


CHM 1100

If the measurements are in grams, it looks like this:

There are several important variations on stoichiometry: including PERCENT YIELD, 
LIMITING  REAGENTS,  SOLUTION  STOICHIOMETRY,  GAS  STOICHIOMETRY, 
THERMOCHEMICAL  STOICHIOMETRY  and  ELECTROCHEMICAL 
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Chapter 3: Chemical reactions Problems

Problem 1: When dinitrogen pentoxide, N2
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Problem 5: Copper is a reddish-orange metal famous for pennies and electrical wiring.  
Pure elemental copper is rare in nature, and must be be refined from ores. The brownish 
mineral  bornite  (Cu3FeS3)  is  an  important  copper  ore.  When  roasted  (heated),  the 
following reaction occurs: 

If 2.50 metric tons of Cu3FeS3 is reacted with excess O2 and the process has an 86.3% 
yield of copper, what mass of copper is produced? 

Problem 6:  Isopropyl  alcohol  is  the  disinfectant  chemical  in  rubbing alcohol.  It  is  a 
compound that contains the elements carbon, hydrogen, and oxygen. If the complete 
combustion of a 1.802 g sample of isopropyl alcohol produces 3.959 g carbon dioxide 
and 2.162 g water, what is the empirical formula of isopropyl alcohol.



CHM 1100

Chapter 3: Chemical reactions Solutions

Solution 1: When dinitrogen pentoxide, N2O5, a white solid, is heated, it decomposes to 
nitrogen dioxide and oxygen. 

If a sample of N2O5 produces 1.381 g O2, how many grams of NO2 are formed? 

given is 1.381 g O2 with molar mass of 2 (16.00) = 32.00 g/mol  
unknown is NO2 with molar mass of 14.01 + 2 (16.00) = 46.01 g/mol 
mole ratio is 1 mol O2 = 4 mol NO2

Solution 2: Potassium superoxide, KO2, is used in self-contained breathing apparatus 
used by emergency personnel as the source of oxygen. It reacts with the moisture from 
exhaled breaths:
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Solution 5: Copper is a reddish-orange metal famous for pennies and electrical wiring.  
Pure elemental copper is rare in nature, and must be be refined from ores. The brownish 
mineral  bornite  (Cu3FeS3)  is  an  important  copper  ore.  When  roasted  (heated),  the 
following reaction occurs: 

If 2.50 metric tons of Cu3FeS3 is reacted with excess O2 and the process has an 86.3% 
yield of copper, what mass of copper is produced? 

Ignoring all the extra English: given is 2.50 tons Cu3FeS3 with molar mass of 3 (63.55) + 
55.85 + 3 (32.07) = 342.7 g/mol 
unknown is Cu with molar mass = 63.55 g/mol and percent yield = 86.3%  
mole ratio is 2 mol Cu3FeS3 = 6 mol Cu
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Chapter 4: Aqueous solutions

In previous topics, we used pure substances. We used one chemical at a time. If we had 
more than one, we were relating them in chemical reactions.

A solution is a HOMOGENEOUS mixture. A SOLUTE is dissolved into a SOLVENT to 
make the SOLUTION.
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DO NOT, UNDER ANY CIRCUMSTANCE, TASTE ANY OF THE CHEMICALS IN THE 
LAB!

Since  ionic  compounds  in  aqueous  solutions  exist  as  ions,  we  don’t  always  write 
balanced equations as the MOLECULAR EQUATIONS (from Chapter 3). Instead, we 
often write out the electrolytes in NET IONIC EQUATIONS.

Ionic compounds in aqueous solution undergo some important reactions. Since many 
compounds are insoluble, when soluble solution reactants may produce an insoluble 
product in a DOUBLE DISPLACEMENT (the cations and anions switch their partners). 
Insoluble products PRECIPITATE; they are produced as solid grains that separate from 
the solution. Any remaining product ions are called SPECTATOR IONS.

Acid solutions react with base solutions in a NEUTRALIZATION REACTION.

Oxidation numbers (or states) are used to keep track of electrons during a chemical 
reaction. The oxidation number of an ion in an ionic compound is the same as its ion 
charge. The oxidation number of an atom in a covalent compound, would be its charge 
if it were an ion.

