
Periodic Table of Elements
• •

• • e-

Group - vertical column atomic number
no,

chemical name carbon number of protons (pt) in nucleus
pt6 -

ex : carbon has bptall elements have same number of valence electrons
chemical symbol [

ex : group 1 all have / outer e- • •

12.01 - relative atomic mass Ar

average mass of the
atom ( nucleus only )

• •

• • • • * electrons (e- ) not considered as too light (0.0005)
⑧ ② PD

H • Li •
; Na 3 •

••

: ; K : : • Ar = protons + neutrons (n°1)
0 O O O

o o

group # = number of valence e- ( before (a)
*groups 13-17 treat as 3- 7

* group 18 all outer shell

Period - horizontal row

all elements have same number of electron shells
ex : period 3 all have 3 electron shells

so 8 D 8 B 8 so g

p PB P p

; Na : • : Mg : : : Al : : : Si : :

O O 0 0 ° O o O

③ ⑤ ⑦

period # = number of electron shells ( before (a)

# elements in each period = max # of electrons
in each shell

period I = 2 e- max 3 = 8 e- max

2 = 8 e- max 4 = 18 e- max

synthetic man-made elements
,
not naturally-occurring

Drawing atomic diagrams
Non -metals mainly undergo covalent bonding but also ionic bonding with metals ex: carbon C

general properties : poor electrical /thermal conductors , dull, brittle , low m.p. /b.p . determine pt : atomic number • •

mainly gas at room temp (some lands) pt = 6 • •

determine e- : same as atomic number e- = 6 Gpt
Metals mainly undergo metallic bonding but also ionic bonding with non -metals (as atoms on table are neutral) no = 12.01 - 6 6no

general properties : good electrical /thermal conductors , shiny , malleable , high m.p. /b.p . = 6

nearly all solid at room temp ( only Hg is not - is e) determine n° : atomic mass - atomic number shells = 2nd period • •

= 2 shells 12,41

Metalloids mainly undergo covalent bonding with non -metals ( but also ionic bonding determine number of shells : period number



Chemical Bonding
ion : a charged atom

. Can be positive cation or negative anion

cations are formed by an atom losing / or more electrons anions are formed by an atom gaining / or more electrons

typically , ions are formed because atoms '
seek

'

to have a full valence shell to become more stable

ex: sodium has one valence e-
.

ex: chlorine has seven valence e-
.

it can either lose 7 or gain 7. Easier to lose I it can either gain 7 or lose 7. Easier to gain I

+
. '

gain e-
. - -

D 8 so 8 D 8 8 8

11 pt •• •• 11 pt /7- pt •• •• / 7-pt
i Na : • ; Na : : : Cl : • : ; Cl : •

+ 11 e- + 10 e- + 17 e- + 18 e-
O O O O O O O O

0 net charge
lose e-

+1 net charge 0 net charge
. ' ' ' -1 net charge

\
can predict what ion an atom will make by examining their group number :

Group / = / valence Group 2 = Zt Group 14 (4) = mainly covalent Group 16 (6) = 2- Group 18 (8) = already full
-
: will lose / : It Group 13 (3) = 3+ Group 15 (s) = 3- Group 17 (7) = I

_

no charge

electronegativity : the tendency of a nucleus to attract bonding electrons
.

1.e. the more it attracts
,
the more electronegative

depends on number of protons in nucleus depends on distance between nucleus and bonding electrons

N O F
• •

ex:
' ' ' ' ' '

more protons ex:
• • • • greater distance

p• PD p• ⑧ ② PD p•

Gpt - 7-Pt : : 8p+ i
mean stronger pull

Li •
? Na ? • : i K : : • means weaker

. . . . . . • ◦ • ◦ attractive force
P 0

increasing electronegativity

decreasing electronegativity

☆ if the difference between electronegativities is very large > 1.4 on Pauling scale , one atom will pull an electron from another

*Ionic bonding : electrostatic force of attraction between negative and positive ions . recant : positive and negative attract

metals tend to have a small number (< half of their max valence electrons

low electronegativity tend to donate " remove their "t" """"") µcausing full inner shell to become its valence shell i. becoming cations (t)

. . ' '

