CHEMISTRY, GRADE 11, UNIVERSITY PREPARATION, SCH3U

Prerequisite:  Science, Grade 10, Academic

Textbook:
Chemistry 11 , McGraw-Hill, Ryerson with CD

Course Description:  This course focuses in the concepts and theories that form the basis of modern chemistry.  Students will study the behaviours of solids, liquids, gases, and solutions; investigate changes and relationships in chemical systems; and explore how chemistry is used in developing new products and processes that affect our lives and our environment. Emphasis will also be placed on the importance of chemistry in other branches of science.

Units: Titles and Time

Unit 1


Matter and Chemical Bonding


20 hours

Unit 2


Quantities in Chemical Reactions


23 hours

Unit 3


Solutions and Solubility



23 hours

Unit 4


Gases and Atmospheric Chemistry


24 hours

Unit 5


Hydrocarbons and Energy



20 hours

Mark Breakdown

TERM MARK

KU :
 Knowledge/Understanding


25%

IN:
Thinking/Inquiry



25%

CM:
Communication (Explain)


10%

AP:
Application/Making Connections

10% 

TERM MARK TOTAL:
70%

FINAL ASSESSMENT

Exam:





25%

Culminating Task:



5%

Final Assessment Total:

30%

Safety Rules for the Lab

As a science student you must follow these instructions listed below:

1.
Eye protection must be worn at a all times during a laboratory experiment.

2. Be familiar with the location and use of safety equipment in the classroom or laboratory.

3. Report all accidents to the teacher at once, no matter how minor.

4. Report broken equipment, damaged or defective facilities, and unidentified chemicals to the teacher.

5. Put all cracked, starred or broken glassware in the ‘broken glassware” container.

6. Use separate scoopulas for separate chemicals.

7. Take only the amount of chemical needed.

8. Keep hands (sccoopulas, pens, pencils, etc.) away from mouth.

9. Replace all container lids (finger tight) immediately after use.

10. Maintain an uncluttered work area.

11. Remain standing while performing any experiment.

12. Wear proper clothing in a science lab.  Sandals and shorts should not be worn.  Hair must be tied back at all times.

13. Clean your laboratory area before leaving, including removal of all solids from sinks and drains.

14. Beware of any liquids or solids on the laboratory benches.  They may be corrosive.

15. Ensure that you understand the safe procedure to be followed before attempting any experiment.

16. Wash hands thoroughly after laboratory work. And use you sense of good judgement.

SAFETY IN THE LAB

THE BIGGEST DANGER IN THE LAB IS YOU!

When and why are you in danger?  You are a danger whenever you are either ignorant or careless, or both. Remember this, because the person most likely to suffer from your mistakes is YOU!

IGNORANCE

Listen very carefully to any instructions and warnings.  If you aren’t sure what to do, ask first.

CARELESSNESS

Think before you act.  Concentrate on what you are doing.  Lots of dangers are obvious if you think first.  If an accident happens  KEEP CALM—don’t rush around in a panic.  Tell your teacher at once about any accident.

WHAT ARE THE DANGERS?

The main ones are:
*cuts and burns




*eye damage

*electric shock

*poisoning

*fires

*explosions

CUTS AND BURNS

Much lab apparatus is made of glass—use it carefully and sensibly as it will break and you may cut yourself.  Always report anything you have broken, or anything that you find broken—don’t just push it into a cupboard for someone else to find and cut himself on!

Never try to push glass tubing through a cork or rubber stopper without knowing exactly how to proceed—use glycerine to wet the glass and  stopper.

Be very careful with scalpels and razors—never wander around the lab with an open blade in your hand.  Cutting instruments should be kept really sharp—a blunt one requires more force, and may cause damage if it slips.

Burns are often caused by picking up a hot piece of apparatus in your fingers before it has had time to cool.. Remember that some things can keep hot for a surprisingly long time after you have stopped heating them.  If you burn yourself, run cold water over the burn.

Use bunsen burners near the back bench, so that you are less likely to get your hair and clothes burned.  Tie long hair back for safety!

Never leave your bunsen burner with a flame unattended!

