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Details
Date: Wednesday 17 June, 2020
Time: 8:50am — 3:10 pm
Location: Adobe Connect room https://connect.schools.nsw.edu.au/aurora-hsc-study1/
Materials: Available to download via this Dropbox link
Recordings: The sessions will be recorded and accessible for registered participants after the
event via the same Dropbox link above. These recordings will be accessible until
the HSC exam.
Program
Time Session
8:50-9:00 am Welcome
9:00-9:40 am Moving up a mark range
Sharon Davis, Hurlstone Agricultural School
9:45 -10:45 am Module 5 — Equilibrium & Acid Reactions

Fiona Boneham, Aurora College & West Wyalong High School

10:45-11:15 am

Morning tea break

11:15-12:15 pm

Module 6 — Acid/Base Reactions

Anthony Scarman, Aurora College

12:20-1:20 pm Module 7 — Organic Chemistry

Joshua Westerway, Learning and Teaching Directorate
1:20—-2:00 pm Lunch break
2:00 —3:00 pm Module 8 — Applying Chemical Ideas

Joshua Westerway, Learning and Teaching Directorate
3:00-3:10 pm Conclusion

Image on front cover attribution: Sourced from https://www.drugtargetreview.com/news/48519/ai-predict-outcomes-complex-chemical-reactions/
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Setting up Adobe Connect
Teachers will need:

e A good, stable Dept of Ed internet connection using an ethernet cable (wifi not recommended)
e Data projector
e Speakers

The sessions will be held via Adobe Connect. Please ensure there is only one connection per school.
The presentation can be displayed on a data projector through any computer with an ethernet cable and
speakers. The information below will help with setting up if you are not familiar with Adobe Connect.

¢ You will need to perform all necessary setup in advance of your online session so that you

have time to resolve any connection or access issues. The Adobe room will be opened 30
mins prior to commencing to allow time for set up.

e Test your computer prior to accessing your online room by going to the Meeting Connection
Diagnostic. Ensure you install any add-ins, if prompted to do so by the connection test.

¢ The following guide may also be useful Quick Start Guide for Participants.

Entering the Adobe room

Teachers log in once for their class. Students are NOT to log in individually. To enter your online room,
click on the Adobe Connect link provided above. Enter by typing in your Department of Education ID (eg:
jane.citizen@detnsw) in the Username field then your DoE password in the Password field. The first
thing you should do when you enter the room is complete the audio setup wizard. (‘Meeting’ drop down
menu-> Audio Setup Wizard)

For technical help:

If you are having any issues with technology, please contact the Aurora College IT Support Team on
1300 610 733 or support@aurora.nsw.edu.au

Rights and responsibilities

Duty of care for students throughout the day remains with the registered schools and their respective
teachers. Please ensure adequate supervision is provided during the day. Respectful and active
participation in the event is strongly encouraged through the ‘chat’ pod.

Evaluation

Constructive feedback is essential, links to online surveys will also be distributed during and shortly after
the event. There are two surveys and they both close on 215 September:

e Teachers https://www.surveymonkey.com/r/[HSCSTUDYDAYSTEACHER2020
e Students https://www.surveymonkey.com/r/HSCSTUDYDAYSSTUDENT2020

We look forward to your participation.


https://na1cps.adobeconnect.com/common/help/en/support/meeting_test.htm
https://na1cps.adobeconnect.com/common/help/en/support/meeting_test.htm
https://seminars.adobeconnect.com/_a227210/vqs-participants/
mailto:support@aurora.nsw.edu.au
https://www.surveymonkey.com/r/HSCSTUDYDAYSTEACHER2020
https://www.surveymonkey.com/r/HSCSTUDYDAYSSTUDENT2020
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WHAT CAN YOU DO?....

...... AND SOME MISTAKES TO AVOID
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o BECOME A SYLLABUS EXPERT!

* HAVE A COPY OF THE SYLLABUS
* USE THIS TO GUIDE YOUR STUDY AT ALL TIMES
* REFER TO PAGES 14 & 15 FOR COURSE OUTCOMES

* FAMILIARISE YOURSELF WITH THE CONTENT FOCUS AND WORKING
SCIENTIFICALLY FOCUS.

=
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KEY TERMINOLOGY

...... PARTICULARLY THOSE ASSOCIATED WITH FHI

=

=
VALIDITY

IN AN EXPERIMENT WHEN LOOKING AT SECONDARY SOURCES

“Validity refers to whether the
measurements you are taking are caused
by the phenomena you are interested in”

An experiment can be valid if it is
designed to test the aim or hypothesis

ASK YOURSELF.....

Does my procedure experiment actually
test the hypothesis that | want it to?
What variables have | identified and
controlled?

-

OF INFO

“Students might consider the degree to
which evidence supports the assertion or
claim being evaluated”

ASK YOURSELF.......

How was the information gathered? Do
the findings relate to the hypothesis or
problem?

\J ~

~

=




"

o RELIABILITY

A first hand investigation is
reliable if when repeated a
consistent pattern of results is
obtained for each repetition

ASK YOURSELF.....

Have | tested with repetition?

To assess reliability of secondary
data it is best to make
comparisons between data and
claims of a number of reputable
sources

ASK YOURSELF.....

How consistent is the information
with information from other e
reputable sources?

10/06/2020
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o ACCURACY AND PRECISION
In the fields of science, The precision of a
engineering, industry, and measurement system, also
statistics, the accuracy of a called reproducibility or
measurement system is the repeatability, is the degree
degree of closeness of to which repeated
measurements of a measurements under
quantity to that quantity's unchanged conditions
=

actual (true) value

show the same results
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o ACCURACY V'S PRECISION
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DESTRUCTIVE AND NON-DESTRUCTIVE

- TESTING
* Destructive testing does * Non destructive testing
cause damage to the involves analysis of a
material material without causing
damage
Is testing alkanes and alkenes Is pH testing destructive or -~
with bromine water non-destructive?
destructive or non destructive
testing?

~ \J ) ~ }
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o IDENTIFIED HAZARDS

* You will need to be able to identify hazards, complete a risk assessment (with
the use of SDS) and describe procedures that minimise hazards

Think about the difference between a safety hazard (something that poses a
risk) and safety precaution ( a procedural step to prevent injury).

“Common safety precautions in school laboratories include the use of

safety glasses, gloves and lab coats. Justify the use of another safety
precaution specifically required to safely make ethyl butanoate.”

~ \J ) ~ }

CAN YOU JUSTIFY THE PROCEDURE, ~
. MATERIALS ETC?

* What did you use? Why did you use it? How and why did
you use it that way?

“In the preparation of this compound a few drops of
concentrated sulfuric acid were added to the starting
materials. The mixture was then refluxed for a period of
time. Why was it necessary to reflux the mixture?”

~ \J ) ~ }




COMMON MISTAKES TO AVOID
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o #1 MISTAKE — MISINTERPRETING !

* Be careful to ONLY give the type of response
requested in the question.

* Use the mark allocation (about 1.5 minutes per
mark) and the amount of space provided in the
answer book as a guide to how much you should
write.

=

=
9 SO WHAT ABOUT ‘ASSESS'?

* ‘Make a judgement of value, quality,
outcomes, results or size’

* Make your own judgement clear and support
this using specific arguments identified in the
planning stage

=
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SO WHAT ABOUT ‘EVALUATE’?

* ‘Make a judgement based on criteria; determine
the value of’

* Explicitly state your judgement (your conclusion)
and support it, based on criteria.

10/06/2020

=
S
s \J - /
\/ N
-_./’ N w
o AND ANALYSE?

* ‘Identify the components and list two or more of
these and link them’

* Clearly identify the components (implications) and
show how the components are related to each
other and how they effect each other. ol

S
s \J - /
\/ N
-_./’ N w
o PLEASE EXPLAIN!!

* ‘Relate cause and effect; make the relationship
between things evident; provide why and/or
how in your answer’

* Identify the cause and effect and link them using
terms such as....because.....resulting in......in o
response to......will mean....... etc

S
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# 4 MISTAKE — SILLY DRAWINGS

« Diagrams can help clarify answers, BUT
keep them 2D and accurate

 Label critical parts, with a simple line
down one side

* Use a ruler for straight parts and draw
with a pencil

* Keep open apparatus, open

« Diagram shown is an example of a good
one.....BUT how would you change it?

N / ~
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o #2 MISTAKE —TOO MANY ANSWERS
* Make sure you decide on your answer and
give it, without contradictions.
* Make sure you avoid answers that reword
the question. e
~/ \J ) — }
S # 3 MISTAKE — IRRELEVANT INFO
* Answer the question asked, avoid
adding extra info just because you
know it.
~/ \J ) — }
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o # 5 MISTAKES — BAD EQUATIONS

* To achieve full marks on an equation it must ;

1. Contain the correct formula
2. Be balanced

3. Have the correct states of matter

"\J ~
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o # 6 MISTAKE — SOLUBILITY RULES

* Know your solubility rules (this helps you write in states of matter)

* No shortcuts.......Just remember them and know how to use the
solubility data sheet information

Soluble Compounds Insoluble exceptions

Group 1 metals and ammonium

Nitrates and acetates

Chiorides, bromides and iodides Silver, lead and mercury.

sulfates Silver, lead, mercury, barium, strontium and calcium
Insoluble compounds Soluble exceptions

Carbonates, sulphites and phosphates Group 1 metals and ammonium

hydroxides Group 1 metals, ammonium, calcium and barium
sulfides Group 1 and 2 metals and ammonium

oxides Group 1 metals, ammonium, calcium and barium

"\J ~
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o # 7 MISTAKE — SIG FIGS

* The final answer of a calculation must have the
correct significant figures.

* The answer he should only be as precise as the
least precise value

* BUT don’t round off until the very end of a
calculation

=




\’1./AII non-zero digits are significant. For
example, 123 has 3 significant figures and
123.456 has 6 significant figures

. All zeros between non-zero digits are
significant. For example 102 has 3 significant
figures and 12.03 has 4 significant figures

. All zeros on the right of the decimal point or
a non-zero digit after a decimal point are
significant. For example, 12.000 has 5
significant figures but 0.12 has 2 significant
figures and 0.00012000 has 5 significant
figures. The first 4 zeros are not significant.

N
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_ HOW MANY SIGNIFICANT FIGURES?

*21.02 TO 1 SIGNIFICANT FIGURES?
* 656943.4 TO 5 SIGNIFICANT FIGURES?
* 0.000682929 TO 3 SIGNIFICANT FIGURES?

10/06/2020
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o # 8 MISTAKE — POOR WORKING
* Calculations make up 20 — 25% of a HSC Chemistry exam.
* Itis important to practise these, using good, demonstrated
working
* Notation should use proper symbols
* E.g. n=number of moles, n(NaCl)
=
=
~/ \J — /
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_  WHAT CAN | DO NOW? (OVERVIEW)

* Prepare for your trial like it’s the HSC
* But....Keep your efforts sustainable

* Now? Summaries and lots and lots and lots of
practise questions (both completed AND
analysed)

uu !

=

10/06/2020

-

~ MAKE YOUR PREPARATIONS COUNT!

* STUDY IN GROUPS — EXPLAIN
CONCEPTS TO EACH OTHER

¢ SHARE PRACTICE QUESTIONS
AND ANALYSE RESPONSES
TOGETHER IN REFERENCE TO
MARKING GUIDELINES

=
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Q BEFORE YOUR EXAMS

* Become familiar with phrases that use succinct terminology
that demonstrate your knowledge

* Memorise key equations you need

* Do lots and lots of questions that are analysed in
comparison to marking guidelines and markers comments

=
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Question 26 (4 marks)
A gy is prodoced when 100 g of ginc is placed in 0501, of 0,20 mol 1.7 sitric acid

Calculase the volume of gas produced a8 25°C 2nd 100 kPa. Include a balanced
chemical equation in your answet.

200552 % 2 50k L

Y . LSondid r, - r
200k S 0 o egsl |

=

Criteria Aarks
peed equation with comect sales of mancr
b of pas produced 4
+ Caleulates comect
O
. ('a'll\ul.llo volume of Hyg) with comectly babanced equation, using cormoct 3
e ratio
OR
+ Provides corrost ¢
+ Gives correctly mobes of cither
reactant
OR
* Giives correct number of both reactants
OR 2
*  Gitves correct number of moles of enther and cormect volume calculatson
OR
+ Gilves incormect equathon and males but gives volume, male ratio and
limiting reagent
+ Writes correct balanced equation
OR 1
*  Caleulates moles of either reactant
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Question 26

The best responses clearly set out working, provided a balanced chemical equation and included correct states. Zinc was
recognised as being in excess and nitric acld was described as a limiting reagent. Most responses contained accurately
transcribed values from the periodic table and data sheet and showed the mole ratios from the equation provided.
Weaker responses contained incorrect formulae for nitric acid and unbalanced equations.

=
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o IN THE EXAM

Read the question......reading time

Determine what is being asked, look at equations, units and sig figs

Formulate your answer by considering the NESA key word

Use correct terminology IN CONTEXT

Keep your work neat and tidy — you can ask for additional paper if
required, just leave a note with where your answer can be found.

=

=
9 AFTER TRIALS.....

* You are no longer competitive as an individual....... You are
all competing against the state.

* If the students from your school achieve better marks in
the HSC, then everyone’s overall mark will improve.

=

12



Moving Up A Mark Range

Where are we aiming for? Check the Performance Band Descriptors.

Band 6

demonstrates an extensive knowledge and understanding of scientific concepts, including complex and abstract
ideas

communicates scientific understanding succinctly, logically, and consistently using correct and precise scientific
terms and application of nomenclature in a variety of formats and wide range of contexts

designs and plans investigations to obtain accurate, reliable, valid and relevant primary and secondary data,
evaluating risks, mitigating where applicable, and making modifications in response to new evidence

selects, processes, and interprets accurate, reliable, valid, and relevant qualitative and quantitative, primary or
secondary data, and represents it using a range of scientific formats to derive trends, show patterns and
relationships, explain phenomena, and make predictions

designs solutions to scientific problems, questions, or hypotheses using selected accurate, reliable, valid, and
relevant primary and secondary data, and scientific evidence, by applying processes, modelling and formats

applies knowledge and information to unfamiliar situations to propose comprehensive solutions or explanations
for scientific issues or scenarios

See the 2019 course report here (includes performance descript[tors and distribution of last years
candidates https://www.boardofstudies.nsw.edu.au/ebos/static/BD1065943.PDF

What can we do now?

e Become a syllabus expert (Use this as a guide for studying; refer to the outcomes on pages 14&15, ensure
you familiarise yourself with the content focus and the working scientifically focus)

e Familiarise yourselves with key terminology, concentrating firstly on those in FHI

Terminology

e Validity -“validity refers to whether the measurements you are taking are caused by the phenomena you
are interested in”

o Reliability - A first hand investigation is reliable if when repeated a consistent pattern of results is obtained
for each repetition

e Accuracy - Inthe fields of science, engineering, industry, and statistics, the accuracy of a measurement
system is the degree of closeness of measurements of a quantity to that quantity's actual (true) value

e Precision - The precision of a measurement system, also called reproducibility or repeatability, is the degree
to which repeated measurements under unchanged conditions show the same results

e  Which bullseye demonstrates accuracy and which one is precise?


https://www.boardofstudies.nsw.edu.au/ebos/static/BD1065943.PDF

ACCURACY V'S PRECISION

=

Is testing alkanes and alkenes with bromine water destructive or non - destructive testing? Justify.

Is pH testing destructive or non-destructive? Justify.

Safety hazard (something that poses a risk) and safety precaution (a procedural step to prevent injury).

Can you justify the procedure, materials etc you have used in a FHI? What did you use? Why did you use it?
How and why did you use it that way?

Common mistakes to avoid

e Misinterpreting the question — only give one type of response (as requested in the question) Use the mark
allocation and the amount of space provided in the answer booklet as a guide to how much you should

write.
Assess — make a CLEAR judgement of value, quality, outcomes, results or size that you support with specific
arguments.

Evaluate — make a judgement based on criteria; determine the value of. Explicitly state your judgement
(conclusion) and support it, based on the criteria stated or implied in the question.
Analyse — identify the components and list two or more of these and link them.
Explain — relate the cause and effect; make the relationship between things evident; provide why and/or
how in your answer.

e Giving too many answers — decide on your answer and give it, no contradictions. Avoid rewording the
questions.

e Providing irrelevant information — avoid the extra information, just because you know it.

e Silly drawings — diagrams help clarify answers but should be 2D, labelled, drawn with a ruler and a pencil.
Apparatus that is open should be left that way.



e Writing incorrect equations - make sure they are balanced, contain correct formula and have the correct
states of matter

e Not know your solubility rules — ensuring you know these this helps with content around solubility as well as
writing states of matter. Using Ksp data on the data sheet can assist.

e Using incorrect significant figures. Answers to calculations should not be more precise than the data in the
question. Do not round off until the end of calculations.
Round off the following data as described?
1. 21.02 to 1 significant figure

2. 656943.4 to 5 significant figures

3. 0.000682929 to 3 significant figures
e Poor working out — use clear working out in calculations. Give all steps and consider using sub titles to show
what is being calculated at each point. Use correct notation and symbols in equations.

What can | do now?

e Prepare for the trial like it is the HSC

o Keep efforts sustainable

e  Write you summaries in preparation for study but move into active study by completing questions.

e Compare your responses to the marking guidelines and markers comments (see the next page for activity)

e Inthe exam —read the question, determine what has been asked, examine at your equations and significant
figures. Formulate the response, considering NESA key words. Use correct terminology in context. Keep your
work neat and tidy and leave notes on the question page if you use additional paper. (e.g. Additional answer
for Q21 can be found in additional answer booklet....etc)

e After the trials, work closely with your classmates and build your collective knowledge and skills — everyone
will benefit!



Question 26 (4 marks)
A gas is produced when 10,0 g of zinc is placed in 0,50 L of 0,20 mol L mitric acid. 4

Calculate the volume of gas produced ar 25°C and 100 kPa. Include o bulanced
chemical eguution in your answer,

e 0y AHNG gy =2 gt 20 (N5),

N(20) = 006541 Question 26 (4 marks)

2.0, 1528913204 Tl
eQd £aAN....

A gas is produced when 10.0 g of zinc is placed in 0.50 1. of 0.20 mol L™ nitric acid. 4

Caleulate the volume of gas produced at 25°C and 100 kPa. Include a balanced
chemical equation in your answer.

2.2~ +2H N Ox" 202N 03’; .1..,.1'.!.%.{31

= 3.7%994636
n(HNe) = 0.20 + Q

= 0 meles (xd (aumiﬁ ------------ %@g

r “ E _: 0. moles LSJ?—»L‘-QSM %0153 ~=L

019322 = 05006 | L

22

Gaca

N(ANGy used) = (3. BET Zb2EUYE

2on(H3) T (.3057636U45 +2
- 0i5R8gsaa > AU.79
= 3.7 §9q40%16

= 23.79L {%3133@

Question 26

Criteria Marks
* Gives correctly balanced equation with correct states of matter

+ Calculates volume of gas produced

+ Gives correctly balanced equation
+ Calculates correct moles of H, produced
OR

+ Calculates volume of H,(g) with correctly balanced equation, using correct 3
mole ratio

OR

+ Provides correct equation without recognising the limiting reagent

* Gives correctly balanced equation and correct number of moles of either
reactant

OR

+ Gives correct number of both reactants

OR 2

« Gives correct number of moles of either and correct volume calculation

OR Question 26

‘ Sf‘:ﬁ;;‘j:;’;";f‘*”““"“ and moles but gives volume, mole ratio and The best responses clearly set out working, provided a balanced chemical equation and included corract states. Zinc was

~ Writes correct balanced equation recognised as being in excess and nitric acid was described as a limiting reagent. Most responses contained accurately

OR 1 transcribed values from the periodic table and data sheet and showed the mole ratios from the equation provided.