✗× . . . .
z+

. .
2- µPD PD

¥ iii * *≈ : ◦ : : : Ms : ¥ : : : : MgO
#

✗✗ ◦ ◦ ° O o o

- . ' r

12.8.21 12.8.61 12,81 12.8.81

non - metals tend to have a large number (> half of their max valence electrons

high electronegativity tend to recieve or accept their outer electronics)

causing valence to become full : becoming anions C-)

(
can predict the chemical formula of ionic compound by determining ionic charge of each element and crossing them
*metal first , non -metal second (suffix

'

ide ' )

ex : potassium + nitrogen ex : magnesium + chlorine ex : beryllium + Sulfur

It

µ
3- 2+ I - 2t

2KMg Ct Be s

KZN Mgclz Bezsz reduce to lowest

potassium nitride magnesium chloride Bes common terms

beryllium sulfidel
as solids

,
ionic compounds bond as lattice \ freely dissolve in water

Nat Cl
-

Nat Cl
-

Nat
Hsi Hsi 05 Hst µg+ Os

-

✓ disassociate

a- µ, c ,
-

µ, c ,
-

✓ brittle : layers shift and break off "at

a
.

a- Hst 05
µ,

05 Hst Hst

a.
Hst

Hst
05 Os

-

Hst Hst Hst
✓ Conduct electricity

Not a
_

Not a
-

Not ✓ insulator : no free charges , cannot flow
"
' ""

""

Hst Hst
05

""
"" 05 as free ions



Chemical Bonding cont .

☆ if the difference between electronegativities is small 0-0.4 on Pauling scale ,
electrons will be equally shared between atoms

covalent bonding : electrostatic attraction between positive nuclei and a shared pair of electrons

\ tend to occur between non-metals as they have a larger valency and hold onto their electrons ( high electronegativity)

. / . r

b O b 8

P P
- .

: : a :• . : " : : : ii. t.ci : : .ci ii : O : + :O
'
'

o o:-. :N + Ñ: : N N :
g g g g , , , , , , , .

. - . -
"
" _

,

- , _ ,

electron pair is shared

so both CI have full valence single covalent bond represented by line double bond : 2 pairs shared triple bond :3 pairs shared

\
can predict chemical formula of covalent compound similarly to ionic

\ determine number of bonds by drawing

ex : nitrogen + hydrogen . .
ex : nitrogen + chlorine + oxygen

3- It N
. , . . . . . .

N H H H :N . :c/ . :O : :c , ij j
' ' , , ,

"

NH
}

H needs 3 needs 1 needs 2

NCIO

☆ if the difference between electronegativities is moderately large 0.4 1.7 on Pauling scale electrons will be shared unevenly

Polar covalent bonding : the unequal sharing of electrons leading to partial charges in a molecule (polarity)

St St
ex : hydrogen + Oxygen H H H H hydrogens have slightly positive pole

+
. '

×

electrons spend 0 positive charge St

↓ electroneg . ↑ electroneg . 0
more time around

£

i. ↓ pull i. ↑ pull
'
- -

'

oxygen than hydrogen oxygen has slightly negative charge 8-

negative pole

\
two polar molecules will attract one another with intermolecular bonding

Hydrogen bonding : electrostatic attraction between partially positive hydrogen (dt) and a partially negative atom (5)

St St St
µ
8-

H H H St g- St g- St g- St g-

O O H Cl H Cl H Cl H Cl
8- SstHstH

hydrogen bond intermolecular bond intramolecular bond
0

g- (between molecules) (within molecule)

weaker stronger

☆ if a group of identical atoms with low electronegativity.es (metals) are together, they will all shed their valence electrons

Metallic bonding : electrostatic attraction between the positive nuclei and negative delocalized electrons in a metal

. . . .

e-
e- e-

e-
e- e-

leads to metallic properties :
e- e- e- e-

e- e-
e-

' ' ' '

e- ééééé e-
e.

e-

e.

delocalized e-
\

good electrical and thermal conductor
. . . .

é é e- é e-
(not associated with

e-
é e-

e-
e- e-

any particular atom e- e- e- e- e- delocalized e- free to move
e- e- e- e-

metals have a weak hold the positive nuclei of e- e- e- e- and can transfer heat (energy)
e- e- e- e-

on few valence electrons metal atoms will be held e- e- e- e- e- and charge easily
i. will release them together by their attraction

to the
'

sea
' of delocalized e-

\
malleable

, ,
_

, ,
"

in a lattice
.

