Module 1: Matter: An Introduction to Chemistry

1. THE SCIENTIFIC METHOD @
A. The Process CA/)TV@
(1)  Science begins with a question about nature. l ,;C
Examples: a)

b)

0)

d)

e)

f)

2 To obtain the answer to your question, what should you do next?

Examples of sources:

3 If the answer to your question is unknown, what is the next step?

Examples

4 Now what do you do?
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(6)
(7)
B. Observations Versus Inter pretations (I nferences)

Observation: areport from your senses or a measurement. It is not an explanation of any kind.

Examples

a) Of the thousand leaves on the tree, 452 do not have any red spots on them.
b) The candle has a dight odour and no taste.
C)

d)

Qualitative Observation: does not involve measurements

Examples

a) the leaves are green.
b) The candle has a dight odour and no taste.
C)

d)

Quantitative measurement: involves measurements made with one estimated figure

Examples

a) There were 567 +1 leaves on the tree.
b) The mass of each leaf was 0.95 +0.02
C)

d)

I nterpretation or Inference: an attempt to explain an observation.

Examples

1. a) Chemicals known as anthocyanins are being produced in 548 of the trees’ 1000
leaves.

b) The candle's odour is due to paraffin.

C)

d)
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2. Underline the inferences in the following text.

The candl€'s diameter was 2.0 cm. When unlit it consisted of a tranducent
white solid. Both its wick and wax burned after it wasllit, and in 20 .3 minutes, its
mass decreased from 10.23 g to 8.04 g. The escape of carbon dioxide accounted for
thisloss in mass. My partner, who put out the candle by cutting off its oxygen
supply, noticed black particles floating in a pool around the wick.

3. Record at least 40 observations (in al) related to a candle.

Part 1: The Unlit Candle

QUALITATIVE OBSERVATIONS

QUANTITATIVE OBSERVATIONS

Part 2: The Lit Candle

QUALITATIVE OBSERVATIONS

QUANTITATIVE OBSERVATIONS




The Scientific Method, Matter and Changes, Chemical For mulas and M odels of
the Atom

Part 3: The Used Candle

QUALITATIVE OBSERVATIONS QUANTITATIVE OBSERVATIONS

Part 4: Interpretation of any 3 Observations
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2. THE CLASSIFICATION OF MATTER
Matter: anything with mass. All matter is made up of particles.
Energy: capacity to do work. Energy has no mass.

Example Out of the following, which are examples of matter?

1. granite rock 8. heat
2. laser beam 9. sunlight
3. oxygen 10. coffee and sugar mixture
4. air 11. carbon
5. brine 12. carbon monoxide
6. sulfur 13. banana
7. sulfur dioxide 14. aspirin
DEFINITIONS
A. Homogeneous Substance: has the same composition and properties throughout; has only
one phase.
Examples
B. Heterogeneous mixture: has a variable composition. It is made up of substances that have

different properties. You can actually see the different substances that make up the mixture.
Examples

C. Solution: a homogeneous mixture. It seems to be just one substance but you can separate it
into 2 or more substances without using a chemical reaction, for example by letting the
liquid evaporate.

Examples

D. Pure Substance: homogeneous substances that can only be taken apart by chemical means,

that is by getting them to explode or decompose into new substances with completely
different properties. The rest can only be taken apart by nuclear reactions.

Examples

E. Element: a pure substance with only one kind of atom. An element cannot be made into
something simpler through a physical or chemical  reaction. The formula of an element
contains only one capital letter.

Examples
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F. Compound: a pure substance with more than one kind of atom, so that the formula of a
compound consists of more than one capital letter. In order to break up a compound, it must
undergo a chemical reaction as described in definition D, on the previous page.

Example Complete the following chart, using definitions A through F.

Summary Within a Chart

M atter
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3. CHANGES AND PROPERTIESOF MATTER

A. Physical Property:  describes a substance when observed in the absence of any changein
composition. In other words it describes its appearance and not its behaviour.