+ Calculates moles of either reactant Weakear responses contained incorrect farmulae for nitric acid and unbalanced equations.
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Equilibrium and Acid Reactions

Module 5 HSC Chemistry: 2020 HSC study day Aurora College

Inquiry questions and
how to use them!

What happens when chemical reactions don’t go through
to completion?

What factors affect equilibrium and how?

How can the position of equilibrium be described and
what does the equilibrium constant represent?

How does solubility relate to chemical equilibrium?

Inquiry questions in this module allow students to think critically about the content and context!
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Static and Dynamic Equilibrium é%'ff@?;’%

IGNITING NEW WAYS OF LEARNING

Equilibrium: In chemical reactions, the state in which the conversion of
reactants into products and the conversion of products back into reactants
occur simultaneously at the same rate; state of balance

What happens when chemical reactions do not go through to completion?

Example: The reaction between Iron (lll) nitrate and potassium thiocyanate .

Qu 1: When solutions of Fe(NO3); and KSCN are mixed a red solution is formed
due to the presence of Iron Thiocyanate ions.

a) Write a balanced ionic equation for this reaction

b) Predict the change in equilibrium of adding a small volume of Ag NO; which
will react to form insoluble AGSCN

Fe3* (ag) + SCN- (aq) FeSCN?* (aq)

AURORA
COILEGE

IGNITING NEW WAYS OF LEARNING

The Haber Process- An important industrial
equilibrium reaction

Qu 2: a) Recall the balanced equation for the Haber e A S e -
process for the synthesis ammonia.

b) Explain using enthalpy the exothermic nature of
this process and how this effects the equilibrium of
the reaction using

E, (forward)
with
catalyst

E, (reverse)
with

Potential energy —>=
1
1
1
1
1
1
1
1
i
—_—
'

catalyst

l

c) Explain using the diagram how activation energy
is affected by the addition of a catalyst not the yield. ST

Products

d) Analyse why we use high temperature and
pressure in a Haber plant?

Reaction progress —»>
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Le Chatelier’s Principle

IGNITING NEW WAYS OF LEARNING
* Le Chatelier’s Principle: When a chemical
system at equilibrium is disturbed, it returns
to equilibrium by counteracting the

|

|

|

| hydrogen
disturbance. Molar

I
concentration :
Qu 3: Indicate on the graph and explain in |
terms of equilibrium the change in the AN ! nitrogen
concentrations of the three gases if at T2,
most of the ammonia was removed by

dissolving it in water.

ammonia

|
l
l
T

A AURORA
\COLLEGE

ICNITING NEW WAYS OF LEARNING

Factors that affect Equilibrium

Temperature

Concentration

Volume/Pressure

* When the
temperature
changes we need

to look at the
enthalpy of the
reaction to decide
in which direction
the reaction will
respond.

* Changing the

concentration will
push the reaction
to respond to
lower the one in
excess and this
will affect all the
other species.

* A volume change

will affect a
gaseous reaction
by lowering the
number of
particles to move
towards the side
with the least
number of moles
of gas.




Le Chatelier’s Principle
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IGNITING NEW WAYS OF LEARNING

LE CHATELIER'S PRINCIPLE

STRESS

SHIFT

WHY?

increase concentration of
a substance

away from substance

extra concentration
needs to be used up

decrease concentration
of a substance

fowards substance

need to produce more of
substance to make up for
what was removed

increase pressure of
system

towards fewer moles of
gas

for gas: pressure increase =
volume decrease

decrease pressure of
system

towards more moles of
gas

for gas: pressure decrease
= volume increase

increase temperature of
system

away from heat/ energy

exothermic reaction is
favored

extra heat/ energy must
be used up

decrease temperature of
system

towards heat/ energy
exothermic reaction is favored

more heat! energy needs to be
produced to make up for the
loss

add a catalyst

NO SHIFT

The rates of both the forward and reverse
reactions are increased by the same
amount.

EQUIL

ILIBRIUM AND LE CHATELIER'S PRINCIPLE

AURORA

Reversible chemical reaction:

EQUILIBRIUM

reach equilibri

d systems (no

CONCENTRATION

substances added or lost). Here's h

TEMPERATURE

vdifferentc

REACTANT

'
[REACTION FORMING
PRODUCTS FAVOURED

'
THE ENDOTHERMIC REACTION
WILL BE FAVOURED

tc

INCREASED

onditions affect that e

PRESSURE NCREASED

quilibrium

AACOLLEGE

ICNITING NEW WAYS OF LEARNING

tPa
|Pa

A

SIIK (l' nia.mm I‘ITIl FEWER

LE CHATELIER'S PRINCIPLE

PRODUCT CORCENTRATION INCREASED = = =3
'
'

[REACTION FORMING
REACTANTS FAVOURED

TEMPERATURE DECREASED

'
THE EXOTHERMIC REACTION 2]
WILL BE FAVOURED o

Lt [HAT

LIEVING STRES

PRESSURE DECREASED

+

iT |Pa
te v e
+

SIDE OF REACTION WITH MORE
GAS MOLECULES FAVOURED

LLE

§ SINCE 1584

Making your own infographic such as the Cl one shown here helps to consolidate the concept.
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Calculating the equilibrium constant y . é%*ff%?;‘é

IGNITING NEW WAYS OF LEARNING

[C]C [D]d Qu 5: For the reaction where dinitrogen
— pentoxide decomposes into nitrogen dioxide and oxygen gas
[A]® [B]b a) Write a balanced chemical equation

Keq

b) Write the equilibrium expression

Equilibrium
achieved

The obvious change in colour to show
equilibrium shift due to a change in temp. y é%IELCg(R;/%

ICNITING NEW WAYS OF LEARNING

| e
. Equilibrium
| achieved

Concentration

c) If N,O, is a colourless gas and it decomposes into the reddish brown gas NO, as it is heated in a sealed ampule
describe and explain what this means for the enthalpy of this reaction.

(good website to explain this reaction)
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Temperature change and

Mod 5 - Question 3

Nitrogen dioxide (a brown gas) and dinitrogen tetroxide (a colourless gas) are both forms of
oxides of nitrogen. They are in equilibrium according to the equation

2N03(g) = N304(.g) .

An equilibrium mixture of the two gases at room temperature is light brown but at higher
temperatures the colour becomes a much deeper brown.

What conclusion can be drawn from this observation?

A. The reverse reaction in the equation is endothermic.

B. The forward reaction in the equation is endothermic.

C.  The brown colour is due to the strong nitrogen—oxygen bonds in NO,.
D

The equilibrium concentration of N,O, is not dependent on temperature.

Conc. V’s Time Graphs y < é%IELCg(RS%

ICNITING NEW WAYS OF LEARNING

Meod 5 - Question 4
Three gases X. Y and Z were mixed in a closed container and allowed to reach equilibrium.
A change was imposed at time T and the equilibrium was re-established. The concentration of

each gas is plotted against time.

0.12

Which reaction does the graph represent?

Al X(g) + Y(g) = 2Z(g)
2X(g) = Y(g) + Z(g)

B
C. 2X(g) = Y(g) + 3Zig)
D.

Xi(g) = Y(g) + Z(g)
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Equilibrium conditions »‘\égff@%?

IGNITING NEW WAYS OF LEARNING

16  The equation describes an equilibrium reaction occurring in a closed system.

X(g) + Y(g) = 44(g) AH = +58 k]

Under which set of conditions would the highest yield of Z(g) be obtained?

Temperature (°C) | Pressure (kPa)

50 100

50 200

300 100

200

Reading graphs on equilibrium " é%'ff@?;’%

ICNITING NEW WAYS OF LEARNING

20 This graph represents the yield of an equilibrium reaction at different temperature and
pressure conditions inside a reaction vessel.

Pressure

—o— 30 armospheres

—s— 100 atmospheres

—»— 200 atmospheres

Yield of Z (%)

T T — 1
500 600 700
Temperature (°C)

Which of the following reactions could produce the trends shown in the graph?

(A) X(g) + Y(g) = 3Z(g) AH = +100 kJ
(B) X(g) + Y(g) = 2Z(g) AH = —100kJ
(C) 2X(g) + 2Y(g) = Z(g) AH = +100kJ
(D) 4X(g) + 2Y(g) = 3Z(2) . —100 kJ
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Sulfur trioxide (S0,) is used industrially to prepare sulfuric acid. It is formed by
combining sulfur dioxide (SO,) with an excess of air. Vanadium pentoxide (V,0,) may
be used as a catalyst Tor this reaction.
VaOg
2505(2) + Oy(g) ——— 250;(2)
The energy profile for this reaction is shown below.

250, + ()2/ \
\

Energy

Reaction path

Which of the following would alter the equilibrium in favour of the formation of
sulfur trioxide AND also increase the rate of reaction?

{A) Decreasing the volume of the reaction vessel at constant temperature.

(B) Increasing the tlemperature of the reaction vessel al constanl pressure.

(C) Decreasing the temperature of the reaction vessel al constanl pressure.

(D) Increasing the amount of vanadium pentoxide.

Interpreting concentration v’s time graph Aé%'ff@%’%

IGNITING NEW WAYS OF LEARNING

Question 23 (6 marks)

The graph shows the variation in concentration of reactant and products as a function
of time for the following system.

COCl,(g) = Cly(g) + COlg) AH=+108kJ

0.14

0.12
0.104
0.084
0.06 4 vicnbins

0.04

Concentration (mol L '])

0.02

0.00 T T
0 8 10 12

Time (min)

Identify and explain each of the changes in conditions that have shaped the curves
during the time the system was observed.
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5

28, Mcthane and hydrogen sulfide were reacted together in a 2-00 L vessel at a constant high
temperature. The following reaction occured:

CHylg) + 2H,S(g) = CS,(g) + 4H,(g)
At equilibrium, the following concentrations were determined:

[CH,] = 1-242 mol L™ [H,S] = 1-543 mol L}
" .. § | R -1

[CS,] 0-016 mol L [H,] = 0-064 mol L
Write down the equilibnum constant expression for this reaction.
Calculate the equilibrium constant for the reaction under these conditions.
Explain why all reactions appear to have stopped at equilibrium.
More methane is added to the equilibrium reaction without changing the
temperature or volume of the system. Equilibrium is re-established. What effect

does this addition have on the value of the equilibrium constant?

The reaction takes place in the presence of a catalyst. What 1s the function of the
catalyst?

Equilibrium constant calculation V 4 é%'ff@?;’%

ICNITING NEW WAYS OF LEARNING

(b) Nitrosyl chloride is introduced into an empty container. It then dissociates into
nitric oxide and chlorine according to the equation:

2NOCl(g) = 2NO(g) + Cly(g)
The reaction is endothermic.
(1) Explain the effect on the yield of NO(g) if the temperature is increased.
The equilibrium constant, K, for the reaction is 0.028.

Calculate the equilibrium concentration of NOCl(g) if the equilibrium

concentration of Cl,(g) is 0.17 mol R
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(b)  The equilibrium constant expression for a gaseous reaction is as follows:

[~ ][o.]

N0

K =

(i) Write the equation for this reaction.

(i) 0.400 moles of NO was placed in a 1.0OL vessel at 2000°C. The
equilibrium concentration of N, was found to be 0.198 mol L b

Calculate the equilibrium constant for this reaction and use this value to
describe the position of the equilibrium.

What could be changed that would result in a different value of K for this
equilibrium?

Solubility product expressions from A AURORA
the equation A COLLEGE

ICNITING NEW WAYS OF LEARNING

Solubility Products

Consider the equilibrium that exists in a
saturated solution of BaSO, in water:

BaSO£|j5] — = BaZ+-:aa'J + 5042';,;0,]
The equilibrium constant expression for this
equilibrium is

Ksp = [Ba**] [SO,*]

where the equilibrium constant, K, is called the
solubility product.




6/10/2020

Solubility equilibria and common ion é%IEE%(R;'%
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A student prepared a saturated solution of calcium hydroxide by dissolving excess solid
in water.

(a) The student claimed:; ‘In this saturated solution. the amount of solid dissolved does
not change but ionic bonds continue to be broken’.

Is this student correct? Explain your answer.

Calcium hydroxide 1s an ionic compound. Write an equation for the equilibrium
that exists between solid calcium hydroxide and its ions in solution.

What would be the effect of adding a concentrated sodium hydroxide solution to
the equilibrium in part (b)?

Solubility Constant K, é%'ff@?;’%

IGNITING NEW WAYS OF LEARNING

Mod 5 - Question 14 (3 marks)

i F, i = _2 — w
When a sample of solid silver chloride is added to a 1.00 x 107" mol L I sodium
chloride solution, only some of the silver chloride dissolves.

Calculate the equilibrium concentration of silver ions in the resulting solution, given
that the K_sp of silver chloride is 1.80 x 10717,
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Saturated solutions é%*f@%?
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A saturated solution of barium carbonate was stored in a flask. Solid barium carbonate
containing radioactive carbon-14 was added to the solution. The mixture was allowed to
stand for several days and was then filtered.

Radioactivity could reasonably be expected to be found in
the filtrate only.
the residue only.

both residue and filtrate.

neither residue nor filtrate.

Factors affecting solubility

ICNITING NEW WAYS OF LEARNING

Solubility depends on the: Most ionic compounds are soluble in

water but they do not all dissolve to
29994 - ; o the same extent.

33%33 e = ?" . Even substances that are classed as
energy released as the released charged fons become hydrated; insoluble will usually dissolve to a

energyrrequireci o that ks, water molecules are atiracted to them by ion-dipole attraction.
separate ions from the The H,0 molecules form a ‘sheath’ around the ions, moving through small extent.

lattice. i . .
Hic SoMHON W o SR ST, A saturated solution is one where
This depends onthe This depends on the the limit of solute that w!II dlssolve_
has been reached but things are still
strength of the lon-dipole attraction | happening at the ionic level.
which depends on the which depends on the
* spatial arrangement of the ions in ® sizes of the ions lmage: EXtraCted from ChemIStry n
the lattice  charges on the ions Focus Year 12 (Page 86)

® sizes of the ions =« geomeiry of the ions, if polyatomic

» charges on the ions.

The more energy released compared with the
energy needed, the more soluble the salt.

RE 4.7 The role of energy factors in controlling the solubility of ionic compounds
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None Group 1, NH,’, Ba™, Sr’* soluble; Ca™*
slightly soluble

Ag® slightly soluble Group 1,NH,", Ba™, Sr’*, Ca’* soluble

Ag” insoluble | Groups 1and 2, NH, " soluble
Pb** slightly soluble

Ag_ insoluble Group 1, NH, soluble
Pb~ slightly soluble

Ag’, Pb*" insoluble | Group 1, NH," soluble

Ba>’, Pb”, Sr’" insoluble ) Group 1, NH,” soluble
Ag’, Ga" slightly soluble

Solubility constants, On the Data B AURORA
sheet! A COLLEGE

ICNITING NEW WAYS OF LEARNING

Solubility constants at 25°C

Compound K‘_P Compound K\P
Barium carbonate 2.58 x 107 Lead(1I) bromide 6.60 x 107°
Barium hydroxide 2.55% 107 Lead(II) chloride 1.70 x 1075
Barium phosphate 1.3 % 10~ Lead(Il) iodide 9.8x 107

Barium sulfate 1.08 x 1071 Lead(1I) carbonate 7.40 x 10714
Calcium carbonate 3.36 % 107 Lead(Il) hydroxide 1.43 x 10713
Calcium hydroxide 5.02% 107° Lead(IT) phosphate g0x 107

29 Lead(1l) sulfate 253 x 107

Calcium sulfate 493 % 107 Magnesium carbonate 6.82x 107°

29

Calcium phosphate 2.07 x 107

Copper(Il) carbonate 1.4 % 107" Magnesium hydroxide 5.61 x 10712
Copper(Il) hydroxide 2.2%x 10720 Magnesium phosphate  1.04 x 107>*
Copper(Il) phosphate 1.40 % 1077 Silver bromide 5.35x 10713
Iron(Il) carbonate 3.13x 107! Silver chloride 1.77 x 10710
Iron(1l) hydroxide 4.87 x 1077 Silver carbonate 8.46 x 10712
Tron(I11) hydroxide 2.79 % 1077 Silver hydroxide 20x 1078

Iron(I11) phosphate 991 x 107'° Silver iodide 8.52 x 1077
Silver phosphate 8.89 x 10717
Silver sulfate 1.20 x 107




Tips!!!

Read deeply about the content to extend your
understanding, don’t be afraid to read from a
wide variety of sources

Practice many many exam style questions
and get someone to give you feedback on
your responses

Produce dynamic summaries of the topic and
try to put all the content into context include
practicals

Produce posters and infographics or digital
stimulus materials to help recall information

Use models to build complex molecules

Handy Resources and summaries

Conquer HSC Chemistry:
Tutor Pro:
Dux College:

Col Harrison YouTube video’s:

Khan Academy:

NESA Sample questions:

ATAR Notes:
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Expectations

* How and why the definitions of an acid/base have changed over time

» Acids react in particular ways to a variety of substances

» Acid/base reactions are used extensively in everyday life and the human body,
* Industry and the environment

» Qualitative and quantitative monitoring

* pH, buffers and stoichiometry

Aurora College | Igniting new ways of learning www.aurora.nsw.edu.au
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Criteria Marks
+ Provides TWO substantially correct structural formulae 2
+ Provides some relevant information 1
Aurora College | Igniting new ways of learning www.aurora.nsw.edu.au

Module 6 AAURORA

COLLEGE

Criteria Marks
« Provides correct steps in the calculation of the equilibrium concentration i
of HI
» Solves equilibrium expression, using appropriate equilibrium 3
concentrations
» Provides some relevant calculations steps 2
+ Provides some relevant information

Aurora College | Igniting new ways of learning www.aurora.nsw.edu.au
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Criteria Marks

» Shows how emission spectroscopy and chromatography are similar
and/or different in the analysis of small samples in forensic investigations

» Shows a thorough understanding of emission spectroscopy and
chromatography in this aspect

» Shows how emission spectroscopy and chromatography are similar
and/or different in the analysis of small samples in forensic investigations

» Shows a sound understanding of emission spectroscopy and
chromatography in this aspect

« Describes emission spectroscopy and/or chromatography in relation to
the analysis of small samples in forensic investigations

= Outlines features of emissions spectroscopy and/or chromatography 2-3
+ Provides some relevant information 1

4-5

Aurora College | Igniting new ways of learning www.aurora.nsw.edu.au
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How do | get full marks?

. TXXX . SPUCHEB

. . Significant figures

¢ Topic . Phases

. Explain . Units
. Conditions

) Expand c Hazards

. Example/Equation . Equations
. Balanced!