.

.
.
. layers slide past

force .

.

•

.

i -

.

'

. .

_ _

"

each other and
"

,
,

'

"

.
.

'

'

. .

'

.

_

. .
remain bonded

\



Balancing chemical equations

Law of conservation of mass : matter cannot be created or destroyed
-

-

. the number/mass of atoms reacting must be equal to those in products

reactants productm

A + 132 AB ✗ not balanced
1 A 1

2 13 1 less
"

B
"

in product than reactant - matter has been destroyed

2A + 132 LAB ✓ balanced
2 ✗ A 112 1
2 13 112 coefficient means 2x molecule AB

steps to solving some equations

i single displacement At BC AC + B ii neutralization base + acid - Hot salt

1- balance Ni t 2 Ag NO} - Ni NO
} z

+ Ag 1- balance 3Ca(OH)2+ Hspoy - Hzo + Ca
}
(Poy)2

anion 2 ✗ NO
}
2 cation 2 ✗ Ca 3

2- balance Ni + 2 Ag NO} - Ni NO
} 2+2 Ag 2- balance 3Ca(OH)2+2HsP0y - Hzo + Ca

}
(Poy)2

cation 2 Ag ✗ 2 anion 2 ✗ Poy 2

3- balance 3Ca(OH)2t2HsP0y - 64,0 t Ca
}
(Poy)2

hydrogen \ 12 ) 12--2

iii combustion CxH, + Oz - H2O + coz

I - balance CGH,, + Oz - H2O +602 Tips and Tricks
carbon 6C ✗6

* if a polyatomic ion is present in both reactants and
2- balance CGH,, + Oz - 7-H2O +602 products, treat as an atom and balance

hydrogen 14 It 2114 * save oxygen and hydrogen until the end

* double check all coefficients are in lowest terms

3- balance CGH,, 1-1-9202 - 7- H2O + bcoz * double check each individual atom is balanced

oxygen 2019

4- 2X 2C
,
H
,, +1902

- 141%0 +12 Coz

iv really ugly /difficult equation - algebra !

1- assign variables as t b HNO
}

c Hzsoy + dNOz + eHz0

2- setup equations 5 a=c 3- let one variable = I b= / • : D= /

H b = 2C + Ze and substitute 5 a=c

N b=D H I = 2C + Ze

0 3b= 4C + 2d t e N I = I

0 3( 1) = 4C + 24) t e

4- substitute equations 4C + e = 2C + Ze / = 4C + e

2C = e

5- substitute variables as intiger coefficients
I = 2C + 212C)
I = 6C to S + IHNO

}
to Hzsoy + I Noz +1-31%0

116 = C .

-

.

'16 = a ✗ 6

IS + 6 HNO
}

I Hzsoy + 6NOz + 2h20
1=2146) t Ze

1- '13 = 2e

2 2

43 = e



Atomic
,
Molecular

,
and Molar Mass

atomic mass Ar : mass of a single atom in undefined mass units u

molecular mass Mr : mass of a single molecule in undefined mass units u

calculating Mr
C-× : NH

, 2504 = 21N) + 8 (H) + 5+410)
'- r = 2 (14.011+811.01)+32.07+4116.00)

✗2 = 28.02+8.08+32.071-64

= 132.17 u

molar mass M : mass of 1 mole n of a single molecule ( g/moi

6.02×1023 A quantity , like
"

dozen
"

unit : mol

Average Atomic Mass and Isotopic Abundance

Isotopes : two or more types of atoms that have the same atomic number but have different number of neutrons and : mass

ex : Carbon -12. Carbon -13 Carbon -14 all same element
,
C
, but different mass

pt 6 pt 6 pt 6

n°1 6 n°1 7 n°1 8

Average atomic mass : the weighted average mass of the atoms in a naturally-occurring sample of the element

Example problems

i ~ determining average atomic mass from isotopic abundance ~
Calculate the average atomic mass of sulfur if 95.00% of all S atoms have a mass of 31.972 u , 0.76% has a mass

of 32.971 and 4.22% have a mass of 33.967u .

