
Chemistry Olympiad
Kevin Kolack

Week 1
Class & test overview
Math, atomic structure



Class logistics

• 1PM – 3PM every week
• 25 weeks
• Will give you notes if you miss a week

– www.kevinkolack.com (chemistry link)
– use Olympiad notes



Test logistics

• Local exam
– 110 minutes for 60 multiple choice questions.
– NO penalty for wrong answers.
– Covers a full-year introductory college course in 

chemistry with laboratory.
– No order of difficulty (don’t start easy and get 

hard).
– No order to topics covered.
– Non-programmable calculators allowed.
– Given between March 1 and April 2, 2011.
– Are given a periodic table and equation sheet





Test logistics (cont’d)
• National exam

– Given between April 14 and April 18, 2011
– Top 20 students attend study camp
– Teams attend international competition in Turkey
– Part 1

• 90 minutes 
• 60 multiple choice questions 

– Part 2
• 105 minutes 
• 8 written questions- free response 
• Multi-step problems requiring in depth knowledge of 

chemical theories and models 
– Part 3

• 75 minutes 
• 2 laboratory practicals
• Involves problem solving in the laboratory



Test logistics (cont’d)

• http://acs.org
– Registration, sample questions, scoring, 

etc.



Exam strategy

• Don’t read the instructions – that’s what 
practice exams are for!

• No penalty for wrong answers, so 
always guess!



End of intro



Why are we here?

• Legislation is passed, judgments are 
made, about what to make, what to eat, 
how to produce food and materials, etc, 
etc, without any knowledge of the 
science behind the emotion.

• OK… also, to get a perfect score and 
get ahead.



Chemistry

• The study of the COMPOSITION, 
STRUCTURE, and PROPERTIES of 
matter and the CHANGES that occur in 
matter.



THE BIG SECRET

• Treat chemistry as a second language.
• IF YOU EVER DON'T UNDERSTAND A 

WORD YOU READ OR A WORD I SAY 
IN CLASS, LOOK IT UP OR ASK FOR 
CLARIFICATION.



Matter

• Matter 
– Everything in the physical 

world....everything we see, touch, taste, 
etc. 

• Macroscopic 
– Able to be seen with the naked eye. 

Normally, we are dealing with things too 
small to be seen (MICROSCOPIC) so we 
"scale up" our discussion to numbers 
and/or sizes we can "put our hands on". 



Atom

• Smallest DISTINCTIVE unit of matter.
• Composed of protons (positively 

charged), electrons (negatively 
charged), and neutrons (no charge)). 

• An atom is the smallest unit of matter 
which retains the same properties as 
the bulk element. 

• There are other subatomic particles 
(generally studied in advanced Physical 
Chemistry or Particle Physics) which we 
do not cover. 



Atom (cont’d)

• Protons and neutrons are in the nucleus 
of the atom and make up the bulk of the 
mass of an atom

• Electrons are moving around the 
nucleus and have approx. 1/2000 the 
mass of a proton or neutron (negligible)



Molecules
• Molecule 

– A fixed combination of atoms 
• Composition 

– Type and number of atoms in a COMPOUND. 
– All samples of a compound have the same composition.
– All samples have the same proportions by mass of the 

elements present according to Proust's Law of Definite 
Proportions.

• Physical changes (such as changes of state (solid to 
liquid to gas)) do not change composition .

• Chemical change - the formation and breaking of 
bonds. 
– The former releases energy, and the latter requires energy. 

Composition changes. 
• Nuclear change 

– A change in the number of protons/neutrons in the nucleus 
of the atom. The atom becomes a different atom.
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“Substances” and mixtures

• So, a pure “substance” is either an element or 
a compound if it can’t be separated by 
physical methods. 
– THIS IS DUMB BUT IT’S IN A LOT OF BOOKS.

• A MIXTURE is exactly what it sounds like- a 
physical combination of one or more 
compounds and/or elements.