EYE DAMAGE

Your eyes are very precious—look after them!  They are very easily damaged, and a particle of solid or a chemical in the eye can be very painful even if it does not cause permanent injury.  Never pour into flasks or test tubes from the top—look through the sides.

If you are doing an experiment where there is a risk of a chemical spurting out of a test tube or flask, there is only one sensible thing to do—wear safety glasses.

If one of your classmates gets a chemical in his or her eye which is causing pain, it is important to act at once— seconds count!

Call the teacher.  Pour lots of cold water gently into the victim’s eye.  Putting him or her on the floor is best—never mind the mess.

It is very dangerous to use a microscope where there is direct sunlight shining. If sunlight is accidentally reflected up through the microscope your eye could be permanently damaged—remember what a magnifying glass can do!

ELECTRIC SHOCK

Electricity can also cause burns but the main danger is electric shock.

· NEVER  try to push anything other than the proper plug into a socket.

· NEVER handle electrical apparatus with wet hands.

· NEVER take the cover off a piece of equipment plugged into the socket.

· ALWAYS check apparatus for loose or bare wires before plugging in.

· ALWAYS ensure that the switch is off before plugging in.

POISONING

There are many hidden dangers in the lab.  Remember, ignorance is your worst enemy and this applies especially to poisonous substances, some of which can make you ill even though you may not notice any effect at the time.

· NEVER taste anything in the lab unless your teacher tells you to.

· NEVER eat or bring food into a lab (the food may pick up a poisonous chemical or germ without you knowing it)

· LABEL any chemical you have to leave after a lesson, so that other people know what it is too!

· POUR from bottles with your hand around the label.  If everyone does this, the label stays readable and your hands stay clean!

· DON”T chew your pencil—you never know where it’s been!

· ALWAYS wash your hands after working in a lab.

· ALWAYS wipe your bench clean if you spill anything.

Gases and vapours are often poisonous so:


-use a fume hood if your experiment gives off fumes

· use only small quantities of chemicals

· use a spatula for handling powders—this dust may be poisonous

· never stick you nose directly over the top of a test tube to smell it – waft the fumes carefully towards you with you hand if you need to test them

· keep bacteria and fungus cultures covered – they can easily get out into the air.

Some chemicals soak very easily through skin and can pass into the bloodstream.  They are seldom out at school, but it is safest to remember to handle all chemicals with care.  If a chemical gets on your skin, wash it off at once.

Some substances are only safely handled when wearing protective glasses.

WHAT TO DO ABOUT FIRE

In the lab you will come across many substances which, like gasoline, catch fire easily.  Always turn off you bunsen burner when using a flammable liquid, use a hot water bath.

If a liquid does catch fire accidentally in a small container, try covering the mouth of the container with a book or a damp cloth.  It should go out because it has no oxygen to keep it going. If it does not, stand well back and call your teacher.  Never try to blow it out—it doesn’t work, and usually makes things worse.  If a small amount of burning liquid spreads across the bench, it will probably go out on its own accord.  Keep calm and call the teacher.

Always stand when heating a flammable liquid.  If you were sitting with your knees under the bench and the container broke, you would be badly burned.

Use a proper lighter for lighting a bunsen burner, never paper.  Paper is difficult to put out, and you may end up setting the waste container on fire!

Be very careful about throwing chemicals away—if in coubt ask your teacher.  Some may smoulder for a while in the container before catching fire.  Some things, especially flammable liquids, could cause an explosion if put down the sink.

Explosions

In this section we are not only talking about the kind of big bang you get when you let off a firwork—that kind of application is fortunately not too common in the school lab.  More often we get a small “pop” and the contents of someone’s test tube suddenly shoot across the room.  Here are some simple safety rules for heating or mixing chemicals:

· ALWAYS use the correct holder (test tube holder or tongs)

· ALWAYS point the mouth of the test tube away from other people and yourself and keep the contents in motion.

· ALWAYS concentrate.

· WEAR safety glasses when your teacher tells you to.

· WORK at arms length.

· NEVER distract other people from what they are doing.

If you have ever thought it might be fun to try your hand at homemade fireworks, there is a simple rule—don’t!  There are plenty of people around who have not heeded this rule, and who have missing eyes or fingers to prove it!  The same goes for say experiments in the lab which you have not been told to do.  Ask your teacher before trying something new.

