UNIT 2

PARTICLES, BONDING AND STRUCTURES

Teacher Version

— N

— N -~ N
S— T S
N N T

] P N7 | il
iy
< 12 e s U
SO et
NO—— | ] |
P A - T Ny R PE oy
S, | Se—ec
N e e -

~ ™ '

Source: www.vacaero.com
Contents

a) Elements, Compounds and Mixtures

b) Laws of Chemical Combination

c) SimpleChemical Bonding

d) Shapes of Molecules and lons

e) Intermolecular Forces

f) The Kinetic Model of Matter

g) The Gas Laws

h) Chemical Structures

i) Structure and Bonding in the Periodic Table

Key words:substance, material, element, compound, mixture, allotrope, law of constant composition, law of
multiple proportions, valencyelectronegativity, electropositive, electronegative, ionic bond, Laleisstructure,

covalent bond, double bond, triple bond, tilee covalent bond, molecule, intermolecular force, polyatomic ion,
metallic bond, alloyyYSEPR theory, lone pairs, bonding pairs, linear, trigonal planar, tetrahedral, pyramidal,
linear, temporary dipole, induced dipole, permanent dipole, Van derivésa T2 NOS> L2 € | NJ

hydrogen bondkinetic model of matter, Celsius, Kelvin, absolute zero, solid, lattice, liquid, gas, melting, boi
subliming, freezing, condensing, vapour pressure, evaporation, melting point, boiling point\atatel, solution,
a2t dziSz a2t @Syidz . NROYAILY Y2(0A2yI RAFFdAdzZAAZ2Y I DN
[ dzaal 0Qa [} 62 50F A@NYQIR [ 3 [pa 2dfFficrE, gidintAohic, giantNdstalli, doktdl, nof
metal, simple molecular, simple atomic, giant covalent, unit formula, molecular formula, allotrope, periodic

Units which must be completed before this unit can be attempted:
Unit 1 ¢ Atoms and the Periodic Table

Estimated Teaching Time: 21 hours




801 ¢l L0l oL 66 86 i3 96 G5 ¥ £6 ch LG 06
IWFEBAIME] | LUPIGoN | MiAEpUi | LRI | RIS | LR | Wit | weins | uniouowe | wnsogng | wnisgdou | wnmedn | oo | winiog sapiunoYy £0L-06 |
n ON PW wy s3 10 xg wy wy ngd dn n ed uL o
[29z] leszl leszl L5zl [zszl [152l Lzvzl Lzwz] [evel vtz Lzez] OBEZ | OIEZ | OZET
¥ 0L 69 29 L9 a9 59 g2 €9 9 19 09 65 85
wnnan| | wmgaid | wnigng e | wnoy | wesosdsAp | wniges) | wmujopet | wnidong | WnUeWeS | wnigaisd | wniufpoee | wuiposseid | winuag seplueye] 1L -85 .,
n qA wj 43 OoH Ag ql Ps n3 ws g PN 4d aj
ossl LELL GEOL EL9L BP9l S a9k 6'BS1 £ 151 oest FostL (= | & kL 60FL Lol
LLL OLE GOL 20l 201 a0t SOl vl 53] bt 18
palEnusLIne Ay 1ou winalijuocy | wpmpuep |wnusgew | wessey | wouyoq (wnifiogess | wnugnp  (wipsepsgn | wnjugae LLINIpEs LLIMIAIEL
1Ny oo Ussg AR G112 | | SICQUINU SILGTE Y)M S 6y s N SH yg bg aa o 1 EY FE|
[naz] [1g2l [a22] [oz2] (222l [Liel [roel [29¢] WMM (a2 [ezel
a8 o8 8 £8 .l L8 o [T 84 L4 a4 G5¢ 174 BL ol 15 a5 95
LIpEN augese | wniuogod | gnwesig | LIy T Aanas plob wmared [ AN LUNIE3 vapsiung. | wsnjepue; LUREN) | WMUELUEY | LLINLES) LuIN|SaED
uH w od Lz qd 1L BH ny id 41 S0 24 M EL iH il ed S0
[zz2] loiel leozl 0e0e &'l0e ¥¥0e 9'00e 026l L's6L e 061 &oal gesL 6081 gall 6'8E1 £LEL 62l
5 £5 25 L5 i1 Bt 8F Fi g 9t SF t EF Fa L¥ O G6E 8t 1
[ 1T e wnenjig | Auoungue ury LU [T a5 AN wrupeyed | wipogs | woesaggng | wonaugss) (useepgSon | wnigome | wmeosaz | wnegs | Wnipuogs | unipegng
ax 1 21 qQs us uj PJ By Pd Ud N4 u..w._ O aN 1z A 15 qd
£LEL [ig: A Lel g'LEl L'gLL F¥LL ¥ell 6201 a0l &6 ell L L0k [= 096 6'ch AT 628 948 558
98 SE e £E ¢k LE 0E LiT 8¢ Lé 92 SE e £e Ct Le 0z 6l
uagdiuy SUEONG | WImURiES ouase | wnuewsab | woged E saddoa U HEqos [ 11] asauebumy | wnwosgs | wmpeues | wnioeEg | wepuess | wneyes | wnessegod
I 49 a5 sy 29 ED uz nj IN o 94 upw 4D A 1L 25 eD b
28 &6l el Lrg el L'69 ¥'59 S'E9 L85 &85 855 &¥5 ores 605 6'LF 0S¥ L oF [ 1Y
18 Ll 18 5l Pl EL zl LI
I 3 00 S B I 77 () B T B = B /7 B ) B B (7 N > B NI AT
Iy 12 s d 1S5 v by EN
66E S'SE [ 0rLe L'8g 0l e 0es
aL 5] g ) 9 G Jaquunu (uojoud) Duoye v e
o aULony uabixo uafoupu WOQUED uoog aurey s fuag s
2N d o] N 2 g loquiAs ag n
¢oe 06l oaL orL oel /0L TP JWOTE SN e 06 69
2 ] Aa
z1)  GY G ) (€ . M @
aH H
o oL
|L
0 L 9 G v £ [ I

SjusWvI3 3y JO IqeL JIpolivd Iyl




Lesson X What happens when atoms join together?

a) Elements, Compounds and Mixtures

9 Atoms very rarely exist on their own; they are almost always found combined together with other atoms to
form a very wide variety of chemical substances

1 Asubstances acollection of atoms with fixed composition and distinct chemical properties

1 All objects in the universe are made of materials; a material can either be made from a single substance or
from a mixture of different substances

1 Materials can be classified hree different ways; aselements compoundsor mixtures - depending on
their composition:

0] Elements

1 A material made up of only one type of atom is calle&kment, the name of the element is always the
same as the name of the atom, and each atom #éfiere gives rise to one element (although the atoms can
combine together in different ways, giving rise to different forms of the element called allotropes)

M the Periodic Table is a list of known atoms and therefore a list of known elements

1 As elements oly contain one type of atom, they have a fixed compaosition; each allotrope of the element is
considered a single, pure substance

1 Examples of known elements are hydrogen, oxygen and carbon
(i) Compounds

i A substance made up of two or more different elements bonded together in a fixed proportion is called a
compound there are a large number of different compounds

1 Compounds are pure substances with a specific chemical formula showing the retatipesition of the
different atoms in the compound

1 Compounds can be broken down into their constituent elements, but not eaayally a chemical reaction
or electrolytic process is required

1 Examples of compounds include sodium chloride (NaCl), Wieté), methane (ChHi ethane (&Hs), silicon
dioxide (Si@)

(i) Mixtures
1 A material made up of two or more elements or compounds but not in fixed proportion is cateduae

9 Mixtures are not pure substances, have no fixed compaosition and have no dieghécal formulamixtures
consists of at least two different substances

1 Mixtures can take almost any form; sea water, air, milk, crude oil and most types of earth are all examples o
mixtures

1 In most cases the different components of the mixture are hetgther only by intermolecular forces

3



1 Mixtures can be separated into the pure single substances from which they are made (elements and/or
compounds) using simple physical separation techniques such as filtration, distillation (simple or fractional),
evgooration or chromatography

[ Ll ]
=)
# Test your knowledge 1:1Classifying materials
Classify the followinghaterialsas elements, compounds or mixtures; if they are compounds; give a chemical
formula for the compound to show its chemical composition:

(a) bromine (b) ammonia (c) milk (d) lemonade
(e) water (f) carbon dioxide (g) bronze (h) crude oil
(i) diamond () sand (k) lead () methane

Answers: (a) element; (b) compound @}Hc) mixture; (d) mixture; (e) compound(®); (f) compound (CQ (g
mixture; (h) mixture; (i) element (an allotrope of carbon); (j) compound,{S(K) element; (I) compound (&)

b) Laws of Chemical Cdmmation

1 Compounds have a fixed formula; this means that compounds obeyaieof Constant Compositior |
given chemical compound always contains its component elements in fixed ratio (by mass), and this fixed
ratio does notdependyy A a a2dz2NOS FYyR YSUiK2R 2F LINBLI NFGA2Y

1 Copper oxide can be used to illustrate the law of constant composition:
- copper oxide contains 80% copper and 20% oxygen by mass;
- there are three common methods for preparing copper oxide but all three methodsivélkcgpper
oxide containing 80% copper and 20% oxygen
- samples of copper oxide prepared by each of the three methods can be reduced to copper by passing
hydrogen gas over the copper oxide
- in all three cases, the mass of the solid will drop by exactly 2@k asygen is removed