Aurora College | Igniting new ways of learning www.aurora.nsw.edu.au
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. Investigate the correct IUPAC nomenclature and properties of common
. inorganic acids and bases (ACSCHO067)

. Predict the products of acid reactions and write balanced equations to
. represent: acids and bases, acids and carbonates, acids and metals
. (ACSCHO067)

. Investigate applications of neutralisation reactions in everyday life and
. industrial processes

Aurora College | Igniting new ways of learning www.aurora.nsw.edu.au

Module 6: Content y e

COLLEGE

. Explore the changes in definitions and models of an acid and a base
. over time to explain the limitations of each model, including but not

. limited to: Arrhenius’ theory, Bronstead-Lowry theory (ACSCHO064,

. ACSCHO067) (and Modelling)

. Calculate pH, pOH, hydrogen ion concentration([H+]) and hydroxide ion
. concentration ([OH-]) for a range of solutions (ACSCH102)

. Write ionic equations to represent the dissociation of acids and bases in
. water, conjugate acid/base pairs in solution and amphiprotic nature of

. some salts, for example: sodium hydrogen carbonate, potassium

. dihydrogen phosphate

Aurora College | Igniting new ways of learning www.aurora.nsw.edu.au
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. Calculate the pH of the resultant solution when solutions of acids and/or
. bases are diluted or mixed

Investigate titration curves and conductivity graphs to analyse data to indicate
characteristic reaction profiles, for example:

Strong acid/strong base

Strong acid weak base

Weak acid strong base (ACSCH080, ACSCH102)

Calculate and apply the dissociation constant (K,) and pK, to determine the
difference between strong and weak acids ( ACSCHO098)

Aurora College | Igniting new ways of learning www.aurora.nsw.edu.au

Module 6: Content AAURORA

COLLEGE

Explore acid/base analysis techniques that are applied:
in industries

by Aboriginal and Torres Strait Islander Peoples

Using digital probes and instruments

describe the importance of buffers in natural systems (ACSCH098, ACSCH102)

Aurora College | Igniting new ways of learning www.aurora.nsw.edu.au
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. Conduct an investigation to demonstrate the preparation and use of
. indicators as illustrators of the characteristics and properties of acids
. and bases and their reversible reactions (ACSCH101)

. Conduct a practical investigation to measure the enthalpy of
. neutralisation (ACSCHQ093)

. Conduct a practical investigation to measure the pH of a range of acids
. and bases

Aurora College | Igniting new ways of learning www.aurora.nsw.edu.au

Module 6: Skills AAURORA

COLLEGE

Conduct an investigation to demonstrate the use of pH to indicate the
differences between strength of acids and bases (ACSCH102)

Conduct practical investigations to analyse the concentration of an
unknown acid or base by titration

Conduct a chemical analysis of a common household substance for its acidity
or basicity (ACSCHO080), for example: Soft drink, wine, juice, medicine

conduct a practical investigation to prepare a buffer and demonstrate its
properties (ACSHO080)

Aurora College | Igniting new ways of learning www.aurora.nsw.edu.au
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. Explore the changes in definitions and models of an acid and a
. Base over time to explain the limitations of each model,

. including but not limited to: Arrhenius’ theory, Bronstead-Lowry
. theory (ACSCHO064, ACSCHO067) (and Content)

. Construct models and/or animations to communicate the differences
. between strong, weak concentrated and dilute acids and bases (ACSCH099)

. Model neutralisation of strong and weak acids and bases using a variety of
. media

Aurora College | Igniting new ways of learning www.aurora.nsw.edu.au

Module 6: Question: Content A .o

COLLEGE

Mod 6 — Question 4

Which of the following is the conjugate base of the dihydrogen phosphate ion (HzPC!J,'_')?r

A. H;PO,
B. HPO,™
G PO
D. OH"

Aurora College | Igniting new ways of learning www.aurora.nsw.edu.au
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Mod 6 — Question 11 {3 marks)

The graph shows changes in pH for the titrations of equal volumes of solutions of two
monoprotic acids, Acid I and Acid 2.

i (PR | S— Acm‘ j/_ E = P b

pH

0 10 20 30 40 50 60
Volume of KOH(ag) (mL)

Explain the differences between Acid [ and Acid 2 in terms of their relative strengths
and concentrations.

Aurora College | Igniting new ways of learning www.aurora.nsw.edu.au

Module 6: Question: Content

Write a general expression for the acid
dissociation constant of the following
reaction, a dissociation of ethanoic acid:

CH,COOH + H,O0 — H,0" + CH,COO~
Then calculate its actual value

if [CH,COOH] = 2.34 x 10 and
[CH,COO7] = 6.51 x 10™°.

Aurora College | Igniting new ways of learning
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Module 6: Question

Mod 6 = Question 14 (8 marks)

. Skills

The flowchart shown outlines the sequence of steps used to determine the concentration

of an unknown hydrochloric acid solution.

Preparation of @
500 mL 0.100 mol L™ sodium
carbonate standard solution

25.0 mL used

Unknown

Fy

r Titration

Average titration
volume of acid 21.4 mL

Concentration of @
hydrochloric acid solution

Aurora College | Igniti

hydrochloric acid
solution

Describe steps A, B and C including correct techniques, equipment and appropriate

calculations. Determine the concentration of the hydrochloric acid.

www.aurora.nsw.edu.au

Module 6: Question

Mod 6 — Question 1

The structure of an organic compound is shown.

H °

| &
H—C—C=C—C=C—C

| | |

H H H H H 0—H

Which row of the table cormectly shows how this compound reacts with bromine water and
with blue litmus?

Bromine water Blue litmus
A No reaction No reaction
B. | Mo reaction Turns red
c | Decolourises No reaction
D. ! Decolourises ! Turns red

: Modelling

Mod 6 — Question 3

Which beaker contains a concentrated strong acid?

- .
& L e } ®%
'. ‘“ [} | i « B
A B D

Aurora College | Igniting new ways of learning

www.aurora.nsw.edu.au
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Module 6 A\ AURORA

. Remember:

. Be able to draw/read graphs

. Spend more time studying the things you don’t know
so well — “Strengthen your weaknesses”

. Make a list of the equations you'll need to know

(include SPUCHEB)
. Make a list of the pracs that you carried out and their
details

AURORA

COLLEGE

3
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HSC Chemistry

Module 6: Acid/Base reactions

Properties of Acids and Bases
Enquiry question: What is an acid and what is a base?

e Investigate the
correct IUPAC
nomenclature
and properties
of common
inorganic acids
and bases
(ACSCHO067)

| & Strong Acids & Strong Bases |
HI:".IK}_.I perchiaric acid LiDH lithiurn hydroxice
HCI fydrochiaric acd | MaOH sotfium Fypdrode
HEBr fypdrobromic acid | KOH potassium hydroxide |
HI hydrovadic acid CajOH), calcium hydroxide
I T 1
HME2y SrOH]);  stromtiem hydrode |
Hy80,  sulfuric acid Bal(OH)y,  barium hydroside
|
COMJUGATE ACID-BASE PAIRS
Acld Conjugato Eass
Sirong aods Ho=0y HEQ, Wesh hason
HE! ol 4
Ha0* Hy0
HED, 50y
H-FO, H,PO,
CHLC0aH OH,000
HoCm HEf,
HFTl, HROE
HH, HH,
HED, oo
- HPOy! PO,
Waak adds H:0 aH Eirong hasos

§

=

19
Bl

— B

—— Houlral I

B

—55?

&

S ﬁﬂ . [pad

3

L
g
\_..:@

Exampies

Lt drain claanar
[pH=1a)

Bleaches, cwen cleanes, e
[pH=13.5)

Ammania sekdion
pH=105-11.5)

Baking soda
[pH=0.5)

Son walor
=8}

Boezd
[FH=7.4)

Wik, rino. sokvn
[pH=6.3-5 6]

Blpsh ealben
[pH=5}

Gmpolnst jico, soda,
tomaln juco
{pH=2.5-3.5]

Lemaon juics, winega
pH=2}

Bamtony pcad, pdeachbais acsd
iH=0}

e Conductan
investigation to
demonstrate the
preparation and
use of indicators
as illustrators of
the
characteristics
and properties of
acids and bases
and their
reversible
reactions
(ACSCH101)

Cabbage




Predict the
products of acid
reactions and
write balanced
equations to
represent; acids

Reactants

Products

Method

Soluble base + Acid (dil)

Salt + water

Meutralisation Titration

Metal + Non-metal

Salt (soluble/insoluble)

Direct Combination

Insoluble base +

Salt (soluble) + water

Active metal + Acid (dil)

Salt + Hydrogen

Displacement

Soluble salt solution (&) + Soluble
salt solution (B)

Precipitated salt + Soluble salt

Precipitation

22%22?%3’ Carbonate /bicarbonate + Acid (dil) | Salt + Water+ Carbon dioxide Decomposition of carbonate
carbonates Chlorides/nitrates + Acid (conc) Acid salt + HCI/HNO5 Decomposition of chlorides
acids and ' and nitrates
metals
(ACSCHO067)
Investigate * Antacids
applications of e Soil (basic or acidic)
neutralisation e Wasp stings (vinegar)
reacugns :r; e Bee stings (Baking powder)
everyday life .
and i);duystrial e Toothpaste (alkaline)
processes e Commercial: acidic effluents (electroplating industry)
e Commercial: acidic gas (energy production)
Conduct a e Measure accurately volume of acidic and basic solutions; MUST know concentrations.
practical

investigation to
measure the

e Place one solution in calorimeter, record temperature.

e Add the other solution stir

enthalpy of
neutralisation e Record the highest temperature reached
(ACSCH093) o
e Calculate the enthalpy of neutralisation:
. A H = -mass of water x specific heat x temperature change (Specific heat of water = 4.18 Jg”-
1K"-1)
Explore the Antoine Lavoisier: His idea was t_hat acidity was Limitations of Arrhenius Theory
changes in caused by the presence of oxygen in the compound. « H* does nat exist in solutian
definitions and + More likely to find H* attached to H,O
(hydrated)
models of an Humphry Davy: reacted many metals and non- “H.O"
acid and abase | metals with oxymuriatic acid and never obtained Some bases, like ammonia, do not fit this
over time to . . . definition, the solution is basic, but the
explain the Oxygen nor dld he Obtam any Oxygen Compqunds, cnmpopnd_ does not diszociate, forming
limitations of hydrogen confers the generic property of acid. hydroxide ion
= NHy 0+ Ha O 2 NH g+ OH
each model, B

including but not
limited to:
Arrhenius’
theory,
Bronstead-
Lowry theory
(ACSCHO064,
ACSCHO067)

Arrhenius theory: acids are neutral substances that
dissolve in water and dissociate to form positive
hydrogen ions and a negative ion.

» Limited to the solvent water, but acid-base

reactions can occur in other sclvents

fxidurd Bae Theoom

Bronsted-Lowry theory: acid donates a proton (hydrogen ion) to a base; base accepts a
proton from an acid. Does not have to be in water. Every acid is a conjugate pair (substances
that have one proton less that the acid eg HCL <-> CI°). Substances that can act as both
Bronsted-Lowry acid and base (eg water) are said to be amphiprotic.




Using Bronsted-Lowry Theory
Inquiry question: What is the role of water in solutions of acids and bases?

e Conducta
practical
investigation to
measure the pH
of a range of
acids and bases

Procedure: 400-mL beaker, ring stand, wire gauze, Bunsen burner, large test tubes, dropper
pipet, stirring rod, wash bottle with distilled water, laboratory pH meter, 0.1 M acetic acid,
0.1 M hydrochloric acid, 0.1 M sodium hydroxide, pH paper

Prepare pH indicator and pH standards

Qualitative Analysis for pH Values of Everyday Chemicals (pH paper)
Quantitative Analysis for pH Values of Everyday Chemicals (probe)
Effect of Buffers on pH

e Calculate pH,
pOH, hydrogen
ion
concentration([
H+]) and
hydroxide ion
concentration
([OH-]) for a
range of
solutions
(ACSCH102)

pH Calculations

pH = -loge[H"]

[H7] = 101

| |

pH + pOH = 14 [H*] [OH] = 1 x10°14

pOH = -log,;[OH]

[OH] = 100"




Conduct an
investigation to

Strong Vs Weak Bases

Extent of ionisation

Strong
Undergoes full dissociation =

:

Weak
Undergoes partial dissociation ‘2’

demonstrate the lonisation equation BOH (g = B foq + OH [og) Bjsg) + H2Oy) = BH sg) + OH fsq)
use of pH to Description 0% base intact, 100% ions .. No 80-99% base intact, 1-20% ions . Equilibrium lies well to the
- - equilibrium left
indicate the .
. Examples NaOH, KOH, Ba[OH)z, Mg[OH)2,Ca(0OH);, | NHs, NH,OH, NaF, Na,50,, NaCHsCOO, Na,COs, NaHCOs,
differences NasPOs
between _
List of Strong/Weak Acids & Bases
strength of _AciD _omase
. HCl g a
acids and bases Strong acids=  H.S0; 4 HSO, — Negligible basicity
L HNO, 3 NOYy al
(ACSCH102) 10"l i mo
HE0, = 50,7
H,PO, z Hol'0y
HF 2 F
CH-COOH a CHACO0
Weak adds—] 103 HCDy | Weak bases
H-S s HS
HLPO, E HPO?
NH,* é NH;
HCO, 2 cos
| Hro? = ro,’ N
H:O = OH
[[OH £ o N
Megligible acidity < H; -;' H — Strong bases
LCH, =z CHy

Concentrated Vs Dilute

Concentrated Dilute
Definition Contains a large amount of solute in a given amount of Contains a small amount of solute in a given amount of
solution. A 5 mol L-1 solution would be concentrated. solution. A 0.1 mol L-1 solution would be dilute.
Description ® o @f =@ ® o ® 0® %0 ® °
PO - Ol ®
5O 2@ ® @ " @ e °
s @c ® ® o2 o ®
*) : — = + -
o ®9 e € e® oo ®

concantrated solution
of a strong acld strong acid

dilute solution of a

dilute solution of a
weak acld

concentrated solution
of a weak aci

A concentrated solution of a strong acid has a larger number of ions than a dilute solution of the same acid.
A concentrated solution of a weak acid has a high number of un-ionised molecules and few ions. A dilute
solution of a weak acid has fewer particles than the concentrated weak solution, but the degree of ionisation is

still the same.

Write ionic

i Net lonic Equation
equations to q CONJUGATE ACID-BASE PAIRS
represent the * Netionic equations are used to show only the
dissociation of chemicals and ions involved in a chemical ol Eonlgat Bz
acids and bases reaction in order to simplify information about RIS e i e g
) t a reaction. i e
In V\.la er, * The ions that are not involved in the reaction W o
CO_nJUQate ) are called spectator ions and are removed o oo,
acid/base pairs from the reaction. g g
in solution and NaOH(aq) + HCl(ag) = NaCl(ag) + H,0(]) ity Fap
- - Y 1 i
amphiprotic Na*+OH +H *+Cl" > Na " +CI + H,0(l) i srg s
nature of some OH +H* 2 H,0())
salts, for
example:
* sodium
hydrogen
carbonate,

* potassium
dihydrogen
phosphate




another important amphoteric ion.
* A substance that is capable of both donating and as acid

accepting a proton is an amphipretic compound.
_ H,PO,- —— HPO,2 + H*
* NaHCQ, is an example:

— HCl(aq) + NaHCOs(aq) — NaCl(aq) + H,.COs(aq)  as base
~ NaOH(aq) + NaHCOs(aq) — Na;CO; (aq) + H,O() H,PO,~ + H* — H,PO,

* NaHCO; accepts a proton from HCl in the first
reaction and donates a proton to NaOH in the
second reaction.

Construct
models and/or
animations to Solution -
communicate O v ) 33
the differences \ © sienests 9
O Weak Acid (4) 4D

betvxl/(een strong, O stong Base (uory) PP
wea O Weak Base (8) @
concentrated Views
and dilute acids © Mowces Q
and bases s
(ACSCHOgg) J o (@) Hide Views LI

' b Tools

s o4 (HOOC

HA + H,0 —= A" + H,0*

Acid-Base Solutions

Calculate the

pH of the
resultant
solution when
SO!UtlonS Of Diluting an acid or alkali pH of diluted base
aCldS and/or pH of diluted strong acid [OH] = [OH],; x w
[H] = [H'],, X cld volume ) = K, newvolume
bases are new volume o
diluted or Pr = —log 1 PR - “la (™
H Example 11 Calculate the new pH when 50.0 cm?® of 0.150 mol dm™ HCI is mixed with 500 cm® of water.
mlxed [H] = [H],, x old volume H'u]= 0450 x 0.05 [H* ] = 0.0136
new volume e 055 pH = ~log [H°]

= -log 0.0136
=1.87




Quantitative Analysis
Inquiry question: How are solutions of acids and bases analysed?

e Conduct
practical

investigations to

analyse the

concentration of

an unknown
acid or base by
titration

"1 Initigl volume
i reading
- s
VY T iy 1 —
2%3 o Gﬂaﬁt-rlb Buret ) k
acHl [les [¥
solution-_ . £ Standard
| P MaoH || _-Final volurme
PIDET i !i.;_,f solution .Ii_i., reading
kel Y Neutralized
. 20.0 mL of r| solution
YA 2
. | st fﬁ; Solon
(a) (b) (c)

Titration of an
Acid with a Base

using phenolphthalein indicator

Figure 1 Figure 2  Figure 3  Figure 4
Wiy oo W W

v, S W v

Startpoint Slow Down Endpoint  Too Far




e Investigate
titration curves
and
conductivity
graphs to
analyse data to
indicate
characteristic
reaction
profiles, for
example:

Strong acid/strong
base

Strong acid weak
base

Weak acid strong
base
(ACSCHO080,
ACSCH102)

e

~~Acid Base Titration Curves

Strong Acid — Strong Base "' '] Strong Acid — Weak Base

A

25 EE

ol ol alsal asand mm) woLTE o sl acnes wmd)

Weak Acid — Strong Base a4 Weak Acid — Weak Base

pH 14

BoMvasrcs
acnt

Bz i a
25
wolare ol dael adeed o)

]

VOLM= ot a0z agded iom)

STRONG ALp w) wEAK BASE WEAK AUD W/  WEAK BASE
vedeace
E viveleace v .
— 1 \ Point — 1 Poivat
3 ! by '
N | 3 '
“ ! Y
£ ] £ |
U | o
™ [
: i ® ,
3 : 3
3 - ; '
3 | 3 .
ll 3 !
| |

o
@]

Nolume of WeAk Base Afolume o{ LWEAK.
adlded Base  odded
(mL) (me)




Model
neutralisation of
strong and weak
acids and bases
using a variety
of media

.l‘ _ :

Calculate and
apply the
dissociation
constant (Ka)
and pKa to
determine the
difference
between strong
and weak acids
( ACSCHO098)

(" pH of Weak Acids and Bases

Acid Dissociation Constant, K

* Weak Acid dissociates partially in water :
* HA(aq) + H,O(l) == H,0"(aq) + A(aq)
* The acid dissociation constant, K, :
K, = [H,0] [A] mol dm™
[HA]
pK, = -loglOK,
* The K, value is the measure of the strength of acids.

 Larger K, value (smaller pK,), stronger acid.

relative strength

CHCOOH  18x10*
CHCOOH  65x10°
HCOOH 1.8x 10
CICHCOOH  15x10°

mWeak Acids and Bases

= Weak acid/base do not completely dissociate
- Dissociation constant (K, ) for the weak acid HA:

[H'IA]

K,
HAZH' + A K, = (8-3)

[HA]
- Base Hydrolysis constant (K, ) for the weak base B:

K, +
B+ H,0 =BH" + OH" Kr%

pK, = -logK, pK, = -logK,
- As K, or K, increase = pK, or pK,, decrease
- Smaller pK, = stronger acid

fl) lﬁl K, = 180 % 104
HCOH = H' + HCO" pK, = 3.744
Formic acid{HA) Formate (A°)
(||) O| K, = 6.28 x 10-% acid
COH = cOo™ + 1l pK, = 4.202
Benzoic acid (HA)  Benzoae (A7)
= Conjugate acid-base pair
Jug P Ka* Kp= Ky, (8-6)

(8-4)

Formic acid stronger
acid than benzoic




* E)_(plore ‘Chemical Industry _
acid/base Food and Beverage Industry:
i Electroplating S
? narlly-SIS that ‘Pharmaceutical PIGMENT MIXTURES G
echniques tha Petrochemical _ TRADITIONAL FOOD AND MEDICINES
are applied: ' SOIL MANAGEMENT
e inindustries
© by d,?orlgmal ABORIGINAL AND TORRES STRAIT
and lofrres s
; ISLANDER PEOPLES
Strait Islander -
Pec_)ples_ ) pH probe bulb s
e Using digital » A tester cicut
probes and S . &mﬁ%?
instruments e e T | :
- 3, Msansring adly e, |
|1.u| reacks o gpecial glats ard covered baih
*| akdea by bydrated pol.
S o
o o L
4
e Conducta
Cheml(_:al pH Determination of Household Products
anal yS I S Of a % vnlu.c‘of sqbs(nnpgs & cs'limalc the pH value by using lht:‘ red cabbage juice indicator
ﬁommr? nl d 3 Clucsiy ousehold tems a cids nd s hone
Ouse o 2 Coll::c_r and analyze data .
. . Organize and analyze results in tables and mPhs ) 7 )
Zlé :)dsittayngﬁ fO r |ts a. Hypothesis/prediction: Allitems used to clean will :r;;i]:esi:c:mszsigftn:;m =
ids/t because .
L b. The being used is .
bas I C I ty ¢ The ind dent variable is and the d dent variable is
(ACSCHOBO), | |smgmasc e
for example: . b Segneaii 5. Famd ki
R 10 mL graduated cylinder 3. Vinegar 7. Bubbles
° Sof't d rin k 50 mL beaker 4. Seltzer water
e wine PROCEDURE
° j u i Ce Create a Data Table: Read the procedure to decide what information you should include!
.. Estimating pH values with red cabbage indicator
[ ] med | CI ne . Write the name of each household product to be tested in your data table.

