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Chemistry in the News 

Metal light show follows 
fertilization 
 
Sex is often associated metaphorically with fireworks, but 
there’s a real shower of sparks at the moment of 
conception. Scientists have witnessed mammalian eggs 
explosively releasing zinc atoms just after fertilization… 
 
Before fertilization, mouse eggs take up more than 20 
billion zinc atoms each.  
 
“This really shows that elements, that chemistry, is in 
control of biology in a way we haven’t thought about.” 
 
Science News 
June 4, 2011 

http://www.sciencenewsdigital.org/sciencenews/20110604/#pg14 

http://www.sciencenewsdigital.org/sciencenews/20110604/


Image: http://commons.wikimedia.org/wiki/File:Pennies.jpg 
Image: Wikimedia Foundation, accessed 10/12/2010 

Counting the number of atoms in 0.000001 
g of NaCl, one per second …  

 

would take over 300 million years!  

Problem: Counting Tiny Objects 

http://commons.wikimedia.org/wiki/File:Pennies.jpg
http://commons.wikimedia.org/wiki/File:Pennies.jpg


Solution: Counting by weighing 

10 Ghanaian pennies 
(g) 
 

2.50 2.50 2.62 2.62 
2.62 2.50 2.62 2.55 
2.55 2.62 
 

Average penny = 2.57 g 
 

Conversion factor: 
 

1000 𝑝𝑒𝑛𝑛𝑖𝑒𝑠

2570 𝑔𝑟𝑎𝑚𝑠
 

Image: http://commons.wikimedia.org/wiki/File:Penny.jpg 
Wikimedia Foundation, accessed 10/12/2010 

http://commons.wikimedia.org/wiki/File:Penny.jpg
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 How many Ghanaian pennies are in 35,325 kg of 
pennies? 

 

How many grams of Ghanaian pennies do you need 
to have 1.032 x 105 pennies? 

Counting by weighing 



Determining the Average Mass of 
an Element 



Masses of Single Atoms 

The masses of single atoms are expressed in atomic 
mass units (amu). 
 
1 amu = 1/12th of the mass of one 12C atom 
 

 12C weighs exactly 12.00000 amu 
 

1 amu = 1.6605 x 10-24 g 
 

  12C  12 amu
1.6605x10−24g

1 amu
= 1.99x10−23 g 



The pure elements are made of 
isotopes with different masses 

Elements all have the same number of protons, but 
individual atoms of each element can have different 
numbers of neutrons. 
 
Example: 
Carbon atoms all have six protons. The number of 
neutrons can be six (12C), seven (13C), or eight (14C) 
 



Mass Spectrometers can determine the relative 
masses of atoms in an elemental sample 
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First, they turn neutral atoms into ions: 
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Then, they separate the ions based on mass, by 
passing them through a magnetic field 



Then, they count the number of ions of each 
different mass 

 
 

Mass spectrum of neon 
 

90.48% 20Ne … 0.27% 21Ne … 9.25% 22Ne 

20Ne+ ion 

21Ne+ ion 

Percentages: http://en.wikipedia.org/wiki/Isotopes_of_neon accessed 10/12/2010 
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Neon  =     90.48% is     20Ne 

           0.270% is     21Ne 

          9.25% is     22Ne 
 

Mass of a Neon Atom: (abundances) x (weights) 
 

0.9048(19.992 amu) + 0.00270 (20.99 amu)  

  + 0.0925(21.99 amu)             

        = 20.18 amu  

The average weight is a “weighted 
average” of the isotopes 



Mass Spectrum of Atomic Boron 

Natural abundances of boron isotopes 
 
  10B 20%  11B 80%  

mass/charge ratio 
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What is the Mass Spectrum of B2
+ 

Molecular Ion?? 

mass/charge ratio 

P
e
rc

e
n
t 

A
b
u
n
d
a
n
c
e
 



Mass Spectrum of B2
+ Molecular Ion 

B2
+ is a molecule with two boron atoms 

 
      Visualize the ways we can make B2

+ 

 
      Compound  Mass Number 
         10B – 10B          20 
         11B – 10B, 10B – 11B  21 
         11B – 11B          22 
 
       Calculate the probabilities of each,  
       and construct the mass spectrum! 
 

  



• It’s important to note that not a single atom of 
any element has the atomic weight listed on 
the periodic table.  Those weights are 
averages.  

• As with pennies, knowing the average enables 
us to convert masses of elements into number 
of atoms of elements.  

Average Atomic Mass of an 
Element 



Review 

What unit is used to describe the masses of 
individual atoms? 
 
Why don’t the atomic weights listed on the 
periodic table match the masses of the 
individual isotopes? 
 
How are the atomic weights on the periodic 
table calculated? 



Using grams instead of amu 

The amu unit is too small for everyday use.  
 

