IB Chemistry
3.1 The Periodic Table(Textbook p.84)

A Table of the Elements

In addition to his Atomic TheoryJohn Dalton also devised a system chemical symbolsand, having
ascertained the relative weights of atoms, arratigen into a table.

*Other scientists also tried to arrange the elemarite form of a table.

3.1.1. Describe the arrangement of elements in plegiodic table in order of increasing atomic mass.
Dmitri Mendeleev

*A Russian chemist in the mitB00s

*Mendeleevcataloged thousands of facts about@helements known at the time

*He became convinced that groups of elements hathsitperiodic” properties

Mendeleev's Table
Elements orMendeleev's tablewere arranged according to their increasitgmic mass leaving blank spaces
where he was sure other, unknown elements would fit

Valence(Valency)

*The concept that Mendeleev found most helpful yinig out his table was the notionalences

*Almost all the elements known at the time would bore with eithetydrogen or oxygenso the valence of
an element was related to the number of atomsarfolggen or oxygen that combined with that element

Valence

*Hydrogen and oxygen form water;® so hydrogen was given a valence aihd oxygen a valence df

*For any other element, the valence was define@&to b

—the number of hydrogen atoms, or twice the numberxggen atoms, that would combine with one atom of
that element

*Mendeleev put elements with the same valence ird@ame group.

Valence

*Valence is related to the number of electrons éimaelement has in itsutermost shell or energy level the
valence electrons

*Mendeleepredicted the properties of unknown elements basdte idea operiodic properties

— because of thisvilendeleev is considered to be theather of the Periodic Table”

Henry Moseley

*Fifty years after Mendeleev, the British scientignry Moseleydiscovered that the number of protons in the
nucleus of a particular type of atom was alwaysstrae

*When atoms were arranged according to increaatognic number, the few problems with Mendeleev's
periodic table disappeared

*Because of Moseley's work, the modern periodicetébbased on thetomic numbersof the elements

Periodicity of the Elements

*Dimitri Mendeleev and Henry Moseley brought ordethe elements:

—by discovering the periodic nature of the elemetitey were able to arrange the elements into famidir
groups and place them on a periodic table

— by organizing the elements, scientists could bsttgly the structure of matter.
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The Periodic Law
“The physical and chemical properties of the elentgare periodic functions of their atomic numbers”

Periodicity of the elements

Mendeleev, 1871

Properties of the elements vary in o
periodic manner.

The periodic table
helps us to understand the
behavior, reactions
and properties
of the elements.

3.1.2 Distinguish between the terms group and pdrio

The Modern Periodic Table

The modern periodic table (handout) has elemenasnged in a series :of
*Vertical columns calledroupsor families

*Horizontal rows callegeriods.

Groups

Groupsarenumberedrom left to right onthetable:

—1to8

—or, 1to 18 (or Roman numerals,) depending upon the particular version of the periodic table

Groups

*Elementdn groupshavesimilar properties

—that’s whytheyarealso sometimes callddmilies
*Althoughpropertiesaresimilar, theychangeasyou go up or downthegroup

Groups — chemical activity

*Groups usually contain either metals or nonmetals
—more on this shortly

*Chemical activitygenerally:

—increases as you go down a metal group
—decreases as you go down a nhonmetal group

Periods
*Periods are numbered from top to bottom on thestabto 7
*The properties of elements in a period are quiferdint, but there are patterns

Periods

*The first (far left) element in a period is always an active metal, lts¢ (far right) is always an inactive
nonmetal

*Generally, within a period:
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—the chemical activity of metals decreafesn left to right
—the chemical activity of nonmetals in a period @ases from left to right.

Information on The Periodic Table

Metals, Nonmetals, and Metalloids

nonmetals

Sections of the Periodic Table

The periodic table is divided into three main s@Tti

*metals

enonmetals

*metalloids

Each one of these groups contains elements witlflesiphysical properties

Metals
*Metals makeup more thats% of the elements in the periodic table

Explanation of Terms

eLuster - metallicshine

*Malleable - canbe hammeredpoundedpr pressednto differentshapesvithout breaking
*Ductile - canbedrawninto thin sheetr wireswithout breaking.

Nonmetals
*There ard 7 nonmetals in the periodic table.

