The Periodic Ta6le

Learning Objectives

(a) Describe the Periodic Table as an arrangement of the elements in order of increasing proton
(atomic) number

(b) Describe how the position of an element in the Periodic Table is related to proton number and
electronic structure

(c) Describe relationship between group number and ionic charge of an element

(d) Explain the similarities between elements in the same group of the Periodic Table in terms of
their electronic structure

(e) Describe the change from metallic to non-metallic character from left to right across the period of

the Periodic Table

(f) Describe the relationship between group number, number of valence electrons and metallic/
non-metallic character

(9) Predict the properties of elements in Group 1 and Group 17 using the Periodic Table

(h) Describe lithium, sodium and potassium in Group 1 as a collection of relatively soft, low density
metals showing a trend in melting point and in their reaction with water

(i) Describe chlorine, bromine and iodine in Group 17 as a collection of diatomic non-metals
showing a trend in colour, state and their displacement reactions

() Describe the element in Group 18 as a collection of monatomic elements that are chemically
unreactive and hence important in providing an inert atmosphere

(k) Describe the lack of reactivity of the noble gases in terms of their electronic structures

A. Introduction to the Periodic Table

Non-metals Group

: i - Metalloids ‘staircase’ or 17 18
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"Please note that H does not belong to Group 1. ‘staircase’ or dividirllz line between
metals and non-metals 11




A1. Revision on the Periodic Table

* Periodic Table is a way of arranging the elements in order of increasing Otomic,

. up is a vertical column of the elements. There are total of 1y ny

§ Ggo Fé%roup 1= The AlKalt edalg ——— 9roups: iy :ht)?r
o Group 2 - The Alkaline Earth Metals ~
o Group 17 - The HO\\\:@CM
o Group 18 — The No\ouj\o}fx(&(

A Period is a horizontal row of elements. There are total of periods:
o HuAWAN  and _ Htliew  isin Periog 1.

Elements\fn thevPeriodic Table are divided by the ‘staircase’ into M and W

Peviod | -1

* Metals: elements to the ’“/f‘f& M& of the staircase.
* Non-metals: elements to the L\‘ﬁM‘KM’b of the staircase,
* Elements which are found along}l the staircase e.g. B, Si Ze, As Te f ,\/M;,H;
Metalloids are elements that can exhibit properties of L ML TRy, Iy
* Transition metals are the elements found in W”"’? § to Gmu?‘l\ofthe '
Periodic Table.

A2, Characteristics of Elements in the Same Group

1. For elements in Group 1 and 2, the elements have the same number of valence electrons
as the group number.

For elements from Group 13 — 1 8, t

he elements have the number of valence electrons
equals to group number minus 10,

Note: Hydrogen does not belong to Group 1 elements,

2. The elements have similar OhtW\iO"«‘

. Properties.
o They form ions of the same 0\! ges
Example: || Group 1 elements for

ions with

elements form ions wity | — —1_ charge and all Group 17




© They form the sam
elements.

Example: Carbon ang silico
Each atom forms

)
H~?~H
H

€ number ofM

wm Group 14,
wWe

single covalent bonds with 4 hydrogen atoms,

|

H—8i—H

H

A3. Changes in the Elements Going Down a Group

1.

2. The atomic radii of the elements inutngRs \ M
o This is because the number ofﬂ”/\whf UWS  increases.

The number of protons in an atom et ng e

A4. Characteristic of Elements in the Same Period

hells
1. The elements have the same number of C{/MWV‘ §
is equal to the period number.

when they share electrons with other

, Where the number of GLWH&
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A5. Changes in the Elements Going Across a Period
inrt gpes

1. The number of protons in an atom

2. The metallic character of the elements _A¢(reA(¢] or the non-metallic character of e

elements __(N(nARA : - |
Metallic character is defined by the ability of ott;'eﬁ oo ;5 to M\ b |
electrons (to other substance) and form polipve fons.

o Non-metallic character is defined by the ability of the _afuky  to — 4% valen,

o}

electrons (either by !M'f'\g y_or forming rw{(; e vy ).