Idea   

Choose a number of atoms such that the weight 
in grams equals the atoms’ weight in amu. 
 

In other words 
Add atoms to a scale one by one until the mass 
in grams equals the mass in amu … then see 
how many atoms it took.  



Relation between amu and grams 

Element Mass/atom  
(amu) 

# of atoms Mass/mole 
(grams) 

Hydrogen 1.008 amu 6.022 x 1023 1.008 g 

Lithium 6.941 amu 6.022 x 1023 6.941 g 

Iridium 192.2 amu 6.022 x 1023 192.2 g 

Gallium 69.72 amu 6.022 x 1023 69.72 g 

Fluorine 19.00 amu 6.022 x 1023 19.00 g 



Mole Concept 

Mole:  6.022 x 1023 of any object = 1 mole 
 

Therefore:  6.022 x 1023 amu = 1 gram (exact) 
 
The Periodic Table lists the amu of all atoms, so the 
atomic mass (per mole) can be worked out directly: 
 

1 𝑚𝑜𝑙𝑒 𝑐𝑎𝑟𝑏𝑜𝑛 
6.022 𝑥 1023𝑎𝑡𝑜𝑚𝑠

1 𝑚𝑜𝑙𝑒

12.01 𝑎𝑚𝑢

1 𝑎𝑡𝑜𝑚

1 𝑔𝑟𝑎𝑚

6.022 𝑥 1023𝑎𝑚𝑢
= 12.01 𝑔𝑟𝑎𝑚𝑠  



Conversion Factors Using Moles 

Example:   
We know that one mole of lithium contains 6.022 x 
1023 atoms of lithium and weighs 6.941 g 
 

6.022 x 1023 atoms

1 mole
     

 
6.022x1023atoms

6.941 g
 

 
1 mol

6.941 g
 



gram  mole conversions 

Convert 1.52 g of fluorine atoms to moles: 
 

 1.52 g F 
1 mole

19.00 g
= 0.0800 mol F 

 
Convert 0.0052 mol of iridium to grams: 
 

 0.00520 mol Ir 
192.2 g

1 mol
= 0.999 g Ir 



Calculating Formula Masses 

Calculating the molar mass of a compound: 
 
One mole of Li2CO3  2 moles Li, 1 mole C, 3 mol O 
 

2 6.941
𝑔

𝑚𝑜𝑙
+ 12.01

𝑔

𝑚𝑜𝑙
+ 3 16.00

𝑔

𝑚𝑜𝑙
= 73.89

𝑔

𝑚𝑜𝑙
 

 

 
1. Use sig figs when calculating molar masses! 
2. Use atomic masses with at least 2 decimal places 



gram  mole conversions 

Practice 
 
1. Convert 6.005 g carbon to moles. 
2. What is the mass of Er in a cell phone, if a cell 

phone contains 0.0003552 mol of Er? 
3. How much does 2.04 moles of Al2S3 weigh? 
4. How many moles of water are in 100.0 grams of 

water? 
 
 
 

 
 

 Answers: 1. 0.5000 mol C; 2. 0.05942 g Er; 3. 306 g Al; 4. 5.551 moles 



“Number of atoms/molecules” 
problems 

Many problems require the use the 
conversion factor between moles and number 
of atoms/molecules: 
 

1 𝑚𝑜𝑙𝑒

6.022𝑥1023 𝑖𝑡𝑒𝑚𝑠
 

 
Example:  
Calculate the number of atoms in 1.00 g of Al 

 
 

 
  



Number of atoms/molecules 
problems 

Practice 
 
1. Calculate the number of molecules of hemoglobin in 

25.03 mg of hemoglobin (molar mass ~ 65000 g/mol). 
 

2. How many atoms of aluminum are in 22.33 g of 
aluminum sulfate? 

 
 

  



Percent Composition 

mass percent or weight percent:  
 
The percentage of a compound’s total mass due to 
each element  
  a useful conversion factor 
 

Example:     Al2S3 (total mass = 150.17 
g

mol
 ) 

 

 Mass % Al  
2(26.98 g) Al

150.17 g Al2S3
 ∗ 100% = 35.93% Al 

 

 Mass % S  
3(32.07 g) S

150.17 g Al2S3
 ∗ 100% = 64.07% S 

 



Percent Composition 

PRACTICE 
 
1. Sodium carbonate has the molecular formula 

Na2CO3. Calculate the molar mass of this 
compound, the mass percent composition of 
each element in the compound, and the mass of 
each element present in a 73.6 g sample. 
 

2. Calculate the mass percent of each element in 
ethene (C2H4) and propene (C3H6). 

 
 

Answers:  1) Molar mass – 105.99 g/mol; 43.38% Na, 11.33%C, 45.29% O; 31.01 g Na, 8.330 g C, 33.33 g O.  
 2) Both are 85.64% C and 14.38% H. 



