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The formula mass of a substance is the sum of the 
average atomic masses of all the atoms in the 
substance’s formula (i.e. the molar mass) 

For covalent molecules (i.e. nonmetal compounds), 
the formula mass is the mass of the molecule 

6.1 - Formula Mass (covalent molecules)

Recall: molecular mass in amu equals molar mass in g/mol

Example: 
Chloroform, 

CHCl3

MAR

Ionic substances do not exist as molecules, so 
chemists calculate formula masses by the smallest 
whole number ratio of ions which result in a neutral 
charge (the empirical formula) 

6.1 - Formula Mass (ionic compounds)

Recall: molecular mass in amu equals molar mass in g/mol

Example: 
Sodium chloride, 

NaCl

6.2 - Determining Empirical and Molecular Formulas

MAR

Finding the formula - the molecular formula - for 
an unknown compound can be quite important to 
chemists! 

First, chemists often must find the empirical 
formula (the smallest whole number ratio of atoms 
in a formula). 

Then, using a mass spectrometer (Chapter 2), they 
can find the molar mass of the compound... and 
using the empirical formula and molar mass, then 
can find the desired molecular formula.

Percent Composition

MAR

Scientists can determine the percent composition 
of a compound using various methods. 

Percent composition provides percentages by 
mass (i.e. grams), and using elemental molar mass 
values, these measurements can be converted to 
an empirical formula (and vice-versa) 

Example: Ethanol, C2H6O

52.13% C, 
13.15% H,  
34.72% O

Notice how all mass 
percentages for a 
compound equal 100%!

Atomic Absorption is 
one method used to find 
percent composition of a 

compound

Percent Composition Calculations

MAR

Example: A 10.0 g sample of a compound is 
determined to contain 2.5 g hydrogen and 7.5 g 
carbon.  Find the percentage by mass for H and C. 

Need: total mass = 2.5 g + 7.5 g = 10.0 g

!"# $ %C %'(' ')'*HH'('!#C
*H"H $ ,-./-012

3"# $ 4C 4'(' ')'*HH'('3#C
*H"H $ ,-./-012

Note that %C could also 
have been calculated by 
100% - 25%, alternative 
method
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Percent Composition Calculations with Known Formula
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For compounds of known formula, percent 
composition can be calculated from the formula 
mass and the atomic masses of the constituent 
elements.  

Example: for water, H2O, with calculated molar 
mass = 18.02 g/mol     = 16.00 + 2(1.01) (O + 2 H)

Note that %H could also 
have been calculated by 
100% - 88.79%, alternative 
method, better sigs!

Wt. % O = 16.00 g O
18.02 g H2O

 • 100% = 88.79 %

Empirical Formula From Masses

MAR

A compound’s empirical formula (EF) is the first step to determining the 
identity of a compound. The EF can be determined from mass values:  

1 - Convert element masses to moles  
2 - Divide mole values by the smallest number of moles 
3 - If necessary, multiply by an integer to give the smallest whole number 

ratio of subscripts. 
Example: A compound is determined to contain 1.71 g C and 0.287 g H. 

Find the Empirical Formula of the compound.

!"#$% !"%C$ !"#$% !"%C$ %
!"#$% !"#$%

' () (*(' () (*(')

Empirical formula = CH2

!"#$ %!C!' ( %)* )H),C!-. "#$ %
!.C,!( %

!"#$ %,C./' ( 0)* )H),C./- "#$ 0
!C,,/ ( 0

Empirical Formula From Masses

MAR

Example: A compound is determined to contain 5.31 g Cl and 8.40 g O. Find 
the Empirical Formula of the compound. 

First, convert g to moles, get 0.150 mol Cl and 0.525 mol O (try this yourself)

Empirical formula = Cl2O7

!"#$! !"$%$ !"#$! !"$%$ C"$
!"#$! !"#$!

'( ) *+*'( ) *+*'()

To convert into whole numbers, multiply each of the subscripts by two, giving the 
empirical formula: 

! "#$ %

Empirical Formula From Masses

MAR

General plan:

5.31 g Cl 0.150 mol Cl

8.40 g O 0.525 mol O

3.50 mol O to 
1 mol Cl

7 mol O to 
2 mol Cl

EF = Cl2O7

Empirical Formula From Percent Composition
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A compound’s empirical formula (EF) can also be determined from 
percent composition values: 

1 - Convert percent composition to masses by assuming a 100 g sample of 
compound. 