Metalloids
*The seven metalloids are Bi, Ge, As,Sb, Te and At.

Metalloids
*Elements with properties of both metals and nonlweta

*Elements touching theetal-nonmetal lineon the tablethis line is drawn on some tables,
but not all

—Silicon andGermanium are two metalloids important in the manufactureahputer chips
—Their conducting characteristics allow electricuaits to be'printed" on them
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Summary

*Theperiodictableis dividedinto threemain sections, metals, nonmetalsd metalloids
*Mostelementsaremetals

*Metalloidshave properties between metals and nonmetals

*Some groups in the periodic table contain metallg, @me nonmetals only and some both

Periodic Properties
*The periodic table also has certain propertiesatttaristic of certain regions in the periodic table

Alkali Metals

*These are the metals in the first column of théopler table

*They are soft shiny metals that usually combindhwgitoup 8 (or 17honmetals (the halogens) in chemical
compounds in &:1 ratio e.g. sodium chloride NacCl.

Alkaline Earth Metals
*These are the elements in the second column gfdtiedic table, and they are very similar to tHakimetals
*They combine with the halogens i ratio e.g. magnesium chloride MgCl

Halogens
*The halogens are fluorine, chlorine, bromine, atinie
*Halogens exist as diatomic (two atom) moleculesaiture e.g. chlorine gl

Noble Gases

*Also called rare gas elements or inert gasesocallr in nature as gases
*The noble gases make up the last column in thegieriable

*Noble gases are veognreactive

Transition Metals

*The transition metals are the metals located batwekimns 2 and 13 (IIA and IlIA) in the periodabte
*Transition metals are so-called, as they show dugatransition (change) in properties from one Inento
the next.

3.1.3 Apply the relationship between the electramamgement of elements and their position in therjoalic
table up to Z = 20. (s and p electrons)

3.1.4 Apply the relationship between the numbereadéctrons in the highest occupied energy level for
element and its position in the periodic table. fnber of valance electrons is equal to the group riaem)

Valence, Groups and Reactivity
At the beginning of this topic it was mentionedttihdendeleev used valence to classify his elemartts i
groups. It was also said that valence was relat¢iget number of electrons in the outermost eleciral.

What is the relationship between the number of electrons, valence and groupsin the Periodic Table?

Families of metals

Alkali metals - Group 1

*] electron in the outer energy level
*React with water to release hydrogen gas
*The most reactive metalsstored under oil

Alkaline earth metals - Group2
*2 electrons in their outer energy level
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Transition metals - Groups3 to 12

*2 electrons in their outer energy level
*Form compounds that are brightly colored
*Quite often are used aatalysts morelater..

Families of nonmetals

Boron family - Group 13

*3 electrons in their outer energy level

eAluminum is the most abundant metal and the thiocdtnabundant element in the Earth's crust

Carbon family - Group 14

*4 electrons in their outer energy level

*Carbon's unique characteristic of bonding to its&lfesponsible for complex molecules composedon§ |
chains of carbon atom®rganic chemistrywhich comprises millions of different molecules

*Silicon is the second most abundant element ifedréh's crust

Nitrogen family - Group 15

*5 electrons in their outer energy level

*Nitrogen is the most abundant element in the Eagimosphere
*Phosphorus is used in matches.

Oxygen family - Group 16

*6 electrons in their outer energy level

*Oxygen is the most abundant element in the Earnth&t
*Oxygen supportsombustion

Halogens - Group17

*7 electrons in their outer energy level
*Halogens easily combine with metals to faaits
*Most reactive of all the nonmetals

Noble gases - Groud8

*8 electrons in their outer energy level

*Because of their electron arrangement Noble Gasealmost complete inactivénert”

*All members of the family are colorless gases

*Argon is the most abundant Noble Gas, making umsimne percent of Earth’s atmosphere.

Valence electrons and group number

*The number of valence electrons is generally etputtie group number of the element, or, dineup number
minus 10 (using the 1 - 18 group humbering system)

—There are exceptions

*Helium - actually has two electrons, but is incldde group 8 (8)

*Transition elements

*Valence ¢ombining power) is related to the number gélence electrons.
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Electronic arrangement

Valence electrons
This is where
most chemical
reactions
occur.

m
Inner electrons

\ - Not much happens
Bty here under normal

conditions.

