SMD, Chemistry 1

Science meets Dharma: Introduction
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How does Science work?
1. Model of reality /observation
U
2. Hypothesis (to explain observation)
y "
3. Control experiment
U
4. Results
U N

5. New model of reality

It is important to document so other people
can follow and repeat the experiment!

The box game
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Chemistry gzvagx#53q

1. Properties of a

substance (matter)
We examine different substances

systematically: How do they react? What do

we observe?
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Color/ smell
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State of matter (solid, liquid,
gaseous)
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Boiling point
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Melting point
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Magnetism
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We can use the different properties to
separate two substances.

rENgRE &'ﬁ'&g"ﬁﬁ'ﬁﬁ'ﬁﬁ:@ 'g’g&'ﬂ% &
SR

Experiment: a mixture containing iron
powder and sulfur powder. Observation?
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*  Solubility of sugar and salt in different
solvents. Observation?
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* Mix different liquids. Observation?
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2. Pure Substances
Different meanings of “pure” or Purity
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Pure substance in Chemistry means:
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Model:

3. State of matter

Candle or ‘“‘ch6-may” experiment (3 states of
wax, Paraffin)

Carefully observe the flame. What burns?
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Model:
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solid SRANIZAN]

Experiment: The same amount of water and
alcohol get mixed. Observation?

Explanation?

liquid TEXTZAN]

gaseous ARNFZAN]
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4. Elements and compounds
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Using chemical methods, a pure substance can
still be further dissected. The smallest particles
that can’t be further dissected are called atoms
(simplification!). A substance made out of the

same kind of atoms is called an element.
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In science, is water considered an element?
= water electrolysis

Model of an atom, Rutherford experiment
(conducted in 1911), page 11, Chemistry book

Elementary Particles

Protons:

Neutrons:

Electrons:

* There are even smaller particles, but they
are not important for the understanding of

chemistry.
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* Altering the state (solid-liquide~gaseous):

The molecule doesn’t change! The relation

between the molecules changes.

* If the molecule changes, you have a totally

new substance with new properties!

* Compounds are made out of one kind of
particle called molecule. One molecule is

made out of different atoms.
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5. Periodic table (page 17)

Chemistry has a language with symbols. These
symbols are used in the Periodic Table.
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The most important Symbols are: ﬂm'gﬁ&&gﬁ'%ﬂ&?&@%{

H K Zn
C Ca Sn
N Cl F
Na Ag Cu
o Au Fe
S Hg

Formulas show information about the

molecules or compounds: Which elements are
involved, how many atoms of each element and

how the atoms are bonded with each other.

Example of formulas:

Water: H,O 0)
/N

Salt: NaCl
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6. Chemical Reactions
Chemical reactions are transformations: The

involved substances change and transform into
new substances. The molecules get torn apart

and put together in a new way.

Experiment: Iron and sulfur-mixture.
Observation?
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Experiment: Steel wool on a balance.
Observation? Make a sketch:
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Explanation? AqRGS|

Again: Candle Experiment

We know already that the wax gas burns...
What exactly happens in the burning process?
Write all your observations down and make
sketches if needed!
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7. The Spherical Cloud Atomic Orbital —

Model

We know what the nucleus of an atom with the
protons and neutrons looks like. Let’s have a
closer look at the diffuse cloud of electrons.

It looks like an onion:

The first shell can hold only 2 electrons.

The second and third can hold up to 8 electrons
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The chemical properties of an atom are
determined by the number of electrons in the
outer shell.

More experiments and calculations showed that
the second and third shell actually consists of 4

spherical clouds containing 2 atoms each.
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The better a model about the electron cloud is,
the more observations can be explained.

With this model we are able to explain the bonds between atoms.
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8. Covalent bonds

Atoms feel more comfortable when their outer
shell (Orbit) is full. The state with a full outer
shell is called noble gas configuration. Noble
gases are very stable elements and they don’t
react with other elements. In other words,
atoms share electrons in order to achieve a
stable electron structure.

Chlorine gas molecule, Cl,:
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Both atoms share one pair of electrons (one electron cloud).
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Oxygen gas molecule, O,:

Oxygen atom Oxygen atom

Oxygen molecule

Two pairs of electrons are shared, so this bond is called double bond.
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Nitrogen gas molecule, N,:

Nitrogen atom

Nitrogen atom

Nitrogen molecule

Three pairs of electrons are shared, so this is called triple bond.
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9. lonic compounds
Some atoms tend to gain or lose electrons to

achieve a full outer Orbit. The result is either a
positive or negative charged atom. We call
them ions. Positive and negative lons are

strongly attracted to each other

Example: Sodium has two full Orbits and one
single electron in the outer shell. This is a very
unstable electron arrangement. When the
sodium atom loses its outer electron, it becomes

a positive Ion:
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The opposite happens with a Chlorine atom: In
order to achieve a full outer shell, it takes up one
electron and shows the same electron structure as
the noble gas Argon. Now it has one more
electron than proton and therefore has a negative

charge. It’s called a chloride Ion.
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Chlorine atom Chlorine ion

Sodium chlorine or salt X

Because the sodium chloride compound is made out of ions, it is called an ionic compound.
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