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Module Goals

(1) Elements
* Define the term element
+ Summarize the origins of their names

(2) Atomic Theory
* Summarize the experiments that
identified electrons and protons and
defined their important properties
+ Describe the scattering experiments
leading to the nuclear model of an atom

(3) Atoms
* Summarize key feature of atoms - their
size and properties
+ Explain how mass number is defined
* Describe the basis of isotopes

(4) Periodic Table

* Show how elements are organized in the
Periodic Table in terms of Groups and Periods

+ Identify metals, nonmetals and metalloids

+ Illustrate how the Periodic Table can be used
to understand valencies and reactivities of
elements and their ions

(S) Compounds and Mixtures

+ Define the term compound and illustrate
how they are defined by their physical and
chemical properties

* Provide guidelines to naming of simple
compounds and ions

* Define the term mixture and introduce the
concept of phases

(6) Units and Calculations

* Discuss primary and secondary units
* Present guidelines for determining
significant figures in chemical calculations
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Matter is the physical material that makes up the universe
and possesses both mass and volume.

In this Introduction we focus on physical properties and
develop guidelines for carrying out calculations involving

Chemistry chemical problems.
* Involves the study of matter and the changes that it We begin the discussion of chemical changes in the module
undergoes on Stoichiometry.

+ Focuses on the types and amounts of substances that
determine the composition of matter

Substances have defined and fixed « ition.

I

The properties of matter can be conveniently divided into

: I A N Using scientific concepts requires precise definitions of
physical properties and chemical properties.

words that are commonly used in everyday language.
Physical properties are those possessed by a substance
on its own and include density, melting point, boiling
point, temperature and color. Physical changes occur
when the substance alters its physical form without
altering its composition .

An example is the distinction between

+ Speed that involves only a magnitude: the car is
traveling at 50 miles/hour or the baseball is moving at
20 meters/second

+ Velocity that requires both a magnitude and a direction

Examples: ice melting to form water and water boiling to and is therefore a reference coordinate system. Using a

form steam. map, the car is traveling 50 miles/hour east. Using a

coordinate system the baseball is traveling 20

Chemical properties describe the way a substance reacts meters/second along the x coordinate.

to form other substance(s). Chemical changes, called
chemical reactions, occur when one or more substances In everyday use, speed and velocity are often used
convert into other substances. interchangably.

Example: Formation of calcium oxide and carbon
dioxide on heating calcium carbonate

. heat
CaCOy(solid) = .. CaO(solid) + CO4(gas)

Web Resources

Chemical Propert|lies (W)
Physical Propertjies (W)
Chemical / Physi call Properties (CW)



http://en.wikipedia.org/wiki/Chemical_property
http://en.wikipedia.org/wiki/Physical_property
http://chemwiki.ucdavis.edu/Analytical_Chemistry/Chemical_Reactions/Properties_of_Matter

[ Elements
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ELEMENTS
Aluminum (Al)
Americium (Am)
[America]
Calcium (Ca)
Californium (Cf)
[California]
Chlorine (CI)
Copper (Cu)
[cuprum]
Curium (Cm)
[Curie]
Hydrogen (H)
Iron (Fe)
[ferrum]
Magnesium (Mg)
Mercury (Hg)
[hydrargyrum]
Nitrogen (N)
Oxygen (0)
Phosphorus (P)
Silicon (Si)
Silver (Ag)
[argentum]
Sulfur (S)

Elements are substances composed of only one type of
atom. Atoms constitute the smallest particles that retain
the characteristic properties of an element.

By 2011, 112 elements had been identified. Ninety are found
in nature and the others have been synthesized in laboratories.

Elements vary widely in their abundance. Ninety percent
of the earth's crust is composed of five el ts: oxygen,
silicon, aluminum, iron and calcium.

Elements are

+ Symbolized by one or two letters with the first
one capitalized.

¢+ Organized in the Periodic Table that provides a
systematic way of understanding their
properties.

Origin of names:

(1) Some elements were used in relatively pure form by the
early Greeks, R and Chi Such el ts
often have names containing Greek, Latin or
non-English language roots.