Valence and valence electrons

*Thevalenceof an element is generally equal to the group renntr,8 minus the group number using the old
group numbering syste(moman numerals A blogk

*For exampleOxygen in GroupA

—Valence=8-6=2

Valence and chemical formulae

*A knowledge of valence is useful in determining fitvenula of a compound
What is the formula for magnesium chloride?

*Mg = group2, valence=2

*Cl =group17,valence=8 -7=1

*Formula of magnesium chlorideMgCl,

Group No. of valence Valence Example Name
electrons
Alkali metals 1 1 NaCl sodium chloride
Alkaline earths 2 2 MgGl magnesium chloride
Transition metals 2(variable) 2 FeCl iron (1) chloride
Boron group 3 3 BGI boron trichloride
Carbon group 4 4 CH methane
Nitrogen group 5 3 NKE ammonia
Oxygen group 6 2 O water
Halogens 7 1 HCI or NaCl hydrogen chloride
Noble gases 8 (He=2) 0 none none |

Now compl ete exercise 3.1 on page 85
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Periodic Trends

*The Periodic Table is arranged according to theoBierLaw

—the Periodic Law states thavvhen elements are arranged in order of increasirmgomic number, their
physical and chemical properties show a periodidtpen”

*Certain properties of the elements exhibit a grhdbange in properties as we go across a periatbean a

group
—knowing these trends can help in our understandfirpemical properties

3.2.2 Describe and explain the trends in atomic iiatbnic radii, first ionization energies, electregativities
and melting points for the alkali metals (Li to Cand the halogens (F to I).

3.2.3 Describe and explain the trends in atomic iiadionic radii, first ionization energies and
electronegativities for elements across period 3.

3.2 Periodic Trends — Physical propertiegTextbook p. 86)

*Because properties of elements are based on thaitran configurations, many of their propertie® ar
predictable and repeat in periodic patterns.

The properties that will be examined:are

eatomic size (diameter and radii)

eionic radii

«first ionization energy

eelectronegativity

*melting points

Atomic size

Atoms get larger down a group

*\WHY?

—the number of electron shells increases

—each additional shell is further from the nucleus
—atomic size increases

H |
Li Be B C N 0 F

Na Mg Al Si P S Cl
K Ca Ga Ge Asl {Se) (Br

Rb Sr In Sn Sb@{Te I

Cs Ba Tl Pb Bi

Atoms get smaller across a period

*WHY?

—electrons are added to the same energy (shell)

—more protons in the nucleus createfighier effective nuclear chargé
—a stronger force of attraction pulls the electrdieser to the nucleus
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lonic radii
lons aren't the same size as the atoms they came €ompare the sizes of sodium and chloride iatis tive
sizes of sodium and chlorine atoms:

Positive ions

Positive ions are smaller than the atoms they doome. Sodium is 2,8,1; Nds 2,8.
A whole layer of electrons, has been lost and ¢#meaining 10 electrons are being pulled in by tHefduce of
11 protons.

Negative ions

Negative ions are bigger than the atoms they coam.fChlorine is 2,8,7; Cis 2,8,8.

Although the electrons are still all in the 3-leviéle extra repulsion produced by the incomingtedeccauses
the atom to expand. There are still only 17 protbus they are now having to ‘hold’ 18 electrons.

Anions (negatively charged) are almost invariablgér than cations (positively charged).
In general, ionic radius decreases with increagogitive charge and increases with increasing negeharge.

As with atomic radius, ionic radii increase on dggting a group and decrease across a period:.réopg 1
and 7:

lon Radius (nm) lon Radius (nm)
Li* 0.068 F 0.133
Na’ 0.098 Cr 0.181
K* 0.133 Br 0.196
Rb" 0.148 I’ 0.219
For Period 3

Na" = 0.098 nm

Mg = 0.065 nm

AlI** = 0.045 nm

N*=0.171 nm

O” = 0.146 nm

F=0.133 nm

Note: 1 nm= One-billionth of a meter (10° m).

The ionic radius, rio, IS a measure of the size of an ion in a crystal lattice. The concept of ionic radius was
developed independently by Goldschmidt and Pauling in the 1920s to summarize the data being generated by
the (then) new technique of X-ray crystallography.

