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1.0 INTRODUCTION
1.1 Background Information

The A-level Chemistry syllabus for Tanzania was last reviewed in 1996. It 
has taken twelve years for the next review done in 2008.
The 2008 review has been done in the context of serious global and local 
changes and challenges such as ICT developments and cross-cutting issues.
The present review has been done according to the requirements of the 
contemporary curriculum paradigm shift, where the student is placed at the 
centre of the teaching-learning process. Student learning is supposed to be 
activity oriented and cooperative in nature.
The present A-level Chemistry curriculum review is based on the country-
wide monitoring research which was done in 2007 on the implementation 
of the A-level curriculum. This review study was followed by a meeting of 
A-level stake holders, who contributed important ideas and recommendations 
which has guided the review process. Their comments have been taken on 
board.
The world in the last ten years has changed very much technologically and 
socially. The present review has put enough emphasis on the development 
in the learners skills and competences needed in every day life.This syllabus 
has treated quite well the Environmental and Soil Chemistry.

1.2 Brief Description of the Subject
Chemistry is studied as a principal subject. The content has been carefully 
selected and organised so as to promote interest and motivation throughout 
the course. The topics fall under 5 (five) blocks, namely General Chemistry, 
Physical Chemistry, Inorganic Chemistry, Environmental Chemistry and 
Organic Chemistry.

1.3 Rationale for Review of the Chemistry Subject Syllabus
The monitoring research which was done in 2007 to pave the way for the 
syllabus review identified the following gaps in the chemistry syllabus of 
1996:
 • The syllabus was knowledge - based and not learner - centred;
 • It was not geared towards constructivism;

 • It was missing important content areas such as soil chemistry, cross - cutting 
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issues, environmental and soil chemistry, as well as qualitative analysis.
In designing this syllabus, due consideration has been made for it to be  
learner centred, activity oriented and the cross-cutting issues have been 
integrated.
The sub-topics removed were Cyclic hydrocarbons and Amides. However, 
radioactivity was shifted to Physics. Extraction of metals, Environmental 
Chemistry, Soil Chemistry and Qualitative Analysis have been added. More 
over, teaching/learning strategies, assessment and number of periods per 
sub-topic have been included in the syllabus.

2.0 OBJECTIVE OF EDUCATION IN TANZANIA
The general aims of education in Tanzania are to:
a) guide and promote the development and improvement of the personalities 

of the citizens of Tanzania, their human resources and effective utilization 
of their resources in bringing about individual and national development;

b) promote the acquisition and appreciation of culture, customs and 
traditions of the people of Tanzania;

c) promote the acquisition and appropriate use of literary, social, scientific, 
vocational, technological, professional and other forms of knowledge, 
skills and understanding for the development and improvement of man 
and society;

d) develop and promote self-confidence and an inquiry mind, an 
understanding and respect for human dignity and human rights and 
a readiness to work hard for personal self advancement and national 
improvement;

e) enable and expand the scope of acquisition, improvement and upgrading 
of mental, practical productive and other life skills needed to meet the 
changing needs of industry and the economy;

f) enable every citizen to understand the fundamentals of the national 
constitution as well as the enshrined human and civic rights, obligation 
and responsibilities;

g) promote the love for work, self and wage employment and to improve 
performance in the production and service sectors;

h) inculcate principles of national ethics and integrity, national and 
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international cooperation, peace and justice through the study, 
understanding and adherence to the provision of the National 
Constitution and International basic charters and

i) enable a rational use, management and conservation of our 
environment.

3.0 AIMS AND OBJECTIVES OF SECONDARY EDUCATION
The general aims and objectives of education in Tanzania are to:
a) consolidate and broaden the scope of baseline ideas, knowledge, skills 

and principles acquired and developed at primary education levels;
b) enhance further development and appreciation of national unity, identity 

and ethnic personal integrity, respect for and readiness to work, 
human rights, cultural and moral values, customs, traditions and civic 
responsibilities and obligations;

c) promote the development of competency in linguistic ability and 
effective use of communication skills in Kiswahili and at least one 
foreign languages;

d) promote opportunities for the acquisition of knowledge, skills, attitudes 
and understanding in prescribed or selected fields of study;

e) prepare students to tertiary and higher education; vocational, technical 
and professional training;

f) inculcate a sense and ability for self-study, self-reliance and self-
advancement in new frontiers of science and technology, academic and 
occupational knowledge and skills and

g) prepare the student to join the world of work.

4.0     GENERAL COMPETENCES  FOR THE SUBJECT 
A-level students who study Chemistry as a principal subject should strive to 
develop the ability to:
a) communicate well using chemical symbols, formulae and equations as well 

as the language of instruction;
b) use mathematical principles to understand the processes of qualitative and 

quantitative chemical reactions;
c) use knowledge and skills to solve social and environmental problems 

related to Chemistry;
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d) learn Chemistry knowledge and skills from a variety of sources;
e) use knowledge and skills of Chemistry to address the problems of drug 

and substance abuse, as well as environmental destruction and
f) use principles of science and technology in the teaching and learning of 

Chemistry, and in solving Chemistry problems in the society.

5.0 GENERAL OBJECTIVE FOR THE SUBJECT

By the end of the A–Level Chemistry course, the learners should be able to; 
a) use language and symbols to communicate chemical information;
b) apply mathematical skills to analyse and interpret chemical phenomena;
c) apply knowledge and skills of Chemistry for proper environment 

conservation;
d) cultivate an understanding and appreciation of the role and importance of 

Chemistry in everyday life;
e) explain how to combat the social predicament of substance abuse;
f) develop fundamental concepts, principles and skills in Chemistry to 

solve problems in the society and
g) to prepare themselves for further studies in Chemistry and related fields.

6.0 ORGANIZATION OF THE SYLLABUS
This syllabus has a slightly different structure and organization compared to 
the 1997 syllabus. The current syllabus has six (6) columns, namely topic/
subtopic, specific objectives, teaching and learning strategies, teaching and 
learning resources assessment and number of periods. 
In addition the following changes were incorporated for improvement:
a) General competences for the whole course. 
b) Competences for forms V and VI.
c) Suggested areas of assessment. 
d) Number of periods per sub-topic. 
e) Assessment for the subject.

6.1 Class Level Competences
Competences are the skills, knowledge and attitudes attained by the learners 
after a learning process. Competences have been stated for each of the class 
levels of the Chemistry course, i.e. Form V and VI. It is upon the class level 
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competences that the class level objectives were developed.

6.2 Class Level Objectives
The general objectives for formV and for form VI have been stated so as to 
indicate the scope of coverage within each level.

6.3 The Content Matrics
            The Content Matrics for this syllabus has the following columns:

 • Topic/sub-topic
 • Specific instructional objectives
 • Teaching/Learning Strategies
 • Teaching/Learning Resources
 • Assessment
 • Number of Periods

6.3.1 Topic/sub-topics

Topics

The topics in this  syllabus have been derived from the class level competences 
and objectives. Most of the topics in the 1996 A-level Chemistry syllabus 
have been retained. Some sub-topics have been left out in order to cut the 
syllabus short. However, some topics of major interest have been introduced, 
these include:
 • Soil Chemistry
 • Environmental Chemistry (CCI)
 • Analytical Chemistry

Sub-topics

Topics have been divided into sub-topics. Each sub-topic comprises of a 
portion of the content of the topic in question.The sub-topics have also been 
arranged to attain a logical or der which facilitates transfer of learning.

6.3.2 Specific objectives
There are specific objectives for each sub-topic. These are the expected 
outcomes of classroom instruction. They also reflect the process involved 
to attain the competences expected. The objectives are meant to cover the 
whole range of learning domains; i.e cognitive, psychomotor and affective.
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6.3.3 Teaching/learning strategies
The column of Teaching/Learning Strategies suggest that in the Teaching/
Learning process, both the teacher and the students must be involved in 
activities. Students are encouraged to work in small groups for maximum 
participatory and co-operative learning. The teacher is supposed to help 
and facilitate students’ learning activities. The whole syllabus encourages 
interactive and participatory Teaching/Learning. However, the Teaching/
Learning strategies suggested in this syllabus are not exhaustive.The teacher 
and students may decide to use any other Teaching/Learning strategies which 
suit the Teaching/Learning environment and the availableTeaching/Learning 
resources to teach a particular topic.

6.3.4 Teaching/learning resources
In the teaching of A-level Chemistry a variety of Teaching/Learning 
resources of different nature, quality and quantity will be needed. Incase 
the commercial Teaching/Learning resources are not available in their 
environment, the teacher together with students are expected to collect or 
improvise alternative resources available in their environment.

6.3.5 Assessment
For every specific instructional objective, there is a suggested question or 
area for assessment. Formative and summative assessment should be geared 
towards mastering all the competences and skills developed within the 
course. Teachers should use assessment tools to assess student’s ability by 
the end of the lesson. Examples of these tools are: Tests, quizes, assignments, 
exercises, project work, experimental work and portifolios.

6.3.6 Number of periods
Each sub-topic has been allocated a specific number of instructional periods. 
The teacher should ensure that the sub-topic is completed within the specified 
time. The longer and more difficult topics involving more practical sessions 
have been allocated more instructional periods.

7.0 INSTRUCTIONAL TIME
The A-level Chemistry syllabus is meant to be covered in two years. The 
subject matter content has been apportioned to Form V and Form VI. 
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The topics in form V are meant to be a pre-requisite for those taught in 
FormVI.
According to the Education Circular No. 9 of 2004, there are a total of 194 
effective teaching days per year.The syllabus should be covered within those 
days. Two weeks have been reserved for mid-year and annual examinations 
in each year. Any lost instructional time must always be compensated for.

8.0 ASSESMENT FOR THE SUBJECT
The table in page ix shows the type of assessment, assessment measure and 
weight in percentage (%) to be covered at the end of the course. Teachers 
are strongly advised to apply wide selection of assessment measures in 
order to develop students’ ability form a stering the subject mater during the 
instructional process continuous assess mentcarry 50% and final examination 
conducted by the National Examination Council of Tanzania (NECTA) will 
carry 50%.



xi

Ty
pe

of
A

ss
es

sm
en

t
A

ss
es

sm
en

t m
ea

su
re

s

Fr
eq

ue
nc

y
W

ei
gh

t
%

To
ta

l
%

Fr
om

V
Fo

rm
V

I

Te
rm

1
Te

rm
2

Te
rm

1
Te

rm
 2

C
on

tin
uo

us
A

ss
es

sm
en

t

1.
 P

ra
ct

ic
al

 te
st

5
5

5
10

2.
 T

es
ts

2
2

2
10

3.
 I

nd
iv

id
ua

l a
ss

ig
nm

en
t

1
1

1
5

4.
 R

es
ea

rc
h 

Pr
oj

ec
t

1
5

5.
 F

ie
ld

 W
or

k
1

5

6.
 Te

rm
in

al
 E

xa
m

in
at

io
n

1
1

1
1

15
50

Fi
na

l E
xa

m
   

  N
at

io
na

l E
xa

m
in

at
io

n
1

50
50

To
ta

l M
ar

ks
10

0

   
   

   
  



xi
i

Ta
bl

e 
fo

r 
th

e 
D

is
tr

ib
ut

io
n 

of
 T

op
ic

 fo
r 

Fo
rm

 V
 a

nd
 V

I

B
ra

nc
he

s
To

pi
cs

Fo
rm

 V
Fo

rm
 V

I

G
en

er
al

 C
he

m
is

try
1.

 T
he

 A
to

m
ic

2.
 C

he
m

ic
al

 B
on

di
ng

Ph
ys

ic
al

 C
he

m
is

try
1.

 G
as

es
2.

 R
el

at
iv

e 
m

ol
ec

ul
ar

 m
as

se
s i

n 
so

lu
tio

n
3.

 T
w

o 
co

m
po

ne
nt

s l
iq

ui
d 

sy
st

em
4.

 E
ne

rg
et

ic
s

1.
 C

he
m

ic
al

 e
qu

ili
br

iu
m

2.
 C

he
m

ic
al

 K
in

et
ic

s
3.

 E
le

ct
ro

ch
em

is
try

4.
 A

ci
ds

, B
as

es
 a

nd
 S

al
ts

5.
 S

ol
ub

ili
ty

, s
ol

ub
ili

ty
 p

ro
du

ct
io

n 
an

d 
io

ni
c 

pr
od

uc
tio

n.

In
or

ga
ni

c 
C

he
m

is
try

1.
 P

er
io

di
c 

cl
as

si
fic

at
io

n
2.

 S
el

ec
te

d 
co

m
po

un
ds

 o
f m

et
al

s
1.

 E
xt

ra
ct

io
n 

of
 m

et
al

s
2.

 T
ra

ns
iti

on
 e

le
m

en
ts

O
rg

an
ic

 C
he

m
is

try
1.

 A
lip

ha
tic

 h
yd

ro
ca

rb
on

s
2.

 A
ro

m
at

ic
 h

yd
ro

ca
rb

on
s

3.
 H

al
og

en
 d

er
iv

at
iv

es
 o

f h
yd

ro
ca

rb
on

4.
 H

yd
ro

xy
l c

om
po

un
ds

5.
 C

ar
bo

ny
l c

om
po

un
d

6.
 C

ar
bo

xy
lic

 a
ci

ds
 a

nd
   

de
riv

at
iv

es

1.
 A

m
in

es
2.

 P
ol

ym
er

s

To
pi

cs
 A

dd
ed

1.
 E

nv
iro

nm
en

ta
l C

he
m

is
try

2.
 S

oi
l C

he
m

is
try

3.
 C

he
m

ic
al

 A
na

ly
si

s



1

FORM V

General Competences

By the end of the Form V Chemistry course, students should have the ability to:
1. communicate properly in Chemistry using symbols, formula and equations;
2. use general periodic trends to predict the physical and chemical properties  

of substances;
3. use various glass ware and a wide range of instruments to carry out chemical 

analysis;
4. apply chemical methods and design possible approaches to solve 

environmental problems.

General Objectives
By the end of the Form V Chemistry course, students should be able to:

a) communicate well in Chemistry using symbols, formulae and equations;
b) carry out scientific measurements accurately to at least two decimal places;
c) perform quantitative and qualitative analysis experiments and analyse their 

results;
d) use Chemistry knowledge, principles and skills to solve daily problems;
e) analyse the chemical and physical nature and properties of matter.
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m 
Bo

hr 
mo

de
l.

Is 
the

 st
ud

en
t a

ble
 to

wo
rk 

ou
t th

e c
ha

rac
ter

ist
ics

 
of ato

mi
c s

pe
ctr

um
?



4

TO
PI

CS
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 A

ND
 L

EA
RN

IN
G 

ST
RA

TE
GI

ES
TE

AC
HI

NG
 A

ND
 

LE
AR

NI
NG

 R
ES

OU
RC

ES
AS

SE
SS

M
EN

T
ES

TI
M

AT
ED

 
NU

M
BE

R 
OF

 
PE

RI
OD

S
1.3

  T
he

 A
tom

ic 
M

ass
By

 th
e e

nd
 of

 th
is 

su
b- 

top
ic 

the
 st

ud
en

t s
ho

uld
 be

 
ab

le 
to:

a) 
ex

pla
in 

the
 su

b- 
ato

mi
c 

pa
rti

cle
s;

St
ud

en
ts 

to 
dis

cu
ss 

inp
air

s 
the

 ch
ara

cte
ris

tic
s o

f e
ac

h 
ind

ivi
du

al 
su

b-a
tom

ic 
pa

rti
cle

s, 
na

me
ly 

ele
ctr

on
, 

pro
ton

 an
d n

eu
tro

n.

W
all

 ch
art

 sh
ow

ing
 m

ass
 

sp
ec

tro
me

ter
.

Is 
the

 st
ud

en
t a

ble
 to

 
ex

pla
in 

the
 su

b-a
tom

ic
pa

rti
cle

s?

2
b) 

co
mp

are
 m

ass
 

nu
mb

er 
wi

th 
ato

mi
c 

nu
mb

er;

St
ud

en
ts 

to 
co

mp
are

 m
ass

 
nu

mb
er 

wi
th 

the
 at

om
ic 

nu
mb

er 
of 

ato
ms

.

W
all

 ch
art

 sh
ow

ing
 m

ass
 

sp
ec

tro
me

ter
.

Is 
the

 st
ud

en
t a

ble
 to

co
mp

are
 m

ass
 nu

mb
er 

wi
th 

ato
mi

c n
um

be
r?

c) 
de

scr
ibe

 m
ass

 
sp

ec
tro

sco
py

.
St

ud
en

ts 
to 

dra
w 

a d
iag

ram
 

of 
the

 m
ass

 sp
ec

tro
me

ter
, 

an
d d

esc
rib

e h
ow

 it 
is 

us
ed

 to
 

me
asu

re 
ato

mi
c m

ass
.

W
all

 ch
art

 sh
ow

ing
 m

ass
 

sp
ec

tro
me

ter
Is 

the
 st

ud
en

t a
ble

 to
de

scr
ibe

 m
ass

 
sp

ec
tro

sco
py

?

1.4
  T

he
 Q

ua
ntu

m 
Th

eo
ry

By
 th

e e
nd

 of
 th

is 
su

b-
top

ic 
the

 st
ud

en
t s

ho
uld

 be
 

ab
le 

to:
a) 

de
scr

ibe
 th

e w
av

e-
pa

rti
cle

 du
ali

ty 
of 

the
 

ele
ctr

on
;

St
ud

en
ts 

in 
sm

all
 gr

ou
ps

 to
 

dis
cu

ss 
the

 w
av

e–
pa

rti
cle

 
du

ali
ty 

of 
the

 el
ec

tro
n.

W
all

 ch
art

s s
ho

wi
ng

 
for

mu
lae

 w
hic

h r
ela

tes
 

an
 el

ec
tro

n a
s a

 w
av

e a
nd

 
pa

rti
cle

Is 
the

 st
ud

en
t a

ble
 to

de
scr

ibe
 th

e w
av

e- 
pa

rti
cle

 
du

ali
ty 

of 
the

ele
ctr

on
?

6

b) 
ex

pla
in 

the
 qu

an
tum

 
nu

mb
ers

 n,
 l, 

m l an
d 

m s;

Te
ac

he
r s

ho
uld

 le
ad

 a 
dis

cu
ssi

on
 on

 th
e m

ea
nin

g 
an

d i
mp

lic
ati

on
s o

f t
he

n, 
l, m

l 
an

d m
s

• 
Ch

art
s s

ho
wi

ng
 qu

an
tum

 
nu

mb
ers

• 
Pic

tur
es 

sh
ow

ing
 qu

an
tum

 
nu

mb
ers

Is 
the

 st
ud

en
t a

ble
 to

ex
pla

in 
the

 qu
an

tum
 

nu
mb

ers
 n,

 l, 
m l, a

nd
 m

s
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TE
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AC
HI

NG
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ND
 

LE
AR

NI
NG

 R
ES

OU
RC

ES
AS

SE
SS

M
EN

T
ES

TI
M

AT
ED

 
NU

M
BE

R 
OF

 
PE

RI
OD

S
c) 

de
scr

ibe
 at

om
ic 

or 
bit

als
 

s, 
p, 

d a
nd

 f;
St

ud
en

ts 
to 

dra
w 

the
 sh

ap
es 

of 
the

 s,
 p,

 an
d d

ato
mi

c o
rbi

tal
s.

W
all

 ch
art

 sh
ow

ing
 di

ffe
ren

t 
sh

ap
es 

of 
or 

bit
als

Is 
the

 st
ud

en
t a

ble
 to

 
de

scr
ibe

 at
om

ic 
orb

ita
ls 

s,p
, d

an
df.

d) 
ex

pla
in 

Hu
nd

’sr
ule

, 
Au

fba
u’s

pri
nc

ipl
e 

an
d P

au
li’

sex
clu

sio
n 

Pr
inc

ipl
e.

i) 
Te

ac
he

r t
o g

uid
e s

tud
en

ts 
to 

dis
cu

ss 
the

 im
pli

ca
tio

ns
 

of 
the

 H
un

d’s
 ru

le,
 A

ufb
au

 
pri

nc
ipl

e a
nd

 Pa
uli

’s 
Ex

clu
sio

n p
rin

cip
le.

ii)
 St

ud
en

ts 
to 

wr
ite

 th
e 

ele
ctr

on
ic 

co
nfi

gu
rat

ion
s o

f 
ele

me
nts

 us
ing

 th
e s

, p
, d

 
an

d f
 or

bit
als

.

W
all

 ch
art

s s
ho

wi
ng

 ho
w 

ele
ctr

on
s a

re 
fil

led
 in

 
dif

fer
en

t e
ne

rgy
 le

ve
ls.

Is 
the

 st
ud

en
t a

ble
 to

 
ex

pla
in 

Hu
nd

’s 
rul

e, 
Au

fba
u’s

 pr
inc

ipl
e 

san
d P

au
li’

s E
xc

lus
ion

 
pri

nc
ipl

e?

2.0
  C

HE
M

IC
AL

 
BO

ND
IN

G

2.1
  T

yp
es 

of 
Bo

nd
s

By
 th

e e
nd

 of
 th

is 
su

b- 
top

ic 
the

 st
ud

en
t s

ho
uld

 be
 

ab
le 

to:
a) 

 di
ffe

ren
tia

te 
the

 
ch

ara
cte

ris
tic

s o
f 

ele
ctr

ov
ale

nt 
an

d 
co

va
len

t b
on

din
g;

St
ud

en
ts 

to 
bra

in 
sto

rm
 

the
 di

ffe
ren

ce
s i

n t
he

 
ch

ara
cte

ris
tic

s o
f t

he
 co

va
len

t 
an

d e
lec

tro
va

len
t b

on
ds

.

• 
At

om
ic 

mo
de

ls
• 

Di
ag

ram
s s

ho
wi

ng
 

co
va

len
t a

nd
 el

ec
tro

va
len

t 
bo

nd
s.

Is 
the

 st
ud

en
t a

ble
 

to 
dif

fer
en

tia
te 

the
 

ch
ara

cte
ris

tic
s o

f 
ele

ctr
ov

ale
nt 

an
d c

ov
ale

nt 
bo

nd
ing

?

6

b) 
de

scr
ibe

 da
tiv

e 
bo

nd
ing

;
St

ud
en

ts 
to 

dis
cu

ss 
the

 
av

ail
ab

ili
ty 

of 
the

 lo
ne

 pa
ir 

of 
ele

ctr
on

s t
o e

lec
tro

ph
ile

 in
 

da
tiv

e b
on

din
g.

Di
ag

ram
s s

ho
wi

ng
 da

tiv
e 

bo
nd

.
Is 

the
 st

ud
en

t a
ble

 to
 

de
scr

ibe
 da

tiv
e b

on
din

g?
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ES
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RC
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AS

SE
SS

M
EN

T
ES

TI
M

AT
ED

 
NU

M
BE

R 
OF

 
PE

RI
OD

S
c) 

ex
pla

in 
the

 m
ea

nin
g a

nd
 

sig
nifi

ca
nc

e o
f h

yd
rog

en
 

bo
nd

ing
.

Te
ac

he
r s

ho
uld

 le
ad

 st
ud

en
ts 

to 
dis

cu
ss 

the
 ef

fec
ts 

of 
hy

dro
ge

n 
bo

nd
ing

 in
 th

e s
ha

pe
 of

 ic
e.

Di
ag

ram
s s

ho
wi

ng
 

hy
dro

ge
n b

on
din

g
Is 

the
 st

ud
en

t a
ble

 to
 ex

pla
in 

the
 m

ea
nin

g a
nd

 si
gn

ifi
ca

nc
e 

of 
hy

dro
ge

n b
on

din
g?

2.2
  H

yb
rid

iza
tio

n o
f 

At
om

ic 
Or

bit
als

By
 th

e e
nd

 of
 th

is 
su

b- 
top

ic 
the

 st
ud

en
t s

ho
uld

 be
 

ab
le 

to:
a) 

ex
pla

in 
the

 co
nc

ep
t o

f 
hy

bri
diz

ati
on

 of
 at

om
ic 

orb
ita

ls.

Te
ac

he
r t

o l
ea

d s
tud

en
ts 

to 
dis

cu
ss 

the
 hy

bri
diz

ati
on

 of
 

ato
mi

c o
rbi

tal
s, 

so
 as

 to
 

est
ab

lis
h s

p3 , s
p2  an

d s
p h

yb
rid

 
orb

ita
ls 

an
d e

xa
mp

les
 of

 
mo

lec
ule

s i
n w

hic
h t

he
hy

bri
d b

on
ds

 ar
e f

ou
nd

.

Di
ag

ram
s s

ho
wi

ng
 

hy
bri

diz
ati

on
 of

 at
om

ic 
orb

ita
ls

Is 
the

 st
ud

en
t a

ble
 to

 
ex

pla
in 

the
 co

nc
ep

t o
f 

hy
bri

diz
ati

on
 of

 at
om

ic 
orb

ita
ls?

6

b) 
de

scr
ibe

 th
e s

ha
pe

s o
f 

sp
3 , s

p2  an
d s

p h
yb

rid
 

orb
ita

ls;

St
ud

en
ts 

to 
dra

w 
an

d d
esc

rib
e 

the
 sh

ap
es 

of 
sp

3 , s
p2  an

d s
p 

hy
bri

d o
rbi

tal
s.

• 
Di

ag
ram

s s
ho

wi
ng

 sh
ap

es 
of 

hy
bri

diz
ed

 or
bit

al 
• 

 M
od

els

Is 
the

 st
ud

en
t a

ble
 to

de
scr

ibe
 th

e s
ha

pe
s o

f s
p3 , 

sp
2  an

d s
p h

yb
rid

 or
bit

als
?

c) 
ex

pla
in 

the
 ov

erl
ap

pin
g 

of 
hy

bri
d o

rbi
tal

s 
to 

for
m 

mo
lec

ula
r 

orb
ita

ls.

i) 
Stu

de
nts

 dr
aw

 an
d u

se 
mo

de
ls 

to 
de

mo
ns

tra
te 

the
 ov

erl
ap

pin
g 

of 
hy

bri
d o

rbi
tal

s t
o f

orm
 

mo
lec

ula
r o

rbi
tal

s.
• 

Sig
ma

 bo
nd

 fr
om

 sp
3 – s

p3  
ov

erl
ap

pin
g

• 
Sig

ma
 an

d p
ie 

bo
nd

s f
rom

 
sp

2 – s
p2  ov

erl
ap

pin
g

• 
Sig

ma
 an

d P
ie 

bo
nd

s 
fro

m 
sp

 – 
sp

 si
de

 w
ay

 
ov

erl
ap

pin
g

• 
W

all
 ch

art
s s

ho
wi

ng
 ov

er 
lap

pin
g o

f s
p3 – s

p3 , s
p2 – 

sp
2 an

d s
p –

 sp
.

• 
 M

od
els

Is 
the

 st
ud

en
t a

ble
 to

 
ex

pla
in 

the
 ov

erl
ap

pin
g 

of 
by

bri
d o

rbi
tal

s t
o f

orm
 

mo
lec

ula
r o

rbi
tal

s?
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OU
RC
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SE
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M
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T
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M
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NU

M
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R 
OF

 
PE

RI
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S
ii)

 Te
ac

he
r t

o g
uid

e s
tud

en
ts 

to 
dis

cu
ss 

the
 re

lat
ive

 st
ren

gth
s 

of 
mo

lec
ula

r b
on

ds
 fr

om
 

the
 ty

pe
 of

 ov
erl

ap
pin

g 
inv

olv
ed

.
3.0

  G
AS

ES

3.1
  T

he
 G

as 
La

ws

By
 th

e e
nd

 of
 th

is 
su

b- 
top

ic 
the

 st
ud

en
t s

ho
uld

 be
 

ab
le 

to:
a) 

de
scr

ibe
 th

e g
as 

law
s;

i) 
Te

ac
he

r t
o g

uid
e s

tud
en

ts 
to 

dis
cu

ss 
Bo

yle
’sl

aw
 an

d 
Ch

arl
es’

law
ii)

 St
ud

en
ts 

to 
de

riv
e 

ma
the

ma
tic

al 
eq

ua
tio

ns
 of

• 
Bo

yle
’sl

aw
• 

Ch
arl

es’
law

• 
Ge

ne
ral

 G
as 

Eq
ua

tio
n

W
all

 ch
art

s s
ho

wi
ng

 th
e 

ap
pa

rat
us

 us
ed

 to
 pr

ov
e t

he
 

law
s.

Is 
the

 st
ud

en
t a

ble
 to

de
scr

ibe
 th

e g
as 

law
s?

6
b) 

us
e g

en
era

l g
as 

eq
ua

tio
n t

o c
ary

 ou
t 

ca
lcu

lat
ion

s;

St
ud

en
ts 

 to
 us

e g
en

era
l g

as 
eq

ua
tio

n a
nd

 id
eal

 ga
s e

qu
ati

on
 

to 
car

ry 
ou

t c
alc

ula
tio

ns 
ba

sed
 on

 
the

 ga
s la

ws
.

Te
xtb

oo
ks

Is 
the

 st
ud

en
t a

ble
 to

us
e g

en
era

l g
as 

eq
ua

tio
n t

o 
ca

ry 
ou

t c
alc

ula
tio

ns
?

c) 
de

scr
ibe

 th
e A

vo
ga

dro
’s 

law
, G

rah
am

’s 
law

 an
d 

Da
lto

n’s
 la

w 
of 

pa
rti

al 
pre

ssu
re.

i) 
Te

ac
he

r t
o g

uid
e s

tud
en

ts 
to 

dis
cu

ss 
Gr

ah
am

’s 
law

s 
an

d D
alt

on
’s 

law
 of

 pa
rti

al 
pre

ssu
re.

 
ii)

 St
ud

en
ts 

to 
ca

rry
 ou

t 
ca

lcu
lat

ion
s b

ase
d o

n t
he

 
law

s.

