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Specification Checklist

| 1:14 know what is meant by the terms atom and molecule

know the structure of an atom in terms of the positions, relative masses and relative charges

(115 of sub-atomic particles

' 1:16a know what is meant by the terms atomic number, mass number and relative atomic mass (A,) |

understand how elements are arranged in the Periodic Table: in order of atomic number, in

1:18 .
5 | groups and periods
1:19 " understand how to deduce the electronic configurations of the first 20 elements from their
| ' positions in the Periodic Table
11:21 " identify an element as a metal or a non-metal according to its position in the Periodic Table
1:22 understand how the electronic configuration of a main group element is related to its
; position in the Periodic Table
1:23 understand why elements in the same group of the Periodic Table have similar chemical
’ properties
1:24 understand why the noble gases (Group 0) do not readily react
1:44 know that a covalent bond is formed between atoms by the sharing of a pair of electrons
| 1:45 - understand covalent bonds in terms of electrostatic attractions
! \
| understand how to use dot-and-cross diagrams to represent covalent bonds in: diatomic
1:46 | molecules, including hydrogen, oxygen, nitrogen, halogens and hydrogen halides, inorganic

molecules including water, ammonia and carbon dioxide, organic molecules containing up to
' two carbon atoms, including methane, ethane, ethene and those containing halogen atoms

. explain why substances with a simple molecular structures are gases or liquids, or solids with
1:47 low melting and boiling points. The term intermolecular forces of attraction can be used to
represent all forces between molecules

explain why the melting and boiling points of substances with simple molecular structures

1:48 - ; 7 : :
increase, in general, with increasing relative molecular mass
2:44 describe tests for these gases: hydrogen, oxygen, carbon dioxide, ammonia, chlorine
1 2:49 ' describe a test for the presence of water using anhydrous copper(ll) sulfate




Terminology

Term Definition
Atom The smallest stable part of an element
Nucleus This is the central part of an atom
Proton A positively charged particle found in the nucleus
Neutron A neutral particle found in the nucleus
Electron A negatively charged particle found in shells around the nucleus
Electron configuration How the electrons are arranged in an atom
Group A group of elements is found in one column of the periodic table
Period A period of elements is found in one row of the periodic table
Element A substance which contains only one type of atom

The attraction between two positive nuclei and a shared pair of
Covalent bond

electrons
Intermolecular force Electrostatic attraction between molecules

A particle with a fixed number of atoms chemically combined
Molecule

together by covalent bonds.
Diatomic molecule A molecule containing only two atoms




Atoms & Molecules

Learning Qutcomes:

1) Define the terms atom and molecule
2) Describe tests for hydrogen, oxygen, carbon dioxide, water, ammonia and chlorine

Key Definition

Atoms are the smallest stable part of an element.

Atoms are made up of p[w’tOYIA , neuknonp and e fectreony)

The protons have a gx)m‘i\hze l:{:!/ charge and are found in the fZM"_/_L@MQ ;
The neutrons are {Z]MZ’[DM and are also found in the nucleus.

The electrons are WOMJW'/{ charged and are found in electron shells.

6 protons

12 + 6 neutrons

Carbon @ etecton

6 @ proton

Q neutron
Carbon atom
Subatomic particles
Particle Mass Charge
/fyrfﬂo"’t— / 4

menbreon l v,
elpctreom /nﬁc/zyfb’(c w




Key Definition

A molecule is a particle with a fixed number of atoms chemically combined together by covalent bonds.

Examples
Name Formula Diatomic molecule? Relative Formula Mass (M)
Oxygen O& T,/@/) 32
9
Nitrogen ‘){’ 5 ge/) L&
Ammonia N MT? qlw 1T
Water H}/‘Q YW |8
Carbon dioxide CO,L mo Yy
Chlorine (A 2 W/) 71
Hydrogen H.l W b
Methane CHa ';w |6
Hydrogen chloride Ha wﬂ 265
Hydrogen peroxide H20: r;w Db

Key Definition

A diatomic molecule is a molecule containing only two atoms

Task What other diatomic molecules can you think of?




