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1. Functional groups — Naming and properties: Alkanes, alkenes, alkynes, haloalkanes (primary,
secondary, tertiary), alcohol, amines, carboxylic acids

Alkanes

1. identify the longest C chain

2. Identify any branches

3. Number the C atoms in longest
chain so branches are on the lowest
numbers

4. Location of branch

5. Name of branch

6. Prefix of long chain

7.—ane

Non-polar - insoluble.
BP and MP increase with chain length

Alkenes

1. Location of branch

2. Name of branch

3. Prefix of long chain

4. Location of C=C

5. -ene

6. If in an alkene there are more
than one double bond is present, it
named as a —diene or —triene.

Non-polar - insoluble.
BP and MP increase with chain
length

Haloalkanes

Halogen named as a branch
Bromine — bromo

Chlorine — chloro

Fluorine — fluro

lodine-iodo

primary (1°) — bonded to a C that is
bonded to only 1 other C

secondary (2°) — bonded to a C that is
bonded to 2 other C

tertiary (3°) — bonded to a C that is
bonded to 3 other C

Polar with only slight solubility in
small chained molecules

Alcohols

1. Location of branch

2. Name of branch

3. Prefix of long chain

4. an-

5. Location of OH (if multiple di,
tri, tetra)

6. —ol

Polar — soluble in water
Higher BP and MP than alkanes and
alkenes

Amines

1. Identify the longest C chain

2. ldentify any branches

3. Number the C atoms in longest
chain so number Carbon 1
attached to amino group (NH>)

4. Location /Name of branch

5. Amino-

6. Prefix of long chain

7.-ane

Weak base — turns red litmus blue

Carboxylic acids

Longest —C chain with -COOH
Identify branches

No. 1 Cis the C in -COOH
Location of branches

Name branch

Prefix

-anoic acid

No v AW =

Weak acid — turns blue litmus red
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Past NCEA questions Names and Structural Formula (ONE)

2013: Question 1d: Complete the following table to 2014: Question: 1a: Draw a primary, a secondary, and
show the structural formula and IUPAC (systematic)  a tertiary alcohol for the molecule CsHyOH.
name for each compound.

Primary
Structural formula (svs tel;lgapt;:tfuame
pentanoic acid
3-methylbut-1-ene S econ d a I’y
GH,CH,CH,NH,
CH,GHCH.OH Tertiary
Cl
CH,CHCH,CH,CH,
EH,CH,
Question 1b: Identify two molecules from the table in
(a) that are constitutional (structural) isomers of each
other.
Justify your choice.
2013: Question: 1a: (i) The structures of some 2014: Question: 2a: Complete the following table to

show the structural formula and IUPAC (systematic)

organic compounds containing chlorine are shown
name for each compound.

below. Write the letter of the molecule that is a
secondary chloroalkane. (ii) Describe why you chose

Structural formula IUPAC (systematic) name
the molecule Q )
Bui-1-yne
A B
C%I 2.2-dichloropentan-1-ol
CH,CHCH,CH, CHCH,CH,CI
C D
CH,—CH,—CH,—CH,—CH,—NH,
CH,CH,CHCCI, CH,CH,CHCHCI
E F CHafCHZfCHZf(‘IHfCHEf(‘I‘fOH
CH, (¢]
CH,CH,CH,CHCI, CH,CH,CH,CH,CI
CHB*(‘iH*CH :C‘S*CHZ*CHE
Cl Cl
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Past NCEA questions Names and Structural Formula (TWO)

2015: Question: 1a: (ii) The organic compound, 4-
chloro-3-methylpent-4-ene has been named

incorrectly.
O Draw the implied structure and explain why it

is named incorrectly.
O Give the correct IUPAC name for this

structure

CH

| 3
CH,CH,CHC=CH,
Cl

2015: Question: 1b: (ii) Draw THREE other
constitutional (structural) isomers of C4H100.

Structural formula IUPAC (systematic) name

CH, —CH, —CH,— CH,~CH—CH,
|

3-methylpentanoic acid

but-1-yne

H

/
CH,—CH,—CH,—N

H

2016: Question: 1a: (ii) Draw and name the THREE
constitutional (structural) isomers of the organic
compound CsHq.

2015: Question: 1b: (i) Butan-1-ol has the molecular
formula C4H10. Its structural formula is: CHs CH;
CH, CH, OH. Define the term constitutional
(structural) isomer.

2015: Question: 1b: (ii) Draw THREE other
constitutional (structural) isomers of C4H10O.

2016: Question: 1a: (i) Complete the following table.

Structural formula IUPAC (systematic) name

CH,—CH,—CH,— CH,—CH—CH,
0 |
\

3-methylpentanoic acid

but-1-yne

/
CH,—CH,—CH,— N
AN

H
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2016: Question: 1b: (i) Classify the following
haloalkanes as primary, secondary or tertiary.

Haloalkane Classification

CH,
|

A|  CH,~CH,—C—CH,—CH,—CH,

cl

CH

3

!
CH,—CH,— CH,—CH,—CH —CH,—Cl

CH

3
€| CHy~CH,~CH—CH—CH,—CH,
cl
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Past NCEA questions Names and Structural Formula (THREE)

2017: Question: 2a: The structure of a molecule of an ~ 2017: Question: 2b: Name the organic compounds

organic compound, threonine, is shown below. in the table below

(|: H 3 Compound | IUPAC (systematic) name

H—C €QH] alcohol finctional group O, mCR,mCRm C=CH
| CHi—CltH—(‘ZH—CHQ—CHz—CH?.
H,N—C —COOCH B CH,
| OH CH,
| |
H CH,—CH,— CH—C—CH,
: cH,
threonine
An alcohol functional group has been identified in the
threonine molecule above.
(i) Circle and name two other functional groups on the
threonine molecule above.
(i) Classify the alcohol functional group as primary,
secondary, or tertiary.
(iii) Explain how you classified the alcohol group.
2017: Question: 2c: (i) Draw four alkene isomers for 2018: Question: 1a: Complete the following table.
the organic compound C4Hg in a table below.
Compound IUPAC (systematic name)

CH,=CH— CH,— CH,— CH,

CH,~ CH—CH—CH,
\
CH, OH

2-hydroxypropanoic acid

2018: Question: 1b: Draw structural formulae for
primary, secondary, and tertiary chloroalkane
molecules that are constitutional (structural) isomers
with the molecular formula C4HoCl.
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2019: Question: 1a: Complete the following table ~ 2019: Question: 1b: Draw four structural (constitutional)
isomers of C4H1O that are alcohols. Classify the alcohols

Compound IUPAC (systematic name) as either primary, secondary or tertiary.

