and L remain. Neither cancels.

A replacement for mol/L is often used. It is a capital M. So if you write 1.00 M for the answer, then that is correct.

Some textbooks make the M using italics and some put in a dash, like this: 1.00-M. When you handwrite it; a good, old block capital M is just fine. 

When you say it out loud, say this: "one point oh oh molar." You don't have to say the dash.

And never forget this: replace the M with mol/L when you do calculations. The M is just shorthand for mol/L.



Example #2 - Suppose you had 2.00 moles of solute dissolved into 1.00 L of solution. What's the molarity?
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The answer is 2.00 M.

Notice that no mention of a specific substance is mentioned at all. The molarity would be the same. It doesn't matter if it is sucrose, sodium chloride or any other substance. One mole of anything contains 6.022 x 1023 units. 



Example #3 - What is the molarity when 0.75 mol is dissolved in 2.50 L of solution?
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The answer is 0.300 M.



Now, let's change from using moles to grams. This is much more common. After all, chemists use balances to weigh things and balances give grams, NOT moles.

Example #4 - Suppose you had 58.44 grams of NaCl and you dissolved it in exactly 2.00 L of solution. What would be the molarity of the solution?

The solution to this problem involves two steps which will eventually be merged into one equation.

Step One: convert grams to moles.

Step Two: divide moles by liters to get molarity.

In the above problem, 58.44 grams/mol is the molecular weight of NaCl. (For you technical types, I know it actually is a formula weight, but I'm glossing over the difference for the time being. Remember, this is a high school tutorial.)

Dividing 58.44 grams by 58.44 grams/mol gives 1.00 mol.

Then, dividing 1.00 mol by 2.00 L gives 0.500 mol/L (or 0.500 M). Sometimes, a book will write out the word "molar," as in 0.500-molar.



Do examples #5 and #6:

5) Calculate the molarity of 25.0 grams of KBr dissolved in 750.0 mL.

6) 80.0 grams of glucose (C6H12O6, mol. wt = 180. g/mol) is dissolved in enough water to make 1.00 L of solution. What is its molarity?

Practice Problems

1) Calcuate the molarity when 75.0 grams of MgCl2 is dissolved in 500.0 mL of solution.

2) 100.0 grams of sucrose (C12H22O11, mol. wt. = 342.3 g/mol) is dissolved in 1.50 L of solution. What is the molarity?

3) 49.8 grams of KI is dissolved in enough water to make 1.00 L of solution. What is the molarity?



Notice how the phrase "of solution" keeps showing up. The molarity definition is based on the volume of the solution, NOT the volume of pure water used. For example, to say this:

"A one molar solution is prepared by adding
one mole of solute to one liter of water"

is totally incorrect. It is "one liter of solution" not "one liter of water."

Be careful on this, especially when you get to molality. 

1. Sea water contains roughly 28.0 g of NaCl per liter. What is the molarity of sodium chloride in sea water? 

2. What is the molarity of 245.0 g of H2SO4 dissolved in 1.00 L of solution? 

3. What is the molarity of 5.30 g of Na2CO3 dissolved in 400.0 mL solution? 

4. What is the molarity of 5.00 g of NaOH in 750.0 mL of solution? 

5. How many moles of Na2CO3 are there in 10.0 L of 2.0 M soluton? 

6. How many moles of Na2CO3 are in 10.0 mL of a 2.0 M solution? 

7. How many moles of NaCl are contained in 100.0 mL of a 0.20 M solution? 

8. What weight (in grams) of NaCl would be contained in problem 7? 

9. What weight (in grams) of H2SO4 would be needed to make 750.0 mL of 2.00 M solution? 

10. What volume (in mL) of 18.0 M H2SO4 is needed to contain 2.45 g H2SO4? 

11. What volume (in mL) of 12.0 M HCl is needed to contain 3.00 moles of HCl? 

12. How many grams of Ca(OH)2 are needed to make 100.0 mL of 0.250 M solution? 

13. What is the molarity of a solution made by dissolving 20.0 g of H3PO4 in 50.0 mL of solution? 

14. What weight (in grams) of KCl is there in 2.50 liters of 0.50 M KCl solution? 

15. What is the molarity of a solution containing 12.0 g of NaOH in 250.0 mL of solution? 

16. Determine the molarity of these solutions: 

a) 4.67 moles of Li2SO3 dissolved to make 2.04 liters of solution.
b) 0.629 moles of Al2O3 to make 1.500 liters of solution.
c) 4.783 grams of Na2CO3 to make 10.00 liters of solution.
d) 0.897 grams of (NH4)2CO3 to make 250 mL of solution.
e) 0.0348 grams of PbCl2 to form 45.0 mL of solution. 