. predict each substance as basic, neutral, or acidic

put on your safety goggles

In a 50mL beaker, obtain about 30 mL of the red cabbage indicator, record its color in your data table

place a piece of white paper under the test tube rack, write the number of each substance to be tested (based on the

the way you numbered them on the data table) on the paper in front of each of the seven test tubes.

Add about 3 mL of red cabbage indicator to all the test tubes. (use a 10 mL graduated cylinder)

6. To each test tube with indicator, add drop by drop (using a different plastic pipet for each substance) up to 3 mL of
(ImL = 16 drops) the substance to be tested & record the color change of the indicator.

7. Organize all test tubes from most acidic to most basic using the pH scale for red cabbage juice as a guide.
(red cabbage pH scale provided on the back of this page)

8. Estimate the pH value of each substance by using the pH scale for red cabbage juice

9. Classify each product as acid, base, or neutral!

G

a

CLEAN UP! Pour all substances into the sink followed by water. Rinse each used test tube. After removing the white paper
from below the test tube rack, set a clean paper towel below it. Set the rinsed test tubes upside-down in the test tube rack.

Example Data Table
DATA Table 1 H of Common Household Products

Household Prediction Estimated | Acid | Base | Neutral
Product > Acid, Initial | Initial color | Final pH Values
Base, color of indicator | color
Neutral | of
product




conduct a
practical
investigation to
prepare a buffer
and demonstrate
its properties
(ACSHO080)

[BUFFER SYSTEMS ]

= Carbonic Acid-Sodium Bicarbonate
System

= Phosphate Buffer System : [

= Protein Buffer System

T

Add stromy base

f—————Stuichiometric calculation————————f———— Equilibrium calculation ——

describe the
importance of

Add strong acd —

Biiffer contalning
HX and X=

Meutralization

X +HO— HE+HO &

Meutralization
{ HX + OH =¥ X"+ H,0

L

Recaleulate Use K, [HX], and

(HX]and [~ [X] o caleulase [F 4 L PH )

buffers in | BUFFER SYsSTEMS
natural systems S
(ACSCHO098, "
ACSCH102)
e el s
(H;ygatggm / (allb:r';f;:gna)
CYTOSM ‘\ﬁ
. Remember: TXXX
e Topic
e Explain
e Expand
e Example/Equation
. Remember: SPUCHEB

Significant figures
Phases

Units

Conditions
Hazards
Equations
Balanced!

o All copyright material duly recognised
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1) How do we systematically name organic chemical
compounds?

General principles Prefix_Carbons Prefix _ Carbons
meth- 1 undec- 11
I . £ . eth- 2 dodec- 12
* Irrespective of functional group prop- 5 tridoc: 3
. L but- + tetradec- 14
» Naming priority (ext) pent- 5 pentadec- 15
i . hex- 6 hexadec- 16
¢ CyC“C and aromatic (eXt) hept- 7 heptadec- 17
oct- 8 octadec- 18
non- 9 nonadec- 19
dec- 10 eicos- 20

1. Identify the parent chain (longest carbon chain)
2. ldentify the functional group (prefix/suffix)

3. Allocate locant numbers for functional groups on the parent chain (lowest first point of

difference)

4. Name the compound backwards: locant-prefix, parent-locant-suffix

Ak

‘GOVERNMENT

1 NSW Department of Education

How do we systematically name organic chemical
compounds?
Basic guides

A BASIC GUIDE TO DECODING ORGANIC COMPOUND NAMES

The names of organic molecules can be long and look like a confusing mix of words and numbers. However, they follow a particular set of rules which
allows their structure to be decoded from their name. This graphic summarises some basic rules, and shows how they apply to some organic molecules.

ORGANIC COMPOUND REPRESENTATION BOND TYPES

Atoms other than carbon or hydro SN N N Non
BUTANE BUT-H-ENE PROP-1EN-1-0L

AmERE umm[ N"oH
PRP2ENHOL

FUNCTIONAL GROUPS

gen always shown

BUT-2-ENE BUT2-YNE

the group

implied” - that s,

, double bonds, or even
triple bonds. The name of the molecule reflects the bonds present.
-2 present i rame - mlecueconing ony gl bonds

the required number of hydrogens for this to be the case. Atoms
other than carbon or hydrogen are always shown. and hydrogen
‘atoms are shown i they are bonded to one of these heteroatoms.

PARENT CHAIN

'NUMBER OF CARBONS DENOTED BY PREFIX
© veth- @ Hex-
Qe @ reer
© rrop- @ ocr-
Osur @ now-
© vt  oec-

NN

NN

HEXANE

Part of the organic molecule’s name denotes how many carbons
make up ts ‘parent chain’

t tha end of the name, with a number indicating is position if this

Differant functional groups have different suffixes. Alcohols (-of)
Cai,

1 double bond
‘yn- present in name - molecule contains at least 1 trple bond

aldehydes

Ao AL
s ~AII

posi

STEREOISOMERISM

2MAN TYPES: £ ISOVERISM (BELOW)
OPTICALISOMERISM (RGHT)

\ﬁ

(©8ur2.N
frioipoany

@aut2ene
oargayssa

Miolecules can bave one o more carbons tht et part of the
ot chain referred to a2 ‘side chains’ The numi
e sid chain s sed o name ,in the same e way o fo e perent

tain a letter in brackets; for
exampl, 2) (), () o (). Tress refer o serecisomerism: when 3
the same chemical formula as another, but a dfferent

the location of

W there is more

the molecule. Carbons not included are dealt with as ‘side chains.

@, ti-(3),or

‘amangements of four different groups of atoms around a central
nage

@

© COMPOUND INTEREST 2015 - WWW.COMPOUNDCHEM.COM | Twitter:
Shared under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International licence.

| Facebook:

SOSS
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How do we systematically name organic chemical
compounds?
Functional groups

FUNCTIONAL GROUPS IN ORGANIC CHEMISTRY

FUNCTIONAL GROUPS ARE GROUPS OF ATOMS IN ORGANIC MOLECULES THAT ARE RESPONSIBLE FOR THE CHARACTERISTIC CHEMICAL REACTIONS OF THOSE MOLECULES.
IN THE GENERAL FORMULAE SHOWN BELOW FOR EACH FUNCTIONAL GROUP, ‘R’ REPRESENTS THE REST OF THE MOLECULE, AND ‘X’ REPRESENTS ANY HALOGEN ATOM.

@ Hrorocassons @) sweueoxveneresostomcs (@) Haiocen HereroaTowcs () carsonv. cowrounos (@) eosen saseo. (@) suiranseo (@) arowanc

ALKANE
Naming: -ane
eg ethane

o
I}

~CS

R H

ALDEHYDE
Naming: -al
e ethanal

R—NH,

AMINE
Naming: -amine
eg ethanamine

ALKENE
Naming: -ene
eg. ethene

=0

|
c
A5
R\ RZ

KETONE
Naming: -one
eg. propanone

R—C=N

NITRILE
Naming: -nitrile
eg ethanenitrile

N—

ALKYNE
Naming: -yne
eg. ethyne

CARBOXYLIC ACID
Naming: -oic acid
eg. ethanoic acid

R
)

g
R7 R,

IMINE
Naming; -imine
e ethanimine

R—OH

S~—
ALCOHOL
Naming: -ol
eg. ethanol

9 3
it

ACID ANHYDRIDE
Naming: -oic anhydride
eg ethanoic anhydride

NS
ISOCYANATE

Naming: -yl isocyanate
eg. ethyl isocyanate

N—

ETHER
Naming: -oxy -ane
e.g methoxyethane

[o]
1

C.
R “OR,

ESTER
Naming: -yl -oate
eg. ethyl ethanoate

AZ0 COMPOUND
Naming: azo
e.g. azoethane

EPOXIDE
Naming;: -ene oxide
eg. ethene oxide

[o]
i
R”ONH,

AMIDE
Naming: -amide
eg. ethanamide

THIOL
Naming: -thiol
e.g. methanethiol

R—X

~—"
HALOALKANE

Noming: halo
eg. chloroethane

o
I

o
R™ X

ACYL HALIDE
Naming: -oyl halide
eg. ethanoy chloride

0

ARENE
Narming: -l benzene
eg. ethyl benzene

W)

5 @ © COMPOUND INTEREST 2015 - WWW.COMPOUNDCHEM.COM | Twitter

This graph

r:

s shared under a Creative Commons Attribution-NonCommercial-NoDerivatives licence.
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How do we systematically name organic chemical

compounds?

Examples to name

~~ TH

Br

Br
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Exam question

2019 Chemistry exam Q1

1 Which structural formula represents pentan-2-one?
" I R
R N
H H H H
) T
S
H H H H
: v
I
H H H H H
0 T
H—C—C—C--C-}C—H 7
1] | Wik
E H H H H NsSw
1 NSW Department of Education
How do we systematically name organic chemical
compounds?
More complex examples
H H H H H H
N 7/ N 7/ N 7/
H c c c H
\ / \ / \ / \ /
_C C c C.
H \ /7 N\ / H
H I W H  H
/C\
()3




| NSW Department of Education
How do we systematically name organic chemical
compounds?
Isomers

* Isomers? Think about family members. Some can be closer relations than others.

* First step — what is the molecular formula?
-Same = family = isomers of some type
- Different = non-family = not isomers

» Second step — what is different about the family member?

5

NS L
1 NSW Department of Education
compounds?
Isomers
A BRIEF GUIDE TO
A GUIDE TO THE FIVE MAIN TYPES OF ISOMERISM THAT CAN BE EXHIBITED BY ORGANIC COMPOUNDS
AN ISOMER OF A MOLECULE IS A MOLECULE WITH THE SAME MOLECULAR FORMULA BUT A DIFFERENT STRUCTURAL OR
SPATIAL ARRANGEMENT OF ATOMS. THIS VARIATION CAN LEAD TO A DIFFERENCE IN PHYSICAL OR CHEMICAL PROPERTIES.
( STRUCTURAL ISOMERISM ) ( STEREOISOMERISM )
[ cian POSITION [ ceoveRic __J OPTICAL g
W oW OH oW WM ow WM oM oW H a0 o CHy
T T e = L
Wowowow L] W " o N W Non o™ |
BUTANE BUTZENE BUT-2ENE i (EF1.2-DICHLOROETHENE a a
’I' K N L (5)}1-CHLOROETHANOL
H—C—n T DI( i« N_l_!_“ cl\ /CI © R:(R)}-1-CHLOROETHANOL
i
Ll R o Se=
—d ;
1 L Il N @
METHYL PROPANE BUT-1-ENE CYCLOBUTANE (ISOIUOM0ENENE |
DIFFERENT ARRANGEMENT THE DIFFERING POSITION DIFFERING POSITIONS OF DIFFERENT H E
'OF AMOLECULE'S CARBON ‘OF THE SAME FUNCTIONAL ATOMS GIVE A DIFFERENT ©  AROUND A BOND WITH MIRROR IMAGES OF THE
SKELETON GROUP IN THE MOLECULE FUNCTIONAL GROUP RESTRICTED ROTATION SAME MOLECULE
Th postons of th caron s ol ettt by | | | cptn] sl
in the molecue can be rearranged same; the type of functional group Isomerism, these isomers have the presence of two diferent placementof different substituents,
10 ghe Dranched carbon chains also remains the same, but ts the same molecular formula but substkuents on both carbon atoms. around one or more atoms in
e et o ans 1 estonn e OGS gt | o bt e meel B e | Gl wad ol M Goe o | ok Do s |
e e e | [ ibaman il | (ag mlieiiee] | o e
1o reflect this, but the molecular 1o reflect the new position of the name of the nges o impossible @
‘!. N
10 - 7 X
Ci ) $HARED UNOER A CREATIVE COMMONS ATTRIBUTION NOWCOMMERCIALNODERNATIVES 40 INTERNATIONAL LICENCE DROO o

10
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How do we systematically name organic chemical
compounds?
Chain isomers

 Connection only = chain, very close relatives e.g. siblings as many will have very

similar physical/chemical properties

H H H H H
H_ | i H_ 7 N/
Ho H ¢ c H c H
DN B N VA i N
~C c H ~ H c C
HTN I / “H / H
H H H H
H-—C—H
I
H
Wik
1 Nsw
11
1 NSW Department of Education
Exam question
Chemistry specimen exam Q4
4 How many chain isomers does pentane have?
H H H H H H H
A. | N/ N/ N T N
"\ /C\ /C\ N /c\'/c\ a
B. 2 c N LN H c .
% i Sy y H g H
C. 3 H—C—H
H |
D. 4 \ /H H H
\ _H
H / H
/ \
H™
H H/ \
H
AWk
2 Nsw

12
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How do we systematically name organic chemical
compounds?
Positional isomers

 Connection of a functional group = positional, close relatives e.g. uncle/aunt,

similar properties but can differ by larger amounts

HOH H_H H_ H
H C [ H
H (o] [ H
e Ne No HT N7/
H N /N c c\
H H H / "H
H
H—C—H
|
H
Wik
13 NSW

13

1 NSW Department of Education

How do we systematically name organic chemical
compounds?
Functional group isomers

* Functional group = functional group, related family members but further apart e.g.
cousins as once the functional group changes this can make the

chemical/physical properties differ to larger amounts.

H /H H H
~c /0 H\c/ (I:
/
Cc o}
/N
H—C—H H H
|
H

14
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How do we systematically name organic chemical
compounds?
Isomers of butanol

» Combination — online calculator

« C,H,OH
H H H H H H
\c/ \c/ o H \c/ "
H
o e o HT OO L7/
HT N c C_
H H H / H
H
H H H—C—H
s ¢ (I: H !
/ \C/I\O/H \C/H H
Ea H
H H/ \ o
H—C—H C L
| \c ~ \ ;
H H N c -
H H - \H
Ak
s NsSw
15
1 NSW Department of Education
Exam question
2019 Chemistry exam Q21
Question 21 (7 marks)
(a) The structural formula for 2-methylpropan-2-ol is shown in the table. 2
Draw one structural isomer of this alcohol and state its name.
Alcohol Isomer
Structure H OH
| |
H—C—— (l_‘ ——C—H
H H— ? —H H
H
Name 2-methylpropan-2-ol
Ak
16 NSW

‘GOVERNMENT

16
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Exam question

2019 Chemistry exam Q21
Question 21 (a)

Criteria Marks

+ Provides an acceptable structure and name

+ Provides some relevant information

Sample answer:

H HHH
PR S Y
Wb

butan-1-ol

Answers could include:
Condensed or skeletal formulae. Other unambiguous systematic names are acceptable, eg

1-butanol

17

1 NSW Department of Education
Exam question
2019 Chemistry exam Q21
(b)  The structural formulae for two compounds are shown below. 2
H O H H H O
[ [
H—C—C—C—H H—C—C—C—H
| l ||
H H H H
Isomer A Isomer B
Why are these two compounds classed as functional group isomers?
Wik
18 Nsw

18
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Exam question
2019 Chemistry exam Q21
Question 21 (b)

Criteria Marks

« States why the two compounds are classed as functional group isomers 2

* Provides some relevant information 1

Sample answer:
Both compounds have the same molecular formula (C,HgO) but have different functional

groups.
Wik
1 Nsw
19
1 NSW Department of Education
Exam question
2019 Chemistry exam Q21
(¢c) A chemical test is required to distinguish between the isomers in part (b). 3
Identify a suitable test and explain the expected observations.
Wik
20 NSwW

‘GOVERNMENT

20
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Exam question

2019 Chemistry exam Q21
Question 21 (c)

Criteria Marks
« Identifies a suitable test
« Provides the appropriate observations 3

« Explains the observations

« Identifies the observations and the test reagent
OR 2
« Explains the observations
« Provides some relevant information 1

Sample answer:

Tollens' test could be used to distinguish between Isomer A (ketone) and Isomer B
(aldehyde). Aldehydes are readily oxidised to carboxylic acids whereas ketones are not.
Isomer B will therefore reduce the silver ions in the Tollens’ reagent to form a silver mirror
inside the test tube whereas Isomer A will not react.

Answers could include:
Other oxidants that can oxidise Isomer B but not Isomer A, eg Cr2072‘_ MnO,4~
1,JOH™ will give iodoform with Isomer A but not with Isomer B

4
The orange dichromate solution will change to green -‘!.‘1‘
21 The purple permanganate solution will decolourise Gus,smw

21

1 NSW Department of Education

Exam question
2019 Chemistry exam Q21

Question 21

In better responses, students were able to:

= draw the correct structural isomer and name it (a)

= dentify the compounds and state they were examples of ketones and aldehydes and that they were
functional isomers (b)

= provide examples of chemical tests that could be used to distinguish between the ketone and aldehyde

(©

include the name of a suitable reagent, the expected results and an explanation of the chemistry

involved (c).

Areas for students to improve include:

= distinguishing between a structural isomer and a functional isomer (a)
= reading the question carefully to include chemical tests not physical tests.

Wik
S
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2) How can hydrocarbons be classified based on their
structure and reactivity?
Alkanes

* Alkane — geometry is drawings is vital. Generally C,H ;.
-Alkane = sigma (regular covalent — tetrahedral 109.5°)

-Octane

23 ' NSwW
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How can hydrocarbons be classified based on their
structure and reactivity?
Alkenes

* Alkene — geometry is drawings is vital. Generally C H,,

-Alkene = sigma + pi (single plane overlap, imparts rigidity, trigonal planar at each end of

the alkene 120°, no rotation, cis/trans E/Z ext) H - H
H_ 7 N/ |
H H c c Cx _H
H_ 7/ N I SN d 2 e e X,
c c c c H H/ \H H/ \H
I TN H—
H c c c C_ c_ H
/N /N | / SH N
H H H H H H /" SH

C

»
\ "4
d bond formed by 'ti\“_’_i
24 sp?-sp? overlap NSW

‘GOVERNMENT
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How can hydrocarbons be classified based on their
structure and reactivity?
Alkynes

* Alkyne — geometry is drawings is vital. Generally C.H,,

- Alkyne = sigma + 2(Pi) (double plane overlap 90° opposed, produces a linear structure,

180° across and beyond the alkyne)

-3-octyne
N/
C
/ \ /
H _~C C_
SN N’ & J H
AN N\ o
/C\ /c\ ()3

1 NSW Department of Education

How can hydrocarbons be classified based on their
structure and reactivity?
Handling and disposal

» Handling (and storage) of hydrocarbons — non-polar, low density, highly
flammable gases and liquids (C1-C8) with low flashpoints and autoignition temps,
low LEL and broad explosive limit. Glass bottles, ventilated storage, spark free.