Te
xtb

oo
ks

Is 
the

 st
ud

en
t a

ble
 to

de
scr

ibe
 th

e A
vo

ga
dro

’s 
law

, G
rah

am
’s 

law
 an

d 
Da

lto
n’s

 la
w 

of 
pa

rti
al 

pre
ssu

re?
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M
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T
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TI
M
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NU

M
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R 
OF

 
PE

RI
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S
3.2

  K
ine

tic
 Th

eo
ry 

of 
Ga

ses
By

 th
e e

nd
 of

 th
is 

su
b-

top
ic 

the
 st

ud
en

t s
ho

uld
 be

 
ab

le 
to:

a) 
de

scr
ibe

 th
e 

ch
ara

cte
ris

tic
s o

f a
 

ga
s a

s i
nfl

ue
nc

ed
 by

 
pre

ssu
re,

 vo
lum

e, 
an

d 
tem

pe
rat

ure
 ch

an
ge

s;

Te
ac

he
r t

o g
uid

e s
tud

en
ts 

to 
dis

cu
ss 

the
 be

ha
vio

ur 
of 

ga
ses

 
as 

infl
ue

nc
ed

 by
 pr

ess
ure

, 
vo

lum
e a

nd
 te

mp
era

tur
e 

ch
an

ge
s.

• 
W

all
 ch

art
s a

nd
 

pic
tur

es
• 

M
od

els

Is 
the

 st
ud

en
t a

ble
 to

de
scr

ibe
 th

e c
ha

rac
ter

ist
ics

 
of 

ga
s a

s i
nfl

ue
nc

ed
 by

 
pre

ssu
re,

 vo
lum

e a
nd

 
tem

pe
rat

ure
 

ch
an

ge
s.

6
b) 

ex
pla

in 
the

 K
ine

tic
 

Th
eo

ry 
of 

Ga
ses

 an
d 

ass
um

pti
on

s l
ea

din
g t

o 
the

 fu
nd

am
en

tal
 K

ine
tic

 
Eq

ua
tio

n;

Te
ac

he
r t

o g
uid

e s
tud

en
ts 

to 
ex

pla
in 

Ki
ne

tic
 T

he
ory

 of
 

Ga
ses

 an
d t

he
 po

stu
lat

es 
sti

pu
lat

ed
.

W
all

 ch
art

 sh
ow

ing
 cu

bo
id

Is 
the

 st
ud

en
t a

ble
 to

ex
pla

in 
the

 K
ine

tic
 T

he
ory

 
of 

Ga
ses

 an
d a

ssu
mp

tio
ns

 
lea

din
g t

he
 fu

nd
am

en
tal

 
Ki

ne
tic

 E
qu

ati
on

?

c) 
us

e t
he

 fu
nd

am
en

tal
 

Ki
ne

tic
 E

qu
ati

on
 

to 
de

du
ce

 th
e g

as 
law

s.

St
ud

en
ts 

in 
sm

all
 gr

ou
ps

 
to 

dis
cu

ss 
ho

w 
to 

us
e t

he
 

fun
da

me
nta

l k
ine

tic
 eq

ua
tio

n 
PV

=1/3
 n

m
u2 

 to 
de

du
ce

 th
e 

ga
s l

aw
s.

Te
xtb

oo
ks

 
Is 

the
 st

ud
en

t a
ble

 to
us

e t
he

 fu
nd

am
en

tal
 

Ki
ne

tic
 E

qu
ati

on
 to

 de
du

ce
 

the
 ga

s l
aw

s?

3.3
  R

ela
tiv

e M
ole

cu
lar

 
M

ass
es 

an
d 

De
ns

itie
s o

f G
ase

s

By
 th

e e
nd

 of
 th

is 
su

b-
top

ic 
the

 st
ud

en
t s

ho
uld

 be
 

ab
le 

to:
a) 

de
scr

ibe
 m

ole
cu

lar
 

ma
sse

s a
nd

 re
lat

ive
 

de
ns

itie
s o

f g
ase

s;

Te
ac

he
r t

o g
uid

e s
tud

en
ts 

to 
dis

cu
ss 

ho
w 

mo
lec

ula
r m

ass
es 

of 
ga

ses
 ar

e d
ete

rm
ine

d b
y 

Du
ma

’s 
an

d V
ict

or 
M

ey
er’

s 
me

tho
ds

.

Te
xtb

oo
ks

Is 
the

 st
ud

en
t a

ble
 to

de
scr

ibe
 m

ole
cu

lar
 m

ass
es 

an
d d

en
sit

ies
 of

 ga
ses

?
4
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RA
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AC
HI

NG
 A

ND
 

LE
AR

NI
NG

 R
ES

OU
RC

ES
AS

SE
SS

M
EN

T
ES

TI
M

AT
ED

 
NU

M
BE

R 
OF

 
PE

RI
OD

S
b) 

de
scr

ibe
 di

ffe
ren

t m
eth

od
s 

us
ed

 to
 fin

d m
ole

cu
lar

 
ma

sse
s o

f g
ase

s;

Te
ac

he
r t

o g
uid

e s
tud

en
ts 

to 
dis

cu
ss 

rel
ati

ve
 m

ole
cu

lar
 m

ass
es 

an
d d

en
sit

ies
 of

 ga
ses

 an
d 

va
po

urs
.

Du
ma

’s 
bu

lb,
 w

ate
r 

ba
th,

 th
erm

om
ete

r, 
pro

pa
no

ne
,vi

cto
r M

ey
er’

s 
ap

pa
rat

us
, d

iet
hy

l e
the

r, 
de

sic
ca

tor
s.

Is 
the

 st
ud

en
t a

ble
 to

 
de

scr
ibe

 di
ffe

ren
t

me
tho

ds
 us

ed
 to

 fin
d 

mo
lec

ula
r m

ass
es 

of 
ga

ses
?

c) 
ex

pla
in 

the
 ab

no
rm

al 
rel

ati
ve

 de
ns

iti
es 

of 
va

po
ur.

Te
ac

he
r t

o g
uid

e s
tud

en
ts 

to 
dis

cu
ss 

ho
w 

mo
lec

ula
r m

ass
es 

of 
ga

ses
 ar

e a
ffe

cte
d b

y 
ass

oc
iat

ion
 an

d d
iss

oc
iat

ion
 of

 
va

po
urs

.

Te
xtb

oo
ks

Is 
the

 st
ud

en
t a

ble
 to

ex
pla

in 
the

 ab
no

rm
al 

rel
ati

ve
 de

ns
iti

es 
of 

va
po

urs
?

4.0
  R

EL
AT

IV
E 

M
OL

EC
UL

AR
 

M
AS

SE
S I

N 
SO

LU
TI

ON
4.1

  C
oll

iga
tiv

e 
Pr

op
ert

ies
 of

 
So

lut
ion

s

By
 th

e e
nd

 of
 th

is 
su

b- 
top

ic 
the

 st
ud

en
t s

ho
uld

 be
 ab

le 
to:

a) 
ex

pla
in 

the
 m

ea
nin

g o
f 

co
llig

ati
ve

 pr
op

ert
ies

;

Te
ac

he
r t

o g
uid

e s
tud

en
ts 

to 
dis

cu
ss 

the
 m

ea
nin

g o
f 

co
lli

ga
tiv

e p
rop

ert
ies

.

• 
Be

ck
ma

n’s
 ap

pa
rat

us
• 

La
nd

s b
erg

er 
ap

pa
rat

us
• 

Fr
ee

zin
g p

oin
t 

ap
pa

rat
us

• 
 O

sm
om

ete
r

• 
W

eig
hin

g b
ott

le

Is 
the

 st
ud

en
t a

ble
 to

 
ex

pla
in 

the
 m

ea
nin

g o
f 

co
lli

ga
tiv

e p
rop

ert
ies

?

6
b) 

ex
pla

in 
ho

w 
co

lli
ga

tiv
e 

pro
pe

rti
es 

of 
so

lut
ion

s 
are

 us
ed

 to
 de

ter
mi

ne
 

the
 m

ola
r m

ass
es 

of 
so

lut
es.

St
ud

en
ts 

in 
sm

all
 gr

ou
ps

 to
 

de
mo

ns
tra

te 
ho

w 
bo

ili
ng

 po
int

 
ele

va
tio

n, 
fre

ez
ing

 po
int

 
de

pre
ssi

on
, lo

we
rin

g v
ap

ou
r 

pre
ssu

re 
an

d o
sm

oti
c p

res
su

re 
are

 us
ed

 to
 de

ter
mi

ne
 th

e m
ola

r 
ma

sse
s o

f s
olu

tes
.

• 
Th

erm
om

ete
r 

•  
Co

mm
on

 sa
lt/ 

Su
ga

r
• 

W
ate

r
• 

Be
ak

er
• 

So
urc

e o
f h

ea
t

Is 
the

 st
ud

en
t a

ble
 to

ex
pla

in 
ho

w 
co

llig
ati

ve
 

pro
pe

rti
es 

of 
so

lut
ion

s 
are

 us
ed

 to
 de

ter
mi

ne
 th

e 
mo

lar
 m

ass
es 

of 
so

lut
es?



10

TO
PI

CS
/ S

UB
 T

OP
IC

S
SP

EC
IF

IC
 O

BJ
EC

TI
VE

S
TE

AC
HI

NG
 A

ND
 L

EA
RN

IN
G 

ST
RA

TE
GI

ES
TE

AC
HI

NG
 A

ND
 

LE
AR

NI
NG

 R
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OU
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AS

SE
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M
EN

T
ES

TI
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AT
ED

 
NU

M
BE

R 
OF

 
PE

RI
OD

S
4.2

  L
aw

s G
ov

ern
ing

 
the

 C
oll

iga
tiv

e 
Pr

op
ert

ies

By
 th

e e
nd

 of
 th

is 
su

b-
top

ic 
the

 st
ud

en
t s

ho
uld

 be
 

ab
le 

to:
a) 

de
scr

ibe
 th

e R
ao

ult
’s 

law
 

wh
ich

 go
ve

rns
 co

llig
ati

ve
 

pro
pe

rti
es;

i) 
Te

ac
he

r t
o g

uid
e s

tud
en

ts 
to 

dis
cu

ss 
Ra

ou
lt’s

 la
w,

 
Bl

ad
ge

ns
 L

aw
 an

d M
ola

r 
so

lut
ion

s.
ii)

 St
ud

en
ts 

to 
pe

rfo
rm

 
ex

pe
rim

en
ts 

to 
de

mo
ns

tra
te 

the
 el

ev
ati

on
 of

 bo
ili

ng
 po

int
 

an
d d

ep
res

sio
n o

f f
ree

zin
g 

po
int

.
iii

) T
ea

ch
er 

to 
gu

ide
 st

ud
en

ts 
to 

dis
cu

ss 
on

 th
e l

ow
eri

ng
 of

 
va

po
ur 

pre
ssu

re 
an

d o
sm

oti
c 

pre
ssu

re.

• 
Be

ck
ma

n’s
 ap

pa
rat

us
• 

Fr
ee

zin
g p

oin
t 

ap
pa

rat
us

• 
La

nd
s b

erg
er 

ap
pa

rat
us

• 
Os

mo
me

ter
• 

W
eig

hin
g b

ott
le

• 
Pla

sti
c b

ott
les

Is 
the

 st
ud

en
t a

ble
 to

 
de

scr
ibe

 th
e R

ao
ult

s 
law

 w
hic

h g
ov

ern
s 

co
lli

ga
tiv

e p
rop

ert
ies

?

8

b) 
de

ter
mi

ne
 th

e r
ela

tiv
e 

mo
lar

 m
ass

es 
of 

so
lut

es 
fro

m 
Ra

ou
lt’

s l
aw

;

St
ud

en
ts 

to 
de

ter
mi

ne
 th

e r
ela

tiv
e 

mo
lec

ula
r m

ass
es 

of 
so

lut
es 

fro
m 

co
lli

ga
tiv

e 
pro

pe
rti

es 
of 

so
lut

ion
 un

de
r t

he
 

gu
ida

nc
e o

f t
he

 te
ac

he
r.

• 
Be

ck
ma

n’s
 ap

pa
rat

us
• 

Fr
ee

zin
g p

oin
t 

ap
pa

rat
us

• 
La

nd
s b

erg
er 

ap
pa

rat
us

• 
Os

mo
me

ter
• 

W
eig

hin
g b

ott
le

• 
Pla

sti
c b

ott
les

Is 
the

 st
ud

en
t a

ble
 to

de
ter

mi
ne

 th
ere

 la
tiv

e 
mo

lar
 m

ass
es 

of 
so

lut
es 

fro
m 

Ra
ou

lt’
s l

aw
?



11

TO
PI

CS
/ S

UB
 T

OP
IC

S
SP

EC
IF

IC
 O

BJ
EC

TI
VE

S
TE

AC
HI

NG
 A

ND
 L

EA
RN

IN
G 

ST
RA

TE
GI

ES
TE

AC
HI

NG
 A

ND
 

LE
AR

NI
NG

 R
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SE
SS

M
EN

T
ES

TI
M

AT
ED

 
NU

M
BE

R 
OF

 
PE

RI
OD

S
c) 

de
ter

mi
ne

 th
e d

eg
ree

 
of 

dis
so

cia
tio

n o
f 

str
on

g e
lec

tro
lyt

es 
in 

so
lut

ion
.

i) 
Te

ac
he

r t
o g

uid
e s

tud
en

ts 
to 

de
ter

mi
ne

 de
gre

e o
f 

dis
so

cia
tio

n u
sin

g v
an

’t 
Ho

ff 
fac

tor
-i.

ii)
 St

ud
en

ts 
to 

de
ter

mi
ne

 th
e 

rel
ati

ve
 m

ole
cu

lar
 m

ass
es 

of 
so

lut
es 

by
 us

ing
 va

n’t
 H

off
 

fac
tor

-i.
iii

) T
ea

ch
er 

sh
ou

ld 
lea

d a
 

dis
cu

ssi
on

 on
 ho

w 
rel

ati
ve

 
mo

lec
ula

r m
ass

es 
of 

so
lut

es 
are

 af
fec

ted
 by

 as
so

cia
tio

n/
dis

so
cia

tio
n o

f s
olu

tes
.

• 
Be

ck
ma

ns
 ap

pa
rat

us
• 

Os
mo

me
ter

• 
W

eig
hin

g b
ott

le
• 

W
eig

hin
g b

ala
nc

e

Is 
the

 st
ud

en
t a

ble
 to

de
ter

mi
ne

 th
e d

eg
ree

 of
 

dis
so

cia
tio

n o
f s

tro
ng

 
ele

ctr
oly

tes
 in

 so
lut

ion
?

5.0
  T

W
O 

CO
M

PO
NE

NT
 

LI
QU

ID
 

SY
ST

EM
S

5.1
  Im

mi
sci

ble
 L

iqu
ids

By
 th

e e
nd

 of
 th

is 
su

b- 
top

ic 
the

 st
ud

en
t s

ho
uld

 be
 ab

le 
to:

a) 
de

scr
ibe

 th
e p

rop
ert

ies
 of

 
im

mi
sci

ble
 liq

uid
s;

i) 
Stu

de
nts

 to
 pe

rfo
rm

 an
 

ex
pe

rim
en

t s
ho

wi
ng

 
im

mi
sci

ble
 liq

uid
s a

nd
 pa

rti
all

y 
mi

sci
ble

 liq
uid

s.
ii)

 Te
ac

he
r t

o g
uid

e s
tud

en
ts 

to 
dis

cu
ss 

on
 lo

w 
bo

ili
ng

 po
int

 of
 

im
mi

sci
ble

 liq
uid

s d
ue

 to
 hi

gh
 

va
po

ur 
pre

ssu
re.

• 
Se

pa
rat

ing
 fu

nn
els

• 
Be

ak
ers

• 
Im

mi
sci

ble
 liq

uid
s

• 
Pa

rti
all

y m
isc

ibl
e 

liq
uid

s

Is 
the

 st
ud

en
t a

ble
 to

 
de

scr
ibe

 th
e p

rop
ert

ies
 

of 
im

mi
sci

ble
 liq

uid
s?

6
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ES
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RC

ES
AS

SE
SS

M
EN

T
ES

TI
M

AT
ED

 
NU

M
BE

R 
OF

 
PE

RI
OD

S
b) 

ex
pla

in 
the

 ap
pli

ca
tio

n 
of 

the
 im

mi
sci

ble
 

liq
uid

s;

i) 
Stu

de
nt 

to 
inv

est
iga

te 
the

 di
sti

lla
tio

n p
roc

ess
 of

 
im

mi
sci

ble
 liq

uid
s.

ii)
 Te

ac
he

r t
o g

uid
e s

tud
en

ts 
thr

ou
gh

 di
scu

ssi
on

 to
 ex

pla
in 

ho
w 

ste
am

 di
sti

lla
tio

n o
f a

 
co

mp
ou

nd
 of

 hi
gh

 bo
ili

ng
 

po
int

 ca
n b

e a
ch

iev
ed

 at
 lo

we
r 

tem
pe

rat
ure

 th
an

 th
at 

of 
eit

he
r 

pu
re 

co
mp

on
en

t.

• 
Di

sti
lla

tio
n a

pp
ara

tus
• 

Im
mi

sci
ble

 liq
uid

s
Is 

the
 st

ud
en

t a
ble

 to
 

ex
pla

in 
the

 ap
pli

ca
tio

n 
of 

im
mi

sci
ble

 liq
uid

s?

c) 
de

ter
mi

ne
 th

e m
ola

r m
ass

 
of 

a h
igh

 bo
ili

ng
 po

int
 

liq
uid

 by
 us

ing
 st

ea
m 

dis
til

lat
ion

.

Te
ac

he
r t

o g
uid

e s
tud

en
ts 

to 
de

ter
mi

ne
 th

e m
ola

r m
ass

es 
of 

a 
hig

h b
oil

ing
 po

int
 liq

uid
s.

• 
Ste

am
 di

sti
lla

tio
n 

ap
pa

rat
us

• 
Im

mi
sci

ble
 liq

uid
s

Is 
the

 st
ud

en
t a

ble
 to

 
de

ter
mi

ne
 th

e m
ola

r m
ass

 
of 

hig
h b

oil
ing

 liq
uid

 by
 

us
ing

 st
ea

m 
dis

til
lat

ion
?

5.2
  C

om
ple

tel
y 

M
isc

ibl
e L

iqu
ids

By
 th

e e
nd

 of
 th

is 
su

b- 
top

ic 
the

 st
ud

en
t s

ho
uld

 be
 ab

le 
to:

a) 
de

scr
ibe

 th
e R

ao
ult

’s 
La

w;

Te
ac

he
r s

ho
uld

 le
ad

 st
ud

en
ts 

in 
the

 di
scu

ssi
on

 on
 R

ao
ult

’s 
law

 
an

d p
rin

cip
les

 un
de

rly
ing

 th
e 

law
.

• 
M

an
ila

 sh
ee

ts
• 

M
ark

er 
pe

ns
Is 

the
 st

ud
en

t a
ble

 to
 

de
scr

ibe
 th

e R
ao

ult
’s 

law
?

6
b) 

dif
fer

en
tia

te 
ide

al 
fro

m 
no

n-i
de

al 
so

lut
ion

s;
i) 

Stu
de

nts
 to

 gi
ve

 ex
am

ple
s o

f 
ide

al 
so

lut
ion

s a
nd

 no
n-i

de
al 

so
lut

ion
s

ii)
 Te

ac
he

r t
o g

uid
e s

tud
en

ts 
to 

dis
tin

gu
ish

 id
ea

l f
rom

 no
n-

ide
al 

so
lut

ion
s.

• 
Ide

al 
so

lut
ion

s
• 

No
n–

ide
al 

so
lut

ion
s

Is 
the

 st
ud

en
t a

ble
 to

 
dif

fer
en

tia
te 

ide
al 

an
d 

no
n-i

de
al 

so
lut

ion
s?



13

TO
PI

CS
/ S

UB
 T

OP
IC

S
SP

EC
IF

IC
 O

BJ
EC

TI
VE

S
TE

AC
HI

NG
 A

ND
 L

EA
RN

IN
G 

ST
RA

TE
GI

ES
TE

AC
HI

NG
 A

ND
 

LE
AR

NI
NG

 R
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T
ES

TI
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AT
ED
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M
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R 
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PE
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S
c) 

de
mo

ns
tra

te 
po

sit
ive

 an
d 

ne
ga

tiv
e d

ev
iat

ion
 fr

om
 

Ra
ou

lt’
s L

aw
;

i) 
Stu

de
nts

 to
 br

ain
sto

rm
 on

 
so

lut
ion

s t
ha

t e
xh

ibi
t p

os
itiv

e 
an

d n
eg

ati
ve

 de
via

tio
n f

rom
 

Ra
ou

lt’s
 la

w.
ii)

 Te
ac

he
r t

o g
uid

e s
tud

en
ts 

to 
dis

cu
ss 

rea
so

ns
 fo

r p
os

iti
ve

 
an

d n
eg

ati
ve

 de
via

tio
n f

rom
 

Ra
ou

lt’
s l

aw
.

W
all

 ch
art

 sh
ow

ing
 po

sit
ive

 
an

d n
eg

ati
ve

 de
via

tio
n f

rom
 

Ra
ou

lt’
s l

aw
.

Is 
the

 st
ud

en
t a

ble
 to

de
mo

ns
tra

te 
po

sit
ive

 an
d 

ne
ga

tiv
e d

ev
iat

ion
 fr

om
 

Ra
ou

lt’
s l

aw
?

d) 
de

scr
ibe

 va
po

ur 
pre

ssu
re 

dia
gra

ms
;

i) 
Te

ac
he

r t
o l

ea
d s

tud
en

ts 
to 

sk
etc

h v
ap

ou
r p

res
su

re 
dia

gra
ms

 fo
r i

de
al 

an
d n

on
-

ide
al 

so
lut

ion
s.

ii)
 St

ud
en

ts 
thr

ou
gh

 gr
ou

p 
dis

cu
ssi

on
 to

 ex
pla

in 
va

po
ur 

pre
ssu

re 
dia

gra
ms

 fo
r p

os
iti

ve
 

an
d n

eg
ati

ve
 de

via
tio

n.
iii

) T
ea

ch
er 

to 
lea

d s
tud

en
ts 

to 
dis

cu
ss 

the
 co

nc
ep

t o
f 

az
eo

tro
pic

 m
ixt

ure
s.

W
all

 ch
art

 sh
ow

ing
 va

po
ur 

pre
ssu

re 
dia

gra
ms

.
Is 

the
 st

ud
en

t a
ble

 to
 

de
scr

ibe
 va

po
ur 

pre
ssu

re 
dia

gra
ms

?
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ES

OU
RC
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AS

SE
SS

M
EN

T
ES

TI
M

AT
ED

 
NU

M
BE

R 
OF

 
PE

RI
OD

S
e) 

  d
em

on
str

ate
 th

e
pro

ces
s o

f f
rac

tio
na

l 
dis

till
ati

on
;

i) 
Stu

de
nts

 un
de

r t
ea

ch
er’

s 
gu

ida
nc

e t
o p

erf
orm

 an
 

ex
pe

rim
en

t o
n t

he
 pr

oc
ess

es 
of 

fra
cti

on
al 

dis
till

ati
on

.
ii)

 Te
ac

he
r t

o g
uid

e s
tud

en
ts 

dis
cu

ss 
the

 pr
od

uc
ts 

of 
fra

cti
on

al 
dis

til
lat

ion
.

• 
Sid

e a
rm

ed
 fla

sk
s

• 
Th

erm
om

ete
rs

• 
Fr

ac
tio

na
tin

g c
olu

mn
s

• 
Bo

ilin
g fl

ask
s

• 
Be

ak
ers

• 
Co

nd
en

ser
s

Is 
the

 st
ud

en
t a

ble
 to

de
mo

ns
tra

te 
the

 pr
oc

ess
 of

 
fra

cti
on

al
dis

til
lat

ion
?

f) 
ex

pla
in 

the
 ap

pli
ca

tio
n 

of 
fra

cti
on

al 
dis

til
lat

ion
.

Te
ac

he
r t

o g
uid

e s
tud

en
ts 

to 
dis

cu
ss 

on
 th

e a
pp

lic
ati

on
 of

 
fra

cti
on

al 
dis

til
lat

ion
 in

 th
e l

oc
al 

en
vir

on
me

nt 
an

d i
n i

nd
us

try
.

Fr
ac

tio
na

l d
ist

ill
ati

on
 

ap
pa

rat
us

Is 
the

 st
ud

en
t a

ble
 to

ex
pla

in 
the

 ap
pli

ca
tio

n 
of 

fra
cti

on
al 

dis
til

lat
ion

?

5.3
  T

he
 D

ist
rib

uti
on

 
La

w
By

 th
e e

nd
 of

 th
is 

su
b-

top
ic 

the
 st

ud
en

t s
ho

uld
 be

 
ab

le 
to:

a) 
ex

pla
in 

the
 m

ea
nin

g o
f t

he
 

dis
tri

bu
tio

n l
aw

Te
ac

he
r t

o g
uid

e s
tud

en
ts 

to 
bra

ins
tor

m 
on

 th
e d

ist
rib

uti
on

 of
 

a s
olu

te 
be

tw
ee

n t
wo

 im
mi

sci
ble

 
so

lve
nts

.

• 
Se

pa
rat

ing
 fu

nn
el

• 
So

lut
e

• 
Tw

o i
mm

isc
ibl

e 
so

lve
nts

Is 
the

 st
ud

en
t a

ble
 to

 
ex

pla
in 

the
 di

str
ibu

tio
n 

law
?

6
b) 

de
mo

ns
tra

te 
the

 
dis

tri
bu

tio
n l

aw
;

i) 
Stu

de
nts

 to
 pe

rfo
rm

 an
 

ex
pe

rim
en

t to
 ill

us
tra

te 
the

 di
str

ibu
tio

n l
aw

 e.
g. 

dis
tri

bu
tio

n o
f i

od
ine

 
be

tw
ee

n w
ate

r a
nd

 pe
tro

leu
m 

eth
er.

• 
Pip

ett
es

• 
Be

ak
ers

• 
Co

nic
al 

fla
sk

s
• 

Iod
ine

• 
Pe

tro
leu

m 
eth

er
• 

Se
pa

rat
ing

 fu
nn

el

Is 
the

 st
ud

en
t a

ble
 

to 
de

mo
ns

tra
te 

the
 

dis
tri

bu
tio

n l
aw

?
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GI

ES
TE

AC
HI

NG
 A

ND
 

LE
AR

NI
NG

 R
ES

OU
RC

ES
AS

SE
SS

M
EN

T
ES

TI
M

AT
ED

 
NU

M
BE

R 
OF

 
PE

RI
OD

S
ii)

 Te
ac

he
r t

o g
uid

e s
tud

en
ts 

dis
cu

ss 
the

 re
su

lts
 of

 th
e 

ex
pe

rim
en

t le
ad

ing
 to

 th
e 

ca
lcu

lat
ion

 of
 th

e d
ist

rib
uti

on
 

co
ns

tan
t.  

Ca
uti

on
: A

vo
id 

po
iso

no
us

 su
bs

tan
ce

s l
ike

 
tet

rac
hlo

rom
eth

an
e a

nd
 

be
nz

en
e.

c) 
ap

ply
 di

str
ibu

tio
n l

aw
 in

 
so

lve
nt 

ex
tra

cti
on

;
i) 

Stu
de

nts
 to

 pe
rfo

rm
 an

 
ex

pe
rim

en
t to

 sh
ow

 ap
pli

ca
tio

n 
of 

dis
tri

bu
tio

n l
aw

 in
 

so
lve

nt 
ex

tra
cti

on
 lik

e i
n 

ch
rom

ato
gra

ph
y.

ii)
 Te

ac
he

r t
o g

uid
e s

tud
en

ts 
in 

the
 di

scu
ssi

on
 of

 di
ffe

ren
t 

ap
pli

ca
tio

n o
f d

ist
rib

uti
on

 la
w 

in 
so

lve
nt 

ex
tra

tio
n.

• 
Se

pa
rat

ing
 fu

nn
els

• 
Bu

ret
tes

• 
 Fi

tte
r p

ap
er

• 
Pe

tri
dis

h
• 

Flo
we

rs
• 

Le
av

es
• 

So
lve

nt 
(pr

op
an

on
e)

Is 
the

 st
ud

en
t a

ble
 to

 
ap

ply
 di

str
ibu

tio
n l

aw
 in

 
so

lve
nt 

ex
tra

cti
on

?

d) 
ex

pla
in 

the
 de

via
tio

ns
 fr

om
 

the
 di

str
ibu

tio
n l

aw
.

Te
ac

he
r t

o g
uid

e s
tud

en
ts 

in 
dis

cu
ssi

ng
 ca

ses
 w

he
re 

the
re 

is 
de

via
tio

n f
rom

 th
e d

ist
rib

uti
on

 
law

 i.e
. in

 as
so

cia
tio

n a
nd

 in
 

dis
so

cia
tio

n o
f t

he
 so

lut
e.

Te
xtb

oo
ks

Is 
the

 st
ud

en
t a

ble
 to

 
ex

pla
in 

the
 de

via
tio

ns
 

fro
m 

the
 di

str
ibu

tio
n 

law
?
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ND
 L

EA
RN

IN
G 

ST
RA

TE
GI

ES
TE

AC
HI

NG
 A

ND
 

LE
AR

NI
NG

 R
ES

OU
RC

ES
AS

SE
SS

M
EN

T
ES

TI
M

AT
ED

 
NU

M
BE

R 
OF

 
PE

RI
OD

S
6.0

  E
NE

RG
ET

IC
S

6.1
  H

ea
ts 

of 
Re

ac
tio

n

By
 th

e e
nd

 of
 th

is 
su

b- 
top

ic 
the

 st
ud

en
t s

ho
uld

 be
 ab

le 
to: a) 
  e

xp
lai

n t
he

 co
nc

ep
t

    
  o

f h
eat

s o
f r

ea
cti

on
;

i) 
Stu

de
nts

 to
 di

scu
ss 

dif
fer

en
t 

he
at 

ch
an

ge
s.

ii)
 Te

ac
he

r t
o g

uid
e s

tud
en

ts 
thr

ou
gh

 di
scu

ssi
on

 on
 he

ats
 

of 
for

ma
tio

n, 
ne

utr
ali

za
tio

n, 
co

mb
us

tio
n, 

dil
uti

on
, 

ato
mi

za
tio

n, 
so

lut
ion

 an
d 

dis
so

cia
tio

n.