ot rovg
14
Electronic 28,1 2,82 2,8,3 2,84 2,8,5 286 | 287
Configuration 5
Nature of Metallic Metalloid Non-Metallic “
elements -
\ - Yol | o >
Structure Gi M M W\\\ L ﬁ\thmﬁtl =T d ] va, Mo]Lam v\r\@
Electrical ‘ - oM d wt(n
Conductivity (F‘ 0 ’4 Po ‘"’I Non } ’ (”/9(

3. The properties of the oxides of the elements change gradually across the period.

o Oxides of metals are usually bagi ¢ :
Oxides of non-metals are usually ﬂb]‘di" .

o Oxides of metalloids or the elements close to the ividing line may exhibit both basic
and acidic properties, i.e. their oxides are awp “TW\ C
Example: A) ,OL;, Pb(),?:no !

(e]

G\ng '8 elements do not form oxides.

_Elem
Formula of Na,O
oxides formed

Structure

(ian}
M U LGy
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Nature of the |
oxides

Action of water
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B. Group 1 (The Alkali Metals)

e The elements

in Group 1 are called th
to produce an_ﬂ\_\{vf\l@iﬂlw)\h\( e a|k0f:;|\|mmevtat|/sfi)€cpus the metals react with Nﬂw

wn Yidey i
Ex . ﬂj{- A ), giving out hyd
ample 2Na(s) + 2H,0() 2NaOH(aq) + Hetg) 9 ydrogen gas.
e They have |

—

valence electron, form ions with charge _| 1 and have valency _ | |

Note: Valency is defined as the number of electrons involved in bonding.

m Symbol Proton number 'Electrgynic*bc:’hﬂéiif?ﬁonw
" Lithium ¥ 3 | 21 |
Sodium Na 11 2 8 1 ‘i
Potassium K 19 2881
Rubidium Rb 37 2,8,18,8,1
Caesium Cs 55 2,8,18,18,8,1
Francium Fr 87 2,8,18,32,18,8,1

Note: Hydrogen does NOT belong to Group 1.

B1. Physical Properties of Group 1 Elements

1. Good conductor of electricity. , .
o The elements have _q)awk M-‘/\‘M\,ib structure. There is a ‘sea’ of TNE -V
Va4t UL  electrons available to conduct electricity.

2. d\QQ and can be easily cut with a knife.

\

3. Shiny, o l\/‘t% solids when freshly cut.

4. LO"" density. 'i"

e

o Lithium, sodium and potassium are less dense than water and thus, on water.
5. l/O\,A melting points (when compared to other metals).
Element | Sy [ Melting Point (°C) l
Lithium L 0.53 180 |
Sodium Na 0.97 98 J
| Potassium K 0.86 64 B
Rubidium Rb 1.88 39 J
Caesium Cs 1.88 29 J
B2. Trends Down Group 1
1. The melting point J\tt 6&e4 down the Group.
2. 'Reactivity NS down the Group. I, F ora

Y Lagsnm A W {x‘\‘°3\v{ Thow
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B3. Chemical Properties of Group 1 Elements

1. The metal atoms /' 0§ e
form ions with 1+ charge.
Example: Na — Na'" + e

their one valence electron readily (and un idat:
( dergo %*) fo

2. The reactivity of Group 1 elements _iN¥Y A¢€{
in descending order:

down the Group. The order of reactivity

francium, caesium, rubidium, potassium, sodium, lithium

inner shell electron

positive nucleus

Na atom K atom
2,8,1 2,8,8,1
2 inner shells 3 inner shells

o Down the group, the radius of the metal atom "\ raded (due to more electron
shells).

o The vatemu el Wil i Bvirtiner

o Thus, there will be Wegter electrostatic forces of attra
nucleus and valence electrons.

o A Ay amount of energy is needed to remove
o Hence, valence electrons are lost MV readily, i.e. the metal atoms lose
electrons more readily to form positive ions.

o This makes Group 1 metals become ™MAYY,

from the nucleus.
ction between the positive

the valence electrons.

reactive down the Group.