Methane - LEL: 5% by volume in Air / UEL: 17% by volume in Air

2.5%

by Volume % a
0% | 5% = 1% 100%
by Volume by Volume % " by Volume by Volume
| Non-Explosive (too lean) | Explosive Range | Non-Explosive (too rich) |
|<— 0% of LEL ;!: :!: =!
0% 2.5% Methane 100%
LEL =50% LEL LEL

* Disposal of hydrocarbons - typical hydrocarbon wastes are highly contaminated
due to their normal uses as solvents. Incompatible with sewer systems.

2 NSW

‘GOVERNMENT
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How can hydrocarbons be classified based on their
structure and reactivity?
Economic and sociocultural

» Economic — driver of the industrial revolution, modernisation of global transport
and manufacturing systems. Energy density of gasoline 46.5MJ/Kg, Ethanol
29.8MJ/Kg, Wood* 20.6MJ/Kg. Mass equivalence of 1Kg of gasoline is 1.56Kg
Ethanol and 2.26Kg of wood.

» Sociocultural — changing the face of societies across the globe, create economic
tensions and conflict, built nations in scarcely inhabitable parts of the world,
brought global travel within reach of many, distance for transport of goods, global

trade markets.

2 NSW

‘GOVERNMENT
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How can hydrocarbons be classified based on their
structure and reactivity?
Environmental

» Environmental — long list, from extraction to purification, modification, use and
disposal. Global carbon economy shift with combustion of hydrocarbons from the

Earth (long term carbon storage in carbon cycle being released).
Q<

o
fossil fuel /y\l“ ?

hmissions e
€O,

aquatic life €0z

terrestrial life i respiration or
respiration or
fio

decompositic diffusion

oil, coal, and natural gas i '(l.““‘,_;
NSwW

28
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3) What are the products of reactions of hydrocarbons and
how do they react?
Reactions of alkenes

Addition and Oxidative Cleavage Reactions of Alkenes

Alcohols
Ethers HO: Hy then HyO,, NaOH
ROH, HyS0, ("Hydrobazatias)
ROH, Ha(OAC, then NaH, O, HaSOs (THydration
(oxymercuration) X 1O HeO, Hz504 ("Hydration”)

H,0, Ho(OAcy, then NaBH,
("Oxymercuration")

:OR

Carbonyls via oxidative cleavage /_—k

(ketones, aldehydes,
carboxylic acids)

e.g. Oy, then 7n, H® :’0=<

("Ozonolysis") .

product(s) depend /= 0. \

on alkene and
H HO: :OH Vicinal Diols
>=< 050,
("Dihydroxylation")

on reaction
Alkyl Halides /—5

Alkanes

/—< PA/C, Hy
("Hydrogenation")

conditions

alkene
e.g. H-Br
[also works with H-C, H-I]
Cyclopropanes
also: H-Br, ROOR
Zn-Cu, CHylp
s ‘o CHCl5, KOH
o .. ("Dichlorocyclo-
:Cl: :OH /&< propanation")
_— L Epoxides
Vicinal Dihalides
e.g. Cly, CCly Halohydrins ?g%: d{:’[-igh{;'c” 'BA) "“‘-,'
also works with Bry, |,] eg. Cly H,0 RI'SW
29 [also works with Br, I, GOVERNMENT
NCS/NBS/NIS]
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3) What are the products of reactions of hydrocarbons and
how do they react?

Reactions of alkenes

» Markovnikov’s rule states that the hydrogen from the adding group will go to the

side of the alkene (and alkyne) with the most existing hydrogens. Does not apply
to H, and X, addition.

H H (o3 H
" W (D)
C
4 \
H
@/ "
/ \
c c”
_ NN
> H °C H
H Wik
© NSW

‘GOVERNMENT
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What are the products of reactions of hydrocarbons and
how do they react?
Alkane reactions with halogens

« Catalysed by light, halogens (mainly Cl and Br, F reacts violently and | is scarcely

reactive) can add to alkanes (no unsaturation electrophilic target).

* Primary targets are secondary hydrogens (blue) to substitute once producing a
haloalkane and hydrogen halide. Primary hydrogens (red) are also targeted but
the product is less abundant than would be expected by the ratio of hydrogens

present in the compound (6:2, 3:1 ratio, product 45:55). Cl ,
\

31 NSW
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4) How can alcohols be produced and what are their
properties?
Isomers

* Primary (1°), secondary (2°) and tertiary (3°) alcohols. The particular carbon
arrangement to which the OH is connected. Impacts reactivity and properties of

the alcohol significantly.

* No difference to structural formula, isomers. Polar OH, non-polar carbon

backbone. .
\ _H
HH H H H\ /H /C\

H c [+ H H H 0\
TN T S -0 I c ~ "H
c c o~ HY L7/ H c

HT N N Cc c N
~
H H H / H _c \ H
H H \H /c/
HO N
H—?—H H
H

32
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How can alcohols be produced and what are their
properties?
Enthalpy of combustion

« Enthalpy of combustion (AH,) is the measure of energy (J) per mole of a
substance. Combustion is always exothermic so this value is always negative,

more negative = more energy released in the combustion.

« Simple practical to complete but fraught with reliability issues.

q q ” Thermometer

. = Ul g

(w) (fuel) ‘EII ¢ g‘ e |

° 'q(fuel) = m(W)C(W)AT(W) f l II'\I M?:ﬁ:lez,ecj Ig;iig;n iiThermometer
M AHC = q(fuel)/ n(fue|) I"II Conical flask ]_ L|4

-
/_ri‘» —— Insulated

container

-l | = Sealed bomb
- — &1 0,00 i
1 Spirit burner > ¥,
— = / Sample cup (.“1’
33 - —— Alcohol — S\ Water suvéﬂ

33
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How can alcohols be produced and what are their
properties?
Calculation 1

» Example forward calculation:

-10g of ethanol is completely combusted to heat 100g of water from 20°C to 47.5°C.
Calculate AH, for ethanol.

» Assuming g, = ~Qryel)

»-Qruel) = Mw)CuyATwy = 100g x 4.18 x (47.5 - 20) = 11495J = -11.495kJ
» Nigyely = Miguery / MW ey = 10g / 46.068gmol-! = 0.217mol ethanol

» AH; = Qgyeny/ Ngyery = =11.495J / 0.217mol = -52.97kJmol!

» Given theoretical AH, for ethanol = -1360kJmol-' calculate the amount of heat lost to the
surroundings (go back to the -11495J and calculate the equivalent value in theory,

reverse the AH; = ¢,/ Nireny Calculation to give qy,e) and determine the difference).

34 NSwW
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How can alcohols be produced and what are their
properties?
Calculation 2

» Example backward calculation:

- 1-propanol is completely combusted to heat 150g of water from 15°C to 35°C. Given the AH, for
1-propanol is -2021kJmol-" calculate the mass of 1-propanol which was combusted.

» Assuming g, = ~Gryel)

» ~Qruel) = MwyCw)ATwy = 150g x 4.18 x (35 - 15) = 12540J = -12.54kJ

» DH; = 9 ryeny / Niguel) > Niguely = Gerueny/ AHe = -12.54kJ / -2021kJmol-' = 0.0062mol

» Nyt = Miguety ! MW ety > Mty = Nruey X MW g1y = 0.0062mol x 60.094gmol-" = 0.373g

» If the calorimeter only passed 15% of the heat to the water, calculate the new mass of 1-
propanol that was combusted (go back to the 12540J value representing 15% and calculate
the 100% value to account for the heat lost to surroundings, re do the remaining calculation

steps)
4¢
Wik
s Nsw
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Exam question
2019 Chemistry exam Q23
Question 23 (6 marks)
The following apparatus was used in an experiment to determine the molar enthalpy
of combustion of ethanol.
Thermometer
Aluminium beaker
105 g water
Gauze
Tripod
Spirit burner
containing ethanol
(a) Calculate the experimental molar enthalpy of combustion (ACH) of ethanol -+
when 0.370 g ethanol was used to raise the water temperature from 18.5°C to "
30.0°C. (/3
w® Nsw
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Exam question

2019 Chemistry exam Q23
Question 23 (a)

Criteria Marks
« Correctly calculates A H with units 1

« Uses correct significant figures

« Provides substantially correct working 3

+ Provides some relevant steps 2

« Provides some relevant information 1

Sample answer:

Moles ethanol (n) =0.370g/(12.01 x2+1.008 x6+16.00 g mol‘1)

=0.008032 mol
q=mCAT AHo_Q ___5047.35
101 ¢~ n~ 0.008032mol
=105gx4.18J g 'K™ ' x(30-18.5)K
=-628405Jmol™'
=5047.35J
=-628kJmol™" (3 significant figures)
A%
ik
a7 Nsw
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Exam question
2019 Chemistry exam Q23
(b)  Upon replication, the molar enthalpy of combustion obtained in the experiment 2

was consistently much lower than the accepted value.

Explain ONE change that could be made to the experiment that would improve
the accuracy of the obtained value.

38
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Exam question
2019 Chemistry exam Q23

Question 23 (b)

Criteria Marks

« Provides a change that would improve accuracy

« Gives a reason for the low molar enthalpy of combustion related to the 2
change

+ Provides some relevant information 1

Sample answer:

The experimental value for the molar enthalpy of combustion is low, primarily due to heat
loss to the environment.

A change that would reduce heat loss and improve accuracy is moving the spirit burner
closer to the beaker.

(There are many other possible improvements that are acceptable.)

Wik
% Nsw
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1 NSW Department of Education
Exam question
2019 Chemistry exam Q23
Question 23
In better responses, students were able to:
= use correct mass in mcAT
= calculate the moles of ethanol correctly
= give the answer with correct significant figures and units.
Areas for students to improve include:
= using the mass of water and not ethanol in mcAT
= knowing the formula for ethanol
= using atomic mass values from the periodic table.
Wik
40 suém‘!!
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How can alcohols be produced and what are their
properties?
Combustion and substitution
» Combustion is the reaction with oxygen to produce oxides of carbon and
hydrogen.
- Complete combustion = CO, and water products only

-Incomplete combustion = some mixture of CO,/CO/C and water.

* Substitution = HX swap, OH swaps for X producing haloalkane and water.

H
H_ 7/ H_ 7
C /0\ C Cl
/ \C/ H /N
H 7 \ H /c\
H H H H
H—F CI ;,-}:‘%

‘GOVERNMENT
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How can alcohols be produced and what are their
properties?
Dehydration

» Dehydration = removal of water (OH + adjacent carbon H) producing alkene

- ZaitseV's rule, this is the corresponding elimination rule to Markovnikov’s rule for addition.
This states the hydrogen removed (to form water with the alcohol functional group also

removed) will come from the adjacent carbon with the least number of existing hydrogen

atoms 2H H\ /H
C H
e 7/
H H c C._
| / / "H
c N > H
H
H /c\
@ H H
3H @
Wik
42 NSW
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How can alcohols be produced and what are their
properties?

Oxidation

 Oxidation = step up carbon-oxygen bonding. Depends on the type of alcohol:

-1° Alcohol x1 O bond - Alkanal x2 O bond = Alkanoic acid x3 O bond

HHH H HH o
H o + [0 — hf44 + H
H H HH H
HH o HH o
HA—4 + 0 —— A
HH H HH O-H
-2° Alcohol x1 O bond - Alkanone x2 O bond
H H (@]
H H
H H+ 0] —— W + o
HOH H o hy H
H
Wik
© Nsw
43
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How can alcohols be produced and what are their
properties?
Oxidation
 Oxidation = step up oxygen bonding. Depends on the type of alcohol:
-3° Alcohol = no reaction
H
\ _H
_C
H \ 0.
H
H
\
C H
5
H™ c”
H
AWk
NSW
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How can alcohols be produced and what are their
properties?
Substitution and fermentation

* Substitution = OH swap (opposite of HX swap covered before), OH from NaOH swaps
for X producing alcohol and NaX.
» Fermentation — yeast used to consume a glucose source and following a short period

of respiration will undergo fermentation to produce ethanol.

- Respiration consumes oxygen and produces carbon dioxide and water from glucose to release

energy for the organism to use. This continues until all the oxygen in the container is consumed.

- Fermentation occurs without oxygen and consumes glucose to release carbon dioxide and
ethanol but releases less energy. This is a backup energy source for yeast in an anoxic

environment. Ethanol concentration eventually kills the yeast.

yeast
CoH1206 (aqy——2C2Hs0H qq) + 2C05 (g)

45 (GOVERNMENT
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How can alcohols be produced and what are their

properties?
Biofuels
i anure L Grude Glycerine 0 e Straws
Elogas E'O‘ t) " (Biodiesel &
Food Waste Cellulosic
‘ ‘ Biofuel
Crops %rﬂl Generatian . | s
starch /B P I
. R —
Bioethanol - o \
Second Generation
cullub?o\ | Third Generation '_‘ '\ Bic Hydrogen
1 \ / 0 1]
— Y | Fourth Ganration |
W o Synthetic
Algal Fuel Biofuels
cro-lae - Cyancbacterii Al =
Wik
w0 NSW
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How can alcohols be produced and what are their
properties?
Biofuels

* Heat of combustion comparison? Petrol/Diesel/E10/E85/Hydrogen
* Energy density

* Closed loop?

| Transportation

Biofuels
Life Cycle

Biorefinery

a7

47
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Exam question

2019 Chemistry exam Q32

Question 32 (4 marks)

Thiols are the sulfur analogues of alcohols in that the oxygen atom of the alcohol is 4
replaced by a sulfur atom. For example, methanethiol (CH;SH) is the analogue of
methanol (CH;OH). The boiling points of some straight chain alcohols and thiols are

given in the following graph.

CH,CH,OH

Boiling point (°C)

v
S

| T - ® Alcohols
25 CH,CH,SH I - B X Thiols

|
|

T
|
|
I

0 1 2 3 4 5 6
Carbon atoms per molecule

18 Explain the patterns of the boiling points shown in the graph.
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Exam question

2019 Chemistry exam Q32

Question 32

Criteria Marks
« Explains pattems in the boiling points 4

« Explains most of the pattems in the boiling points 3

« Describes the pattemns in the boiling point

OR 2

« Explains a pattemn in the boiling points

« Provides some relevant information 1

Sample answer:

Boiling points for both series increase with increasing number of carbon atoms. This is due to
dispersion forces increasing with increasing chain length.

The boiling point of the alcohol is always higher than the analogous thiol. This is due to
hydrogen bonding between alcohols being stronger than the dispersion forces between

thiols.

The difference between the boiling points of analogous alcohols and thiols decreases with
increasing chain length. This is due to the hydrogen bonding having a smaller and smaller
contribution to total intermolecular forces as chain length increases.

49
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Exam question

2019 Chemistry exam Q32

Question 32

In better responses, students were able to:
= identify the three trends in the graph

= explain each of the trends

Areas for students to improve include:

= jdentifying and explaining the forces of attraction influencing boiling point
= understanding the difference between a hydroxyl group and hydroxide ion
= explaining what effects the strength of dispersion forces have on trends.

50

= use correct chemical terminology to identify the forces of attraction that caused each trend.

Wik
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What are the properties of organic acids and bases?

Aldehydes, ketones and carboxylic acids

* Aldehydes (CHO) and carboxylic acids (COOH) — only on terminal carbons

H H H\ /H
H_ 7 | o c H
~c c HT O\ c PN ¢
/ \ / % / SH
H c 0 | H
/N
o
» Ketones (CO) — only non-terminal carbons H H H H
H i ¢ ¢’ ¢ §
H_ / N G
/c\ / o H G /c\ H
H Cc = ||
o
H—C—H N/ N/
| \ / \ / \ /
H ’e C c .‘ﬂ
H \H | | H/ H Nk
st Nsw
(0]
51
1 NSW Department of Education
Exam question
2019 Chemistry exam Q10
10  Which class of organic compound must contain at least three carbon atoms?
A.  Aldehydes H H
B Alkenes | \ /
C.  Carboxylic acids C /C s C\
D. Ketones 04 =~ H H H
XN
C
I
H
Wik
52 NSwW
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What are the properties of organic acids and bases?

Carboxylic acid properties

« Carboxylic acids — proton donors, weak acids pH < 7, form carboxylate ions as
conjugate base and named suffix ‘alkylanoate’ as the salt formed in neutralisation.

H H
N/

(o] H
\/\C/
/\H
H

o-

C
(0}

53
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What are the properties of organic acids and bases?
Amines and amides
wo M H
« Amines (NH,) ~d H \ H H
H H /NG~ NH P |
HQ / ' I H \ N
C N ~
/7 _.~ H H / H
H c H—C—H C
7/ % N~
H H ' c \\ H
- -
* Amides (CONH,) — only on terminal carbons H \H o C
H H™
| H
N (0]
HT O\ 04
H—C-—H
| A
H Wik
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What are the properties of organic acids and bases?
Amines
* Amines — proton acceptors with lone pair on the nitrogen, weak base pH > 7, form

as the conjugate acid and named prefix ‘alkyammonium’ as

the salt formed in neutralisation.

H
\N|+ S
HO .7 ./
c C.
/ N\ / H
H H
Wik
& NSW
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What are the properties of organic acids and bases?

Amides

* Amides — tricky. Normally able to act as a base with N lone pair (same as amine)
but this is so weak in amides it is ignored. The O delocalises (draws away) the
lone pair on N and this stabilises the whole functional group (no electron dense
region to attack). The N hydrogens are also unable to be donated so there is also

no normal acidic behavior.

 Only under strong basic or acidic conditions can this be forced either way.

'I' H H
N/
_N ¢ H
H ..~ ./
c G
| .
H Ak
. o NSW
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What are the properties of organic acids and bases?

Esterification

« Esterification — condensation reaction of an alkanol and an ,

producing water and alkyl alkanoate. Catalysed by a strong acid and performed

normally under reflux.

H H H H H
</ 4 4 N
C c o c c
SN N N
H C (o C H
7N\ /N /N
H H

H

(2]
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What are the properties of organic acids and bases?

Structure of soaps

» Soaps are the salt of a fatty acid, normally
potassium. KOH is used to ‘saponify’
triglycerides forming soap and glycerol.

This is the opposite of esterification.

* Natural origins from plant/animal fats/oils

H H H H H H H H H H H H H H H H H
N/ N/ \ N s / N/

\ y N N \ _H
.0 c c c c c c c c [+

c Cc Cc C Cc C Cc Cc Cc H

A\ N PN N N N N N

” H H H H H H H H H H H H H H H H

H H H
° N\ 7/ N,
H ¢ ¢ H
S Y N
H o C\ o
H\ /H H\ /r‘] H\ /H H\ /H N\ 1H H\ ’N H\ /H H\ /H \ H ’ =
0" c C C c C C C C cr
o N N N N N N N N N
At N A s /N P P A\ H .0
” H H H H H H H H H H H H H H H H H
."
Wik
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What are the properties of organic acids and bases?

Structure of detergents

Anionic
eg. Allyl benzenesulfonate detergent

* Similar as soaps, different head group . R R
\C/C\C/C\C/C\C/C\C/C\C/C\C/C\C/C\ 505
. . L HQ
options. Can be negative (anionic), AT AN LN L WA
e . . Negatively charged
positive (cationic) or neutral (non- Cationie head group
e.g. Quaternary ammonium detergent
ionic). Each have distinct properties L i G G e B
e ¥ ¥ ¥ Y ¥ Y Y c‘f R o
and related uses. NN NN N N N N
P N\ £% VAN N /N 7% SN H
HHHHHHHHHHHHHHHH CH,
+ Synthetic origins from petrochemicals
Positively charged
(typically). S R
H HH HHH HHHHHHHHHH
\C/ \C/ \C/ \C/ \C/ \C/ \C/ \C/T T H
H/ \C/ \C/ \C/ \C/ \C/ \C/ \C/ \C—-O*(C*C—O)*H
N AN AN AN AN AN SN | [
H HHHHUHHHHHHHHH y H H

Polar alcohol
ethoxylate group

Wik
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What are the properties of organic acids and bases?