• 
Be

ak
er

• 
Sa

lt
• 

Th
erm

om
ete

r
• 

So
urc

eo
f h

ea
t

• 
 A

cid
• 

Ba
se

• 
Ba

lan
ce

• 
Di

sti
lle

d w
ate

r

Is 
the

 st
ud

en
t a

ble
 to

 
ex

pla
in 

the
 co

nc
ep

t o
f 

he
ats

 of
 re

ac
tio

n?

6

b) 
de

ter
mi

ne
 th

e h
ea

t o
f 

ne
utr

ali
za

tio
n;

i) 
Stu

de
nts

 to
 pe

rfo
rm

 an
 

ex
pe

rim
en

t to
 de

ter
mi

ne
 he

at 
of 

ne
utr

ali
za

tio
n u

sin
g N

aO
H 

an
d 

HC
l.

ii)
 Te

ac
he

r t
o g

uid
e s

tud
en

ts 
in 

dis
cu

ssi
ng

 th
e h

ea
t c

ha
ng

e 
de

ter
mi

na
tio

n.

• 
Sa

lt s
am

ple
• 

Ca
lor

im
ete

rs
• 

Al
ka

lis
• 

Ac
ids

• 
Th

erm
om

ete
r

• 
Ind

ica
tor

s 

Is 
the

 st
ud

en
t a

ble
 to

 
de

ter
mi

ne
 th

e h
ea

t o
f 

ne
utr

ali
za

tio
n?

c) 
de

ter
mi

ne
 th

e h
ea

t o
f 

so
lut

ion
.

i) 
Stu

de
nts

 to
 pe

rfo
rm

 an
 

ex
pe

rim
en

t to
 de

ter
mi

ne
 th

e 
he

at 
of 

so
lut

ion
 us

ing
 di

ffe
ren

t 
sal

ts.
ii)

 Te
ac

he
r s

ho
uld

 le
ad

 st
ud

en
ts 

in 
dis

cu
ssi

ng
 th

e h
ea

ts 
of 

so
lut

ion
.

• 
Th

erm
om

ete
rs

• 
Na

OH
• 

HC
l

• 
Ca

lor
im

ete
r

• 
So

diu
m 

thi
os

ulp
ha

te
• 

Cu
SO

4.5H
2O,

 C
uS

O 4

Is 
the

 st
ud

en
t a

ble
 to

 
de

ter
mi

ne
 th

e h
ea

t o
f 

so
lut

ion
?
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TE
AC

HI
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AN
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RE
SO

UR
CE

S
AS

SE
SS

M
EN

T
ES

TI
M

AT
ED

 
NU

M
BE

RO
F 

PE
RI

OD
S

6.2
  H

ess
’s 

La
w

By
 th

e e
nd

 of
 th

is 
su

b- 
top

ic 
the

 
stu

de
nt 

sh
ou

ld 
be

 ab
le 

to:
a) 

ex
pla

in 
the

 H
ess

’s 
La

w;

Te
ac

he
r t

o g
uid

e s
tud

en
ts 

in 
the

 
dis

cu
ssi

on
 on

 th
e c

on
ce

pt 
of 

He
ss’

s 
law

.

• 
Th

erm
om

ete
r

• 
Be

ak
er

• 
Sa

lt
• 

Ac
ids

• 
Ba

ses

Is 
the

 st
ud

en
t a

ble
 to

 
ex

pla
in 

the
 H

ess
’s 

law
?

6

b) 
ap

ply
 H

ess
’s 

La
w 

in 
the

 ca
lcu

lat
ion

s o
f h

ea
t 

ch
an

ge
s;

i) 
Stu

de
nts

 to
 ca

rry
 ou

t c
alc

ula
tio

ns
 

on
 he

at 
ch

an
ge

s u
sin

g H
ess

’s 
law

.
ii)

 Te
ac

he
r t

o l
ea

d s
tud

en
ts 

in 
dis

cu
ssi

ng
 va

rio
us

 ca
lcu

lat
ion

s 
wh

ere
 H

ess
’s 

law
 is

 ap
pli

ca
ble

.

Te
xtb

oo
ks

Is 
the

 st
ud

en
t a

ble
 to

 
ap

ply
 H

ess
’s 

law
 in

 
the

 ca
lcu

lat
ion

 of
 he

at 
ch

an
ge

s?

c) 
de

scr
ibe

 th
e B

orn
 H

ab
er 

cy
cle

;
Te

ac
he

r to
 gu

ide
 st

ud
en

ts 
in 

the
 

dis
cu

ssi
on

 of
 B

orn
-H

ab
er 

cy
cle

 
us

ing
 co

mp
ou

nd
s l

ike
 N

aC
l, 

KB
r, C

aO
 an

d M
gC

l 2.

Di
ag

ram
 sh

ow
ing

 B
orn

 
Ha

be
r c

yc
le

Is 
the

 st
ud

en
t a

ble
 to

 
de

scr
ibe

 th
e B

orn
 H

ab
er 

cy
cle

?

d) 
rel

ate
 he

ats
 of

 fo
rm

ati
on

 to
 

bo
nd

 en
erg

ies
.

Te
ac

he
r s

ho
uld

 le
ad

 st
ud

en
ts 

to 
dis

cu
ss 

the
 re

lat
ion

 be
tw

ee
n h

ea
ts 

of 
for

ma
tio

n a
nd

 bo
nd

 en
erg

ies
.

Ch
art

s a
nd

 pi
ctu

res
Is 

the
 st

ud
en

t a
ble

 to
 re

lat
e 

he
at 

of 
for

ma
tio

n t
o b

on
d 

en
erg

ies
?

7.0
  

PE
RI

OD
IC

 
CL

AS
SI

FI
CA

TI
ON

7.1
  Pe

rio
dic

ity

By
 th

e e
nd

 of
 th

is 
su

b- 
top

ic 
the

 
stu

de
nt 

sh
ou

ld 
be

 ab
le 

to:
a) 

ex
pla

in 
the

 co
nc

ep
t o

f 
pe

rio
dic

ity
;

Te
ac

he
r t

o g
uid

e s
tud

en
ts 

to 
dis

cu
ss 

the
 co

nc
ep

t o
f p

eri
od

ici
ty.

M
od

ern
 pe

rio
dic

 ta
ble

Is 
the

 st
ud

en
t a

ble
 to

ex
pla

in 
the

 co
nc

ep
t o

f 
pe

rio
dic

ity
?

6
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RE
SO

UR
CE

S
AS

SE
SS

M
EN

T
ES

TI
M

AT
ED

 
NU

M
BE

RO
F 

PE
RI

OD
S

b) 
co

mp
are

 th
e e

ffo
rts

 of
 

dif
fer

en
t s

cie
nti

st 
in 

try
ing

 to
 

cla
ssi

fy 
ele

me
nts

;

i) T
ea

ch
er 

to 
gu

ide
 st

ud
en

ts 
to 

cla
ssi

fy 
ele

me
nts

 ac
co

rdi
ng

 to
 

Ne
wl

an
d, 

M
ey

er,
 M

en
de

lee
v a

nd
 

M
os

ley
.

ii)
 St

ud
en

ts 
to 

us
e M

os
ley

 
cla

ssi
fic

ati
on

 to
 es

tab
lis

h a
 

pe
rio

dic
 ta

ble
.

W
all

 ch
art

 sh
ow

ing
 

mo
de

rn 
pe

rio
dic

 ta
ble

s 
of 

Ne
ws

lan
d, 

M
ey

er 
M

en
de

lee
v a

nd
 M

os
ley

Is 
the

 st
ud

en
t a

ble
 to

ex
pla

in 
the

 pr
og

res
s o

f 
dif

fer
en

t s
cie

nti
sts

 in
 

cla
ssi

fyi
ng

 el
em

en
ts?

c) 
de

scr
ibe

 th
e m

ain
 fe

atu
res

 
of 

the
 m

od
ern

 pe
rio

dic
 

tab
le;

i) 
Te

ac
he

r s
ho

uld
 le

ad
 st

ud
en

ts 
to 

us
e t

he
 pe

rio
dic

 la
w 

to 
est

ab
lis

h 
gro

up
s, 

pe
rio

ds
 an

d b
loc

ks
.

ii)
 St

ud
en

ts 
to 

us
e t

he
 pe

rio
dic

 la
w 

to 
co

ns
tru

ct 
a p

eri
od

ic 
tab

le 
ac

co
rdi

ng
 to

 M
os

ley
.

M
od

ern
 pe

rio
dic

 ta
ble

Is 
the

 st
ud

en
t a

ble
 to

de
scr

ibe
 th

e m
ain

 fe
atu

res
 

of 
the

 m
od

ern
 pe

rio
dic

 
tab

le?

d) 
co

mp
are

 th
e p

eri
od

ic 
law

 in
 te

rm
s o

f a
tom

ic 
ma

sse
s v

ers
us

 at
om

ic 
nu

mb
ers

.

St
ud

en
ts 

to 
us

e t
he

 pe
rio

dic
 la

w 
to

co
mp

are
 at

om
ic 

ma
sse

s v
ers

us
 

ato
mi

c n
um

be
rs 

of 
ele

me
nts

.

M
od

ern
 pe

rio
dic

 ta
ble

Is 
the

 st
ud

en
t a

ble
 to

co
mp

are
 th

e p
eri

od
ic 

law
 

in 
ter

ms
 of

 at
om

ic 
ma

sse
s 

ve
rsu

s a
tom

ic 
nu

mb
ers

?
7.2

  
Pe

rio
dic

 Tr
en

ds
 in

 
Ph

ys
ica

l P
rop

ert
ies

By
 th

e e
nd

 of
 th

is 
su

b-
top

ic 
the

 st
ud

en
t s

ho
uld

 be
 

ab
le 

to:
a) 

de
scr

ibe
 th

e g
en

era
l p

eri
od

ic 
tre

nd
s i

n p
hy

sic
al 

pro
pe

rti
es 

ac
ros

s p
eri

od
s a

nd
 do

wn
 th

e 
gro

up
s;

Te
ac

he
r t

o g
uid

e s
tud

en
ts 

to 
dis

cu
ss 

the
 ge

ne
ral

 pe
rio

dic
 tr

en
ds

 in
 ph

ys
ica

l 
pro

pe
rti

es 
of 

ele
me

nts
 ac

ros
s p

eri
od

s 
an

d d
ow

n t
he

 gr
ou

ps
 co

ns
ide

rin
g 

ato
mi

c s
ize

, e
lec

tro
ne

ga
tiv

ity
, 

ion
iza

tio
n e

ne
rgy

 an
d e

lec
tro

n 
affi

nit
y.

M
od

ern
 pe

rio
dic

 ta
ble

Is 
the

 st
ud

en
t a

ble
 to

de
scr

ibe
 th

e g
en

era
l 

pe
rio

dic
 tr

en
ds

 in
 ph

ys
ica

l 
pro

pe
rti

es 
ac

ros
s p

eri
od

s 
an

d i
n d

ow
n t

he
 gr

ou
ps

?
6
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S
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T
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b) 
de

scr
ibe

 pe
rio

dic
 tr

en
ds

 in
 

ph
ys

ica
l p

rop
ert

ies
 do

wn
 

the
 gr

ou
ps

;

Te
ac

he
r t

o l
ea

d s
tud

en
ts 

to 
dis

cu
ss 

the
 pe

rio
dic

 tr
en

d i
n p

hy
sic

al 
pro

pe
rti

es 
of 

ele
me

nts
 do

wn
 th

e 
gro

up
s I

A,
 II

A 
an

d V
II.

M
od

ern
 pe

rio
dic

 ta
ble

Is 
the

 st
ud

en
t a

ble
 to

de
scr

ibe
 pe

rio
dic

 tr
en

ds
 

in 
ph

ys
ica

l p
rop

ert
ies

 
do

wn
 th

e g
rou

p?
c) 

de
scr

ibe
 pe

rio
dic

 tr
en

ds
 in

 
ph

ys
ica

l p
rop

ert
ies

 ac
ros

s 
pe

rio
d 3

.

Te
ac

he
r t

o g
uid

e s
tud

en
ts 

to 
dis

cu
ss

pe
rio

dic
 tr

en
ds

 in
 ph

ys
ica

l p
rop

ert
ies

 
of 

ele
me

nts
 ac

ros
s p

eri
od

 3.

M
od

ern
 pe

rio
dic

 ta
ble

Is 
the

 st
ud

en
t a

ble
 to

de
scr

ibe
 pe

rio
dic

 
tre

nd
s i

n p
hy

sic
al 

pro
pe

rti
es 

ac
ros

s p
eri

od
 3?

7.3
  P

eri
od

ic 
Tr

en
ds

 in
 

Ch
em

ica
l P

rop
ert

ies
By

 th
e e

nd
 of

 th
is 

su
b- 

top
ic 

the
 

stu
de

nt 
sh

ou
ld 

be
 ab

le 
to:

a) 
de

scr
ibe

 tr
en

ds
 in

 ch
em

ica
l 

pro
pe

rti
es 

in 
gro

up
s;

i) 
Te

ac
he

r t
o g

uid
e s

tud
en

ts 
to 

dis
cu

ss 
the

 re
ac

tio
n b

etw
ee

n 
ele

me
nts

 in
 gr

ou
p I

A,
 II

A 
an

d 
VI

IA
 w

ith
 ai

r, H
2O

, H
Cl

, N
aO

H,
 

HN
O3

 an
d H

2S
O4

ii)
 St

ud
en

ts 
to 

est
ab

lis
h t

he
 tr

en
ds

 in
 

ch
em

ica
l p

rop
ert

ies
 of

 el
em

en
ts 

in 
gro

up
s I

A,
 II

A 
VI

IA
.

• 
M

od
ern

 pe
rio

dic
 

tab
le

• 
H 2O,

 H
Cl

, N
aO

H,
 

HN
O 3, H

2SO
4

Is 
the

 st
ud

en
t a

ble
 

to 
de

scr
ibe

 tr
en

ds
 in

 
ch

em
ica

l p
rop

ert
ies

 in
 

gro
up

s?

4
b) 

de
scr

ibe
 tr

en
ds

 in
 ch

em
ica

l 
pro

pe
rti

es 
alo

ng
 pe

rio
d 

3

i) 
Te

ac
he

r t
o g

uid
e s

tud
en

ts 
to 

dis
cu

ss 
the

 ac
tio

n o
f w

ate
r o

n 
hy

dri
de

s, 
ch

lor
ide

s, 
hy

dro
xid

es 
an

d o
xid

es 
of 

ele
me

nts
 in

 pe
rio

d 
3.

ii)
 Te

ac
he

r s
ho

uld
 le

ad
 a 

dis
cu

ssi
on

 
on

 th
e i

on
ic 

ch
ara

cte
r o

f c
hlo

rid
es,

 
hy

dro
xid

es 
an

d h
yd

rid
es 

of 
ele

me
nts

 in
 pe

rio
d 3

.

• 
M

od
ern

 pe
rio

dic
 

tab
le

• 
W

ate
r

• H
yd

rid
es,

 ch
lor

ide
s, 

 
hy

dro
xid

es 
an

d 
ox

ide
s o

f  e
lem

en
ts 

in 
pe

rio
d 3

Is 
the

 st
ud

en
t a

ble
 

to 
de

scr
ibe

 tr
en

ds
 in

 
ch

em
ica

l p
rop

ert
ies

 al
on

g 
pe

rio
d 3

?
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RE
SO

UR
CE

S
AS

SE
SS

M
EN

T
ES

TI
M

AT
ED

 
NU

M
BE

RO
F 

PE
RI

OD
S

iii
) S

tud
en

ts 
to 

pre
pa

re 
ch

art
s t

ha
t 

de
scr

ibe
s t

he
 tr

en
ds

 of
 ch

em
ica

l 
pro

pe
rti

es 
of 

ele
me

nts
 in

 pe
rio

d 3
.

7.4
  

Di
ag

on
al 

Re
lat

ion
sh

ip
By

 th
e e

nd
 of

 th
is 

su
b- 

top
ic 

the
 st

ud
en

t s
ho

uld
 be

 ab
le 

to:
a) 

ex
pla

in 
the

 co
nc

ep
t o

f 
dia

go
na

l r
ela

tio
ns

hip
;

Te
ac

he
r t

o g
uid

e s
tud

en
ts 

to 
dis

cu
ss 

the
 co

nc
ep

t o
f d

iag
on

al 
rel

ati
on

sh
ip.

M
od

ern
 pe

rio
dic

 ta
ble

Is 
the

 st
ud

en
t a

ble
 to

 
ex

pla
in 

the
 co

nc
ep

t o
f 

dia
go

na
l r

ela
tio

ns
hip

?

6

b) 
ex

pla
in 

the
 di

ag
on

al 
rel

ati
on

sh
ip 

be
tw

ee
n l

ith
ium

 
an

d m
ag

ne
siu

m;
 be

ryl
liu

m 
an

d a
lum

ini
um

;

i) 
Te

ac
he

r s
ho

uld
 le

ad
 a 

dis
cu

ssi
on

 
on

 di
ag

on
al 

rel
ati

on
sh

ip 
of 

Li
/M

g 
an

d B
e/A

l.
ii)

 St
ud

en
ts 

to 
de

du
ce

 th
e d

iag
on

al 
rel

ati
on

shi
p b

etw
een

 Li
thi

um
 

an
d M

ag
ne

siu
m;

 be
ryl

liu
m 

an
d 

Al
um

ini
um

.

M
od

ern
 pe

rio
dic

 ta
ble

Is 
the

 st
ud

en
t a

ble
 to

 
ex

pla
in 

the
 di

ag
on

al 
rel

ati
on

sh
ip 

be
tw

ee
n 

lit
hiu

m 
an

d m
ag

ne
siu

m;
 

be
ryl

liu
m 

an
d a

lum
ini

um
?

c) 
ex

pla
in 

wh
y t

he
 fir

st 
ele

me
nts

 in
 a 

gro
up

 di
ffe

r 
fro

m 
the

 re
st.

i) 
Te

ac
he

r t
o g

uid
e s

tud
en

ts 
to 

dis
cu

ss 
the

 re
aso

ns
 fo

r a
no

ma
lou

s 
be

ha
vio

ur 
of 

the
 fir

st 
ele

me
nt 

in 
a 

gro
up

 as
 co

mp
are

d t
o t

he
 re

st 
of 

the
 el

em
en

ts
ii)

 St
ud

en
ts 

to 
pre

pa
re 

ch
art

s 
tha

t d
esc

rib
e t

he
 an

om
alo

us
 

be
ha

vio
ur 

of 
the

 fir
st 

ele
me

nts
 in

 
gro

up
 IA

, I
IA

 an
d V

II 
A.

M
od

ern
 pe

rio
dic

 ta
ble

Is 
the

 st
ud

en
t a

ble
 to

 
ex

pla
in 

wh
y t

he
 fir

st 
ele

me
nts

 in
 a 

gro
up

 di
ffe

rs 
fro

m 
the

 re
st?
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8.0
  

SE
LE

CT
ED

 
CO

M
PO

UN
DS

 O
F 

M
ET

AL
S

8.1
  

Ox
ide

s

By
 th

e e
nd

 of
 th

is 
su

b- 
top

ic 
the

 st
ud

en
t s

ho
uld

 be
 ab

le 
to:

a) 
cla

ssi
fy 

me
tal

 ox
ide

s;

Stu
de

nts
 to

 cl
ass

ify
 m

eta
l o

xid
es 

as 
ba

sic
, a

cid
ic,

 am
ph

ote
ric

 or
 m

ixe
d 

ox
ide

s. 
M

eta
ls 

sel
ec

ted
 ar

e N
a, 

M
g, 

Ca
, A

l, F
e, 

Cu
, Z

n a
nd

 Pb
.

Ox
ide

s o
f N

a, 
M

g, 
Ca

, A
l, 

Fe
, C

u, 
Zn

 an
d P

b.
Is 

the
 st

ud
en

t a
ble

 to
 

cla
ssi

fy 
me

tal
 ox

ide
s?

6

b) 
pre

pa
re 

ox
ide

s o
f m

eta
ls 

by
 di

rec
t a

nd
 in

dir
ec

t 
me

tho
ds

;

St
ud

en
ts 

to 
pre

pa
re 

me
tal

 ox
ide

s i
n 

the
 la

bo
rat

ory
 by

 di
rec

tly
 he

ati
ng

 th
e 

me
tal

 in
 ai

r a
lso

 by
 in

dir
ec

t m
eth

od
 

us
ing

 co
nc

en
tra

ted
 ni

tri
c a

cid
.

• 
HN

O 3

• 
 M

eta
l

Is 
the

 st
ud

en
t a

ble
 to

 
pre

pa
re 

ox
ide

s o
f m

eta
ls 

by
 di

rec
t a

nd
 in

dir
ec

t 
me

tho
ds

?

c) 
de

mo
ns

tra
te 

the
 re

ac
tio

ns
 

of 
me

tal
 ox

ide
s w

ith
 

wa
ter

 an
d w

ith
 di

lut
e 

ac
ids

;

St
ud

en
ts 

to 
ca

rry
 ou

t r
ea

cti
on

s t
o 

de
mo

ns
tra

te 
the

 pr
op

ert
ies

 of
 ox

ide
s 

as 
the

y r
ea

ct 
wi

th 
wa

ter
 an

d d
ilu

te 
ac

ids

• 
Di

lut
e H

2SO
4

• 
Di

lut
eH

Cl
• 

M
eta

l o
xid

es

Is 
the

 st
ud

en
t a

ble
 to

 
de

mo
ns

tra
te 

the
 re

ac
tio

ns
 

of 
me

tal
 ox

ide
s w

ith
 w

ate
r 

an
d w

ith
 di

lut
e a

cid
s?

d) 
ex

pla
in 

the
 us

es 
of 

me
tal

 
ox

ide
s;

St
ud

en
ts 

to 
dis

cu
ss 

the
 us

es 
of 

me
tal

ox
ide

s i
n f

urn
ac

es 
an

d a
s l

im
ing

 
ma

ter
ial

s

• 
 M

gO
• 

 C
aO

Is 
the

 st
ud

en
t a

ble
 to

 
ex

pla
in 

the
 us

es 
of 

me
tal

 
ox

ide
s?

e) 
de

scr
ibe

 th
e r

ea
cti

on
s o

f 
am

ph
ote

ric
 ox

ide
s.

St
ud

en
ts 

to 
wr

ite
 ba

lan
ce

d e
qu

ati
on

s 
for

 th
e r

ea
cti

on
s o

f  
no

rm
al 

an
d 

am
ph

ore
tic

 ox
ide

s

• 
Zn

O
• 

Al
2O 3

• 
Pb

O

Is 
the

 st
ud

en
t a

ble
 to

 
de

scr
ibe

 th
e r

ea
cti

on
s o

f 
am

ph
ote

ric
 ox

ide
s?

8.2
  

Hy
dro

xid
es

By
 th

e e
nd

 of
 th

is 
su

b- 
top

ic 
the

 st
ud

en
t s

ho
uld

 be
 ab

le 
to:

a) 
pre

pa
re 

me
tal

 hy
dro

xid
es 

by
 

dir
ec

t a
nd

 in
 di

rec
t m

eth
od

s;

St
ud

en
ts 

to 
pre

pa
re 

me
tal

 hy
dro

xid
es 

by
 di

rec
t a

nd
 in

 di
rec

t m
eth

od
s

• 
M

eta
ls 

sel
ec

ted
• 

Ox
ide

s o
f s

ele
cte

d 
me

tal
s

• 
 H

2O

Is 
the

 st
ud

en
t a

ble
 to

 
pre

pa
re 

me
tal

 hy
dro

xid
es 

by
 di

ffe
ren

t m
eth

od
s?

6
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S

b) 
pe

scr
ibe

 th
e p

rop
ert

ies
 of

 
me

tal
 hy

dro
xid

es;
St

ud
en

ts 
to 

de
mo

ns
tra

te 
ex

pe
rim

en
tal

ly 
ho

w 
me

tal
 hy

dro
xid

es 
rea

ct 
wi

th 
oth

er 
ele

me
nts

/co
mp

ou
nd

s.

Hy
dro

xid
e o

f s
ele

cte
d 

me
tal

s
Is 

the
 st

ud
en

t a
ble

 to
 

de
scr

ibe
 th

e p
rop

ert
ies

 of
 

me
tal

 hy
dro

xid
es?

c) 
ex

pla
in 

the
 us

es 
of 

me
tal

 
hy

dro
xid

es.
Te

ac
he

r t
o g

uid
e s

tud
en

ts 
to 

dis
cu

ss 
the

 us
es 

of 
me

tal
 hy

dro
xid

es 
in 

ind
us

try
, in

clu
din

g t
he

 m
an

ufa
ctu

re 
of 

so
ap

.

Hy
dro

xid
e o

f s
ele

cte
d 

me
tal

s
Is 

the
 st

ud
en

t a
ble

 to
 

ex
pla

in 
the

 us
es 

of 
me

tal
 

hy
dro

xid
es?

8.3
  

Ca
rbo

na
tes

 an
d 

Hy
dro

ge
nc

arb
on

ate
s

By
 th

e e
nd

 of
 th

is 
su

b- 
top

ic 
the

 st
ud

en
t s

ho
uld

 be
 ab

le 
to:

a) 
pre

pa
re 

me
tal

 ca
rbo

na
tes

 by
 

ind
ire

ct 
me

tho
ds

;

St
ud

en
ts 

to 
pre

pa
re 

ca
rbo

na
tes

 an
d 

hy
dro

ge
n c

arb
on

ate
s b

y d
ire

ct 
an

d 
ind

ire
ct 

me
tho

ds
.

• 
lim

e w
ate

r
• 

 N
aO

H
• 

Str
aw

Is 
the

 st
ud

en
t a

ble
 to

 
pre

pa
re 

me
tal

 ca
rbo

na
tes

 
by

 in
dir

ec
t m

eth
od

s?

6

b) 
ex

pla
in 

the
 no

n- 
ex

ist
en

ce
 

of 
the

 ca
rbo

na
tes

 of
 ir

on
 an

d 
alu

mi
niu

m;

Te
ac

he
r t

o g
uid

e s
tud

en
ts 

to 
ex

pla
in 

wh
y t

he
 ca

rbo
na

tes
 of

 ir
on

 an
d 

alu
mi

niu
m 

ha
ve

 ne
ve

r b
ee

n p
rep

are
d

• 
Al

2O 3

• 
Fe

2O 3

• 
 Te

xtb
oo

ks

Is 
the

 st
ud

en
t a

ble
 to

ex
pla

in 
the

 no
n- 

ex
ist

en
ce

 
of 

 th
e c

arb
on

ate
s o

f i
ron

 
an

d a
lum

ini
um

?
c) 

de
mo

ns
tra

te 
the

 ef
fec

t o
f h

ea
t 

on
 ca

rbo
na

tes
;

St
ud

en
ts 

to 
de

mo
ns

tra
te 

ex
pe

rim
en

tal
ly 

the
 ef

fec
ts 

of 
he

at 
on

 
me

tal
 ca

rbo
na

tes
.

• 
Ca

rbo
na

tes
 of

 se
lec

ted
 

me
tal

s
Is 

the
 st

ud
en

t a
ble

 to
de

mo
ns

tra
te 

the
 ef

fec
t o

f 
he

at 
on

 ca
rbo

na
tes

?

d) 
de

scr
ibe

 th
e p

rop
ert

ies
 

of 
me

tal
 ca

rbo
na

tes
 an

d 
hy

dro
ge

n c
arb

on
ate

s;

St
ud

en
ts 

to 
de

mo
ns

tra
te 

the
 re

ac
tio

ns
 

of 
ca

rbo
na

tes
 w

ith
 w

ate
r a

nd
 w

ith
 

ac
id.

• 
 H

2O
• 

M
ine

ral
 ac

ids
• 

Ca
rbo

na
tes

 of
 se

lec
ted

 
me

tal
s

Is 
the

 st
ud

en
t a

ble
 to

de
scr

ibe
 th

e p
rop

ert
ies

 
of 

me
tal

 ca
rbo

na
tes

 an
d 

hy
dro

ge
n c

arb
on

ate
s?
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e) 
de

scr
ibe

 th
e u

ses
 of

 
ca

rbo
na

tes
 an

d h
yd

rog
en

 
ca

rbo
na

tes
.

Te
ac

he
r t

o g
uid

e s
tud

en
ts 

to 
dis

cu
ss 

the
 us

es 
of 

me
tal

 ca
rbo

na
tes

 
an

d h
yd

rog
en

 ca
rbo

na
tes

 in
 in

du
str

y 
an

d i
n a

gri
cu

ltu
re.

• 
Qu

ick
 lim

e
• 

 Ca
(O

H)
2

Is 
the

 st
ud

en
t a

ble
 to

de
scr

ibe
 th

e u
ses

 of
 

ca
rbo

na
tes

 an
d

hy
dro

ge
n c

arb
on

ate
s?

8.4
  

Su
lph

ate
s

By
 th

e e
nd

 of
 th

is 
su

b-
top

ic 
the

 st
ud

en
t s

ho
uld

 be
 

ab
le 

to:
a) 

pre
pa

re 
so

lub
le 

an
d i

ns
olu

ble
 

me
tal

 su
lph

ate
s b

y d
ire

ct 
an

d 
ind

ire
ct 

me
tho

ds
;

St
ud

en
ts 

to 
pre

pa
re 

me
tal

 su
lph

ate
s 

by
 di

rec
t a

nd
 in

dir
ec

t m
eth

od
s.

• 
H 2SO

4
• 

Gl
ass

wa
re

• 
Pb

(N
O 3) 2

• 
Na

2SO
4

• 
Me

tal
s s

ele
cte

d
• 

Ox
ide

s o
f s

ele
cte

d 
me

tal
 

Is 
the

 st
ud

en
t a

ble
 to

pre
pa

re 
so

lub
le 

an
d 

ins
olu

ble
 m

eta
l

su
lph

ate
s b

y d
ire

ct 
an

d 
ind

ire
ct 

me
tho

ds
?

6

b) 
de

scr
ibe

 th
e p

rop
ert

ies
 of

 
su

lph
ate

s;
St

ud
en

ts 
to 

ca
rry

 ou
t e

xp
eri

me
nts

 to
 

tes
t th

e p
rop

ert
ies

 of
 m

eta
l s

ulp
ha

tes
.