Examples a) the mass of the substance was 10.0 g

B. Physical Change:  achange that does not create different
compounds or elements. It only changes the appearance of a
substance; the physical properties change but the chemical
properties stay the same.

Examples a) the sample of water evaporated

C. Chemical Change:  occurs when elements or compounds form pure
substances that differ from the original(s).

Examples a) When magnesium is added to acid, hydrogen gasis
released.

D. Chemical Properties: describe how a substance behaves in the presence of other substances
or whether it decomposes into different pure substances.

Examples a) Water causes sodium to undergo a violent reaction.
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E. Characteristic Properties.  are chemical or physical properties that help you identify a
substance.

I mportant Physical Characteristic Properties

Density (g/ml)
Boiling point (°C)
Melting point (°C)
Specific heat
(J(gC)

I mportant Chemical Characteristic Properties

Substance Characteristic Chemical Property

Water

Oxygen

Hydrogen

Carbon dioxide

F. Recognizing Chemical Changesin the Lab

Physical Change Chemical Change
Does not creste a colour change. Often creates a colour change.
For example, water is colourless; when it Magnesium is shiny and grey. After it burnsit
freezesice isaso colourless (occasiondly it becomes MgO, which is milky white.

turns white, but that is due to air within it).
Solid iodineis purplish. When it turns to gas it
isalso purple.

I nvolves smaller amounts of energy. Absorbs or releases larger amounts of energy.

When water condenses it releases heat, but that | When nitroglycerin explodes, its gases are not
heat does not set fire to things. only hot but they exapnd rapidly and damage
anything in its path.

An element undergoing a physical change will | An element undergoing a chemical change
not experience an increase in Mass. will experience an increase in mass if
compared to the compound produced.
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A compound undergoing a physical change
will not experience a decrease in mass.

If 50 g of iron are heated sufficiently, 50 g of
liquid iron will be produced.

If 50 g of ice are melted 50 g of water will be
produced.

A compound undergoing a chemical change
will experience an decrease in mass if
compared to the element produced.

If magnesium is burnt, the ash collected will
weigh more because it contains magnesium
bonded to oxygen.

If 80 g CuO decompose, only 64 g of Cu will
be left behind, because the oxygen breaks free
from the compound.

If a gas escapes from a solution then it will
have the same properties as those of the
dissolved gas.

Carbon dioxide that bubbles out of 7-up was
still carbon dioxide when it was dissolved in
the soft drink.

If a solid precipitates from a solution, it will
have the same properties as those of the
dissolved solid.

For example, excess sugar accumulating at the
bottom of an oversweetened cup of coffee.

If a gas escapes, it will have different
properties from the substance that produced
it.

Magnesium + hydrochloric acid = magnesium
chloride + hydrogen gas. Hydrogen is
flammable; hydrochloric acid is not.

If asolid formsin solution, it will have
different properties from the substances that
were dissolved.

Sodium chloride + silver nitrate = sodium
nitrate + solid silver chloride.

Was the change described a chemical change?
Was the original substance a compound? Or was it an element? Consider the
experimental observations and decide.

Example

A reddish powder was heated. A gas was released, while asilvery liquid appeared.
The mass of the liquid was less than that of the powder.
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Exercisesfor p 1-9
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Which of the following are observations?

Heat rises from the flame.

When | place my hand on the left hand side of the candle, my hand does not get much warmer.
But if I place my hand above the flame, | feel a burning sensation and | quickly remove my hand.
The candleis cylindrical in shape.

When the candle is covered with a jar the oxygen level decreases and the flame eventually dies.
The air temperature 2 cm above the flame was 171° C.

The change in mass between the new and used candle was 23.43 g.

a What should you first do after you' ve identified a problem in science (asked a question)
b. Why should you not begin speculating immediately or go straight to the lab?

a How do you test a hypothesis?
b. What form of reference is the most reliable in science?