3. Group 1 elements behave as powerful reducing agents*.

4. Group 1 metals react vigorously with oxygen to produce  Mtta| W'\(k*é

Lithium

4Li(s) + 02(g) - 2Li,0(s)
Sodium

So— 4Na(s) + Oz(g) — 2Na,0(s)
otassium 4Ky 4 Ollfj) Agklou)
m 4R b () ?01({1J JARb, 0 )

* These terms Will be taugp i, ¢ topic, Redox Reactions




S. Group 1 metal reacts vigorously wi \ [
y with water to produce A1l soiution and [’\é dry gj‘e”‘

. :Elem‘ent ~ Reaction with Water Observations

Lithium | Reacts quickly.

- ' darts ropdl
_ « Silvery solid p “/1 th
ION TH,0 (1) - 2L D () 41, (9) Jlﬂvfggy. W twater B

Sodium Reacts violently. « Fmn STo— EW@W(LNL
of colourless, odourless gas is seen.

___| 2Na(s) + 2H,0() - 2NaOH(aq) + Hx(g)
Potassium | Reacts very violently. « Silvery solid (,c« 01/\(3 F\& (except
K4 3H,0(1) 2 JkOHw@p 1 ) LD
Rubidium | Reacts very explosively. o Silvery solid Aeweo oS and

o R ‘fJHJO[,U SV (“‘1"‘”1‘1’ dissolves to form a sty (  solution.

Note: Group 1 metals are stored N of) to prevent the metals from reacting with J_\QQ
and Nofer V)9 inthe air (and become tarnished).

6. Group 1 metals react vigorously and burn brightly when heated with chlorine gas to produce
wWhi solid of W’t“ dhlgnd ¢4 (ionic compound).

Lithium_ ” &Ll(ﬂ) 1“(;&(9) - &L\C(U)

Sodium aNacs) 104y g 3NallG)
Potassium 2K(s) + Cla(g) — 2KCI(s)
Rubidium 2Rb(s) + Clx(g) — 2RbCI(s)

7. Oxides of Group 1 metals are bayi v in nature.

o Group 1 oxides react with water to produce ¢Hnw alkalis (pH 13 — 14).
Examples: Li20(s) + H,O(l) — 2LiOH(aq)”

No,0cs) + HyDgy = 2Nadh taa)
kl()(_)) 4 .{ID('L) -jZk()H (“'))

8. Carbonates of Group 1 metals are I '1"“) ‘/ﬂ in water.

9. Carbonates of Group 1 metals are generally t L\WW‘“’ ’,;) () }O‘bl/(f

o Thermaglly stable means that the compounds do not ﬂ"'f/(f’ "V‘p v (break down)
Zifgr" /

upon
Examples:
Carbonate of a Group 1 metal Carbonate of a transition metal
Na.COs; — No reaction CuCO; —» CuO + CO;,
heat heat

Note: Group 1 compounds are generally white solid and forms colourless solution.
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C. Group 17 (The Halogens)

» Group 17 elements are known as halogens because they react with mogt me

t
55“\ 11 (halogen in Greek means salt-former). als to form
Example: 2Na(s) + Ch(g) - 2NaCl(§) [a salt] )
o Theyhave 1 valence electrons, form ions with charge _| and have Valency |
o They exist as o|infomi molecules. —

e ‘Halogen’: Group 17 elements e.g. F2, Cly, Bry, etc.
» ‘Halide”: ions formed by Group 17 elements e.g. F -, C/", Br ", etc.

Elemen nber | Electronic config
“Fluorine 2,7
Chlorine Ci 17 2,87
Bromine Br 35 2,8,18,7
lodine I 53 2,8,18,18,7
Astatine At 85 2,8,18,32,18,7

C1. Physical Properties of Group 17 Elements

1. The elements are (v v “lY“{ ]

o The colour becomes progressively dor kéi’ down the Group.

Fluorine **Fy(q): P - §4 [ o

**CIA(g): 4ftnih v o/lowy
Clx(aq): i@q!e 9 E’!Ic )
“Bra(l): _RALISY-Lrv
Bromine Bra(aq): _tvan gt
Brag): _ redofish ~Lyyin
*Ta(s): _bla /K
I2(aq): __browvwn
L(g): __ pirp( S

I dissolved in organic solvent: 7 w 13
L Note: (**Yin the tam%ﬁ%mg pressure
2. WY melting and boiling point.

Chlorine

lodine

© Thee i
lements have Simple molecular structure (exist as sim

ritr\ e (o

e€nergy is required to overcome Wt4\<

forces of attraction.