Some rules to find the oxidation number are:

rule 1: the oxidation number of an element is zero.

rule 2: the oxidation number of a monatomic ion is its ion charge.

rule 3: the oxidation number of fluorine in compound is always -1, oxygen in 
compound is  almost  always -2,  and hydrogen is  +1,  except  for  -1  in  a  metal 
hydride.

rule 4: the total oxidation number of a compound must be zero.

rule 5: the total oxidation number of a polyatomic ion must be its charge.

rule 6: the oxidation number of uncertain atoms must be determined through the 
context of the molecule it is part of.
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m)

n)

o)

p)

q)

Problem 5:  Identify  the  species  being  reduced and oxidized in  the  following redox 
reactions.  Write  balanced  half  reactions  for  the  reduction  and  oxidation.  (You  may 
ignore spectator ions.)

a)

b)

c)

d)

Problem 6: If 39.4 g of sodium sulfate is dissolved in water to make 796 mL of solution, 
what is Molarity of the solution?

Problem 7:  What  mass of  potassium nitrate  is  dissolved in 398 mL of  a  2.14 Molar 
solution?

Problem 8: Solutions of nickel sulfate, , and sodium phosphate, , react to 
give a pale yellow-green precipitate of  nickel  phosphate,  ,  and a solution of 
sodium sulfate,  
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Ni’s  oxidation  number  decreases,  it  gains  electrons,  it  is  reduced  (also  called  the 
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Chapter 5: Thermochemistry

There are many types of  energy.  They include:  kinetic  energy,  potential  energy,  and 
electrical energy. However, in Chemistry, we are concerned with heat energy.

Chemical reactions do not only involve a change of chemicals. They also have a change 
of energy. Some reactions absorb energy, other reactions release energy - measured as a 
change of heat, and usually converted to a change of enthalpy.

calorimetry
The word “calor” means heat; and “meter” means measure. Therefore, CALORIMETRY 
literally  means  “measure  the  heat.”  How?  By  measuring  the  temperature,  because 
temperature is proportional to the heat stored in a collective object.

A calorimeter is an insulated container, usually filled with water, in which a chemical 
reaction is run. A thermometer in the water measures any temperature changes, which 
is then used to calculate the heat.

There  are  two  versions  of  the  calorimetry  equation,  depending  on  whether  the 
calorimeter is measured by specific heat (s) or heat capacity (C):
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Hess’ Law
“Related reactions have related enthalpies.”

If there are multiple reactions that are somehow related to each other, their relationship 
can be used to find missing enthalpies. The problem is: What is the relationship?

I recommend a four-step procedure: Compare/Correct/Cancel/Combine

step 1: COMPARE each given equation, one at a time, to the unknown reaction. 
What chemical do they have, exclusively, in common.

step 2: CORRECT each given equation, one at a time, if the common chemical 
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given is  , with molar mass of 2 (14.01) + 4 (1.008) = 32.05g/mol  
unknown is kJ of heat  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Solution 8: Determine  for: 

 

Use the following data:

step 1: when comparing given reaction 1 with the unknown reaction, they have  
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step 3: looking at all three corrected equations together, there are 1 mol  and 2 mol 
 on both the reactant and the product sides, and can be cancelled:

step 4: looking at what’s left, the remaining 1 mol  and 2 mol 



CHM 1100

repeat  step 1:  in comparing given reaction 2 with the unknown reaction,  they have 
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Chapter 10: Gases

There are three physical PHASEs of matter: SOLIDs, LIQUIDs and GASes.

• A solid has a definite volume and a definite shape.

• A liquid has a definite volume, but no definite shape. A liquid will flow to take 
the shape of the bottom of its container.
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do the atoms/molecules of a gas behave: gas atoms/molecules have approximately zero 
size (compared to the whole);  have negligible  forces with each other;  are always in 
random motion and collide elastically  with surroundings to  produce pressure;  their 
velocity/kinetic energy is proportional to Kelvin temperature

These postulates are the starting point for a huge amount of theoretical work - that we 
don’t worry about, because it’s mostly Physics.