(2) Other elements were first isolated in the

180 and 10t Centuries and often have symbols that
reflect their English language names.

(3) Elements discovered or synthesized in the 20th Century
are often named after an individual or a location.
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Antiquity

Democritus (460 - 370 BC) postulated that matter was composed
of indivisible particles that he designated as atoms. Between
atoms there was only empty space.

Aristotle (384 - 323 BC) conjectured that it was impossible for
nothing to exist. His pervasive influence resulted in the
suppression of the concept of atoms for 2,000 years.

17th and 18th Centuries

In the 17th Century, Robert Boyle's studies of gases led him to
argue that el ts were c d of "simple" bodies and
that "mixed" bodies were compounds formed from "simple"
bodies.

In the 18th and early 19th Century, three conservation laws

were formulated. These provided the basis of a revival of the

concept of atoms.

(1) Lavosiser's combustion experiments led him to formulate
the law of conservation of mass: The total mass of
substances does not change during a chemical reaction.

(2) Further studies of chemical reactions led to the law of
definite composition: Independent of its origin, a given
chemical compound is composed of the same elements
with identical fractions by mass.

(3) Based on his experiments, Dalton formulated the law of
multiple proportions: If A and B react to form two
compounds, the ratio of masses of B to a fixed mass of A
can be expressed as a ratio of simple numbers.

Early 19th Century

Dalton's Atomic Theory

In 1808, John Dalton published his atomic theory in

the form of postulates:

* Elements consist of small particles called atoms
that cannot be either created or destroyed.

+ All atoms of a given element have identical
properties including mass and differ from atoms of
any other element

* Atoms of one element cannot be converted into
atoms of another element. In a chemical reactions,
substances are transformed, but atoms remain
unchanged.

+ Compounds contain specific ratios of different
atoms.

Web Resources

Atomic Theory (W)

Hi story of Mol eclul es (W)

[TO9


http://en.wikipedia.org/wiki/Atomic_theory
http://en.wikipedia.org/wiki/History_of_the_molecule
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Experiments at the end of the 19th Century and the
beginning of the 20th Century provided convincing
evidence for the existence of atoms and molecules.

Charged sub-atomic particles
Experiments with newly developed cathode ray tubes
established the properties of charged particles.

Cathode ray tube experiment

Cathode Anode

Phosphorus screen

Power
Source

A cathode ray tube consists of a nearly evacuated glass
tube one end of which is coated with phosphorus.

+ Applying a potential across the two electrodes generates
a ray that originates at the negative electrode (cathode),
moves toward the positive electrode (anode)

* The beam's position is located by the bright spot on
the screen.

In 1896-97 J.J. Thomson measured the mass to charge
ratio of the cathode ray particles and found identical
properties using 20 different metals as the anode.

Unperturbed cathode rays travel in straight lines, but can
be deflected by electrical or magnetic fields. Measuring
these deflections permits the mass to charge ratio to be
determined.
Charged plates cause the cathode ray beam to bend
toward the positive electrode
Cathode Anod

€ Charged plates ~ Phosphorus screen

Power
Source

A magnet also causes the ray to bend.

Power
Source

Magnet

Thomson estimated that the mass was less than 1/1000 of
that of a hydrogen atom and concluded that these
extremely small charged particles, later named electrons,
must be constituent parts of elements.

The accepted value of mass/charge of an

electron = -5.686 x 101 kg/C

Web Resources

Cathode Ray Tubels (W)



http://en.wikipedia.org/wiki/Cathode_ray_tube
http://chemwiki.ucdavis.edu/Analytical_Chemistry/Chemical_Reactions/Properties_of_Matter

[ Charges on Electrons and Protons |
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Charge on an Electron: In 1909, Robert Millikan

determined the charge on an electron. The measurement

involved

+ Using an atomizer to generate oil droplets which under the
influence of gravity passed through a small hole in a
positive charged plate. The mass of the droplets was
determined from velocity measurements.