• 
Na

2SO
4

• 
Zn

SO
4

• 
Gl

ass
wa

re

Is 
the

 st
ud

en
t a

ble
 to

de
scr

ibe
 th

e p
rop

ert
ies

 of
 

su
lph

ate
s?

c) 
de

scr
ibe

 th
e u

ses
 of

 
su

lph
ate

s;
Te

ac
he

r t
o g

uid
e s

tud
en

ts 
go

 di
scu

ss 
the

 us
es 

of 
me

tal
 su

lph
ate

s i
n 

ind
us

try
 an

d i
n a

gri
cu

ltu
re.

• 
H 2SO

4

• 
Su

lph
ate

 of
 

am
mo

nia

Is 
the

 st
ud

en
t a

ble
 to

de
scr

ibe
 th

e u
ses

 of
 

su
lph

ate
s?

d) 
de

mo
ns

tra
te 

the
 ef

fec
t o

f 
he

at 
on

 su
lph

ate
s.

St
ud

en
ts 

to 
tes

t th
e e

ffe
cts

 of
 he

at 
on

co
mm

on
 su

lph
ate

s o
f m

eta
ls.

• 
Ba

SO
4

• 
Cu

SO
4

Is 
the

 st
ud

en
t a

ble
 to

de
mo

ns
tra

te 
the

 ef
fec

t o
f 

he
at 

on
 su

lph
ate

s?
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8.5
  

Ch
lor

ide
s

By
 th

e e
nd

 of
 th

is 
su

b- 
top

ic 
the

 
stu

de
nt 

sh
ou

ld 
be

 ab
le 

to:
a) 

pre
pa

re 
me

tal
 ch

lor
ide

s b
y 

dir
ec

t a
nd

 in
dir

ec
t m

eth
od

s;

St
ud

en
ts 

to 
pre

pa
re 

me
tal

 ch
lor

ide
s 

by
 di

rec
t a

nd
 in

dir
ec

t m
eth

od
s.

• 
Di

l.H
Cl

• 
Cl

2
• 

Me
tal

s s
ele

cte
d

• 
ox

ide
s o

f s
ele

cte
d 

me
tal

s

Is 
the

 st
ud

en
t a

ble
 to

 
pre

pa
re 

me
tal

 ch
lor

ide
s

by
 a 

va
rie

ty 
of 

me
tho

ds
?

6

b) 
de

scr
ibe

 th
e p

rop
ert

ies
 of

 
me

tal
 ch

lor
ide

s;
Te

ac
he

r s
ho

uld
 le

ad
 st

ud
en

ts 
to

de
mo

ns
tra

te 
ex

pe
rim

en
tal

ly 
the

 
pro

pe
rti

es 
of 

me
tal

 ch
lor

ide
s.

Ch
lor

ide
s o

f m
eta

ls 
sel

ec
ted

Is 
the

 st
ud

en
t a

ble
 to

de
scr

ibe
 th

e p
rop

ert
ies

 of
 

me
tal

 ch
lor

ide
s?

c) 
de

scr
ibe

 sp
ec

ial
 

ch
ara

cte
ris

tic
s o

f F
eC

l 3 an
d 

Al
Cl

3;

Te
ac

he
r a

nd
 st

ud
en

ts 
to 

dis
cu

ss 
the

 
sp

ec
ial

 ch
ara

cte
ris

tic
s o

f F
eC

l 3 an
d 

Al
Cl

3 in
 th

e g
ase

ou
s s

tat
e.

• 
Fe

Cl
3

• 
Al

Cl
3

Is 
the

 st
ud

en
t a

ble
 to

de
scr

ibe
 th

e s
pe

cia
l 

pro
pe

rti
es 

of 
Al

Cl
3 a

nd
 

Fe
Cl

3?

d) 
ex

pla
in 

the
 us

es 
of 

ch
lor

ide
s.

St
ud

en
ts 

to 
dis

cu
ss 

the
 us

es 
of 

me
tal

ch
lor

ide
s.

Ch
lor

ide
s o

f m
eta

ls 
sel

ec
ted

Is 
the

 st
ud

en
t a

ble
ex

pla
in 

the
 us

es 
of 

ch
lor

ide
s

8.6
  

Ni
tra

tes
By

 th
e e

nd
 of

 th
is 

su
b-

top
ic 

the
 st

ud
en

t s
ho

uld
 be

 
ab

le 
to:

a) 
pre

pa
re 

me
tal

 ni
tra

tes
 by

 
dir

ec
t a

nd
 in

dir
ec

t m
eth

od
s;

St
ud

en
ts 

to 
pre

pa
re 

me
tal

 ni
tra

tes
 in

 
the

 la
bo

rat
ory

 by
 di

rec
t a

nd
 in

dir
ec

t 
me

tho
ds

.

• 
Di

l.H
NO

3

• 
Ox

ide
s o

f m
eta

ls 
sel

ec
ted

• 
Hy

dro
xid

es 
of 

me
tal

s 
sel

ec
ted

• 
Ca

rbo
na

tes
 of

 m
eta

ls 
sel

ec
ted

Is 
the

 st
ud

en
t a

ble
 to

 
pre

pa
re 

me
tal

 ni
tra

tes
 by

 
dif

fer
en

t m
eth

od
s?

6
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RE
SO

UR
CE

S
AS

SE
SS

M
EN

T
ES

TI
M

AT
ED

 
NU

M
BE

RO
F 

PE
RI

OD
S

b) 
de

scr
ibe

 th
e p

rop
ert

ies
 of

 
me

tal
 ni

tra
tes

;
St

ud
en

ts 
to 

ca
rry

ou
t e

xp
eri

me
nts

 to
 

tes
t th

e p
rop

ert
ies

 of
 m

eta
l n

itr
ate

s.
 N

itr
ate

s o
f s

ele
cte

d m
eta

ls 
Is 

the
 st

ud
en

t a
ble

 to
de

scr
ibe

 th
e p

rop
ert

ies
 of

 
me

tal
 ni

tra
tes

?
c) 

de
scr

ibe
 th

e e
ffe

cts
 of

 he
at 

on
 m

eta
l n

itr
ate

s;
St

ud
en

ts 
to 

tes
t th

e e
ffe

ct 
of 

he
at 

on
 

me
tal

 ni
tra

tes
.

 N
itr

ate
 of

 se
lec

ted
 m

eta
ls 

Is 
the

 st
ud

en
t a

ble
 to

de
scr

ibe
 th

e e
ffe

cts
 of

 he
at 

on
 m

eta
l n

itr
ate

s?
d) 

ex
pla

in 
the

 us
es 

of 
me

tal
 

nit
rat

es.
St

ud
en

ts 
to 

dis
cu

ss 
the

 us
es 

of 
nit

rat
es 

in 
ind

us
try

 an
d i

n a
gri

cu
ltu

re.
 W

all
 ch

art
 sh

ow
ing

 th
e 

us
es 

of 
nit

rat
es.

Is 
the

 st
ud

en
t a

ble
 to

 
ex

pla
in 

the
 us

es 
of 

me
tal

 
nit

rat
es?

9.0
  

AL
IP

HA
TI

C 
HY

DR
OC

AR
BO

NS

9.1
  

So
urc

es 
of 

Or
ga

nic
 

Co
mp

ou
nd

s

By
 th

e e
nd

 of
 th

is 
su

b- 
top

ic 
the

 
stu

de
nt 

sh
ou

ld 
be

 ab
le 

to:
a) 

dif
fer

en
tia

te 
org

an
ic 

fro
m 

in 
org

an
ic 

co
mp

ou
nd

s;

Te
ac

he
r s

ho
uld

 le
ad

 st
ud

en
ts 

to 
bra

in 
sto

rm
 on

 th
e n

atu
ral

 oc
cu

rri
ng

 
org

an
ic 

co
mp

ou
nd

s e
.g.

 pr
ote

ins
, 

ca
rbo

hy
dra

tes
, p

las
tic

s, 
fat

s, 
ac

ids
, 

sy
nth

eti
c o

rga
nic

 co
mp

ou
nd

s 
me

dic
ine

s, 
dru

gs
 an

d d
iff

ere
nt 

sal
ts.

• 
W

all
 ch

art
 

sh
ow

ing
• 

Na
tur

al 
oc

cu
rri

ng
 or

ga
nic

 
co

mp
ou

nd
s

• 
Sy

nth
eti

c o
rga

nic
 

co
mp

ou
nd

s
• 

Di
ffe

ren
t s

alt
s

• 
Or

ga
nic

 m
ate

ria
ls

• 
Sa

lts

Is 
the

 st
ud

en
t a

ble
 to

 
dif

fer
en

tia
te 

org
an

ic 
an

d 
ino

rga
nic

 co
mp

ou
nd

s?

4

b) 
ide

nti
fy 

dif
fer

en
t s

ou
rce

s o
f 

org
an

ic 
co

mp
ou

nd
s;

St
ud

en
ts 

un
de

r t
ea

ch
er’

s g
uid

an
ce

 
to 

dis
cu

ss 
dif

fer
en

t s
ou

rce
s o

f 
org

an
ic 

co
mp

ou
nd

s i
nc

lud
ing

 
pe

tro
leu

m,
 co

al,
 an

d n
atu

ral
 ga

s.

W
all

 ch
art

 sh
ow

ing
 

co
mp

ou
nd

s w
hic

h c
an

 
be

 ob
tai

ne
d f

rom
• 

 pe
tro

leu
m

• 
 co

al

Is 
the

 st
ud

en
t a

ble
 to

ide
nti

fy 
dif

fer
en

t 
so

urc
es 

of 
org

an
ic 

co
mp

ou
nd

s?
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RE
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UR
CE

S
AS

SE
SS

M
EN

T
ES

TI
M

AT
ED

 
NU

M
BE

RO
F 

PE
RI

OD
S

c) 
cla

ssi
fy 

org
an

ic 
co

mp
ou

nd
s 

int
o a

lip
ha

tic
 an

d a
 ro

ma
tic

 
gro

up
s;

Te
ac

he
r s

ho
uld

 le
ad

 st
ud

en
ts 

in 
the

dis
cu

ssi
on

 on
 cl

ass
es 

of 
ali

ph
ati

c 
an

d a
 ro

ma
tic

 hy
dro

 ca
rbo

ns
; w

ith
 

ex
am

ple
s i

.e.
 al

iph
ati

c a
lka

ne
s, 

alk
en

es 
an

d a
lky

ne
s e

xc
lud

e c
yc

lic
 

hy
dro

ca
rbo

ns

Dr
aw

ing
 on

 m
an

ila
 sh

ee
t 

sh
ow

ing
 al

iph
ati

c a
nd

 
aro

ma
tic

 gr
ou

ps
.

Is 
the

 st
ud

en
t a

ble
 to

cla
ssi

fy 
alp

ha
tic

 an
d 

aro
ma

tic
 gr

ou
ps

?

d) 
de

scr
ibe

 th
e s

pe
cia

l 
pro

pe
rti

es 
of 

the
 ca

rbo
n 

ato
m.

Te
ac

he
r s

ho
uld

 le
ad

 st
ud

en
ts 

in 
the

dis
cu

ssi
on

 on
 un

iqu
e f

ea
tur

es 
of 

ca
rbo

n i
n o

rga
nic

 co
mp

ou
nd

s 
inc

lud
ing

 th
e f

oll
ow

ing
:

i) 
It 

un
de

rgo
es 

ca
ten

ati
on

ii)
 E

xh
ibi

ts 
a v

ari
ety

 of
 ox

ida
tio

n        
                  

        
sta

tes
iii

) F
orm

s s
tro

ng
 bo

nd
s w

ith
 a 

va
rie

ty 
of 

ele
me

nts
 

iv)
 F

orm
s m

ult
ipl

e b
on

ds
.

• 
M

od
els

• 
W

all
 ch

art
s 

sh
ow

ing
-  v

ari
ab

le 
ox

ida
tio

n  
 

sta
tes

 of
 ca

rbo
n

-   
mu

ltip
le 

bo
nd

s o
f  

ca
rbo

n.

Is 
the

 st
ud

en
t a

ble
 to

de
scr

ibe
 th

e s
pe

cia
l 

pro
pe

rti
es 

of 
the

 ca
rbo

n 
ato

m?

9.2
  

Pro
pe

rtie
s o

f A
lip

ha
tic

 
Hy

dro
ca

rbo
ns

By
 th

e e
nd

 of
 th

is 
su

b- 
top

ic 
the

 st
ud

en
t s

ho
uld

 be
 ab

le 
to:

a) 
de

scr
ibe

 th
e g

en
era

l p
hy

sic
al 

an
d c

he
mi

ca
l p

rop
ert

ies
 of

 
ali

ph
ati

c h
yd

roc
arb

on
s.

St
ud

en
ts 

un
de

r t
ea

ch
er’

s g
uid

an
ce

 
to 

dis
cu

ss 
ph

ys
ica

l a
nd

 ch
em

ica
l 

pro
pe

rti
es 

of 
ali

ph
ati

c h
yd

roc
arb

on
s 

e.g
. m

elt
ing

 po
int

, b
oil

ing
 po

int
 an

d 
so

lub
ili

ty.

• 
W

all
 ch

art
 sh

ow
ing

 
ph

ys
ica

l a
nd

 ch
em

ica
l 

pro
pe

rti
es 

of 
ali

ph
ati

c 
hy

dro
ca

rbo
ns

• 
At

om
ic 

mo
de

ls.

Is 
the

 st
ud

en
t a

ble
 to

 
de

scr
ibe

 th
e g

en
era

l 
ph

ys
ica

l a
nd

 ch
em

ica
l 

pro
pe

rti
es 

of 
ali

ph
ati

c 
hy

dro
ca

rbo
ns

?
2
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RE
SO

UR
CE

S
AS

SE
SS

M
EN

T
ES

TI
M

AT
ED

 
NU

M
BE

RO
F 

PE
RI

OD
S

b) 
ex

pla
in 

the
 na

tur
e o

f 
bo

nd
ing

 in
 al

iph
ati

c 
hy

dro
ca

rbo
ns

.

Te
ac

he
r t

o g
uid

e s
tud

en
ts 

to 
ex

pla
in 

na
tur

e o
f b

on
din

g i
n a

lip
ha

tic
 

hy
dro

ca
rbo

ns
. T

his
 ha

s t
o e

xp
lai

n t
he

 
co

va
len

t n
atu

re 
of 

the
se 

co
mp

ou
nd

s, 
for

ma
tio

n o
f s

igm
a a

nd
 π 

bo
nd

s

• 
W

all
 ch

art
 sh

ow
ing

 
for

ma
tio

n o
f s

igm
a a

nd
 π 

bo
nd

s.
• 

At
om

ic 
mo

de
ls.

Is 
the

 st
ud

en
t a

ble
 to

 
ex

pla
in 

the
 na

tur
e o

f 
bo

nd
ing

 in
 al

iph
ati

c 
hy

dro
ca

rbo
ns

?

9.3
  

Al
ka

ne
s

By
 th

e e
nd

 of
 th

is 
su

b- 
top

ic 
the

 st
ud

en
t s

ho
uld

 be
 ab

le 
to:

a) 
de

scr
ibe

 th
e g

en
era

l 
for

mu
la 

ho
mo

log
ou

s 
mo

lec
ula

r a
nd

 st
ruc

tur
al 

for
mu

la 
an

d i
so

me
ris

m 
of 

alk
an

es.

St
ud

en
ts 

to 
de

scr
ibe

 th
e g

en
era

l 
for

mu
la 

ho
mo

log
ou

s s
eri

es 
mo

lec
ula

r 
an

d s
tru

ctu
ral

 fo
rm

ula
e a

nd
 

iso
me

ris
m 

of 
alk

an
es.

W
all

 ch
art

s s
ho

wi
ng

 
ho

mo
log

ou
s s

eri
es 

of 
alk

an
e u

pto
 te

n c
arb

on
 

ato
ms

Is 
the

 st
ud

en
t a

ble
 to

 
de

scr
ibe

 th
e g

en
era

l 
for

mu
la 

ho
mo

log
ou

s 
mo

lec
ula

r a
nd

 st
ruc

tur
al 

for
mu

la 
an

d i
so

me
ris

m 
of 

alk
an

es?

6

b) 
de

scr
ibe

 th
e p

rod
uc

tio
n 

of 
alk

an
es 

fro
m 

co
al,

 
pe

tro
leu

m 
an

d n
atu

ral
 

ga
s;

St
ud

en
ts 

un
de

r t
ea

ch
er’

s g
uid

an
ce

 
to 

bra
in 

sto
rm

 on
 pr

od
uc

tio
n o

f 
alk

an
es 

fro
m 

pe
tro

leu
m,

 co
al 

an
d 

na
tur

al 
ga

s.

W
all

 ch
art

s s
ho

wi
ng

 
the

rm
al 

cra
ck

ing
 of

 
pe

tro
leu

m.

Is 
the

 st
ud

en
t a

ble
 to

 
de

scr
ibe

 th
e p

rod
uc

tio
n 

of 
alk

an
es 

fro
m 

co
al 

pe
tro

leu
m 

an
d n

atu
ral

 ga
s?

c) 
ex

pla
in 

the
 co

nc
ep

t 
of 

sat
ura

tio
n i

n t
erm

s 
of 

sp
3 hy

bri
diz

ati
on

 in
 

alk
an

es;

i) 
Stu

de
nts

 in
 gr

ou
ps

 to
 di

scu
ss 

the
 

sat
ura

tio
n o

f a
lka

ne
s.

ii)
 Te

ac
he

r t
o s

um
ma

ris
e t

he
 co

nc
ep

t 
of 

sat
ura

tio
n i

n a
lka

ne
s i

n t
erm

s o
f 

sp
3 hy

bri
diz

ati
on

.

 A
tom

ic 
mo

de
ls

Is 
the

 st
ud

en
t a

ble
 to

 
ex

pla
in 

the
 co

nc
ep

t o
f 

sat
ura

tio
n?



28

TO
PI

CS
/SU

BT
OP

IC
S

SP
EC

IF
IC

 O
BJ

EC
TI

VE
S

TE
AC

HI
NG

 A
ND

 L
EA

RN
IN

G 
ST

RA
TE

GI
ES

TE
AC

HI
NG

 
AN

D 
LE

AR
NI

NG
 

RE
SO

UR
CE

S
AS

SE
SS
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T
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NU
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PE
RI

OD
S

d) 
ex

pla
in 

the
 ph

ys
ica

l a
nd

 
ch

em
ica

l p
rop

ert
ies

 of
 

alk
an

es;

Te
ac

he
r t

o l
ea

d s
tud

en
ts 

in 
the

dis
cu

ssi
on

 of
 pr

op
ert

ies
 of

 al
ka

ne
s 

i.e
. r

ea
cti

on
 w

ith
 st

ron
g a

cid
s a

nd
 

alk
ali

s, 
co

mb
us

tio
n, 

ha
lo 

ge
na

tio
n 

an
d c

rac
kin

g p
roc

ess
.

At
om

ic 
mo

de
ls

Is 
the

 st
ud

en
t a

ble
 to

ex
pla

in 
the

 ph
ys

ica
l

an
d c

he
mi

ca
l p

rop
ert

ies
 of

  
alk

an
es?

e) 
de

mo
ns

tra
te 

lab
ora

tor
y 

sy
nth

esi
s o

f a
 si

mp
le 

alk
an

es;

Te
ac

he
r t

o g
uid

e s
tud

en
ts 

in 
the

pre
pa

rat
ion

 of
 al

ka
ne

s
• 

Al
4C 3

• 
H 2O

Is 
the

 st
ud

en
t a

ble
 to

sy
nth

esi
s o

f a
 si

mp
le 

alk
an

e i
n t

he
 la

bo
rat

ory
?

f) 
de

scr
ibe

 th
e n

atu
re 

of 
alk

an
es 

as 
fue

ls;
Te

ac
he

r t
o l

ea
d s

tud
en

t in
 di

scu
ssi

ng
 

the
 ga

seo
us

 na
tur

e o
f s

om
e a

lka
ne

s 
an

d t
he

ir 
us

e a
s f

ue
ls.

W
all

 ch
art

s s
ho

wi
ng

 
ga

seo
us

, li
qu

ids
 an

d s
oli

ds
 

as 
fue

l o
f a

lka
ne

s.

Is 
the

 st
ud

en
t a

ble
 to

de
scr

ibe
 th

e n
atu

re 
of 

alk
an

es 
as 

fue
ls

g) 
na

me
 al

ka
ne

s a
nd

 th
eir

 
iso

me
rs.

i) 
Te

ac
he

r t
o g

uid
e s

tud
en

ts 
in 

na
mi

ng
 al

ka
ne

s a
nd

 th
eir

 is
om

ers
 

us
ing

 th
e I

UP
AC

 sy
ste

m.
ii)

 St
ud

en
ts 

to 
na

me
 m

ore
 co

mp
lic

ate
d 

alk
an

es 
up

 to
 te

n c
arb

on
 at

om
s

W
all

 ch
art

s s
ho

wi
ng

 
co

mp
ou

nd
s o

f a
lka

ne
s a

nd
 

the
ir 

na
me

s

Is 
the

 st
ud

en
t a

ble
to 

na
me

 
alk

an
e a

nd
 th

eir
iso

me
rs?

9.4
  

Al
ke

ne
s

By
 th

e e
nd

 of
 th

is 
su

b- 
top

ic 
the

 st
ud

en
t s

ho
uld

 be
 ab

le 
to:

a) 
de

scr
ibe

 th
e i

nd
us

tri
al 

pro
du

cti
on

 of
 al

ke
ne

s f
rom

 
the

 th
erm

al 
cra

ck
ing

 of
 he

av
y 

alk
an

es;

i) 
Stu

de
nts

 un
de

r t
ea

ch
er’

s g
uid

an
ce

 
to 

bra
ins

tor
m 

on
 in

du
str

ial
 

pro
du

cti
on

 of
 al

ke
ne

s b
y t

he
rm

al 
cra

ck
ing

 of
 he

av
y a

lka
ne

s.
ii)

 Te
ac

he
r t

o s
um

ma
ris

e t
he

 
pro

du
cti

on
 pr

oc
ess

 of
 al

ke
ne

s.

• 
W

all
 ch

art
s s

ho
wi

ng
 

pro
du

cti
on

 of
 al

ke
ne

s 
by

 th
erm

al 
cra

ck
ing

 of
 

pe
tro

leu
m

• 
Fr

ac
tio

na
l d

ist
illa

tio
n o

f 
pe

tro
leu

m

Is 
the

 st
ud

en
t a

ble
 to

de
scr

ibe
 th

e i
nd

us
tri

al 
pro

du
cti

on
 of

 al
ke

ne
s?

6
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TE
AC

HI
NG

 
AN

D 
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AR
NI

NG
 

RE
SO

UR
CE

S
AS

SE
SS

M
EN

T
ES

TI
M

AT
ED

 
NU

M
BE

RO
F 

PE
RI

OD
S

b) 
ex

pla
in 

the
 co

nc
ep

t o
f 

un
sat

ura
tio

n i
n t

erm
s 

of 
sp

2 hy
bri

diz
ati

on
 in

 
alk

en
es;

Te
ac

he
r t

o g
uid

e s
tud

en
ts 

to 
dis

cu
ss 

the
 co

nc
ep

t o
f u

ns
atu

rat
ion

 in
 

alk
en

es 
du

e t
o s

p2 hy
bri

diz
ati

on
.

 A
tom

ic 
mo

de
ls

Is 
the

 st
ud

en
t a

ble
 to

 re
lat

e 
sp

2 hy
bri

diz
ati

on
 w

ith
 

un
sat

ura
tio

n?

c) 
de

scr
ibe

 el
ec

tro
ph

ili
c 

ad
dit

ion
 re

ac
tio

ns
 of

 
alk

en
e;

i) 
Te

ac
he

r t
o g

uid
e s

tud
en

ts 
in 

dis
cu

ssi
ng

 el
ec

tro
ph

ilic
 

ad
dit

ion
 re

ac
tio

ns
 e.

g. 
ca

tal
yti

c 
hy

dro
ge

na
tio

n, 
ha

log
en

ati
on

, 
hy

dro
ha

log
en

ati
on

, a
dd

itio
n o

f 
su

lph
uri

c a
cid

 et
c.

ii)
 Te

ac
he

r t
o e

xp
lai

n 
M

ark
ow

nik
ov

’s 
rul

e.
iii)

 Te
ac

he
r t

o g
uid

e s
tud

en
ts 

to 
dis

cu
ss 

ox
ida

tio
n r

ea
cti

on
s o

f 
alk

en
es 

wi
th 

bro
mi

ne
, K

M
nO

4

Ch
art

s s
ho

wi
ng

 el
ec

tro
 

ph
ili

c a
dd

iti
on

 re
ac

tio
ns

Is 
the

 st
ud

en
t a

ble
 to

de
scr

ibe
 th

e e
lec

tro
ph

ili
c 

ad
dit

ion
 

rea
cti

on
s o

f t
he

 al
ke

ne
s?

d) 
de

mo
ns

tra
te 

lab
ora

tor
y 

sy
nth

esi
s o

f a
 si

mp
le 

alk
en

e;

Te
ac

he
r s

ho
uld

 gu
ide

 st
ud

en
ts 

to 
pre

pa
re 

a s
im

ple
 al

ke
ne

 in
 th

e 
lab

ora
tor

y.

• 
Al

co
ho

l
• 

Co
nc

. H
2SO

4

• 
Be

ak
er

Is 
the

 st
ud

en
t a

ble
 to

 
de

scr
ibe

 th
e s

yn
the

sis
 of

 
eth

en
e?

e) 
na

me
 al

ke
ne

s a
nd

 th
eir

 
iso

me
rs 

up
 to

 fiv
e c

arb
on

 
ato

ms
.

i) 
Te

ac
he

r t
o e

xp
lai

n r
ule

s g
ov

ern
ing

 
na

mi
ng

 of
 al

ke
ne

s.
ii)

 St
ud

en
ts 

to 
na

me
 al

ke
ne

s a
nd

 th
eir

 
iso

me
rs 

up
 to

 fiv
e c

arb
on

 at
om

s 
us

ing
 IU

PA
C 

sy
ste

m.

W
all

 ch
art

 sh
ow

ing
 th

e 
na

me
s o

f fi
ve

 is
om

ers
 of

 
alk

en
es.

Is 
the

 st
ud

en
t a

ble
 to

 na
me

 
the

 fir
st 

fiv
e a

lke
ne

s a
nd

 
the

ir 
iso

me
rs 

up
 to

 fiv
e 

ca
rbo

n a
tom

s?
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S
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SE
SS

M
EN

T
ES

TI
M

AT
ED

 
NU

M
BE

RO
F 

PE
RI

OD
S

9.5
  

Al
ky

ne
s

By
 th

e e
nd

 of
 th

is 
su

b- 
top

ic 
the

 st
ud

en
t s

ho
uld

 be
 ab

le 
to:

a) 
de

scr
ibe

 th
e i

nd
us

tri
al 

pro
du

cti
on

 of
 al

ky
ne

s f
rom

 
the

rm
al 

cra
ck

ing
 of

 he
av

y 
alk

an
es;

Te
ac

he
r s

ho
uld

 le
ad

 st
ud

en
ts 

in 
dis

cu
ssi

ng
 th

e i
nd

us
tri

al 
pro

du
cti

on
 

of 
alk

yn
es 

fro
m 

the
rm

al 
cra

ck
ing

 of
 

he
av

y a
lka

ne
s

W
all

 ch
art

 sh
ow

ing
 

pro
du

cti
on

 of
 al

ky
ne

s 
fro

m 
cra

ck
ing

 of
 he

av
y 

alk
an

es.

Is 
the

 st
ud

en
t a

ble
 to

 
de

scr
ibe

 th
e i

nd
us

tri
al 

pro
du

cti
on

 of
 al

ky
ne

s?

2

b) 
ex

pla
in 

the
 un

sat
ura

tio
n 

in 
alk

yn
es 

in 
ter

ms
 of

 sp
 

hy
bri

diz
ati

on
;

St
ud

en
ts 

un
de

r t
ea

ch
er’

s g
uid

an
ce

 
to 

ex
pla

in 
un

sat
ura

tio
n i

n a
lky

ne
s i

n 
ter

ms
 of

 sp
 hy

bri
diz

ati
on

.

• 
Wa

ll c
ha

rt s
ho

wi
ng

 
the

 di
ag

ram
s o

f s
p 

hy
bri

diz
ati

on
. 

• 
At

om
ic 

mo
de

ls

Is 
the

 st
ud

en
t a

ble
 to

 
rel

ate
 al

ky
ne

 un
sat

ura
tio

n 
in 

ter
ms

 of
 sp

 
hy

bri
diz

ati
on

?
c) 

de
scr

ibe
 th

e M
ark

ow
nik

ov
’s 

me
ch

an
ism

 in
 el

ec
tro

ph
ili

c 
ad

dit
ion

 re
ac

tio
ns

 of
 

alk
yn

es;

i) 
Te

ac
he

r t
o e

xp
lai

n M
ark

ow
nik

ov
’s 

ele
ctr

op
hil

ic 
ad

dit
ion

 re
ac

tio
ns

 of
 

alk
yn

es
ii)

 S
tud

en
ts 

to 
dis

cu
ss 

ele
cro

ph
ili

c 
ad

dit
ion

 re
ac

tio
ns

 of
 al

ky
ne

s.

Ch
art

s s
ho

wi
ng

 
ele

ctr
op

hil
ic 

ad
dit

ion
 

rea
cti

on
s o

f a
lky

ne
s

Te
xtb

oo
ks

 

Is 
the

 st
ud

en
t a

ble
 

to 
de

scr
ibe

 th
e 

M
ark

ow
nik

ov
’ s

 
ele

ctr
op

hil
ic 

ad
dit

ion
 

rea
cti

on
s o

f a
lky

ne
s.

d) 
de

mo
ns

tra
te 

lab
ora

tor
y 

sy
nth

esi
s o

f a
 si

mp
le 

alk
yn

e;

Te
ac

he
r t

o l
ea

d s
tud

en
ts 

to 
de

mo
ns

tra
te 

the
 la

bo
rat

ory
 

sy
nth

esi
s o

f e
thy

ne
 (a

ce
tyl

en
e) 

by
 

rea
cti

ng
 co

ld 
wa

ter
 w

ith
 ca

lci
um

 
ca

rbi
de

.