 We do use a gas law for root-mean-squared velocity, which is the average speed of gas 
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Chapter 10: Gases Problems

Problem 1: A weather balloon is inflated with helium gas to a volume of 158 L at sea 
level at 30 °C and 770 torr. The balloon rises into the stratosphere, where it is -30 °C and 
180 torr. What will be the ballon’s volume?
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Solution  5:  A high  explosive  is  any  chemical  that  undergoes  an  extremely  rapid, 
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Some  vocabulary:  the  VALENCE  SHELL is  the  last  or  outermost  shell;  VALENCE 
ELECTRONS are the electrons in the valence shell; INNER CORE are the shells closer to 
the nucleus than the valence shell; PARAMAGNETIC means at least one electron is not 
paired off up spin/down down in the orbitals, DIAMAGNETIC means all the electrons 
are paired off up spin/down down in the orbitals.
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Chapter 6: Light, electronic structure Problems
Problem 1: The top radio station in New York is usually the sports talk station WFAN. It 
broadcasts at a frequency of 660 kHz. What are the wavelength and energy per photon 
of the station? Since WFAN broadcasts with a power of 50,000 Joules per second, how 
many photons does the station transmitter produce every second?

Problem 2: What is the wavelength of light (in nanometers) emitted when an electron 
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Solution 3: Of the following electron configurations:

(1)

(2)

(3)

(4)

(5)

which is the ground-state configuration for an element (a) in Group 2A, (b) in Period 3, 
(c) th 
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(d) single-electron paramagnetic = (5)

(e) excited state = (2)

Solution 4: What is the electron configuration of the iron (III) ion?

This is the iron atom configuration:
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In addition, the IE to “reach into” the inner core is always much, much higher 
than the IE to remove from valence.

Francium  has  the  lowest  IE.  Helium  (or  fluorine)  has  the  highest  IE.  In 
comparing elements: moving from left to right across a Period, IR increases, and 
moving from top to bottom of a Group, IR decreases. Elements closer to francium 
have lower IE, and elements closer to helium have higher IE.

• ELECTRON AFFINITY (EA) - the energy (per mole) gained when an electron is 
added to an atom - producing a -1 anion.

Francium  has  the  lowest  EA.  Fluorine  has  the  highest  EA.  In  comparing 
elements: moving from left to right across a Period, EA increases, and moving 
from top to bottom of a Group, EA decreases. Elements closer to francium have 
lower EA, and elements closer to fluorine have higher EA. The EA trend has 
important exceptions.

• ELECTRONEGATIVITY (e.n.) - a number on a scale of zero (0) to four (4) that 
measures how strongly an atom attracts electrons to itself when it forms chemical 
bonds

Francium has the lowest e.n.. Fluorine has the highest e.n., with a perfect 4.0. In 
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Chapter 7: Periodic properties Solutions

Solution 1: Arrange the following atoms in order of increasing atomic radius: 
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Solution 5: Arrange the following ions in order of increasing ionic radius:  

increasing order means smallest IR first and largest IR last. Since these ions have the 
same charge, and are all in the same Group, only the Period matters - radius increases 
moving down a Group:

Ca2+, Mg2+, Ba2+, Be2+

Be2+ < Mg2+ < Ca2+ < Ba2+
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Chapter 8: Chemical bonding

Lewis diagrams
Lewis (electron dot) diagrams/structures are pictures that Chemists draw of a molecule 
to show the bonding between the atoms. It is most useful for covalent bonding - the 
diagram for ionic compounds is usually considered trivial (too simple to worry about).

Covalent bonding is a sharing of electrons. One atom contributes one electron, another 
atom contributes another electron, and the two electrons end up being shared between 
the  two  atoms.  It  is  usually  possible  to  draw  the  diagrams  for  two  atoms  and 
immediately see how single (unpaired) electrons for each atom would pair off to form 
the bond, and redraw the molecule.

However,  it  is  usually  faster  to  draw  the  molecule,  without  drawing  the  atoms.  I 
recommend a five-step procedure: 
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polar versus nonpolar bonds
As stated before: covalent bonding is a sharing of electrons. However, the sharing does 
not  have  to  be  fair  or  equal.  If  the  sharing  is  equal,  it  is  called  a  NONPOLAR 
COVALENT BOND. If the sharing is unequal, it is called a POLAR COVALENT BOND. 
Chemists  use the word “polar” to  say that  one side of  an unequal  bond is  slightly 
negative (%–) in charge. It is the negative pole (because the negative electrons are more 
on that side). The other side is slightly positive (%+) in charge. It is the positive pole 
(because  the  negative  electrons  are  less  on  that  side).  %–  and  %+  is  called  DELTA 
NOTATION - % is the Greek lower-case letter delta. An arrow is often drawn pointing 
toward the negative pole.