1 In many cases, different elements can combine to form more thancongpound when different elements
combinei KSe& 6Aff 206S& GKS [+ d 2F adf GALXES t NBLR2NIA?2
GKAOK O2Y0AYS 6A0GK I FAESR YlIaa 2F GKS TFANRG St ¢

1 Carbon and oxygen can be used to illustrate the LaMudfiple Proportions:

- when 1.2 g of carbon combines with oxygen, it will either combine with 1.6 g of oxygen (to form carbon
monoxide, CO), or with 3.2 g of oxygen (to form carbon dioxidg, CO

- the ratio of the two masses of oxygen = 3.2:1.6 = 2:1

[ bl |
—
L/ Test your knowledge 1.2; Demonstrating the laws of chemical combination
(a) 10 g of methane was found to contain 7.5 g of carbon and 2.5 g of hydrogen; 40 g of methane was
to contain 30 g of carbon and 10 g of hydrogen; show that this is consistent withvwhaf lconstant
composition
(b) In one experiment, 50 g of tin reacted with 6.8 g of oxygen; in another experiment, 50 g of tin reacte
with 13.6 g of oxygen; show that this is consistent with the law of multiple proportions

(a) 7.5/2.5 = 3; 30/10 = 3 swonsistent (ie composition is always the same)

(b) 13.6/6.8 = 2 (a small whole number ratio, so consistent)



Lessor2 ¢ What is ionic bonding?

c)SimpleChemical Bonding

’ Summary Activity2.1: Which atoms attract electrons most strongly?

- As you cross Reriod from left to right, how does the tendency of atoms to attract electrons change?
Why?

As you descend a Group, how does the tendency of atoms to attract electrons change? Why?
As you cross a Period proton number increases but shielding stays the samlectrons in the outer
shell are more strongly attracted to the nucleus

As you descend a Group the number of shells increases so shielding increases, so electrons in the
shell are less strongly attracted to the nucleus

0] Introduction to chemicalbonding

1 Atomscan form bonds with each other by gaining, losing or sharing electrons, depending on the properties
of the atoms involved in the bond; this can lead to a number of different types of bond

1 The number of electrons which an atom gains, loses or shares whends with other atoms is called the
valencyof the atom; generally, atoms in the same group tend to have the same valency

(i) Electronegativity

9 Atoms on the righthand side of the Periodic Table attract electrons more strongly than atoms defthe
hand side of the Periodic Table

1 Atoms which attract electrons strongly are said to be electronegative atoms; fluorine is the most
electronegative atom, followed by oxygen; nitrogen and chlorine are also electronegative; all atoms in
Groups 5, 6 and dre considered fairly electronegative, especially near the top of the Periodic Table

9 Atoms which attract electrons weakly are said to be electropositive atoms; francium is the most
electropositive atom, but all atoms in Group 1 are very electropositit@ms in Group 2 are also
electropositive, as are some atoms in Group 3

1 The ability to attract electrons is the main factor in determining what type of bond an atom will form with
other atoms;electronegativity is the ability of an atom to attract electrts in a bond

9 Electronegativity increases across a Period; electronegativity decreases down a Group
(iii) lonic Bonding

1 If an electropositive atom (like Na) and an electronegative atom (like Cl) come into contact with each other,
the electronegative atom withke electrons from the electropositive atom until either the outer shell of the
electronegative atom is full or the outer shell of the electropositive atom is empty

9 Electropositive atoms lose electrons to become cations, and electronegative atomsegaiored to become
anions

1 Atoms in Groups I, Il and Ill of the Periodic Table tend to form positively charged ions (cations) by losing all
the electrons in their outer shell; Na loses one electron to formy Nt loses two electrons to form Mg
and Al loses three electrons to form*Alodium therefore has a valency of 1, magnesium has a valency of 2
and aluminium has a valency of 3

5



Simple positive ions have the same name as the atom they were formed from:
- Na'is a sodium ion
- Mg?is a magnesim ion

Atoms in Groups V, VI and VII of the Periodic Table tend to form negatively charged ions (anions) by gainin
electrons until their outer shell is full; Cl gains one electron to forp0gains two electrons to form?@nd

N gains three electron® form N; chlorine therefore has a valency of 1, oxygen has a valency of 2 and
nitrogen has a valency of 3

Simple negative ions are named by combining the first syllable of the atom they were formed from and then
FRRAY3 (GKS SyRAYy3I GARSEY

- Clis a chloide ion

- Ois an oxide ion

'—
I-—_/ Test your knowledge.2: Forming simple ions

(a) Consider the atoms Li, K, Mg, Ca and Al; give the formula and name of the ion formed when these
come into contact with an electronegative atom

(b) Consider the atoms O, N, S, Br and P; give the formula and name of the ion formed when these atg
come inb contact with an electropositive atom

(a) lithium ion Li, potassium ion K magnesium ion Mg, calcium ion G4, aluminium ion A

(b) oxide ion @, nitride ion N, sulphide ion % bromide ion By phosphide ion P

Positive and negative ions have opposite charges, so they attract each other; this attraction is called an ionif
bond;an ionic bond is an attraction between oppositely charged ions

lonic bonds are formed when electrons from an electropositive atomraesterred to an electronegative

atom and the resulting ions attract each other

- when sodium atoms and chlorine atoms interagchsodium atom transfers an electron to a chlorine
atom to form a sodium ion and a chloride anion

- these two ions attract each otheotform an ionic bond; the resulting substance is known as sodium
chloride (NacCl); it is an example ofianic compound

QL O= 00 =0d

sodium chloride (NaCl)

The representation of ionic bonds as shown above, showing the outer electrons and charges on the ions, is
an example of &ewis dot structure(or dot-cross diagram)
- When magnesium and fluorine atoms interattie Mg loses twelectronsandgives one electron each
to two different fluorine atoms
- the fluorine atoms accept the electrons and become fluoride ions
- the oppositely charged ions attract each other to foansubstance callechagnesium fluoride (Mgl

@] [@] [@]
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L/ Test your knovledge2.3: Forming simple ionic compounds
Deduce the formula, and draw the Lewis dot structure, of the following ionic compounds:

a)
b)
c)
d)
e)

sodium oxide
calcium sulphide
aluminium fluoride
potassium nitride
aluminium oxide

Na

K]’
= x @ 3-
I [N
® . s L]
3 LW e
K g

LessorB8 - What is covalent bonding?

(iv)
)l

Covalent Bonding

LT (G662 SEtSOGNRYS3AFIGAGS FiG2Yya 02YS Ayidz O2yidl Ol
neither will lose their electrons; as a result they share electrons; the shared electmastiacted to the
nuclei of both atoms at the same time; this is known as a covalent l@odyalent bond is a pair of
electrons shared between two atoms

A covalent bond is formed when two atomic orbitals on different atoms overlap:

© ©=0E

- in mostcases, each orbital contains one electron; the resulting covalent bond therefore contains one
electron from each atom

- in some cases, one of the orbitals contains two electrons and the other contains no electrons; both of
the electrons in the resulting colent bond therefore come from the same atom; this is known as a
dative covalent bond



Atoms will generally accept as many shared electrons as they can accommodate in their outer shell:

hydrogen can only accommodate one extra electron and so each hydatgencan only form one

covalent bondie H has a valency of 1)

atoms in Group 7 (eg Cl) can only accommodate one extra electron and so each atom can only form one
covalent bondiie atoms in group 7 have a valency of 1)

oxygen (and usually S) can accomntedao extra electrons and so each atom will form two covalent
bonds(O and usually S have a valency of 2)

nitrogen (and usually P) can accommodate three extra electrons so each atom will form three covalent
bonds(N and usually P have a valency of 3)

carbon and silicon can accommodate four extra electrons so each atom will form four covalent(Bonds
and Si have a valency of 4)

A covalent bond is represented by a short straight line between the two atoms; it can also be represented in
a Lewisdot structure by showing dots and crosses inside overlapping circles:

Egtwo hydrogen atoms each form one covalent bonds with an oxygen atom, which forms one covalent
bond with both hydrogen atoms:

2R o

It is possible for two atoms to share more than one pair of electrons; the sharing of two pairs of edectron
between two atoms is calleddouble bond the sharing of three pairs of electrons between two atoms is
called atriple bond:

Eg two oxygen atoms can join by forming a double covalent bond with each other:

3 ' 0=0

A small group of two or more atoms held together by covalent bonds is cafterleecule covalent bonding
usually results in the formation of molecules

These molecules act as single particles and there are no covalent bonds holding the different molecules
together; there are, however, weaker forces of attraction between these molecules which are known as
intermolecular forces

Individual molecules can be elements (eg @ compounds (eg HCI); many materials are mixtures of
different moleculegeg crude d, air)

| L

— Y
|-—/ Test your knowledge3.1: Formingsimple nolecules

Deduce the formula and draw the structure of the molecules formed when the following atoms combine to {
covalent bonds:
(a) H and H; (b) H and CI; (@rd O; (d) C and H; (e) N and H; (§n@ O; (g) nd N; (h) C and O




9 Itis possible for atoms and ions to form covalent bonds with each other; the resulting particles, which are
charged, are calledolyatomic ions they are ions containing covalent bonds: eg;/NBG*, CG*, OH

91 Dative covalent bondsre represented by a short arrow from the electron providing both electrons to the
electron providing neither, egAH", or NA B

1 Polyatomic ions often result from dative covalent bonds:
- Eg NH, is formed when a molecule of MHvhich contains two electroria a single orbital on the N
atom, forms a dative covalent bond with a hydrogen ion, which has no electrons:

H+
...x + ...x
HXNSH == H"W —= HEINIH
H H

H
H—N—H

H

The NH'ion can be drawn as follow. _.