2 - Convert element masses to moles  
3 - Divide mole values by the smallest number of moles 
4 - If necessary, multiply by an integer to give the smallest whole number 

ratio of subscripts. 

Example: The bacterial fermentation of grain to produce ethanol forms a gas 
with a percent composition of 27.29% C and 72.71% O. What is the 
empirical formula for this gas?

Empirical Formula From Percent Composition - Example

MAR

Example: The bacterial fermentation of grain to produce ethanol forms a gas with a percent 
composition of 27.29% C and 72.71% O. What is the empirical formula for this gas? 

Assume 100 g total sample, which would give 27.29 g C and 72.71 g O

!"#$ %C'(C) * %+, +-+C(C'C "#$ %
!C(.!* %

!"#$ /'C('!* /+, +-+0(100 "#$ /
!O(.. * /

Empirical formula = CO2

!"#$ %C'(C) * %+, +-+C(C'C "#$ %
!C(.!* %

!"#$ /'C('!* /+, +-+0(100 "#$ /
!O(.. * /
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Molecular Formula and Empirical Formula
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The molecular formula (MF) is the desired formula when identifying a 
compound. 

The empirical formula (EF, which comes from mass percentages) is the 
smallest whole number ratio of the atoms in the molecular formula. 

Example: What is the empirical formula (EF) of acetic acid?  The molecular 
formula of acetic acid is C2H4O2. 

Divide the atom subscripts by two to get smallest whole number 
EF of acetic acid = CH2O

Molecular Formula From Empirical Formula - Example

MAR Molecular formula = C6H12O6 

!"# $%&'%()*+&)* ,-,. /(0%&)$ &1234'%()*+&)*
5# $%&'/(0%&)$ &123
( )! " #! ""$% C '('$ % C

The simplest carbohydrate is glyceraldehyde. Its empirical 

The molar mass ratio of the molecular formula (MF) to the empirical formula 
(EF) will always give a whole number (n)... so if a chemist has the molar mass of 
the compound (MF), they can find the ratio by comparing it to the molar mass 
of the EF. 

Example: A compound has an empirical formula (EF) of CH2O and a molar mass 
of 180 g/mol (mass spectrometer).  Find the molecular formula (MF). 

Molar mass of CH2O = C + 2H + O = 12 + 2*1 + 16 = 30 g/mol (EF molar mass)

Using Combustion to Determine a Formula
Hydrocarbons, CxHy (generic formula) can be burned (combusted) in 

oxygen to give CO2 and H2O (Combustion Reaction, Chapter 7 Part I). 

The CO2 and H2O can be collected to determine the empirical formula 

of the hydrocarbon. 

* All of the carbon ends up as CO2. 

* All of the hydrogen ends up as H2O.

MAR

A sample (0.115 g) of a hydrocarbon, CxHy, is burned to 

produce 0.253 g CO2 and 0.1035 g H2O.  The molar mass 

of the hydrocarbon is found to be 84.16 g/mol.  What is 
the empirical formula and molecular formula of the 
hydrocarbon? 

 CxHy  +  some O2 → 0.253 g CO2 +  0.1035 g H2O

MAR

Puddle of CxHy

0.115 g

0.253 g CO2+O2

+O2 0.1035 g H2O
1 H2O molecule forms for each 

2 H atoms in CxHy

1 CO2 molecule forms for each 
C atom in CxHy

Using Combustion to Determine a Formula

Hydrocarbons often 
liquid (gasoline), 

hence the 'puddle'

First, recognize that all C in CO2 and all H in H2O comes from CxHy.   

1. Calculate amount of C in CO2

MAR

Using Combustion to Determine a Formula
A sample (0.115 g) of a hydrocarbon, CxHy, is burned to produce 0.253 g CO2 and 0.1035 g H2O.  The molar mass of the 

hydrocarbon is found to be 84.16 g/mol.  What is the empirical formula and molecular formula of the hydrocarbon?

2. Calculate amount of H in H2O 

1 mol C per 1 mol CO2

2 mol H per 1 mol H2O

Now find ratio of mol H/mol C to find values of x and y 
in CxHy. 