CLEANING UP

· return all apparatus to its correct place.

· Wipe down your bench space carefully

· Think before you get rid of rubbish, and put it in the right place

· Push your stool under the bench

· Wash your hands

· Shut all drawers when people are moving through a particular area.

GENERAL ADVICE

· keep the aisles clear of stools and gym bags

· never run in the lab

· never shout across the room to a classmate

· don’t distract others

· don’t leave your safety rules behind in the lab—perhaps the family at home could use them too!

ENJOY YOUR SCIENCE—BUT SAFELY
SAFETY WORKSHEET

READ THE ‘SAFETY  IN THE LAB’ HANDOUT CAREFULLY AND ANSWER THE FOLLOWING QUESTIONS;

1. When and why are humans a danger in the lab?

__________________________________________________________-

2. You have made sure to listen carefully to the instructions for a lab and have read over the lab carefully, but aren’t quite sure about a certain step.  What should you do?

__________________________________________________________

3. Why is concentration essential when conducting a lab?

_________________________________________________________

4. What are the 6 main dangers in the lab?

1.___________2.___________3.______________4.____________

5._______________6.___________________

5. Why is glycerine used for inserting glass in rubber stoppers?

_________________________________________________________

6. What should you remember when using a scalpel or razor?

______________________________________________________-

7. What should you do if you burn yourself?

_______________________________________________________

8. List 3 precautions you should use when working with a Bunsen Burner.

1.__________________2._________________3.________________

9. What is the most important thing that you can do to prevent eye injury in the lab?

____________________________________________________

10. If a chemical does get into your classmate’s eye, what must you do?

___________________________________________________

11. The counter top is covered with water and your lab partner is plugging in the microscope.  What is wrong with this situation?

_________________________________________________________

12. List 3 precautions you should take to prevent accidental poisoning in the lab?

1.__________________2.________________3.____________________

13. Why should you never stick your nose directly over a container to smell its contents?

______________________________________________________

14. Some poisons travel directly through the skin into the blood stream.  What precautions should be taken with such substances?

_________________________________________________________

15. Why should long hair be tied back and loose clothing be secured when working with a flame?

________________________________________________________

16. Why should you always stand when heating a liquid?

_______________________________________________________

17. Always tell the teacher if any accident occurs in the lab.  If your clothes are on fire though, you should first do the following three things:

1.______________________2.__________________3._________________

18. You are heating a test tube filled with a liquid.  What precautions should you take?

__________________________________________________________

19. Why are gym bags and back packs not allowed into the science lab?

__________________________________________________________

20. What special precautions should you take if you wear contact lenses in the science lab?

__________________________________________________________

21. Comment on the safety aspects relating to the following behaviours in a science lab:

i) distracting others ___________________________________________-

ii) lack of concentration _____________________________________________

iii) lack of preparation _____________________________________________-

iv) goofing around ___________________________________________
Lab Report Format

Centered on the top line indicate experiment title and experiment number.

On the top right corner include:
your name







Partner’s name







Date of experiment

Related Theory:

state your purpose and  background information.

Apparatus/Materials:
list apparatus and materials used.  Include a diagram drawn in pencil and labelled in pen.

Procedure:
For an informal report refer to the source and page number and note any procedural changes unless told to do otherwise by your teacher.  For a formal lab report full instructions in paragraph format must be included.

Observations:
Written neatly, fully detailed and in tabular form, with appropriate titles.

Calculations:

When applicable, show your calculations.





Percentage error included where applicable.

Graphs:


When applicable.

Analysis/Discussion:
Answer any questions.  Interpret and analyse your data.

Conclusion:
State briefly what was proven or discovered.  Summarize your conclusions and verify or nullify your hypothesis. Percentage error if applicable.

Apparatus Identification Introduction

At each station observe the apparatus then draw, identify and indicate the function of each piece of equipment.

A sample list of functions of equipment:

· collecting substances

· measuring

· mixing

· heating

· supporting

· protection (safety)

· holding substances

· separating

· etc.

Hint: each apparatus could have one or more of the functions listed above!