Copyright © Cengage Learning. All rights reserved 

Empirical formula  =  CH 

 Simplest whole-number ratio 
 

Molecular formula  = (empirical formula)n  

            [n = integer] 
  

 Molecular formula  = C6H6  =  (CH)6 

 Actual formula of the compound 

Empirical vs. Molecular Formulas 



Answers: a) C3H5O2    b) C6H10O4    Copyright © Cengage Learning. All rights reserved 

 The composition of adipic acid is 49.3% C, 6.9% H, and 
43.8% O (by mass). The molar mass of the compound is 
about 146 g/mol. 

  

a)  What is the empirical formula? 

b)  What is the molecular formula? 

   

Example – Molecular vs. Empirical Formulas 



Image: © Cengage Learning. All rights reserved 

Hydrocarbons burn in oxygen to always produce the 
same two products: CO2 and H2O 

Percent Composition: Hydrocarbons 

All C goes into CO2; moles C = Moles CO2  produced 

All H goes into H2O; moles H = ½ moles H2O produced 



From Zumdahl, Chemistry, 8/e, p. 122 

 A compound contains 47.08% carbon, 6.59% hydrogen, 
and 46.33% chlorine by mass; the molar mass of the 
compound is 153 g/mol. 

  

a)  What is the empirical formula? 

b)  What is the molecular formula? 

   

Practice – Molecular vs. Empirical Formulas 



A chemical equation: 
 

Cu(s)  +  2 AgNO3(aq)   2 Ag(s) + Cu(NO3)2(aq) 
 

 

Chemical Equations 

coefficients 
(mole ratios) 

subscripts 

physical states 
(g) (l) (s) (aq) 



1. Count the # of each element on both sides of the equation. 

2. Change the coefficients (NEVER the subscripts) to get the same 
# of atoms of each element on both sides of the equation. 

3. Balance the equation using the following order: 

A. Metals 

B. Polyatomic ions – Balance as a whole (NOT as individual 
atoms)! 

C. Hydrogen 

D. Carbon 

E. Oxygen 

F. All other atoms 
 

HINT:  Balance elemental molecules last (e.g., O2, H2, N2, etc.) 

  

Guide – Balancing Chemical Equations 



Practice – Balancing Chemical Equations 

__ Al(s)    +    __ O2(g)           __ Al2O3(s) 

  

  

__ N2(g)  +    __ H2(g)      __ NH3(g) 

  

   

__ C5H12(l) + __ O2(g)   __ H2O(g) + __ CO2(g) 

  

 

__ HCl(aq) + __ CaCO3(s)   

   

    __ CaCl2(aq) + __ H2O(l)  + __ CO2(g) 
 



Chemical Equations show  
REACTING RATIOS 

C3H8(g)  +  5 O2(g)        3 CO2(g)  +  4 H2O(g) 
  

 
1 molecule  + 5 molecules    3 molecules  + 4 molecules 

 
1 dozen +  5 dozen     3 dozen       + 4 dozen 

 

1 mol     +  5 moles     3 moles       + 4 moles 

 

Coefficients show the ratio  

in which chemicals actually react 
 



K+(aq)+[Al(H2O)6]3+(aq) + 2SO4
2-(aq) + 6H2O(l)  

 
↓ 

 
KAl(SO4)2·12H2O(s) 

Lab – The Synthesis of Alum  
(KAlSO4·12H2O) 



Stoichiometry:  
Calculating Reacting Amounts 

Atoms and molecules react together in specific, whole 

number ratios. Using these ratios in calculations to predict 

the behavior of chemical reactions is called stoichiometry.  

 

 

 

 
 

 

 
(mol / mol ratio) 

given or 
measured 

 (from the balanced 
equation) 

to solve for 



Example problem: Stoichiometry 

Cu(s)  +  2 AgNO3(aq)   2 Ag(s) + Cu(NO3)2(aq) 
 

 

(mol / mol ratio) 

Given: 2.50 
mol Cu 

2 mol Ag

1 mol Cu
 

How much Ag 
can be 

produced? 



Example problem: Stoichiometry 

Cu(s)  +  2 AgNO3(aq)   2 Ag(s) + Cu(NO3)2(aq) 
 

 
Given: 2.50 

mol Cu 
 1 mol Cu / 2 mol Ag How much Ag 

can be 
produced? 



Example problems – Stoichiometry  

C3H8(g)  +  5 O2(g)        3 CO2(g)  +  4 H2O(g) 
  
 

1. How many moles of CO2 are produced when 2.23 

moles of C3H8 reacts completely? 

 
 2.23 mol C3H8  x  3 mol CO2   =  6.69 mol CO2 

          1 mol C3H8 

 
2. How many moles of H2O are produced when 2.00 

moles of C3H8 react completely? 