• 
Ca

C 2

• 
W

ate
r

• 
Ha

rd 
tub

e

Is 
the

 st
ud

en
t a

ble
 to

 
de

scr
ibe

 th
e s

yn
the

sis
 of

 
ac

ety
len

e?

e) 
na

me
 al

ky
ne

s a
nd

 th
eir

 
iso

me
rs 

up
 to

 fiv
e c

arb
on

 
ato

ms
.

i) 
Te

ac
he

r t
o e

xp
lai

n r
ule

s 
go

ve
rni

ng
 IU

PA
C 

sy
ste

m 
of 

na
mi

ng
 al

ky
ne

s. 
ii)

 St
ud

en
ts 

to 
na

me
 al

ky
ne

s u
pto

 
fiv

e c
arb

on
 at

om
s.

W
all

 ch
art

s s
ho

wi
ng

 th
e 

na
me

s o
f a

lky
ne

s a
nd

 
the

ir 
iso

me
rs

Is 
the

 st
ud

en
t a

ble
 

to 
na

me
 al

ky
ne

s a
nd

 
the

ir 
iso

me
rs 

up
 to

 fiv
e 

ca
rbo

n a
tom

s?
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10
.0 

 AR
OM

AT
IC

 
HY

DR
OC

AR
BO

NS

10
.1 

 S
ou

rce
s o

f 
Hy

dro
ca

rbo
ns

By
 th

e e
nd

 of
 th

is 
su

b- 
top

ic 
the

 st
ud

en
t s

ho
uld

 be
 ab

le 
to:

a) 
ide

nti
fy 

dif
fer

en
t s

ou
rce

s 
of 

aro
ma

tic
 hy

dro
ca

rbo
ns

;

Te
ac

he
r s

ho
uld

 le
ad

 st
ud

en
ts 

to 
ide

nti
fy 

va
rio

us
 so

urc
es 

of 
aro

ma
tic

 
hy

dro
ca

rbo
ns

.

• 
Ch

art
s s

ho
wi

ng
 

dif
fer

en
t s

ou
rce

s 
of 

aro
ma

tic
 

hy
dro

ca
rbo

ns
• 

M
ate

ria
ls 

co
nta

ini
ng

 ar
om

ati
c 

co
mp

ou
nd

s.

Is 
the

 st
ud

en
t a

ble
 

to 
ide

nti
fy 

dif
fer

en
t 

so
urc

es 
of 

aro
ma

tic
 

hy
dro

ca
rbo

ns
?

2
b) 

ex
pla

in 
the

 sp
ec

ial
 

fea
tur

es 
of 

be
nz

en
e

i) 
Te

ac
he

rs 
to 

int
rod

uc
e t

he
 K

ek
ule

 
str

uc
tur

e o
f b

en
ze

ne
;

ii)
 T

ea
ch

er 
to 

ex
pla

in 
the

 m
od

ern
 

ele
ctr

on
ic 

str
uc

tur
e o

f b
en

ze
ne

 in
 

ter
ms

 of
 π 

ele
ctr

on
 de

loc
ali

za
tio

n 
an

d r
eso

na
nc

e d
esc

rip
tio

n.
iii

) S
tud

en
ts 

to 
pre

pa
re 

pic
tur

es 
an

d m
od

els
 th

at 
de

scr
ibe

 th
e 

str
uc

tur
e o

f b
en

ze
ne

.

• 
Ch

art
s s

ho
wi

ng
:

• 
Ke

ku
le 

str
uc

tur
e o

f 
be

nz
en

e
• 

M
od

ern
 st

ruc
tur

e o
f 

be
nz

en
e r

ing

Is 
the

 st
ud

en
t a

ble
 to

 
ex

pla
in 

the
 sp

ec
ial

 
fea

tur
es 

of 
 be

nz
en

e?

10
.2 

 P
rop

ert
ies

 
of 

Ar
om

ati
c 

Hy
dro

ca
rbo

ns

By
 th

e e
nd

 of
 th

is 
su

b- 
top

ic 
the

 st
ud

en
t s

ho
uld

 be
 ab

le 
to:

a) 
de

scr
ibe

 th
e r

eso
na

nc
e 

de
loc

ali
za

tio
n o

f t
he

 
be

nz
en

e π
 sy

ste
m.

Te
ac

he
r s

ho
uld

 le
ad

 st
ud

en
ts 

in 
the

 di
scu

ssi
on

 of
 th

e r
eso

na
nc

e/
de

loc
ali

za
tio

n o
f th

e b
en

zen
e π

 
sy

ste
m.

W
all

 ch
art

s s
ho

wi
ng

 
the

 re
so

na
nc

e s
tru

ctu
re 

be
nz

en
e.

Is 
the

 st
ud

en
t a

ble
 to

 
de

scr
ibe

 th
e r

eso
na

nc
e/

de
loc

ali
za

tio
n o

f 
be

nz
en

e π
 sy

ste
m?

4
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S
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SE
SS

M
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AT
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NU

M
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RO
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PE
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S

b) 
ex

pla
in 

ele
ctr

op
hil

ic 
su

bs
tit

uti
on

 re
ac

tio
ns

 of
 

be
nz

en
e

i) 
Te

ac
he

r t
o e

xp
lai

n t
he

 ch
em

ica
l 

rea
cti

vit
y o

f b
en

ze
ne

 in
 

co
mp

ari
so

n w
ith

 al
ke

ne
s e

.g.
 

ca
tal

yti
c h

yd
rog

en
ati

on
, fr

ee
 

rad
ica

l a
dd

itio
n, 

oz
on

oly
sis

 an
d 

ox
ida

tio
n. 

ii) 
Stu

de
nts

 to
 ex

pla
in 

wh
y b

en
zen

e 
do

es 
no

t fo
rm

 ad
dit

ion
 pr

od
uc

ts 
e.g

. w
ith

 hy
dro

ge
n h

ali
de

s, 
sul

ph
uri

c a
cid

 an
d K

Mn
O 4.

iii
) T

ea
ch

er 
to 

lea
d s

tud
en

ts 
in 

dis
cu

ssi
ng

 su
bs

tit
uti

on
 re

ac
tio

ns
 

of 
be

nz
en

e e
.g.

 ni
tra

tio
n, 

su
lph

on
ati

on
, h

alo
ge

na
tio

n, 
Fr

ied
el–

Cr
aft

s a
lky

lat
ion

 an
d 

ac
yla

tio
n

Ch
art

s s
ho

wi
ng

 
ele

ctr
op

hil
ic 

su
bs

tit
uti

on
 

rea
cti

on
s o

f b
en

ze
ne

.

Is 
the

 st
ud

en
t a

ble
 to

ex
pla

in 
ele

ctr
op

hil
ic 

su
bs

tit
uti

on
 re

ac
tio

ns
 of

 
be

nz
en

e?

10
.3 

 S
ub

sti
tut

ed
 B

en
zen

e
By

 th
e e

nd
 of

 th
is 

su
b-t

op
ic 

the
 

stu
de

nt 
sh

ou
ld 

be
 ab

le 
to:

a) 
de

scr
ibe

 th
e c

he
mi

ca
l 

pro
pe

rti
es 

of 
me

thy
l 

be
nz

en
e;

i) 
Te

ac
he

r t
o g

uid
e s

tud
en

ts 
in 

the
 

dis
cu

ssi
on

 of
 ch

em
ica

l p
rop

ert
ies

 
of 

me
thy

l b
en

ze
ne

 in
 co

mp
ari

so
n 

wi
th 

be
nz

en
e (

to 
inc

lud
e 

hy
dro

ge
na

tio
n, 

su
lph

on
ati

on
, 

nit
rat

ion
 an

d F
rie

de
l c

raf
t 

alk
yla

tio
n a

nd
 ac

yla
tio

n).
 

ii)
 St

ud
en

ts 
to 

ex
pla

in 
the

 ef
fec

t o
f th

e 
me

thy
l g

rou
p t

o t
he

 ri
ng

.

W
all

 ch
art

 sh
ow

ing
 

va
rio

us
 ch

em
ica

l r
ea

cti
on

s 
of 

me
thy

l b
en

ze
ne

Is 
the

 st
ud

en
t a

ble
 to

de
scr

ibe
 th

e c
he

mi
ca

l 
pro

pe
rti

es 
of 

me
thy

l
be

nz
en

e?

4
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NU
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RO
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b) 
ex

pla
in 

the
 ef

fec
ts 

of 
su

bs
tit

ue
nts

 on
 ra

tes
 an

d 
ori

en
tat

ion
;

i) 
Te

ac
he

r t
o e

xp
lai

n f
ac

tor
s w

hic
h 

ac
tiv

ate
 or

 de
ac

tiv
ate

 th
e b

en
ze

ne
 

rin
g, 

an
d f

ac
tor

s w
hic

h d
ete

rm
ine

 
the

 or
ien

tat
ion

 of
 su

bs
titu

tio
n i

n 
the

 be
nz

en
e r

ing
.

ii)
 S

tud
en

ts 
to 

ex
pla

in 
the

 ef
fec

t 
of 

su
bs

tit
uti

on
 in

 ra
tes

 an
d 

ori
en

tat
ion

s (
po

sit
ion

s) 
for

 
fur

the
r s

ub
sti

tut
ion

s f
or 

the
 

fol
low

ing
 gr

ou
ps

: X
 (h

alo
ge

ns
), 

OH
, -

R,
 N

O 2, -
CO

OH
, -

SO
3H,

 
-C

HO
, -

CO
NH

2.
iii

) T
ea

ch
er 

sh
ou

ld 
lea

d a
 di

scu
ssi

on
 

on
 in

du
cti

ve
 an

d m
eso

me
ric

 
eff

ec
ts 

in 
rea

cti
on

s.

• 
W

all
 ch

art
s s

ho
wi

ng
 

ch
em

ica
l r

ea
cti

on
s o

f 
su

bs
tie

nt 
gro

up
s o

n t
he

 
po

sit
ion

 of
 be

nz
en

e 
rin

g.
• 

W
all

 ch
art

 sh
ow

ing
 

gro
up

s w
hic

h a
cti

va
te 

an
d d

ea
cti

va
te 

be
nz

en
e 

rin
g.

Is 
the

 st
ud

en
t a

ble
 to

ex
pla

in 
the

 ef
fec

ts 
of 

su
bs

tit
ue

nt 
gro

up
s o

n
the

 ra
te 

of 
rea

cti
on

?

c) 
ex

pla
in 

dir
ec

tiv
e 

infl
ue

nc
es 

in 
dis

ub
sti

tut
ed

 
be

nz
en

e.

i) 
Te
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b) 
de
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e c

he
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l 
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hy

dro
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co
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nd
s;

Te
ac

he
r t

o g
uid

e s
tud

en
ts 
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ss 
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l p
rop
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ies
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 hy

dro
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l 
co

mp
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mp
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n o

f a
cid
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at 
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s t
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s p
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r c
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 re
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rm
 re
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n d
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 E
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the
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nd
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on
s.

x) 
De
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n o
f p

he
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 ch
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.
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ing
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 re
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• 

 E
tha

no
l
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e c
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l

pro
pe
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of 
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xy
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 E

lec
tro

ph
ili

c s
ub
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uti
on

 
in 

ph
en

ols
 (h

alo
ge

na
tio

n, 
alk

yla
tio

n, 
ac

yla
tio

n, 
nit

rat
ion

 an
d 

su
lph

on
ati

on
).

xii
) D

iff
ere

nc
e b

etw
ee

n a
lka

no
ls 

 an
d 

ph
en

ols
.

• 
Ph

en
ol

• 
Pr

op
an

-2-
ol

• 
Na

OH
• 

I 2
• 

 Fe
Cl

3
• 

He
at 

so
urc

e
c) 

dis
tin

gu
ish

 al
ke

ne
s f

rom
 

ph
en

ols
.

Te
ac

he
r t

o g
uid

e s
tud

en
ts 

to 
de

scr
ibe

 
the

 di
ffe

ren
ce

s b
etw

ee
n a

lka
no

ls 
an

d 
ph

en
ols

Ph
en

ol,
 Et

ha
no

l, N
aO

H,
 I 2, 

Fe
Cl

3, H
ea

t s
ou

rce
Is 

the
 st

ud
en

t a
ble

 to
dis

tin
gu

ish
 al

ke
ne

s f
rom

 
ph

en
ols

?
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.4 
 U

ses
 an

d H
az

ard
s o

f 
Hy

dro
xy

l C
om

po
un

ds
By

 th
e e

nd
 of

 th
is 

su
b-t

op
ic 

the
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de

nt 
sh

ou
ld 
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le 
to:

a) 
giv

e t
he

 us
es 

of 
hy

dro
xy

l 
co

mp
ou

nd
s;

Te
ac

he
r t

o g
uid

e s
tud

en
ts 

to 
dis

cu
ss 

the
 us

es 
of 

alc
oh

ols
 an

d p
he

no
ls.

W
all

 ch
art

 sh
ow

ing
 

the
 us

es 
of 

hy
dro

xy
l 

co
mp

ou
nd

s

Is 
the

 st
ud

en
t a

ble
 to

giv
e u

ses
 of

 hy
dro

xy
l 

co
mp

ou
nd

s?
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b) 

de
scr

ibe
 ha

za
rds

 of
 hy

dro
xy

l 
co

mp
ou

nd
s.

Te
ac

he
r s

ho
uld

 le
ad

 st
ud

en
ts 

to 
dis

cu
ss 

the
 ha

za
rds

 of
 al

co
ho

ls 
an

d 
ph

en
ols

.

W
all

 ch
art

s s
ho

wi
ng

 
the

 ha
za

rds
 of

 hy
dro

xy
l 

co
mp

ou
nd

s

Is 
the

 st
ud

en
t a

ble
 to

 
de

scr
ibe

 ha
za

rds
 of

 
hy

dro
xy

l c
om

po
un

ds
?
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.0 

 C
AR

BO
NY

L 
CO

M
PO

UN
DS

13
.1 

 S
tru

ctu
re 

an
d 

No
me

nc
lat

ure

By
 th

e e
nd

 of
 th

is 
su

b- 
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ic 
the

 st
ud

en
t s

ho
uld

 be
 ab

le 
to:

a) 
de

scr
ibe

 th
e c

arb
on

yl 
co

mp
ou

nd
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Te
ac

he
r s

ho
uld

 le
ad

 st
ud

en
ts 

to 
de

scr
ibe

 th
e c

arb
on

yl 
co

mp
ou

nd
s i

.e 
the

 fu
nc

tio
na

l g
rou

ps
 –C

HO
 an

d C
O.

W
all

 ch
art

s s
ho

wi
ng

 
ca

rbo
ny

l c
om

po
un

ds
Is 

the
 st

ud
en

t a
ble

 
to 

de
scr

ibe
 ca

rbo
ny

l 
co

mp
ou

nd
s?

2
b) 

na
me

 ca
rbo

ny
l 

co
mp

ou
nd

s.
i) 

Te
ac

he
r t

o e
xp

lai
n t

he
 ru

les
 

go
ve

rni
ng

 th
e I

UP
AC

 sy
ste

m 
of 
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ng
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rbo
ny

l c
om

po
un

ds
.

W
all

 ch
art

s s
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ng
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f c
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yl 
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s
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l c
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ii)
 St
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en

ts 
to 

na
me

 ca
rbo

ny
l 

co
mp

ou
nd

s a
nd

 th
eir

 is
om

ers
 up

to 
fiv

e c
arb

on
 at

om
s (

na
me

 si
mp

le 
aro

ma
tic

 ca
rbo

ny
l c

om
po

un
ds

).
13

.2 
 P

rep
ara

tio
n o

f 
Ca

rbo
ny

l C
om

po
un

ds
By

 th
e e

nd
 of

 th
is 

su
b- 

top
ic 

the
 st

ud
en

t s
ho

uld
 be

 ab
le 

to:
a) 

ex
pla

in 
the

 pr
ep

ara
tio

n 
me

tho
ds

 of
 al

de
hy

de
s;

Te
ac

he
r t

o g
uid

e s
tud

en
ts 

in 
ex

pla
ini

ng
 m

eth
od

s o
f p

rep
ari

ng
 

ald
eh

yd
es 

e.g
. o

xid
ati

on
 of

 al
co

ho
ls 

(pr
im

ary
) a

nd
 re

du
cti

on
 of

 ca
rbo

xy
lic

 
ac

id 
s

• 
M

eth
an

ol
• 

K 2Cr
2O 7

• 
 H

2SO
4

Is 
the

 st
ud

en
t a

ble
 to

 
ex

pla
in 

pre
pa

rat
ion

 
me

tho
ds

 of
 al

de
hy

de
s?

2
b) 

ex
pla

in 
the

 pr
ep

ara
tio

n 
me

tho
ds

 of
 ke

ton
es.

Te
ac

he
r t

o l
ea

d s
tud

en
ts 

in 
ex

pla
ini

ng
 

me
tho

ds
 of

 pr
ep

ari
ng

 ke
ton

es 
e.g

. 
ox

ida
tio

n o
f a

lco
ho

ls 
(se

co
nd

ary
) a

nd
 

Fr
ied

el 
– C

raf
t a

cy
lat

ion
.

W
all

 ch
art

s s
ho

wi
ng

 
me

tho
ds

 of
 pr

ep
ari

ng
 

ke
ton

es

Is 
the

 st
ud

en
t a

ble
 to

 
ex

pla
in 

pre
pa

rat
ion

 
me

tho
ds

 of
 ke

ton
es?

13
.3 

 P
rop

ert
ies

 of
 C

arb
on

yl 
Co

mp
ou

nd
s.

By
 th

e e
nd

 of
 th

is 
su

b- 
top

ic 
the

 st
ud

en
t s

ho
uld

 be
 ab

le 
to:

a) 
de

scr
ibe

 th
e p

hy
sic

al 
pro

pe
rti

es 
of 

ca
rbo

ny
l 

co
mp

ou
nd

s;

i) 
Te

ac
he

r t
o e

xp
lai

n t
he

 po
lar

ity
 of

 
the

 C
= O

 bo
nd

 of
 th

e c
arb

on
yl 

gro
up

 
ii)

 St
ud

en
ts 

to 
pre

dic
t th

e e
ffe

ct 
of 

po
lar

ity
 to

 th
e p

hy
sic

al 
pro

pe
rti

es 
(m

.p,
 b.

p. 
an

d s
olu

bil
ity

).

W
all

 ch
art

s s
ho

wi
ng

 th
e 

tab
le 

of 
m.

p, 
b.p

 an
d 

so
lub

ili
ty 

of 
ald

eh
yd

es 
an

d 
ke

ton
es

Is 
the

 st
ud

en
t a

ble
 to

 
de

scr
ibe

 th
e p

hy
sic

al 
pro

pe
rti

es 
of 

ca
rbo

ny
l 

co
mp

ou
nd

s?

2

b) 
ex

pla
in 

the
 ch

em
ica

l 
rea

cti
on

s o
f c

arb
on

yl 
co

mp
ou

nd
s.

i) 
Te

ac
he

r s
ho

uld
 le

ad
 st

ud
en

ts 
to 

ide
nti

fy 
ald

eh
yd

es 
fro

m 
ke

ton
es.

• 
W

all
 ch

art
s s

ho
wi

ng
 

va
rio

us
 ch

em
ica

l 
rea

cti
on

s o
f a

lde
hy

de
s 

an
d k

eto
ne

s

Is 
the

 st
ud

en
t a

ble
 to

 
ex

pla
in 

the
 ch

em
ica

l 
rea

cti
on

s o
f c

arb
on

yl 
co

mp
ou

nd
s?
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ii)
 Te

ac
he

r t
o g

uid
e s
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en

ts 
in 
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tio

n o
f c

he
mi

ca
l r

ea
cti

on
s 

of 
ald

eh
yd

es 
an

d k
eto

ne
s t

o 
inc

lud
e n

uc
leo

ph
ili

c a
dd

iti
on

, 
rea

cti
on

s o
f t

he
 al

ky
l g

rou
p 

ad
jac

en
t to

 ca
rbo

ny
l c

arb
on

 at
om

 
an

d r
ed

ox
 re

ac
tio

ns

• 
M

eth
an

al
• 

Pr
op

an
on

e
• 

Be
ne

dic
t’s

 so
lut

ion
• 

To
lle

n’s
 re

ag
en

t
• 

Te
st 

tub
es

13
.4 

 U
ses

 an
d H

az
ard

s o
f 

Ca
rbo

ny
l C

om
po

un
ds.

By
 th

e e
nd

 of
 th

is 
su

b- 
top

ic 
the

 st
ud

en
t s

ho
uld

 be
 ab

le 
to:

a) 
ex

pla
in 

us
es 

of 
ca

rbo
ny

l 
co

mp
ou

nd
s;

Te
ac

he
r t

o g
uid

e s
tud

en
ts 

to 
dis

cu
ss 

the
 us

es 
of 

ca
rbo

ny
l c

om
po

un
ds

.
W

all
 ch

art
s s

ho
wi

ng
 us

es 
of 

ca
rbo

ny
l c

om
po

un
ds

Is 
the

 st
ud

en
t a

ble
 to

 
ex

pla
in 

us
es 

of 
ca

rbo
ny

l 
co

mp
ou

nd
s?

2
b) 

ex
pla

in 
ha

za
rds

 of
 ca

rbo
ny

l 
co

mp
ou

nd
s.

Te
ac

he
r t

o g
uid

e s
tud

en
ts 

to 
dis

cu
ss 

the
 ha

za
rds

 of
 ca

rbo
ny

l c
om

po
un

ds
.

W
all

 ch
art

s s
ho

wi
ng

 
ha

za
rds

 of
 ca

rbo
ny

l 
co

mp
ou

nd
s

Is 
the

 st
ud

en
t a

ble
 to

 
ex

pla
in 

ha
za

rds
 of
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rbo
ny

l c
om

po
un

ds

14
.0 

 C
AR

BO
XY

LI
C 

AC
ID

S A
ND

 
DE

RI
VA

TI
VE

S

14
.1 

 C
arb

ox
yli

c A
cid

s

By
 th

e e
nd

 of
 th

is 
su

b- 
top

ic 
the

 st
ud

en
t s

ho
uld

 be
 ab

le 
to:

a) 
na

me
 ca

rbo
xy

lic
 ac

ids
 us

ing
 

IU
PA

C 
sy

ste
m;

Te
ac

he
r s

ho
uld

 gu
ide

 st
ud

en
ts 

to 
na

me
 ca

rbo
xy

lic
 ac

ids
 us

ing
 IU

PA
C 

sy
ste

m.

W
all

 ch
art

 sh
ow

ing
 na

me
s 

of 
ca

rbo
xy

lic
 ac

ids
Is 

the
 st

ud
en

t a
ble

 to
 na

me
 

ca
rbo

xy
lic

 ac
ids

 us
ing

 
IU

PA
C 

sy
ste

m?

6
b) 

de
scr

ibe
 th

e c
arb

ox
yl 

gro
up

 
in 

ca
rbo

xy
lic

 ac
ids

;
Te

ac
he

r s
ho

uld
 le

ad
 st

ud
en

ts 
to 

dis
cu

ss 
ab

ou
t th

e r
eso

na
nc

e i
n t

he
 

ca
rbo

xy
l f

un
cti

on
al 

gro
up

.

• 
Ac

eti
c a

cid
• 

Ox
ali

c a
cid

Is 
the

 st
ud

en
t a

ble
 to

 
de

scr
ibe

 th
e c

arb
ox

yl 
gro

up
 in

 ca
rbo

xy
lic

 ac
ids

?
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c) 
ex

pla
in 

pre
pa

rat
ion

 m
eth

od
s 

of 
ca

rbo
xy

lic
 ac

ids
;

St
ud

en
ts 

to 
pre

pa
re 

eth
an

oic
 ac

id 
in 

the
 la

bo
rat

ory
.

• 
 E

tha
no

l
• 

K 2Cr
2O 7

• 
Di

l.H
Cl

Is 
the

 st
ud

en
t a

ble
 to

ex
pla

in 
pre

pa
rat

ion
 

me
tho

ds
 of

 ca
rbo

xy
lic

 
ac

ids
?

d) 
ex

pla
in 

pro
pe

rti
es 

of 
ca

rbo
xy

lic
 ac

ids
;

i) 
Te

ac
he

r t
o g

uid
e s

tud
en

ts 
to 

dis
cu

ss 
the

 pr
op

ert
ies

 of
 ca

rbo
xy

lic
 

ac
ids

ii)
 St

ud
en

ts 
to 

dis
cu

ss 
the

 co
ntr

ibu
tio

n 
of 

hy
dro

ge
n b

on
din

g i
n t

he
 ph

ys
ica

l 
pro

pe
rti

es 
of 

ca
rbo

xy
lic

 ac
ids

• 
Ac

eti
c a

cid
• 

Ox
ali

c a
cid

Is 
the

 st
ud

en
t a

ble
 to

ex
pla

in 
pro

pe
rti

es 
of 

ca
rbo

xy
lic

 ac
ids

?

e) 
ex

pla
in 

us
es 

an
d h

az
ard

s o
f 

ca
rbo

xy
lic

 ac
ids

.
St

ud
en

ts 
in 

sm
all

 gr
ou

ps
 to

 di
scu

ss 
the

 us
es 

an
d h

az
ard

s o
f c

arb
ox

yli
c 

ac
ids

.

W
all

 ch
art

s s
ho

wi
ng

 us
es 

an
d h

az
ard

s o
f c

arb
ox

yli
c 

ac
ids

.

Is 
the

 st
ud

en
t a

ble
 to

ex
pla

in 
us

es 
an

d h
az

ard
s 

of 
ca

rbo
xy

lic
 ac

ids
?

14
.2 

 E
ste

rs
By

 th
e e

nd
 of

 th
is 

su
b- 
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ic 

the
 

stu
de

nt 
sh

ou
ld 

be
 ab

le 
to:

a) 
na

me
 es

ter
s;

Te
ac

he
r t

o g
uid

e s
tud

en
ts 

to 
na

me
 

est
ers

 ac
co

rdi
ng

 to
 IU

PA
C 

sy
ste

m.
W

all
 ch

art
s s

ho
wi

ng
 na

me
 

of 
est

ers
Is 

the
 st

ud
en

t a
ble

 to
na

me
 es

ter
s?

4

b) 
de

scr
ibe

 es
ter

s;
Te

ac
he

r s
ho

uld
 le

ad
 st

ud
en

ts 
in 

the
dis

cu
ssi

on
 ab

ou
t th

e r
eso

na
nc

e a
nd

  
de

loc
ali

za
tio

n o
f c

arb
ox

yla
te 

gro
up

.

Et
hy

lm
eth

an
oa

te
Is 

the
 st

ud
en

t a
ble

 to
de

scr
ibe

 es
ter

s?

c) 
ex

pla
in 

the
 pr

op
ert

ies
 of

 
est

ers
;

Stu
de

nts
 un

de
r t

ea
ch

ers
 gu

ide
 to
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FORM VI

General Competences
By the end of the Form VI Chemistry course, students should have the ability to:

1. apply mathematical principles to understand qualitative and quantitative chemical 
processes;

2. use Chemistry knowledge and skills to solve social and environmental problems;
3. apply the principles of science and technology to carry out scientific investigations 

and analysis; 
4. carry out investigations on organic compounds and their uses in everyday life;
5. use soil kits to study the properties of soils and propose proper remedial measures.

General Objectives
By the end of the Form VI Chemistry course, students should be able to:

a) explain how the factors of concentration, pressure, energy and catalyst affect the rate 
of Chemical reactions;

b) maximize the formation of products in equilibrium reactions;
c) compare and contrast different methods for the extraction of elements from their 

natural sources;
d) describe the nature and the principles involved in the aquatic, terrestrial and aerial 

pollution;
e) use scientific knowledge and skills to study the chemical nature and properties of 

soils;
f) describe the major principles of Organic Chemistry;
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ST

RA
TE

GI
ES

TE
AC

HI
NG

 A
ND

 
LE

AR
NI

NG
 

RE
SO

UR
CE

S
AS

SE
SS

M
EN

T
ES

TI
M

AT
ED

 
NU

M
BE

R 
OF

 
PE

RI
OD

S
3.0

  E
LE

CT
RO

 
CH

EM
IS

TR
Y

3.1
  O

xid
ati

on
 an

d 
Re

du
cti

on

By
 th

e e
nd

 of
 th

is 
su

b- 
top

ic 
the

 st
ud

en
t s

ho
uld

 be
 ab

le 
to:

a) 
dif

fer
en

tia
te 

ox
ida

tio
n a

nd
 

red
uc

tio
n  

rea
cti

on
s;

i) 
Te

ac
he

r t
o g

uid
e s

tud
en

ts 
to 

dis
cu

ss 
the

 co
nc

ep
ts 

of 
ox

ida
tio

n 
an

d r
ed

uc
tio

n i
n t

erm
s o

f e
lec

tro
n 

tra
ns

fer
 an

d c
ha

ng
e o

f o
xid

ati
on

 
sta

te 
in 

rea
cti

on
s.

ii)
 St

ud
en

ts 
to 

giv
e v

ari
ed

 ex
am

ple
s o

f 
ox

ida
tio

n a
nd

 re
du

cti
on

 re
ac

tio
ns

.

• 
Ru

ste
d i

ron
 

• 
Fe

Cl
2

Is 
the

 st
ud

en
t a

ble
 to

 
dif

fer
en

tia
te 

ox
ida

tio
n a

nd
 

red
uc

tio
n r

ea
cti

on
?