Common Laboratory Equipme
Sketch_________Name of equipment________Function

Experiment # 1

CuCO3 Lab

Related Theory:
To determine the % of carbon dioxide in CuCO3

 (copper (II )carbonate)

Apparatus:





Diagram:
Procedure:
1.
Weigh an empty test tube and record mass.

2. Place a scoop full of CuCO3 in the test tube, weigh and record.

3. Heat the test tube with a bunsen burner to drive “off” CO2
4. NOTE:  when heating test tubes over an open flame. Always hold the tip of the test tube at an angle of 45(, and point mouth of the test tube away from others !!!!!!

5. Weigh test tube after the reaction is completed and the test tube is cooled down to room temperature.

Observations:

Table 1: Quantitative measurements 

Data:
Mass of empty test tube = ______________


Mass of tube + CuCO3 = ________________


Mass of CuCO3 = ___________________


AT END OF HEATING:


Mass of tube + CuO = ________________


Mass of CuO = ____________________

Table 2 : Qualitative observations during experiment

Calculations:


Mass of CO2 =


% of CO2 =

Conclusion:

Questions:

1. Was this a chemical or physical change?  EXPLAIN and give evidence.

Science Terminology Definitions
Science:
Science is a way of gaining knowledge and understanding of our natural world.

Technology:
the use of scientific knowledge to make products designed to improve the quality of our lives.

Observation:
is any information that is gathered through our senses.  Everything we see, hear, touch, or smell is an observation.

Scientific Law: defines a relationship between observed facts. Scientific laws describe                



natural events, but they do not explain them.

Qualitative:
when we observe changes in tem, colour and many other characteristics



Or properties of matter,

Quantitative:
observations that answer the question “How much?” Involves numbers.

Hypothesis:
A possible answer or explanation for a problem.  An educated guess.

Controlled

Experiment:
are experiments used to compare ordinary conditions with different 



conditions.

Control:
is the experiment carried out under ordinary conditions.

Independent Variables:
the variable that is of interest

Dependent Variable:

variable being studied.

Scientific Theory:
requires careful analysis of the results of many experiments.  A




scientific theory can be changed if new evidence contradicts




part of the theory.

Models:
Models are simplified versions of reality.  They can be used to make



predictions.

Fact:

an observation agreed upon by all observers.

Making Inferences:
the search for possible patterns among observations.

Data:

is recorded observations obtained in an investigation.

Unit 1 Matter and Chemical Bonding

Time : 20 hours

Unit Overview Chart

Time




Title

3 h


Properties of Materials:

· define and describe the relationship among atomic number , mass number, atomic mass, isotope, and radio isotope

· demonstrate an understanding of the need for the safe use of chemicals in everyday life( e.g., cleaners in the home, pesticides in the garden).

3 h


Periodicity

· demonstrates an understanding of the periodic law, and describe how electron arrangement and forces in atoms can explain periodic trends such as atomic radius, ionization energy, electron affinity and electronegativity

· use appropriate scientific vocabulary to communicate ideas related to chemical reactions (eg. electronegativity, chemical bond, periodic trend, ionization energy, electron affinity

· analyse data involving periodic properties such as ionization energy and atomic radius in order to recognize general trends in the periodic table.

4h


What Holds Atoms Together in Materials?

· demonstrates an understanding of the formation of ionic, covalent and metallic bonds and explain the properties of the products

· explain how different elements combine to form covalent, ionic and metallic bonds using the octet rule

· predict the ionic character or polarity of a given bond using electronegativity values, and represent the formation of ionic and covalent bonds using diagrams

· draw Lewis structures, construct molecular models, and give the structural formulae for compounds containing single and multiple bonds

8h


Predicting and Describing Chemical Reactions

· demonstrates an understanding of the relationship between the type of chemical reaction (eg. synthesis, decomposition, single and double displacement) and the nature of the reactants

· relate the reactivity of a series of elements to their position in the periodic table (eg. compare the reactivity of metals in a group and metals in the same period, compare the reactivity of non-metals in a group)

· write, using IUPAC or traditional systems, the formulae of binary and tertiary compounds, including those containing elements with multiple valences, and recognize the formulae in various contexts.