HH
[ ) 1
H-C-C-¢ 2
5 oH

2

propan-2-amine

TIype of alcohol: Type of alcohol:

4

Type of alcohol: I'ype of alcohol:

2.3-dimethylbutane

2020: Question: 1a: Complete the following table ~ 2020: Question: 1b: Classify the alcohol in the table
above as primary, secondary, or tertiary, and explain

Compound IUPAC (systematic name)

your choice.
butan-2-amine
CH,— CH, —CH,—CH—CH,
OH I
OH
CH,

|
CH,—C=CH—CH,—CH,—CH,

iodoethane




Chemistry 2.5 AS 91165  pemonstrate understanding of the properties of selected organic compounds G sclence

Resources

Writing Excellence answers to Cis-Trans Isomers questions

. Cis-franslsomersQUESTON

Question: Molecule D can exist as geometric (cis and trans) isomers, with both isomers having the
same molecular formula.
Draw the geometric (cis and trans) isomers for molecule D

in the boxes below. Justify why molecule D can exist as ' CHE‘HCHCH, ' .

geometric (cis and trans) isomers. . o >

Your answer should include: CH,CH,CHCC, CH,CH,CHCHCI
« an explanation of the requirements for cis and trans isome |« ¥

« reference to the structure of molecule D. EHCH,CH,CHC, ERLCHCHCRC
1. Draw the cis and trans isomers Cis Trans

If you need to select the molecule
make sure that it has both:

a C=C double bond

and 2 different groups of each C

Name: Name:

2. link the presence of a double
C=C bond to lack of rotation

3. link the requirement of two
different groups of each of the C
on the double

4. link the requirements above to
your specific molecule (D)

5. Explain how two geometric
isomers can have the same
molecular formula

NOTE: The white column is how your answer would appear on your test paper so make sure you write out complete
sentences. The grey area is just to help you structure your answer and would not appear in the question.




Chemistry 2.5 AS 91165  pemonstrate understanding of the properties of selected organic compounds G sclence

Resources

2. Isomers: cis/trans

Trans ethene Cis ethene

The double bond prevents
the carbons on either end
rotating like single bonds
do, therefore, the groups
attached to the carbons
remain “fixed” on their
respective sides

Past NCEA questions Cis-Trans Isomers (ONE)

2013: Question 1c: Molecule D can exist as geometric (cis and trans) isomers.

Draw the geometric (cis and trans) isomers for molecule D in the boxes below. Justify why molecule D
can exist as geometric (cis and trans) isomers.

Your answer should include:

« an explanation of the requirements for cis and trans isomers

« reference to the structure of molecule D.

A B
ci
CH,CHCH,CH, CHyCH,CH,CI
C D
CH,CH,CHCCl, CH,CH,CHCHCI
E F
CH,CH,CH,CHCI, CH,CH,CH,CH,CI

2014: Question: 2b: The structures of three organic compounds are shown below. Explain why
compound A can exist as geometric (cis and trans) isomers, but compounds B and C cannot.
In your answer you should: (i) draw the geometric (cis and trans) isomers of compound A

Compound A CH,—CH,—CH=CH—CH,

Compound B CH,—CH,—CH,—CH=CH,

Compound C CH,—CH,—CH,— CH,—CH,
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Past NCEA questions Cis-Trans Isomers (TWO)
2014: Question: 2b: (ii) explain the requirements for geometric (cis and trans) isomers by referring to
compounds A, B, and C above
2015: Question: 2a: (ii) Explain why 1,1-dichloroethene cannot exist as a cis-trans isomer.
2015: Question: 2a: (iii) A structural isomer of 1,1-dichloroethene can exist as cis-trans isomers.

Draw and name the cis-trans isomers.

2016: Question: 1c: Some alkenes are able to form cis and trans (geometric) isomers.
(i) Complete the names of structures A and B in the table below.

A B
H Br Br Br
\ / \ /
CcC=C C=C
/ \ / \
Br H H H
1.2-dibromoethene 1.2-dibromoethene

2016: Question: 1c: (ii) Elaborate on the structure of the organic compound 1,2-dibromoethene to
explain why it is able to form cis and trans (geometric) isomers.

2017: Question: 2c: (i) Identify the " .
compounds that are cis and trans H H C\Hs /H
Sy \ /
(geometric) isomers from the table. C=C C=C
Justify your choices, and explain Yvhy H/ \CHZ— CH, C/H \H
only these two compounds are cis and 3
trans (geometric) isomers. 3. 4.
H CH
CH, CH, e
\ / C=C
C=C /A
/ \ CH3 H
H H
cis trans

Number
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Past NCEA questions Cis-Trans Isomers (TWO)

2018: Question: 1c: (i) Justify whether or not the monomer used to produce Perspex® is a geometric
(cis-trans) isomer by explaining the features required for this type of isomerism

H CH,
Y /
C=C
H COOCH

2019: Question: 1c: Refer to the compounds in the table below to answer parts (i) to (ii).

A | CH,-CH=CH-CH,

B | CH,-CH,-CH,-CH,

(i) Draw and name the two geometric (cis-trans) isomers of compound A.

(ii) Explain why compound A exists as geometric (cis-trans) isomers while compound B does not.

2020: Question: 2b: The C4Hg (butene) molecule can display different forms of isomerism.

A B C
HC  CH, H  CH,
CH,=CHCH,CH, C=C c=C
/! Y 4 Ay
H H HC H

(i)  Circle the form of isomerism that exists between molecules A and B.
constitutional / structural geometric
(i) Circle the form of isomerism that exists between molecules B and C.

constitutional / structural geometric

(iiiy Compare and contrast the two forms of isomerism. In your answer, you should: explain the
requirements for each form of isomerism and refer to molecules A, B, and C.
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Writing Excellence answers to Physical Properties of Organic Compounds questions

Solubility - Physical Properties of Organic Compounds QUESTION

Question: Explain why two layers form in Reaction One. Hexane reacts with bromine water

ANSWER

1. Identify the functional group of
your substance (hexane) and name
the product formed.

2. link observation (layers forming)
to the polarity of the substance

3. identify the polarity of the
bromine water and link to the
substances being immiscible
(forming 2 layers)

Melting point - Physical Properties of Organic Compounds QUESTION
Question:  Identify the trends shown on the graph. Boiling points of straight chain alkanes and primary alcoho
Identify which alkanes will be gases at room temperature (20°C, 200
according to the graph beside. o

120
20
40

0
—40
-850

-120
-160

Boiling point / “C

Number of carbon atoms

e g lkanes alcohols

ANSWER

1. link the boiling point trend to
number of carbons in both groups
(when explaining trends on a line
graph always relate one variable to
the other)

2. Identify which alkanes (number
of carbons) are gases at room
temp. (will have boiling point
below 20°C)

NOTE: The white column is how your answer would appear on your test paper so make sure you write out complete
sentences. The grey area is just to help you structure your answer and would not appear in the question.
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Past NCEA questions Physical Properties of Organic Compounds

2014: Question 1c: Explain why two layers form in Reaction One. Hexane reacts with bromine water

2016: Question 2a (i): Identify the trends shown on the graph

Boiling points of straight chain alkanes and primary alcohols
200
160
120

80
40

0
—40
—80
-120
~160

C

L

Boiling point /

Number of carbon atoms

i 5 kanes alcohols

2016: Question 2a (ii) Identify which alkanes will be gases at room temperature (20°C) according to
the graph above.