10

b) 
ba

lan
ce

 ox
ida

tio
n 

an
d r

ed
uc

tio
n h

alf
 

rea
cti

on
s;

St
ud

en
ts 

to 
wr

ite
 m

ole
cu

lar
 an

d 
ion

ic 
ba

lan
ce

d r
ea

cti
on

 eq
ua

tio
ns

 
for

 th
e f

oll
ow

ing
 ch

em
ica

l r
ea

cti
on

s
i) 

Re
du

cti
on

 of
 an

 ac
idi

fie
d 

po
tas

siu
m 

pe
rm

an
ga

na
te 

by
 

so
diu

m 
nit

rit
e;

ii)
 Re

du
cti

on
 of

 a 
so

lut
ion

 of
 so

diu
m 

dic
hro

ma
te 

wi
th 

po
tas

siu
m 

bro
mi

de
;

iii
) O

xid
ati

on
 of

 an
 ox

ali
c a

cid
 

so
lut

ion
 us

ing
 ac

idi
fie

d p
ota

ssi
um

 
pe

rm
an

ga
na

te;
iv)

 O
xid

ati
on

 of
 so

diu
m 

thi
os

ulp
ha

te 
fro

m 
in 

dir
ec

tly
 lib

era
ted

 io
din

e; 
v) 

An
 ac

idi
fie

d m
ixt

ure
 of

 K
I 

an
d K

IO
3 ox

idi
ze

s s
od

ium
 

thi
os

ulp
ha

te 
so

lut
ion

.

• 
KI

O 3

• 
KM

nO
4

• 
Na

2Cr
2O 7

• 
H 2(C

OO
) 2

• 
Na

2S 2O 3 . 5
H 2O

Is 
the

 st
ud

en
t a

ble
 to

 
ba

lan
ce

 ox
ida

tio
n a

nd
 

red
uc

tio
n h

alf
 re

ac
tio

ns
?
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 L

EA
RN

IN
G 

ST
RA

TE
GI

ES

TE
AC

HI
NG

 
AN

D 
LE

AR
NI

NG
 

RE
SO

UR
CE

S
AS

SE
SS

M
EN

T
ES

TI
M

AT
ED

 
NU

M
BE

R 
OF

 
PE

RI
OD

S
c) 

pe
rfo

rm
 re

do
x 

tit
rat

ion
s;

St
ud

en
ts 

sh
ou

ld 
ca

rry
 ou

t p
rac

tic
al

ex
pe

rim
en

ts 
for

 ea
ch

 of
 th

e r
ed

ox
 

rea
cti

on
s.

• 
KI

• 
KM

nO
4

• 
H 2C 2O 4

Is 
the

 st
ud

en
t a

ble
 to

pe
rfo

rm
 va

rio
us

 re
do

x 
tit

rat
ion

s?

d) 
ex

pla
in 

the
 ef

fec
ts 

of 
ele

ctr
ici

ty 
on

 el
ec

tro
lyt

es 
(F

ara
da

y’s
 L

aw
s o

f 
ele

ctr
oly

sis
);

i) 
Stu

de
nts

 to
 de

mo
ns

tra
te 

ex
pe

rim
en

tal
ly 

the
 L

aw
s o

f 
ele

ctr
oly

sis
 by

 us
ing

 m
eta

l a
nd

 
ine

rt 
ele

ctr
od

es;
ii)

 St
ud

en
ts 

to 
co

mp
are

 th
e q

ua
nti

ty 
of 

ele
ctr

ici
ty 

su
pp

lie
d w

ith
 th

e 
am

ou
nt 

of 
su

bs
tan

ce
 lib

era
ted

 
du

rin
g e

lec
tro

lys
is.

• 
M

eta
l e

lec
tro

de
s

• 
Ine

rt e
lec

tro
de

s
• 

Cu
SO

4

• 
HC

l
• 

H 2SO
4

Is 
the

 st
ud

en
t a

ble
 to

ex
pla

in 
the

 ef
fec

ts 
of 

ele
ctr

ici
ty 

on
 el

ec
tro

lyt
es?

e) 
ex

pla
in 

co
rro

sio
n a

s a
 re

do
x 

rea
cti

on
;

St
ud

en
ts 

to 
dis

cu
ss 

the
 co

nd
iti

on
s a

nd
 

the
 ba

lan
ce

d i
on

ic 
eq

ua
tio

ns
 fo

r t
he

 
co

rro
sio

n o
f i

ron
.

• 
Ga

lva
niz

ed
 ir

on
• 

 Ir
on

• 
Ru

ste
d i

ron
• 

Pic
tur

es

Is 
the

 st
ud

en
t a

ble
 to

ex
pla

in 
co

rro
sio

n a
s a

 
red

ox
 re

ac
tio

n?

f) 
co

mp
are

 th
e m

ec
ha

nis
m 

of 
iro

n c
orr

os
ion

 pr
ote

cti
on

 by
 

zin
c a

nd
 tin

.

i) 
Stu

de
nts

 to
 di

scu
ss 

the
 co

nd
itio

ns
 

an
d t

he
 ba

lan
ce

d i
on

ic 
eq

ua
tio

ns
 fo

r 
the

 pr
ote

cti
on

 of
 co

rro
sio

n t
hro

ug
h 

ga
lva

niz
ati

on
 an

d t
hro

ug
h c

ath
od

ic 
pro

tec
tio

n u
sin

g a
 sa

cri
fic

ial
 

an
od

e;
ii)

 St
ud

en
ts 

sh
ou

ld 
co

mp
are

 th
e 

effi
cie

nc
y o

f c
orr

os
ion

 pr
ote

cti
on

 by
 

ga
lva

niz
ati

on
 an

d b
y t

in 
co

ati
ng

.

• 
Ti

n
• 

Zi
nc

• 
Di

ag
ram

s
• 

W
all

ch
art

s

Is 
the

 st
ud

en
t a

ble
 to

 
co

mp
are

 th
e m

ec
ha

nis
m 

of 
iro

n c
orr

os
ion

 pr
ote

cti
on

 
by

 zi
nc

 an
d t

in?
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RE
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S
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SE
SS

M
EN

T
ES

TI
M

AT
ED

 
NU

M
BE

RO
F 

PE
RI

OD
S

3.2
  T

he
 N

ern
st 

Eq
ua

tio
n

By
 th

e e
nd

 of
 th

is 
su

b- 
top

ic 
the

 st
ud

en
t s

ho
uld

 be
 ab

le 
to:

a) 
ex

pla
in 

sta
nd

ard
 el

ec
tro

de
 

po
ten

tia
ls.

Te
ac

he
r s

ho
uld

 le
ad

 st
ud

en
ts 

to 
dis

cu
ss 

the
 co

nc
ep

t o
f s

tan
da

rd 
ele

ctr
od

e p
ote

nti
als

 an
d t

he
ir 

sig
nifi

ca
nc

e.

• 
W

all
 ch

art
 sh

ow
ing

 
ce

lls
• 

Te
xtb

oo
ks

• 
Pic

tur
es

Is 
the

 st
ud

en
t a

ble
 to

ex
pla

in 
sta

nd
ard

 el
ec

tro
de

 
po

ten
tia

ls

6

b) 
 ex

pla
in 

the
 ef

fec
t o

f 
va

ryi
ng

 el
ec

tro
lyt

e 
co

nc
en

tra
tio

n o
n t

he
 em

f o
f 

a c
ell

;

St
ud

en
ts 

to 
de

mo
ns

tra
te 

ex
pe

rim
en

tal
ly 

the
 pr

od
uc

tio
n o

f 
em

f b
y v

ary
ing

 th
e c

on
ce

ntr
ati

on
s o

f 
ele

ctr
oly

tes
.

• 
Cu

SO
4

• 
 Zn

Cl
2

• 
Gu

lva
no

ic 
ce

ll

Is 
the

 st
ud

en
t a

ble
 to

ex
pla

in 
the

 ef
fec

t o
f 

va
ryi

ng
 el

ec
tro

lyt
e 

co
nc

en
tra

tio
n o

n t
he

 em
f 

of 
a c

ell
?

c) 
de

ter
mi

ne
 th

e e
mf

 of
 a 

ce
ll b

y u
sin

g t
he

 N
ern

st 
eq

ua
tio

n;

Te
ac

he
r t

o g
uid

e s
tud

en
ts 

on
 ho

w 
to 

us
e t

he
 N

ern
st 

eq
ua

tio
n t

o fi
nd

 th
e 

em
f o

f a
 ce

ll.

• 
KI

• 
Cu

SO
4

• 
Di

ag
ram

 sh
ow

ing
 D

an
iel

 
an

d G
alv

an
ic 

ce
ll

Is 
the

 st
ud

en
t a

ble
 to

de
ter

mi
ne

 th
e e

mf
 of

 a 
ce

ll b
y u

sin
g t

he
 N

ern
st 

eq
ua

tio
n?

d) 
ca

lcu
lat

e e
qu

ili
bri

um
 

co
ns

tan
ts 

for
 re

do
x 

rea
cti

on
s.

St
ud

en
ts 

to 
ca

lcu
lat

e e
qu

ili
bri

um
 

co
ns

tan
ts 

for
 re

do
x r

ea
cti

on
s.

• 
Cu

SO
4

• 
Zn

Cl
2

• 
KI

Is 
the

 st
ud

en
t a

ble
 to

ca
lcu

lat
e e

qu
ili

bri
um

 
co

ns
tan

ts 
for

 re
do

x 
rea

cti
on

s?

3.3
  E

lec
tro

lyt
es 

in 
So

lut
ion

s
By

 th
e e

nd
 of

 th
is 

su
b- 

top
ic 

the
 st

ud
en

t s
ho

uld
 be

 ab
le 

to:
a) 

us
e t

he
 Va

n’t
 H

off
 fa

cto
r-i

, 
in 

the
 ca

lcu
lat

ion
 of

 th
e 

de
gre

e o
f i

on
iza

tio
n;

St
ud

en
ts 

sh
ou

ld 
de

mo
ns

tra
te 

ex
pe

rim
en

tal
ly 

ho
w 

to 
fin

d t
he

 
de

gre
e o

f i
on

iza
tio

n o
f a

n e
lec

tro
lyt

e 
by

 us
ing

 th
e V

an
’t 

Ho
ff 

fac
tor

-i,
 an

d 
ca

rry
 ou

t r
ela

ted
 ca

lcu
lat

ion
s.

• 
K 4Fe

(C
N)

6

• 
C 2H 4O 2

Is 
the

 st
ud

en
t a

ble
 to

 us
e 

the
 V

an
’t 

Ho
ff 

fac
tor

-i,
 

in 
the

 ca
lcu

lat
ion

 of
 th

e 
de

gre
e o

f i
on

iza
tio

n?
4
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b) 
de

scr
ibe

 th
e e

lec
tri

ca
l 

co
nd

uc
tiv

ity
 of

 so
lut

ion
s o

f 
ele

ctr
oly

tes
.

i) 
Te

ac
he

r t
o g

uid
e s

tud
en

ts 
to 

dis
cu

ss 
the

 co
nc

ep
t a

nd
 pr

inc
ipl

es 
of 

Os
tw

ald
’s 

dil
uti

on
.

ii)
 S

tud
en

ts 
in 

sm
all

 gr
ou

ps
 to

 
dis

cu
ss 

sp
ec

ifi
c c

on
du

cta
nc

e a
nd

 
mo

lar
 co

nd
uc

tan
ce

.
iii

) T
ea

ch
er 

to 
gu

ide
 st

ud
en

ts 
to 

de
scr

ibe
 th

e c
on

du
cta

nc
e o

f w
ea

k 
an

d s
tro

ng
 el

ec
tro

yte
s a

t in
fin

ite
 

dil
uti

on
.

• 
Co

nd
uc

tan
ce

 
bri

dg
es

• 
El

ec
tro

yte
s

Is 
the

 st
ud

en
t a

ble
 to

 
de

scr
ibe

 th
e e

lec
tri

ca
l 

co
nd

uc
tiv

ity
 of

 so
lut

ion
s 

of 
ele

ctr
oly

te?

4.0
  A

CI
DS

, B
AS

ES
 A

ND
 

SA
LT

S
4.1

  A
cid

s a
nd

 B
ase

s

By
 th

e e
nd

 of
 th

is 
su

b- 
top

ic 
the

 st
ud

en
t s

ho
uld

 be
 ab

le 
to:

a) 
ex

pla
in 

the
 A

rrh
en

ius
 co

nc
ep

t 
of 

ac
ids

 an
d b

ase
s;

Te
ac

he
r t

o g
uid

e s
tud

en
ts 

in 
the

 
dis

cu
ssi

on
 of

 A
rrh

en
ius

 co
nc

ep
t o

f 
ac

ids
 an

d b
ase

s.

• 
W

ate
r 

• 
W

oo
d a

sh
• 

Le
mo

ns
• 

Ch
art

s
• 

Pic
tur

es
• 

Be
ak

ers
• 

Ac
ids

• 
ba

ses

Is 
the

 st
ud

en
t a

ble
 to

 
ex

pla
in 

the
 A

rrh
en

ius
 

co
nc

ep
t o

f a
cid

s a
nd

 
ba

ses
?

2

b) 
ex

pla
in 

the
 L

ow
ry-

 B
ron

ste
d 

co
nc

ep
t o

f a
cid

s a
nd

 
ba

ses
;

i) 
Stu

de
nts

 to
 di

scu
ss 

the
 co

nju
ga

te 
ac

id 
ba

se 
pa

irs
.

ii)
 Te

ac
he

r t
o g

uid
e s

tud
en

ts 
to 

dis
cu

ss 
sev

era
l e

xa
mp

les
 of

 
co

nju
ga

te 
ac

id 
ba

se 
pa

irs
 ba

sed
 

on
 th

e d
on

ati
on

 an
d a

cc
ep

tan
ce

 
of 

a p
rot

on
.

• 
W

ea
k a

cid
• 

Str
on

g a
cid

 W
ea

k 
ba

se
• 

Str
on

g b
ase

Is 
the

 st
ud

en
t a

ble
 to

ex
pla

in 
the

 L
ow

ry-
 

Br
on

ste
d c

on
ce

pt 
of 

ac
ids

 
an

d b
ase

s?
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LE
AR

NI
NG

 
RE

SO
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CE
S

AS
SE

SS
M

EN
T

ES
TI

M
AT

ED
 

NU
M

BE
RO

F 
PE

RI
OD

S
c) 

ex
pla

in 
the

 L
ew

is 
co

nc
ep

t o
f 

ac
ids

 an
d b

ase
s.

Te
ac

he
r s

ho
uld

 le
ad

 st
ud

en
ts 

to 
dis

cu
ss 

the
 L

ew
is 

co
nc

ep
t o

f a
cid

s 
an

d b
ase

s.

• 
Di

ag
ram

s
• 

M
ag

ic 
ma

rke
r

Is 
the

 st
ud

en
t a

ble
 to

 
ex

pla
in 

the
 L

ew
is 

co
nc

ep
t 

of 
ac

ids
 an

d b
ase

s?
4.2

  
Ion

ic 
Eq

uil
ibr

ium
 of

 
Ac

ids
 an

d B
ase

s
By

 th
e e

nd
 of

 th
is 

su
b- 

top
ic 

the
 

stu
de

nt 
sh

ou
ld 

be
 ab

le 
to:

a) 
ex

pla
in 

the
 io

niz
ati

on
 of

 w
ea

k 
ac

ids
 in

 w
ate

r, l
ea

din
g t

o t
he

 
ac

id 
dis

so
cia

tio
n c

on
sta

nt,
 K

a

i) 
Te

ac
he

r t
o g

uid
e s

tud
en

ts 
thr

ou
gh

 
gro

up
 di

scu
ssi

on
 to

 ex
pla

in 
ion

iza
tio

n o
f a

 w
ea

k a
cid

 in
 

wa
ter

.
ii)

 T
ea

ch
er 

to 
lea

d s
tud

en
ts 

in 
de

riv
ati

on
 of

 ac
id 

dis
so

cia
tio

n 
co

ns
tan

t, K
a ,

 in
 re

lat
ion

 to
 

hy
dro

ge
n i

on
 co

nc
en

tra
tio

n.
iii

) S
tud

en
ts 

to 
ca

rry
 ou

t c
alc

ula
tio

ns
 

rel
ate

d t
o K

a

Te
xtb

oo
ks

Is 
the

 st
ud

en
t a

ble
 to

 
ex

pla
in 

the
 io

niz
ati

on
 

of 
we

ak
 ac

ids
 in

 w
ate

r, 
lea

din
g t

o t
he

 ac
id 

dis
so

cia
tio

n c
on

sta
nt,

 K
a?

6
b) 

ex
pla

in 
the

 io
niz

ati
on

 of
 a 

we
ak

 ba
se 

in 
wa

ter
, le

ad
ing

 to
 

the
 ba

se 
dis

so
cia

tio
n c

on
sta

nt,
 

K b

Te
ac

he
r t

o g
uid

e s
tud

en
ts 

in 
dis

cu
ssi

ng
 th

e i
on

iza
tio

n o
f a

 w
ea

k 
ba

ses
 in

 w
ate

r l
ea

din
g t

o d
iss

oc
iat

ion
 

co
ns

tan
t f

or 
a w

ea
k b

ase
,

K b
 .

Te
xtb

oo
ks

Is 
the

 st
ud

en
t a

ble
 to

 
ex

pla
in 

the
 io

niz
ati

on
 

of 
a w

ea
k b

ase
 in

 w
ate

r, 
lea

din
g t

o t
he

 ba
se 

dis
so

cia
tio

n c
on

sta
nt,

 K
b?

c) 
ca

rry
 ou

t c
alc

ula
tio

ns
 ba

sed
 

on
 K

a a
nd

 K
b.

i) 
Stu

de
nts

 to
 ca

rry
 ou

t c
alc

ula
tio

ns
 

ba
sed

 on
 K

b.

ii)
 Te

ac
he

r s
um

ma
riz

e f
ew

 
ca

lcu
lat

ion
s o

n K
a a

nd
 K

b.

Te
xtb

oo
ks

Is 
the

 st
ud

en
t a

ble
 to

 ca
rry

 
ou

t c
alc

ula
tio

ns
 ba

sed
 on

 
K a

 an
d K

b?
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 L

EA
RN

IN
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ST
RA

TE
GI
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TE
AC

HI
NG

 
AN

D 
LE
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NI

NG
 

RE
SO

UR
CE

S
AS

SE
SS

M
EN

T
ES

TI
M

AT
ED

 
NU

M
BE

R 
OF

 
PE

RI
OD

S
4.3

  I
on

ic 
Pr

od
uc

t o
f W

ate
r 

an
d p

H
By

 th
e e

nd
 of

 th
is 

su
b- 

top
ic 

the
 

stu
de

nt 
sh

ou
ld 

be
 ab

le 
to:

a) 
de

riv
e t

he
 ex

pre
ssi

on
 fo

r K
w;

Te
ac

he
r t

o g
uid

e s
tud

en
ts 

in 
the

 
de

riv
ati

on
 of

 io
nic

 pr
od

uc
t o

f w
ate

r,
K w

 i.e
. K

w 
= [

H+ ][O
H- ] 

 Te
xtb

oo
ks

Is 
the

 st
ud

en
t a

ble
 to

 de
riv

e 
the

 ex
pre

ssi
on

 fo
r K

w?

2
b) 

ex
pre

ss 
the

 st
ren

gth
 of

 a 
so

lut
ion

 in
 te

rm
s o

f p
H 

an
d 

pO
H;

Te
ac

he
r t

o s
up

erv
ise

 st
ud

en
ts 

on
 

ca
rry

ing
 ou

t c
alc

ula
tio

ns
 ba

sed
 in

 pH
 

an
d p

OH
.

No
te:

 pK
w 

= p
H 

+ p
OH

.

Di
ag

ram
 of

 pH
 sc

ale
Is 

the
 st

ud
en

t a
ble

 to
 

ex
pre

ss 
the

 st
ren

gth
 of

 a 
so

lut
ion

 in
 te

rm
s o

f p
H 

an
d 

pO
H?

c) 
ca

rry
 ou

t c
alc

ula
tio

ns
 ba

sed
 

on
 pH

 an
d p

OH
.

Stu
de

nts
 to

 ca
rry

 ou
t c

alc
ula

tio
ns

 
ba

sed
 on

 pH
 an

d p
OH

.
Te

xtb
oo

ks
Is 

the
 st

ud
en

t a
ble

 to
 ca

rry
 

ou
t c

alc
ula

tio
ns

 ba
sed

 on
 

pH
 an

d p
OH

?
4.4

  B
uff

er 
So

lut
ion

s
By

 th
e e

nd
 of

 th
is 

su
b- 

top
ic 

the
 st

ud
en

t s
ho

uld
 be

 ab
le 

to:
a) 

ex
pla

in 
the

 co
nc

ep
t o

f a
 

bu
ffe

r s
olu

tio
n;

i) 
Stu

de
nts

 to
 br

ain
sto

rm
 on

 th
e 

co
nc

ep
t o

f b
uff

er 
so

lut
ion

s g
ivi

ng
 

ex
am

ple
s.

ii)
 Te

ac
he

r t
o s

um
ma

ris
e t

he
 co

nc
ep

t 
of 

bu
ffe

r s
olu

tio
ns

.

Ac
eti

c a
cid

/so
diu

m 
ac

eta
te 

am
mo

nia
/am

mo
niu

m 
ch

lor
ide

Is 
the

 st
ud

en
t a

ble
 to

 
ex

pla
in 

the
 co

nc
ep

t o
f a

 
bu

ffe
r s

olu
tio

n?

4
b) 

de
scr

ibe
 th

e p
rop

ert
ies

 of
 

bu
ffe

r s
olu

tio
ns

;
Te

ac
he

r t
o g

uid
e s

tud
en

ts 
in 

the
 

dis
cu

ssi
on

 of
 pr

op
ert

ies
 of

 bu
ffe

r 
so

lut
ion

.

Ch
art

s s
ho

wi
ng

 ho
w 

bu
ffe

r w
ork

s w
he

n s
ma

ll 
am

ou
nts

 of
 ba

se 
an

d a
cid

 
are

 m
ixe

d.

Is 
the

 st
ud

en
t a

ble
 to

 
de

scr
ibe

 th
e p

rop
ert

ies
 of

 
bu

ffe
r s

olu
tio

ns
?

c) 
pre

pa
re 

bu
ffe

r 
so

lut
ion

s;
St

ud
en

ts 
un

de
r t

ea
ch

er’
s g

uid
an

ce
 to

 
pre

pa
re 

bu
ffe

rs 
fro

m 
we

ak
 ac

id 
an

d 
its

 sa
lt, 

an
d f

rom
 a 

we
ak

 ba
se 

an
d 

its
 sa

lt.

• 
Ac

eti
c a

cid
/so

diu
m 

ac
eta

te
• 

Am
mo

nia
/am

mo
niu

m 
ch

lor
ide

.

Is 
the

 st
ud

en
t a

ble
 to

 
pre

pa
re 

bu
ffe

r s
olu

tio
ns

?
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RE
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UR
CE

S
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SE
SS

M
EN

T
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TI
M

AT
ED

 
NU

M
BE

RO
F 

PE
RI

OD
S

d) 
ca

rry
 ou

t c
alc

ula
tio

ns
 ba

sed
 

on
 bu

ffe
r s

olu
tio

ns
.

Te
ac

he
r t

o s
up

erv
ise

 st
ud

en
ts 

ca
rry

ing
 ou

t c
alc

ula
tio

ns
 on

 bu
ffe

r 
so

lut
ion

s.

    
   T

ex
tbo

ok
s

Is 
the

 st
ud

en
t a

ble
 to

 ca
rry

 
ou

t c
alc

ula
tio

ns
 ba

sed
 on

 
bu

ffe
r s

olu
tio

ns
?

4.5
  S

alt
 H

yd
rol

ys
is

By
 th

e e
nd

 of
 th

is 
su

b- 
top

ic 
the

 st
ud

en
t s

ho
uld

 be
 ab

le 
to:

a) 
ex

pla
in 

the
 co

nc
ep

t o
f s

alt
 

hy
dro

lys
is;

Te
ac

he
r t

o g
uid

e s
tud

en
ts 

to 
dis

cu
ss 

the
 co

nc
ep

t o
f s

alt
 hy

dro
lys

is.
i) 

Sa
lt f

rom
 w

ea
k a

cid
 an

d s
tro

ng
 

ba
se;

ii)
 Sa

lt f
rom

 w
ea

k b
ase

 an
d s

tro
ng

 
ac

id;
 

iii
) S

alt
 fr

om
 w

ea
k b

ase
 an

d w
ea

k 
ac

id.

• 
So

diu
m 

ac
eta

te
• 

Am
mo

niu
m 

ch
lor

ide
• 

Am
mo

niu
m 

ac
eta

te

Is 
the

 st
ud

en
t a

ble
 to

 
ex

pla
in 

the
 co

nc
ep

t o
f s

alt
 

hy
dro

lys
is?

2

b) 
de

scr
ibe

 th
e b

eh
av

iou
r o

f 
sal

ts 
wh

en
 hy

dro
lys

ed
.

Te
ac

he
r t

o g
uid

e s
tud

en
ts 

in 
sh

ow
ing

 
the

 be
ha

vio
ur 

of 
dif

fer
en

t s
alt

s 
tow

ard
s l

itm
us

 w
he

n h
yd

rol
ys

ed
.

• 
Li

tm
us

 pa
pe

r
• 

Un
ive

rsa
l 

ind
ica

tor

Is 
the

 st
ud

en
t a

ble
 to

 
de

scr
ibe

 th
e b

eh
av

iou
r o

f 
sal

ts 
wh

en
 hy

dro
lys

ed
?

5.0
  S

OL
UB

IL
IT

Y,
 

SO
LU

BI
LI

TY
 

PR
OD

UC
T A

ND
 

IO
NI

C 
PR

OD
UC

T
5.1

   
 So

lub
ilit

y

By
 th

e e
nd

 of
 th

is 
su

b-
top

ic 
the

 st
ud

en
t s

ho
uld

 be
 

ab
le 

to:
a) 

ex
pla

in 
the

 co
nc

ep
t o

f 
so

lub
ilit

y;

St
ud

en
ts 

un
de

r t
ea

ch
ers

 gu
ida

nc
e 

to 
bra

ins
tor

m 
on

 th
e c

on
ce

pt 
of 

so
lub

ili
ty

• 
Ba

SO
4

• 
Ca

CO
3

Is 
the

 st
ud

en
t a

ble
 to

 
ex

pla
in 

the
 co

nc
ep

t o
f 

so
lub

ili
ty?

2
b) 

ex
pla

in 
co

mm
on

 io
n 

eff
ec

t.
Te

ac
he

r t
o g

uid
e s

tud
en

ts 
to 

dis
cu

ss 
the

 co
nc

ep
t o

f c
om

mo
n i

on
 ef

fec
t a

nd
 

ho
w 

it a
ffe

cts
 so

lub
ili

ty 
of 

sp
ari

ng
ly 

so
lub

le 
sal

ts

• 
Ag

Cl
• 

Ag
NO

3

Is 
the

 st
ud

en
t a

ble
 to

 
ex

pla
in 

 co
mm

on
  io

n
eff

ec
t?
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T
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5.2
  S

olu
bil

ity
 Pr

od
uc

t
By

 th
e e

nd
 of

 th
is 

su
b-

top
ic 

the
 st

ud
en

t s
ho

uld
 be

 
ab

le 
to:

a) 
de

scr
ibe

 so
lub

ilit
y p

rod
uc

t a
s 

an
 eq

uil
ibr

ium
 co

ns
tan

t;

i) 
Stu

de
nts

 to
 di

scu
ss 

so
lub

ilit
y p

rod
uc

t, 
K s

p, 
of 

a s
pa

rin
gly

 so
lub

le 
sal

t.
ii)

 Te
ac

he
r to

 gu
ide

 st
ud

en
ts 

to 
dis

cu
ss 

fac
tor

s a
ffe

cti
ng

 so
lub

ilit
y p

rod
uc

t, 
Ks

p • 
Hi

gh
 co

nc
en

tra
tio

n
• 

Te
mp

era
tur

e
• 

Co
mp

lex
 fo

rm
ati

on

• 
Ba

SO
4

• 
Ag

Cl
Is 

the
 st

ud
en

t a
ble

 to
 

de
scr

ibe
 so

lub
ili

ty 
pro

du
ct 

as 
an

 eq
uil

ibr
ium

 
co

ns
tan

t?

4
b) 

ca
lcu

lat
e s

olu
bil

ity
 pr

od
uc

t 
of 

su
bs

tan
ce

s;
i) 

Te
ac

he
r t

o g
uid

e s
tud

en
ts 

in 
ca

rry
ing

 ou
t c

alc
ula

tio
ns

 re
lat

ed
 to

 
so

lub
ilit

y p
rod

uc
t o

f s
alt

s.
ii)

 St
ud

en
ts 

to 
ca

rry
 ou

t c
alc

ula
tio

ns
 

rel
ate

d t
o s

olu
bil

ity
 pr

od
uc

t o
f s

alt
s.

Te
xtb

oo
ks

Is 
the

 st
ud

en
t a

ble
 to

ca
lcu

lat
e s

olu
bil

ity
 

pro
du

ct 
of 

su
bs

tan
ce

s?

c) 
co

mp
are

 so
lub

ili
ty 

an
d 

so
lub

ili
ty 

pro
du

ct.
i) 

Stu
de

nts
 to

 di
scu

ss 
the

 re
lat

ion
sh

ip 
be

tw
ee

n s
olu

bil
ity

 an
d s

olu
bil

ity
 

pro
du

cts
.

ii)
 Te

ac
he

r t
o s

um
ma

ris
e t

he
 

co
ntr

ibu
tio

ns
  g

ive
n b

y s
tud

en
ts.

W
all

 ch
art

 sh
ow

ing
  

rel
ati

on
sh

ip 
be

tw
ee

n  
so

lub
ili

ty 
an

d s
olu

bil
ity

 
pro

du
ct.

Is 
the

 st
ud

en
t a

ble
 to

 
co

mp
are

 so
lub

ili
ty 

an
d

so
lub

ili
ty 

pro
du

ct?

5.3
  Io

nic
 Pr

od
uc

t
By

 th
e e

nd
 of

 th
is 

su
b-

top
ic 

the
 st

ud
en

t s
ho

uld
 be

 
ab

le 
to:

a) 
ex

pla
in 

the
 co

nc
ep

t o
f i

on
ic 

pro
du

ct;

Te
ac

he
r s

ho
uld

 le
ad

 st
ud

en
ts 

to 
dis

cu
ss 

the
 co

nc
ep

t o
f i

on
ic 

pro
du

ct,
 

Q.