· Predict the products of , and write chemical equations to represent, synthesis, decomposition, substitution, and double displacement reactions, and test the predictions through experimentation

· Investigate through experimentation the reactions of elements (eg. metals) to produce an activity series

· Identify chemical substances and reactions in everyday use or of environmental significance (eg. fertilizers, greenhouse gases, photosynthesis)

· Relate common names of substances to their systematic names (eg. muriatic acid and hydrochloric acid: baking soda and sodium bicarbonate)

· Evaluate and compare the reactivity of metals and alloys (eg. gold in jewellery, iron and stainless steel) and explain why most metals are found in nature as compounds

· Demonstrate an understanding of the need for the safe use of chemicals in everyday life: (eg. cleaners in the home, pesticides in the garden)

2 h


End of Unit Task

· demonstrate an understanding of the relationship between periodic tendencies, types of chemical bonding, and the properties of ionic and molecular compounds

· carry out laboratory studies of chemical reactions, analyse chemical reactions in terms of the type of reaction and the reactivity of starting materials, and use appropriate symbols and formulae to represent the structure and bonding of chemical substances.

· Describe how an understanding of matter and its properties can lead to the production of useful substances and new technologies.

Specific Expectations


Unit #1: Matter and Chemical Bonding

Define and describe:
atomic number




Mass number




Atomic mass




Isotope




Radio isotope

Periodic Law

· use electron arrangement and forces in atoms to explain trends in;

*atomic radius

* ionization energy



* electron affinity



* electronegativity

· identify trends and analyze data involving ex. IE vs atomic radius (dry lab)

Bonding

· understand formation of ionic, covalent and metallic bonds

· properties of each

· using OCTET RULE explain how elements combine to form covalent ,ionic and metallic bonds.

· Predict ionic character or polarity of a bond using ENG values

· Represent formation of ionic and covalent bonds using diagrams

· Draw Lewis structures

· Construct Molecular Models

· Give structural formulae for compounds containing single and multiple bonds (VSEPR)

Nomenclature

· write using IUPAC and traditional systems of formulae of binary and tertiary compounds

· including elements with multiple valences

Types of Chemical Reactions

· synthesis

· decomposition

· Single Displacement

· Double Displacement

· Nature of Reactants

· Predict products

· Write chemical equations ( balance

· Test predictions through experimentation

· Investigate through experimentation the reactions of elements (eg. metals) to produce an activity series.

CHEMISTRY

Study of matter and its composition.

· also the study of what happens when matter interacts with other matter

· ex)
baking bread, popping popcorn, removing stains with soda water, using coke to remove rust etc.

Examine the substance (glass of water) in front of you.

Observe and describe carefully.

Some properties would be:

· water is a liquid

· water has no smell

· water is clear and colourless

· it changes to ice when it freezes at 0(C 

· sugar dissolves in water

· oil floats in water

· water has a density of 1.00 g/mL

· water reacts with lithium, potassium and sodium vigorously

Some of these examples are physical properties and some are chemical properties.

Examine p.11-12
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Do Investigation 1A Observing Aluminum Foil p.13

Review Chapter

Developing a Model of the Atom

Early Greek Theories of Matter

Democritus: (460? – 370? B.C)

· Greek philosopher

· first proposed an atomic theory in the 5th century BC

· all matter could be divided into smaller and smaller pieces until a single indivisible particle was reached 

· called this particle an atom

· he believed atoms of different sizes, have regular geometric shapes and are in constant motion and empty spaces exists between atoms

Aristotle: (384 – 322 BC)

· criticized Democritus’s theory 

· arguing that the idea of atoms in continuous motion in a void is illogical 

*
instead he supported the four element theory of matter

all matter is made up of these four basic substances and a combination

· the demise of this theory came when the scientific revolution in physics came in the 18th century on quantitative studies

· scientists needed a new theory  with a different model of matter

Dalton’s Atomic Theory

· John Dalton (1766-1844)

· English scientist  and school teacher

· proposed Dalton’s theory

· examine Dalton’s postulates p.35

· Theory explained 2 scientific Laws:
I) Law of Conservation of  Mass,  II)
Law of Definite Composition (Proportion)

Development of Atomic Theory from 1803 to 1920

· by late 1800’s several experimental results conflicted with Dalton’s atomic theory

· technological advances made possible the construction of evacuated glass tubes fitted with an electrode at either end 