1 Dative bonding can also result in unusual molecules such as CQ ait® could not be formed using
normal covalent bonds

| Ll |
—
L/ Test your knowledge3.2: Understanding étive covalent bonding
(a) Explain how Biforms a covalent bond with Nt form BHNH;; draw the structure of BiH;
(b) Explain how kD forms a covalent bond with*ltb form HO*; draw thestructure of HO*
(c) Use dative covalent bonding to draw the structure of carbon monoxide (CO)
(d) Use dative covalent bonding to draw the structure of ozong (O




(a) N in NHon forms dative covalent bond with B in BN provides both electrons

forms dative covalent bond with"HD provides both electrons

Lessord - What is a metallic bond?
(V) Metallic bonding

9 If two electropositive atoms come into contact with each other, both atoms will give up their electrons but
neither will accept electrons from the other; as a result, both atoms become cations and the electrons
0502YS FNBS:I 2N GRS2FZOREAAOREXABRt ENBSG NBzraSNa |
a metallic bond is an attraction between cations and a sea of electrons

1 Metallic bonds are formed when two or more atoms all lose electrons and the resulting electrons are
attracted to all be resulting cations:
- Magnesium atoms lose two electrons each, and the resulting electrons are attracted to all the cations

2+ 2+

® D DD

- sodium atoms lose one electron each
- aluminium atoms lose three electrons each

1 Metallic bonding happens becaeé the delocalised electrons are attracted to more than one nucleus and
hence more stable

1 Metallic bonding between atoms of the same type results in the formation of elements; metallic bonding
between atoms of different types results in the formation akiares known aslloys alloys are not
compounds as they do not have a fixed composition

[ Ll ]
—
L/ Test your knowledgel.1: Forming metallic bonds
Draw diagrams to show the bonding between:
(a) Two sodium atoms
(b) Two aluminium atoms

10



+ + 3+
X

(vi) Summary ofdifferent types of bond

9 lonic bonds are usually formed when an electropositive atom bonds with an electronegativetaéom;
electropositive atom gives electrons to the electronegative atom and the resulting ions attract

X XXX XX

1 Covalent bonds are usuafigrmed when two electronegative atoms bond togeth®r sharing electrons
they usually result in the formation of small particles called molecules

1 Metallic bonds are usually formed when two electropositive atoms bond togdihetonating their
electrons nto a delocalised electron sea; the resulting cations are attracted the electron sea

1 Covalent bonds can also form between atoms and ions to form polyatomic ions (&dgSiF); these
polyatomic ions will form bonds with other ions

1 Molecules do not fornstrong bonds with other molecules but can form weak bonds called intermolecular
forces

Test your knowledgel.2: Understanding énic, covalent and metallic bonding
Predict the type of bond which will be formed between the following pairs of atoms and theewis dot
structure to show each bond:

(a) Brand Br

(b) Caand Ca

(c) Caand Br

(d) Liand O

(e) Liand Li

() Oand O

2+

R O/ B © R
:.B.rz‘lgxri { [l ll @ foni Li -

(a) covaler *®* XX :(b) metalli[ ] __ o (c) ionic.

/:%:F?\ ot o
3 _

|§\ \. /i| \
(e) metallic ™" > Jd;(f)covalen. - e

[N

Lessorb ¢ What shapes do different molecules have?

d) Shapesf Molecules and Polyatomic lons

‘ R Summary Activity5.1: Lewis dot structures for different molecules
- 9ELX AY GKS YSIyAy3a 2F GKS GSN¥Ya aO20FtSyid 062\
- Draw Lewislot structures for thefollowing molecules: Be£BE, CH, NH and HO

11



- Covalent bond: pair of electrons shared between two atoms
Molecule: small group of atoms held together by covalent bonds

When an atom forms more than one covalent bond, the two covalent bonds arrange themselves at a very
specific anglethe angles between the covalent bonds in a moleaulpolyatomic iorresult in thespecies
havinga characteristic shape

When an atom forms a covalent bond with two other atoms at the same time, the electrons in the different
bonds and the no#bonding electrons in the outer shells of thentralatom repel each otherin order to

minimise this repulsin, all the outer shell electrons spread out as far apart in space as poskiblesulting
shapes, and the angles between the covalent bonds, can be predicted by the VSEPR theory (VSEPR = vale
shell electron pair repulsion)

VSEPR theory consiststwb basic rules:

- All bonded electron pairs and all lone pairs arrange themselves as far apart in space as is possible;
double bonds are counted as one pair of electrons for the purpose of determining shapes

- Lone pairs repel more strongly than bonding paingl result in the angle between the bonds becoming
slightly smaller

These two rules can be used to predict the shape of any covalent molecule or ion, and the angles between
the bonds.

Take two balloons, blow them up and tie them together. What adgléhey naturally adopt between them?
Now repeat with three and four balloons. What angle and shape will they naturally adopt?

Equipment needed: 4 balloons

Two inflated balloonshould naturally sit 18Gpart when tied; three inflated balloons 128part and four
inflated balloons 109 Sapart, in the shape of a tetrahedron when tied

p Activity 5.2: What shapes do balloons form when bondéagether?

two electron pairs

If there are two electron pairs on the central atom, the angle betweerbitveds is 180

Cl=—Be—-Cl

UED" O—C—0

- Molecules which adopt this shape are said to be LINEAR
- E.g. BeGICQ (remember that double bonds count as one electron pair)

12



(i) three electron pairs

9 If there are threeelectron pairs on the central atom, the angle between the bonds i§ 120

F , 1 1200 ., O 1zoe , O .
. -— co-ordinabe bond
\;}L F o é:/ e E:/‘
; 3\
O O

- Molecules which adopt this shape are said to be TRIGONAL PLANAR
- E.g. BE AICG, CQ* NGOy

(iir) four electron pairs
9 If there are four bonded pairs on the central atom, the angle between the bonds is°109.5

e e :
:Lvmg.?
C..

H° Y H

I|-I 109.5° c|} 109.5°
H H

N e
H \ H o’fﬁ\\% O

- Molecules whickadopt this shape are said to be TETRAHEDRAL
- E.g. CH SiCl NH/", SG*

1 If one of the electron pairs is a lone pair, the bond angle is slightly less th&ndL@Sto the extra lone pair
repulsion which pushes the bonds closer together (approx)107
L 1]

- Molecules which adopt this shape are said to be PYRAMIDAL
- E.g.NH Pd

1 If two of the electron pairs are longairs, the bond angle is also slightly less tharf,188e to the extra lone
pair repulsion (approx 104
Y
H* &

_xH
104°

- Molecules whicladopt this shape are said to be NONNEAR
- E.g. HO, OF

(iv) Diatomic molecules

1 Molecules such as;lnd Q, which only contain two atoms and one bond, are generally describédezs

13



(V) Summary of molecular shapes

Valence shell Bonding Lone Shape Bond
electron pairs | Pairs around Pairs around Angle )
around central central central atom
atom atom
2 2 0 LINEAR 180
B—A—B
3 3 0 TRIGONAL PLANAR 120
B\ / B
T\
B
4 4 0 TETRAHEDRAL 109.5
B
A-.
B
5~ /
B
4 3 1 PYRAMIDAL 107
o0
8" /A B
B
4 2 2 NONLINEAR 104.5
(K
[o]
(o]
5 /
B

| Ll |
I-—_/ Test your knowledgé.3: UnderstandingMolecular Shapes
Draw and name the shapes of following molecules, indicating the bond angles:
(a) BeCl (b) BE(c) SiGkd) PGl(e) BS (f) H(g) Sik(h) PH(i) &:(j) CQ

14




H-H
Nonlinear (104.5) linear Tetrahedral (2p9.Byramidal (10Y linear Linear (23

Extension5.4: Understanding nelecularshapes

(k) Completed Test Your Knowled§8? Think of any other molecules you know and try to work out their
shape and the angle between the bonds

Free choice question so no answers available

Lessorb ¢ What are Intermolecular Forces?

e) Intermolecular forces

1 When atoms form covalent bonds with other atoms to form molecules, these molecules act as discrete
particles and there are no strong bonds (covalent, ionic or metallic) holding the differentuteddgogether;
there are, however, weaker forces of attraction between these molecules and these forces are known as
intermolecular forces there are two main types of intermolecular force:

0) +Fy RSNJ2FFfQa F2NDOSa
1 Consider a molecule of oxygen;: O

e e

e e e
eeO e e OF€
— e
- the electrons in this molecule are not static; they are in a state of constant motion; it is therefore likely
that at any given time the distribution of electrons will not be exactly symmetritadre is likely

to be a slighsurplus of electrons on one of the atoms

+ -
g d
e e e ¢
e0® Ffo.° oe
_— e

- this is known as &emporary dipole it lasts for a very short time as the electrons are constantly moving;
temporary dipoles are constantly appearing and disappearing

15



1 Consider now an adgent molecule; the electrons on this molecule are repelled by the negative part of the
dipole and attracted to the positive part and move accordingly:

N i
d d
e e e ©
eo e ee O9F) 7
/__\e

- this is known as amduced dipole
- there is a resulting attraction between thevd molecules, and this known as/an der Waal's forcg
+y RSN 2IFfQa FT2NOS&a SEAald o0SieSSy Fftf Y2t SOd:

1 In most covalent bonds there is a difference in electronegativity between the atoms; this causes an uneven
distribution of charge and the covalent bho is said to bgolar; the separation of charges is known as a

permanent dipole
) - -+
g 5 0O ©

1 In many cases, however, the presence of polar bonds (dipoles) does not result in the overall molecule havin
a permanent dipole on the molecule, as there are otheapblonds (dipoles) in the same molecule which
have the effect of cancelling each other out; this effect can be seen in a number of linear, planar and
tetrahedral substances:

cl
| F\ /F
C... B
o ny cl ‘
O—C—0 Cl F
CcQ cd Bk

- in all the above cases, there are dipoles resulting from polar bonds but the vector sum of these dipoles i
zero; i.e. the dipoles cancel each other out

- the molecule thus has no overall permanent dipole and is said twhepolar;i KS 'y RSNJ 2 |
forces in these molecules will result from temporary dipoles and induced dipoles only

- in other words, although there are permanent dipoles on the individual covalent bonds, there is no
overall permanent dipole on the molecubecause the individual permanent dipoles cancel each other
out

1 Some molecules, however, contain covalent bonds with dipoles which do not cancel each other out:

H 5]
| o) N...
_ N + T H
R
& | H
5~ o ']
CHd SQ NH;

- In all the above cases, there are dipolesutesg from polar bonds whose vector sum is not zero; i.e. the
dipoles do not cancel each other out; the molecule thus hpsrenanent dipoleand is said to beolar

f The attraction between two molecules with permanent dipoles is another type of Van derfW@d ¥ 2 NI &

molecules with permanent dipoles attract each other slightly more strongly than similar molecules which
only have temporary and induced dipoles
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L/ Test your knowledges.1: Distinguishing betweenémporary and permanent dipoles

Using your molecular shapes from Exer&is: deduce which of the molecules will have a permanent dipole:

(a) BeCl (b) BE () SiGKd) PGl(e) HS () H(g) Siki(h) PH (i) () CQ (k) HCI

Completed Test Your Knowled§d.? Think of any other molecules you know and try to work out whether or 1
they have a permanent dipole

(a) BeGIno because dipoles on bonds cancel
(b) BE no because dipoles on bonds cancel

(c) SiGIno because dipoles on bonds cancel
dPgeSa 06SOldzaS RALRES
e @eSa 0SOFrdzasS RALRCT

(f) Hkno because the bond i®ot polar

(g) Sikno because the dipoles on bonds cancel

(hPHe S& 06SOlFdzaS (GKS RALRTESa
(i) @ no because the bond is not polar

(i) CQ@no because dipoles on bonds cancel

(k) HCl yes because there is only one bond and it is polar

Extension6.2: Distinguishing betweenemporary and permanent dipoles

Free choice question so no answer&ilable

1

Van der Waal's forces are present between all molecules, although they can be very weak and are often no
strong enough to hold the molecules together

The strength of the Van der Waal's forces in between molecules depends on two factors:

the number of electrons in the molecules

The greater the number of electrons in a molecule, the greater the likelihood of a distortion and thus the
greater the frequency and magnitude of the temporary dipoles; thus the Van der Waal's forces between the
moleaules are stronger

Example: the intermolecular forces betweenr@olecules (16 electrons) are stronger than those betwegn N
molecules (14 electrons)

the surface area of the molecules

The larger the surface area of a molecule, the more contact it wikk ath adjacent molecules; thus the
greater its ability to induce a dipole in an adjacent molecule and the greater the Van der Waal's forces.
Example: the intermolecular forces betweens@tblecules (10 electrons) are stronger than those between

F. molecules (18 electrons)

the existence of permanent dipoles on the molecules

If the molecule has a permanent dipole, there is a slightly stronger attraction between the molecules than
there wauld have been if there were only temporary and induced dipoles; thus the Van der Waal's forces
between the molecules are stronger

Example: the intermolecular forces between HCI molecules (18 electrons) are stronger than those between
F. molecules (18 elctrons)
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@! NE 06SOlFdzaS GKSNB INB Y2NB St SOiGNRyaA
b)GHX 06SOlIdzaS GKSNB IINB Y2NB St SOGNRya
(c) Bry, becausdi KSNB ' NB Y2NB St SOGNRBya Ay S| OK

(d) CHCHCHCHY 0SSOl dzaS GKS &dz2NFI OS | NBIF 27F
(e) SQ, because there are more electrons in each molecule, so stronger Van dér@aa ¥ 2 NOS a

[ Ll ]

—l L i L
L/ Test your knowledgé.3: Understanding factors affectingthelsNBSy 30 K 2F Iy RSNJ
{ar a
molecules:

(8T 6AGK I NBFLaz2ys SKAOK 2F (KS adoadlyosa o
(@) Arand Ne

(b) CH and GHs

(c) Ckand Bg

(d) CHCHCHCH and CHCH(CECH

(e) CQand S@

has a permanent dipole

Lessor? ¢ What is hydrogen bonding?

(ii)
)l

Hydrogen Bonding

In most cases, the presence of permanent dipoles only makes a slight difference to the magnitude of the

intermolecular forces; there is orexceptional case, however, where the permanent dipole makes a huge

difference to the strength of the bonding between the molecules:

- consider a molecule of hydrogen fluoride, HF; this molecule clearly has a permanent dipole as there is a
largedifference in electronegativity between H (2.1) and F (4.0); the electrons in this bond are on

average much closer to the F than the H:

5t 5

H—F
- as aresult, the H atom has on almost no electron density around its nucleus at all and is therefore very
small; thisH atom is therefore able to approach the lone pairs of electrons on electronegative atoms on
adjacent molecules very closely and form a very strong intermolecular dilijodée bond:
H—F---- H—F----H—F

- this is known dydrogen bond it can only exiswhen a hydrogen atom is bonded to a very
electronegative element; i.e. N, O ordFhydrogen bond is an attraction between an electropositive
hydrogen atom (iecovalently bonded to N, O or F) and the lone pair of an electronegative atom on an
adjacent molecule

Examples of molecules which are held together by hydrogen bonds are®BnH Nkt hydrogen bonding
also exists between many organic molecules suddashols, carboxylic acids, amines and amino acids

H//g

H

% n T
NNt /\giﬂrdosgen "o
W N2, s
o w7 IRy -
Ho v H

H \\\

8

H/I

H

Molecules which can form hydrogen bonds with each other tend to attract each other more strongly than
molecules of similar size which cannot form hydrogen bonds with each otreeintidrmolecular forces

between molecules of #0 and Nkl for example, are much stronger than those between larger molecules
such as BhoorCbS @Sy (K2dzZa3K GKS&S 1 NHSNJ Y2t SOdzA Sa KI @S
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L/ Test your knowledgé’.1: Recognisig hydrogen bonding
(a) State, with a reason, which of the substances below can form hydrogen bonds:
(i) Beh; (i) BH; (iii) CH; (iv) PH; (v) RO; (i) He; (vii) HCI; ¥iii) NH; (X) HF; X) CQ; (xi) S
(b) Explain whythe intermolecular forcedetween water molecules are stronger than the intermolecular
forces between carbon dioxide molecules

(a) (i) BeHno - no electropositive H; (ii) BHho - no electropositive H; (iii) Gio - no sufficiently
electropositive H; (iv) PHo - no sufficiently éectropositive H; (v) #D yes electropositive H because
bonded to O; (vi) ko - no electropositive H; (vii) HCI amo sufficiently electropositive H; (viii) Miges-
electropositive H because bonded to N; (ix) HF;-yectropositive H because bdad to F; (X) C{no ¢

no H; (xi) LB no- no sufficiently electropositive H
(b) Water molecules can form strong hydrogen bonds with other water molechblgsCQ cannot; CQwiill
KFEdS aGNRyYy3ISNI £y RSNI 2 FfQa T2 NDShbondngis mdeS y

significant
f) The Kinetic Model of Matter
(1) Particles and forces between them

1 All matter is made from particles; Dalton believed that these patrticles were all indivisible atoms, but since
then, we have a better understanding of whadrticles are and how they are held together; there are three
types of particle:

- atoms
- molecules(small groups of atoms held together by covalent bonds)
- ions(atoms or molecules with a charge)

1 The way in which individual atoms, ions and molecules araa#d to each other is calldsbnding
- oppositely charged ions are held togetheribyic bonding
- some electropositive atoms are held together imgtallic bonding
- most other atoms are held together lmpvalentbonding
- molecules(and atoms in Group @re reld together byintermolecularF 2 NOSa o6 +xFy RSNJ 2
and/or hydrogen bonds)

1 In between theparticles, there is empty space

1 All particles have kinetic energy, which means that all particles are always moving; this idea is known as the
kinetic model of matter

(i) The meaning of temperature

1 The amount of kinetic energy particles halepends on the temperature; the temperature is a direct
measure of the average kinetic energy of the particles; the higher the temperature, the more energy the
particles have and the faster they are moving