2018: Question: 3a: The graphs below show trends in two physical properties of alcohols.
Identify the trends shown on the graphs below

Boiling point of alcohols Solubility of alcohols in water
160 o]
10 A I B
120 = 7|
E 20
£ 60 — : | \
g w Z .| \
0 7 i
0 0 i S
1 2 3 4 5 3 4 5 6 7 8 9 w 1u

Number of carbon atoms Mumber of carbon atoms

GZ Science
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Writing Excellence answers to Haloalkane Reactions questions

.~ Haloalkane Reactions QUESTON

Question:  Chloroethane, CH3CHCl, reacts with aqueous KOH, alcoholic KOH, and with NHs.
Compare and contrast the reactions of chloroethane with the three reagents.

In your answer you should include:

« the type of reaction occurring and the reason why it is classified as that type

« the type of functional group formed

* equations showing structural formulae for reactions occurring.

ANSWER
Reaction 1 Product formed
Chloroethane reacts with Reaction type
KOH(aq)
Condensed Structural Formula equation
Structural Formula equation
Product formed
Reaction 2 Reaction type
Chloroethane reacts with Condensed Structural Formula equation
KOHjalc)
Structural Formula equation
Product formed
Reaction 3 Reaction type
Chloroethane reacts with NHsqi) | condensed Structural Formula equation
Structural Formula equation

NOTE: The white column is how your answer would appear on your test paper so make sure you write out complete
sentences. The grey area is just to help you structure your answer and would not appear in the question.




Chemistry 2.5 AS 91165  pemonstrate understanding of the properties of selected organic compounds G sclence

Resources

Writing Excellence answers to Alcohol Reactions questions

. AlcoholReactionsQUESTON

Question:  Butan-1-ol can react separately with each of PCls, Cr,07%~/ H*, and concentrated H,SOa.
Elaborate on the reactions of butan-1-ol with each of the three reagents.
For each reaction, your answer should include:
« the type of reaction occurring and the reason why it is classified as that type
« the name of the functional group formed in each product
« the structural formula of the organic product.
ANSWER
Reaction 1 Product formed
Butan-1-ol reacts with PCls Reaction type

Condensed Structural Formula equation

Structural Formula equation

Product formed

Reaction 2 Reaction type
Butan-1-ol reacts with Cro07%~/ Condensed Structural Formula equation
H+

Structural Formula equation

Product formed
Reaction 3 Reaction type

Butan-1-ol reacts with Condensed Structural Formula equation
concentrated H2SO04

Structural Formula equation

NOTE: The white column is how your answer would appear on your test paper so make sure you write out complete
sentences. The grey area is just to help you structure your answer and would not appear in the question.
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Writing Excellence answers to Alkene Reactions questions

Alkene Reactions QUESTION

Question: Ethene, CoHa), reacts with aqueous potassium permanganate solution, KMnQaqq), dilute acid, H,O /
H*, and hydrogen bromide, HBr.
Compare and contrast the reactions of ethene gas with each of these three reagents.
In your answer, you should:
« describe any observations that can be made
« identify, with reasons, the type of reaction ethene undergoes with each reagent
« describe the functional group of the products formed
« include equations showing the structural formulae for the organic compounds for each reaction.
ANSWER
Reaction 1 Observations
Ethene, CoHa reacts with aqueous
potassium permanganate solution, | Reaction type

KI\/InO4(aq),
Functional group of products
Structural Formula equation
Observations

Reaction 2

Reaction type
Ethene, C,Ha( reacts with dilute

acid, H,0 / H* Functional group of products
Structural Formula equation

e o Observations

Ethene, CoHa) reacts with Reaction type

hydrogen bromide, HBr.

Functional group of products

Structural Formula equation

Summary of the three reactions
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Summary of Addition, Elimination and Substitution

o

Major product = 2

“rich get richer” rule .
g Minor product=1°

Addition

—— Ha|0a|kane
s | O alcohol

Elimination

Alkene

%5}
5 Major product = C2 ” .
£ Minor product = C1 poor get poorer”rule
©
g Requirements for major / minor
E products: Substituti
© Addition: - asymmetrical alkene ubstitution :
2 - asymmetrical reagent aminé
O
Elimination: - 2° alcohol or haloalkane
NH; (warm)
KOH (aq)
alcohol ——) | Hg|oalkane
—
sodl,

Past NCEA questions Comparing Reactions (ONE)

2012: Question 2d: Chloroethane, CH3CHCl, reacts with aqueous KOH, alcoholic KOH, and with NHs.
Compare and contrast the reactions of chloroethane with the three reagents.

In your answer you should include:

* the type of reaction occurring and the reason why it is classified as that type

« the type of functional group formed

* equations showing structural formulae for reactions occurring.

2013: Question 3a: Butan-1-ol can react separately with each of PCls, Cr.O7>~/ H*, and concentrated
H2SO4.

Elaborate on the reactions of butan-1-ol with each of the three reagents.

For each reaction, your answer should include:

« the type of reaction occurring and the reason why it is classified as that type

« the name of the functional group formed in each product

* the structural formula of the organic product.
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Past NCEA questions Comparing Reactions (TWO)

2014: Question: 1c: The reactions shown below are all classified as being the same type of reaction.
Compare and contrast these reactions.

In your answer you should:

« state whether any conditions are required

« describe the type of reaction occurring and explain why all three reactions are classified as this type of
reaction

« explain why two layers form in Reaction One.

Reaction One hexane, CH,CH,CH,CH,CH,CH;, reacts with bromine water, Br,(aq)

Reaction Two hexan-1-ol, CH 3_C HEC‘H:CHJCH:C HJOH, reacts with PC‘IS

Reaction Three | 1-chlorohexane, CH,CH,CH,CH,CH,CH,CI, reacts with conc NH, (alc)

2015: Question: 2b: In Reaction 1, propan-2-ol can be converted to propene.
In Reaction 2, propene can be converted back to propan-2-ol.
Analyse BOTH of these reactions by:
Q describing the reagents and conditions needed for each reaction to occur
Q identifying each type of reaction and explaining your choice
Q explaining why Reaction 1forms only a single organic product, but Reaction 2 forms a mixture of
organic products.

Reaction 1

W

“ha TR ER, CH,= CH—CH
| ) 2" 3
OH <

“tion 2
Reaction 2 Propene

Propan-2-ol

2015: Question: 3b: Ethene, CoHa(), reacts with aqueous potassium permanganate solution, KMnQag), dilute
acid, H.O / H", and hydrogen bromide, HBr.

Compare and contrast the reactions of ethene gas with each of these three reagents.

In your answer, you should:

» describe any observations that can be made

« identify, with reasons, the type of reaction ethene undergoes with each reagent

« describe the functional group of the products formed

« include equations showing the structural formulae for the organic compounds for each reaction.
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Past NCEA questions Comparing Reactions (THREE)

2016: Question 2c: Ethane gas, CaHe(g), and ethene gas, CoHag), will both react with bromine water, Brawg).
Compare and contrast these two reactions.

