Atoms, molecules, lons and Periodicity
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8 Al S 35 45,3 4y kil Atomic theory and atomic structure

There are 3 laws that led to
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the development and b g A Al 4y plaill
acceptance of atomic theory,

they are:

1-Law of conservation of ALY Jads ) gila-1

mass.
2-Law of definite proportions.
3-Law of multiple proportions
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The law that states matter is
neither created nor destroyed
in chemical reaction called:
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The law of conservation of
Mmass.
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The law of conservation of
mass was discovered by:
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Antoine Lavoisier.
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The law of conservation of
Mmass means:
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Total mass of used reactants =
total mass of products produced
Or total number of reactant
atoms = total number of product
atoms.
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The law which states that all
samples of a given compound
have the same proportions of
their constituent elements
(regardless of their source):
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Law of defined proportions.
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The law of defined
proportions was discovered
by:
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Joseph Proust.
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The law which states that
when 2 elements combine in
different proportions,
different compounds will be
formed:
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Law of multiple proportions.
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Who discovered the law of
multiple proportions:

ol G518 e b e
ddc Liaall

John Dalton.
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In sodium chloride (NaCl)
always there is definite mass
to mass ratio of chlorine and
sodium, this is example of:
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Law of definite proportions.
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Carbon and Oxygen atoms
form different compound
when their atom to atom
ratio changes, this is example
of:
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Law of multiple proportions.
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salall 45 A1) (o 5illa 4 )13 Dalton's atomic theory of matter

Each element is composed of
tiny indestructible particles
called:
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Atoms. .l Al
An element's atoms are ---- in | aaall & --—m- a5l paiall & )3
size, mass and all other s AY) pailiadll JS 5 4l
properties:

Identical. PRSI

They are simple whole-
number ratios of the
combined elements
(compound):
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Molecules.

i3l

Atoms of one element ----- ---
into atoms of another
element:
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Cannot change.
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J.J Thomson cathode ray tube experiment:
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The cathode ray tube
experiment led to:
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1-The discovery of the
electron.

2-Determined the electron's
charge to mass ratio.
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Who discovered the electron:
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J.J Thomson. O smia sl
Due to the discovery of Al g8 (e () 9 IV CALES)
electron by J.J Thomson, he ay () e sk

made:




Plum-pudding model of the
atom.
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Plum pudding model of the
atom stated that:
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Atom is composed of a
positive cloud of matter in

which electrons are
embedded.
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Who discovered the charge of
electron:

Millikan. oSl
Millikan discovered the O S Al dadd Gl i)
charge of electron by: TRV TS

Oil drop experiment.
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By gold foil experiment, the
atom's ------- discovered and -
----- the plum pudding model:
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Protons / disapproved.
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Who discovered protons by
gold foil experiment:
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Rutherford.
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The results of Rutherford's gold foil experiment:
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The atom has a tiny, dense iS5 s aaea e 3l (5 giaS
center particle and this 33 A aniall 13gd 5 Ledas g
particle has the entire mass of s s LelaSly
the atom, this particle called:

Nucleus. 3153l
The ------ has practically no B Al & Al Led Ly )85 e
mass in the atom:

Electrons. Ll g SV
Nucleus is ------- charged, N Letia s 3) il
electrons are -------- charged R 3 gill g —mmeme [BEEENW
and the atom is ------- ------ :

Positively / negatively / Al dalaie [ Adls [ A ge
electrically neutral.

The amount of positive 315l (8 daa gall Aanll) A8 s
charge in the nucleus named: L
Protons. (g gl
Electron are dispersed in the PRI (B B iiie i g yiSTY)
——————————— of the atom:

Empty space (vacuum). 3L Jasall &1 all
Surrounding the nucleus.