1 Temperature is most commonly measured using @ssius scale€’C)
- the temperature of the air on a normal day in West Africa is arountC35
- the temperature of the water in the sea around West Africa is arountC20
- at0°C, water freezes and turns to ice
- at 100°C, water boils and turns into steam
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9 Itis possible to cool materials down to belo®@ as you keep cooling materials down, their kinetic energy
decreases and they move more and more slowly; eventually, if you keep cooling, the particles will have no
kinetic energy at all and will be compaéy still; this happens at a temperature &73°C and this
temperature is known aabsolute zerg this is the lowest temperature possible; it means zero kinetic energy

1 For this reason, scientists tend to use a different scale for measuring tempereallier) theKelvin scale
(K), the Kelvin scale starts at absolute zero (0 K) and the unit is the same as the Celsius 4Qitissb/3 K
and 100°C is 373 K; the two scales can be interconverted as follows:

T (K) =T°C) + 273
TCC)=T (K273

=1
j— X
L/ Test your knowledg€.2: Using the Kelvin temperature scale
(a) Convert the following temperatures froft into K:

(i) 25°C (i) 35°C (iii) 300°C (iv)-50°C (v)-200°C
(b) Convert the following temperatures from K irfiG:
(i) 50K (i) 293 K (i) 200 K (iv) 308 K (v) 600 K

(@) (i) 298 K; (ii) 308 K; (iii) 573 K; (iv) 223 K, (v
(b) (i) -223°C; (ii) 20°C:; (iii)}-73°C; (iv) 35C: (v) 327

LessorB ¢ What are solids andvhat are the properties of solids?

(iii) States of Matter

1 The way in which particles interact with each other depends on:
- the strength of the forces (bonds) between the particles
- how much energy the particles have

1 Particles will arrange themselves into three different physical states depending on the balance between two
factors; these three states are knownsalids liquids andgases

M1 Insolids
- all particles are close together and arranged in a recuadiern (or lattice) in three dimensions; the
particles are fixed in place by the adjacent particles and so move by vibrating about their fixed positions

- solids have a fixed shape and cannot flow, because the particles are held in fixed positioaddyds
between them

- solidsalso have a fixed volume; thegnnot be compressed or squashed because the particles are
already close together and have no space to move in to

- asolid is a therefore state with high order and low randomness
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1 As solids aredmted, the particles gain more energy and vibrate more:

- eventually, the particles have sufficient energy to break some of the bonds holding the particles together

- when the bonds start to break, the particles are able to move past each other

- when this happas change of state fromolid to liquid has taken place

- this change of state is known aglting

- the reverse is known dseezing(ie liquid to solid)

- in some cases, all of the bonds holding the particles together break at the same time, and the solid
charges directly into a gas; this change of state is knowsuaiming

- the temperature at which a solid turns into a liquid is known asnttedting point of a solid

- the melting point and other physical properties of a solid depend on the type of particlssmirand
the type and strength of the forces between them

N,

Demonstration8.1: Warming ice, sulphur and iodine
(a) Gently warm a block of ice in a crucible
(b) Gently warm some sulphur in a crucible
(c) Gently warm some iodine in a crucible

Describe the changes which you see in the solids as they are heated.
Why are these changes taking place?

Equipment needed: clay pipe triangle, three crucibles, tripod, Bunsen burner and gas, tongs, a block of ice
spatula of sulphur powder, a spatula of iodine crystals

If possible, warm the sulphur and the iodine in a fume cupboard; if not, use an opea apd keep the students
a safe distance from the crucible

Place a clay pipe triangle on a tripod over a Bunsen burner connected to gas; take the ice block and place
crucible; then place the crucible into the clay pipe triangle; light the Buhsemer and heat the crucible gently
(medium flame) until it starts to melt; then remove the crucible, replace it with a crucible containing one spe
of sulphur, and repeat the warming process; then remove the crucible, replace it with a crucible cantaia
spatula of iodine, and repeat the warming process

1 The melting point of a solid can be determined as follows:

- packing a small quantity of the solid into a capillary tube until it is approximately 1 cm full
- strap the capillary tube sto the stem of a thermometer

- place the thermometer into a heating bath (usually a beaker of water)

- heat the bath slowly and the record temperature at which the solid starts to melt

Thermometer

Capillary

Substance

e —

www.learncbse.in
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N,

Demonstration8.2: Determiring the melting point of naphthalene
(a) Observe your teacher melt a sample of naphthalene using the procedure described above

What is the melting point of naphthalene?
What is the maximum melting point which can beeasured using this method?

Cannot see this experiment? Watch it herevw.youtube.com/watch?v=t8vFW56ZrRI

Equipment needed: thermometer with range up to 1) capillary tube sealed at oeed, a small quantity (less
than 1 g) of finely powdered naphthalene, a spatula, a clamp, stand and boss, a25€aker haHfilled with
water, a tripod, gauze, Bunsen burner and access to gas

Fill the capillary tube with 1 cm of naphthalene and sttap & thermometer using an elastic band; place a gau

onto a tripod over a Bunsen burner connected to a gas supplyfitiaife 250 cni beaker with water; use the
boss to attach the clamp to the stand; place the thermometer into the beaker at a defittasthe napthalene is
submerged in the water but the top of the capillary tube is not; fix the thermometer in place with the clamp;
the Bunsen burner and heat the water on a medium flame until the naphthalene starts to melt

The melting point of nghthalene is 80C

Lessord ¢ What are liquids and what are their properties?

1 Inliquids:
- all the particles are close together but able to move past each other because some of the bonds
between the particles have been broken
- the patrticles argherefore vibrating as well as moving around
- most of the bonds holding the particles together have not been broken

- liquids do not have a fixed shape and can flow, because the particles can move past each other

- liquids have a fixed volume; liquids camf@ compressed or squashed because the particles are already
close together and have no space to move in to

- aliquid is a state with lower order (more disorder) and more randomness than a solid

1 Some patrticles at the surface of the liquid, if they have a lot of energy, can escape the surface of the liquid,
temporarily becomingyasparticles; this process is known@&gaporation;as a result, all liquids contain a
small amount of vapour immediate@bove it; the pressure exerted by this vapour is known ay#pour
pressureof the liquid; this is why some liquids have a smell (some of the liquid particles become gas
particles and enter your nose)
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1 As aliquid is heated, the particles gain moremrgy and both move around and vibrate more:

- the vapour pressure of the liquid therefore increases, as more of the particles at the liquid surface have
enough energy to escape

- when most of the particles have enough energy to overcome the break the bondsdethem, the
particles move apart and are no longer attracted to each other

- at this temperature, the vapour pressure of the liquid is equal to the atmospheric pressure

- when this happens change of state from liquid to gas is taking place

- this change of stte is known agoiling

- the reverse of boiling and evaporating is knowrcaadensing

- the temperature at which the vapour pressure is equal to the atmospheric pressure is known as the
boiling pointof the liquid

- the standard boiling pointof a liquid is he temperature at which the vapour pressure of the liquid is
equal to 1 atm pressure (100,000 this is normal atmospheric pressure)

- the boiling point and other physical properties of a liquid depend on the type of particles present and
the type and stength of the forces between them

1 The difference between evaporation and boiling can be shown as follows:

f .;iling /.
0?' of \l’:'\. ./

Evaporation

Yi\ef

Bubbles cannot form
since the vapor

pressure is less than
atmospheric pressure.

Bubbles can form and
rise since the vapor
pressure can overcome
atmospheric pressure.

>/ S
Source: www.brainly.in

N,

Demonstration9.1: Heating water
(a) Gently heat some water in a beaker until it boils

Describe the changes which you siethe water as it is heated.
How can you tell that the water is boiling?
Why do you see some bubbles before the water boils?

Equipment needed: gauze, tripod, Bunsen burner and gas, tongs, a 25@aker, access to water
Pleacethe gauze on the tripod; place the Bunsen burner under the tripod:filatiie beaker with water; place
the beaker on the gauze; light the Bunsen burner; heat the water on a medium flame

as the water is heated, small bubbles start to form duevtaporation; the number of bubbles increases
as the water gets hotter; then the bubbles start to get very large

the water is boiling and the bubbles become large

some of the water evaporates before it boils
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1 The standard boiling point of a liquid candetermined as follows:
- add a small amount of liquid to a flask
- connect the flask to a threvay head with a thermometer inserted into it
- attach the head to a condenser set up for distillation
- ensure that the bulb of the thermometer is just above the lesfethe liquid
- record the maximum temperature reachedhis is the boiling point of the liquid

Receiver

N,

Demonstration9.2: Determining the boiling point of water
(a) Observe your teacher boil water using the procedure described above

What is the boilingpoint of water?

Equipment needed: thermometer with range up to 1%x) quickfit 250 cAround-bottomed flask, quickfit three
way head, quickfit bung with hole for thermometer, quickfit condenser, 100beraker, tripod, gauze, Bunsen
burner, access to gas, 2 clamp stands, each with boss and clamp, 2 pipes to connect water to tap and sink
Setup close to a sink; place a gauze on a tripod; place a Bunsen burner connected to gas underneath the 1
pour 100 cr of water into the flask; place the flask on top of the gauze and clamp into position using a stan
boss and clamp; insert the threeay head into the top of the flask, place the thermometer through the quickfi

bung with hole, insert the bung into the top of the head; adjust the height of thermometer so it is well above
level of the water; attach condenser to head; clamp condeivgerposition using another stand, boss and clam
place beaker underneath lower end of condenser to catch water; use water tube to connect tap to lower we
valve on condenser; use another water tube to connect upper water valve on condenser to siriapin and
ensure that condenser is full of water and that there is a steady flow of water into the sink; then light Bunse
burner and heat on medium flame until temperature has reached a steady level

- The boiling point of water is 10C
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Lessorl0- What are gases and what are their properties?