In your answer you should refer to:

« any conditions required

* the observations made

« the types of reactions occurring

« structural formulae of the organic products formed.

2018: Question: 3b: Reacting 2-chloropropane with potassium hydroxide, KOH, can produce different products
due to different reactions occurring.

(i) Elaborate on the reactions of 2-chloropropane with potassium hydroxide, KOH.
In your answer you should:

« identify the conditions of the reagent KOH

« explain the types of reaction that occur with the reagent in each condition

« draw structural formulae of the organic products.

2018: Question: 2c: (ii) Elaborate on the reactions in the scheme below.
In your answer you should identify:

« any conditions needed for each step of the conversion

* the names of alcohol X and organic molecule Y

* the type of reaction that is occurring for each step of the conversion.

CH,— CH—CH,— CH,— CH,
|
OH

alcohol X

l Reagent 1: SOCl, / PCl; / PCls

CH,— CH—CH, - CH,— CH,
|
Cl

organic molecule Y

NH;3, Or conc or
Reagent 2: _ Lucas Reagent

CH, =~ CH ~ CH, ~ CH, ~ CH,
NH

2

pentan-2-amine
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Past NCEA questions Comparing Reactions (FOUR)

2020: Question: 1c: Depending upon the conditions in which it is used, sulfuric acid, H.SO4, can enable the two
reactions below to occur.

alcohol — alkene
alkene — alcohol

(i) In the boxes below, draw the structural formula for a molecule containing two carbon atoms that could be
used in the reactions above.

(i) Elaborate on how sulfuric acid is used in the conversion of both an alcohol to an alkene, and an alkene to
an alcohol.

In your answer you should:
sstate the conditions required for each reaction

sstate the type of reaction occurring in each case, and justify your choices.

Addition Reaction -

Addition Reaction - HCl or HBr to unsymmetrical Alkenes to produce a
haloalkane (

H,0 (acidified) to unsymmetrical Alkenes to produce an
alcohol R

® c 000
C

H | Cl Br

Addition reactions increase the number of

bonds to the Carbon chain by bonding
additional atoms, usually at the expense

Markovnikov's rule

The major product is the one in which
the H atom of HBr attaches to the C
atom with the most H atoms already.

H

® 0
C (o]

The asymmetric molecules of
water H,O breaks apart into two

Markovnikov's rule

The major product is the one in which
the H atom of H,0 attaches to the C
atom with the most H atoms already.

@ different atoms. i.e. H and OH
of one or more double bonds. . k] . .
major = major
@ & o
g )
= |
/ / g /
= * - 2 ¢ Butan-2-ol
HBr 2-bromo butane H,O/H*
O .
\ minor \ minor
But-1-ene But-1-ene
An asymmetric molecules breaks A helpful remin_der is tha; major is
apart into two different atoms. i.e. greater than minor, so 2 is greater
HClinto H and Cl atoms than 1 (propan-2-ol vs propan-1-ol) Butan-1-ol

Elimination Reactions of secondary Haloalkanes

. © @
H BrorCl
Morethanoneproductwil[be

®

Elimination Reactions of secondary alcohols

. © @
H
Morethanoneproductwfllbe

®

formed. The alkene will form a minor formed. The alkene will form a mino+r H,0
major and minor product. The major and minor product. The
2 newly formed (major) alkene may But-1-ene £ newly formed (major) alkene may But-T-ene
-% also form a cis and trans geometric -,g also form a cis and trans geometric
©  isomer. ©  isomer.
€ Another product, the removed % Another product, the removed OH
‘s halogen will join with a removed ‘S willjoin with a removed hydrogen
©  hydrogen atom to form a hydrogen maJor ©  atom to form a water molecule major
O halide ie. HCl or HBr. cis but-2-ene o cis but-2-ene
+ H2
KOH
alcohohc
major alcohollc

trans but-2-en

major
+ H 0]
trans but-2-en
2-bromo butane

2-bromo butane

@
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Writing Excellence answers to Major and Minor products questions

Major and Minor Products QUESTION

Question:  In Reaction 1, propan-2-ol can be converted to propene.
In Reaction 2, propene can be converted back to propan-2-ol.
Analyse BOTH of these reactions by:
O describing the reagents and conditions needed for each reaction to occur
QO identifying each type of reaction and explaining your choice
O explaining why Reaction 1 forms only a single organic product, but Reaction 2 forms a mixture
of organic products.

Reaction 1
CH,=CH—CH, —————
I 2= 3
-
OH Reaction 2

Propene
Propan-2-ol

ANSWER

1. Reaction 1 Reagent and conditions
Propan — 2-ol forms propene

Reaction type

Structural Formula

2. Reaction 2 Reagent type and conditions

Propene forms propanol Reaction type

Label each structure with name

and whether it is major or minor Structural Formula
Product type: Product type:
Name: Name:

3. Explain why reaction one forms
only one product linked to
symmetry

4. State Markovnikov's rule AND
Explain the reason reaction two
produces two products linked to
Markovnikov's rule and
asymmetry, including which is
major and which is minor.

NOTE: The white column is how your answer would appear on your test paper so make sure you write out complete
sentences. The grey area is just to help you structure your answer and would not appear in the question.
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Past NCEA questions Major and Minor Products

2013: Question 3a: For the following reaction: describe if the product formed is major or minor.
Explain your answer.

CH,CH,CHCH, — CH,CH=CHCH,

Cl
2014: Question: 3a: (i) Explain why CH, —CH,—CH,~CH=CH,
HCI
compound A is the major product for Reaction 1
Reaction 1
A
(major product) (minor product)
CHE—CHE—CH2—(|3H—CH3 C.‘,HB—CHE—CHE—CHz—(liH2
Cl Cl

2015: Question: 2b: In Reaction 1, propan-2-ol can be converted to propene.
In Reaction 2, propene can be converted back to propan-2-ol. Analyse BOTH of these reactions by:
O describing the reagents and conditions needed for each reaction to occur
O identifying each type of reaction and explaining your choice
Q explaining why Reaction 1 forms only a single organic product, but Reaction 2 forms a mixture
of organic products.

CHB— CH— CHS Reaction 1 oo
| 2 3
-
OH Reaction 2

Propene
Propan-2-ol

2016: Question 3c: The reaction between propene, CsHeg(g), and hydrogen chloride, HCl(), produces a
mixture of products.
(ii) Elaborate on the reaction that occurs between propene and hydrogen chloride.

2017: Question 1b: (iii) 2-bromo-3-methylbutane also reacts with conc. KOHai. However, in this
reaction TWO organic products are formed, a major and a minor product. Give an account of the
chemical processes that occur in this reaction. In your answer you should:

* write an equation for this reaction showing the organic compounds

» name the type of reaction occurring

« explain how the products form

» explain which product you would expect to be the minor product.

GZ Science

Resources
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Past NCEA questions Major and Minor Products

2018: Question: 1d: When but-1-ene is reacted to form bromobutane, C4HqBr, two organic products
are formed.

Analyse this reaction by:

« stating the reagent required

« identifying the type of reaction and justifying your choice

« explaining why there is a mixture of organic products.