Classify as heterogeneous or homogeneous.

whole milk straight from a cow s udder
apineapple

a solution of copper chloride

gold (Au)

argon gas (Ar)

water vapour

sand (assuming it isonly SO,)

across section of amaple tree
methane (CH,)

a sodium nitrate solution with an AgCl precipitate. ( A precipitate is a solid that fall to the bottom
of the container)

Classify asasolution , compound or element.

vanillin dissolved in alcohol i ar
potassium (K) J- shampoo
table salt ( NaCl )

Kool Aid

water

sodium oxide ( N&O )

ozone ( O3)

ammonia mixed with H,O

Classify asaphysical or chemical change.

wood burning

mercuric oxide (HgO ) decomposing into mercury and oxygen

H,0 going from the solid to liquid form

NaCl + H,SOs > Na»SO4 + 2 HCI ( the arrow indicates a change)
(before) (after)

10
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digestion

tearing paper

distilling wine

neutralizing acid with limewater

the explosion of nitroglycerin

igniting a mixture of air and propane

paint drying (which strangely increases in mass)

Classify as aphysica or chemical property.

Lemon juice is more acidic than water.

The density of lemon juiceis 1.1 g/L

Lemon juice is atype of citrusjuice

Lemon juice reacts with amines from decomposing fish, thus eliminating the foul ~ smell.
The boiling point of lemon juiceis 102° C.

Lemon juiceisaliquid at room temperature.

Lemon juice can slow down the browning process in an apple.
Frozen lemon juice melts before turning into a vapour.

Lemon juice can neutralize limewater.

Lemon juice is cloudy in appearance.

The specific heat of water is4.19 J(g °C).

Oxygen gas can rust metal.

Hydrogen pops in the presence of aflame.

Carbon dioxide turnsinto asolid at alow temperature.

a In #7, which of the properties are characteristic? Which properties would help you
figure out the identity of the substance?)

b. Read the following and pick out the characteristic properties of sulfur.

Sulfur burnsin air with a highly unusua blue and stinking flame. At room temperatureit is

solid. If heated Slowly it will melt at 119° C. Sulfur, selenium and tellurium also react
directly with the halogens.

Underline all chemical propertiesin the following descriptions of elements.
a. barium This metal melts at 725 °C and boils at 1640 ° C. It oxidizes very easily and

should be kept under oxygen-free liquids such as petroleum. It is decomposed by either
water or alcohol.

11
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b. fluorine At 0°C and 101 kPa (pressure units) this gas has a density of 1.696 g/L. In
appearance it is pale-yelow. Highly corrosive, it reacts with organic substances, including
skin. Finely powdered glass will burn in afluorine atmosphere. Even relatively inert xenon,
radon and krypton form compounds with fluorine.

C. nickel This metal is found in most meteorites and in the meteorite dust found on
your window ledge. It is silvery white and takes on a high polish. Nickel plating is often
used to provide a protective coating for other metals, and finely divided nickel helps speed
up reactions, which convert vegetable oil to margarine.

d. promethium This element does not occur naturally on earth; however, it was
found in the spectrum of the star HR-465 in the Andromeda galaxy. Promethium salts glow
in the dark with a pale blue or green hue.

e. sulfur It isabrittle solid that does not dissolve in water. A finely divided form of
sulfur, known as flowers of sulfur, is obtained by turning it into gas and back into solid
(sublimation) . Sulfur easily forms sulfides with many elements such as sodium, calcium,
iron etc. It isfound in black gunpowder; it bleaches dried fruit and is a good electrical
insulator. It combines with oxygen to produce a gas that leads to acid rain.

Find the physical properties.

a zinc Centuries before zinc was recognized as a distinct element, ores of zinc were
used in the making of brass ( an aloy of zinc and copper). In fact an aloy rich in zinc was
found in prehistoric ruinsin Transylvania.