Demo / Practical: Testing for simple molecules

Safety 1) goggles must be warn at all times
2) ensure the lab is well ventilated
3) use the correct technique for smelling gases

Method:

1. Carbon dioxide - place a spatula of marble chips into a test tube of 2cm? hydrochloric acid and test for
CO; using limewater

2. Hydrogen — place a strip of magnesium into a test tube of 2cm? hydrochloric acid. Collect gas using a
boiling tube and test with lit splint

3. Oxygen (demo only) — decomposition of hydrogen peroxide using MnQO, catalyst. Demo testing for
oxygen.

4. Water — place % of a spatula of anhydrous copper(ll) sulfate into a test tube and pipette a few drops of
water. Pupils can also observe heat given off.

5. Ammonia - dissolve a spatula of ammonium salts into water. Gently heat and test gas using damp red
litmus paper.

6. Chlorine (demo only) — Use pre-prepared chlorine gas and test with damp litmus paper.
Reaction: Cl; + H,O = HOCI + HCI.

Molecule Test Result

/&'ﬁe poder Ty M&f{

Carbon dioxide

it p/rrb)nt 79{,7@),/ Japonkes

Hydrogen

Oxygen (demo)

%Zaw'rw palint /)W AR e W

W
Water coppe ///) /“M ﬁlhd / 4‘2

Seot LobIesep o vy
Ammonia + e 6o Mth ! Jolue
0%77 el ' febinus gogen

Aot 50 plth Lodup  gogtn Sbowles
Chiorine (demo) . ’ %oyjm/, ; ' i
e




Write the chemical equations for the reactions which take place during the tests on the previous page.

Test for Carbon Dioxide: Ca(OH)z(aq) + CO2(g) - CaCOs(s) + HO(l)

Test for Hydrogen: Hz(g) + O2(g) > H20()

Test for Oxygen: Not really an equation, the oxygen enables the wood to combust
Test for presence of Water: CuSOs (s) + 5H20 (I) = CuS04.5H,0 (s)

Test for presence of ammonia: No equation, just an indicator paper being used

Test for Chlorine: Cl, + H,O = HOCI + HCI



Naming Molecules

Rules for naming molecules:

Number
The first element is named first, using the element’s name "
Second element is named as anion (suffix “-ide”) o 2
/ 3
Prefixes are used to denote the number of atoms — 4
5
“Mono” is not usually used to name the first element 6

Prefix
mono-
di-

tri-
tetra-
penta-
hexa-

Name these:
a) PHs phosphorous trihydride
b) €O Comen Menexide
o HHy dsoen ledile
d) N:Os D:.v.‘m-ok-)c\ Troxsde
e) SO, X{P\\w dionids
) 5 gu\\{)\mf Hewe il oincle. .

Now try naming these:

1) NoFfs  dinitrogen hexafluoride
2 co;  Caalpen Clioxscle

3 sife OiCe- /\Em{hxdx-u_.

4) CBrq Cc\Q‘-,\ Teka haamcle -

5) NCls f\);kmju Fehloche

6) s D phosphorons Suiphice
7) NO; Nkm:)eh Dokt de

8 sk Sulpww d'\(\;.\a'\cu

9) P Plosphorss ]7€f*o\qlumc,bq
10) NO N;’cm\).:'c\ Moroiacle

11) CCl4 C‘\_ﬁi‘r\ Q;{ D d’\ LL"\CLQ_ =

12) P05 D= Q\H LBP\\c-’0¢i P(‘J\'cc~\0‘)(‘\L‘LL
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Covalent Bonding

Learning Outcomes:

1) Recall the term covalent bonds
2) Draw dot-and-cross diagrams to represent covalent bonds in a molecules

Task  What do you remember about electron arrangement? Delete words below to complete the sentences.

1) Electrons are arranged in energy levels { shells /[ cores7 ciretes ) around the
nucleus)/ eleetron / neutrom.

2) The lowest energy level (innermost first shell) can hold only}’@'m electrons.

3) The second energy level (shell) can hold onWelectrons.
-
4) The third energy level (shell) can holW electrons.