17. Determine the number of moles of solute to prepare these solutions: 

a) 2.35 liters of a 2.00 M Cu(NO3)2 solution.
b) 16.00 mL of a 0.415-molar Pb(NO3)2 solution.
c) 3.00 L of a 0.500 M MgCO3 solution.
d) 6.20 L of a 3.76-molar Na2O solution. 

18. Determine the grams of solute to prepare these solutions: 

a) 0.289 liters of a 0.00300 M Cu(NO3)2 solution.
b) 16.00 milliliters of a 5.90-molar Pb(NO3)2 solution.
c) 508 mL of a 2.75-molar NaF solution.
d) 6.20 L of a 3.76-molar Na2O solution.
e) 0.500 L of a 1.00 M KCl solution.
f) 4.35 L of a 3.50 M CaCl2 solution. 

19. Determine the final volume of these solutions: 

a) 4.67 moles of Li2SO3 dissolved to make a 3.89 M solution.
b) 4.907 moles of Al2O3 to make a 0.500 M solution.
c) 0.783 grams of Na2CO3 to make a 0.348 M solution.
d) 8.97 grams of (NH4)2CO3 to make a 0.250-molar solution.
e) 48.00 grams of PbCl2 to form a 5.0-molar solution. 

The Four Gas Law Variables:
Temperature, Pressure, Volume, and Moles



I) Volume
All gases must be enclosed in a container that, if there are openings, can be sealed with no leaks. The three-dimensional space enclosed by the container walls is called volume. When the generalized variable of volume is discussed, the symbol V is used.

Volume in chemistry is usually measured in liters (symbol = L) or milliliters (symbol = mL). A liter is also called a cubic decimeter (dm3).

Other units of volume do occur such as cubic feet (cu. ft. or ft3) or cubic centimeters (cc or cm3). The main point to remember is: whatever units of volume are used, use them all the way through the problem. If you must convert from one unit to another, make sure you do it correctly.

The ChemTeam discusses such things as Boyle's Law and other laws where volume is a variable. That means the container involved in the experiment has a movable wall. When the volume goes up, that wall slides out. When the volume goes down, the wall slides in. This is VERY IMPORTANT to remember. Imagine the seal of the movable wall to be perfect so no gas escapes.

If the volume is constant, then the container is made with thick, rigid walls that cannot move. If the pressure increased too much, the walls would break, destroying the experiment. However, within the limits of any experiment discussed, the walls remain fixed and the volume stays constant. As Mr. Spock said to Bones in one of the Star Trek movies, "Remember." 

II) Temperature
All gases have a temperature, usually measured in degrees Celsius (symbol = °C). Note that Celsius is captalized since this was the name of a person (Anders Celsius). When the generalized variable of temperature is discussed, the symbol T is used.

There is another temperature scale which is very important in gas behavior. It is called the Kelvin scale (symbol = K). Note that K does not have a degree sign and Kelvin is captalized because this was a person's title (Lord Kelvin, his given name was William Thomson).

All gas law problems will be done with Kelvin temperatures. If you were to use degrees Celsius in any of your calculations, YOU WOULD BE WRONG. Your teacher may try and trip you up on this point.

You can convert between Celsius and Kelvin like this: Kelvin = Celsius + 273.15. Often, the value of 273 is used instead of 273.15. Check with your teacher on this point. All examples to follow will use 273. For example, 25 °C = 298 K, because 25 + 273 = 298.

Standard temperature is defined as zero degrees Celsius or 273 K.

The Kelvin temperature of a gas is directly proportional to its kinetic energy. Double the Kelvin temperature, you double the kinetic energy.

III) Pressure
Gas pressure is created by the molecules of gas hitting the walls of the container. This concept is very important in helping you to understand gas behavior. Keep it solidly in mind. This idea of gas molecules hitting the wall will be used often. When the generalized variable of pressure is discussed, the symbol P is used.

There are three different units of pressure used in chemistry. This is an unfortunate situation, but we cannot change it. You must be able to use all three. Here they are:

1. atmospheres (symbol = atm) 

2. millimeters of mercury (symbol = mm Hg) 

3. Pascals (symbol = Pa) or, more commonly, kiloPascals (symbol = kPa) 

You will find more on pressure units in another page.