• If the mixture is uniform throughout, it is 
homogeneous.
– Also known as a SOLUTION.

• If the mixture is nonuniform throughout, it is 
heterogeneous.



States of matter

• Three common states:
– Solid
– Liquid
– Gas

• Others
– Plasma
– Liquid crystal



The MKS system
• MKS = meter, kilogram, second

– Length, mass, time
– SI (system international) units

• Other basic units
– Temperature is in Kelvin
– Amount of something in moles
– Electric current in Amperes

• Derived units
– Density r = kg/m3

– Force N = kg m/s2

– Pressure Pa = N/m2

– Energy J = kg m2/s2

– Electric charge C = A s
– Electric potential difference V = J/C



Measurements

• UNITS, UNITS, UNITS!!!! 
– If your units are correct, the answer will be 

correct.
– Use dimensional analysis, factor labeling, 

whatever you want to call it, to convert 
what you are given into what you are 
asked for.

• How many centimeters are in a mile 
given that one mile is 5,280 feet and 
there are 3.28 feet per meter?



Measurements (cont’d)

• Accuracy 
– How close to an accepted value a 

measurement is. 

• Precision 
– How close to each other a series of 

measurements are. 



Precision vs accuracy

Which is more accurate, a scale that weighs things to pounds 
and ounces or to the pound only?



Significant figures
• All nonzero digits are significant.
• Trailing zeroes AFTER a decimal point are 

significant.
• Trailing zeroes WITHOUT a decimal point are NOT 

significant.
• Zeroes between significant figures are significant.
• In an addition or subtraction, the answer has as many 

digits past the decimal point as the number with the 
least number of digits past the decimal point in the 
question.

• In a multiplication or division, the answer has as 
many significant digits as the number with the least 
number of significant digits in the question. 

• When performing calculations, do NOT limit the 
number of significant digits in your answer because 
of a conversion factor.



Exponents & scientific notation

• Chemists are lazy and like shorthand
– Numbers are expressed showing only the 

significant digits
– eg 171,000 = 1.71 x 105

– eg 0.0092 = 9.2 x 10-3

– Exactly 1 digit before the decimal place
• Don’t forget your algebra rules!

– To add/subtract, you need the same exponent 
• (A x 10x) + (B x 10x) = (A+B) x 10x

• (A x 10x) + (B x 10y) = ???
– For multiplication

• (A x 10x) x (B x 10y) = (AxB) x 10x+y

– For division
• (A x 10x) / (B x 10y) = (A/B) x 10x-y

– For exponentials
• (A x 10x)y = Ay x 10xy



Logarithms

• Generally only used when discussing 
acids/bases (pH) in AP chemistry

• log base answer = exponent
• eg for 1.0 x 10-10

log10 .0000000001 = -10
• Negative log (-log) is not the same as 

inverse log (10 to the whatever power)
• ln x = m for x = em



End of section



Lavoisier's Law of 
Conservation of Mass

• Mercury oxide was heated to produce 
liquid mercury and oxygen gas. 

• He found that the total mass of 
PRODUCTS = total mass of 
REACTANTS.

• 2HgO � 2Hg + O2



Dalton's Law 
of Multiple Proportions

• An experiment like the electrolysis of 
water shows us that when elements 
combine, they do so in the ratio of 
whole numbers.

• 2H2 + O2 �� 2H2O



The Atom

• atomic mass unit- an arbitrarily 
accepted unit equal to 1/12 the mass of 
a carbon-12 atom

• atomic mass- mass of an element, 
accounting for the percentage of each 
naturally occurring ISOTOPE

• atomic number (Z)- number of protons 
in an atom (and electrons for a neutral 
atom)

• mass number (A)- number of protons 
plus neutrons in an atom



The atom

ZE

• A is the mass number
• Z is the atomic number

– Redundant if element symbol is used

• me = 9.1x10-31 kg
• 1/1836 (0.0005447) that of mp
• mp = 1.67076x10-27 kg

�



The Periodic Table

• Mendeleev- noticed that certain 
properties had trends and repeated 
themselves from element to element to 
element

• arranged elements with similar 
properties in rows (PERIODS) and 
columns (GROUPS)

• metals, nonmetals, and metalloids, oh, 
my!!