2019: Question: 2b: Explain how you identified the major and minor products (C: 2-bromopropane

D: 1-bromopropane) in the reaction of propene with hydrogen bromide solution, HBr ).

2019: Question: 2c: Compare and contrast the reaction that forms compound B (propan-2-ol OR propan-1-ol)
to the reverse reaction that forms propene, CsHg, from compound B (propan-2-ol OR propan-1-ol).

2020: Question: 3a: When 3-methyl-2-chlorobutane, shown below, is reacted with KOH i) and heated, a
mixture of products are formed.

al
H,C-CH-CH-CH,
CH

3

(i) Draw the two products from this reaction.

Major product: Minor product:

(i) Give an account of the chemical process that occurs in this reaction.

In your answer you should:

« state the type of reaction and explain your choice

« explain why two products form, and justify how you decided which are the major and minor products.

swer by drawing structural formulae for but-1-ene and the organic products.
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Writing Excellence answers to Acid-Base Reactions questions

Acid-Base Reactions QUESTION
Question: Question 3c: Compounds B (CH3COOH) and E (CHsCH>NH,) react together.
(i) Write a balanced equation for the reaction that occurs between compounds B and E.
(i) Identify the type of reaction that occurs between compounds B and E.
Justify your answer.

ANSWER

1. Draw the structural formula of Acid (carboxylic acid) Base (amine)
the acid and base

Identify which hydrogen ion will be
donated in the acid (-COOH end)
and which part of the base will
accept the hydrogen ion (-NH:
end)

2. Write a balanced equation

3. Name the type of reaction

4. Explain what occurs in the
reaction generally

5. Explain in detail what occurs in
the acid — and the product formed

5. Explain in detail what occurs in
the base — and the product formed

NOTE: The white column is how your answer would appear on your test paper so make sure you write out complete
sentences. The grey area is just to help you structure your answer and would not appear in the question.
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P Acid - Base reactions in Amines

C H 0] cl

Carboxylic acids act as a weak acid by partially dissociating and With water - Amines behave like ammonia due to a lone pair of e- proton
neutralising bases: acceptors (ie. bases) !
For example Like ammonia itself, water soluble amines form alkaline solutions. They react with
RCOOH + NaOH = RCOONa + H.O H.O water by proton transfer to form OH- ions. This means aqueous solutions of
2 amines turn litmus blue
" @ RNH, + H.0 —= RNH,* + OH
g g OO0 000 S OO A
I butanoic acid NaOH . 5 O + 5 ¢ Q=
< Sodium butanoate < - -4
S + % O O« ) 585 4
A2 4 J
c Q o This reaction can occur
=8 % S in solution, or in the air
g G as vapours given off
o < Withan acid - Amines also react with acids to form salts. e
CHNH, + HCI = CHyNHy* CF et e
aminomethane methyl ammonium chloride | smeke Thissmekeis
made of the salt in solid
form.

O 00 00
[ acid + base — salt + water ] o + @

Past NCEA questions Acid and Base reactions

2014: Question: 2c: Sodium carbonate, hydrochloric acid, and sulfuric acid are each added to separate samples
of three organic compounds. Compare and contrast the reactions that do occur between these organic
compounds, and the reagents in the table above. In your answer you should:

O give the structure of the organic products (i) and (ii)
Q describe the different types of reactions occurring, and give reasons why they are classified as that type

Q identify any specific conditions that are required for the reactions to occur.

Organic compound

Reagent CH, —CH,—C—OH CH,—CH,— CH,—NH, CH,—CH,—CH,— OH
@)
Na,CO, (i) no reaction no reaction
HC1 no reaction (ii) CH, —CH,—CH,—ClI
H,SO, 1o reaction CH, —CH,—CH,—NH/ CH,—CH=CH,
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Past NCEA questions Acid and Base reactions

2016: Question 2b: Solutions of amines are described as bases, and solutions of carboxylic acids are
described as acids.

(i) Complete the balanced equation for the reaction between solutions of ethanamine, CH3CH2NH>(qq)
and hydrochloric acid, HCl(ag).

CH,CH,NH,(aqg) + HCl(ag) —

(i) Explain the statement ‘carboxylic acids have acidic properties’. Refer to the reaction between
ethanoic acid, CH3COOHq), and water, H2Og) in your answer.

2017: Question 3b: Describe a simple test that will distinguish between solutions of the final organic
compounds B (CH3COOH) and E (CH3CH>NHy).

2017: Question 3c: Compounds B (CH3COOH) and E (CH3CH2NH>). react together.
(i) Write a balanced equation for the reaction that occurs between compounds B and E.
(i) Identify the type of reaction that occurs between compounds B and E.

Justify your answer.

2018: Question: 2a (ii): Give the structural formula and name for the product of the reaction between
propan-1-amine, CH3CH>CH>NH>, and ethanoic acid, CH3COOH to form a salt.

CH3CH2CH2NH2(ag) + CH3COOH ag)
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Resources

Writing Excellence answers to Polymers questions

Polymers QUESTION

Question: Draw TWO repeating units of the polymer formed in Reaction e ———r
Explain why the formation of the polymer from its monomer is classified as ™
an addition polymerisation reaction.

CH,—CH,—CH,—CH—CH, CH, ~CH,—CH,~ CH, ~CH,

cl cl
Reaction 4 | KOH (ale)

Compare and contrast the polymer formed in Reaction 5 to the polymer
formed in Reaction 3.

In your answer you should explain why the polymers formed in these two
reactions are different.

ANSWER

1. Identify the monomer, then draw | monomer polymer
the polymer

(identify C 1 and C2 in monomer
either side of the double bond
then draw a chain of C (4 for 2
repeating units) and add on
groups of each one removing
double bond)

2. explain the definition of
addition polymerisation

3. molecule 1 (reaction 5) —
describe the 2 groups of each end
of the double bonded carbons

4. molecule 2 (reaction 3) —
describe the 2 groups of each end
of the double bonded carbons

5. Explain that molecule 1and 2
are structural isomers but have the
same molecular formula
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Monomers - smallest repeating unit with a double bond
Polymers — long chains of monomers joined with single bonds

Polymerisation — breaking of the double bond of each monomer and joining
together with single bonds

MONOMERS POLYMER
H\ /H
H/c:c % | polymerisation Q Q a @ ﬁaa a 5
c
HT > g c—é‘ch—é‘uHc—é"n _C
’ ’ H H
H\C_C/H Draw a line of single bonded
JN B carbons. Add groups on
H/C\H Carbon 1 (alternate Cs) then
@@ add groups on carbon 2
A, i %r‘
C—C
" \C/ﬁs.‘ Carbon 1 H \ Carbon 2 has 1
HO, has 2 Hs H Handa CH,Br

Past NCEA questions Polymers (ONE)

2013: Question: 2a: (i) The molecule tetrafluoroethene, shown below, is the monomer for the polymer
commonly known as Teflon. CF,=CF;

O Draw TWO repeating units of the polymer formed.