• 
Na

2SO
4

• 
Ba

(N
O 3) 2

• 
Te

xtb
oo

ks

Is 
the

 st
ud

en
t a

ble
 to

ex
pla

in 
the

 co
nc

ep
tof

 
ion

ic 
pro

du
ct?

4
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T
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S
b) 

co
mp

are
 so

lub
ili

ty 
pro

du
ct 

an
d i

on
ic 

pro
du

ct;
i) 

Stu
de

nts
 to

 di
scu

ss 
the

 re
lat

ion
sh

ip 
of 

so
lub

ilit
y p

rod
uc

t, K
sp

, a
nd

 io
nic

 
pro

du
ct,

 Q
, fo

r s
pa

rin
gly

 so
lub

le 
su

bs
tan

ce
s.

ii)
 Te

ac
he

r t
o s

um
ma

ris
e t

he
 

rel
ati

on
sh

ip 
be

tw
ee

n s
olu

bil
ity

 
pro

du
ct 

an
d i

on
ic 

pro
du

ct,
 th

at 
is:

• 
If 

Ks
p <

 Q
 pp

t o
cc

urs
• 

If 
Ks

p >
 Q

 no
 pp

t
• 

If 
Ks

p =
 Q

 sa
tur

ate
d

Ch
art

s s
ho

wi
ng

 th
e 

rel
ati

on
sh

ip 
of 

so
lub

ili
ty 

pro
du

ct 
an

d i
on

ic 
pro

du
ct

Is 
the

 st
ud

en
t a

ble
 to

 
co

mp
are

 so
lub

ili
ty 

pro
du

ct 
an

d i
on

ic 
pro

du
ct?

c) 
ex

pla
in 

the
 pr

ed
ict

ion
 of

 
pre

cip
ita

tio
n u

sin
g i

on
ic 

pro
du

ct 
an

d s
olu

bil
ity

 
pro

du
ct.

i) 
Te

ac
he

r t
o g

uid
e s

tud
en

ts 
in 

the
 

dis
cu

ssi
on

 on
 ho

w 
so

lub
ilit

y 
pro

du
ct 

an
d i

on
ic 

pro
du

ct 
ca

n b
e 

us
ed

 to
 ex

pla
in 

pre
cip

ita
tio

n i
n 

qu
ali

tat
ive

 an
aly

sis
.

ii)
 Te

ac
he

r s
ho

uld
 le

ad
 a 

dis
cu

ssi
on

 on
 

sy
ste

ma
tic

 qu
ali

tat
ive

 an
aly

sis
 by

 
gro

up
 se

pa
rat

ion
.

iii
) S

tud
en

ts 
to 

ca
rry

ou
t s

ys
tem

ati
c 

qu
ali

tat
ive

 an
aly

sis
 by

 gr
ou

p 
sep

ara
tio

n.

Qu
ali

tat
ive

  s
he

et
Is 

the
 st

ud
en

t a
ble

 to
 

ex
pla

in 
the

 pr
ed

ict
ion

 of
 

pre
cip

ita
tio

n u
sin

g i
on

ic 
pro

du
ct 

an
d s

olu
bil

ity
 

pro
du

ct?
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6.0

  
EX

TR
AC

TI
ON

 O
F 

M
ET

AL
S

6.1
  

Ex
tra

cti
on

 of
 M

eta
l b

y 
Th

erm
al 

Re
du

cti
on

By
 th

e e
nd

 of
 th

is 
su

b- 
top

ic 
the

 
stu

de
nt 

sh
ou

ld 
be

 ab
le 

to:
a) 

de
scr

ibe
 th

e n
atu

ral
 

oc
cu

rre
nc

e o
f m

eta
l o

res
 of

 
the

 se
lec

ted
 el

em
en

ts;

i) 
Te

ac
he

r t
o g

uid
e s

tud
en

ts 
to 

dis
cu

ss 
the

 na
tur

al 
oc

cu
ran

ce
 of

 
me

tal
 or

es 
of 

Sn
, A

l a
nd

 C
u

ii) 
Stu

de
nts

 to
 w

rit
e n

atu
ral

 
oc

cu
rre

nc
e o

f m
eta

l o
res

 of
 tin

, 
alu

mi
niu

m 
an

d c
op

pe
r.

W
all

 ch
art

 sh
ow

ing
 na

tur
al 

oc
cu

ran
ce

 of
 m

eta
l o

res
 of

 
Sn

, A
l a

nd
 C

u.

Is 
the

 st
ud

en
t a

ble
 to

 
de

scr
ibe

 th
e n

atu
ral

 
oc

cu
rre

nc
e o

f m
eta

l 
ore

s o
f t

he
 se

lec
ted

 
ele

me
nts

?

6

b) 
de

scr
ibe

 th
e p

rel
im

ina
ry 

sta
ge

s o
f o

re 
co

nc
en

tra
tio

n;

Te
ac

he
r s

ho
uld

 le
ad

 a 
dis

cu
ssi

on
 

on
 th

e p
rel

im
ina

ry 
sta

ge
s o

f o
re 

co
nc

en
tra

tio
n 

i) 
Cr

us
hin

g
ii)

 
Co

nc
en

tra
tio

n b
y fl

oa
tat

ion
 

iii
) 

Ro
ast

ing
 in

 ai
r.

• 
W

all
 ch

art
 sh

ow
ing

 
pre

lim
ina

ry 
sta

ge
s o

f o
re 

co
nc

en
tra

tio
n

• 
Pic

tur
es

Is 
the

 st
ud

en
t a

ble
 

to 
de

scr
ibe

 th
e 

pre
lim

ina
ry 

sta
ge

s o
f 

are
 co

nc
en

tra
tio

n?

c) 
ex

pla
in 

the
 m

ec
ha

nis
m 

of 
the

rm
al 

red
uc

tio
n;

Te
ac

he
r t

o g
uid

e s
tud

en
ts 

to 
dis

cu
ss 

the
 m

ec
ha

nis
ms

 of
 th

erm
al 

red
uc

tio
n.

Te
xtb

oo
ks

Is 
the

 st
ud

en
t a

ble
 

to 
ex

pla
in 

the
 

me
ch

an
ism

 of
 th

erm
al 

red
uc

tio
n?

d) 
de

scr
ibe

 th
e c

he
mi

ca
l 

rea
cti

on
s i

nv
olv

ed
 in

 
the

 th
erm

al 
red

uc
tio

n o
f 

tin
;

i) 
Te

ac
he

r s
ho

uld
 le

ad
 a 

dis
cu

ssi
on

 on
 

ho
w 

Sn
 ca

n b
e e

xtr
ac

ted
 by

 B
las

t 
fur

na
ce

.
ii)

 St
ud

en
ts 

to 
wr

ite
 im

po
rta

nt 
rea

cti
on

 eq
ua

tio
ns

 ta
kin

g p
lac

e i
n 

the
 B

las
t f

urn
ac

e.

W
all

 ch
art

 sh
ow

ing
 

im
po

rta
nt 

rea
cti

on
 

eq
ua

tio
ns

 ta
kin

g p
lac

e i
n 

the
 B

las
t f

urn
ac

e.

Is 
the

 st
ud

en
t a

ble
 to

 
de

scr
ibe

 th
e c

he
mi

ca
l 

rea
cti

on
s i

nv
olv

ed
 in

the
 th

erm
al 

red
uc

tio
n 

of 
Sn

?
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UR
CE

S
AS

SE
SS

M
EN

T
ES

TI
M

AT
ED

 
NU

M
BE

R 
OF

 
PE

RI
OD

S
e) 

ex
pla

in 
wh

y s
om

e m
eta

ls 
ca

nn
ot 

be
 ex

tra
cte

d 
by

 th
erm

al 
red

uc
tio

n 
me

tho
d.

i) 
Te

ac
he

r t
o g

uid
e s

tud
en

ts 
to 

dis
cu

ss 
wh

y s
om

e m
eta

ls 
ca

n’t
 

be
 ex

tra
cte

d b
y t

he
rm

al 
red

uc
tio

n 
me

tho
ds

.
ii)

 St
ud

en
ts 

to 
wr

ite
 so

me
 m

eta
ls 

wh
ich

 ca
n’t

 be
 ex

tra
cte

d b
y 

the
rm

al 
red

uc
tio

n m
eth

od
.

W
all

 ch
art

 sh
ow

ing
 M

eta
ls 

wh
ich

 ca
n’t

 be
 ex

tra
cte

d 
by

 th
erm

al 
red

uc
tio

n 
me

tho
d

Is 
the

 st
ud

en
t a

ble
 to

 
ex

pla
in 

wh
y s

om
e 

me
tal

s c
an

 no
t b

e 
ex

tra
cte

d b
y t

he
rm

al 
red

uc
tio

n m
eth

od
?

6.2
  

Ex
tra

cti
on

 of
 M

eta
ls 

by
 

El
ec

tro
lyt

ic 
Re

du
cti

on
By

 th
e e

nd
 of

 th
is 

su
b- 

top
ic 

the
 

stu
de

nt 
sh

ou
ld 

be
 ab

le 
to:

a) 
ex

pla
in 

the
 cr

ite
ria

 fo
r 

sel
ec

tin
g t

he
 el

ec
tro

lyt
ic 

pro
ce

du
re 

for
 ex

tra
cti

ng
 so

me
 

me
tal

s;

Te
ac

he
r to

 gu
ide

 st
ud

en
ts 

to 
dis

cu
ss 

the
 cr

ite
ria

 fo
r s

ele
cti

ng
 el

ect
rol

yti
c 

pro
ce

du
re 

for
 ex

tra
cti

on
 of

 m
eta

ls.

W
all

 ch
art

 sh
ow

ing
 

ac
tiv

ity
 se

rie
s

Is 
the

 st
ud

en
t a

ble
 to

 
ex

pla
in 

the
 cr

ite
ria

 
for

 se
lec

tin
g t

he
 

ele
ctr

oly
tic

 m
eth

od
 of

 
me

tal
 ex

tra
cti

on
?

6

b) 
ex

pla
in 

the
 m

ec
ha

nis
m 

of 
ele

ctr
oly

tic
 re

du
cti

on
;

i) 
Te

ac
he

r s
ho

uld
 le

ad
 di

scu
ssi

on
 

on
 th

e m
ec

ha
nis

m 
of 

ele
ctr

oly
tic

 
red

uc
tio

n.
ii)

 St
ud

en
ts 

to 
wr

ite
 re

du
cti

on
 

eq
ua

tio
ns

.

W
all

 ch
art

 sh
ow

ing
 

red
uc

tio
n e

qu
ati

on
s.

Is 
the

 st
ud

en
t 

ab
le 

to 
ex

pla
in 

the
 m

ec
ha

nis
m 

of 
ele

ctr
oly

tic
 re

du
cti

on
?

c) 
de

scr
ibe

 th
e c

he
mi

ca
l 

rea
cti

on
s i

nv
olv

ed
 in

 th
e 

ele
ctr

oly
tic

 re
du

cti
on

 
of 

alu
mi

niu
m 

an
d 

co
pp

er;

i) 
Te

ac
he

r t
o g

uid
e s

tud
en

ts 
to 

dis
cu

ss 
the

 re
ac

tio
ns

 in
vo

lve
d i

n 
the

 el
ec

tro
lyt

ic 
red

uc
tio

n o
f A

l 
an

d C
u.

ii)
 St

ud
en

ts 
to 

wr
ite

 im
po

rta
nt 

rea
cti

on
s t

ak
ing

 pl
ac

e a
t th

e 
ele

ctr
od

es.

W
all

 ch
art

 sh
ow

ing
 

ch
em

ica
l e

qu
ati

on
s 

oc
cu

rre
d a

t th
e c

ath
od

e 
an

d a
no

de
.

Is 
the

 st
ud

en
t a

ble
 to

 
de

scr
ibe

 th
e c

he
mi

ca
l 

rea
cti

on
s i

nv
olv

ed
 at

the
 ca

tho
de

 an
d 

an
od

e?
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UR
CE

S
AS

SE
SS

M
EN

T
ES

TI
M

AT
ED

 
NU

M
BE

R 
OF

 
PE

RI
OD

S
d) 

ex
pla

in 
wh

y s
om

e m
eta

l 
ca

nn
ot 

be
 ex

tra
cte

d b
y 

ele
ctr

oly
tic

 re
du

cti
on

.

i) 
Stu

de
nts

 un
de

r t
ea

ch
ers

 gu
ida

nc
e 

to 
dis

cu
ss 

wh
y s

om
e m

eta
ls 

ca
nn

ot 
ex

tra
cte

d b
y e

lec
tro

lyt
ic 

red
uc

tio
n.

ii)
 St

ud
en

ts 
to 

wr
ite

 so
me

 m
eta

ls 
wh

ich
 ca

n’t
 be

 ex
tra

cte
d b

y 
ele

ctr
oly

tic
 re

du
cti

on

W
all

 ch
art

 co
nta

ini
ng

 
so

me
 m

eta
ls 

wh
ich

 
ca

n’t
 be

 ex
tra

cte
d b

y t
he

 
ele

ctr
oly

tic
 re

du
cti

on
.

Is 
the

 st
ud

en
t a

ble
 

to 
ex

pla
in 

wh
y 

so
me

 m
eta

l c
an

no
t 

be
 ex

tra
cte

d b
y 

ele
ctr

oly
tic

 m
eth

od
?

7.0
  

TR
AN

SI
TI

ON
 

EL
EM

EN
TS

7.1
  

Ch
ara

cte
ris

tic
s o

f 
Tr

an
sit

ion
 El

em
en

ts

By
 th

e e
nd

 of
 th

is 
su

b- 
top

ic 
the

 
stu

de
nt 

sh
ou

ld 
be

 ab
le 

to:
a) 

de
scr

ibe
 th

e c
on

ce
pt 

of 
tra

ns
itio

n e
lem

en
ts;

i) 
Te

ac
he

r t
o l

ea
d s

tud
en

ts 
to 

dis
cu

ss 
the

 co
nc

ep
t o

f t
ran

sit
ion

 
ele

me
nts

.
ii)

 S
tud

en
ts 

to 
wr

ite
 el

ec
tro

nic
 

co
nfi

gu
rat

ion
 of

 el
em

en
ts 

wi
th 

ato
mi

c n
um

be
r 2

1-3
0.

iii
) S

tud
en

ts 
to 

dis
cu

ss 
in 

sm
all

 gr
ou

ps
 

wh
eth

er 
Cu

 an
d Z

n a
re 

tra
ns

iti
on

 
ele

me
nts

 or
 no

t.

• 
M

od
ern

 pe
rio

dic
 

tab
le

• 
W

all
 ch

art
 sh

ow
ing

 
ele

ctr
on

ic 
co

nfi
gu

rat
ion

 
of 

tra
ns

itio
n e

lem
en

ts 
wi

th 
ato

mi
c n

um
be

r 
21

–3
0.

Is 
the

 st
ud

en
t a

ble
 to

 
de

scr
ibe

 th
e c

on
ce

pt 
of 

tra
ns

iti
on

 el
em

en
ts?

6
b) 

ex
pla

in 
the

 va
ria

ble
 

ox
ida

tio
n s

tat
es 

in 
tra

ns
iti

on
 

ele
me

nts
;

i) 
Te

ac
he

r s
ho

uld
 le

ad
 a 

dis
cu

ssi
on

 
on

 th
e v

ari
ab

le 
ox

ida
tio

n s
tat

es 
of 

tra
ns

itio
n e

lem
en

ts.
ii)

 S
tud

en
ts 

to 
de

ter
mi

ne
 th

e v
ari

ab
le 

ox
ida

tio
n s

tat
es 

of 
 tr

an
sit

ion
 

ele
me

nts
 fr

om
 th

eir
 di

ffe
ren

t 
co

mp
ou

nd
s

W
all

 ch
art

 sh
ow

ing
 

va
ria

ble
 ox

ida
tio

n 
sta

tes
 of

 ea
ch

 tr
an

sit
ion

 
ele

me
nts

 of
 at

om
ic 

nu
mb

er 
21

-30
.

Is 
the

 st
ud

en
t a

ble
 to

 
ex

pla
in 

the
 va

ria
ble

 
ox

ida
tio

n s
tat

es 
in 

tra
ns

iti
on

 el
em

en
ts?
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T
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NU

M
BE

R 
OF

 
PE

RI
OD

S
iii

) T
ea

ch
er 

to 
gu

ide
 st

ud
en

ts 
to 

dis
cu

ss 
the

 c
au

se 
for

 v
ari

ab
le 

ox
ida

tio
n 

sta
tes

 of
 tr

an
sit

ion
 el

em
en

ts.

c) 
ex

pla
in 

the
 fo

rm
ati

on
 of

 
co

lou
red

 io
ns

;
Te

ac
he

r s
ho

uld
 le

ad
 di

scu
ssi

on
 on

 th
e

Cr
ys

tal
 Fi

eld
 T

he
ory

.
W

all
 ch

art
 sh

ow
ing

 
dia

gra
m 

of 
sp

lit
ing

 d-
 

orb
ita

ls.

Is 
the

 st
ud

en
t a

ble
 to

 
ex

pla
in 

the
 fo

rm
ati

on
 

of 
co

lou
red

 io
ns

?
d) 

ex
pla

in 
the

 fo
rm

ati
on

 of
 

co
mp

lex
es 

in 
tra

ns
iti

on
 

ele
me

nts
;

Te
ac

he
r t

o l
ea

d a
 di

scu
ssi

on
 on

 th
e 

co
nc

ep
t o

f e
mp

ty 
d-o

rbi
tal

s w
hic

h 
ca

n b
e u

til
ize

d b
y o

the
r e

lem
en

ts/
co

mp
ou

nd
s.

• 
W

all
 ch

art
 sh

ow
ing

 
em

pty
 d-

orb
ita

l o
f 

tra
ns

itio
n e

lem
en

ts 
of 

ato
mi

c n
um

be
r   

    
    

21
 –3

0.
• 

Tr
an

sit
ion

 el
em

en
ts 

of 
ato

mi
c n

um
be

r  
21

-30

Is 
the

 st
ud

en
t a

ble
 to

 
ex

pla
in 

the
 fo

rm
ati

on
 

of 
co

mp
lex

es 
in 

tra
ns

itio
n e

lem
en

ts?

e) 
ex

pla
in 

the
 m

ag
ne

tic
 

pro
pe

rti
es 

of 
tra

ns
iti

on
 

ele
me

nts
;

i) 
Te

ac
he

r t
o g

uid
e s

tud
en

ts 
to 

dis
cu

ss 
the

 ca
us

e o
f m

ag
ne

tis
m 

in 
tra

ns
itio

n e
lem

en
ts.

ii)
 St

ud
en

ts 
to 

cla
ssi

fy 
tra

ns
iti

on
 

me
tal

s a
s

• 
dia

ma
gn

eti
c

• 
Pa

ram
ag

ne
tic

• 
Fe

rro
ma

gn
eti

c

• 
Tr

an
sit

ion
 el

em
en

ts 
of 

ato
mi

c n
um

be
r 

21
-30

• 
M

ag
ne

tic
 ba

r
• 

W
all

 ch
art

 sh
ow

ing
 

ele
me

nts
 w

hic
h 

are
 di

am
ag

ne
tic

 
pa

ram
ag

ne
tic

 an
d 

fer
rom

ag
ne

tic
.

Is 
the

 st
ud

en
t a

ble
 to

 
ex

pla
in 

the
 m

ag
ne

tic
 

pro
pe

rti
es 

of 
tra

ns
iti

on
 

ele
me

nts
?
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PE
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S
f) 

de
scr

ibe
 th

e c
ata

lyt
ic 

pro
pe

rti
es 

of 
tra

ns
iti

on
 

ele
me

nts
.

i) 
Te

ac
he

r s
ho

uld
 le

ad
 st

ud
en

ts 
to 

dis
cu

ss 
the

 co
nc

ep
t o

f 
ca

tal
yti

c p
rop

ert
ies

 of
 tr

an
sit

ion
 

ele
me

nts
.

ii)
 St

ud
en

ts 
in 

gro
up

s t
o d

esc
rib

e w
ith

 
ex

am
ple

s t
he

 in
du

str
ial

 pr
oc

ess
 

wh
ere

 tr
an

sit
ion

 el
em

en
ts 

ac
t a

s 
ca

tal
ys

ts
• 

Ha
be

r p
roc

ess
• 

Co
nta

ct 
pro

ce
ss

• 
Hy

dro
ge

na
tio

n o
f o

il
• 

Li
be

rat
ion

 of
 io

din
e f

rom
 

po
tas

ium
 io

did
e.

• 
Fin

ely
 di

vid
ed

 Fe

• 
V 2O 5

• 
Ni

• 
I 2

• 
Fe

3+

• 
Cu

+

• 
KI

Is 
the

 st
ud

en
t a

ble
 to

 
de

scr
ibe

 th
e c

ata
lyt

ic 
pro

pe
rti

es 
of 

tra
ns

iti
on

 
ele

me
nts

?

7.2
  

Co
mp

lex
 Fo

rm
ati

on
 

an
d L

iga
nd

s
By

 th
e e

nd
 of

 th
is 

su
b- 

top
ic 

the
 

stu
de

nt 
sh

ou
ld 

be
 ab

le 
to:

a) 
de

scr
ibe

 th
e f

ac
tor

s w
hic

h 
fav

ou
r c

om
ple

x i
on

 fo
rm

ati
on

;

Te
ac

he
r t

o l
ea

d a
 di

scu
ssi

on
 on

 th
e 

fac
tor

s t
ha

t f
av

ou
rs 

the
 fo

rm
ati

on
 of

 
co

mp
lex

 io
ns

, w
hic

h i
nc

lud
es:

• 
sm

all
 io

nic
 ra

dii
• 

uti
liz

ati
on

 of
 va

ca
nt 

d-o
rbi

tal
s.

W
all

 ch
art

 sh
ow

ing
 th

e 
ce

ntr
al 

me
tal

 io
n a

nd
 

lig
an

ds
.

Is 
the

 st
ud

en
t a

ble
 to

 
de

scr
ibe

 th
e f

ac
tor

s 
fav

ou
rin

g c
om

ple
x i

on
 

for
ma

tio
n?

6
b) 

dif
fer

en
tia

te 
an

 io
nic

 fr
om

 
ca

tio
nic

 co
mp

lex
es;

i) 
Stu

de
nts

 to
 gi

ve
 va

rie
d e

xa
mp

les
 

of 
ca

tio
nic

 an
d a

n i
on

ic 
co

mp
lex

es.
ii)

 St
ud

en
ts 

to 
dif

fer
en

tia
te 

ca
tio

nic
 

co
mp

lex
es 

fro
m 

an
 io

nic
 co

mp
lex

es.

W
all

 ch
art

 sh
ow

ing
 

ca
tio

nic
 an

d a
n i

on
ic 

co
mp

lex
es

Is 
the

 st
ud

en
t a

ble
 

to 
dif

fer
en

tia
te 

an
 

ion
ic 

fro
m 

ca
tio

nic
 

co
mp

lex
es?
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T
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RI
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S
c) 

de
scr

ibe
 th

e p
os

iti
ve

, 
ne

ga
tiv

e a
nd

 ne
utr

al 
lig

an
ds

;

i) 
Te

ac
he

r s
ho

uld
 gu

ide
 st

ud
en

ts 
to 

dis
cu

ss 
the

 co
nc

ep
t o

f 
lig

an
ds

.
ii)

 St
ud

en
ts 

in 
sm

all
 gr

ou
ps

 to
 di

scu
ss 

an
d c

las
sif

y p
os

iti
ve

, n
eg

ati
ve

 an
d 

ne
utr

al 
lig

an
ds

.

W
all

 ch
art

s s
ho

wi
ng

 
po

sit
ive

 ne
ga

tiv
e a

nd
 

ne
utr

al 
lig

an
ds

Is 
the

 st
ud

en
t a

ble
 to

 
de

scr
ibe

 th
e p

os
iti

ve
, 

ne
ga

tiv
e a

nd
 ne

utr
al 

lig
an

ds
?

d) 
na

me
 co

mp
lex

es 
us

ing
 

IU
PA

C 
sy

ste
m;

i) 
Te

ac
he

r s
ho

uld
 le

ad
 st

ud
en

ts 
to 

dis
cu

ss 
on

 ho
w 

to 
na

me
 co

mp
lex

es 
ac

co
rdi

ng
 to

 IU
PA

C 
sy

ste
m.

ii)
 St

ud
en

ts 
to 

na
me

 co
mp

lex
es 

ac
co

rdi
ng

 to
 IU

PA
C 

sy
ste

m.

W
all

 ch
art

s s
ho

wi
ng

 th
e 

na
me

 of
 co

mp
lex

es.
Is 

the
 st

ud
en

t a
ble

 to
 

na
me

 co
mp

lex
es 

us
ing

 
IU

PA
C 

sy
ste

m?

e) 
ex

pla
in 

wh
y s

om
e 

pre
cip

ita
tes

 di
sso

lve
 in

 
ex

ce
ss 

alk
ali

, w
hil

e o
the

rs 
do

 no
t;

i) 
Stu

de
nts

 in
 gr

ou
ps

 to
 pr

ep
are

 
so

lut
ion

s o
f t

he
 fo

llo
wi

ng
 sa

lts
: 

Ag
NO

3; Z
n(N

O 3) 2; C
a(N

O 3) 2; 
Pb

(N
O 3) 2; C

u(N
O 3) 2; F

e(N
O 3) 3; 

KO
H;

 M
g(N

O 3) 2

ii)
 T

o e
ac

h s
olu

tio
n a

dd
 so

diu
m 

hy
dro

xid
e s

olu
tio

n i
n s

ma
ll a

mo
un

t, 
the

n i
n e

xc
ess

.
iii

) S
tud

en
ts 

to 
ex

pla
in 

wh
y s

om
e 

pre
cip

ita
tes

 di
sso

lve
 in

 ex
ce

ss 
alk

ali
, w

hil
e o

the
rs 

do
 no

t.

• 
Ag

NO
3

• 
Zn

(N
O 3) 2

• 
Ca

(N
O 3) 2

• 
Pb

(N
O 3) 2

• 
Cu

(N
O 3) 2

• 
Fe

(N
O 3) 3 

• 
KO

H
• 

M
g(N

O 3) 2

Is 
the

 st
ud

en
t a

ble
 to

 
ex

pla
in 

wh
y s

om
e 

pre
cip

ita
tes

 di
sso

lve
 

in 
ex

ce
ss 

alk
ali

 w
hil

e 
oth

ers
 do

 no
t?
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TE
AC

HI
NG

 A
ND

LE
AR

NI
NG

 
ST

RA
TE

GI
ES

TE
AC

HI
NG

 
AN

D 
LE

AR
NI

NG
 

RE
SO

UR
CE

S
AS

SE
SS

M
EN

T
ES

TI
M

AT
ED

 
NU

M
BE

R 
OF

 
PE

RI
OD

S
f) 

dra
w 

the
 sh

ap
es 

of 
pla

na
r, 

tet
rah

ed
ral

 an
d o

cta
he

dra
l 

co
mp

lex
es.

Te
ac

he
r t

o a
ssi

st 
stu

de
nts

 to
 dr

aw
/ 

sk
etc

h t
he

 sh
ap

es 
of 

pla
na

r, 
tet

rah
ed

ral
 an

d o
cta

he
dra

l 
co

mp
lex

es

• 
[N

i(C
N)

4]2+

• 
[C

u(H
2O

) 4]2+

• 
[F

e(C
N)

6]4-

Is 
the

 st
ud

en
t a

ble
 to

 
dra

w 
the

 sh
ap

es 
of 

pla
na

r, t
etr

ah
ed

ral
 

an
d o

cta
he

dra
l 

co
mp

lex
es?

8.0
  

AM
IN

ES

8.1
  

Str
uc

tur
e a

nd
 

No
me

nd
atu

re

By
 th

e e
nd

 of
 th

is 
su

b- 
top

ic 
the

 st
ud

en
t s

ho
uld

 be
 ab

le 
to:

a) 
de

scr
ibe

 th
e s

tru
ctu

res
 of

 
am

ine
s;

Te
ac

he
r t

o g
uid

e s
tud

en
ts 

to 
wr

ite
 

the
 st

ruc
tur

e o
f 1

0 , 2
0  an

d 3
0  am

ine
s.

• 
At

om
ic 

mo
de

ls
• 

W
all

 ch
art

 sh
ow

ing
 

the
 st

ruc
tur

es 
of 

am
ine

s

Is 
the

 st
ud

en
t a

ble
 

to 
de

scr
ibe

 th
e 

str
uc

tur
es 

of 
am

ine
s?

2
b) 

giv
e t

he
 sy

ste
ma

tic
 na

me
s o

f 
am

ine
s.

St
ud

en
ts 

in 
sm

all
 gr

ou
ps

 to
 na

me
 

am
ine

s a
cc

ord
ing

 to
 IU

PA
C 

sy
ste

m.
W

all
 ch

art
s s

ho
wi

ng
 

str
uc

tur
es 

an
d n

am
es 

of 
am

ine
s

Is 
the

 st
ud

en
ts 

ab
le 

to 
giv

e s
ys

tem
ati

c 
na

me
s o

f a
mi

ne
s.

8.2
  

Pr
ep

ara
tio

n 
pro

pe
rti

es 
an

d U
ses

 
of 

Am
ine

s.

By
 th

e e
nd

 of
 th

is 
su

b- 
top

ic 
the

 st
ud

en
t s

ho
uld

 be
 ab

le 
to:

a) 
de

scr
ibe

 di
ffe

ren
t m

eth
od

s 
of 

pre
pa

rin
g a

mi
ne

s;

St
ud

en
ts 

in 
sm

all
 gr

ou
ps

 to
 di

scu
ss 

ho
w 

am
ine

s c
an

 be
 pr

ep
are

d b
y

i) 
Al

ky
lat

ion
 of

 am
mo

nia
;

ii)
 R

ed
uc

tio
n o

f n
itr

o–
alk

an
e;

iii
) R

ed
uc

tio
n o

f a
mi

de
s.

• 
R–

X 
wh

ere
 x 

= C
l, 

Br
, I

• 
NH

3

• 
R–

C 
= N

• 
H 2

• 
Ni

• 
Li

 [A
lH

4]

Is 
the

 st
ud

en
t a

ble
 to

de
scr

ibe
 di

ffe
ren

t 
me

tho
ds

 of
 pr

ep
ari

ng
 

am
ine

s?