· known as the cathode ray tube, named for the electrical discharge of particles assumed to be travelling from the negative electrode (or cathode) to the positive electrode (or anode)

· this apparatus was used to determine the composition of the ATOM

· in 1897, J.J Thomson (1856- 1940) used a modified cathode ray tube to measure the mass of the particle and its electrical charge

· Thomson proposed that the cathode rays were subatomic particles 

· Hypothesized the existence of electrons

· Thomson developed a new model of the atom which is a positively charged sphere consisting mostly of empty space

· later in 1904 Japanese scientist Hantaro Nagaska (1865- 1950) represented the atom as a large, positively charged sphere surrounded by a ring of negative electrons

· In 1911 Ernest Rutherford (1871- 1937) designed an experiment which used alpha particles (+ve charged Helium nucleus) being shot through thin pieces of gold foil 

· Rutherford predicted 

· based on this evidence Rutherford hypothsized that an atom must contain a positive core, the nucleus surrounded by empty space containing negative electrons

· In 1911, Rutherford coined the word proton for the smallest unit of positive charge in the nucleus

· 1932 James Chadwick (1891- 1974) demonstrated that atomic nuclei must contain heavy neutral particles as well as positive particles

· these were called neutrons

The Modern View of the Atom

Atom:
smallest particle of an element that still retains identity and properties of the element.

Subatomic particles: atoms made up of even smaller particles, called protons, neutrons and electrons.
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Subatomic
Location Charge
Symbol
Mass (g)

Radius

Particle
Electron
orbits 
1-
   e-

9.02 x 10 –28

   smaller           

Around






   than 10-18
Proton
nucleus
1+
   p+

1.67 x 10 –24
    
10-15
Neutron
nucleus
0
   n0

1.67 x 10 –24
   
 10-15
Amu:
atomic mass unit, symbol (u) 

*
 1 u is equal to 1.66 x 10 –24 g or 6.02 x1023 particles would have a mass of 1 g

· a proton has a mass of about 1 u 

· a neutron has a mass of about 1 u

· an electron has a mass of about 0 u

· defined as 1/12 th of the mass of the carbon atom

Atomic Number
· symbol (Z)

· refers to the number of protons in the nucleus 

· also indicates the number of electrons within the atom

· electrically neutral 

· # protons = # of electrons

Mass Number

· symbol (A)

· total number of protons and neutrons in the nucleus 
· each proton or neutron is counted as one unit of the mass number
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X => represents atomic symbol or element symbol

Eg)


12 C  

To determine number of neutrons use formula:

Number of neutrons = Mass number – Atomic 










Number


=  A – Z

Atomic Mass 

· average mass of an atom of an element, taking into consideration all the different isotopes of that element and their relative abundance expressed in atomic mass units (u)

Isotopes

*
these are atoms of an element that have the same number of protons but different numbers of neutrons.

· there are about 2000 isotopes known

· most elements have 1 or more isotopes

· many of these isotopes are radioactive

· they are called RADIOISOTOPES

· these radioisotopes spontaneously disintegrate and give off energy in the form of alpha (() and beta (() particles, and gamma rays (() or a combination of these particles.

Examples:










% abundance

Hydrogen


1H

1 proton


99.985

Deuterium


2H

1 proton


0.015







1 neutron

Tritium


3H

1 proton


radioactive







2 neutrons

· 1931-Harold Urey, an American chemist discovered the isotope hydrogen and called it Deuterium.

· 1935- the discovery of Tritium

Carbon-12


12C

6 protons


98.99 %







6 neutrons

Carbon-13


13C

6 protons


1.01%







7 neutrons

Carbon-14


14C

6 protons


radioactive







8 neutrons

Uses of Radioisotopes

· used for cancer therapy

· X-rays

· Photocopiers

· Sterilization of food and medical supplies 

· Determine the age of rock or plant or animal specimens (called radioactive dating)

· Industry- determine leaks in pipes

The Periodic Table

The Periodic Table and the Elements

Discovery of the Elements

· the earliest source of chemical was fire

· once discovered 2 000 000 yrs ago, they began to practise chemistry

· 8 000 yrs ago, they discovered that shiny materials sometimes melted out of heated rocks (copper, silver, gold)