+ Using X-rays to ionize air and form electrons that
adsorbed onto the oil droplets

+ Analyzed the forces exerted on the drops by gravitational
and electrical fields and obtained multiples of

-1.60 x 10°1° C for the fundamental charge on an electron.
+ His value was within 1% of the accepted value today.

Positively charged particles: In 1886 Eugen Goldstein using

a cathode ray tube with holes in the anode provided evidence

for positively charged canal rays.

* Electrons emitted from the anode collided with gas
molecules generating positive ions.

+ The positive ions pass through the holes in the cathode

+ Deflection experiments using magnetic and electrical fields
showed that these rays were positively charged and
massive compared to the cathode rays.

Electrodes that deflect
the positive ions

Cathode

Anode:

° C I a7
e ° e o
L) o U, =7

Varying the charge on [+

Atomizer: the plates affects the

Generates \‘ velocity of the charged | | The mass of the charged particles depended on the type of

:;:::ﬁlm oil droplets. gas used. Hydrogen had the largest mass to charge ratio

under the Positively and was deemed to be the fundamental positive charge.

effect of charged : Ernest Rutherford named them protons (Greek word

gravity plate meaning "the primary one").

/ The Plum Pudding model of atoms ey

X-ray source: Negatively was proposed by Thomson: Atoms / %

Rays ionize air charge where diffuse positively charged & \'|

generating plate spheres containing electrons that ( |

:;Z?:;’;:gl;:e Microscope: circulated within the sphere. \ /

oil droplets Permits viewing of Rutherford later showed later this ) _

individual oil droplets model to be wrong. —
Web Resources

Oil Drop Experin e oldstien W) [Tod
Crookes Tube (W)|Plum Pudding Model (W) [TOd]



http://en.wikipedia.org/wiki/Oil_drop_experiment
http://en.wikipedia.org/wiki/Crookes_tube
http://en.wikipedia.org/wiki/Eugen_Goldstein
http://en.wikipedia.org/wiki/Plum_pudding_model

[ Radioactivity and Rutherford's Scattering Experiment
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Radioactivity: In 1896, Henri Becquerel discovered that
uranium ore emitted rays that darken photographic plates.
In 1898, Marie Curie isolated the elements plutonium and
radium and suggested that these rays were emitted when
atoms disintegrated by radioactive decay.

Three types of radioactive decay were found

+ Alpha rays that were identified by Rutherford as the
positive charged (+2)mass helium nucleus

+ Beta rays that were shown by Rutherford to be negatively
charged (-1) particles (electrons) and identical to the
cathode rays.

+ Gamma rays that were uncharged and behaved like light

A;<ﬂ
-

Charged
electrodes

o rays

B rays
Lead box containing

a radioactive source

The Nucleus of an Atom: In 1911 Rutherford devised
an experiment to test Th 's "plum p
model of an atom.

The apparatus consisted of a radioactive source that emitted

a rays, a thin sheet of gold foil and a circular fluorescent
SCreen.

Ading"

A beam of small, highly charged o particles impinged on a
thin gold sheet. The emerging rays are detected by the
fluorescent screen. The expectation was that virtually all of
the particles would pass through the foil unperturbed, any
possible deflections would be exceeding small.

While most of the particles passed directly though, a few
particles were deflected in some cases by angles greater

than 90° - a completely unexpected result.

Rutherford
proposed a model
for an atom: most of
an atom's mass and
all of its positive
charge resided in a
very small dense
nucleus and most of
an atom's volume
was occupied by
electrons.

gold foil

\luures cent

screen

"™ a.particle
source

Rutherford's model for the atom accounted for its charge
distribution,. but not for its mass. In 1932 Chadwick
detected the uncharged neutron, which resides in the
nucleus and has a mass almost equivalent to that of the
proton.