2013: Question: 2a: (ii) The following diagram shows three repeating sections of another polymer.
Draw the structural formula of the monomer molecule used to make this polymer.

H I
\ /
CH,CH,CHCCI, or CH,CH,CH=CCl, or c=C
/ \

CH,CH, ClI

2014: Question: 3c: (i) Draw TWO repeating units of the polymer formed in Reaction 5.
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Past NCEA questions Polymers (ONE)

CH, —CH,—CH,— CH=CH,

HCl 2014: Question: 3c: (i) Compare and contrast the
Reaction 1
polymer formed in Reaction 5 to the polymer formed
A B
(major product) (minor product) |n Reactlon 3
CHE*CHQ*CHZ*?H*CHE CH;CH;CH;c>-|;(‘:>-|2
cl cl In your answer you should explain why the polymers
Reaction 4 | KOH (alc) . . .
o e formed in these two reactions are different.
Reaction 2

Cc D
(minor product)

CH,—CH,—CH=CH—CH,

anfi polymerisation
Reaction 3 | . o
Reaction 5 polymerisation

action 5

reaction
H CH, H CH,
Lo
-c-c-c—cC-
Lo
CH, H GCH H

two repeating units

2014: Question: 3c: (i) Compare and contrast the polymer formed in Reaction 5 to the polymer formed in
Reaction 3. In your answer you should explain why the polymers formed in these two reactions are different.

2015: Question: 2a: (i) Cling Wrap is a polymer that can be made from

the monomer 1,1-dichloroethene. Cl\ /H
O Draw THREE repeating units of the polymer formed. C=C
/ \
Cl H
2016: Question 3b: Polystyrene is a polymer with the structure: 1.1-dichloroethene

{CH;CH— CH?—CH—CH?—CHJF
2 | |
C.H. C.H. C.H.

(i) Draw the monomer used to make the polymer polystyrene.

2016: Question 3b: (ii) Explain why the formation of polystyrene from its monomer is classified as an addition
polymerisation reaction.

2017: Question 1a: Polyvinyl chloride (polychloroethene) is often used to make artificial leather. This can then
be used to cover chairs, cover car seats, and make clothing. A section of a polyvinyl chloride molecule is shown
below.

H CIH ClI H CI
Lo

chloride would be made. ~C-C-C-C-C-C-~
I I I I I

I
HHHHHH

(i) Draw the monomer from which the polymer polyvinyl
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Past NCEA questions Polymers (TWO)

2017: Question Ta: (i) Explain the difference in the structures and chemical reactivity of the monomer
and polymer, and why the difference is important for the uses of the polymer.

2017: Question 1a (iii): Making polyvinyl chloride (polychloroethene) from its monomer is called
‘addition polymerisation’.

Explain the term "addition polymerisation’ using polyvinyl chloride as an example.

Include an equation in your answer.

2018: Question: 1c: Perspex® is a polymer used as an alternative to glass as it is transparent,
lightweight, and shatter resistant. It can be made from the monomer shown below.

(i) draw THREE repeating units of the polymer formed.

H  COOCH,

2020: Question: 2a: A section of the Teflon polymer chain is shown below. Teflon is best known for its
use in coating non-stick frying pans and other cookware.

F F FF F F (i) draw and name the structure of the monomer used to

[ | | | | make this polymer.
-C-C-C-C-C-C-

| | | | | |

FFFFFF

(ii) The chemical reactivity of the monomer and polymer are different.
Analyse this difference.

In your answer you should:

» link the structure of the monomer and polymer to its reactivity

« explain the importance of this difference for Teflon's use as a polymer.
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C2.5 Reaction Scheme 1° Amine
Alkane
FA Slow
>z
bbbl S A
Br .
Hy , (PY v C\j Dihaloalkane Haloal!mne ,,
1 |
isomers Alkene

Ammoniumion + CI

v
o

S el i 4444
Cls
: KOHy)
K reflux reflux

4\ /

— H,0/H" PCls, PCls,

MHO4 /H conc. H2504 heat SOC|2 e
reflux heat
K |

[ Acid + Base — ]

Amine ion

R42244

3 alcohol 2° alcohol
diol /_‘a;'p ? Alcohol ~ qj) ¢
E E g ; "8 &5 & bavaleohal sa|t
I
Cr,0;%/H* or MnO,/H* 0o § ! i i
Reaction type Colour of arrow reflux
Addition v ‘ T
Oxidation R R [ Acid + Base —
— Carboxylic Acid Carbonylate salt + NH,* Ca rboxylate ion
Substitution
Addition polymerisation NH.
Acid-Base Reaction m E E
O O

Past NCEA questions Reaction Schemes (ONE)

2013: Question 3a: The flow diagram below shows a reaction scheme for the conversion of but-1-ene into but-
2-ene.

CH,CH,CH = CH, — CH,CH,CHCH, — CH,CH,CHCH, — CH,CH =CHCH,
OH cl

Use the reaction scheme above to complete the following table to show:
« the formula of each reagent, including any necessary conditions
« the type of reaction occurring.

Reagent Formula of reagent / conditions Type of reaction
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Past NCEA questions Reaction Schemes (TWO)

2014: Question: 1b: (i) When primary alcohols are oxidised by acidified permanganate, MnO4~ / H*, they form

carboxylic acids.

Draw the primary alcohol that was oxidised to form the carboxylic acid shown

MnO, / H’
—— CH,—CH,—CH,—CH, —C —OH

|
O

2014: Question: 1b: (i) Permanganate ion, MnQOy4~, can be used to oxidise alkenes.

Q Draw the product of the following reaction

MnO,"
CH,—CH,—CH,— CH,—CH=CH, ——

2014: Question: 3a: (i) Explain why Reaction 1 from the reaction scheme, shown again below, is classified as an

addition reaction.

CH, —CH,—CH,— CH=CH,

HCl
Reaction 1

(major product) (minor product)

CH,—CH,—CH,— CH—CH, CH, —CH,—CH,—CH,—CH,

Cl Cl
Reaction 4 | KOH (alc)
KOH (alc)
Reaction 2

Cc D

(minor product)

CH,—CH,— CH=CH—CH,

. olymerisation
Reaction 3 | P0Y7
reaction Reacti ql|’m]‘,..'meriw'zmnn
eaction 3

reaction

H CH, H CH,
Lo
-c-c-c—cCc—
Lo
CH, H CH,H

two repeating units

2014: Question: 3b: (i) Explain why Reaction 2
from the reaction scheme is classified as an
elimination reaction.

2014: Question: 3b: (ii) Reaction 4 is also an
elimination reaction.
Q Draw the structural formula of the
product formed
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Past NCEA questions Reaction Schemes (THREE)

2015: Question: 3a: (i) Complete the scheme above by drawing the structural formulae of the organic

compounds A to D.

(i) Circle the functional group of each of the organic compounds A, B, and C that you have drawn.

(iii) Identify reagents X and Y.

A

H/Cr,0-

propan-1-ol

s0cl,

NH

2016: Question 3a (i): Complete the following chart
to the right by drawing the structural formulae for
the organic compounds A, B, and C and identifying

reagent X. —

(ii): Identify the type of organic reaction occurring in

each of Reactions 1, 2, and 3.