Standard pressure is defined as one atm. or 760.0 mm Hg or 101.325 kPa.

Standard temperature and pressure is a very common phrase in chemistry, so common it has been abbreviated to STP. What the ChemTeam will use as STP is actually called standard ambient temperature and pressure (STAP), but the difference between the two is unimportant at this stage of your chemistry training.

There is no such thing as standard volume, although you will probably learn about molar volume in your class.

Converting between Units of Pressure: atm., mmHg and kPa
There are three different units of pressure used in chemistry. This is an unfortunate situation, but we cannot change it. You must be able to use all three. Here they are:

1. atmospheres (symbol = atm) 

2. millimeters of mercury (symbol = mm Hg) 

3. Pascals (symbol = Pa) or, more commonly, kiloPascals (symbol = kPa) 

Here is a repeat from each of the problem worksheets: 

Abbreviations



Conversions

atm - atmosphere


K  =  °C  +  273

mm Hg - millimeters of mercury

1 cm3 (cubic centimeter)  =  1 mL (milliliter)

torr - another name for mm Hg

1 dm3 (cubic decimeter)  =  1 L (liter)  =  1000 mL

Pa - Pascal (kPa  =  kilo Pascal)
Standard Conditions

K - Kelvin



0.00 °C  =  273 K

°C - degrees Celsius


1.00 atm  =  760.0 mm Hg  =  101.325 kPa  =  101,325 Pa

Doing Pressure Conversions 

I. between atmospheres and millimeters of mercury. One atm. equals 760.0 mm Hg, so there will be a multiplication or division based on the direction of the change. 

Example #1 - Convert 0.875 atm to mmHg. 

Solution - multiply the atm value by 760.0 mmHg / atm. 
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Notice that the atm values - one in the numerator and one in the denominator - cancel, leaving mmHg. 

Example #2 - Convert 745.0 mmHg to atm. 

Solution - divide the mmHg value by 760.0 mmHg / atm 
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Notice that the mmHg values cancel and the atm, in the denominator of the denominator, moves to the numerator. 



II. Between atmospheres and kilopascals. One atm equals 101.325 kPa, so there will be a multiplication or division based on the direction of the change. 

Example #3 - Convert 0.955 atm to kPa. 

Solution - multiply the atm value by 101.325 kPa / atm. 
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Notice that the atm values - one in the numerator and one in the denominator - cancel, leaving kPa. 

Example #4 - Convert 98.35 kPa to atm. 

Solution - divide the kPa value by 101.325 kPa / atm. 
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Notice that the kPa values cancel and the atm, in the denominator of the denominator, moves to the numerator. 

III. Between millimeters of mercury and kilopascals. 760.0 mmHg equals 101.325 kPa, so both values will be involved. This situation is slighly unusual because most conversions involve a one, usually in the denominator. The conversion examples above are examples of a one being involved. 

In this conversion, both 760.0 and 101.325 will be involved and the location of each (numerator or denominator) will depend on the conversion. 

Example #5 - Convert 740.0 mmHg to kPa. 
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Notice that the mmHg will cancel, since one is in the numerator and one is in the denominator, leaving kPa as the unit on the answer. 

Example #5 - Convert 99.25 kPa to mmHg. 
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Notice that the kPa will cancel, since one is in the numerator and one is in the denominator, leaving mmHg as the unit on the answer. 

IV. Amount of Gas
The amount of gas present is measured in moles (symbol = mol) or in grams (symbol = g or gm). Typically, if grams are used, you will need to convert to moles at some point. When the generalized variable of amount in moles is discussed, the letter "n" is used as the symbol (note: the letter is in lowercase. The others above are all caps.).

PV = nRT: The Ideal Gas Law

PV = nRT

R is called the gas constant. Sometimes it is referred to as the universal gas constant. If you wind up taking enough chemistry, you will see it showing up over and over and over.

The Numerical Value for R

R's value can be determined many ways. This is just one way:

We will assume we have 1.000 mol of a gas at STP. The volume of this amount of gas under the conditions of STP is known to a high degree of precision. We will use the value of 22.414 L.

By the way, 22.414 L at STP has a name. It is called molar volume. It is the volume of ANY ideal gas at standard temperature and pressure.

Let's plug our numbers into the equation: 

(1.000 atm) (22.414 L) = (1.000 mol) (R) (273.15 K)

Notice how atmospheres were used as well as the exact value for standard temperature.