Action of soaps and detergents

(a) (b) (c) (d) (e)
Soap or Surfactant Agitation Process Cleaning
detergent ions orientate begins to continues complete
dissolves themselves in separate
in water grease and water grease from

surface

. NSW
Surfactant ions Clean surface s
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What are the properties of organic acids and bases?

Reaction pathways

* Produce 1-propyl butanoate from 1-chlorobutane and propene.

* Target
H H H H H
o \ 7/ N 7/
C C (o) C H
VAR e Wl N e W
H (o4 C (o4 C_
VAN / \ / H
H H || H H H
(o]
« Stock H H
0 \C/ \C/H é \C/H
7
v ONG N H %C/ \
_c c cl H
H \ /7 N\ ' 4
H H H (3
o1 NSW
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What are the properties of organic acids and bases?

Reaction pathways

« Final reactants needed — 1-propanol and butanoic acid (reverse the esterification)

H H H H H H
N 7/ H - \C/ \c/
(o) C -
H/ \ / \ / H \C/ \c/ \H
C C\ /N
/ \ / H H
H H H b

* Link stock reagents to target reagents for the final product.

62
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What are the properties of organic acids and bases?

Reaction pathways

 Conversion of propene to 1-propanol

H H H H
¢ " O /\ C/\ :
/
H™ % e H c c
Cc H / N\ / “H
[ H H H
H
Wik
o NsSw
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What are the properties of organic acids and bases?
Reaction pathways
« Conversion of 1-chlorobutane to butanoic acid
H
\ 7 % N\ 7/ N\ 7/
\ / ¢ \ / ¢ \ H\ / c \ / c \ H
_c c ci =——> c o~
H \ /7 N\ H \ VAR
H H H H
N/ \ /I-| o N H\C/H
H C C
\C/ \C/ \O/H e \/c\/ )
R — T
o H o NsSw
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What are the properties of organic acids and bases?

Reaction pathways

« Esterification of 1-propanol and butanoic acid

H
H H H H H \ _H
H \c/ \C/ /o\ /C\ /c
H \
NNl 7 L LA c N H
_c & 0 |
H \ / N\
H H H o
H H H H H
H, / N/ N/
C C o C H
H c e ¢ c.
7/ N\ 7/ N\ / H
I Wk
o) AWk
o Nsw
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Exam question
2019 Chemistry exam Q8
8 The structure of an organic compound is shown.
|
CH,CH,—O—C—CH,CH,CH,CH;
Which row of the table correctly gives the name of the compound and one of the reactants
used to produce it in a one-step reaction?
Name Reactant
A. Ethyl pentanoate Ethanol
B. Ethyl pentanoate Pentan-1-ol
C. Pent-1-yl ethanoate Ethanol
D. Pent-1-yl ethanoate Pentan-1-ol
AWk
s Nsw
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Exam question
2019 Chemistry exam Q9
9 All of the following compounds have similar molar masses.
Which has the highest boiling point?

Butane
Ethanoic acid

Propan-1-ol

o nw »

Propanone

67
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Exam question

2019 Chemistry exam Q34

Question 34 (7 marks)

The following reaction scheme can be used to synthesise ethyl ethanoate. 7
® uow ® u H © uo
[
H—C—C—Cl H—C—C—OH H—C—C—OH
| Step 1 [ Step 2 |
H H H H H

@HO H H

|l [
H_?_C_O_$_$_H

H H H

Outline the reagents and conditions required for each step and how the product of each
step could be identified.

o Nsw
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Exam question

2019 Chemistry exam Q34

Question 34

Criteria Marks In step 3, ethyl ethanoate (D) can be synthesised by heating a mixture of ethanol, ethanoic

N acid and concentrated sulfuric acid under reflux. The 'H NMR spectrum of ethyl ethanoate
Outiines the appropriate reagents and condftions will have 3 signals, whereas both ethanol and ethanoic acid will have 2.

« Outlines differences in chemical reactivity or spectroscopic data for 7
products of all three steps Answers could include:

« Outlines the appropriate reagents and conditions Ethanol (B) can be identified in a number of ways, for example:

« Outlines differences in chemical reactivity or spectroscopic data for 6 « Reactivity tests eg tumns acidified potassium dichromate solution from orange to green, or
products of two steps ises acidified solution from purple. Also gives a red

Outlines some appropriate reagents and conditions colour with ceric ammonium nitrate, or gives hydrogen gas with sodium. Chioroethane

& with f
Outlines chemical reactivity or spectroscopic data for the products of 45 reacts o of fisas:reagents
some steps « An O-H peak will appear in the IR spectrum (broad peak at 3230-3550 cm™") and in the
THNMR spectrum (variable chemical shift, 1-6 ppm, concentration-dependent); the IR
spectrum of chloroethane will not contain this peak.

« Outlines an appropriate reagent and/or condition

AND/OR 23
- Outlines chemical reactivity or spectroscopic data for the products « The ™H NMR spectrum of ethanol will have 3 signals, whereas that of chloroethane will
have 2.
« Provides some relevant 1
« The mass schm of ethanol will have a single molecular ion peak at m/z = 46, whereas
Sample answer: chloroethane will give two peaks at m/z 64 and 66.

In step 1, chloroethane (A) can be converted to ethanol (B) by heating with dilute aqueous
potassium hydroxide. The mass spectrum of ethanol will have a single molecular ion peak at
m/z = 46, whereas chloroethane will give two peaks at nvz 64 and 66.

In step 2, ethanol (B) can be converted to ethanoic acid (C) using a strong oxidant, for
example: acidified potassium permanganate. A C=0 peak will appear in the IR spectrum
(1680-1750 cm=") or in the *C NMR spectrum (160-185 ppm); ethanol will show neither
peak.

69
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Exam question

2019 Chemistry exam Q34
Question 34

In better responses, students were able to:

demonstrate a clear understanding of the reagents, conditions and chemical reactivity of the product for
each step

succinctly outline the reagents, conditions and chemical reactivity tests for each step

identify acidified reagents for Step 2

identify the change in colour for indicators/acidified reagents if used as chemical reactivity tests
identify that concentrated sulfuric is used in esterification.

Areas for students to improve include:

understanding reactions of haloalkanes

addressing all parts of the question, including chemical reactivity

using specific spectroscopic data to identify specific products, including the wavelengths when using
the data

naming organic compounds

annotating the stimulus diagrams with the name of the compounds and reagents before writing a
response.

70 GoveRnmeNT
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Exam question

Chemistry specimen exam Q27

Question 27 (7 marks)

This flow chart shows the reactions involving six different organic compounds

(Ao F).
A
CsHy,

Reacting with

dilute H,SO,
KMnO,/H,SO, KMnO,/H,SO,
(strong oxidant) (strong oxidant)

No
reaction

Heating with  Heating with
concentrated  concentrated

H,S0, H,S0,
E F
CSH]U CSH]() CSH]()
AWk
Draw the structures of compounds A to F, justifying your answers with reference to <y
71 the information provided. mgsmw
71
1 NSW Department of Education
Exam question
Chemistry specimen exam Q27
Question 27
Criteria Marks
* Correctly draws the structures of the six compounds and provides a 7
justification for each compound
* Correctly draws most of the structures with relevant justifications 6
* Correctly draws some of the structures with relevant justifications 4-5
» Identifies some characteristics of the compound(s) 2-3
* Provides some relevant information 1
Wik
72 s
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Exam question

Chemistry specimen exam Q27

Sample answer:
A is alkene because it undergoes an addition reaction with water across the double bond to
form an alkanol. B and C are different alcohols. C is tertiary alcohol since it does not undergo
oxidation.
The only tertiary alcohol with CgH 0 is

OH
CHy —C—CH, —CH; whichisC,

CHy
C is dehydrated 1o A using concentrated H,50,. A must be a non-terminal alkene as two
products with addition of water are possible (B and C).
Therefore A is

CH, — C=C— CH,

CH, H

B must be anather alcohol formed by addition of water to A.

H OH
[
CH; —C—C—CH,
|

CHy H

B is a secondary alkanol. Oxidation produces a ketone D,

H 0O
| |
CH;, —C —C—CH,
i ;
CH,

B dehydrates to either A or E. So E is

C dehydrates to either A or F. So F is

CH,
73
1 NSW Department of Education
What are the properties and uses of polymers?
Addition polymers F—
R—0O— — 2R-0=
* Poly = many, polymer is the o O_R_ L
O el 1
umbrella term that covers many R-0* =5 R-O—E—CI‘
macromolecules both synthetic  pgpagation
(plastics) and natural (fibres). R-0—C—¢ "K:c\‘—_"/d.:': — R-O-¢-tt-C
ro R
* Poly is the prefix in frontof the  g_p_¢—é—é-¢&e od — R-D—é—(‘:{(‘:—é}(‘:—é-
| I I R ! A | |
repeating unit used in the chain b ' :
structure. Termination
R-0-¢-C{¢-Q) et DL -8 ¢¢o-n
» Each monomer adds to the chain R AR A rorAr T
with no other products normally L L P |l| R IE S
produced. R-0-C=Crl-L (Ii—(li—lli—fli{ﬁ:—(li}(li—tli—o—R

74
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What are the properties and uses of polymers?
Addition polymers H H
H H \c — c/
\ / /) \
/C p— C\ H— c/ \c —H _ —_
H H ; \C L C/ 1 2
\ /N | I
/C p— C\ H
H H =1 C - C -1
H cl | |
M 3 4
c—¢ F F
H H c—c¢
/ \
F F
Wik
7 Nsw
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What are the properties and uses of polymers?

Condensation polymers

» Condensation polymers link monomers or dimers with the byproduct of water.

* Nylon is an umbrella term for many different iterations, this is a polyamide which is
a dimer of a diamine and dioic acid e.g. Nylon-6,6 is the combo of 1,6-

diaminohexane and hexanedioic acid (6,6 because both monomers have 6

carbons each) le

A~~~ NH

Il
O adipic acid hexanediamine
i
— *ﬁ N
0 o4
AWk
7 nylon-66 NSW

76
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What are the properties and uses of polymers?

Condensation polymers

» Condensation polymers link monomers or dimers with the byproduct of water.

* Polyesters are polymers of ester bonds between diols and dioic acids e.g.
Terephthalic acid and Ethylene glycol yields PET(PETE) which is common for soft

drink bottles.
rink bottles O o

n + 1 HO—(CH,),—OH
H

‘L + (2n-1)Hy0
Wik
7 Nsw
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Exam question

2019 Chemistry exam Q13

13 A sample of polydifluoroethylene is determined to have an average molar mass of
4.8 x10* g mol™".

Approximately how many carbon atoms are there in an average molecule?

A, 750
B. 1500 F H
C. 2500

D. 4000 | I

C—GC
I |
H F -

78 NSwW
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How are ions present in the environment identified and
measured?
Environmental monitoring
* WHY monitor the environment?
» Monitor WHAT?
- Soil, water, air (EPA resources)

» GIS mapping tools for soils, water, air

* National Map and MDBA maps

* Drinking water guidelines from NHMRC
« Decision on analytes to be measured, agreed analysis techniques and allowable

limits, reporting structures/units/variance/errors.

1 NSW Department of Education

How are ions present in the environment identified and
measured?

Flame tests
Excited Ground|
» Qualitative analysis — yes/no presence, state o e
Level 6 ——> 2
higher concentrations needed for visual Level5 ey 2
assessment Levela I 2

» Flame tests, cation analysis, some anion
Level 3 id» 2

effects but not characteristic for accurate

identification. Electron excitation/relaxation
Y

process. Frequency of emission is Yy Y 2

determined by the size of the relaxation. Energy Energy
absorbed emitted

The visible spectrum

Wik

' [ [ I MY/
700 600 S00 400 N Sw

4 Wavelength (nm) o e
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How are ions present in the environment identified and
measured?
Flame tests

METAL ION
FLAME TESTS

Aflame test is an analy
ch o detect the
, based on t

procedure used by
sence of particular
dlour of the flame

< .
\A-‘

. — L]
ABSIRPTION )
-

L -

-
L] —_— [ ]
EMSSEN

When heated, the electrons in the metal ion
gain energy and can jump into higher energy
levels. Because this is energetically unstable,
the electrons tend to fall back down to where
they were before, releasing energy as they do

s0. This energy is released as light energy, and oy

as these transitions vary from ane metal ion to ol ,-

another, it leads to the characteristic colours ‘.“_’
5 given by each metal ion NSW

‘GOVERNMENT
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How are ions present in the environment identified and
measured?
Precipitation and complexation reactions

* Qualitative analysis still....

* Solubility “rules”

-NAGSAG - all Nitrates, Acetates, Group one (alkali metals), Sulfates, Ammonium and

Group seven (halogens) are soluble
- CHOPS - all Carbonates, Hydroxides, Oxides, Phosphates and Sulfides are insoluble

-Soluble rule overrides the insoluble rule
THEY'RE MORE WHAT YOU'D CALL

GUIDELINES |, e

‘GOVERNMENT
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How are ions present in the environment identified and
measured?
Precipitation reactions of cations

Remember the cations you are required to test for and those which are extra,
consideration for ion mixtures. Coloured precipitates are preferred but not always

possible.

* Barium — white chloride, yellow chromate, orange dichromate (acidified)

+ Calcium — white carbonate (with NH,COj)

» Magnesium — white hydroxide (with NaOH)

+ Lead(ll) — yellow iodide precipitate (with KI/Nal)

« Silver — white chloride, black sulfide, brown oxide (with ammonia or NaOH)

Linking of cation precipitation and flame test data is important to discern commonly

coloured precipitates.

Wik
7 NSW

I I Cation solution '—R

(D Add hydrochloric acid
i Prz:ilirl;lit;te Add
Filter Indicates Pb* @ NaOH
is absent solution
| Filtrate
(2)Add|H,SO,
White
precipitate (3) Add NaF
. (solution)
Ca?* and/or Ba?*
present Green or Blue
——— Brown white- precipitate
White o recipitate green
precipitate ‘ ‘ No precipitate il precipitate @ As\gldutri\lo}-ri\s
v ' )
Ca* Ba? Fe¥* Fe2* Precipitate
(if sulfuric acid dissolves to form
test is positive) deep blue solution.
Y

GuZ 13
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Exam question
Chemistry specimen exam Q28

Question 28 (9 marks)

chemical equation for this reaction is represented below.
CaCO,4(s) + H,0(l) + CO,(g) = Ca*(aq) + 2HCO, (aq)

It has been suggested that heating water reduces its hardness.

Limestone (CaCO;) contributes to the hardness of water by releasing Ca®* ions. The

(AH < 0)

Explain how this suggestion can be tested accurately, validly and reliably.

‘GOVERNMENT

1 NSW Department of Education

Exam question

Chemistry specimen exam Q28

Question 28

Criteria

Marks

» Explains how the suggestion can be tested
* Includes measures to ensure accuracy, validity and reliability of data

* Describes a process for testing the suggestion
* Addresses at least two of these areas: accuracy, validity, reliability

7-8

¢ Outlines relevant steps for testing the suggestion
» Shows some understanding of accuracy, validity or reliability

5-6

* Outlines relevant step(s) for testing the suggestion
AND/OR
* Shows some understanding of accuracy, validity or reliability

34

« Identifies relevant step(s) for testing the suggestion
AND/OR
* Shows a basic understanding of accuracy, validity or reliability

1-2

10
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Exam question

Chemistry specimen exam Q28

Sample answer:

Atomic absorption spectroscopy (AAS), which is used to detect concentrations of metal ions
in solutions, can be used to test the suggestion. AAS can be used to determine the
concentration of Ca®*in both heated and non-heated samples of water. If heating water can
reduce its hardness, the concentration of Ca>* should be less for the heated sample.

To do this, prepare a series of standard solutions of known concentration of Ca®* and measure
the absort of the standard soluti Plot the concentrations and absorbance of the
standard solutions and draw a line of best fit (the calibration curve). Next, measure the
absorbance of two water samples — one before heating and one after. Using the absorbance
and the calit curve, calculate the of Ca>" in each sample and compare the
concentrations between the heated and unheated samples.

AAS when calibrated correctly is very accurate. Concentrations of calcium ions at the parts

per million level (ppm) can be easily measured. To ensure that AAS is correctly calibrated,

the standard solutions need to be accurately prepared. Solids should be carefully weighed and

solutions can be transported using a pipette or a similar tool to ensure accuracy. Tap water is

usually full of ions such as Na” and Caz‘, so deionised water should be used. To enhance

reliability, ensure that sufficient calibration samples are used and that the measurement of

absorbance is repeated. It is possible to produce reliable results that fall closely to the line of

best fit of the calibration curve with only a very small margin of error.
To further improve reliability, many samples of heated and non-heated water can be used to
make sure that the concentrations of Ca’" in the heated water samples are consistently lower
than the concentrations of Ca>" in the unheated water samples.

AAS also allows the suggestion to be validly tested. When a lamp specific for calcium is
shone through the solution, only calcium ions will absorb the specific frequency as each
element has its own unique fingerprint. This enables the experiment to measure what is
intended so that an accurate and valid conclusion can be made.

Wik
S

Answers could include:

Use of gravimetric analysis or other chemical analysis.

11
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How are ions present in the environment identified and
measured?
Precipitation reactions of anions

Remember the anions you are required to test for and those which are extra,
consideration for ion mixtures. Coloured precipitates are preferred but not always
possible.

* Chloride, Bromide, lodide (halides) - ?? Pb/Ag
» Hydroxide - ?? Cu/Fe/Ag

* Acetate — dilute hydrochloric acid causes acetate ions form acetic acid or complex with
copper to form blue/green solution of copper(ll) acetate.

+ Carbonate — all white, confirm with nitric acid to form visible CO, bubbles
« Sulfate — all white, no bubbles with nitric acid

» Phosphate — silver phosphate is yellow

12
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Anion unknowns

@

Add nitric acid.

Y

Effervescence

CO

¥

No effervescence

@ Add barium nitrate solution.

l

No precipitate

Add silver
nitrate solution.

e’
est .

L

White precipitate

a0

.\“ra(,e .

l

No precipitate

Make solution
slightly alkaline.
Add barium nitrate

SOz

l

1

White precipitate

fFilter and
cest filrate:

solution.

White precipitate

cr

> PO
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How are ions present in the environment identified and

measured?

Complexation reactions

 Copper(ll) and this site — deep blue complex ion

with excess ammonia, green with excess chloride
« Iron(ll) — original colour blue/green, hydroxide or
ammonia causes oxidation to Iron(lll) and below

resultant colours at the surface (oxygen exposure)

complex ions

« Iron(lll) — original colour yellow/orange, deep red

thiocyanate and orange hydroxide complex ions

* Again, flame test data will also support decisions

made from these reactions.

14
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measured?
Gravimetric analysis

a A
7
* Figure 1

How are ions present in the environment identified and

 Gravimetric analysis — precipitation and filtration, assay by mass

A
~ .
( Sintered
_— glass filter
— Precipitate
y Vacuum
Water [ ¥ = am
sample [ ¢\ pump
{ - '\.
] ’j“ é \“..
{ \ _ Filtrate
. -t 24t
l '~ Wik

Figure 2

15
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measured?
Gravimetric analysis

FNORTISSH

W N

How are ions present in the environment identified and

A SOLUBLE PLANT FOOD l“

for all plant types

for use on a wide range of common garden plant varieties.

TYPICAL ANALYSIS (w/w%) Typical Application Rates

23.0% ;‘;‘;’L"als‘ﬂ:g:" (N) « Formost plants, dissolve 16g in

1.7% s Ammonium Phosphate 10 litres of water.
4.0%  Total Phosphorus (P) « Forseedlings*, orchids* and

3.95% water soluble ferns”, dissolve 8g in 10 litres of
14.0%  Total Potassium (K) water.

14% as Sulphate For | 4 azhfk

« Forlawns and around shrubs,

0% gfg%';‘;'sﬁg,ha‘e use 32g in 10 litres of water.
015%  Magnesium (Mg) Apply over area of 5 sq metre.
0.13%  Manganese (Mn) - Use lower rates for natives.