Most of the volume of the :oe ke 3l ana dnlle
atom is:

Vacuum (empty space). gl A
They are neutral particles 3 3 Jalay Aalatial) Cilapual) o
within the nucleus of the 1 3l
atom called:

Neutrons. (g i sl
Who discovered the r Uy i gill CaliSa s (e

neutrons:




J.Chadwick 2l il

The discovery which has 35l s Wl = 38 (g Al) ekl
explained why the dense B R R NG PR PUI RN
nucleus of the atom contains fsd 5O A 540 %99.99
over 99.99% of the mass of

the atom, is:

The discovery of neutrons. Ll gy gl Calis)

Protons, electrons, and neutrons summary
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4a&l Charge  adsal) Location | Discovered by
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Electron negative -1 Outside J.J. Thomson's
(I nucleus Cathode ray tube.
(surround Electron's charge
nucleus) discovered by

3 il = Millikan's oil drop
(35l dase)  experiment.
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Proton +1 positive Inside nucleus Rutherford gold
4 ge 3) il Jalay foil experiment.
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AU
Neutron neutral 0 Within nucleus J.Chadwick
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alizll Elements

It determines the element's P aiall 458 22y
identity:
The number of protons. (g5l 2o




It's the number of protons
and is considered as the
fingerprint of any element:
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Atomic number (referred as
7).
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Each element has a:
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Unique name, symbol and
atomic number.
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The elements are arranged in
the periodic table in order of:
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Increasing of atomic number.
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il |sotopes

Mass number is:
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Protons + neutrons.
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They are atoms of one
element have the same
atomic number but different

QSE';BL@;‘SX(QBJSJJJ\ qm)g)ﬂ\
mc@uhgj)‘;:&l\ wd\sg

mass number (number of (S5 sl
neutrons):

|sotopes. ._aaal)
Isotopes are ------- identical. | = -=—--- dgllaie yilaill
Chemically. RETIEVEL
Isotopes identified by: ek oo Al Ca s
Their mass number. LS daall

<L oY) lons

It's an atom or group of
atoms has positive or
negative charge:
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The lon.
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Taking away an electron from
an atom forms:
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A cation. (+)

(+) .os8ls

Cation has ------ protons in the
nucleus than electrons
surrounding nucleus:
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More. . X
—————— tend to form cation: - 55 S Joat -
Metals .l lal)
Adding an electron gives an: i 9 Sl Adlal

Anion. With negative charge.
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Anion has ----- protons in the
nucleus than electrons
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surrounding nucleus: :3) 51l
Fewer. _Ja
Non-metals tend to form: ;S )l IS Jaas
Anions. RUH PR

Cation and Anion

Cation It forms when
atom loses one
or more
electrons in its
outer shell.
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Positive +.
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Anion It forms when
an atom gains
one or more
electrons in its
outer shell.
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Negative (-). Non-metals
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) Jsaall Periodic table

The first scientist who
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arranged the elements in i Jsa
table is:
Dmitri Mendeleev. alaie (5 yian

Dmitri Mendeleev arranged
his table in order of:
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The increasing of atomic
mass.
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The term which means to
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exhibit a repeating patterns I NBPS
is:
Periodic. ET

After he arranged his table,
Mendeleev summarised his
observations in the:
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Periodic law.




When the elements are
arranged in order of --- ---
certain sets of properties
recur periodically this law
called ------ ----- :
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Atomic mass / the periodic
law.

Mendeleev arranged rows so
that elements with --- ---- fall
in the same ---- ---- :
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Similar properties / vertical
columns.
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The scientist who proposed

s Jsaall = ) g3l Ll

the modern periodic table is: ;s Cuasll
Henry Moseley. (s 90 (5
The main difference between Cadaie Jsas G ol @A
Mendeleev's table and 1A 5% Jng

Henry's table is:

Henry arranged his table by
increasing of atomic number
instead of atomic mass.
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The modern periodic table consists of:
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7 Rows: referred as periods.
18 Columns: referred as
groups or families.
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In the modern periodic table,
columns are commonly called
families because:
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The elements within the
columns have similar physical
and chemical properties.
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Elements in the periodic table are classified into 3 major
divisions:
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Metals.
Metalloids.
Non-metals.