Zinc is abluish-white, shiny metal. It is abrittle at ordinary temperatures but malleable at
100 °C to 150 °C, and it melts at 419 °C. It isafair conductor of electricity and burnsin air
at high temperatures with the release of white clouds of zinc (I1) oxide. The pure metal can
be obtained by roasting its ores to form the oxide and by the reduction of the oxide with
charcoa. Zinc reacts with sulfur to produce zinc (1) sulfide, a compound used in making
luminous watch dials.

b. oxygen Solid and liquid oxygen are pale blue, and O, turnsinto aliquid at -183 °C.
It forms 21% (by volume) of the earth’s atmosphere, and its compounds make up nearly
90% of the earth s crust. The gasis colourless, tasteless and odourless but very reactive and
capable of combining with most elements. It is essential for respiration of al plants and
animals and for practically all combustion. In the stratosphere it forms the important sun-
screening gas, ozone, Os.

12
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11. Classify each of the following as a physical or chemica change.

OOOOOOOO -
OOEHD ©

G@G

12.  You have four unlabelled gas containers. One contains pure oxygen; one has pure
hydrogen; one pure carbon dioxide and the other contains neon. The table below
summarizes the results of various lab tests done by a group of students. Some tests were not
performed because the students were instructed to perform as few experiments as possible.
Identify al the unknowns based on their results.

UNKNOWN Glowing splint Limewater test
test result result
A Pop is heard Clear solution
B Burstsinto Clear solution
flames
C Not done Solution turns
milky
D Not done Test not done.

13
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For each substance, find the property that is the most characteristic.

ethanol

1. clear

2. density of 0.82 g/ml
3. can kill germs

4, can be poisonous

nitrous oxide

makes things burn faster

dissolvesin acohal

can be used to make whipped cream

sweet-smelling and can make people giggle in low doses

El SN

Y ou are given two liquids. One is water; the other is alcohol. Without tasting or smelling
them, how can you tell them apart. Y ou have no matches.

Now you found matches. How do you tell a sugar solution apart from a salt solution?

A purplish gas cools and turns into a shiny solid. Both the gas and the solid turn paper grey.
Chemica change? Or physical? Argue your case.

An elementa substance was heated, and it turned from brown to black. Its mass also
increased. Chemica change? Or physical? Argue your case.

14
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4. CHEMICALSFORMULAS (Atoms and Molecules)

Each element from the periodic table has only one type of atom. If two or more atoms bond
together to form a separate particle you’ ve got yourself a molecule.

Q

oxygen atom oxygen molecule

adifferent type of
oxygen molecule

How do we use aformulato represent the above?

Examples

1. For each of the following, specify how many atoms of each type are found in each

molecule. Also draw the molecule.

SO,

b.

NH,Cl

15
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C. d.
P20s Alx(SOq)3

Exercises
1. For each of the following, specify the number of atoms for each element in the compound.
a H,S,
b. NaCO3
C. CaCl,
d. C4H 100
e. NF3
f. Alx(SOy)3
g. Mg(ClOs).
h. (NH,)2S
i CsHsOH
2. Draw amolecule of ozone. (It contains three atoms of oxygen.)
3 a Draw an atom of boron. About a cm to the left of the first drawing, draw a second

boron atom.

b. In part (a), have you drawn a molecule? Why or why not ?

16
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a. How many atoms are therein all , of al types, in the diagram to the right?
b. How many atoms are there of each type?
¢. How many molecules are drawn?

d. Write aformulafor one molecule. Gee

Write the formula for each of the molecules shown below.

a 9 O

17
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5. MODELSOF THE ATOM

All life, whether in the form of trees, whales, mushrooms, bacteria or amoebas, consists of
cells. Smilarly, all matter, whether in the form of aspirin, gold, vitamins, air or minerals, consists
of atoms, which, regardless of size, are made up of the same basic units. This took us thousands of
years to realize, and the present chapter is a journey through that history, one that eventually gave
us enough understanding and power to mimic, harm and repair nature in ways never before
possible.