0.06%  Copper (Cu) « For very young seedlings and
0.06% Iron (Fe) other sensitive applications
0.04%  Zinc(In) (such as at transplanting), use
0.01%  Boron (B) significantly lower rates.

0.001%  Molybdenum (Mo) + DO NOT apply on hot days.

For complete analysis including trace elements, directions for use and safety information, visit: www.yates.com.au
* AQUASOL s a registered trademark of DuluxGroup (Australia) Pty Ltd

Wik
S

‘GOVERNMENT
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How are ions present in the environment identified and
measured?
Gravimetric analysis — example calculation

* 159 of fertiliser produces 3.1g of barium sulfate precipitate. Calculate the % w/w

of sulfate in the fertiliser, account for deviation from the labelled sulfate content.
*BaSO, = 233.38 g/mol and SO,? 96.06 g/mol
*BaSO, - Ba?* + SO, (equimolar)
+3.1g / 233.38 g/mol = 0.013 mol = 0.013 mol SO,*
+0.013 mol x 96.06 g/mol = 1.2g SO,*
«1.2g/15g x 100 = 8% wi/w SO,?
« Label = 6.6% w/w SO,

‘GOVERNMENT

17

1 NSW Department of Education

How are ions present in the environment identified and
measured?
Precipitation titration

* Precipitation titration — analyte is precipitated from the solution using an indicator to
determine the end of precipitation. Example analysis of chloride using Volhard's
method or Mohr’s method depending on the sample pH.

* Mohr’s is simpler to undertake (Volhard’s involves a back titration) in the classroom.
Chloride in the sample is soluble and potassium chromate is added as the indicator.
Silver nitrate is dropped in through a burette (standard solution).

« Silver chloride (white)
1.33x10-5M solubility
» Silver chromate (orange)

7.54x10-5M solubility

18
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How are ions present in the environment identified and

measured? /
Spectrometry A=¢lc = 10g1070

* Applies to colourimetry, UV-VIS and AAS.

 Beer-lambert law gives proportionality between concentration and absorbance (limitations exist).

+ Absorbance is measured between 0->1 representing a proportion of the light intensity which
reaches the detector.

» £ = molar absorptivity constant (ratio of a particular wavelength’s absorption to path length of
sample) in units of Lmol-'cm-!

« | = length in cm of the cuvette (path of light through the sample)

* ¢ = concentration of the analyte in the sample in molL-"

* |, = original intensity of the light source 10
« | = intensity of light recorded at the detector ** **

0.6 _ E

-] 8

| R EE S N AWk
19 1 2 3 4 5 uéﬂ

Concentration (g/L)
19
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How are ions present in the environment identified and
measured?
Spectrometry

« Standard comparison

10— ==
f—— &hsarbance of
__ JUnknown=0.7
aps 08/

Thiz equatestoa

0.6 — |
' concentration of
0.4 — | 2.5g/L
1
!
0.2 — :
|
I

1 2 5
Concentration (g/L)
QWi
NSW

20

20

5/27/2020

10



| NSW Department of Education
How are ions present in the environment identified and

measured?
Spectrometry

 Standard addition

0.6 d
0.5 1
o -
:é 0.4 <
£
2 0.3
i)
=
0.2 4
0.1 4
00
T tht T T T T T
-0.2 0.0 0.2 0.4 0.6 0.t
0
- | »| v
C. (mgL™) e
21 (GOVERNMENT
1 NSW Department of Education
Exam question
2019 Chemistry exam Q20
20 The manganese content in a 12.0-gram sample of steel was determined by measuring the
absorbance of permanganate (MnO,") using the following process.
The steel sample was dissolved in nitric acid and the Mn>*(aq) ions produced were
oxidised to MnO,"(aq) by periodate ions, 10, (ag), according to the following equation.
2Mn**(ag) + 510, (ag) + 3H,0(]) — 2MnO,(ag) + 510, (aq) + 6H*(aq)
The resulting solution was made up to a volume of 1.00 L, then 20.0 mL of this solution
was diluted to 100.0 mL. The absorbance at 525 nm of the resulting solution was 0.50.
A calibration curve for MnO, (aq) was constructed and is shown below.
1.20 . .
What was the percentage by mass of manganese in the steel sample?
1.00
:-é 0.80 A, 0.019%
.'E 0.60 B.  0.096%
2 040 C. 048%
0.20 D. 1.0%
o 5 10 15 20 25 30 35 40 45 50 55
Concentration of MnO, (aq) (mg L)
0
ik
22 mémsm

22
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How are ions present in the environment identified and

measured?
Colourimetry

23

Wik
S

‘GOVERNMENT
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Exam question

Chemistry specimen exam Q5

5 A colorimeter was used to calculate the percentage of iron in a 0.200 gram tablet. The
tablet was dissolved and oxidised, then reacted with thiosulfate according to the equation

Fe**(ag) + SCN(ag) — [FeSCN]h(uq).

The resulting solution was made up to 200 mL with distilled water. The absorbance of
the final solution was measured to be 0.6105.

The calibration curve below shows the absorbance of various concentrations of Fe*.

T T T T 1
0.00 20.00 40.00 60.00 80.00 100.00
[Fe’b’] (umol L’l)

24

1.200
100~ 5200111 How much iron was in the tablet?
§ 0.800 s
£ 0600 A, L10x107g
£ 0.400- B. 550x107°¢g
0,200 C. 6.14x10%¢g
0.000 D. 307x1073g

24
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Exam question

Chemistry specimen exam Q24
Question 24 (3 marks)

A colorimeter was used to calculate the percentage of iron in a 0.200 gram tablet. 3
The tablet was dissolved and oxidised, then reacted with thiosulfate according to the
equation

Fe"*(aq) + SCN(aq) — [FeSCN]“(uq)A

The resulting solution was made up to 200 mL with distilled water. The absorbance
of the final solution was measured to be 0.6105.

The calibration curve below shows the absorbance of various concentrations of Fe’*.

1.200
1000 3=00111x
o —
E 0.800
é 0.600 —
=
0.400
< Calculate the percentage of iron in the tablet.
0.200
0.000 T T T T 1 0
0.00 20.00 40.00 60.00 80.00 100.00 -‘!“"_;
25 [Fc’“] (umol L") !ﬂéﬂ

25

1 NSW Department of Education
Exam question
Chemistry specimen exam Q24
Question 24
Criteria Marks
» Correctly calculates the percentage of iron showing appropriate working 3
* Provides the main steps of the calculation 2
* Provides some relevant information 1
/! i
Sample answer. | Massofiron=55.85 g mol™! x 1.Lx 10 mol
Using the equation, concentration = 0.6105/0.0111 prmol L —614x10%g
= 55% 10 mol L™
) 6.14x107*
To calculate moles of Fe**: n = cV Percentage of iron = 0.200 x100%
= 55%10°mol L' x0.2 L =0.307%
= L1x 107 mol
Answers could include:
Concentration may also be obtained by reading the graph.
™"
A
26 ms§msm
26

5/27/2020

13



5/27/2020

| NSW Department of Education

How are ions present in the environment identified and
measured? B UV absorption
Ultraviolet visible spectrophotometry (This is not a definitive list and is approximate.)

Chromophore A (nm)

max

C—H 122
c—C 135
C=C 162

Chromophore A (nm)

max

173 178
C=C
196 222
Cc—Cl 173
C—Br 208
VAS
Wik
27 NSW

‘GOVERNMENT
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How are ions present in the environment identified and

measured?
Atomic absorption spectroscopy

28
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Exam question

Chemistry specimen exam Q25

Question 25 (6 marks)

2. . . . .
Fe** and X react to form an ionic compound according to the general equation

aFe®* + bX = [Fe,(X),]

2a+

. 5 : 2 :
where a and b are numbers representing the ratio in which Fe** and X combine.

Spectrophotometry was used to determine the stoichiometric ratio between Fe* and
X. To do this, eight 10 mL samples were prepared by reacting solutions of Fe?* with
solutions of X in varying ratios. All Fe?* and X solutions had the same concentration.
The absorbance of the samples is tabulated below.

Samples
s
Volumerofike 0.00 | 1.00 | 2.00 | 3.00 | 400 | 5.00 | 6.00 | 10.00
solution (mL)
(\I/T‘l’l"")'“e"fx“"'“'i"“ 10.00 | 9.00 | 8.00 | 7.00 | 6.00 | 5.00 | 4.00 | 0.00
Absorbance at 000 | 042 | 084 | 0.98 | 0.84 | 0.70 | 0.56 | 0.00
508 nm

(a) On the grid, construct a graph of absorbance against volume of Fe?* solution
from 0.00 mL to 6.00 mL, and draw TWO lines of best fit.

29
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Exam question

Chemistry specimen exam Q25

Question 25 (a)

Criteria

Marks

« Uses appropriate scale

* Plots points accurately
* Draws lines of best fit

* Labels axes correctly with units

* Provides a substantially correct graph

« Provides some basic features of the graph

30

Sample answer:

Absorbance

1.0

0.9

0.8

0.7

0.6

0.5

0.4

0.3

e

0.2

0.1

e

0.0

1 2 3 4 5 6
Volume of Fe* solution (mL)
A
Ak
S
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Exam question

Chemistry specimen exam Q25

(b)  The reaction proceeds according to the general equation 3
]2¢1+

2 -
aFe* + bX = [Fe(X),

Find the values of a and b. Justify your answer with reference to the data given
and the graph in part (a).

31 NSwW
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Exam question

Chemistry specimen exam Q25
Question 25 (b)

Criteria Marks

* Identifies @ and b
» Justifies answer with reference to the data given and the graph

* Identifies a and b with some justification
OR

* Provides some explanation of the reactions with reference to the data
given and/or the graph

¢ Provides some relevant information 1

Sample answer:

The graph shows an increase in Fe?* ions as the amount of compound X decreases, indicating

an excess of Fe** ions limiting the products. It reaches a maximum when the correct

stoichiometric ratio for the equation is obtained. This occurs when 2.5 mL Fe’* t0 7.5 mL

compound X are reacted. As the concentrations of the initial solutions are equal, equal

volumes produce equal moles. Hence a = 1 and b = 3. The curve then decreases as there is

less Fe?. WYk
2 NSW
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How are ions present in the environment identified and

measured?
Atomic absorption spectroscopy

VARIAN

33

‘GOVERNMENT
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How are ions present in the environment identified and
measured?
Other inorganic spectroscopy?

+ ICP-OES - new technique which is more convenient than AAS/AES and can be
used to detect multiple analytes in the sample simultaneously. Massive costs to
buy one and maintain but is rather simple and quick to operate (cost offset).
Broader range of analytes that are suitable for testing and comparable detection

limits and accuracy to AAS. \ 'Yl -

34
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How is information about the reactivity and structure of
organic compounds obtained?
Chemical Tests - alkenes

* Bromine test for unsaturation with cyclohexene giving 1,2-dibromocyclohexane:

H H Br
Wk H /\C/\ Br
4 . \ /
H—c/ Nt H-C C—y
| | +Br, o | ‘
H-¢ c-H 9 H-~¢c c-H
/\c/\ /\c/\

H /7 N\ H H / N\ H
H H H H

» Bromine test with cyclohexane gives no reaction. This reaction is also photosensitive,
bromine can react and substitute for hydrogen on alkanes in the presence of UV light

giving a false positive result. It is therefore important to protect the test from light.

‘GOVERNMENT

35
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How is information about the reactivity and structure of
organic compounds obtained?

Chemical Tests - alkenes Bry(aq) + Hy0) © HOB1aqy + HB1(qq)

* Bromine water contains hydrobromous acid and hydrobromic acid (due to the
reaction of Bromine with water) that provide alternative products in this addition
reaction. Although the positive and negative test results are identical and the 1,2-

dibromocyclohexane product is still produced, it is not the most common product

in this circumstance: i |
\ H
H c g " ¢ H
\ 2 | /
H‘T/ X -H \T/ T\”
H- | _H +HOBrg©  Hg¢ c-H
,C\C/c\ /\C/ v
H 7N H N
BNy H H
Br
0k w
H
\ S H -7 H
HAC/ X-H i )
] T
H-c c-* +HBT(aq) < H-¢ c-H "(‘“‘"
/ \c/\ N SV
36 H 7o\ H H pe H o Covter
H H H H

36
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How is information about the reactivity and structure of
organic compounds obtained?
Chemical Tests - alkanols 2

- Jones’ oxidation test for primary/secondary alcohols fegative
using acidified potassium dichromate. Positive test is a e
green/blue colour showing the alcohol has been
oxidised to its corresponding aldehyde/ketone. Tertiary
alcohols are unable to be oxidised so will return a

negative result (stays orange).

* Lucas’ reagent to detect tertiary alcohols — ZnCl, + HCI.
Haloalkane product and cloudy appearance. Slow

reaction with secondary, no reaction to primary.

37

37
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How is information about the reactivity and structure of
organic compounds obtained?

Chemical Tests — alkanoic acids

« Acid pH, can use any indicator for this which gives a colour to pH < 7.

+ Sodium carbonate test gives CO, emission.

+
N
=)
+
&
o
erih

R OH o
Carboxylic Carboxylate
acid ion
Wik
38 NSW
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Exam question

Chemistry specimen exam Q1

1 The structure of an organic compound is shown.

H 0

\ Vi
H—C—C=C—C=C—C

\ \ | | | \

H H H H H O—H

Which row of the table correctly shows how this compound reacts with bromine water
and with blue litmus?

‘GOVERNMENT

Bromine water Blue litmus
A. No reaction No reaction
B. No reaction Turns red
G Decolourises No reaction
D. Decolourises Turns red
Ak
39 NSW

39

1 NSW Department of Education

How is information about the reactivity and structure of
organic compounds obtained?
Instrumental analysis — NMR

-
Liquid N2 Jacket / {

Sample
lift (air)

Sample

Liquid He Jacke!

Superconducting

EID Spectrum

Consoind Magnet
Pulse program == {ansmits|e
FID = recelives
Legs
Probe
z| z
B &
: F— - 5
£ ;- | "
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40

5/27/2020

20



| NSW Department of Education

How is information about the reactivity and structure of
organic compounds obtained?

Instrumental analysis — NMR

41 NSwW

‘GOVERNMENT
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How is information about the reactivity and structure of
organic compounds obtained?
Instrumental analysis — Proton NMR

A GUIDE TO '"H NMR CHEMICAL SHIFT VALUES

Nuclear Magnetic Resonance (NMR) is a commonly used technique for organic compound structure determination. In *H NMR, applying an external
magnetic field causes the nuclei spin to flip. The environment of the proton in the molecule affects where the signal is seen on the resultant spectrum.

1 i
SINGLET DOUBLET TRIPLET QUARTI

4
~ 9| v
((ci) © COMPOUND INTEREST 2015 - WWW.COMPOUNDCHEM.COM | Twitter: | Facebook: @ 0 e e (&‘%"_}
C1)) his graphic is shared under a Creative Commons Attribution-NonCommercial-NoDerivatives licence N NSW
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organic compounds obtained?
Instrumental analysis — Proton NMR

* Proton NMR spectra for ethanol

How is information about the reactivity and structure of

T T T T T T T T T T T T T T !
11 10 S =3 7 S S 4

HSP-01-876 ppm
43
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1 NSW Department of Education

Exam question

2019 Chemistry exam Q14

14 A molecule, C ;H,Cl, is analysed. The "H NMR spectrum of this molecule is shown.

10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 20 1.0 0.0

Chemical shift (ppm)

44

What is the structural formula of this molecule?

CH,
.
A CH—c-al

CH,

B. CH;—CH—CH,—Cl
CH

3

C. CH,—CH,—CH—CH,
ca

D. CH,—CH,—CH,—CH,—Cl

‘GOVERNMENT

44
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A GUIDE TO *C NMR CHEMICAL SHIFT VALUES

Nuclear Magnetic Resonance (NMR) is a commonly used technique for organic compound structure determination. In >C NMR, applying an external
magnetic field causes the nuclei spin to flip. The environment of the carbon atom in the molecule affects where the signal is seen on the resultant spectrum.
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Only 1% of carbon atoms are carbon-13, atoms which have one more neutron than carbon-12. NMR doesn't
work for carbon-12, as its nucleus doesn't have a ‘spin’. The frequency required to ‘flip’ a carbon-13 nucleus
is around a quarter of that required to flip an hydrogen nucleus in H-NMR. As the probability of two adjacent
carbons in a single molecule being carbon-13 atoms is very low, no splitting of peaks is seen, unlike in H-NMR
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How is information about the reactivity and structure of
organic compounds obtained?
Instrumental analysis — 13C NMR
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Instrumental analysis — 13C NMR

» Carbon-13 NMR spectra for ethanol

How is information about the reactivity and structure of
organic compounds obtained?

13C NMR chemical shift data

Type of carbon /ppm
| |
—Cc—C— 5-40
[
|
R—C—ClorBr 10-70
|
|
R—G&—C— 20-50
I
0
| /
R—C—N 25-60
|
alcohols,
| Icohol
—C—0— ethersor 50-90
| esters
N
= 90-150
/ \
R—C=N 110-125
© 110-160
R—C— ...
I poringal 160-185
o] -
R—C—
I aldehydes 190-220
or ketones -
T T T T T o

T T T T T T

200 180 160 140
CDS-00-245
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Exam question

2019 Chemistry exam Q19

19 Compound X shows three signals in its '*C NMR spectrum.

Treatment of X with hot acidified potassium permanganate produces a compound Y.
Compound Y turns blue litmus red.

Compound X produces compound Z upon reaction with hot concentrated sulfuric acid.

Which of the following correctly identifies compounds X, Y and Z?

Compound X

Compound Y

Compound Z.

butan-1-ol

butanoic acid

but-1-ene

butan-2-ol

butanone

but-2-ene

methanoic acid

methyl ethanoate

cnNnw >

2-methylpropan-1-ol 2-methylpropanoic acid | 2-methylprop-1-ene

H H H H
N/ N/ H
H c (o8
VLN
G c o
H \ / N\
H H H

H H
/ H \
ethene / \ (!: / \

47

1 NSW Department of Education
How is information about the reactivity and structure of

organic compounds obtained?
Instrumental analysis - MS

A GUIDE TO INTERPRETING MASS SPECTRA

Mass spectrometry is an analytical technique that allows us to measure the masses of atoms and molecules. The most important peak in a mass spectrum
is the molecular ion peak, which can be used to determine the mass of the molecule, but fragment ions can also provide information on chemical structure.

4 46 pé o

7 sl st e o ©
e et e Y PP
P e e e 00O DOV 009 QOO

An electron gun fonises molecules in the sample by
knocking out slectrons, producing positve fons. Some.
molecuies break into smaller ions & fragments.