· lead, tin, iron, mercury, carbon, sulfur also discovered 5 000 yrs ago in the “Bronze Age”

· alchemists also found that a little tin added to melted copper changed its properties making it a much tougher tool (alloys)

· alchemists also searched for centuries for the “philosophers stone” which would change base substances into gold and silver

· in this process many important discoveries were made

· 18th century, had already isolated phosphorus, zinc, arsenic, antimony and bismuth

· the number of elements increased from 21 to 50 between 1775 and 1830 due to new technologies and theories

· most of the 88 naturally occurring elements were only discovered during the past two hundred years

· only 9 of the 88 elements were known to the ancient Greeks and Romans

· these were gold, Ag, Cu, Fe, Pb, Sn, Hg, S and C

· Francium, the last of the 88 naturally occurring elements discovered in 1939

· Since then nuclear physicists and chemists have extended the number of known elements to 112

· only about ¼ of the elements occur in the free state

· others are combined with others in compounds

Some of the secret notation or symbols that were used:


Silver


Lead


Gold


Copper


Sulfur


Mercury

John Dalton simplified these to circular designs:


Hydrogen

Carbon


Nitrogen


Oxygen


Sulfur


Mercury

· systems of abbreviations devised by Swedish chemist Jacob Berzelius in 1814.

· First one or two letters in the name of the element (2nd not capitalized)
H
Hydrogen

B   Boron

C   Carbon

N
Nitrogen


O   Oxygen

F   Fluorine

He
Helium


Be  Beryllium

Ne  Neon

· some consists of first letter and letter from middle of the name

Mg
Magnesium

Mn
Manganese

Cl
Chlorine


Cr
Chromium

· many are based on their latin names

Na

Sodium (natrium)

Cu

Copper (cuprum)

Sn

Tin (stannum)

Au

Gold (aurum)

Pb

Lead (plumbum)

K

Potassium (kalium)

Ag

Silver (argentum)

Sb

Antimony (stibnum)

Hg

Mercury (hydragyrum)

Fe

Iron (ferrum)

W
Tungsten derived from its German name, Wolfram.
The Periodic Law

Early Attempts at Classification:

· Early 19th century scientists began to seek ways to classify the elements

· one attempt at classification was done by Johann Dobereiner (German chemist) in 1817

· he came up with the concept of “Dobereiner’s Triads”

· Dobereiner noted that some sets of 3 elements displayed a certain regularity in their properties

· The atomic mass of the middle element was about equal to the average mass of the other two

· Some of the chemical and physical properties of the middle elements were also midway between those of the first and third elements

Some examples of Dobereiner’s Triads

Name

Atomic
Name

Atomic
Name

Atomic


Mass



Mass



Mass

Calcium
40

Chlorine
35.5

Sulfur

32

Barium
137

Iodine

127

Tellurium
127.5

Average
88.5

Average
81.3

Average
79.8

Strontium
87.6

Bromine
79.9

Selenium
79.2

· 80 % of the elements known in 1827 did not fit into a triad

· Dobereiner’s observations were pure coincidence

Therefore in 1864 John Newlands, an English chemist suggested he order the elements in order of their increasing atomic masses

· he noted that there appeared to be a repetition of similar properties every eighth element

· ( he arranged the elements known at that time into seven groups of seven each

· Noble gases were not known at this time

· Newlands referred to his arrangement as the “Law of Octaves”

Newland’s Law of Octaves

1
2
3
4
5
6
7

Li
Be
B
C
N
O
F

Na
Mg
Al
Si
P
S
Cl

K

Mendeleev’s Periodic Table

· 6 years after Newlands proposal, Dmitri Mendeleev, a Russian chemist proposed a similar idea

· he suggested, as had Newlands, that the properties of the elements were a function of their atomic masses

· however, Mendeleev felt that similar properties occurred after periods (horizontal rows)

· although he placed 7 elements each in his 1st two periods, he placed 17 elements in the next two.