Solving for R gives 0.08206 L atm / mol K, when rounded to four significant figures. This is usually enough. Remember the value. You'll need it for problem solving.

Notice the weird unit on R: say out loud "liter atmospheres per mole Kelvin."

This is not the only value of R that can exist. It depends on which units you select. Those of you that take more chemistry than high school level will meet up with 8.3145 Joules per mole Kelvin, but that's for another time. The ChemTeam will only use the 0.08206 value in gas-related problems.

Example #1 - A sample of dry gas weighing 2.1025 grams is found to occupy 2.850 L at 22.0°C and 740.0 mmHg. How many moles of the gas are present?

Notice that the units for pressure MUST be in atm., so the 740.0 mm Hg must be converted first.

740.0 mm Hg ÷ 760.0 mm Hg/atm = 0.9737 atm

However, the unrounded-off value should be used in the calculation just below.

Now, plug into the equation:

(0.9737 atm) (2.850 L) = (n) (0.08206 L atm / mol K) (295.0 K)

and solve for n.

Example #2 - Using the problem above, what is the molar mass of the gas?

This is a very common use of this law and the odds are very good you will see this type of question on a test.

The key is to remember the units on molar mass: grams per mole.

We know from the problem statement that 2.1025 grams of the gas is involved and we also know how many moles that is.

We know that from doing the calculation above and getting 0.1146 mol.

So all we have to do is divide the grams of gas by how many moles it is:

2.1025 g ÷ 0.1146 mol = 18.34 g/mol

Let's go over those steps for using the Ideal Gas Law to calculate the molar mass of the gas: 

1) You have to know the grams of gas involved. Usually the problem will just give you the value, but not always. You might have to calculate it.
2) You are going to have to calculate the moles of gas. Use PV = nRT and solve for n. Make sure to use L, atm and K.
3) Divide grams by moles and there's your answer.
Molar Volume

The molar volume is the volume occupied by one mole of ideal gas at STP. Its value is: 

22.414 L mol¯1 

It is actually known to several more decimal places but the number above should prove sufficient.This value has been known for about 200 years and it is not a constant of nature like, say, the charge on the electron. If we had picked a diffeent standard temperature, then the molar volume would be different. 

Using PV = nRT, you can calculate the value for molar volume. V is the unknown and n = 1.00 mol. Set P and T to their standard values and use R = 0.08206. 

Molar volume doesn't show up that often in problems. As a consequence, teachers sometimes like to use molar volume on the test, in order to trip the kid up!! Let's do some examples. 

Example #1: you have 2.00 L of dry H2 at STP. How many moles is this? 

Solution: we could solve this with PV = nRT, but we can shortcut since we have STP and do this: 
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Example #2: 0.250 moles of HCl will occupy how many liters at STP? 

Solution: this is just the reverse of example one: 

0.250 mol x 22.414 L mol¯1 

Example #3: What is molar volume at 576 K? 

Solution: strictly speaking, this isn't more than a volume-temperature problem, but for some reason putting "molar volume" in the problem messes people up. 

22.414 L mol¯1 / 273 K = x / 546 K 

Notice that 546 is double 273, so that just confims the answer of 44.828 L. 

Problems!!

104. How many moles of gas are contained in 890.0 mL at 21.0 °C and 750.0 mm Hg pressure?

106. Calculate the volume 3.00 moles of a gas will occupy at 24.0 °C and 762.4 mm Hg.

108. How many moles of gas would be present in a gas trapped within a 100.0 mL vessel at 25.0 °C at a pressure of 2.50 atmospheres?

109. How many moles of a gas would be present in a gas trapped within a 37.0 liter vessel at 80.00 °C at a pressure of 2.50 atm?

111. What volume will 1.27 moles of helium gas occupy at STP?

113. What volume would 32.0 g of NO2 gas occupy at 3.12 atm and 18.0 °C?

114. Find the volume of 2.40 mol of gas whose temperature is 50.0 °C and whose pressure is 2.00 atm.

116. How many moles of gas are contained in a 50.0 L cylinder at a pressure of 100.0 atm and a temperature of 35.0 °C?

117. Determine the number of moles of Krypton contained in a 3.25 liter gas tank at 5.80 atm and 25.5 °C. If the gas is Oxygen instead of Krypton, will the answer be the same? Why or why not?

120. A sample of argon gas at STP occupies 56.2 liters. Determine the number of moles of argon and the mass in the sample.