1

In gases:
- the patrticles are moving around rapidly and all bonds between them have been broken

- there are significant spaces between the particles

J’  J
” 2 \
AN
29
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gases hee no fixed shape and will fill the entire volume available to them, because the particles are able to
move rapidly and freely

gases also have no fixed volume; they can be compressed or squashed because there are spaces between
the particles

a gas is atate with the lowest order (highest disorder) and most randomness

in most gases, the forces in between the particles are negligible and can be ignored; as a result, unlike solid
and liquids, the physical properties of a gas do not depend on the typarb€le involved or the forces

between them; all gases therefore have very similar physical properties

=

# Test your knowledge 0.1: Understanding the structure and properties of solid, liquids and gases
Copy and complete the following table:

SOLD Change of state Liquio Change of state GAS

Arrangement of particles
(Diagram) e

Arrangement of particles
(description)

Properties (volume and
shape)l | e || s

Bonds between particles
(intact or broken)

Ordered or disordered?

SOLID Change of state | LIQUID Change of state | GAS
— —
S;I:\:Ig:sment o 1 wl‘ -\' me\tmg . bomng . o < -
(diagram) 1% <\, <> < - \
s s SRR
\ F |
_<>., < ) | / e /‘
Y \ /a /,' - I
8 X y
& ~ \--.
Arrangement of | Particles are packed close Particles are packed close Particles are far apart and
particles together in a regular together but notin a moving freely
(description) arrangement and cannot regular arrangement; there
move; particles vibrate are some spaces so
abut fixed positions particles can move
Properties Fixed volume e Fixed volume e No fixed volume
{volume and Fixed shape freezing No fixed shape condensing No fixed shape
shape)
Bonds between | All bonds are intact Most bonds are intact; All bonds are broken
particles (intact some are broken
or broken)
Degree of High order Less order/more Low order
disorder Low randomness randomness than solids but High randomness
more order/less
randomness than gases
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1 Itis often important to indicate the physical state of a material; this is shown by showing an abbreviation for
the physical state of the substance in brackets, after the chemical formula; this is knownststéhe
symbot

State Symbol
Solid S
Liquid I

Gas g

- Eg Ice is represented by the formula®l (s)
- Eg Water is represented by the formula®i (I)
- Eg Steam or water vapour is represented by the formu®Hg)

(iv) Effect of impurities on solids and liquids

1 Every pure substance has a fixed melting point and standard boiling point, unless it breaks down chemically
before reaching that temperature; the melting points and boiling points of elements and compounds can be
found in databooks and on the internet

1 Mixtures are not pure substances and do not have fixed melting points; mixtures tend to melt and boil over
a range of temperatures and the melting and boiling point will vary with the composition of the mixture

1 It follows, therefore, that impurities in a satance will change its melting point; impurities in solid structures
tend to weaken the bonds between the particles in the solid; this makes the bonds easier to break, which
lowers the melting point; impurities also cause the solid to melt more graduhéymelting point can
therefore be used as a test for the purity of a solid; impure solids melt at a lower temperature than the
melting point of the pure solid, and melt over a range of temperatures; pure solids melt suddenly at their
known melting point

1 The boiling point can also be used as a test for the purity of liquids, although it is harder to do this
accurately; impurities tend to reduce the vapour pressure of the pure liquid and hence increase the boiling
point of the liquid

(V) Solutions

9 Pure substaces can exist either as solids, liquids or gases, depending on the temperature and the nature of
the forces between the particles

1 Itis also common for two or more different substances to mix uniformly together; this usually happens when
a solid, liquicbr gas dissolves in another liquid; the particles in the dissolving substance separate and
distribute themselves evenly throughout the liquid; the resulting mixture is knownsasugion




1 The minor component in a solution is called g#wute; the major component in a solution is called the
solvent the most common solvent is water

9 Solutions in which the solvent is water are knowragaeoussolutions; solutes dissolved in water are
shown be a special state symlaohq
- Eg a solution of sodium chloride in water is represented by the formula NaGHamodium and
chloride ions separate and distribute themselves throughout the water molecules

=

—
7 Test your knowledgel 0.2: Understanding nixtures andsolutions
(a) Suggest a simple procedure for determining whether a sample of aspirin is pure

(b) State the particles present in an aqueous solution of magnesium chloride and explain how they are
arranged; idatify the solute and the solvent

(a) Take melting point by placing a small sample in a capillary tube and strapping to a thermometer; im
in a suitable liquid and heat until it melts; note temperature at which it starts and finishes melting;
compare melting point with that of aspirin; if sample melts sharply and at same temperature it is pur

melts gradually over a range of lower temperatures it is not pure
(b) Mg# ions, Clions and water molecules; the ¥fgand Clare distributed evenlyhroughout the water
molecules; the solute is magnesium chloride (oPMad C) and the solvent is water

Lessorll ¢ What evidence is there to support the kinetic model of matter?
(vi) Evidence for the Kinetic Model of Matter

9 Although atoms, ions and most molecules are too small to see, there is some visible evidence for the kinetic

model of matter, even without using a microscope; this evidence comesBranvnian motionand
diffusion

1 Brownian motionis the random movement giarticles suspended in a liquid or gas as a result of collisions
with the liquid or gas particles they are suspended in:
- when particles large enough to be visible are suspended in a liquid or a gas, they are observed to move
randomly, sometimes changingrélction suddenly
- these particles move because they are colliding with gas or liquid particles which are too small to see
- Brownian motion therefore provides evidence for the particle theory of matter in liquids and gases

N,

Demonstration11.1: Observing Brownian motion in pollen grains or powdered sulphur
Your teacher prepared three slides for you to view under a microscope:
- one slide contains some pollen grains in water
- one slide contains some sulphur grains in water
- one slide contains some srk@in a smoke cell

Look at the pollen grains, powdered sulphur or smoke particles under the microscope. Describe what you 9

/L yQil ©@ASg (KAA RSYawidyouhibeitdmwiteh?vEhelligdKy A G KSNBY
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Equipment needed: microscope, slide, slide cover, smoke cell, pollen grains, dropping pipettes, access to \
Take a micrespatula measure of pollen grains and place them on a slide; add a drop of wattresnadd the
slide cover; remove any pollen/water which gets squeezed out when the slide cover is added.

Repeat using sulphur powder instead of pollen grains.

Light a small piece of wood or paper and collect some of the smoke using a dropping pipettehimgmoke
from the dropping pipette into the smoke cell and place a slide cover over it to keep the smoke in.
Place all three under a microscope in turn. Students should be able to see Brownian motion
- pollen grains, smoke particles and sulphur graimslm&aseen moving randomly and changing direction
suddenly (Brownian motion)

pActivity 11.2: Observing Brownian motion in the classroom
Find a dusty room in the school which has a window you can see through from outside.
Sweep the room then look intahe room from outside. What can you see?

I FyQl R2 herdvavie.youtlib. @i/ watct?v=7orMPKrYPwWE
If there is direct sunlight coming into the room, students should be abtds®rve Brownian motion in the dust

particles
- dust particles moving randomly, changing direction constantly

9 Diffusionis the net movement of particles from a region of high concentration to a region of low
concentration; particles added to a specificimyof a liquid or a gas will generally spread out until they are
uniformly distributed throughout the liquid or gas

9 Diffusion results from the random movement of particles; the higher the concentration of particles in a
space, the more likelparticles are to move out of that space; it can often be a slow process because the
particles are constantly colliding with the other particles in the liquid or gas, which causes them to change
direction; diffusion occurs more quickly in gases than indisjubecause the particles are less densely packed
and so collide with each other less frequently

N,

Demonstration11.3: Observing bromine or nitrogen dioxide diffuse through air
You will see two gas jars: one contains bromine vapour (orange) aradttbecontains air (colourless)
The two gas jars will be placed horizontally facing each other; then the lids will be removed and the two jar
connected so the two gases can mix.

What do you observe?

(As an alternative, nitrogen dioxide (brown) can bedigstead of bromine)

/' FyQid R2 (KAA& SE LISWINOYISBHE. dok/watdhTv-HRQsRIBZBKIS NB Y
Note: This demonstration should be carried out in a fume cupboard.

Equipment needed: two ggars with lids, access to liquid bromine or copper (Il) nitrate

If using bromine: take one dropping pipette full of bromine and drop in into a gas jar inside a fume cupboar,
when most of the gas jar is full of bromine, place a lid on the gas jar. Qaghde the gas jar horizontally and
position another gar jar close by. Remove the lid and quickly connect the gas jars, ensuring that the bromir

cannot escape.
If using N@ Place 1 g of copper nitrate in a boiling tube. Heat the copper nitratié it starts to decompose,
giving off a brown gas. When the boiling tube is full of the brown gas, remove it from the heat. Then conne
boiling tube to another empty boiling tube upside down so that the air in the two tubes can mix.

- Theorange/brown colour will gradually fill the other jar or tube, although it does take some time
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pActivity 11.4: Observing diffusion using smell
Concentrated ammonia has a very strong smell. Your teacher will open a bottle of concentrated ammonia i
corner of the classroom.