Web Resources
Radioactive Deca;Ru(t\Q,)erford Scattering (W)
Radioactive DecafRu¢Bgyford Model (W)



http://en.wikipedia.org/wiki/Radioactive_decay
http://chemwiki.ucdavis.edu/Physical_Chemistry/Nuclear_Chemistry/Decay_Pathways
http://en.wikipedia.org/wiki/Rutherford_scattering
http://en.wikipedia.org/wiki/Rutherford_model
http://chemwiki.ucdavis.edu/Analytical_Chemistry/Chemical_Reactions/Properties_of_Matter

Atoms |
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Atoms contain 3 subatomic particles The atomic mass of carbon-12 is assigned a value of
. _ 4 exactly 12 and defines the basis for atomic masses of all
* Electrons with a mass of 5.486 x 107" amu and a elements. The atomic mass unit, amu, is 1/12 of the mass
charge of -1.602 x 101%¢ of carbon-12.
+ Protons with a mass of 1.0073 amu and a charge of The relative atomic mass is given by
Le02x101° ¢ .

- . . . mass of an atomn (amu)
* Neutrons with a mass of 1.0087 amu and no charge relative atomic mass =

12 C

An atom is a spherical, electrically neutral entity

Emﬂss of atom (amu)
composed of

+ A nucleus containing the protons and neutrons with a Note: The mass values given in the Periodic Table are

unitless because they are realtive atomic masses given

the atomic mass in amu divided by 1 amu (1/12 the mass
12,

» A diffuse electron cloud with a diameter of 1078 cm of one ““C in amu).

Number of protons = number of electrons

diameter of 10—13 cm and 99.97% of the atom's
mass.

Elements are characterized by
+ A symbol and a name

- A 5 1 d
its nucleus and 6 electrons in a diffuse shell around the nucleus. An atomic r.Z,

protons in the nucleus

This is an atom of carbon containing 6 protons and 6 neutrons in

ting the ber of

+ A mass number, A, giving the sum of number of
protons and neutrons

i . -13
Nucleus ‘ ‘ 107 cm
L ]

Atomic
6 | number = 20
C -+—1— Symbol - Ca
Carbon Name Calcium
Electron clond 12 +—7— -\Iﬂsi — -4
108cm
Web Resources
Atom (W) At omic Number (W)
At om ( CW) At omi c Mass Overyiew (CW)

Atomic Mass (W)



http://en.wikipedia.org/wiki/Atom
http://chemwiki.ucdavis.edu/Physical_Chemistry/Atomic_Theory/The_Atom
http://en.wikipedia.org/wiki/Atomic_mass
http://en.wikipedia.org/wiki/Atomic_number
http://chemwiki.ucdavis.edu/Physical_Chemistry/Atomic_Theory/Atomic_Mass
http://chemwiki.ucdavis.edu/Analytical_Chemistry/Chemical_Reactions/Properties_of_Matter

[ Isotopes |

Isotopes—While an element has a single atomic number
(number of protons). many elements have several masss
numbers (the total number of protons plus neutrons).

A few el ts such as fluorine and phosphorus

have only one mass ber. Most el ts have two or
more different isotopes.

Isotopes are designated by a

+ Superscript that gives the mass number equal to the
sum of protons and neutrons

+ Subscript that gives the number of protons.

Thus number of neutrons equals the mass b

(superscript) - number of protons (subscript).

The atomic weight of an element reflects the contributions
of its isotopes and can be calculated from the sum of the
products of % abundance times atomic weight.

Example: calculate the atomic weight of Ag given that it
has two isotopes

+ 51.84 % (0.5184) abundance of $7Ag =106.90505 amu
+ 48.16% (0.4816) abundance of $2Ag =108.90476 amu

T
Atomic Weight of Ag = (0.5184)(106.905090 amu)

+(0.4816)(108.90476 amu)
=107.8682 amu

Page & of 25
Flement Symbol Atomic Isotope Mass %0 Abundance
Weight (amu)