· In the 1860’s, Mendeleev and the German chemist Lothar Meyer, each working alone, made an eight-column table of the elements

· However, Mendeleev had to leave some blank spots in order to group all the elements with similar properties in the same column

· These elements would be discovered later

· In Mendeleev’s table, the elements were arranged in order of their increasing atomic masses

· The new table showed that the properties of the elements are repeated in an orderly way

· Mendeleev regarded the properties of the elements as a periodic function of their atomic masses

This statement was called the Periodic Law
Modern Periodic Law

· there was a problem with Mendeleev’s table

· if elements were arranged according to atomic masses that Te and I seemed to be in the wrong column due to their properties

· just switching them would put them in the right column based on their properties

· (if switched Mendeleev’s basic assumption would be wrong

· later other elements placed on the table with respect to their masses seemed to be placed in the wrong column based on their properties
· Henry Moseley found the reason for these apparent exceptions to the rule

· As a result of Moseley’s x-ray experiments, which found that these exceptions all had 1 more proton in the nucleus, the periodic law was revised

· It is now based on the atomic numbers of the elements instead of the atomic masses

Today’s statement of THE PERIODIC LAW:  is the properties of the elements are a periodic function of their atomic members.

Organization and The Modern Periodic Table

Group

· vertical rows

· Group number indicates the number of valence electrons within the group

Period

· horizontal rows

· depict energy levels

Classification and The Periodic Table

Three Ways To Classify:

1. States of Matter – solid, liquid or gas

2. Metal, Non-Metal, or metalloid (semi-metal)

3. Chemistry of Groups

Properties of Metals vs Non-metals

Metal





Non-Metal

Shiny





dull

Ductile(pulled into wires)


stiff

Malleable (pounded into sheets)

brittle

Conduct heat and electricity

does not conduct

Magnetic





not magnetic

Highly reactive




not as reactive

Higher boiling points



lower bowling points

Solids except Hg



gases or solids except Br

Metalloids;  or semi-metals have characteristics of both metals and non-metals.  These exist near the step ladder.

Examine periodic table

Main group of periodic table Group IA (  Group VIIIA

Group I

Alkali metals

Element
Atomic 
Atomic

MP

Density




Number
mass


((C)

(g/mL)


Li

3

6


181

0.53


Na

11

23


98

0.97


K

19

39


63

0.86


Rb

37

85


39

1.53


Cs

55

132


29

1.87



M (   M+   +    e-
· lose e-‘s more easily as we move down a family

· only exist as compounds since they are very reactive

· become white when exposed to air since they form oxides

· all except Li  form peroxides

· oxides of alkali metals  +  H2O  (  hydroxides

· most common lab bases

· Alkali metals + H2O  (  H2 gas and hydroxides

· Alkali metal salts are colourless

· Alkali metal ions- having lost all their outermost e-‘s have a charge of +1

· these ions tend to form bonds with group VII elements as shown: ex) 2Na (s) + Cl2 (g)( 2 NaCl(s)

Group II

Alkaline Earth Metals

Element
Atomic
Atomic
MP

Density



Number
mass

Be

4

9

1283

1.85

Mg

12

24

650

1.74

Ca

20

40

851

1.54

Sr

38

88

757

2.58

Ba

56

137

704

3.65

· harder and denser than alkali metals

· higher MP than alkali metals

· when they lose their 2 valence e-‘s they possess a charge of +2, becoming a cation

· Reaction with water:

Eg)
Ba(s)  +  2 H2O (l)  (  Ba(OH)2 (s)  +  H2 (g)

· Reaction with Group VII elements:

Ba (s)  +  Cl2 (g)  (   BaCl2 (s)  

· Trends:  As you go down the group

i) MP decreases

ii) BP increases

iii) Density increases

iv) Hardness decreases 

Group VIII or 18

Noble Gases

· all gases and colourless

· non-reactive, inert

· stable octet

Group VII

Halogens

· Group VII or 17

· Occur in all 3 states and vary in colour

· Are very reactive because they are lacking only one electron in outer energy shell

· Become anions with –1 charge

· Reactivity increases as you go up in the group

· Higher MP and BP as you go down in the group

· I- solid, Br- liquid, Cl, F- are gases

Transition Metals

*
Group IB through to Group VIIIB (3-12)

· d block of the periodic table

· colourful ions

· complex metals with more than one charge on them

· tend to always form cations

· Hg in the only metal that is a liquid
Lanthanides and Actinides

· f block of the periodic table
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