The positve ions generated are passed through an
clsctne fild which ccelerates them mto 3 magnetc 0-O-0©
il ganerstad by am siectromagner

s the positve fons pass through the magnetic field,
they are deflected. Lighter ions are deiacted more
than heavier ions, 2 aré those with higher charges.
Above are shown a selection of common fragment ions seen in mass spectra, along with their masses. Note that
general it can also be possible for isomeric structures (those with the

the

o
Slgnal The output s 8 compiex stick dagram.
possible than those shown, but knowledge of these should suffice to interpret spectra of most simple molecules.
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organic compounds obtained?
Instrumental analysis - MS

» Mass spectrum for ethanol

How is information about the reactivity and structure of

] | ion beam

|

source

Mass Spectrometer
Schematic: depicting a
triple-collector system
arranged to analyze CO>.

heavier atom

lighter atom
. or molecule
100 [P—— or molecule 2
ion detectors U M
80 | 4 :
- COgmoIscu/armasses{ 4546
[
5 50
S
- i
>
S 40|
|53
[
20— ’
o....f...!,....,!.[.ll:..,....,....,
10 15 20 25 30 35 40 45
m/z 49,
Wik
w0 NswW
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1 NSW Department of Education
Exam question
2019 Chemistry exam Q4
4 The diagram shows the mass spectrum of an organic compound.
(‘f)
100
» 80
g
=
€ 604
£ 7
£ 40 i
= 27 41
# R
20 i m 88
0 l|.l|,I|..|.|
0 20 40 60 80 100
m/z
Which compound was analysed?
A.  Butan-l-amine
B.  Butanoic acid
C.  Ethanoic acid RN
o Wik
50 D.  Iron(II) sulfide S!
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How is information about the reactivity and structure of
organic compounds obtained?
Instrumental analysis - IR

ANALYTICAL CHEMISTRY - INFRARED SPECTROSCOPY

Commonly referred to as IR spectroscopy, this technique allows chemists to identify characteristic groups of atoms (functional groups) present in molecules.
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Infrared frequencies make up a portion of the electromagnetic spectrum. If a range of infrared frequencies are shone through an organic compound, some of the frequencies are
of
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How is information about the reactivity and structure of

organic compounds obtained? oty shorpthn s
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Bond Wavenumber/cm ™"
Instrumental analysis - IR N—H
) 3300-3500
(amines)
O—H 3230-3550
*IR SpeCtrum for ethanol (alcohols) (broad)

100
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80
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60
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Exam question

Chemistry specimen exam Q3

3 The diagram shows the infrared spectrum of a compound.

=
=]
1

=Y
(=4
1

50+

Transmittance

S
=]
1

30+

T T T T T T T T T T
4000 3500 3000 2500 2000 1800 1600 1400 1200 1000 800
‘Wavenumber (cm"l)

Which compound was analysed?

A. Butane

B.  Propanol

C.  Propanal

D.  Butanoic acid

53
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Exam question

Chemistry specimen exam Q23

Question 23 (4 marks)

The diagram shows the infrared spectrum of a compound.

80

LY = T |
T 9

Transmittance

S
<

30

T T T T T T T T T T
4000 3500 3000 2500 2000 1800 1600 1400 1200 1000 800
Wavenumber (cm‘])

The molecular weight of the compound analysed is approximately 60 g mol ™. Suggest
TWO possible compounds that could fit this spectrum and justify your selection.
54
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Exam question

Chemistry specimen exam Q23

Question 23
Criteria Marks
* Suggests two possible compounds with justification 4
* Suggests at least one possible compound and shows a sound understanding 3
of infrared spectra and functional groups
* Suggests possible compound(s) and/or shows some understanding of 2
infrared spectra and/or functional groups
* Provides some relevant information 1
Wik
NSwW
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Exam question

Chemistry specimen exam Q23

Sample answer:

The first set of absorbance forms a broad trough maximising at around 3400 cm™' and spread
from around 3100-3600 cm™". Based on the infrared absorption data provided, this suggests
that a hydroxyl group is likely to be present. The second trough occurs between 2700 and
3100 cm™ and the intensity trough is not broad, which closely matches the data for the C—H
bond. There is little absorbance between 2500—-1500 cm™ suggesting the lack of a C=0
group. Therefore, neither a carboxylic acid nor ketone is being analysed. The peak for the
C—O bond occurs at 1250-1050 cm™ suggesting it is present.

The structural formula for propanol is

H H H
[
H—C—C—C—OH
[
H H H

and contains bonds as shown.

The molecular weight of propanol is 60.01 g mol™! again consistent with the data. There are
therefore 2 isomers of propanol. The spectrum could be of either propan-1-ol or propan-2-ol.
Each would give a similar spectrum.

56
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Exam question
2019 Chemistry exam Q26

Question 26 (8 marks)

Infrared spectrum

The following data were obtained for an organic compound containing carbon,
hydrogen and oxygen. The compound is a colourless liquid that reacts with sodium
carbonate powder to produce bubbles.

Mass spectrum

0.8

0.6

0.4

Transmittance

Relative abundance
wm
S

3000 2000 1000
Wavenumber (cm™')
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Exam question
2019 Chemistry exam Q26

Question 26 (8 marks)

"H NMR spectrum

The following data were obtained for an organic compound containing carbon,
hydrogen and oxygen. The compound is a colourless liquid that reacts with sodium
carbonate powder to produce bubbles.

¢ NMR spectrum

Al

1.00 2.003.00

2 10 8 6 4 2 0
Chemical shift (ppm)
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Exam question

2019 Chemistry exam Q26

Question 26 (continued)

(a) What is the structural formula of this compound? Justify your answer with 5
reference to the information given on its reactivity and to at least THREE of the

provided spectra.

59

59
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Exam question

2019 Chemistry exam Q26

Question 26 (a)

Criteria

Marks

« Gives correct structure and justifies using reactivity and at least three
spectra

« Gives substantially correct structure and justifies using reactivity and at
least two spectra

OR
« Gives a correct structure and justifies using at least three spectra

« Gives substantially correct structure and some correct analyses
OR

« Gives substantially correct analyses with incorrect structure

2-3

+ Provides some relevant information

Sample answer:

H H o)

I 7
H—C—C—C

[

H H OH

Reaction with sodium carbonate implies that it is an organic acid as shown.

60

The 'C NMR spectrum has three peaks; the peak at 180 ppm confirms the presence of a
COOH group

The 'H NMR spectrum shows 3 separate proton
indicate a CH, group and a CH, group.

— the splitting and
The mass spectrum has a parent ion at 74, indicating that the compound must have a molar
mass of 74 g mol ™"

Answers could include:
Condensed or skeletal formula

Could use infrared to confirm the presence of a carboxylic acid group.

60
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Exam question

2019 Chemistry exam Q26

(b) Explain why a chemist should use more than one spectroscopic technique to
identify an organic compound. Use TWO spectroscopic techniques to support

your answer.

4¢
Wik
o NSwW
61
1 NSW Department of Education
Exam question
2019 Chemistry exam Q26
Question 26 (b)
Criteria Marks
« Explains why more than one spectroscopic technique should be used 3
« Supports answer with two spectroscopic techniques
« Outlines why more than one spectroscopic technique should be used 5
« Supports answer with at least one spectroscopic technique
« Provides some relevant information 1
Sample answer:
Different techniques are used in the identification of organic molecules but give different
information about structure.
For example, TH NMR provides information about the chemical environment and relative
number of hydrogen nuclei. This can be used to identify functional groups and distinguish
between isomers.
Mass spectrometry gives information about the molecular weight of a molecule and its
characteristic fragments.
4¢
Wik
S
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Exam question
2019 Chemistry exam Q26

Question 26

In better responses, students were able to:

draw a clear structure of propanoic acid

use the information in the question to link the reactivity with sodium carbonate producing bubbles to
justify that the compound is a carboxylic acid

correctly use information shown in three of the four spectra given to justify the structure of propanoic
acid

clearly show how two spectroscopic techniques can be used in the identification of an organic
compound.

Areas for students to improve include:

= reading the question more carefully to ensure that they include all the necessary information in their
response

= reading from the spectra provided and relating the values to the data sheet provided to determine the
structure of the compound

= knowing the key use for each of the spectroscopic techniques and then indicating how multiple spectra
work together in the identification of an organic compound.

Wik
6 NSW
63
1 NSW Department of Education
Exam question
2019 Chemistry exam Q29
Question 29 (11 marks)
Stormwater from a mine site has been found to be contaminated with copper(II) and
lead(II) ions. The required discharge limit is 1.0 mg L™! for each metal ion. Treatment
of the stormwater with Ca(OH), solid to remove the metal ions is recommended.
(a) Explain the recommended treatment with reference to solubility. Include a 2
relevant chemical equation.
(b) Explain why atomic absorption spectroscopy can be used to determine the 2
concentrations of Cu®* and Pb** ions in a solution containing both species.
Wik
64 S
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Exam question
2019 Chemistry exam Q29

Question 29 (a)

Criteria Marks
« Explains the treatment with reference to solubility
« Provides a correct chemical equation

« Provides some relevant information 1

Sample answer:

Calcium hydroxide, Ca(OH),, is slightly soluble in water. Copper(ll) hydroxide and lead(ll)
hydroxide are both very insoluble in water shown by their small KSp values, which will result
in most of the metal ions precipitating.

A chemical equation Cu(OH)z(s) — Cuz*(aq) +20H™(aq)

Answers could include:
Alternative chemical equations:
Pb(OH),(s) = Pb%*(aqg) + 20H™(aq)

M(OH),(s) = M™(aq) + nOH (aq) 2

65 (GOVERNMENT

65

1 NSW Department of Education

Exam question
2019 Chemistry exam Q29

Question 29 (b)

Criteria Marks

« Provides a valid explanation 2
« Provides some relevant information 1

Sample answer:

AAS determines the concentration of metal ions by measuring the absorbance of light at
different characteristic wavelengths for each metal. This allows the determination of the
concentration of one metal without interference from the other metal.

66
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Exam question

2019 Chemistry exam Q29

(¢) The data below were obtained after treatment of the stormwater. 7

Data from atomic absorption spectroscopy

Concentration (X 10~° mol L_') Absorbance
Cu®* or Pb** cu® Pb**
0.0 0.000 0.000
1.0 0.140 0.090
20 0.310 0.180
4.0 0.520 0.390
6.0 0.840 0.530
Water sample before treatment 0.820 0.440
Water sample after treatment 0.040 0.080

curves and calculations.

To what extent is the treatment effective in meeting the required discharge limit
of 1.0mg L' for each metal ion? Support your conclusion with calibration

67
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Exam question

2019 Chemistry exam Q29

Question 29 (c)

Criteria

Marks

« Provides correct graph
~ Labels axes correctly, including units
_ Uses appropriate scale
~ Plots both sets of data
- Draws two lines of best fit
- Provides a key
« Provides correct concentration values
«+ Converts concentration data from mol L™ to mg L™

« Compares to discharge limit and makes correct judgement of treatment
success

« Provides correct graph and provides correct concentration values

OR

= Provides a graph with some correct features, provides concentration
values and applies conversion

« Provides correct graph

OR

« Provides a graph with some correct features and provides some
concentration values

+ Provides a correct answer with a minor error

« Provides correct graph, provides correct concentration values and applies
conversion

OR

+ Provides a substantially correct graph, provides concentration values,
applies conversion and attempts judgement

68

« Provides a substantially correct graph

OR

- Provides a graph with two correct features and extracts some relevant
sample data

OR

= Provides a graph with one correct feature, extracts some relevant sample
data and attempts a relevant conversion

+ Provides some relevant

68

5/27/2020

34



| NSW Department of Education

Exam question

2019 Chemistry exam Q29

Sample answer:

09

08

Concentrations of metals ions in mol L™

07

0.

Sample Cu** x 10 mol L™ | Pb** x 107 mol L
Water sample pre-treatment 5.95 4.75
‘Water sample post-treatment 025 0.85

-

05

Absorbance
N
Y

The copper and lead concentrations have both been lowered by the treatment. To compare
the post treatment concentrations to the discharge standard, the sample concentrations need
to be converted tomg L™

Ccu?*: 5.95x 10 mol ™" x63.55 g mol™" x 1000 mg g~' =3.78 mg L~
0.25x 10~° mol L~ x 63.55 g mol~' x 1000 mg g~' = 0.20 mg L'

Pb%*: 4.75x 10~ mol ™' x207.2gmol™' x 1000 mg g~'=9.84 mg L™
0.85x 10~ mol L™" x 2072 g mol™' x 1000 mg g™' = 1.8 mg L™"

Concentration of Cu?* or Pb?* ions (x 1075 mol L™)

° P2t x Cu?*

69

03 .
e f
02 .
T
T [
N |
0 1 2 3 4 5 6

C The copper ion ion has been lowered to less than the
discharge limit. However, the lead ion concentration, although reduced, remains above the
discharge limit. The treatment is only partially successful.

69
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Exam question

2019 Chemistry exam Q29

Question 29

In better responses, students were able to:
= write correctly balanced ionic equations

ion

units.

Areas for students to improve include:

the response

= demonstrating a clear understanding of AAS
= answering ‘why’ rather than ‘how’ AAS works

= interpolating data from a graph
= correctly converting molL " to mgL"

70 place.

= not making careless mathematical or transcription errors such as putting the decimal point in the wrong

= relate the Kgp, values to the differences in solubility of the substances

= demonstrate their understanding of AAS relevant to detecting different metals in solution
= make the link between each different metal ion being able to absorb a wavelength that is specific to that

= construct graphs with correctly plotted points, a key to identify each ion, labelled axes (with correct
units), appropriate scales and accurately ruled lines of best fit

= use the graph to find (interpolate) concentration values given the absorbance

= correctly convert concentration in molL™! to mass in milligrams with the correct orders of magnitude and

= demonstrating a clear understanding of differences in solubility, for example, using Ksp values to support

= using relevant terminology for AAS rather than providing generalised information

= accurately plotting points on a graph and drawing lines of best fit rather than connecting the dots

70
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How is information about the reactivity and structure of
organic compounds obtained?
Other organic spectroscopy?

* Raman spectroscopy — uses laser illumination and detecting the scattered
radiation (gross oversimplification) spectrum which is unique to the analyte,
coolest version is “Spatially offset Raman spectroscopy” which can detect through
containers. Some units can be handheld and portable for onsite testing. No real

trick to using them (setup is a different story).

7
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What are the implications for society of chemical synthesis

and design?
Availability of reagents

« If you do not have the reagents available then production is impossible. Reagents
must be available in the quantity and quality needed for the production process.
Different grades of purity (and hence cost):

- Reagent Grade [Analytical Reagent (AR), Guaranteed Reagent
(GR), UNIVAR, AnalaR, Premium Reagent (PR)]

- Laboratory Grade [Laboratory Reagent (LR), UNILAB, Chemically Pure (CP)]
- Technical Grade [Tech Grade (TG), Commercial Grade]

- Other Grades [These grades are application specific, extensive data is available from key

manufacturers and distributors]

Example: Development of Haber process for ammonia due to no access to South America for
guano shipments. Calcium Carbonate for Solvay process. Sulfuric acid contact process.

72 (GOVERNMENT
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and design?
Reaction conditions

» Time of reaction to produce the required
yield (links to profitability of product)

« Catalysts — not consumed in the reaction,
reduced activation energy

* Enthalpy, entropy of reaction (and hence G)

M<O

What are the implications for society of chemical synthesis

energy

AW >0

Spontane cus

without catalyst

with catalyst

reactants

products

Sponyaneons
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and design?

Reaction conditions - equilibrium

What are the implications for society of chemical synthesis

EQUILIBRIUM AND LE CHATELIER’S PRINCIPLE

A

rates of the forwards and backwards

In reversible reactions products of the
reaction can react to produce the original
reactants. At dynamic equilibrium the

Reversible chemical reactions reach equilibrium in closed systems (no substances added or lost). Here’s how different conditions affect that equilibrium.

EQUILIBRIUM CONCENTRATION TEMPERATURE m

REACTANT v mereasen G PRESSURE INCREASED tPa
Desubnpesia e o) enere el |G gt | Pg
' [
REACTION FORMING THEENDOTHERMICREACTION 00 SIDE OF REACTION WITH FEWER
PRODUCTS FAVOLRED WILL BE FAVOURED GAS MOLECULES FAVOURED
B S ; EReTeTeT

reactions are equal;

conc s o
the reactants and products don't change.

LE CHATELIER’S PRINCIPLE
PRODUCT

Le Chatelier’s principle states that when
a change is made to the conditions of a
dynamic equilibrium, the system moves to
counteract the change, causing changes in
quantities of reactants and products.

equillorium miture will contain a
higher concentration of C and .

more A and B, and less C and D.

more C.and D, and less Aand B.

L 4 | |

L 4 W over sos moteces onrigno gy

4 ¥ B cecreasesemperars 4
reaction will be endothermic. e
rede DECREASED l c PRESSURE DECREASED l Pa
+ ' 3
m P te l position shifts T ac The squlrium posin it T P 2
+ ' i
REACTION FORMING ‘THE EXOTHERMIC REACTION 0o SIDE OF REACTION WITH MORE
REACTANTS FAVOURED WILL BE FAVOURED GAS MOLECULES FAVOURED
£ more A and B, and less C and D.

ncentration of Aand B,

more C and D, and less A and B.

Note: using a catalyst increases the rate of both the forwards and backwards reactions but doesn't change the equilibrium position.
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S
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What are the implications for society of chemical synthesis
and design?
Yield and purity

« Yield is.linked to the efficiency of. your procgss to_ ac.count.for losses _in % Vield = Actua'l Yi\‘-'l‘:i %100%
production compared to the maximum that is stoichiometrically possible T;hseorg_gca! Yield
gLy,
% Yield = —————x100% = 83
% 66 g CO, % %

« Purity is linked to the side reactions and processes during production
introducing contamination. % Yield = 83%

- Subsequent steps required to clean up the product add to cost of the product so
can not exceed the needs of the end use. Only needed if contaminant is

problematic for end use.

- Important to know what type of contamination exists in the final product. Chemical ‘ —l":

grade assigned based on the amount of and confidence in the impurity
identification. Implications for cost of product. l

- Purity can also effect shelf-life of the product so used to inform expiry dates etc.
Some products require other materials to retain stability. Hydrogen peroxide usually &
contains 25-250mgL "' sodium pyrophosphate.

” |

75 (GOVERNMENT

75

1 NSW Department of Education

What are the implications for society of chemical synthesis
and design?
Industrial uses

» What is the product intended to be used for?

» What quantities is it consumed in?

» How far does it have to be transported from production

to consumers?
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What are the implications for society of chemical s nthes s
and design? S
Environmental, social and economic issues

* Need to think about product AND production processes

* Environmental — wastes?
Chemical/Biological/Radiological wastes are
particularly tricky with regulation and diversity of
treatments required

« Social — employment, risk, cost/benefit analysis

» Economic — everything in reality comes down to profit
margins. Is the product via its production method able

to generate a suitable profit for the company?

7
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What are the implications for society of chemical synthesis
and design?
Other factors — Green chemistry principles

* P — Prevent wastes

* R — Renewable materials

* O — Omit derivatisation steps Percent yicld = M x100%

Theoretical Yield

+ D — Degradable chemical products

* U — Use of safe synthetic methods

« C - Catalytic reagents Atom Economny = FW of desired product(s) X100 %
Combined FW of starting materials

* T — Temperature, Pressure ambient
* | —In-Process monitoring E-factor = kgs of waste produced

. kgs of desired product
* V — Very few auxiliary substrates
 E — E-factor, maximise feed in product mass of desired product

EM mass of hon-benign reagents Al
« L — Low toxicity of chemical products g 9
* Y —Yes, it is safe
™
Wik
7 NsSw
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What are the implications for society of chemical synthesis
and design?
Case study possibilities

» Contact process for Sulfuric acid

» Haber process for Ammonia

» Membrane process for Sodium Hydroxide

* Polymerisation for HDPE/LDPE/PETE

* Various medications (ext for many compound structures)

7 NSW
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What are the implications for society of chemical synthesis
and design?
Case study — Solvay process for sodium carbonate

1. NaCliyg *+ NHyg) + COyq) + H,04 — NaHC Oy + NH,Clipg)

AH = -158kJmol-! Brine Soda Ash
\e o{
2. CaCOyq — CaOy, + COyy %, o
N 2 NaHCO, <
AH = +178kJmol-! ;O/
co;
3. 2NH,Clyq + Ca0y, — 2NHyy + CaClyyg + Hy0y,
o
AH = -85kJmol .
A

co, 2
4. 2NaHCOj) — Na,COs, + H0() + COy) %
AH = +85kJmol-
Overall reaction is: Ca0

S %
2NaCliq + CaCOy) — Na,COyq) + CaClyg J 4
Limestone Calcium Chloride

AH = +20kJmol-' & AG = +60kJmol-!

—=solid materials —#-aqueous solutions ——#gases ek sehifi, 2006

) Nsw
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