5) Electrons occupy the lowest energy shell available. The innermost shells fill up Jast/(first. ;

6) Atoms with full outer shells are chemically stable / unstable

The innermost electron shell is full. It has L electrons.

The third energy level has the remainder of the electrons. /

That shell is not full. It has 'Z electrons.

This is the nucleus, containing the W/) and

WW/ both of which have a relative mass of IL’

How many electrons are needed

Element Number of outer-shell electrons fora full shell?
Oxygen 6 2
Fluorine 7 /
Sulphur 6 L
Carbon 4 L
Nitrogen 5 >
Bromine 7 /
Neon 3 O
Phosphorus 5 >
Silicon L v
Hydrogen /
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In covalent bonding, non-metals share their outer electrons so that they gain a full outer shell.
Covalent bonding involves the pairing of previously unpaired electrons.

Key definition
Covalent bond: A strong electrostatic attraction between a pair of electrons (negatively charged) and two nuclei
(positively charged).

Attraction

Nucleus

Shared
electrons

Example for dot-and-cross diagram to represent the covalent bonding in a chlorine molecule

Task: Complete the diagram to show the electrons in the outer shell of
an atom of chlorine.

Two chlorine atoms form a chlorine molecule, Cl,.

Task: complete the dot and cross diagram of the electrons in a molecule of chlorine (show outer electrons only):
e

This chlorine molecule can also be represented by:
1) Displayed formula: C| - Cl
P
5 2) Molecular formula: Clz
SO


Michael
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Use dot and cross diagrams to show the covalent bonding the following molecules:

1) hydrogen (H;)

Displayed formula: H——H

2) fluorine (F2)

OO = G

Displayed formula:

3) hydrogen chloride (HCl)

& —

Displayed formula: H 1

4) water (H;0)

%

®

Displayed formula: H

11
12
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ammonia (NH3)

©®@—“@
0

Displayed formula: /N —H

6) methane (CHy)

7) Chlorofluoromethane, (CH,CLF)

13
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1) Indicate whether each statement is true or false TRUE FALSE

a. Covalent bonding involves sharing electrons \/
b. Atoms react to gain a full outer shell of electrons \/
c. Hydrogen can form two covalent bonds \/
d. Carbon can form four covalent bonds \/

A triple covalent bond contains 6 electrons (3 pairs) \/
f. Adouble covalent bond contains 2 electrons ... \/

2) Complete the following table to show how many electrons are needed to fill up the outer shell of these
atoms

Atom carbon chlorine hydrogen nitrogen oxygen

Number of electrons | |
needed to fill outer shell !” 6 'Z’

Number of bonds this L[ J , i) ,Z,

atom can form

3) Why do some atoms share electrons?

.................................................................................................................................

4) Why do the noble gases not form covalent bonds?
%Mm%p/z/rﬂ?/w ......... odor. . ol......
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Use dot and cross diagrams to show the covalent bonding the following molecules

The molecules below have double or triple covalent bonds

8) oxygen (0;)

@G — W

Displayed formula: O=—=0

9) nitrogen (N.)

oG G

Displayed formula: N=N

10) carbon dioxide (CO2)

—_—
@ @ Displayed formula: O=C=0

14
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Draw dot and cross diagrams and displayed formula for each of these compounds

Phosphine, PHa Hydrogen peroxide, H,0,

fodod

H
H/O\O/

Oxygen difluoride, F,O

Ethane, CzHs

VI
| |
o i P

|
VIRV

18
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Challenge: Draw dot and cross diagrams and displayed formula for each of these compounds

Ethene, CH4

Ethyne, C;H;

H-L=-H

Hydrogen cyanide, HCN

a@D

el P

il

XN

Ethanol, CoHsOH
(hint — try to work out the displayed formula first)

’f 1

: |

H-§~C'\9f}4
oo

Carbon monoxide, CO

16
17
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Big mistakes
The following diagrams are all WRONG. For each, say why it is wrong, and if it can be fixed, fix it.

1) The diagram below is wrong because double bonds should be present.

0iCiO

2) The diagram below is wrong because double bond should be present.