4

b) 
de

scr
ibe

 th
e p

hy
sic

al 
an

d 
ch

em
ica

l p
rop

ert
ies

 of
 

am
ine

s;

Te
ac

he
r t

o g
uid

e s
tud

en
ts 

to 
dis

cu
ss

i) 
Ph

ys
ica

l p
rop

ert
ies

 of
 

am
ine

s; 
ii)

 Ch
em

ica
l p

rop
ert

ies
 of

 am
ine

s

W
all

 ch
art

s s
ho

wi
ng

 
va

rio
us

 ph
ys

ica
l a

nd
 

ch
em

ica
l p

rop
ert

ies
 of

 
am

ine
s

Is 
the

 st
ud

en
t a

ble
 to

de
scr

ibe
 th

e p
hy

sic
al 

an
d c

he
mi

ca
l 

pro
pe

rti
es 

of 
am

ine
s?
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UB
 T
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EC

TI
VE

S
TE

AC
HI

NG
 A

ND
 L

EA
RN

IN
G 

ST
RA

TE
GI

ES
TE

AC
HI

NG
 A

ND
 

LE
AR

NI
NG

 R
ES

OU
RC

ES
AS

SE
SS

M
EN

T
ES

TI
M

AT
ED

 
NU

M
BE

R 
OF

 
PE

RI
OD

S
c) 

ex
pla

in 
the

 us
e o

f a
mi

ne
s.

St
ud

en
ts 

in 
sm

all
 gr

ou
ps

 to
 

dis
cu

ss 
the

 us
es 

of 
am

ine
s.

W
all

 ch
art

s s
ho

wi
ng

 
va

rio
us

 us
es 

of 
am

ine
s.

Is 
the

 st
ud

en
t a

ble
 to

ex
pla

in 
the

 us
es 

of 
am

ine
s?

9.0
  

PO
LY

M
ER

S

9.1
  

Co
nc

ep
t o

f P
oly

me
rs

By
 th

e e
nd

 of
 th

is 
su

b- 
top

ic 
the

 st
ud

en
t s

ho
uld

 be
 ab

le 
to:

a) 
de

scr
ibe

 th
e c

on
ce

pt 
of 

po
lym

ers
;

Te
ac

he
r t

o g
uid

e s
tud

en
t to

 
dis

cu
ss 

the
 co

nc
ep

t o
f p

oly
me

rs.
• 

Po
lyt

he
ne

• 
Po

lyv
iny

l c
hlo

rid
e

• 
Co

tto
n c

ell
ulo

se
• 

Ny
lon

 6.
6

• 
Te

ryl
en

e

Is 
the

 st
ud

en
t a

ble
 to

de
scr

ibe
 th

e c
on

ce
pt 

of 
po

lym
ers

?

4
b) 

de
scr

ibe
 th

e s
tru

ctu
res

 of
 

po
lym

ers
;

Te
ac

he
r s

ho
uld

 le
ad

 st
ud

en
ts 

to 
de

scr
ibe

 th
e s

tru
ctu

res
 of

 
po

lym
ers

.

W
all

 ch
art

s s
ho

wi
ng

 
dif

fer
en

t s
tru

ctu
res

 of
 

po
lym

ers

Is 
the

 st
ud

en
t a

ble
 to

de
scr

ibe
 th

e 
str

uc
tur

es 
of 

po
lym

ers
?

c) 
ide

nti
fy 

mo
no

me
rs 

fro
m 

po
lym

ers
.

Te
ac

he
r s

ho
uld

 le
ad

 st
ud

en
ts 

to 
ide

nti
fy 

mo
no

me
rs 

fro
m 

the
 

po
lym

er.

W
all

 ch
art

s s
ho

wi
ng

 
dif

fer
en

t s
tru

ctu
res

 of
 

po
lym

ers

Is 
the

 st
ud

en
t a

ble
 to

 
ide

nti
fy 

mo
no

me
rs 

fro
m 

po
lym

ers
?

9.2
  

Ty
pe

s o
f P

oly
me

rs
By

 th
e e

nd
 of

 th
is 

su
b- 

top
ic 

the
 st

ud
en

t s
ho

uld
 be

 ab
le 

to 
de

scr
ibe

 di
ffe

ren
t ty

pe
s o

f 
po

lym
ers

Te
ac

he
r t

o g
uid

e s
tud

en
ts 

to 
de

scr
ibe

typ
es 

of 
po

lym
er 

i.e
.

i) 
Sy

nth
eti

c p
oly

me
rs

ii)
 N

atu
ral

/ s
yn

the
tic

 ru
bb

er
iii

) V
ulc

an
isa

tio
n

W
all

 ch
art

 sh
ow

ing
 di

ffe
ren

t 
typ

es 
of

• 
Sy

nth
eti

c p
oly

me
rs

• 
Na

tur
al/

sy
nth

eti
c 

rub
be

r
• 

Vu
lca

nis
ati

on

Is 
the

 st
ud

en
t a

ble
 to

de
scr

ibe
 di

ffe
ren

t 
typ

es 
of 

po
lym

ers
?

2
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EA
RN

IN
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AC
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NG
AN
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LE

AR
NI

NG
 R

ES
OU

RC
ES

AS
SE

SS
M

EN
T

ES
TI

M
AT

ED
 

NU
M

BE
RO

F 
PE

RI
OD

S
9.3

  
Pr

ep
ara

tio
n o

f 
Sy

nth
eti

c P
oly

me
rs

By
 th

e e
nd

 of
 th

is 
su

b- 
top

ic 
the

 
stu

de
nt 

sh
ou

ld 
be

 ab
le 

to:
a) 

de
scr

ibe
 ad

dit
ion

al 
po

lym
eri

sat
ion

;

Te
ac

he
r t

o g
uid

e s
tud

en
ts 

to 
dis

cu
ss 

ho
w 

ad
dit

ion
al 

po
lym

er 
are

 
pre

pa
red

.

• 
W

all
 ch

art
s s

ho
wi

ng
 

ad
dit

ion
al 

po
lym

ers
• 

Pic
tur

es

Is 
the

 st
ud

en
t a

ble
 to

de
scr

ibe
 ad

dit
ion

al 
po

lym
eri

sat
ion

?

2
b) 

de
scr

ibe
 co

nd
en

sat
ion

 
po

lym
eri

sat
ion

.
Te

ac
he

r t
o g

uid
e s

tud
en

t to
 di

scu
ss 

ho
w 

co
nd

en
sat

ion
 po

lym
ers

 ar
e 

pre
pa

red
.

• 
W

all
 ch

art
 sh

ow
ing

 
co

nd
en

sat
ion

 
po

lym
ers

• 
Pic

tur
es

Is 
the

 st
ud

en
t a

ble
 to

de
scr

ibe
 co

nd
en

sat
ion

 
po

lym
eri

sat
ion

?

9.4
  

Pr
op

ert
ies

 an
d 

Ha
za

rds
 of

 Po
lym

ers
By

 th
e e

nd
 of

 th
is 

su
b- 

top
ic 

the
 

stu
de

nt 
sh

ou
ld 

be
 ab

le 
to:

a) 
de

scr
ibe

 th
e  

pro
pe

rti
es 

of 
po

lym
ers

;

Te
ac

he
r s

ho
uld

 le
ad

 st
ud

en
ts 

to 
dis

cu
ss 

the
 pr

op
ert

ies
 of

 po
lym

ers
W

all
 ch

art
s s

ho
wi

ng
 th

e 
pro

pe
rti

es 
of 

po
lym

ers
Is 

the
 st

ud
en

t a
ble

 to
de

scr
ibe

 th
e p

rop
ert

ies
 

of 
po

lym
ers

?

2
b) 

de
scr

ibe
 th

e h
az

ard
s o

f 
po

lym
ers

.
St

ud
en

ts 
in 

sm
all

 gr
ou

ps
 to

 di
scu

ss 
the

 ha
za

rds
 of

 po
lym

ers
W

all
 ch

art
s s

ho
wi

ng
 th

e 
ha

za
rds

 of
 po

lym
ers

Is 
the

 st
ud

en
t a

ble
 to

de
scr

ibe
 th

e h
az

ard
s 

of 
po

lym
ers

?

10
.0 

 E
NV

IR
ON

M
EN

TA
L 

CH
EM

IS
TR

Y

10
.1 

 C
on

ser
va

tio
n

By
 th

e e
nd

 of
 th

is 
su

b- 
top

ic 
the

 
stu

de
nt 

sh
ou

ld 
be

 ab
le 

to:
a) 

ex
pla

in 
the

 m
ea

nin
g a

nd
 

sig
nifi

ca
nc

e o
f e

nv
iro

nm
en

tal
 

co
ns

erv
ati

on
;

Te
ac

he
r s

ho
uld

 le
ad

 st
ud

en
ts 

to 
dis

cu
ss 

en
vir

on
me

nta
l c

on
ser

va
tio

n 
by

 co
ns

ide
rin

g t
he

 fo
llo

wi
ng

:
i) 

Pr
ote

cti
on

 of
 m

ine
ral

 or
es 

ag
ain

st 
ov

er 
ex

plo
ita

tio
n.

ii)
 M

an
ag

em
en

t o
f i

nd
us

tri
al 

ch
em

ica
l w

ast
es 

be
for

e d
isp

os
al.

Pi
ctu

res
 sh

ow
ing

 m
ini

ng
 

pro
ce

ss
Is 

the
 st

ud
en

t a
ble

 to
 

ex
pla

in 
the

 m
ea

nin
g

an
d s

ign
ifi

ca
nc

e o
f 

en
vir

on
me

nta
l

co
ns

erv
ati

on
?

6
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 R
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OU

RC
ES

AS
SE

SS
M
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T

ES
TI

M
AT

ED
 

NU
M

BE
RO

F 
PE

RI
OD

S
b) 

co
mp

are
 be

tw
ee

n 
res

ou
rce

 pr
ote

cti
on

 an
d 

uti
liz

ati
on

;

Te
ac

he
r t

o g
uid

e s
tud

en
ts 

to 
dis

cu
ss 

the
 di

ffe
ren

ce
s b

etw
ee

n 
res

ou
rce

 pr
ote

cti
on

, u
til

iza
tio

n 
an

d c
on

ser
va

tio
n i

n t
his

 re
sp

ec
t, 

mi
ne

ral
 or

es,
 co

al,
 na

tur
al 

ga
s a

nd
 

pe
tro

leu
m 

sh
ou

ld 
be

 co
ns

ide
red

.

• 
Pic

tur
es

• 
Di

ag
ram

s
• 

W
all

 ch
art

s s
ho

wi
ng

 
the

 di
ffe

ren
ce

s b
etw

ee
n 

res
ou

rce
 pr

ote
cti

on
 an

d 
res

ou
rce

 ut
iliz

ati
on

.

Is 
the

 st
ud

en
t a

ble
 to

 
dif

fer
en

tia
te 

res
ou

rce
 

pro
tec

tio
n f

rom
 

res
ou

rce
 ut

ili
za

tio
n?

c) 
de

scr
ibe

 po
ssi

ble
 re

aso
ns

 
for

 en
vir

on
me

nta
l 

de
str

uc
tio

n;

St
ud

en
ts 

in 
sm

all
 gr

ou
ps

 to
 di

scu
ss 

the
 fo

llo
wi

ng
 re

aso
ns

 of
 

en
vir

on
me

nta
l d

est
ruc

tio
n:

i) 
Ag

ric
ult

ura
l c

he
mi

ca
ls;

ii)
 D

um
pin

g o
f s

oli
d a

nd
 liq

uid
 

ind
us

tri
al 

wa
ste

s o
n t

he
 la

nd
 

an
d i

nto
 la

rge
 w

ate
r m

ass
es,

 
en

gra
ve

rs,
 w

ell
s a

nd
 oc

ea
ns

.
iii

) O
pe

nin
g u

p g
ase

ou
s e

ffl
ue

nts
 

fro
m 

ind
us

try
 in

to 
the

 ai
r.

• 
Di

ag
ram

s
• 

Pic
tur

es
• 

Ag
ric

ult
ura

l 
ch

em
ica

ls

Is 
the

 st
ud

en
t a

ble
 

to 
de

scr
ibe

 po
ssi

ble
 

rea
so

ns
 fo

r 
en

vir
on

me
nta

l 
de

str
uc

tio
n?

d) 
de

scr
ibe

 en
vir

on
me

nta
l 

ma
na

ge
me

nt 
int

erv
en

tio
ns

.

Te
ac

he
r a

nd
 st

ud
en

ts 
to 

dis
cu

ss 
the

 fo
llo

wi
ng

 en
vir

on
me

nta
l 

ma
na

ge
me

nt 
int

erv
en

tio
ns

:
i) 

Ch
em

ica
l tr

ea
tm

en
t o

f u
rba

n 
sew

ag
e

ii)
 Ch

em
ica

l tr
ea

tm
en

t o
f u

rba
n 

su
pp

lie
s o

f e
dib

le/
 po

rta
ble

 
wa

ter
.

• 
Cu

SO
4

• 
W

ate
r t

rea
tm

en
t

• 
Ch

em
ica

ls
• 

Al
um

s

-  
Is 

the
 st

ud
en

t a
ble

 
to 

de
scr

ibe
 th

e 
en

vir
on

me
nta

l 
ma

na
ge

me
nt 

int
erv

en
tio

ns
?
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 A
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AR
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ST

RA
TE

GI
ES

TE
AC

HI
NG

 A
ND

 
LE

AR
NI

NG
 R

ES
OU

RC
ES

AS
SE

SS
M

EN
T

ES
TI

M
AT

ED
 

NU
M

BE
R 

OF
 

PE
RI

OD
S

-  
Is 

the
 st

ud
en

t a
ble

 to
 

pre
dic

t a
ny

 po
ssi

ble
 

int
erv

en
tio

n 
me

asu
res

 fo
r p

rop
er 

en
vir

on
me

nta
l 

ma
na

ge
me

nt?
10

.2 
 P

oll
uti

on
By

 th
e e

nd
 of

 th
is 

su
b-

top
ic 

the
 st

ud
en

t s
ho

uld
 be

 ab
le 

to: a) 
ex

pla
in 

the
 co

nc
ep

t o
f 

po
llu

tio
n

St
ud

en
ts 

in 
sm

all
 gr

ou
ps

 to
 di

scu
ss 

the
 m

ea
nin

g a
nd

 si
gn

ifi
ca

nc
e o

f 
po

llu
tio

n i
n r

ea
l li

fe 
sit

ua
tio

n.

Di
ag

ram
s a

nd
 pi

ctu
res

 
sh

ow
ing

 po
llu

ted
 la

nd
, 

wa
ter

 an
d a

ir

Is 
the

 st
ud

en
t a

ble
 to

ex
pla

in 
the

 co
nc

ep
t o

f 
po

llu
tio

n?

b) 
de

scr
ibe

 aq
ua

tic
, te

rre
str

ial
 

an
d a

eri
al 

po
llu

tio
n a

nd
 th

eir
 

int
erv

en
tio

n m
ea

su
res

;

i) 
Stu

de
nts

 in
 sm

all
 gr

ou
ps

 to
 

dis
cu

ss 
the

 so
urc

es 
of 

ma
ter

ial
s 

wh
ich

 ca
us

e a
qu

ati
c t

err
est

ria
l 

an
d a

eri
al 

po
llu

tio
n, 

an
d h

ow
 to

 
pre

ve
nt 

or 
ma
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fec

ts 
of 

ga
seo

us
, te

rre
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l b
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l r
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h l
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e l
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e c
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e i

nte
rne

t o
n 

the
 ch

em
ica

l r
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h c
au

se 
glo

ba
l 

wa
rm

ing
   i

n t
he

 co
nte

xt 
of 

gre
en

 
ho

us
e e

ffe
ct

• 
Jo

urn
als

• 
Pic

tur
es
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ea
cti

on
s 

wh
ich

 ca
us

es 
glo

ba
l 

wa
rm

ing

Is 
the

 st
ud

en
t a

ble
 to

ex
pla

in 
the
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n m
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pro
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 m
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pro
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n m
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e o
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l p
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e m
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.
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y o
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e c
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n o
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n f
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e o
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the
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 m
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e o
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nts

 to
 us

e s
oil

 ki
t o

r a
ny

 
oth

er 
im

pro
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e f
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e c
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ts.

• 
So

il k
it

• 
pH

 m
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e o
f s

oil
 

pH
?

c) 
de

scr
ibe

 th
e o

rga
nic

 an
d 

in 
org

an
ic 

ca
us

es 
of 

so
il 

ac
idi

ty.

St
ud

en
ts 

to 
dis

cu
ss 

ho
w 

the
 

fol
low

ing
 co

ntr
ibu

te 
to 

the
 in

cre
ase

 
of 

so
il a

cid
ity

.
i) 

De
co

mp
os

itio
n o

f o
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 m
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e o
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 m
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e o
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atm
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e o
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e b
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.
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e d
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t p
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.
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e c
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rai
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d m
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d m
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 ac

id 
us

ing
 a 

sta
nd

ard
 ba

se?

20
b) 

sta
nd

ard
ise

 a 
ba

se 
us

ing
 a 

sta
nd

ard
 ac

id;
St

ud
en

ts 
to 

ca
rry

 ou
t v

olu
me

tri
c 

an
aly

sis
 to

 st
an

da
rdi

ze
 an

 al
ka

li 
us

ing
 a 

sta
nd

ard
 ac

id,
(ox

ali
c a

cid
)

• 
Ox

ali
c a

cid
• 

Na
OH

• 
P.O

.P
• 

Gl
ass

wa
re

Is 
the

 st
ud

en
t a

ble
 to

 
sta

nd
ard

ize
 a 

ba
se

us
ing

 a 
sta

nd
ard

 ac
id?
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RN
IN

G 
ST

RA
TE

GI
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TE
AC

HI
NG

 A
ND

 
LE

AR
NI

NG
 R

ES
OU

RC
ES

AS
SE

SS
M

EN
T

ES
TI

M
AT

ED
 

NU
M

BE
RO

F 
PE

RI
OD

S
c) 

de
ter

mi
ne

 vo
lum

e o
f H

Cl
 

us
ed

 w
he

n N
a 2CO

3 is
 tit

rat
ed

 
ag

ain
st 

HC
l u

sin
g P

.O
.P.

 an
d 

M
.O

 in
dic

ato
rs;

Stu
de

nts
 to

 de
ter

mi
ne

 vo
lum

e o
f 

HC
l u

sed
 w

he
n N

a 2CO
3

 is
 tri

tat
ed

 ag
ain

st 
HC

l u
sin

g  P
.O

.P.
  

an
d M

.O
 in

dic
ato

rs.

• 
Di

l. H
.C

l
• 

Na
2CO

3

• 
P.O

.P
• 

M
.O

Is 
the

 st
ud

en
t a

ble
 to

de
ter

mi
ne

 vo
lum

e 
of 

HC
l u

sed
 w

he
n 

Na
2CO

3 is
 tr

itr
ate

d 
ag

ain
st 

HC
l u

sin
g 

P.O
.P 

an
d M

. O
?

d) 
de

ter
mi

ne
 th

e p
rop

ort
ion

s i
n a

 
mi

xtu
re 

by
 th

e d
ou

ble
 in

dic
ato

r 
me

tho
d;

St
ud

en
ts 

to 
de

ter
mi

ne
 th

rou
gh

 
vo

lum
etr

ic 
an

aly
sis

 th
e p

rop
ort

ion
s 

of 
so

diu
m 

ca
rbo

na
te 

an
d s

od
ium

 
hy

dro
xid

e i
n a

 m
ixt

ure
 by

 do
ub

le 
ind

ica
tor

 m
eth

od
.

• 
Na

2CO
3

• 
M

.O
• 

Na
OH

• 
PO

P
• 

HC
l

Is 
the

 st
ud

en
t a

ble
 to

 
De

ter
mi

ne
 th

e 
pro

po
rti

on
s i

n a
 

mi
xtu

re 
by

 th
e d

ou
ble

 
ind

ica
tor

 m
eth

od

e) 
sta

nd
ard

ize
 so

diu
m 

thi
os

ulp
ha

te 
us

ing
 po

tas
siu

m 
pe

rm
an

ga
na

te;

St
ud

en
ts 

to 
sta

nd
ard

ize
 so

diu
m

thi
os

ulp
ha

te 
by

 po
tas

siu
m 

pe
rm

an
ga

na
te.

• 
KM

nO
4

• 
So

diu
m 

thi
osu

ph
ate

• 
dil

-H
2SO

4

Is 
the

 st
ud

en
t a

ble
 to

sta
nd

ard
ize

 so
diu

m 
thi

os
ulp

ah
ate

 by
 

us
ing

 po
tas

siu
m 

pe
rm

an
ga

na
te?

f) 
sta

nd
ard

ize
 so

diu
m 

thi
os

ulp
ha

te 
us

ing
 po

tas
siu

m 
iod

ate
;

St
ud

en
ts 

to 
sta

nd
ard

ize
 so

diu
m

thi
os

ulp
ha

te 
by

 us
ing

 po
tas

siu
m 

iod
ate

 by
 vo

lum
etr

ic 
me

tho
d.

• 
KI

O 3

• 
So

diu
m 

thi
os

ulp
ha

te
• 

KI
• 

Sta
rch

Is 
the

 st
ud

en
t a

ble
 to

sta
nd

ard
ize

 so
diu

m 
thi

osu
lph

ate
 us

ing
 

KI
O 3?

g) 
ca

rry
 ou

t a
 vo

lum
etr

ic 
est

im
ati

on
 of

 co
pp

er 
in 

co
pp

er 
(II

) s
ulp

ha
te.

St
ud

en
ts 

to 
ca

rry
 ou

t 
ex

pe
rim

en
tal

ly 
the

 vo
lum

etr
ic 

est
im

ati
on

 of
 co

pp
er 

in 
co

pp
er 

(II
) 

su
lph

ate
 by

 th
e i

nd
ire

ct 
me

tho
d o

f 
iod

ine
 pr

od
uc

tio
n.

• 
Cu

SO
4

• 
I 2

Is 
the

 st
ud

en
t a

ble
 to

ca
rry

 ou
t v

olu
me

tri
c 

est
im

ati
on

 of
 co

pp
er?
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M
AT
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M
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F 
PE

RI
OD

S
26

.2 
 Q

ua
lita

tiv
e A

na
lys

is
By

 th
e e

nd
 of

 th
is 

su
b- 

top
ic 

the
 

stu
de

nt 
sh

ou
ld 

be
 ab

le 
to:

a) 
ex

pla
in 

the
 m

ea
nin

g a
nd

 
sig

nifi
ca

nc
e o

f q
ua

lita
tiv

e 
an

aly
sis

;

Te
ac

he
r t

o g
uid

e s
tud

en
ts 

to 
dis

cu
ss 

the
 m

ea
nin

g a
nd

 
sig

nifi
ca

nc
e o

f q
ua

lit
ati

ve
 

an
aly

sis
.

• 
Gl

ass
wa

re
• 

Na
OH

• 
HC

l

Is 
the

 st
ud

en
t a

ble
 to

ex
pla

in 
the

 m
ea

nin
g 

an
d s

ign
ifi

ca
nc

e o
f 

qu
ali

tat
ive

 an
aly

sis

20
b) 

ca
rry

 ou
t q

ua
lit

ati
ve

 an
aly

sis
 

to 
ide

nti
fy 

ca
tio

ns
 an

d 
an

ion
s i

n a
 sa

lt o
r m

ixt
ure

 of
 

sal
ts.

St
ud

en
ts 

to 
ca

rry
 ou

t s
ys

tem
ati

c 
qu

ali
tat

ive
 an

aly
sis

 th
rou

gh
 gr

ou
p 

an
aly

sis
 to

 id
en

tif
y c

ati
on

s a
nd

 
an

ion
s i

n a
 si

ng
le 

sal
t o

r a
 m

ixt
ure

 
of 

sal
ts.

• 
HC

l
• 

H 2S
• 

Na
OH

• 
NH

4OH

Is 
the

 st
ud

en
t a

ble
 to

ca
rry

 ou
t q

ua
lit

ati
ve

 
an

aly
sis

 to
 id

en
tit

y 
ca

tio
ns

 an
d a

nio
ns

 in
 

a s
alt

 or
 m

ixt
ure

 of
 

sal
ts?

26
.3 

 P
hy

sic
al 

Ch
em

ist
ry 

An
aly

sis
By

 th
e e

nd
 of

 th
is 

su
b-t

op
ic 

the
 

stu
de

nt 
sh

ou
ld 

be
 ab

le 
to:

a) 
de

ter
mi

ne
 th

e o
rde

r o
f a

 
rea

cti
on

 ex
pe

rim
en

tal
ly;

St
ud

en
ts 

to 
ca

rry
ou

t e
xp

eri
me

nts
 

to 
ve

rif
y fi

rst
 an

d s
ec

on
d o

rde
r 

ch
em

ica
l r

ec
tio

ns
.

• 
HI

• 
Es

ter
• 

Na
2S 2O 3

• 
HC

l/H
NO

3

Is 
the

 st
ud

en
t a

ble
 to

de
ter

mi
ne

 th
e o

rde
r 

of 
rea

cti
on

s 
ex

pe
rim

en
tal

ly?

20

b) 
de

ter
mi

ne
 ac

tiv
ati

on
 en

erg
y, 

E a
, 

ex
pe

rim
en

tal
ly;

Stu
de

nts
 to

 ca
rry

ou
t s

ev
era

l 
ex

pe
rim

en
ts 

to 
de

ter
mi

ne
 th

e 
ac

tiv
ati

on
 en

erg
y, 

E a, o
f a

 ch
em

ica
l 

rea
cti

on
.

• 
Gl

ass
wa

re
• 

He
at 

so
urc

e
• 

W
ate

r b
ath

• 
Na

2S 2O 3

• 
HC

l
• 

H 2C 2O 4

• 
KM

nO
4

Is 
the

 st
ud

en
t a

ble
 to

de
ter

mi
ne

 ac
tiv

ati
on

 
en

erg
y o

f a
 re

ac
tio

n 
ex

pe
rim

en
tal

ly?
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SS
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NU
M

BE
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F 
PE

RI
OD

S
c) 

us
e t

he
 pa

rti
tio

n l
aw

 to
 

est
ab

lis
h t

he
 di

str
ibu

tio
n o

f 
a s

ub
sta

nc
e b

etw
ee

n t
wo

 
ph

ase
s;

St
ud

en
ts 

to 
ca

rry
ou

t e
xp

eri
me

nts
 

to 
ve

rif
y

the
 pa

rti
tio

n l
aw

, w
he

re 
a s

ub
sta

nc
e 

is 
dis

tri
bu

ted
 be

tw
ee

n t
wo

 la
ye

rs 
or 

ph
ase

s

• 
NH

3 b
etw

een
 w

ate
r a

nd
 

CH
Cl

3

• 
NH

3 b
etw

een
 w

ate
r a

nd
 

iso
bu

tyl
 al

co
ho

l

Is 
the

 st
ud

en
t a

ble
 to

ex
pla

in 
the

 
dis

tri
bu

tio
n o

f a
 

su
bs

tan
ce

s b
etw

ee
n 

tw
o l

ay
ers

?

d) 
de

ter
mi

ne
 he

ats
 of

 
rea

cti
on

.
St

ud
en

ts 
to 

ca
rry

ou
t e

xp
eri

me
nts

 to
de

ter
mi

ne
 th

e f
oll

ow
ing

 he
ats

 of
 

rea
cti

on
s

• 
He

at 
of 

rea
cti

on
• 

He
at 

of 
ne

utr
ali

za
tio

n
• 

He
at 

of 
dis

olu
tio

n

• 
NH

4C
l

• 
M

g
• 

M
gC

O 3

• 
HC

l
• 

Na
OH

• 
H 2SO

4

Is 
the

 st
ud

en
t a

ble
 

to 
de

ter
mi

ne
 he

ats
 

of 
rea

cti
on

 
ex

pe
rim

en
tal

ly?
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Q
ua

lit
at

iv
e 

an
al

ys
is

 sh
al

l t
es

t t
he

 id
en

tifi
ca

tio
n 

of
 th

e 
fo

llo
w

in
g 

an
 io

ns
:

 •
Su

lp
ha

te
: 

 
SO

42-

 •
C

ar
bo

na
te

: 
 

C
O

32-

 •
H

yd
ro

ge
n 

ca
rb

on
at

e 
H

C
O

3-

 •
N

itr
at

e:
 

 
N

O
3-

 •
N

itr
ite

  
 

N
O

2-

 •
C

hl
or

id
e:

 
 

C
l-

 •
C

hr
o m

at
e:

 
 

C
rO

42-

 •
D

ic
hr

om
at

e 
 

C
r 2O

72-
 •

O
xa

la
te

 
 

C
2O

42-

 •
A

ce
ta

te
 

 
C

H
3C

O
O

-

Q
ua

lit
at

iv
e 

an
al

ys
is

 sh
al

l a
ls

o 
te

st
 th

e 
id

en
tifi

ca
tio

n 
of

 th
e 

fo
llo

w
in

g 
ca

tio
ns

 th
ro

ug
h 

gr
ou

p 
se

pa
ra

tio
n 

an
al

ys
is

Ta
bl

e 
fo

r 
G

ro
up

 S
ep

ar
at

io
n

A
na

ly
tic

al
 g

ro
up

s
Io

ns
 o

f s
ol

ut
io

n 
pr

ec
ip

ita
te

d
N

at
ur

e 
of

 p
re

ci
pi

ta
te

s 

I
A

g+ , 
Pb

2+
C

hl
or

id
es

II
C

u2+
, C

d2+
, B

i3+
Su

lp
hi

de
s

II
Sb

3+
, S

n2+
Su

lp
hi

de
s

II
I

Fe
3+

,  
A

l3+
, C

r3+
H

yd
ro

xi
de

s
IV

Zn
2+

, M
n2+

, N
i2+

, C
o2+

Su
lp

hi
de

s
V

B
a2+

, C
a2+

, S
r2+

C
ar

bo
na

te
s

V
I

 N
a+ , 

K
+ , 

M
g2+

, N
H

4+
N

o 
pp

t f
or

m
ed