I - divide abundances 95.00% = 0.95 0.76% = 0.0076 4.22% = 0.0422

by 100 100 100 100

2- multiply by mass 0.95 (31.972) + 0.0076 (32.971 ) t 0.0422 (33.967 ) = 32.06 u

and add together

ii ~ determine percent abundance from average atomic mass
~

Naturally-occurring europium ( Eu) consists of two isotopes with a mass of 151 and 153 .

If the average atomic mass of Europium is 151.97 u
,
what are the abundances ?

1- setup equation ✗ 151 + 1- ✗ 153 = 151.97

2- expand and 151×+153-153 × = 151.97

solve for ✗ - 2x = -1.03

✗ = 0.515

3- calculate % Eu-151 = 0.5151100) Eu -153=100-51.5

= 51.5% = 48.5%



Molar Conversions

~ if you know the amount of moles of a substance , you can determine its mass in g and vice-versa ~

i. molar mass (91m01 6.02×1023

• %

mass mole atoms

9 not molecules

An Bn

molar mass (91m01
'

. 6.02×1023

Dimensional analysis

to cancel units , divide by them Hol × Hot
×*×

g,

molecule moteulex g
↳ move in a diagonal manner mill moteule mlol

Example problems

i ~ mass moles ~ ii ~ moles mass ~

10.6 grams of Ag NO} is how many moles ? how many grams are in 2.4 moles of sulfur ?

10 .bg/AgN0zx not
= 0.0624 mol 2.4m41s × 32.07g = 76.97g

169.87 § moll

iii ~ mass atoms ~ iv
~ molecules mass ~

how many atoms are their in 8.7g of argon ? what is the mass of 9.4×10
"
molecules of Hz ?

23

8.7cg Ar × not
×
6-02×10 atoms

= 1.311×10
"
atoms 9.4×10

"

molecules × molt × 2.02 g = 315.42g
39.9591 mix 6.02×1023motecules my

y ~ mass atoms in mole"" ~

atoms

how many atoms of hydrogen are there in 2.3 grams of NH, 502 ?

2.3$NH, 502 × Hot
×
6.02×10

"

molecules ×
4

,

atoms of H
= 6.74×1022

82.12 $ mlol molette ofNH, 502



Stoichiometric Conversions

Using a balanced chemical equation , we can convert between different reactants and products

molecules of
substance A "hg 6.02×1023 ÷

.gg, molecules of
substance B

moles (mol) of ✗ molar ratio
go moles (mol) of

substance A substance B

mass (g) of
Bʰ

÷%q mass (g) of
substance A : molar mass molar mass substance B

(91m01 (91m01

Exampleprobtems

i ~ converting mass of one substance to mass of another ~
Aluminum oxide is decomposed using electricity to produce Aluminum and oxygen gas , Oz .
What mass of Al metal can be produced from 125g of aluminum oxide ?

1- write a chemical equation A /203 At + 02

2- balance the equation 2 -11203 4-11 + 302
421At ✗4

6310216

3- write information underneath 2 -11203 4-11 + 302

125g ?g

4- convert mass to mol 125g Alzoz × Mol
= 1.226m01

101.96g

5- convert mol of one substance 1.226 mol Alzoz ✗ 4 mol At = 2.452m01 Al
to the needed substance 2 not -11203

6- convert not to mass 2.452m01 At × 26.989 = 66.15g At
Mol

ii ~ converting mass of one substance to atoms of another ~

Nitrogen gas, Nz and sodium are produced in an automobile air bag . It is generated by the decomposition of sodium azide
,
NaN
} .

How many atoms of Na are produced when 80.0g of Nz are generated in this reaction ?

1- write a chemical equation NaN} Nz + Na

2- balance the equation 2 NaN} 3Nz +2Na

2 ✗ Na ✗ 2

6 31 N X 6

3- write information underneath 2 NaN} 3Nz +2Na

80.0g ?

4- convert mass to mol 80.0g Nz × not = 2. 855m01

28.02 g

5- convert mol of one substance 2. 855m01 Nz ✗§m = 1. 903m01 Na
to the needed substance not Nz

6- convert mol to atoms 1. 903m01 Na × 6.02×1023 molecules = 1.146×102
"
atoms of Na

Mol