Theionic radiusis not a fixed property of a given ion, but varies with coordination number. Nevertheless, ionic
radius values allow periodic trends to be recognized.

An "anomalous' ionic radiusin a crystal is often a sign of significant covalent character in the bonding.
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3.2.1 Define the terms first ionization energy amtkctronegativity.

First lonization Energy A% IE)

*What isfirst ionization energy

—' the energy needed to remove the outermost, orhieist energy, electron from a neutral atom in thesga
phase”

every high ionization energy values indicate a stadectron arrangemegiike full shells.

enote high values for noble gases.

1* Tonization Energy Li-Ne
27 e
= 15 A
3
o1 Be
0.5 4 1
o] T T T T T T 1
2 4 5 3 7 2 9 10

Atormc Number

First lonization Energy

*Two trends are apparent

—an increase from left to right across a period
—a decrease down a group of the periodic table

I laniZation/Eneray Increases
.

LA VILA VIIA
@ H H | He
= 1212.0| & Il I¥A WA VIA |131z0|zives
= i | Be BE | C | WM |O | F | He
f 520,37 |809.4 Z00.6 [1026.4|1420.3 [1312.9 | 1681.0| 2020 6
= Ma | vz &l | si F s | o1 | &r
- 4058 [737.7 577.6 [7e6.4 |1011.7| 9906 [1251.1 [1520.5
= EC Ca Cra Cre Lz Se B Er
= 5.8 [580.8 £78.2 | 7621 | 947 [940.9 1130013607
G, Bl | Sr In | Su [ 5b | Te | 1 | He
= 403.0 | 5495 558.3 | vom.6 | 8337 | s69.2 [loos .4 (11704

s Ba T1 Fh Bi Fo it En

375.7 | 5081 5054 [7zza | 706 | =21 04w s

Fr Ea
|4 - | 5148

Explanation of 1°*' IE

eIncrease from left to right across a period

—the force of attraction between the nucleus and an electron becomes larger as the number of protons in the
nucleus increases

*Decrease down a group of the periodic table

—additional shells shieldthe outermost electrons from the attractive force of the nucleus

Shielding?
Example the valence electron of lithium tshielded” to some extent, from feeling the entire charge of the
nucleus by thécore” electrons
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Lithium core 1s

1522s! \
e nucleus: 3 p*
valence

2s

Electronegativity
In the 1930's, Linus Pauling (1901 - 1994), an Aozar chemist who won the 1954 Nobel Prize, recaghiz
that atoms in a molecule differ in their abilityatract electrons.

Electronegativity
*Pauling defined electronegativity as:

“The power of an atom in a molecule to attract eteons to itself”
*Pauling assigned electronegativity values to thenehts.

3.2.4 Compare the relative electronegativity valwéswo or more elements based on their positiomgtie
periodic table.

Electronegativity values — Pauling scale

H=21 X X X X X X
i=10 | Be=15 | B=20 | C=25 | N=30 | O=35 | F=A0
N=09 | M=12 | A=15 | S=18 | P=21 | S=25 | (=30
K08 | =10 | G=16 | (=18 | A=20 | S=24 | B=
R=08 | §=10 | h=17 | =18 | S=19 | Te=21 | I=25
G=07 | B=09 | T=18 | Pb=19 | B=19 | Po=20 | A=

Electronegativity

Al

o 5 10 15 20 25 30 35 40 45 50 55 60 &3 F0 75 B0 B3 R0 R5 100

Atomic Mumber

Note: - fluorine is the most electronegative, aesthe least.
- noble gases not included due to gtkaeal stability

10
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Trends in electronegativity
Increases up a group and fromleft to right in a period.

Explanation of electronegativity

*Along a period

—umber of protons increases so e ectrons are attracted more strongly
*Up a group

—fewer inner shellsto shieldattractive forces from the nucleus

Note that the relative difference in electroneggtibetween two atoms will give an indication okthype of
bonding that will occur between them in a compound.

The larger the difference then the greater thecioature of the bond.

If there is little difference in electronegativitysalues then a compound formed from them is likelyshow
covalent bonding.