Reagent {

X

HO /H- /

e

Compound A

l Reagent 2

Compound B
CH,COOH

Reagent 3

N
W

Compound C

Reagent 4
CL/ UV light

Compound D

Reagent §
Ni Hsu;alc;.

Compound E
CH,CH,NH,

Reagent X
_ propene
A
//
A
s/
&/ o
&/ catalyst
)/ heat
/
/
rd
D
A
H ,H
\
C=C H
/ Pt/ 150°C
H H
Reaction 1
Reagent X H H
[
H=C=C=8Br
| |
H o H

Reaction 1 ‘ KOH(ag)

B

Reaction } | Cr, 0% /H"

C

2017: Question 3a: (i) Complete the following
reaction scheme to the left by drawing the

structural formulae for the organic compounds A,

C, and D, and identifying reagents 2 and 3.

2017: Question 3a: (ii) Identify the types of
reactions that occur to produce compounds A, B,

C, D, and E:

GZ Science
Resources
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Past NCEA questions Reaction Schemes (FOUR)

2018: Question: 2c: Many organic reactions take
more than one step in order to convert from one
organic molecule to another.

Two steps are required to produce pentan-2-
amine from an alcohol. J Reagent 1:

alcohal X

Use the information given to analyse the
reactions.

(i) Draw the structural formulae of the
compounds, and name the reagents involved in
the process. J' Reagent 2:

organic molecule Y

pentan-2-amine

2019: Question: 2a: Complete the following reaction scheme for propene, CsHs, by drawing the structural
formulae for the organic compounds A to D, naming compound A and identifying Reagents 1 and 2, including
any conditions.

A Name:
r |
polymerisation
(heat, catalyst)
CH,- CH=CH,
. J
H,O/H" HBr
Reagent 1: _
[
Major
B C
Major OR minor product and
Minor
E <« D

CH,~CH,~ CH, ~NH,

Reagent 2

GZ Science

Resources
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Past NCEA questions Reaction Schemes (FIVE)

2019: Question: 3b: The conversion of bromoethane to chloroethane requires two steps, with alcohol as an

intermediate product.

(i) Use this information to complete the reaction scheme below by drawing the structural formulae of each
organic molecule and naming the intermediate alcohol and the reagents required.

Bromoethane:

Reagent 1:
v

Reagent 2:
v

Chloroethane:

(i) Elaborate on the reaction scheme for this
conversion. In your answer, you should
identify:

« any conditions needed for each step of
the conversion

« the type of reaction occurring for each
step of the conversion.

2020: Question: 1d: Complete the following reaction scheme by drawing the structural formulae for the organic
compounds A, B and C, identifying reagents X and Y, and reaction types 1, 2, and 3.

HCl{aq)
CH,~CH=CH, ————

Reaction type 1

Compound A — mineor product

Reagent X

substitution
reaction

/
P
X

OH
|
CH,- CH,-CH,

Reaction type 3

Reagent Y

OH

/ NaOH(aq)
CH,~CH,-C_

Reaction type 2

NH_(alc)

Compound B

Compound C




Chemistry 2.5 AS 91165  pemonstrate understanding of the properties of selected organic compounds G sclence

Resources

Writing Excellence answers to Identifying Unknowns questions

Identifying Unknowns QUESTION

Question: Question: 1c:
Four separate colourless organic liquids are known to be: « ethanol « ethanoic acid * hex-2-ene « 1-
aminohexane
Write a procedure to identify each of these organic liquids using only the reagents listed below.
« acidified dichromate solution, Cr.07*"/ H* g * bromine water, Braeg * sodium carbonate solution, Na;CO3aq).
In your answer, you should:
« identify the test reagents used
« describe any observations that would be made
« identify the type of reaction that occurs
« identify the organic product of any reaction.
You do not need to include equations in your answer.
ANSWER
Step 1 Test reagents used

Observations

Type of reaction that occurs
Organic product of any reaction

Test reagents used
Step 2 Observations

Type of reaction that occurs
Organic product of any reaction

Step 3. Test reag‘ents used
Observations

Type of reaction that occurs
Organic product of any reaction

Step 4. Test reagents used
Observations

Type of reaction that occurs

Organic product of any reaction

NOTE: The white column is how your answer would appear on your test paper so make sure you write out complete
sentences. The grey area is just to help you structure your answer and would not appear in the question.
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Substance Substance Substance Substance Substance
A B C D E
_________ [ Y R R |

Test with red and blue litmus paper

red litmus — red
blue litmus - blue

red litmus — red
blue litmus - red

red litmus — blue
blue litmus - blue

soluble in water

Orange colour
disappears
immediately

Orange colour
disappears slow
with UV light

Alcohol
(1-3 ¢)

Alkene

Alkane

Carboxylic
Acid

Amine
(primary)

Note: a haloalkane does not react with

litmus paper and forms two distinct

layers upon mixing with water

Past NCEA questions Identifying Unknowns

2013: Question 2b: Five separate colourless organic liquids are known to be:

pentan-1-ol

ethanol

pent-1-ene

pentane

ethanamine.

Write a valid method to show how each of these liquids can be identified using only water, litmus

paper, and bromine water, Brag).. Your method should allow another student to identify these liquids,

and include:

the reagent used and any observations made.

2015: Question 1c: Four separate colourless organic liquids are known to be:

 ethanol « ethanoic acid ¢ hex-2-ene < hexan-1-amine (1-aminohexane).

Write a procedure to identify each of these organic liquids using only the reagents listed below.

« acidified dichromate solution, Cr2072"/ H* (aq)
solution, Na2CO3(qg).

» bromine water, Bragg ¢ sodium carbonate

In your answer, you should: « identify the test reagents used * describe any observations that would

be made

« identify the type of reaction that occurs « identify the organic product of any reaction.
You do not need to include equations in your answer.



Chemistry 2.5 AS 91165  pemonstrate understanding of the properties of selected organic compounds

Past NCEA questions Identifying Unknowns

2017: Question 1b: A chemistry class was learning about the chemistry of haloalkanes. They were researching
the effect of heat and concentrated potassium hydroxide in ethanol, conc. KOH(alc), on the haloalkane 2-
chloropropane. (i) Draw the organic product formed in the following reaction.

conc. KOH(alc)
CH3(|3H CH, —teat

Cl

2017: Question 1b: (ii) Explain how the functional group of the organic product drawn above could be
identified.

2018: Question: 2a: Two bottles of different colourless organic liquids are unlabelled. They are known to be
propan-1-amine, CH3CH,CH>NHz, and ethanoic acid, CH;COOH.
(i) Explain how you could identify these two liquids using only solid sodium hydrogen carbonate, NaHCO3y.

2018: Question: 2b: Three more unlabelled bottles of colourless organic liquids are known to contain hexane,
hex-1-ene, and ethanol. Write a procedure to identify each of these liquids using only bromine water, Brag),
and water, HO. In your answer you should explain any observations that would be made.