How long before you can smell it? Why can you smell it?

Note: this demonstration should be carried out either close to the end of a lesson or in another empty
classroom so the room can be evacuated immediatefferwards. Take care that the smell does not overpowe
the students closest to the bottle. Replace the lid as quickly as possible.

- Students closest to the ammonia bottle will smell it quickly; students further away will take longer
- The ammonia moleculesraporate and diffuse through the room; they move slowly because they kee
bumping into air particles

1 Not all particles diffuse at the same rate; at the same temperature, all particles have the same average
kinetic energyput because KE = %4 fnthen paticles with a larger mass must be moving more slowly, and
particles with a larger mass must be moving more quickly, if both particles are at the same temperature

! Shown mathematically, if KE = %2?ramd all particles at the same temperature have the same energy, then:

mava2 = mVs?, so—=—and—= —

1 In other wordsthe relative rate of diffusion of two gases is inversely proportional to the square root of
their relative massesthisisknowna® NJ Kl YQa [l ¢ 2F S5AFFdzaA2Y

Example Argon atoms have a relative atomic mass of 40. Neon atoms have a relative atomic mass of 20. K
will neon diffuse compared to Argon?
Answer: (m/m20 T n a1 K H A/mMi) = WAZE WA, 8o Nean Will diffuse 1.4 times faster than Argon.

| Ll |
—
L/ Test your knowledgd1.5:UsingDNJ KI ' YQa [l g 2F S5AFTFdzZAA2Z2Y
Helium, neon, argon and krypton have relative atomic masses of 4, 20, 40 and 84 respectively.
(a) Which gas will diffuse the most quickly and whigts will diffuse the most slowly?
(b) How many times faster will helium diffuse compared to argon?
(c) How many times faster will neon diffuse compared to krypton?

(a) He most quickly, Kr most slowly

WKonnkn0 ' odH GAY
C©)Koynkunov I uwodn GA
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Lesson 2 ¢ What are the gas laws?

g) The Gas Laws

1 Because the patrticles in gasd#s not interact with each other, most gases behave in very similar ways; the
basic behaviour of gases can be predicted according to some simple laws calied thevs these laws deal
with the relationship between the temperature, pressure and volumeases
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9 All gases exert pressureon the walls around them:
- gas particles move around rapidly
- inside a container, the particles will be constantly colliding with the sides of the container
- when they do this, they exert a force on the sides ofd¢batainer
- the force exerted per unit area by a gas on the sides of a container is callptefmireof the gas
- pressure has units of N/for Pascals (Pa)
- 0KS LINB&aadaNB 2F AN Ay (K
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1 Gases always occupy the entirelume available to them; if a container has a fixed volume, the gas particles
will spread out until they are evenly distributed throughout the containkes; ¢container has flexible volume,
then its volume will increase or decrease depending on the pressure of the gas and its temperature

1 Thetemperature of the gas is a measure of the kinetic energy of the particles; the higher the temperature,
the faster tre gas particles are moving and the more energy they have

() .28t8Qa [ ¢

1 If the volume occupied by a fixed amount of gas increases at a fixed temperature, the particles will collide
with the sides of the container less often and therefore the pressure of#zewill increase; similarly, if a
fixed amount of gas is compressed into a smaller volume, its pressure will incre@se;t S Stdtes fhat ¢
¢the pressure exerted by a given mass of an ideal gas is inversely proportional to the volume it occupies, if

the temperature remains unchanged in aclosed syskem 6 I Of 2aSR a&aidisSyYy Aa | 3
cannot escape, and into which particles cannot epter
1
Po—
- Mathematically: 4 or PV =k or®: =RV,
' \
- Graphically: P
Example: If a sample of gas exertpaessure of 100,000 Pa in a container of fixed volume 0.9%vmat
pressure will it exert if the volume is compressed to 0.62 m
Answer: P:V: = 100,000 x 0.05 = 5,000 &/R so B = 5000/V = 5000/0.02 250,000 Pa

() /KINIS&EQ [ 6

9 If a fixed amount of gas is heated at constant pressure, the particles have more energy and move faster; thi
will cause the gas to spread out more; similarly, if a fixed amount of gas is cooled at constant pressure, the
particles will have less energy amve more slowly, causing the gas to contrdcK | NI Sséates tHatl &
¢the volume occupied by a given mass of an ideal gas is directly proportional to its absolute temperature,
if the pressure remains unchanged in a closed sysiem

- Mathematically: VoT or VIT =k or YT:=VW/T:
|
- Graphically: T
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Example: If a sample of gas occupies a volume of 100 aina temperature of 300 K, what volume will the|
gas occupy if it is heated to a temperature of 360 K? at constant pressure?
Answer: Vi1/T1 = 100/300 = 1/3 = )T, so ¥ = 1/3 x 360 =120 dn?

(i) Gay] dzaal 0Qa [ | &

1 If afixed amount of gas is heated at constant volume, the particles have more energy and move faster; this
will cause them to collide with the sides of the container with more force, resulting in an increase in
pressure; similarly, a fixed amount of gasdoled at constant volume, the particles will collide with the
sides of the container with less force, resulting in a decrease in pres3ayé; dza & | Gid G[Se G K I (
pressure exerted by a given mass of an ideal gas is directly proportional absolute temperature, if the
volume remains unchanged in a closed system

- Mathematically: PocT or pIT =k or PT1= RIT,

Pressure P

- Graphically: Tomperature T (4
Example: If a sample of gas occupies exerts a pressure of 100,000 Pa at a temperature of 300 K, whg
pressurewill the gas exert if it is heated to a temperature of 450 K whilst maintaining its volur
constant?
Answer: P/T, = 100000/300 = 1000/3 =M, so B = 1000/3 x 450 450,000 Pa

| Ll |
=i

# Test your knowledgd 2.1: Using he gaslaws

a) If a sample of gasxerts a pressure of 120,000 Pa in a container of fixed volume ¢,08hat pressure
will it exert if the volume is compressed to 0.027m

b) If a sample of gas occupies a volume of 4G da temperature of 300 K, what volume will the gas
occupy if it is heated to a temperature of 375 K?

c) If a sample of gas occupies exerts a pressure of 100,000 Pa at a temperature of 300 K, what press
the gas exert if it is heated to a temperatuw&900 K?

d) If a sample of gas exerts a pressure of 250,000 Pa in a container of fixed volumé,Gab&anpressure
will it exert if the volume is expanded to 0.1GM

e) If a sample of gas occupies a volume of 206 ana temperature of 300 K, what volumel\ihe gas
occupy if it is cooled to a temperature of 270 K?

f) If a sample of gas occupies exerts a pressure of 100,000 Pa at a temperature of 270 K, what press
the gas exert if it is heated to a temperature of 1350 K?

I(@)1180,000 Pa; (b) 50 din(c) 30,000 Pa; (d) 125,000 Pa; (e) 18Cd) 500,000 A

(iv) Combined Gas Law

¢ .28fSQa [l¢62 [/ KUABREDOQA[ [ 6 6 WRYDIBE O2YOAYSR & 7T+
PVIT =k or fA/T1= BVo/T>
This law is called theombined gas law

Example: If a sample of gasccupies exerts a pressure of 100,000 Pa in a volume of aidantemperature
of 300 K, what pressure will the gas exert if it is heated to a temperature of 450 K whilst alsq
compressed into a volume of 4 dt

Answer: PiV1/T1 = 100000 x 5/300 = 5008= RV-/T,, so B=5000/3 x 450/4 487,500 Pa

31



=1
X Y

|-—/Test your knowledgd 2.2: Using thecombined gaslaw

(a) If a sample of gas occupies exerts a pressure of 200,000 Pa at a temperature of 350 K, what pressure
gas exert if it is heated totemperature of 400 K whilst maintaining its volume constant?

(b) If a sample of gas exerts a pressure of 150,000 Pa in a container of fixed volumé,Gubvanpressure will it
exert if the volume is expanded to 0.06M

(c) If a sample of gas occupies a voluni&® dn¥ at a temperature of 300 K, what volume will the gas occupy
is cooled to a temperature of 275 K?

(d) If a sample of gas occupies exerts a pressure of 100,000 Pa in a volume ‘dt2ademperature of 320 K,
what pressure will the gas exertffis cooled to a temperature of 300 K whilst also being compressed intg
volume of 1.5 dri

(e) A hot air balloon has a volume of 100 Hat 300 K and 100,000 Pa. When the air in the balloon is heated,
volume increases to 120 drand the pressure increasdo 110,000 kPa. What is the new temperature of tH
air in the balloon?

(f) A tyre has a volume of 10 diwhen the temperature of the air inside is 300 K and the pressure is 100,00
Later that day, the temperature of the air in the tyre has increased®d and the pressure of the tyre has
increased to 120,000 Pa. What is the new volume of the tyre?

(9) In each of questions (&)(d), state which Law you used to calculate your answer.

229,000 Pa; (b) 100,000 Pa; (c) 45.8;dial) 125,000 Pa; (e) 396(K;11.1 dnd, (g) Gayt.ussac, Boy
Charles, Combin

I Extension12.3: Applying thegaslaws

a) How does volume change with pressure? Can you sketch a graph to show this relationship (put R g
axis and V on the-axis).Why do balloons burst when they are squeezed?

b) How does volume change with temperature? Can you sketch a graph to show this relationship (put
the y-axis and T on the-axis). Why do tyres sometimes look deflated on cold mornings?