&2s<)) Location

Heat and
electricity

sl sl 9 31 jad)

<) el
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State at room

temperature
;\A.JJ gé Mlal\

<l Metals

oLl Metalloids
<l lal)

Non-metals
<l las

Lie on the lower
left side and
middle of the
periodic table.
el b i
e e
Jsaall Caatiag
gl
Lie along the
zigzag line
dividing metals
and non-metals.
e 3 & ymial
Ll 1S 5 el ylall
Upper right side
of the periodic
table.

They are good
conductors of
heat and
electricity.

B Ola ga
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Semiconductor
for electricity.
Poor conductor
for heat.
el Sl dlia oo 40
Comain Joa g
_3)\)&3&
They are poor
conductors of

ad a5, A
All solids
except mercury
(Hg) which is
liquid.

Alatee
49 all 5 4 o 4a 3
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il
All solids at
room
temperature.
Alalee
A2l 30 A Ax

Can be found in
all states.




e sl heat and
sl ge Ga¥) electricity.

Malleability

JS Baga

.alall
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4y 4! Ductility

Tend to form

Gkl 4L
They can be
pounded into
flat sheet.

Metals

o L oS
Aabuae 3l

Metalloids
Non-metals

Not ductile.
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(aad) AL418) il Juad
They can be They lose
drawn into electron so
wires. they tend to

& lesw (S form cation.
AL ) g iKY RS
sl

Not malleable.  They tend to

sl B e gain electron to

form to anion.
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About 75% of elements in the
periodic table are:
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o

Metals.
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Main-group elements and transition elements
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The --—-- —--- elements'
properties are largely
predictable.

Main groups.
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Transition elements'
properties are:

Less predictable.
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Transition elements also
called:

' AR ealiall e sl

Transition metals.
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A )l e sandl palic Main group elements

The group 1A elements are
called:

Alkali metals.
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The most common property
for alkali metals that:
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They all are highly reactive
metals.
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The alkaline earth metals are
located in:
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Group 2A 2A 4c ganll
Alkaline earth metals are: A YY) A slall o lal)
Fairly reactive (but not as Aoy ol i) aa JC5 ddal
reactive as the alkali metals). (Gl <l Hlal) Jia

The group 7A elements are
called:

117 / 7A de saaall palic

The halogens.
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The halogens are ----- ------
non-metals:

Very reactive. Jaa ddais
The halogens are always Laplall 8 aa o Lo Ladls ciliaa L)
found in nature as: JSE e
Salts. W

The group 8A elements are
called:
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The noble gases.
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The noble gases are mostly:
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Unreactive.
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The noble gas which used to
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fill buoyant balloons is: :sa Aaiall s gl
Helium. sl
The noble gas which used in Gl LAY (8 aadiall Jall H)
electronic sign is: L sh Ay g Sl
Neon. sl

4t )l e el 3 2l 0¥ Jons and main groups

The main group metals tend
to:
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Lose an electron or more to
form cation.
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The main group non-metals
tend to:
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Gain an electron or more to
form anion.

Aia I ) oy g i L]
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Elements gain or lose
electrons with the same
number of electrons as:
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The nearest noble gas.
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G oY) 5 Al de saadl alic Main group elements and ions

The main group elements
that form cation (metals) the
charge of ion is equal to:

(<l ) oSl S5 Al pualiall
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Group number.

Ac ganall A8

For the main group elements
that form anion (non-metals)

OS85 A A Il Ao ganall pualial
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the charge of ion is equal to: 1J 4 gl
Group number — 8. . 8 —4c ganadll 58
Transition elements may form | 4ilida gl ¢ o8 MY paliall
different ions with: L
Variable charges. Adliae cliad
4l Examples
Sodium (Na) 1A Metal +1
032 saal Sl
Magnesium (Mg) 2A Metal +2
Nitrogen (N) 15/ 5A Non metal 5-8=-3
O gl &Y
L34l Florine (F) 17/ 7A Non-metal 7-8=-1
sy
2l |ron (Fe) 8/8B Transition +2 [ +3
L?JGI:.H\
w3l Cupper (Cu) 11/ 1B Transition +1/+2
L;JI'AE.H\