The simplest way to determine whether a bond is polar or nonpolar covalent bond, is to 
compare the ELECTRONEGATIVITY of the two atoms. Electronegativity is a number 
from zero (0) to four (4), that measures how strongly an atom attracts electrons to itself 
when it bonds. A nonpolar covalent bond has a very small electronegativity difference; 
while a polar covalent bond has a large electronegativity difference. (Ionic bonds have a 
very large electronegativity difference.)

Check with your professor, but a 0.0 to 0.4 e.n. difference should indicate a nonpolar 
covalent  bond.  A 0.5 to 1.8  e.n.  difference indicates a  polar  covalent  bond.  A 1.9 or 
greater difference indicates an ionic bond. Remember, the diatomic elements must have 
a nonpolar covalent bond, because the atoms are identical.

Remember also that electronegativity is a periodic property; there is a Periodic Table 
pattern to electronegativity. The electronegativity increases toward the top, right corner 
of the Table, and electronegativity decreases toward the bottom, left corner of the Table. 
Therefore, atoms closer to each other on the Table are less polar, while atoms further 
apart on the Table are more polar.

You are not expected to memorize exact electronegativity numbers; except that fluorine 
(F)  is  the  highest,  with  a  perfect  4.0.  Oxygen  (O)  is  second  highest.  The  periodic 
property trend is often enough.

bond energy
One interesting application of Lewis diagrams is the use of bond energy to estimate the 
enthalpy  change  of  a  chemical  reaction.  The  “strength”  of  a  chemical  bond can  be 
measured by the amount of energy required to “break” the chemical bond (completely 
separate the atoms). Since a chemical reaction requires breaking chemical bonds in the 
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Chapter 9: Molecular geometry

VSEPR geometry
See attached table. 

The Lewis diagram is extremely useful in Chemistry. They are a 99% accurate practical 
representation of the bonding in a molecule - impressive, since they’re just simple dots-
and-dashes pencil-and-paper drawings. This knowledge can be extended to determine 
many other properties of a molecule - including VSEPR geometry, the 3-dimensional 
shape of a molecule. We do not expect you to draw the 3-D geometry, because we do not 
expect  you  to  be  an  artist.  Instead,  we  want  you  to  remember  the  shape  name. 
Remember, the Lewis diagram is not an accurate representation of the molecular 3-D 
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(n)  has 12 valence electrons

Both C have 3 bond + 0 lone = 3 total domains. 

VSEPR is trigonal planar (for both C), sp2 hybridization (for both C), nonpolar molecule 
(in whole).

(o)  has 14 valence electrons

The C has 4 bond + 0 lone = 4 total domains. The O has 2 bond + 2 lone = 4 total 
domains. 

VSEPR is tetrahedral (for C) and bent at less than 109.5° (for O), sp3 (for C) and sp3 (for 
O) hybridization, polar molecule (in whole).

(p)  has 18 valence electrons

The left C has 4 bond + 0 lone = 4 total domains. The right C has 3 bond + 0 lone = 3 
total domains. 

VSEPR is tetrahedral (for left C) and trigonal planar (for right C), sp3 (for left C) and sp2 
(for right C) hybridization, polar molecule (in whole).
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Solution 5: Draw two resonance Lewis structures for the nitrite ion,  :

 has 18 valence electrons

Solution 6: Draw Lewis structures for the following species that have incomplete octets. 
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(a)  has 40 valence electrons

The P has 5 bond + 0 lone = 5 total domains. 

VSEPR is trigonal bipyramidal, sp3d hybridization, nonpolar molecule.

(b)  has 32 valence electrons

The P has 4 bond + 0 lone = 4 total domains. 

VSEPR is tetrahedral, sp3 hybridization, polar molecule.

(c)  has 32 valence electrons

The S has 4 bond + 0 lone = 4 total domains. 

VSEPR is tetrahedral, sp3 hybridization, nonpolar molecule.

PCl5

P
Cl Cl

Cl
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(d)  has 34 valence electrons

The S has 4 bond + 1 lone = 5 total domains. 
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Solution 10: This is a Lewis diagram for aspirin: 

How many sigma (&) and pi (') bonds does this molecule have?

There are twenty-one (21) sigma (&) bonds and five (5) pi (') bonds.
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Chapter 11: Solids and liquids

intermolecular forces
Recall: a gas has neither a definite volume nor shape, while solids have definite volume 
and shape, and liquids has a definite volume, but no definite shape. What holds solids 
and liquids into their shapes or volumes?