 

 2.00 mol C3H8  x  4 mol H2O   =  8.00 mol H2O 

          1 mol C3H8 

 
 

 

 



Given: 
 

C3H8(g)  +  5 O2(g)        3 CO2(g)  +  4 H2O(g) 
  

 

If 2.099 moles of oxygen gas react completely, 

how many moles of CO2 and H2O are created? 

 

 

 
 

 

 

 

 

Ans: 1.259 mol CO2 and 1.679 mol H2O 

Practice – Stoichiometry with moles  



Stoichiometry – Dealing with grams 

If chemical amounts are known in grams, it is necessary to 

convert to moles: 

 

 

 

 

 

 

 

The heart of any stoichiometry problem is the mole ratio: it 

can convert moles of any chemical to moles of any other 

chemical (product or reactant). 
 

 

Grams of 
Known 

Moles of 
known 

Mole 
Ratio 

Moles of 
Unknown 

Grams of 
Unknown 



Practice – Stoichiometry with grams  

Consider the following reaction to produce iron, 

Fe(s):  

  

Fe2O3(s)  +  3 CO(g)         2 Fe(s)  +   3 CO2(g) 

  
a) Calculate the mass of CO needed to react completely 

with 50.0 g of Fe2O3.  

b) If 50.0 g of Fe2O3 completely react, what mass of iron 

and carbon dioxide are produced? 

c) Check: Do your calculations show that mass is 

conserved in this reaction? 
 

 

Answers: a)  26.3 g CO  b)  35.0 g Fe and  41.3 g CO2    

c) Yes. The starting mass (50.0  g Fe2O3 and  26.3 g CO) is the same as the ending mass (35.0  Fe and  41.3 g CO2)  



http://www.medallionpooldesign.com/swimming-pool/pools/freeform_swimming_pool.jpg 

Add 3.0 g Cu 

Limiting  
Reactant 

Excess Reactant 

This is the reaction!  

[Image] Nitric acid and copper flask: http://www.dkimages.com/discover/previews/836/20084196.JPG 



Limiting reactant 

• The limiting reactant is the chemical that is used up 
FIRST in a chemical reaction. All leftover reactants 
are excess reactants. 

 

RELEVANCE? 

The limiting reactant determines: 

– How much product that can be made. 

– How much of the other reactants are consumed 
 

 

 

 



All sandwich 
making stops when 
we run out of 
meat. 
 
The number of 
possible 
sandwiches is 
determined by the 
amount of meat. 

Image: ©Cengage (from Zumdahl, Chemistry, 8th ed.) 



Limiting reactant 

N2(g) + 3H2(g)  2 NH3(g) 
 

Which reactant is limiting? 

Image: ©Cengage (from Zumdahl, Chemistry, 8th ed.) 



Yields: What Reactions Produce 

• Theoretical yield: the amount of product that could 
be made if all of the limiting reactant reacts. 
 

• Actual yield: the fraction of the product that is 
actually recovered. 

• Percent yield: the ratio of actual to theoretical yield, 
expressed as a percentage: 
 

 Percent yield =
Actual yield

Theoretical yield
 x 100% 

 

 
 

 



1. For both reactants, calculate the amount of the 
other reactant required for complete reaction 

 

2. Compare the amount of reactant needed to the 
amount “on hand” … one reactant will be in short 
supply. 

 

3. The reactant in short supply    limiting reactant 

Determining the Limiting Reactant 

Least Reactant Method 



Consider the reaction: 
 

 2 Al (s)  +  6 HCl (aq)      2 AlCl3 (aq)  +  3 H2 (g) 
 

How much hydrogen gas is produced when 5.00 moles of 
aluminum metal react with 5.00 moles of HCl? 
 
 
 
 

 

Example – Least Reactant Method 



 2 Al (s)  +   6 HCl (aq)      2 AlCl3 (aq)  +  3 H2 (g) 
5.00 mol    5.00 mol              ??? mol 
 

HCl reactant needed to react with ALL the Al available 
 

5.00 mol Al * (6 mol HCl / 2 mol Al)  =  15.00 mol HCl 
(not enough HCl is present; HCl is limiting) 
 

Al reactant needed to react with ALL the HCl available  
  

5.00 mol HCl* (2 mol Al / 6 mol HCl)  =   1.67 mol Al 
(excess Al is present; HCl is limiting) 

 

Example – Least Reactant Method 



Practice Problem – Stoichiometry 

2 Cu2S(s)  +  3 O2(g)   2 Cu2O(s)  +  2 SO2(g) 

(a) How many moles of oxygen are required to react 10.0 
mol of copper(I) sulfide? 

(b) How many grams of sulfur dioxide are formed when 
10.0 mol of copper(I) sulfide is roasted with 12.5 mol of 
O2? 

(c) How many kilograms of oxygen are required to form 
2.86 kg of copper(I) oxide? 