Melting points
Physical properties such as melting point and gitioint depend on the nature of bonding betweelic|es of
the element. In the alkali metals, as the strenfjthetallic bonding increases so will the meltirajm.
The alkali metals have low melting and boiling gsioompared to most other metals. Apart from therot
alkali metals, only three metals (indium, galliundanercury) have lower melting points than lithilvou can
see from the graph that lithium, at the top of Grauhas the highest melting point in the groupge Titelting
points then decrease as you go down the group.

Melting points of Group 1 elements

|

Li

sodium

potassium

-

Rb - rubidium

CS F caesium

] 20 40 60 SICI 1ﬁﬂ I-QD 1;10 ‘HISCI 1:90 ‘EIDEI

meilting point (*C)
The halogens have low melting points and boilingn§so This is a typical property of non-metals. THadogens
have molecular covalent structures and there dsevorak forces (van der Waals) between the molaciMeu
can see from the graph below that fluorine, attdipeof Group 7, has the lowest melting point aailifg point
in the Group. The melting points and boiling poititsn increase as you go down the Group.

11
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Melting and boiling points of Group 7 elements

W Melting point

fluorine
I Boiling point

chlorine

indine

astatine

=200 =100 0 100 200 300 400
ternperature (*C)

State of halogens at room temperature

Room temperature is usually about 20°C. At thisgerature, fluorine and chlorine are gases, broiisiae
liquid, and iodine and astatine are solids. Yow#hoemember this trend in state - the top two elets are
gases, the bottom two are solids and the middhaezieis liquid.

Periodic Trends - Summary

*Periodic trends are caused by the interactionkrettfactors

—uclear chargé&he number of protons in the nuclgus

—electron she(b)

—shielding(the effect of the electrons between the outer glestand the nucleyus

Periodic Trends Summary

y HORIZONTALTREMDS -""
E
-? @ Frarm left ta right: @
| - Size Decreases Fluorine:
o - lonization increases - Highest |.E.
AL - Electronegativity increases - Highest EM
Fromtop to bottom:
E_ - Size Increases
E - lonization energy decreases
P - Electronegativity decreases
1)
s o
Fr JFranciurm:
) LEII'QEST SEE' Lowwvest I'E" Lowest ENND‘tEZ Figure not dravun to scale

Now compl ete exercise 3.2 on page 89
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3.3.1 Discuss the similarities and differences lretchemical properties of elements in the same grou
3.3 The Periodic Table and Chemical BehaviofTextbook p. 91)

*Groups react chemically in a similar fashion

*They react the way they do becaus&alence electrons

—valence electrons - electrons in the outer enexggiI(shell) of an atom, regardless of which shell
*Periodic trendsare related to chemical properties.

*What kind of reactions are of interest?
—reaction with water/acids

—reaction with air/oxygen

—reaction with halogens.

Chemical Activity & Valency Electrons

*We have already mentioned that the noble gasasagactive

—this is because they havdudl outer shell of electrons

*Elements combine together (react) in order to algain a full outer shell - this igery stable
—explains the valences of elements (bonding topic)

—known as thé@ctet rule

emore on thislater..

Groups and chemical activity: Metals

Metals

Reactivity increase from right to left and top tdtben

INncreasing reactivity
—_—eeeeeee—

LElements: Families and Groups

alkali metals inert gases

r
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B

INncreasing reactivity
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Groups and chemical activity: Nonmetals
Nonmetals
Reactivity increases from left to right and bottonmap.
INncreasing reactivity
e —————
Llements: Families and Groups
alkali metals inert gases
INncreasing reactivity 2lemie s
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Group 1 - Alkali Metals

This is a group of very reactive metals. The moshtmon members of the family are lithium, sodium and
potassium.

Melting Point | Density

Element Symbol Appearance
Y PP () (g/cn)
Lithium Li Soft grey metal 181 0.54
Sodium Na Soft light grey metal 98 0.97
Potassium K Very soft blue/grey metal 63 0.86

The metals have to be stored under oil to exclirdenal water. They do not look much like metaldjrat sight,
but when freshly cut, they all have a typical shimgtallic surface.

Reaction of alkali metals with water

When a small piece of the alkali metal is put iatiwough of water, the metal reacts immediatebatfhg on the
surface of the water and evolving hydrogen. Wittism and potassium, the heat evolved from the i@act
sufficient to melt the metal. The hydrogen evolbgdhe reaction of potassium with cold water isaliyu
ignited and burns with a pink flame. Sodium reagtieker than lithium and potassium reacts quickant
sodium.