1.149 x 10-2 mol H/ 5.75 x 10-3 mol C  
=  1.998 mol H / 1.00 mol C 
=  2 mol H / 1 mol C 
Empirical formula = CH2

MAR

Using Combustion to Determine a Formula
A sample (0.115 g) of a hydrocarbon, CxHy, is burned to produce 0.253 g CO2 and 0.1035 g H2O.  The molar mass of the 

hydrocarbon is found to be 84.16 g/mol.  What is the empirical formula and molecular formula of the hydrocarbon?
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To find the molecular formula (MF), compare the molar 
mass of the EF to the 84.16 g/mol value. 

EF = CH2 = 12.01 + 2*1.01 = 14.03 g/mol 

MM(MF) / MM(EF) = n (whole integer) 

84.16 / 14.03 = 5.9986... = 6, so: 

MF = (EF)6 = (CH2)6 = C6H12

MAR

Using Combustion to Determine a Formula
A sample (0.115 g) of a hydrocarbon, CxHy, is burned to produce 0.253 g CO2 and 0.1035 g H2O.  The molar mass of the 

hydrocarbon is found to be 84.16 g/mol.  What is the empirical formula and molecular formula of the hydrocarbon?

The molecular formula is C6H12

Molecular Formula and Empirical Formula

MAR

Some compounds have the same percent composition and empirical formula 
(EF) but different molecular formulas (MF) 

Example: nitrogen dioxide (NO2): 30.45% N, 69.55% O, EF = NO2, a brown 
paramagnetic gas, molar mass = 46.01 g/mol 
Ratio of MF molar mass to EF molar mass = 1 

Example: dinitrogen tetraoxide (N2O4): 30.45% N, 69.55% O, EF = NO2, a 
colorless diamagnetic gas, molar mass = 92.02 g/mol 
Ratio of MF molar mass to EF molar mass = 2

If a scientist has the percent composition and 
molar mass of a compound, they can find the 

molecular formula!

Molecular Formula From Empirical Formula - Combined

MAR

Example: A compound of B and H is 81.10% B.  The molar mass of the 
compound is 53.3 g/mol.  What is its empirical formula? What is the 
molecular formula?  Try this yourself! 

Steps: 
Convert % to grams, and grams to moles:  7.502 mol B, 18.75 mol H 
Compare moles to get empirical formula: EF = B2H5 
molar mass of EF = 26.67 g/mol 
molar mass of compound / molar mass of EF = n = 2, so 
MF = (EF)2 = B4H10

6.3 - Molarity: Types of Mixtures

MAR

In previous sections, we have considered pure substances... 
but in the 'real world', mixtures are more common. 

A mixture can be a heterogeneous mixture (more than one 
phase visible) or a homogeneous mixture (single phase). 

Heterogeneous mixtures common 'in the wild', and individual 
components usually easy to separate (density, melting point, 
etc.) 

Homogeneous mixtures appear to be a single substance, but 
internal components give the mixture a completely different 
experience when ingested, used in the laboratory, etc.  

6.3 - Molarity

MAR

A solution is a homogeneous mixture (single phase) with uniform 
composition (i.e. 'mixed well') and the relative amount of a given 
solution component is known as its concentration 

Solutions have two components: 
* Solvent: the component whose physical state is 
preserved when solution forms (often water) 

* Solute: component that is typically present at a much 
lower concentration than the solvent (the 'exciting' part) 

A solution in which water is the solvent is called an 
aqueous solution and gets the symbol (aq)

Molarity Definition

MAR

Molarity (M) represents the number of moles of solute in exactly 
1 L of solution:

"3.6 M" means a concentration of 3.6 molarity, or 3.6 mol of 
solute per L of solution 

Molarity is a very useful and common concentration in 
chemistry.  Often"concentration" and molarity the same (but 
not always!)

!"# $"#%&'()(
* $"#%&+",

!
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6.3 - Molarity Example
Example:  Dissolve 5.00 g of NiCl2•6 H2O in enough water to 
make 250. mL of solution.  Calculate molarity (M.)

MAR

Step 1:  Calculate moles of NiCl2•6H2O

5.00 g •  1 mol
237.7 g

 =  0.0210 mol

0.0210 mol
0.250 L

 =  0.0841 M

[NiCl2•6 H2O]  =  0.0841 M

Step 2:  Calculate molarity (1000 mL = 1L)

1*58.69 + 2*35.45 + 6*18.02 = 237.71 g/mol
Step 1:  Calculate moles of acid required. 

(0.0500 mol/L)(0.250 L)  =  0.0125 mol 

Step 2:  Calculate mass of acid required. 