Hydrogen 1H 100794 1.0078 99.985
(Deuterium) “H(D) 2.0141 0.015
(Tritium) 3H('l') 3.0161  does not exist in nature
Silicon Mg 280855 27.9769 92.23

g3 28.9765 467

30g; 28.3738 331

The mass of an atom is always less than the sum of its
constituent particles. For example with deuterium, we
can estimate the sum of the mass by adding the masses
of a proton and a neutron

iH(l.l]l]?Z?ﬁ amu) + ;n(l.l]l]SﬁﬁS) =2.015941 amu.
-
The actual mass is iH =2.001355 amu. The difference
2.001355 amu - 2.015941 amu = -0.00239 amu
measures binding energy that is emitted when a
deuterium atom forms.
‘We can express this difference in mass in terms of energy
using Einstein's equation, AE = (mn)cz, where c is the
velocity of light. For deuterium, this binding energy is
2.1 x 10® KI/mol.

|

Web Resources

Isotope (W) Mass Sspectrometfty (W)

Lsotopes ( CW) Mass Spectrometr (Cw)



http://en.wikipedia.org/wiki/Isotope
http://chemwiki.ucdavis.edu/Wikitexts/UCD_Chem_124A%3A_Kauzlarich/ChemWiki_Module_Topics/Isotopes
http://en.wikipedia.org/wiki/Mass_spectrometry
http://chemwiki.ucdavis.edu/Organic_Chemistry/Virtual_Textbook_of_OChem/Spectroscopy/Mass_Spectrometry
http://chemwiki.ucdavis.edu/Analytical_Chemistry/Chemical_Reactions/Properties_of_Matter
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Groups —= 1A Perodic Table of the Elements 8A
Periods i 5 | ] Metais (main group) Atomic numoer ?
\1 LA 2A [ Metms transivon) T 3A 4A 5A BA TA M
3 7] matals (irter transitian) Si T | 7 | 5 | = 3
11 2| L [ Metalloids Sileon Name o L B T I
Na — 4 ] Monmatals T 18
Na | Me — 8B — Ar ;
Sodium |# S| 38 4B 5B 68 78| e 28 M| Ar
L] 20 an n n M4 » 0 n m » L1} & Argcm
4 ”:\ Ca | Se “IL v Cr | Mn | Fe | Co | NI n(;:. n Kr
=1 5 |37 [ 3% | 3 [ 40 | 41 |42 | & | @ | 45 | a6 | 47 | @ 4 =18
n':ﬁlalm 53:»’ ' Zr | Nb | Mo | Tc | Ru | Rh | Pd :i. cd Xe
1 G === w % |
La Hr Ir Pt An Hg Al Rn
Ed 04 e | 1 [ |z B
Rr Mi
6 Lanthgnides Nd | Pm | Sm Gd | ™ vo | v | Lanthanides
T Actinides U | Np | Pu|Am | cm | Bk Actinides

(1) Element boxes: The elements are arranged in the
Perodic Table in boxes in which the atomic number, Z,
increases from left to right. Each element is identified by
its symbol, atomic number and name.
(Note: Atomic masses are given in the AM]1 and ANM2
hot spots the top of this page)
(2) Periods and Groups: The boxes are organized into

+ Periods (horizontal rows) numbered 1 - 7
* Groups (vertical columns) numbered 1 - 8 with A and B

(3) Main and Transition Groups:

+ Eight main-group elements, designated by an A
letter, occupy the two left and six right columns.

+ Ten transition-group elements, designated by
a B letter, lie between the 2A and 3A columns.

* Two series of inner transition group elements,
the lanthanides and the actinides, lie between
groups 3B and 4B. They are usunally

displayed helow the main Periodic Table.

Web Resources
Periodic Table (|W)
Periodic Table (|CW)

[TO9


http://en.wikipedia.org/wiki/Periodic_table
http://chemwiki.ucdavis.edu/Wikitexts/ChemTutor/Periodic_Table_of_the_Elements

[ Metals, Nonmetals and Metalloids

Groups —= 1A

L
H

[] Metais (main graup)
2A [T Metais itransition)
1] Matals {inter transition)

Periods\'\1

6 Law

T acsinices

Metals (blue regions)—About 80% of

the elements are metals. They are

* Usually shiny solids at room
temperature (mercury is the only
liguid)

» Readily conduct heat and electricity

* Malleable (can be rolled into sheets )
and ductile (can be drawn into wires)

B 48 58 6B 7B B —1B B

Perodic Table of the Elements
Atomic number
14
o E 35\ 4A SA 6A ?A
- ‘ HB .,:.:

]

Phre
17
(

Nonmetals { ) are located

in the upper right hand part of the

table, except for hydrogen. They are

+ Either gases at room temperature or
brittle solids (bromine is the only
liguid)

* Poor conductors of heat and
electricity

| Page 10 of 25 ‘

Metalloids (green region) are
also called semi metals and
possess some of the physical
properties of metals but some
of the chemical properties of
nonmetals.