Melting point (°C)

Chlorine

Bromine

ple molecules), Lt



3. Non-conductor of electricity.

o The elements have _{Implt M\ bV structure (exist as simple molecules). There

are no free-moving M ) e,x4 NN available to conduct electricity.
vadma,

4. Group 17 elements are generally Jodmb L i water.

C2. Trends Down Group 17

1. The melting and boiling points IN(tuge,  down the Group. Physical state of elements at
r.t.p. changes from gas to liquid to solid.

o The sizes of the halogen molecules __iN1t46¢  down the Group.
o There are Vv surface areas of interaction between the larger molecules.

o Thus, __MvR, _ energy is required to overcome the stronger intermolecular forces of
attraction.

2. Reactivity ol £1RAIN  down the Group.

3. The colour of the element becomes ?WJMMM o avker down Group 17.
¥ }

C3. Chemical Properties of Group 17 Elements

1. The halogen atoms gain _ ™Y electron readily (and undergo reduction*) to form ions with
1- charge.

2. The reactivity of Group 17 elements Aeurqde s down the Group. The order of reactivity,
in descending order:

fluorine, chlorine, bromine, iodine, astatine

positive nucleus

Cl atom Br atom
2,8,7 2,8,18,7
2 inner shells - 3 inner shells

Down the group, the sizes of the halogen atom Mﬂ{fl_.
The _ valen@snel Wl bd\A rt W from the nucleus.

o Thus, itis more difficult for the positive nucleus to attract an electron into the valence
shell as the electrostatic forces of attraction are W aftv .

o Hence, electrons are ﬁmi'\ Uf less readily into the valence shell, i.e. the halogen
atoms gain electrons tess readily to form negative ions.

o This makes Group 17 elements become A td¢

reactive down the Group.



3. Group 17 elements behave as powerful oxidising agents*.

dAi¢ \MLLMUJ,' reactions.
p

4. Group 17 elements un?_evrgo = 4\!\
| will displace a 1 U| ventfivL
o A winr N LR% halogen p haloger . .

aqueous _hodt o€ solution.

Example 1: . : _
When aqueous chlorine (or chlorine water) is added to sodium bromide solutio

N, the
i i curs:
follo:mng t::aoan?r::’?so\ionmwf\vt than bromine and thus, chlorine %ML
electron more readily than bromine.
« Chiorine _dit9!44  bromine from colourless aqueous sodium bromide t,
form orange qave0t bomint  and colourless i@,mwwj (04 1um o Jodof¢
= QObservation: whur [ty solution turns 0ranag ]
= |onic equation: uz(ch)* lBY‘(Qq) Il ) 1 BrJ(a?)

Example 2: |
When chiorine gas is bubbled through potassium iodide solution, the following
reaction occurs:

(hier i i i0dint  and thus, chlorine q4lns

. hionny is mo-re reactl.ve _than L
electron more readily than iodine.

= [ ik displaces !0 i from colourless agueous potassium iodide

to form 2" aqueous iodine and  W[o-r It aqueous potassium
chloride. <o
= Observations: _wlourlt /! solution turns hnwn ! K/"‘JC/% “g’” T&f{

may be seen (iodine formed is partially soluble in water). I
= lonic equation: {4, (@) t 2T~ thy) 2204 (ag) t L2(29)
U ! !

Note: Less reactive halogen cannot dis

place more reactive halogen from its aqueous
halide solution.

o The table below summarises the ob

halogens with different metal halide

- Aqueous metal chioride

servations for the displacement reactions of
solutions.

Aqueous metal bromide |

jodide |

Aqueous metal

¢ Colourless solution @

Colourless solution
turns orange.

turns brown.
e Black precipitate may
be seen.

Ch+ 2Br-— 2¢1- + By, Cl+ 21— 2CI" + I

¢ Colourless solution
turns brown.

* Black precipitate may
be seen.

Bro+ 21-— 2Br- + D2




5. Group 17 elements can form both ionic and covalent compounds.
o They react with most metals to form jonic compounds by ﬂ””"’ "5/] one
valence electron. V]

Example: CaBr;

7

2+~ AN -

&,/5’/

T

Br

(/

o They react with non-metals or other halogens to form VA [ t compounds by
M\é_ one of their valence electrons with another atom.