The modern periodic table

Except for H, 
elements left of 
the zigzag line 

are metals.

To the right of 
the line we find 

nonmetals, 
including the 
noble gases.

Some elements 
adjacent to the 
line are called 

metalloids.  



Compounds
• chemical formula- shows actual number of 

each type of element in a compound....order 
of elements may give some hint at how they 
are connected

• empirical formula- the smallest whole number 
ratio of elements in a compound (ex- CO2 is 
the chemical formula for carbon dioxide, but 
also the empirical formula for C2O4 and C3O6)

• structural formula (CD- Representing 
Substances)



Structural formulas
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Structural formulas and models

Ball-and-stick model                         Space-filling model

The condensed structural formula for acetic acid is  
CH3COOH. C2H4O2: two C atoms, four H atoms, two O atoms.

CH3COOH shows how the atoms are arranged.



Naming compounds

• “Nomenclature” is systematic
• Binary compounds- which element goes 

first? 
• Prefixes and suffixes







Which element is named first?

Rule of thumb: the element 
that is farthest downand to 
the left on the periodic table 

is usually written first.

Begin with boron and follow 
the line to determine the 

order of naming.



Ions

• CATIONS ("cat-eye-ons") are 
POSITIVELY charged atoms or groups 

• ANIONS ("an-eye-ons") are 
NEGATIVELY charged atoms or groups 



����� �
�����
��
��	�
�����
��
��	�
�����
��
��	�
�����
��
��	��

��
������������	�
�
���������������	��
�
����
������������
����
��
��	�����
�
����������

Ions and ionic compounds

There are no distinct molecules of 
sodium chloride.
NaCl simply consists of sodium ions and 
chloride ions, regularly arranged.
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Monatomic ions



Symbols and periodic table locations 
of some monatomic ions

Titanium forms both 
titanium(II) and 

titanium(IV) ions.

Copper forms either 
copper(I) or copper(II) ions.

What is the charge on a 
zirconium(IV) ion?



Hydrates

• Compounds which exist with one or 
more molecules of water in the 
FORMULA UNIT (not a topic we will 
discuss in depth)



Acids, bases, salts

• Arrhenius definitions
– Acids dissolve in water releasing H+
– Bases dissolve in water releasing OH-

• Bronsted-Lowry definitions
– Acids are proton donors
– Bases are proton acceptors

• Lewis definitions
– Acids are electron pair acceptors
– Bases are electron pair donors



Acids

• Taste sour, if diluted with enough water 
to be tasted safely.

• May produce a pricking or stinging 
sensation on the skin.

• Turn the color of litmus or indicator 
paper from blue to red.

• React with many metals to produce 
ionic compounds and hydrogen gas.

• Also react with bases, thus losing their 
acidic properties.



Bases

• Taste bitter, if diluted with enough water 
to be tasted safely.

• Feel slippery or soapy on the skin. 
(WHY?)

• Turn the color of litmus or indicator 
paper from red to blue.

• React with acids, thus losing their basic 
properties.

Today’s mantra
Acid plus base makes salt plus water



Organic compounds
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Alkanes
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Alkanes
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Alkenes
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Alkynes
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Functional groups
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Alcohols
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Ethers
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Aldehydes
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Ketones
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Carboxylic acids

� ���������
������(4*--,�� ���������������

5����� �����	
�'���'
�	��
�*���	����-,�
������	��
���������*

� 15�����4 ����������	�%�������&



Esters
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Amines
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Aromatics (quick preview)
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Isomers have the same formula 
but different structures
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