4, AN Atomic mass

Atomic mass called:
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Atomic weight.
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The atomic mass represents:
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The average mass of all the
isotopes that compose that
element.
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The atomic mass weighted
according to:
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The natural abundance of
each isotope.
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The atomic mass can be
calculated by this equation:

Gk oo A, ALY s (Sa
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Atomic mass = (fraction of
isotope 1 X mass of isotope 1)

AL x 1 el Aus) Ay Al ALK
AS i 2 yalaill A + (1 el

+ (fraction of isotope 2 X mass | ... + (2 ekl
of isotope 2) + ............
Fraction of each isotope Ll ek JS ds

means:

Its natural abundance % /
100.
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9 "W &35 The electron configuration

The model that states that
electrons move in spherical
orbits at fixed distances from
the nucleus:

O e oty gl 23 5l
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Niels Bohr's model.
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The Niels Bohr's model is
similar to:
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Structure of solar system.
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Who develops mathematical dglua Gllee sk (Al s (1
equations to describe the 1l g S AS s
motion of electrons:

Erwin Schrédinger. A5y (s )
Electron location around the 23801 8l 63 Jga 09 STV &8 ga
atom's nucleus is described (sle el da il
by:

4 quantum numbers. A B8 ) 4

2 8 Y1 4 quantum numbers

N = principle energy level. (il A8l (5 fia = N

| = orbital type (s,p,d,f) (s,p,d,f) Nl gsi=1

m = orientation of orbital Dl slad) = m,

ms = spin of electron in orbital el B g AN ) g9 = my

Quantum number Name Definition Range of values

sl éﬁ\ i) il A sda
n Principle Describes the n>0

quantum energy level on n=1,2,3,4,5,6,7
number. which the orbital

)l oSG8l resides.
Alall (5 giue Caay
__)\JA\ 4:\3 A o Lﬁi‘

I Angular It defines the Oton-1
momentum shape of the s=0
guantum orbital. p=1
number. Dl KE e d=2

pa U Sl a8 ) f=3
s
m; Magnetic Describes the 3 -1<sm <
quantum dimensional
number. orientation of the

orbital.
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Spin quantum

ms
number.
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It designated the
direction of the

+1/2or p
-1/2o0r 4

Olosll SU A8 )1 electron spin.
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The significance of the
electron spin quantum
number is:
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i

determination of an atom's
ability to generate a magnetic
field or not.
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Number of orbitals and maximum number of electron in each
sublevel:
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Each orbital in any sublevel
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hold a maximum of: PO | JREX YR PEN
2 electrons. O g i)
¢ $dl Sublevel (1) |  Orbital number Maximum of
= A <l plaal) dae electrons
Cra (oY) 2l
<l g astYy
S 1 2
p 3 6
d 5 10
f 7




The maximum number of
electrons that can occupy a
specific energy level can be
calculated by:

e ) anl) Gl S
Gk

Electron capacity = 2n?

n = the number of energy
level (principle quantum
number).

an = A_il_t‘j‘):\ﬁ\).” A
oS 8 0) ZL (5 sisa 8, =n
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The electron configuration of
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helium (2e) is: LA (s A)
152 where: o) Gas 152
1 = energy level (n) (n) &kl 55w =1
s= orbital type (I). (1) Ul ¢ 5 =5

2 = number of electrons.

il Iy aae = 2

The principle that states that
in the same atom, there is no
2 electrons can have the
same 4 quantum numbers:

ot 8 4 e (aiy 53l fasl)
o Whay () (s STV (S W 3,00
eS8 )Y day ,Y)

Pauli Exclusion Principle.
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Pauli exclusion principle
means:
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Each orbital can hold no more
than 2 electrons and their
spins must be opposite.

e D) deng o) S Y )lae S
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Aufbau principle states:
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Lower energy orbitals fill before

higher energy orbitals.