(0.0125 mol )(90.04 g/mol)  =  1.13 g

moles  =  M • V

What mass of oxalic acid, H2C2O4, is 
required to make 250. mL of a 0.0500 M 
solution?

MAR

6.3 - Molarity Example II

Add 1.13 g to a total volume of 250. mL to make a 0.0500 M solution

2*1.01 + 2*12.01 + 3*16.00 = 90.04 g/mol

Preparing Solutions

* Measure a solid solute and 
dissolve in a given quantity of 
solvent 

or 

* Dilute a concentrated 
solution to give one that is 
less concentrated.
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Same copper(II) nitrate, 
left more concentrated (less solvent), 

right more dilute (more solvent)

Two methods to prepare a solution:
The Dilution Equation

MAR

When diluting a solution, the solute (moles) does not change.  A useful 
equation:

! ! " "#$#!" ! " C = concentration (molarity),  
V = volume (Liters or mL) 
Often abbreviated:   MiVi = MfVf 

Example: If 0.850 L of a 5.00 M solution of copper(II) nitrate, Cu(NO3)2, is diluted to a 
volume of 1.80 L by the addition of water, what is the molarity of the diluted solution?

!
"#$$ %&%$#'"$(%)% %)%!#*+

,#'$(
!" !

Notice that 0.950 L of water 
was added to the solution

A student takes 20.0 mL of 3.00 M HCl and accidentally adds 

Add water! 
Dilute the solution!

You have 50.0 mL of 3.0 M NaOH and you want 
0.50 M NaOH.

MAR

3.0 M NaOH 0.50 M NaOH

H2O

Concentrated Dilute

The important point: 

moles of NaOH in 
ORIGINAL solution =  

moles of NaOH in FINAL 
solution     

More on Dilution

But how much water should you add?

Moles of NaOH in original solution =  

C*V = (3.0 mol/L)(0.0500 L) = 0.15 mol NaOH 
Therefore, moles of NaOH in final solution 

must also = 0.15 mol NaOH 
(0.15 mol NaOH)(1 L/0.50 mol)  = 0.30 L 
or 300 mL = volume of final solution 
                     50 mL already present, so:
MAR

Conclusion: 

add 250 mL of 
water to 50.0 
mL of 3.0 M 
NaOH to make 
300 mL of 0.50 
M NaOH.                           

3.0 M NaOH 0.50 M NaOH

H2O

Concentrated Dilute

You have 50.0 mL of 3.0 M NaOH and you want 0.50 M NaOH.

More on Dilution

Page III-6-5 / Chapter Six Lecture Notes

Page III-6-5 / Chapter Six Lecture NotesPage III-6-5 / Chapter Six Lecture Notes



6.4 - Other Units for Solution Concentrations 
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Molarity used most often for concentration in chemistry, but mass 
percentage, volume percentage and parts per million used as 
well. 

Mass percentage (of solute) defined as:

Volume percentage (of solute) can be used also:

!"## $% &$!'$()(*!"## ')+&)(*",)-.- -/-011
!"## $% #$23*4$(

!"#$%& "' ("#$)&!"#$%& *&+,&-)./&01 020344
!"#$%& "' ("#$)5"-

Mass Percentage Example

MAR

Example: A 5.0 g spinal fluid sample contains 3.75 mg of glucose. 
What is the mass percent of glucose? 

Convert mg to g (1000 mg = 1 g), then:

Mass percent of glucose = 0.075%

Parts Per Million (ppm)

MAR

Very low solute concentrations (the environment, etc.) often 
expressed in "parts per" units. (density = 1.00 g/mL for solution if 
water is the solvent)

Parts per billion:
!"#$$ $%&'()**+,-, ,.,/0

"#$$ %1 $%&'(2%3

!"#$$ $%&'()**"+,+ +-+./
"#$$ %0 $%&'(1%2

Parts per million:

Calculations With ppm
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Example: a pollutant is found in ground water at roughly 5.0 mg 
per 100. g total.  Express this concentration in parts per million 
(ppm). Convert mg to g (1000 mg = 1 g)

!"#$$ $%&'()**"+,+ +-+./
"#$$ %0 $%&'(1%2

Parts per million:

Answer = 50. ppm

End of Chapter Example:

MAR

A solution has been found in an unused cabinet.  A 5.00 mL 
sample is isolated, the solvent (water) evaporated, and 98.5 mg of 
an unknown compound is collected.  Mass analysis of the 
compound discovers the percent composition (49.9% O, 37.5% 
C, 12.6% H) and a molar mass (32.04 g/mol.)  Find the empirical 
formula, the molecular formula, and the molarity of the solution. 