VN
/ ) \

o (3]0 |

3) The diagram below is wrong because Hydrogen missing

(2
Gy vk
) X

4) The diagram below is very wrong indeed because IT’S IONIC — PLEASE! NEVER MAKE THIS MISTAKE!

X0X®
XoX®

*X
*X

Bl ) G

18
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More covalent dot and cross practice (try to do these without looking back at your notes)

In each of the following, draw a diagram to show the bonding, showing the outer electrons only.

1) Water, H,0

AT N

s N\

O

2) Difluoromethane, CH.F;

3) Oxygen, O

,.\\

\“/\**/

4) Carbon dioxide, CO,

0:CiQ;

5) Sodium oxide, Na,O (ALERT: trick question!! Always be on the lookout for this!)
+ =
..\ /'/xx\'\
/ \ \.\
:2 g Na % g/ O ;
\, 7 % Y.
1 5 2
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Properties of Simple Molecules

Learning OQutcomes:

1) Explain why substances with a simple molecular structures are gases, liquids, or solids with low melting and boiling
points

2) Explain why the melting and boiling points of substances with simple molecular structures increase, in general, with
increasing relative molecular mass

Comparing the Tm & Ty of some simple molecules:

Substance Tl % To/°C
H> -259 -253
H.0 0 100
0, -218 -183
Cly -101 -35
HCl -115 -85
CHa -182 -161
NH; -78 -33
CO; 57 -79

N2 -210 -196.

1) What is the state of chlorine (Cl;) at 12°C?

........... 44%

2) Whatis the state of ammonia (NHs) at -96°C?



Michael
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Explaining why simple molecules have low boiling points
e The covalent bonds between atoms within a simple molecule are strong.

e There are also weak intermolecular forces between different molecules.

e ..

L ] L J

° ' @(O®

L ]
®
A o Kweak intermolecular
T . forces between

strong ‘(9’ molecules

covalent . .

bonds 2 .‘@:‘

e When a substance with a simple molecular structure boils.

The strong covalent bonds do not break but instead the weak intermolecular force are overcome.

Explain why nitrogen, N; has a very low boiling point.

which require very little energy and low tempreratures to overcome -
hence, Ntrogen has a low boiling point.

N —
—©
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Task  Plot the data onto the graph below.

Formula :::::7, 0 Relative Formula Mass (M)
CHq -161 16
CaHe -89 30
C3Hg -42 56
C4H1o 0 58
CsHiz 36 72
CeH1s 69 86

Describe what the graph shows.


Michael
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Explain why this trend occurs, using the diagram below to help.

........................................................................................................................................

... FOr. each of the.following,.explain.which. has the higher.boiling point:..................
1)Methane (CH4) or octane (C8H18)?
- Octane asit has ahigher Mr so has-stronger intermolecutar forces-which require'more -
energy and higher temperatures to overcome.

wossenedgloXane-(Gak 14).of . pentane (GEHI2) 2 wuamnemwummmimsssmisness
Hexane as it has a higher Mr so has stronger intermolecular forces which require more
.................................... e .n.ergy.and.h]gher'temp.eramres.to .Overcome.....................................

3)Fluorine (F2) or bromine (Br2)?
......Bromine.as.it has. higher. Mr. so.has. strongetr.intermolecular.farces. which.require. mare.....
energy and higher temperatures to overcome.

lodine as it has higher Mr so has stronger intermolecular forces which require more energy
sesannesns-and.higher. temperatures.10.QVerCOmMEe. ... ..o eervrvseseenessseresnseess

.""C

.

—
T nw L

\H C C

Y h S T i

H HH HH HH HH HH
methane butane hexane
bp = -164°C bp = 0°C bp = 68°C

84
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Michael
For each of the following, explain which has the higher boiling point:

1)Methane (CH4) or octane (C8H18)?

Octane as it has a higher Mr so has stronger intermolecular forces which require more energy and higher temperatures to overcome.



2)Hexane (C6H14) of pentane (C5H12)?

Hexane as it has a higher Mr so has stronger intermolecular forces which require more energy and higher temperatures to overcome.