Solids and liquids have INTERMOLECULAR FORCES. (Intermolecular means between 
one molecule (or atom) and other molecules (or atoms. Intramolecular means inside a 
molecule - chemical bonds.) We will not worry much about the electrical Physics of the 
forces. We want to recognize the kinds of intermolecular forces in different chemicals.

•  nonpolar  molecules  (or  monatomic  elements)  have  London  DISPERSION 
FORCES only. Dispersion forces are very weak, and these chemicals are expected 
to be gases (have low melting and boiling points, and high vapor pressure) under 
normal conditions, unless the molar mass is high.
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the heating curve
Recall: calorimetry says that when heat is added to a solid, its temperature will increase. 

However, the temperature will not increase forever - at some point the solid will melt at 
a fixed melting point temperature. The HEAT OF FUSION (  ) accounts for the 
“loosening” of the atoms/molecules in the solid-to-liquid PHASE CHANGE.

After the solid completely liquifies, the temperature of the liquid will increase again if 
heat continues to be added, but once again, the temperature increase will not continue 
forever. At some point, the temperature will plateau at a fixed boiling point as the liquid 
vaporizes  (boils),  before  the  temperature  increase  can  continue.  The  HEAT  OF 
VAPORIZATION (  ) accounts for the “separation” of the atoms/molecules in the 
liquid-to-gas phase change.

A HEATING CURVE is the five-step graph of heat added (x-axis) versus temperature 
change (y-axis)  showing the  five-step solid/melt/liquid/boil/gas  process.  Note,  the 
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phase diagrams
When Chemists say that the freezing point of water is 0 °C and the boiling point is 100 
°C,  this  is  only  correct  at  a  pressure  of  1  atm.  The  freezing  and  boiling  points  of 
chemicals changes - sometimes a lot - at different external pressures.

The PHASE DIAGRAM plots temperature (x-axis) versus pressure (y-axis), showing the 
freezing and boiling points of chemicals at different pressures. It shows a “Y”shape, that 
separates  the  solid,  liquid  and  gas  phases  into  different  zones.  Be  aware:  some 
substances have much more complex phase diagrams because of their allotropes.

The phase diagram also shows the triple point  -  the one pressure and temperature, 
where solid, liquid and gas coexist in equilibrium. You have probably never seen this, 
because the triple point of most substances is at such a low pressure, you would be 
unable to breathe - you’d be long since dead. 

Remember:    solid to liquid is melting;  
liquid to solid is freezing;  
liquid to gas is boiling;  
gas to liquid is condensing

Special note: it is possible for a solid to directly change into a gas, without ever passing 
through the liquid phase. This is called SUBLIMATION. You may have never seen this 
either,  because sublimation occurs at  a very low temperature and pressure for most 
common substances. The only sublimation that most non-Chemists have ever seen is 
“dry ice”.  Solid carbon dioxide will sublimate to gas at normal conditions, which is 
why it’s  called “dry” -  there’s  never any liquid.  Also:  gas directly to solid is  called 
deposition.
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Solution 3: In this phase diagram:

Which letter indicates (a) the solid region, (b) the liquid region, (c) the gas region, (d) the 
triple point, and (e) a sublimation? Some of the letters are not correct answers.

a) the solid region = B

(b) the liquid region = D

(c) gas region = F

(d) the triple point = C 

(e) a sublimation = A 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Chapter 12: Properties of solutions Problems

Problem 1: The concentration of industrial grade hydrochloric acid (sometimes called 
muriatic  acid)  is  12.4  M,  with a  density  of  1.18 g/mL.  What  is  the molality  of  this 
solution?

Problem 2: Calcium chloride is the chemical in “sno-melt.” It is more effective than the 
cheaper rock salt because its van’t Hoff factor is higher. What would be the freezing 
point of the electrolytic solution prepared by dissolving 125 g of calcium chloride in 500. 
mL of water? The freezing point constant of water is 1.86 °C ⋅ kg/mol.

Problem 3: A 1.07 mg sample of a nonelectrolyte compound is dissolved in 78.1 mg of 
camphor. The resulting solution melts at 176.0 °C. What is the molecular weight of the 
compound?  The  freezing  point  of  pure  camphor  is  179.5  °C  and  its  freezing  point 
constant is 40. °C ⋅ kg/mol.
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