Usually B, Si, Ge, As, Sh, and
Te are included in this list.

Web Resources

Met al s
Nonmet |
Met al |

(w)
as
ds

(w)
(W)

i



http://en.wikipedia.org/wiki/Metal
http://en.wikipedia.org/wiki/Nonmetal
http://en.wikipedia.org/wiki/Metalloid

[ Chemistry of the Groups 1A to 4A| |
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Group 1A The Alkali Metals

+ Solid metals at room temperature

+ React with water producing hydrogen
and an alkaline solution

+ Occur in nature only as compounds
such as sodium chloride

Group 2A The Alkaline Earth Metals

+ Solid metals at room temperature

* Ca. Sr and Ba react with water producing hydrogen
and an alkaline solution. Mg reacts with stream, but
not liquid water, to from an oxide and hydrogen. Be
does not react with either liquid water or steam.

+ Occur in nature only as compounds.

Atomic Densi;y Melting Atomic Density Melting
E!er{lent Symbol Radius (A) (g/cm~™) Point°C El t Symbol Radius (4) (gcmS) Point °C
Lithium L L= 0.53 151 Benylium ~— Be  I.I3 183 1278
Sodium Na 186 0.97 o8 Magnesium Mg 1.60 1.74 649
Potassiom K 2.27 0.86 63 Calcium Ca 197 154 839
Rubidium  Rb  2.47 153 39 Strontium sr 215 2.54 769
Cesium Cs 265 1.88 18 Barium Bs 217 3.51 725
Francium Fr
Group 3A The Boron Family Group 4A The Carbon Family
- B is a metalloid, the other Groups 3A +Cisa nolnmetal, Si and Ge are metalloids and Sn and Ph
elements are metals are metals
« Aluminum is the most abundant metal in + Carbon forms the basis of all fossil fuels as well as the
the earth's crust basis of most biogical molecules and many polymers.
+ Ultra pure silicon is used in computer chips.
¢ Silicon is a major component in minerals, clays, etc as
Atomic Density  Melting well as in glasses. Atomic Density Melting
Element  Symbol Radius (4) (g/em®) Point °C Element Symbol Radius(A) (g/em®) Point °C
Boron B U85 I35 AR Cabon—~ —C— —U'T'J"— S T
éh:lm — ‘él };’? %;g 6fg o silicon si 118 2.34 1420
a 1 p > - Germanium Ge 122 5.32 945\
Indium In 1.67 7.31 157 Tin Sn 1.40 726 232
Tellurium Te 1.70 11.85 304 Lead Pb 1.46 1'1;4 ;,’;




[ Chemistry of the Groups 5A to 8A |

Group 5A The Nitrogen Family

* N comprises 75% of the earth's atmosphere

* N is a key component in amino acids and other
biological compounds

* Ammonia, NHS’ is used in fertilizers

* P occurs in biological compounds such as DNA
and materials including teeth and bones.

Group 6A The Oxygen Family

* O comprises 20% of the earth's atmosphere and as part of
water forms the most important compound on earth.