In each case the solution remaining at the entieoféaction is an alkali.

2M(s) + 2H0(l) ------- > 2MOH(aq) + H(g) [M = Alkali Metal]

Group 7 - The Halogens

This is a family of non-metals. In the halogen fignthe different members have different appearsutes they
are put in the same family on the basis of themilair chemical reactions.

2M(s) + X (g or | or §)------- > 2MX(s) [M = Alkali Metal, X= halogen]

A Table showing Trends down Group 7

Element Formula Appearance at room State at room Order of
temperature temperature reactivity
Fluorine F, Pale yellow gas Gas most reactive
Chlorine Cl, Yellow green gas Gas
Bromine Br, Red/Brown volatile Liquid Liquid
lodine I, Dark grey crystalline solid Solid least reactive

14
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Displacement reaction of the halogens

A more reactive halogen will displace a less readtialogen from one of its compounds. For exampleny
chlorine is bubbled into a solution of potassiurrbide, the chlorine displaces the less reactivenbre. This

means the colourless solution turns orange ageledbfomine is formed.

Reactivity of the halogens decreases going dowgithep and a more reactive halogen will displatesa

2KBr(aq) + Ck(g)

potassium bromide + chlorine

....... > 2KCI (aq) + Bi(aq)

potassium chlorideamine

reactive halogen from a solution of its ions. Tikialso a redox reaction. No reaction would taleglif iodine
solution was added to potassium bromide soluti@mabge iodine is less reactive than bromine.

Cl,

Br,

I

The reactions of Halide ions with Silver ions

Ag+
reason
equation

cl (aq)
Colorless

no reaction
no reaction
no reaction
cl (aq)
white ppt

insoluble AgCl formed
Ag" + CI —» AgCl

Br'(aq)

turns red due to

formation of bromine

no reaction

no reaction

Br @
cream ppt
insoluble AgBr formed
Ag’ + Br —»AgBr

| -(aq)

turns brown due to

formation of iodine
turns brown due to

formation of iodine
no reaction

[ -(aq)

yellow ppt
insoleAgl formed
Ag' + I — Agl

15
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3.3.2 Discuss the changes in nature, from ionicdovalent and from basic to acidic, of the oxideg@gs
period 3.

Period 3 Elements

Elements change from metals to non-metals.

Character of the oxides

Oxides change from basic to acidic. Chlorides readitt water forming acidic HCI and hydroxides onyeacids
(except sodium chloride).

. Metal oxides are basic
. Aluminium oxide is amphoteric (reacts with bothdzscand bases)
. Non-metal oxides are acidic
P4O1(S) SOs(9)
Na,O(s) MgO(s) Al,O4(s) SiOy(s) CLOA(1)
(or P,Og(s)) | (or SG(g))
. Na,O + PO+ ClLO; +
Agdgg H,O -> higl\(/? JE(?I—?? Insoluble Insoluble | 6H,0 -> S_S3H+g|50 H,O ->
2 2NaOH 92 4H4PO, 22841 Helo,
. Na,O + H 'MgO + 2H" - )
Adding >2Na + | >Mg*+ AI203,3’++ 6H" > No reaction| No reaction|No reactior, No reaction
HCI 2AI°" + 3H,0
H,O H,O
: P4O10 +
Adding . . Al20; + 20H + | SI; y 220H 120H -> SO, + 9H Cl:0; + OH
NaOH No reactior| No reaction 3H,O -> -> Sig”~ + 4PQ7 + > SO+ | > 2CIO, +
2AI(OH), H,O 6H,0 H,O H,O
Nature giﬂg Basic Oxide Amop)r:igt:rlc Acidic Oxide Acidic Oxide g(;'%'g g(;'%'g
Notes

Dichlorine heptoxide (Chlorine(VIl) oxide): &b, (b.p.82°C)

Phosphorus has two common oxides, phosphorusKideo B,Os, and phosphorus(V) oxide,®o.
Phosphorus(lll) oxide is a white solid, melting2gdfC and boiling at 173°C.

Phosphorus(V) oxide is also a white solid, sublignfturning straight from solid to vapour) at 300°C.

Now compl ete exercise 3.3 on page 95
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