3)Fluorine (F2) or bromine (Br2)?

Bromine as it has higher Mr so has stronger intermolecular forces which require more energy and higher temperatures to overcome.



4)Iodine (I2) or hydrogen (H2)?

Iodine as it has higher Mr so has stronger intermolecular forces which require more energy and higher temperatures to overcome.�


How does carbon dioxide boil at -79°C without breaking a bond?

Your answer should include the following:

e give a detailed explanation of what occurs during boiling.

e explain the difference between intermolecular forces and covalent bonds.

e explain why the bonds are strong in terms of electrostatic forces.

» include a description of the type of bonding with reference to electrons. A diagram can be used.

Try to use as many of these keywords and phrases as passible:

covalent nucleus electrons weak intermolecular forces
energy electrostatic attraction positive negative
charge temperature  overcome forces break bonds

...........................................................................................................................................

...........................................................................................................................................

...........................................................................................................................................
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24


Terminology — Test Yourself

Term

Definition

The smallest stable part of an element

This is the central part of an atom

A positively charged particle found in the nucleus

A neutral particle found in the nucleus

Electron

A negatively charged particle found in around the nucleus

How the electrons are arranged in an atom

Group

A group of elements is found in one of the periodic table

A period of elements is found in one row of the periodic table

Element

A substance which contains

Covalent bond

The attraction between ___ and

Electrostatic attraction between molecules

A particle with a fixed number of atoms chemically combined

together by covalent bonds.

Diatomic molecule

A molecule containing

23
25
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QuestionsAtTheBackOfTheBook

1)

Hydrogen chloride is formed in the reaction between hydrogen and chlorine.
The equation for the reaction is

H, + Cl, = 2HCI

(a) Each molecule in this equation contains the same type of bonding.

Name this type of bonding.

(b) The bonding in a hydrogen molecule is strong.

Explain why the boiling point of hydrogen is low.

ﬁeke,_cvre'wea/é Soces Polieon e

(d) Draw a dot and cross diagram to show the bonding in a hydrogen chloride molecule.

Show only the outer electrons in each atom.
(2)

25

N
(o]
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2)

The diagram represents a particle of ammonia.

]
HXN

(@) This particle of ammoniais

0 A anatom
0 B anion
[0 C alattice

@ D amolecule

(b) Which type of bonding is present in this particle of ammonia?

B A covalent
O B hydrogen
0 € ionic

O D metallic

(¢) What is the formula of ammonia?

d) The products of the complete combustion of hydrocarbons are carbon dioxide
and water.

(i) Balance the equation to show the complete combustion of ethene (CH,).

),
CH, + .52...0, - ,,.2(02 + 2H20

(i) Draw a dot and cross diagram to show the bonding in an ethene molecule.

Show only the outer electrons in each atom.

60
1D

26
27
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3)
Lithium and carbon both form fluorides.
(a) Lithium reacts with fluorine to produce the ionic compound lithium fluoride.

The diagrams show the arrangement of electrons in a lithium atom and in a fluorine atom.

©

lithium atom fluorine atom

Draw similar diagrams to show the arrangement of the electrons in the ions formed
when lithium reacts with fluorine.

Show all the electrons in each ion.

(@)

(b) Carbon tetrafluoride is a simple molecular compound.

{2)

v,

C) &

The displayed formula for a molecule of carbon tetrafluoride is

Draw a dot and cross diagram to show the arrangement of the electrons in this molecule.

/%/K : (2)

Show only the outer electrons.
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4)

a) What is the test for chlorine gas?

= Bhukes

b) What is the test for carbon dioxide gas?

— Bl sk lomor T
o Foar el

c) What is the test for hydrogen gas?

d) What is the test for ammonia gas?

— Damp red Lz pore-
= FToswa Sbue

e) What is the test for oxygen gas?

f) What is the chemical test for the presence of water?

::»/Jaf/ W Wf&”ﬂ!)f“%é
= Fons fon Wik & Loy

d) What is the physical test for the purity of water?

2)

(2)

2)

)

(2)

(2)

g & Lyl oL 108°c, b4

waé: b pure.

%
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