The next five paragraphs are taken, almost word for word, from the Britannica DVD, 2000 edition.

A. Aristotle emphasized that nature consisted of four elements:. air, earth, fire, and water. He
thought these are bearers of fundamental properties, dryness and heat being associated with fire,
heat and moisture with air, moisture and cold with water, and cold and dryness with earth. He did
not believe in discontinuous or separate atoms but felt that matter was continuous.

Example Draw matter according to the way Aristotle envisioned it.

B. Democritus (b. c. 460 BC; d. c. 370 BC) postulated the existence of invisible atoms,
characterized only by quantitative properties. size, shape, and motion. Imagine these atoms as
indivisble spheres, the smallest pieces of an element that still behave like the entire chunk of
matter.

Example Draw matter according to the way Democritus envisioned it.

C. Dalton (b. Sept. 6, 1766, England; d. July 27, 1844) deduced the law of multiple
proportions, which stated that when two elements form more than one compound by combining in
more than one proportion by weight, the weight of one element in one of the compounds is in
simple, integer ratios to its weights in the other compounds. For example, Dalton knew that oxygen
and carbon could combine to form two different compounds and that carbon dioxide (CO,)
contains twice as much oxygen by weight as carbon monoxide (CO). In this case, the ratio of
oxygen in one compound to the amount of oxygen in the other is the simple integer ratio 2:1.
Although Dalton caled his theory "modern” to differentiate it from Democritus philosophy, he
retained the Greek term atom to honour the ancients. Also, Dalton gave us more insight into
molecules, but his idea of the atom was not that different from that of Democritus: he still imagined
atoms astiny “bowling balls.”

Example Draw water molecules using the Dalton model of the atom

18
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D. JJ. Thomson (b. Dec. 18, 1856, England d. Aug. 30,
S 1940,) held that atoms are uniform spheres of positively
| Particle | charged matter in which electrons are embedded. He redized
; *‘“‘T" iy that electrons existed by improving Crooke's tube, a tube that
a contained a small amount of gas through which electricity was
passed. Crooke had noticed that the rays inside the tube were
i bent by a magnet, something that ordinary light does not do.
By developing a better vacuum, Thomson showed that these
same rays also bend towards the positive plate of a battery, no
matter what gas produces

them.

J.J. Thomson's Plum Pudding Model

of the Atom (1897) Thomson concluded that

these “cathode rays’ were
basic particles found in al

electrons edements. He went on to
i ‘{ propose what is popula_lrly
f ® - @ positively known as the plum-pudding
Y r pudding” model of the atom. In other
ot g words he thought that atoms

were not indivisible spheres,

but positive spheres with

negative electrons embedded

in them. It had to be

abandoned (1911) on both

theoretical and experimental
grounds in favour of the Rutherford atomic model.

Example Draw another way of representing the plum pudding model.

E. Ernest Rutherford. (b. Aug. 30, 1871, New Zealand; d. Oct. 19, 1937, England)

The mode described the atom as a tiny, dense, positively charged core called a nucleus, in which
nearly all the mass is concentrated, around which the light, negative constituents, called e ectrons,
circulate at some distance, much like planets revolving around the Sun. The Rutherford atomic
model has been dternatively called the nuclear atom, or the planetary model of the atom. The
young physicists beamed apha particles through gold foil and detected them as flashes of light or
scintillations on a screen. The gold foil was only 0.00004 centimeter thick. Most of the apha

19
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particles went straight through the foil, but some were deflected by the foil and hit a spot on a
screen placed off to one side. Geiger and Marsden found that about

one in 20,000 apha particles had been deflected 45° or more. Rutherford asked why so many
alpha particles passed through the gold foil while a few were deflected so greatly. "It was amost as
incredible as if you fired a 15-inch shell at a piece of tissue paper, and it came back to hit you,"
Rutherford said later. "On consideration, | realized that this scattering backwards must be the
result of a single collison, and when | made calculations | saw that it was impossible to get
anything of that order of magnitude unless you took a system in which the greater part of the mass
of the atom was concentrated in a minute nucleus. It was then that | had the idea of an atom with a
minute massive center carrying a charge.”

it i e AT EEIARS
A transmitted beams ] £ ”.]j 1on
tlittle or nodeflection)

alpha particles interacting

tn;aarrn of I". with atoms in gold foil
alphna |
particles

21 998 Encyclopasdia Britannica, Inc.