¢) How does pressure change with temperature? Can you sketch a graph to show this relationship (py
the y-axis and T on the-axis). Why do tyres sometimes burst on hot road surfaces?

(a) volume deceases as pressure increas v
when you reduce the volume of a balloon the pressure increases until it it more than the balloon

i

volume increases as temperature increas _ _, T
at low temperatures the volume of the tyre is smaller, so it looks ded

Pressure P

pressure increases as temperature increa._ . _, Tt
as the air temperature in the tyre increases, so does the pressure in the tyre, on very hot
pressure will be very high and maybe too much for the tyre to
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The gas laws apply even if the gas is a mixture of different gasgsatti@ pressureof a gas in a mixture of
gases is the pressure which would be exerted if that gas alone occupied the entire gaseous volume

For example, dry air consistsamixture of different gases, mainly nitrogen, oxygen and argon; at normal
atmospheric pressure, the partial pressure of each gas is as follows:

Nitrogen: 79,000 Pa

Oxygen: 20,000 Pa

Argon: 1000 Pa

Accordingtds | f 12y Qa [ | ¢ 2, e totdl pidsdule in a sydidndisithdzbiit of the partial
pressures of the different gases in the system

- so the overall pressure of air at normal atmospheric pressure is 79000 + 20000 + 1000 = 100,000 Pa
- like the other gas laws, this law works because themticles do not interact with each other

'—

—p . ,
|-—/Testyourknowledgdzcbn Y aAy3a 5Ftuaz2zyQa [Feg 2F tIFNIUAIFE t
(a) On a day when the atmospheric pressure was found to be 102 kPa, a sample of air was found to cq

2.3% HO, 1.0% Ar, 77.4%bind 19.3% ©
Calculate the partial pressure of each gas in the air sample.

(a) HO: 2.3/100 x 102 = 2.35 kPa; Ar: 1.0/100 x 102 = 1.02 kPa7N4/100 x 102 = 78.95 kPay;,=O

19.3/100 x 102 = 19.7 kPa

Lessorl3 ¢ What are giant ionic structures?

h) Chemical Structures

1 The way in which individual atoms, ions and molecules are attracted to each other and hence join together i

calledbonding
The way in which atoms, molecules or ions arrange themselves onea saxae is callestructure

Most structures in the solid state consist of a regular, repeating pattern, usually in three dimensions; this
regular, repeating pattern is calledattice

The physical and chemical properties of a solid or liguadkerial depend on:

- the type of particles they contain (atoms, molecules or ions)

- the type of bonding between the particles (ionic, covalent, metallic or intermolecular)
- the type ofstructure which the material adopts

There are four main types efructure:

- Giantionic lattice structure; this is the structure adopted by oppositely charged ions held together by
ionic bonds

- Giant metallic lattice structure; this is the structure adopted by atoms when they are held together by
metallic bonds

- Simplemolecular structureg this is the structure adopted when atoms combine with covalent bonds to
form molecules, which are held together by intermolecular bonds

- Giant covalent (or macromolecular) lattice structuigthis is the structure adopted when atoms
combine with covalent bonds but cannot form stable molecules
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0] Giant lonic Structures

1 Anionic bond is an attraction between oppositely charged ions; after the ions are formed, they all come
together to form dattice; all of the anions are surrounded bations and all of the cations are surrounded
by anions agiant ionic structureconsists of a large number of cations and anions arranged in a regular
lattice

Exampleg sodium chloride
- In sodium chloride, each sodium ion is surrounded by six chlorideaimhgice versa
- The diagram below shows the structure of sodium chloride; the pattern repeats in this way and the
structure extends (repeats itself) in all directions throughout a single crystal
- Remember this diagram represents only a tiny part of a $ingpdium chloride crystal

@ Ha+
P @ tar O er
,J\(. \t\,/ i
{_:_,,r .L‘ O o | Each sodium ion attracts several chloride ion
=y and vice versa so the ionic bonding is not jug
r’“{. between one sodium and one chloride ion.
There is a D lattice.
www.chemquide.co.uk

1 Giant ionic structures tend to have a high meltpant:
- The attractions between the oppositely charged ions (ie the ionic bonds) are very strong; a lot of energy
is thus required to overcome them

Compound NaCl MgO
Melting point/°C 801 2852

- The higher the charge on the ions, and the smaller tney the stronger the attraction between them
and the higher the melting and boiling points

- Eg In MgO, the ions have a 2+ andltzarge and thus the attraction between them is stronger than in
NacCl, in which the ions have a +1 and aharge, so the mettg point is higher

9 Giantionic structures conduct electricity in the molten and aqueous states but not in the solid state:
- sincegiant ionic structuregontain ions, they are attracted by electric fields and ions will, if possible,
move towards the electrodes and thus conduct electricity
- inthe solid state, however, the ions are not free to move since they are tightly held in place by each
other, sogiart ionic structuresdo not conduct electricity in the solid statghey are insulators
- inthe liquid state, the ions are free to move and so can move towards their respective electrodes; thus
giant ionic structuresan conduct electricity in the liquid $&a

I Giantionic structuregend to be hard and brittle:

- as soon as the ions are moved out of place, the structure breaks down because the oppositely charged
ions are no longer adjacent to each other
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L/ Test Your Knowledg#3.1: Understanding thghysical properties of giant ionic structures
Copy and complete the following table about the physical properties of giant ionic lattice structures:

Property Explanation
high melting point

non-conductor of electricity in solid
state

conductor of electricity 1n molten or
agqueous state

brittle
Property Explanation
high melting point Strong 1onic bonds
Need a large amount of energy to break
non-conductor of electricity i solid lons
state Are not free to move
conductor of electricity 1n molten or lons
agqueous state Are free to move
brittle Layers cannot slide over each other
As 1t would cause repulsion between the 1ons

i Giantionic structures are always compourdsthey always contain different types of atom; trerg
represented by theiunit formula; the unit formula of ajiant ionic structures the simplest whole number
ratio of the ions in the compound, shown by writing the cation followed by the anion:

Name ofcompound Formula | Meaning of formula

Sodium chloride NaCl Ratio of Nato Clionsis 1:1

Sodium oxide NaO Ratio of Nato C* ions is 2:1
Magnesium chloride MgCh Ratio of M@*"to Clions is 1:2
Aluminium oxide AbLO; Ratio of Al*to O* ions is 2:3

- the charges on the ions always cancel out, so the formula has no overall charge

I Some ions contain two or more atomgghese are known as polyatomic ions; common examples are:

ammonium NH;*
nitrate NGy
hydroxide OH

sulphate SQ*
carbonate CcQ?*

- these ions combine with other ions to form ionic compounds with giant ionic structures; if a unit formula
contains more than one of these ions, the formula of the ion is written inside brackets and the number
of ions iswritten outside the brackets:

Name of compound Formula Meaning of formula

sodium carbonate NaCQ Ratio of Nato CQ?% ions is 2:1

ammonium sulphate (NH)2SQ Ratio of NH to SQZ ions is 2:1
ammonium nitrate NHING; Ratio of NH to NGOy ions is 1:1
magnesium nitrate Mg(NQ) Ratio of Mg"to NGy ions is 1:2
aluminium sulphate AL(SQ)s Ratio of Ai"to SQ* ions is 2:3

35



=1
—
L/ Test Your Knowledg#3.2: Deducing the unit formula of giant ionic structures
Deduce the unit formula of the flowing giant ionic structures:
(a) lithium oxide
(b) barium chloride
(c) lithium nitride
(d) ammonium chloride
(e) potassium nitrate
(f) aluminium nitrate
(g) magnesium hydroxide
(h) magnesium sulphate
() ammonium nitrate
() ammonium sulphate

(a) LkO; (b) BaGl (c) LiN; (d) NHCI; (e) KN (f) ANQ)s; (9) Mg(OH) (h) MgS@ (i) NHNG; (j) (NH),SQ

Extensionl3.3: Comparing the melting points of giant ionic structures
(a) State, with reasons, whether NaCl or KCI will have a higher melting point
(b) State, with reasons, whether NaClMgC} will have a higher melting point
(c) State, with reasons, whether Mg@r MgO will have a higher melting point
(d) State, with reasons, whether NaCl or NaF will have a higher melting point

(a) NaCl because N& smaller than Kso stronger attraction to Cl
(b) MgC}because Mg is smaller and more highly charged than®Na stronger attraction to Cl

(c) MgO because Dis more highly charged than €b stronger attraction to Mgj
(d) NaF because 5 smaller than C$o stronger attratton to Na

1 Atroom temperature, giant ionic structures are found either in the solid state or dissolved in;\treger
physical state of the structure can be shown by the corresponding state symbol after the formula:
- NacCl (s) means a solid samplesodlium chloride
- NaCl (aq) means a sample of sodium chloride dissolved in water

Lessorl4 ¢ What are giantmetallic structures?
(i) Giant Metallic Structures

1 Metallic bonding is the attraction between cations and a sea of delocalised electronsatibas are
arranged to form a lattice, with the electrons free to move between them; this is a giant metallic structure

1 A material which adopts a giant metallic structure is calledesal

A simplified form of a magnesium lattice is shown below:

‘e ‘ This is a Thi§ is a simplified 3D

lattice for sodiu m; the

simplified D ium ions
+ are sodium ions and
form of the the dots are

“ ‘ metal lattice delocalised electrons
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