Ja 4l JaY) ) ;L
ALY eI cadl

According to the Aufbau
principle, orbitals fill in the
following order:

e sy bl Tase e by
AUl il @l ladll

1s,2s,3p,4s,3d,4p,5s,4d,5p,6s,4f,5d,6p,7s,5f,6d,7p




Hund's rule states:

Aigd ¢l aly

For orbitals of identical
energy, electrons first occupy
these orbitals singly with
parallel spins rather than in
pairs.

A8l i el ) ol plaall
Sl laall sda Y gl Sl el KUY
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Another statement:

A el

When filling identical orbitals,
the electrons fill them singly
first with parallel spins.

Adlaie Gl jlae s 2ic
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ddalaie Clalad) LY

Electron configuration and orbital box diagrams
Lﬁg‘)h.d\ @)A\ Glalada g @,J:\SN\ @J)ﬂ\
as8ll) Lithium (Li)

Electron configuration:
Orbital box diagrams:

1s22s?
111
1s 2s

The main difference between
electron configuration and
orbital diagrams is:
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That orbital diagrams show
the direction of electron spin
(spin quantum number ms).
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(il B s (sladl) Ghaad e 4Bl Violations of orbital filling rules
";. .hx‘

Example of Pauli exclusion
principle's violation.
(Electrons' spins must be
opposite)
I ey (gaa3) Uad e JUa
(B9
L)l B 15 iy <) o
Example of violation of the
Aufbau principle.
(Lower energy orbitals fill
before higher energy orbitals)
s U8 25 At &5 43y
Example of violation of
Hund's rule. (electrons fill
them singly first).
i Gl e gamil Jla

Nitrogen (N)

» 1 1 1
s ]
lsl

Carbon (C)
» t 1 1
s 1
s |

Nitrogen (N)
» 1 1
s 1
s 1]

daa Al i S Valence electrons

Electrons in all the sublevels
within the highest principle
energy level (n) are called:

b gl @A;&QUJJNY‘M
() Al (5 e oY A all

: .

Valence electrons.

The valance electrons is
factor for:

1d dale el Gl Y

The way an atom behaves
both chemically and
physically.
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The highest principle energy
level is also known as:

The valence shell.

_@JBM S siual)

The electrons which
participate in bonding,
making cations (losing e) and

making anions (gaining e) are:

LY 8 L ) ol g Sy
(S s ) il € oy oS3
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Nl

The valence electrons.

The electrons in all lower
energy levels (all shell except
the valence shell) are called:

Al giaa JS = g KTV e
e Lo il siusall JS) el 23

Core electrons.

Rl )

Determine the valence electrons from the group number

For main group elements we
can determine the number of
valence electrons by:

(Sar At )l Ao ganall jualial
o Adaa Al i g yiSIY) dae pass

Gk

The main group number
(1A,2A,3A,4A,.....)

(A Racmiall) Aut ) Ae genall K3




Examples of determining the valence electrons

doa Al Gl yKIY) dae paal 30|

a8l Lithium (Li) 1A
98 Calcium (Ca) 2A
Aluminium (Al) 3A
o siia sl

=il Tin (Sn) 4AA
&2, Arsenic (As) 5A
< S Sulfur (S) 6A
25 lodine (1) 7A
o5l Neon (Ne) 8A

W N
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U ¥l 5 S5 S & 68l Electron configuration and ions

Atoms gain or lose electrons
forming ions to:

45 68 LSS ) i g i) 3 A1) asds
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Have electrons as same as the
nearest noble gas.
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lons have different electron
configuration from atoms
because:

alidy b g g SV a5 il
P Gl AN e

lons have more or less
electrons than atoms.

< ¥ <l A ABia) Examples of atoms and ions

3,4 Atom Electron
configuration
I AN a5l
Li 15225t
F 1522522p5

Gs:Y) lon Electron
configuration
AN 2 sl
Lit* 1s2
F1- 1s22s%2p°




+ jon means lose electron. (A GludS) day aga (g

- ion means gain electron. 9 AS 388 eyl ¢y 0