Example Draw the model of the atom according to Rutherford.

20
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F. Niels Bohr In 1913 he proposed his quantized shell model of the atom to explain how
electrons can have stable orbits around the nucleus. The motion of the electrons in the Rutherford
model was unstable because, according to classical mechanics and electromagnetic theory, any
charged particle moving on a curved path emits electromagnetic radiation; thus, the electrons
would lose energy and spiral into the nucleus. To remedy the stability problem, Bohr modified the
Rutherford model by requiring that the electrons move in orbits of fixed size and energy. The
energy of an electron depends on the size of the orbit and is lower for smaller orbits. Radiation can
occur only when the electron jumps from one orbit to another. The atom will be completely stable
in the state with the smallest orbit, since there is no orbit of lower energy into which the electron
can jump.

0 il
=

% e 3

a

5 h=2

greater distance
from nucleus

E1 995 Encyclopaedia B

Figure 1: The Bohratom. The electron travels in circular orbits around the nucleus. The orbits have quantized
sizes and energies, Energy 15 emitted from the atom when the electron jumps from one orbit to another closer to
the nucleus, Shown here is the first Balmer transition, in which an electron jumps from orbit n =3 to orbitn = 2,

producing a photon of red light with an energy of 1.89 eV and a wavelength of 656 = 109 m.
Encyclopaedia Britannica, Inc.

The Hydrogen Spectrum

Example Draw the model of the atom according to Bohr.

21
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Exercisesfor p 18-21

1.

Complete the following using Democritus, Thomson, Rutherford or Bohr.

This smplest of the models hasits limitations, but it can be used to explain physica
changes
Of the four models, thisis the only one that includes “orbits’ or energy
levels

Aristotle refused to accept this model because he could not see atoms.

He had a chance to prove his teacher wrong by firing alpha particles at agold

foil

He was the first to propose that most of the atom’ s mass was concentrated in the positively
charged nucleus
His model can be described as the “plum-pudding” or “chocolate chip” model because he
evenly distributed the (+) and (-) charges
Thisisthe planetary model of the atom
He imagined that atoms consisted of solid spheres, just like miniature bowling balls.

He discovered “ cathode rays’ or eectrons which can be deflected by a strong magnet or by
another electric field

In thismodel electrons are scattered outside the nucleus in what is mostly empty

space

The Rutherford Modéd I n Detail
TRUE? or FALSE?

Alpha particles are positively charged and unlike gamma radiation, they are an example of
matter, not energy
Rutherford obtained similar results, regardless of whether he used thin gold, silver or
platinum foil
Most apha particles bounced back after hitting the fail
The percent of particles which came back gives us a rough estimate of how big the nucleus
isrelative to the rest of the atom

The Bohr Model In Detail (To be completed by 430 students only)

Bohr proposed his model as a way of explaining the hydrogen
spectrum
If there were an infinite number of orbits around the nucleus, then we would see a
continuous spectrum(like a rainbow), not just discrete lines
When hydrogen is zapped with electricity, electrons are excited to higher
orbits

All colours or wavelengths of light carry the same energy.

22
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Democritus

Thomson

Rutherford

Bohr

Drawing

Does the model
have positives
and negatives?

Whereisthe
mass of the
atom
concentrated?

How did it
improve the
previous
model ?

5. a

b. Explain how they differ.

In what way is Rutherford's model of the atom similar to Thomson's?

In the gold foil experiment, what observation surprised Rutherford?

b. What had he expected to happen when he fired apha particles at gold foil ?
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