Strategy: 
* find the empirical formula (EF) by assuming 100 g total 
* use the EF and the molar mass to find the molecular formula 

(MF) 
* Use the solution info to calculate the molarity of the solution

End of Chapter Example: continued

MAR

A solution has been found in an unused cabinet.  A 5.00 mL sample is isolated, the solvent (water) 
evaporated, and 98.5 mg of an unknown compound is collected.  Mass analysis of the compound discovers 
the percent composition (49.9% O, 37.5% C, 12.6% H) and a molar mass (32.04 g/mol.)  Find the empirical 
formula, the molecular formula, and the molarity of the solution.

Assume 100 g total, turn g into moles, and compare to find EF: 
* 49.0 g O * (mol O / 16.00 g) = 3.06 mol O 
* 37.5 g C * (mol C / 12.01 g) = 3.12 mol C 
* 12.6 g H * (mol H / 1.008 g) = 12.5 mol H 
* C(3.12/3.06) H(12.5/3.06) O(3.06/3.06) = C1.02 H4.08 O1.00 = CH4O 

CH4O is the empirical formula for the compound

Use EF's molar mass and 32.04 g/mol to find the MF: 
1*C + 4*H + 1*O = 1*12.01 + 4*1.01 + 1*16.00 = 32.05 g/mol 
MM(MF) / MM(EF) = 32.04 g/mol / 32.05 g/mol ≈ 1, so 

(CH4O)1 =  CH4O is also the molecular formula for the compound!
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End of Chapter Example: continued
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A solution has been found in an unused cabinet.  A 5.00 mL sample is isolated, the solvent (water) 
evaporated, and 98.5 mg of an unknown compound is collected.  Mass analysis of the compound discovers 
the percent composition (49.9% O, 37.5% C, 12.6% H) and a molar mass (32.04 g/mol.)  Find the empirical 
formula, the molecular formula, and the molarity of the solution.

Find molarity using 98.5 mg in 5.00 mL data and the molar mass (32.04 g/mol):  
* 98.5 mg * (1 g / 1000 mg) * (mol / 32.04 g) = 3.07 x 10-3 mol 
* 5.00 mL * (1 L / 1000 mL) = 0.00500 L 

* Molarity of the solution = mol / Liters = 3.07 x 10-3 mol / 0.00500 L 

Molarity = 0.614 M 
The solution contains CH4O and  
has a concentration of 0.614 M

CH4O is methanol:

End of Chapter Six

MAR

See also: 

• Chapter Six Study Guide  

• Chapter Six Concept Guide 

• Important Equations (following this 
slide) 

• End of Chapter Problems (following this 
slide)
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Important Equations, Constants, and Handouts 
from this Chapter:

• Understand how to find an 
empirical formula from mass 
percentages, and how to 
find the molecular formula 
from an empirical formula 

• Know how to use molarity 
with solution stoichiometry 
problems 

• Solute, solvent, solution 
• Molarity (M) = mol of solute 

per Liter of solution 
• M1V1 = M2V2   
• Also know mass 

percentages, parts per 
million

MAR

End of Chapter Problems:  Test Yourself

1. Determine the molar mass for aluminum chloride, iron(III) oxide and 
phosphorus tribromide. 

2. How many grams in 0.0255 mol of propanol (C3H7OH)?  How many 
molecules?  How many atoms of C?  

3. Calculate the weight percent of lead in PbS, lead(II) sulfide. What mass of 
lead (in grams) is present in 10.0 g of PbS? 

4. Succinic acid has an empirical formula is C2H3O2 and a molar mass is 
118.1 g/mol. What is its molecular formula? 

5. If 50.0 mL of 0.0135 M BaCl2 is diluted to a total of 400. mL, what is the 
new concentration of BaCl2? 

MAR

End of Chapter Problems:  Answers

1. 133 g/mol, 160. g/mol, 271 g/mol 
2. 1.53 g C3H7OH, 1.54 x 1022 molecules, 4.62 x 1022 atoms C 
3. 86.59%, 8.66 g Pb 
4. C4H6O4 
5. 0.00169 M 
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