+ O reacts with most other elements and combustion reactions
involving fossil fuels consitute a major energy source

* 8§ can be found in nature as a yellow solid containing eight
member, crown shaped rings

* Po is radioactive

Atomic Density Melting Atomic Density Melting
Element Symbol Radius(A) (g/em®) Point °C Element  Symbol Radius (4) (glem®) Point °C
Nitrogen N 0.75 0.879 210 Oxygen o 0.73 1.43(gL) -219
Phosphorous P 1.10 1.82 44.1 Sulphus S 1.03 2.07 113
Arsenic As 120 5.78 816(39 atm) Selenium Se 119 428 217
Antimony Sh 1.40 6.70 631 Tellurium Te 1.42 6.25 452
Bismuth‘ Bi 1.50 9.81 271 Polonium jile] 1.68 914 254

Group 8A The Noble Gases

* Are the least reactive of all elements also called Inert
gases

» Occur with low abundance in the earth atomsphere
called rare gases for this reason

» After 1965 a few Xe and Kr compounds containing
fluirid and/or oxygen were synthsized.

Group 8A The Noble Gases

» Are the least reactive of all elements also called
Inert gases

* Occur with low abundance in the earth atomsphere
called rare gases for this reason

* After 1965 a few Xe and Kr compounds containing

fluirid and/or oxygen were synthsized.
a

Atomic Density Melting Atomic Density Melting
Element Symbol Radius (A) (STP,gM)  Point °C Element Symbol Radius(A) (STP.g1) Point °C
Helium He 031 0178 - Helium He 03T U178 -
Neon Ne 0.71 0.900 -249 Neon Ne 0.71 0.900 -249
Argon Ar 0.98 1.78 -189 D.-—\rgon Ar 0.98 1.78 -189
Krytom Kr 1.12 3.75 -157 Krytom Kr 1.12 375 -157
Xeon Xe 1.31 5.90 -112 Xeon Xe 1.31 5.90 -112
Rad Ra 344 073 71 Raden Ba 140 073 71

Page 12 of 26
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Compounds are substances formed by a chemical reaction
involving two or more elements. They have different
properties compared to their constitutent elements. For

Three laws formulated during the late 18th and early
19th Centuries provide insights into the properties of
compounds and set the basis for formulating the

example properties of atoms, molecules and ions.
+ Oxygen and hydrogen, two gases, react to form water—a

liguid at room temperature

* Sodium, a metallic solid, and chlorine, a yellowish gas, (1) Law of Mass Conservation (1774) —The total mass of a
react to from sodium chloride, a white crystalline solid. substance does not change during a chemical reaction.
First stated by Antonine Lavoiser (1743-1794), and
We distinguish between based on his combustion experiments.
+ Chemical changes or reactions in which substances are
transformed into different substances with different (2) Law of Definite Proportions (1799) —a given
properties and compositions compound always contains exactly the same
+ Physical changes in which the composition remains proportion of elements by mass.
unaltered but the physical state changes. For example ice First stated by Joseph Proust (1754-1826) based on
melting to form liquid water. experiments in which the composition of
compounds was carefully determined.
The composition of a comp d
+ Is defined in terms of the ratio of of its el ts (3) Law of Multiple Proportions (1803) —If elements A
* Designated by its chemical formula which specifies and B r?“t to form more than one f?mpojmd’ the
the ratio of the constituent elements. Examples: proportion of of B that ¢ A with a fixed
Water, H,O, has two hydrogen atoms associated ::;112::\ can be expressed as a ratio of small whole
with onr oxygen atom. With sodium chloride, NaCl, First stated by John Dalton (1766-1844) based
the ratio of sodium ions to chloride ions is one to on the study of two or more compounds
one. containing the same elements.
Web Resources

Chemical Compounfds (W) o .
Chemical Compoun"'-‘awf ,e\tm Definite Proportions

Conservation of Myuo;f\,\,\l\/lultiple Proportions



http://en.wikipedia.org/wiki/Chemical_compound
http://chemwiki.ucdavis.edu/Physical_Chemistry/Quantum_Mechanics/Atomic_Theory/Chemical_Compounds/Chemical_Compounds
http://en.wikipedia.org/wiki/Conservation_of_mass
http://en.wikipedia.org/wiki/Law_of_definite_proportions
http://en.wikipedia.org/wiki/Law_of_multiple_proportions

Web Resources

Mol ecul e (W)

l on

(w)



http://en.wikipedia.org/wiki/Molecule
http://en.wikipedia.org/wiki/Ion




















