Example 2: CIF

Example 1: CCl4

C4. Uses of Halogens

¢ Disinfectant

o Chlorine is added in swimming pools to kill germs and bacteria.

e Bleaching agent

o Chlorine is used as bleaching agent for fabrics, papers, etc.



aph AW

D. Group 18 (The Noble Gases)

i d the

e Elements in Group 18 aré calle J | |
« Helium has ~ __ valence electrons (stable Mwpd Uk configuration) whi o
0

; ; m,
e They are _monATIIC (exist as —”ﬂ.l’—‘—)'

noblt qares

elements in the group has _0__ valence slectrons (stable U (/H

configuration)

ERTE : Prpton number Elect’rctnic’ co,ﬁéﬁ;ﬂ-
Hellum 2 2
Neon 10 2,8
Argon 18 2,88
Krypton 36 2,8,18,8
Xenon 54 2,8,18,18,8
Radon 86 2,8,18,32,18,8
D1. Properties of the Noble Gases
() low melting and boiling points.
o They are all _tniouriess gases atr.t.p.
2. Inwluble in water.
3. Chemically unreadiys,  (or chemically Nt kj ).
o Their valence shells are filled to the _Man i mwum number of electrons. Thus, the

D2

atoms do not gain, lose or share electrons with other atoms.

% in atmosphere

Helium 0177 0.00052 J
Neon -290 -280 0.900 0.0018 J
Argon 189 186 1.78 0.93 J

Nofe: Argon is the most abundant among all the noble gases in the atmosphere.

- Uses of the Noble Gases

22. Uses of the Noble Gases

7

Ps because it has a low density and 1

Fill weather ballog
not flammaple.

Nns and airshij

Making of advertisement lights.

Fill light bulbs

to i : A
lament from, reaprovlde an inert environment to protect the tungsten

cti i
"9 With oxygen under high temperature.




E. Transition Metals
e Transition metals are the elements in _QDAPMG_,__ to G\mv\m of the Periodic Table

e Most transition metals are o e
r ,
recidish-brown)amd &m‘u‘“ —9mA____in colour, except o (pink or

Note: Zinc is not considered to be a transition metal as it does not have variable oxidation states*
and does not form coloured compounds.

E1. Properties of Transition Metals

1. Govd conductor of electricity
© The elements have giant metallic structure. There is a ‘sea’ of free-moving
_{ 4w U™ available to conduct electricity.

2. Ak melting and boiling points.
o _A \ek energy is required to overcome the strong electrostatic force f«}
" attraction Between __ catiwnd and 00" [ree- waiiny iy ‘/i iy
g density. : o u

4. Exhibit variable mdahs n d8akta  (form more than one type of ions) in their compounds.
\ —

Transition metals | | | Density (glcm®
Iron | 3000 79 Fet Fel |
Copper } 1 3

pp 2595 8.9 Cmt Cu't |
Manganese 2100 7.2 Mn2*, Mn* |
Chromium 1890 2482 7.2 cr, G ]

Note: Zinc and silver only exhibit one valency (form one type of ion) in their compounds, Zn?* and
Ag*. We do not include valency when we name compounds involving zinc and silver.

Examples: Zn(NO3s). is zinc nitrate ; AgCl is silver chloride.

5. Form W\Ourﬂk mw\qlovm“.

T

\\

eCl Pale, Gre e FeCls
CuCO; Gireen CuSOq4
MnO; Black KMnQO4
Note: The colour of transition metal compounds may be different when hydrated and when

anhydrous

Examples: Copper(Il) sulfate is HV\Q when hydrated and WL\\"' when anhydrous.

Cobalt(II) chloride is plh[( when hydrated and blwt,  when anhydrous.

6. Transition metals and their compounds are good U‘t""b{ € k

~ Industrial process

Iron, Fe Prdducfbn of amrr'l(‘)nia\ from nftrbgen and hydrogen
(Haber process)
Nickel, Ni Production of margarine from vegetable oil J
Manganese(IV) oxide, MnO- Decomposition of hydrogen peroxide J

113