You do not need to include equations in your answer.

2018: Question: 3b: (i) Elaborate on chemical tests that could be used to identify the functional groups of the

organic products formed in part (i).

In your answer, you should: CH3 — CH - CH’-; H\ XH

« identify chemicals and conditions required | c=C

« describe any observations OH H/ \CH:_*,
« state the type of reaction occurring -

* explain why potassium permanganate solution, KMnO4(ag), cannot be used to distinguish between these
organic products.

2019: Question: 1c: (i) Explain how acidified potassium permanganate solution, KMnO4 / H4g), can be used to
distinguish between compounds A and B.

A | CH,-~CH=CH-CH,

B | CH,-CH,~CH,-CH,

In your answer you should:
« identify the type of reaction
« describe any relevant observations.

GZ Science
Resources
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Past NCEA questions Identifying Unknowns

2019: Question: 1c: (iv) Compounds A and B will both react with bromine water, Brag).

A | CH,-CH=CH-CH,

B | CH,-CH,-CH,-CH,

Compare and contrast these reactions by referring to the conditions required, the observations, the products
formed, and the type of reaction.

2019: Question: 3a (i): Each circled functional group is found in different organic molecules commonly used in
school laboratories:
B

Using the list below, choose a reagent and describe
the observations that could identify each of these @
functional groups.

« red litmus paper ¢ blue litmus paper CH2— C
* bromine water, Brag) |

» acidified dichromate solution, H*/ Cr207* (qq) A H c

Functional Group Chemical test Observations

(ii): Describe an alternative method to distinguish between functional groups B and C.
Identify the reagent needed, the expected observations, and explain the type of reaction occurring.

2020: Question: 3b (i) The labels have fallen off bottles of three colourless liquids. They are known to be
ethanol, hexene, and propanoic acid. Explain how you would identify the liquids, using a solution of sodium
hydrogen carbonate, NaHCO3(,q, and your knowledge of the physical and chemical properties of the
compounds. In your answer you should: state any observations

« link your observations to chemical or physical properties of the organic molecule
« write chemical equations for any reactions that occur, including the structural formula of organic products.

(i) Explain how you could use an alternative reagent to do a chemical test that would allow you to distinguish
between hexene and propanoic acid. In your answer you should:

sidentify a reagent

«state the observations that would allow you to distinguish the compounds

sidentify any reaction type occurring.

GZ Science
Resources
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Writing Excellence answers to Cis-Trans Isomers questions

Cis-Trans Isomers QUESTION

Question:  Molecule D can exist as geometric (cis and trans) isomers, with both isomers having the
same molecular formula.
Draw the geometric (cis and trans) isomers for molecule D

in the boxes below. Justify why molecule D can exist as ' CHEIHCH.CH, ' CH.CH.CHGl

geometric (cis and trans) isomers. c o 5

Your answer should include: CH,CH,CHCC, CH,CH,CHCHCI
« an explanation of the requirements for cis and trans isome ¥

« reference to the structure of molecule D. EHCH,CH,CHC, ERLCHCHCRC

ANSWER

1. Draw the cis and trans isomers Cis Trans

If you need to select the molecule H H H CH CH

make sure that it has both: I I I I 2 3

a C=C double bond

and 2 different groups of each C C —_ C ClS C — C trans

I I I I
(name of molecules not normally CI CH CH CI H
2 3

required as part of the question)

Name: cis 1-chlorobut-1-ene Name: trans 1-chlorobut-1-ene

2. link the presence of a double For cis and trans isomers to occur a carbon-carbon double bond must be

C=C bond to lack of rotation present as this prevents any rotation about this bond, and the atoms or
groups of atoms attached to the two carbon atoms are therefore fixed in
position.

3. link the requirement of two They must also have two different groups attached to each carbon

different groups of each of the C (involved in the double bond).
on the double

4. link the requirements above to This molecule has a carbon-carbon double bond. One carbon of the
your specific molecule (D) double bond is attached to a hydrogen atom and an ethyl group. The
other is attached to a hydrogen atom and a chlorine atom.

5. Explain how two geometric When these two requirements are met, the two haloalkenes can have the
isomers can have the same same molecular formula and the same sequence of atoms in the formula,
molecular formula but a different arrangement in space (a different 3D formula), hence they

are cis and trans isomers.

NOTE: The white column is how your answer would appear on your test paper so make sure you write out complete
sentences. The grey area is just to help you structure your answer and would not appear in the question.
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Writing Excellence answers to Physical Properties questions

Solubility - Physical Properties of Organic Compounds QUESTION

1. Identify the functional group of
your substance (hexane) and name
the product formed.

Question: Explain why two layers form in Reaction One. Hexane reacts with bromine water

ANSWER
Hexane is an alkane, with single bonded carbons. When reacting with
bromine water it will form a haloalkane (bromohexane) during a
substitution reaction

2. link observation (layers forming)
to the polarity of the substance

Two layers form in Reaction One as hexane is non-polar and the product
(bromohexane) is effectively also non-polar.

3. identify the polarity of the
bromine water and link to the
substances being immiscible
(forming 2 layers)

Question:

according to the graph beside.

1. link the boiling point trend to
number of carbons in both groups
(when explaining trends on a line
graph always relate one variable to
the other)

The water from the bromine water is polar and therefore the non-polar
organic reactant and product will not dissolve in the water; because of
this, two layers form as this polar and non-polar layer do not mix.

Melting point - Physical Properties of Organic Compounds QUESTION
Identify the trends shown on the graph.
Identify which alkanes will be gases at room temperature (20°C, 200

Boiling points of straight chain alkanes and primary alcoho

160
120
30
40

0
—40
-80
-120
-160

Boiling point / “C

Number of carbon atoms

e alkanes alcohols

ANSWER

The boiling points of both alkanes and alcohols increase as the number of
C atoms increases. The boiling points of alcohols are always higher than
the alkanes (with the same number of C atoms).

2. Identify which alkanes (number
of carbons) are gases at room
temp. (will have boiling point
below 20°C)

Alkanes with 1, 2, 3, and 4 C atoms (methane, ethane, propane, and
butane) will be gases at room temperature.
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Writing Excellence answers to Haloalkane reactions questions

Haloalkane reactions QUESTION

Question:  Chloroethane, CH3CHCl, reacts with aqueous KOH, alcoholic KOH, and with NHs.
Compare and contrast the reactions of chloroethane with the three reagents.

In your answer you should include:

« the type of reaction occurring and the reason why it is classified as that type

« the type of functional group formed

* equations showing structural formulae for reactions occurring.

ANSWER

Reaction 1 Product formed - forms an alcohol, ethanol
Chloroethane reacts with Reaction type - in a substitution reaction; Cl is replaced by OH.
KOH(aq)

Condensed Structural Formula equation
CH3CH,Cl — CHsCH,OH

Structural Formula equation

H
g g
|
H=C—C-H w— H-C— $—H
I |
H H H H
) Product formed - forms an alkene, ethane (plus a HClI molecule)
HERKCLEL 2 Reaction type - in an elimination reaction; H and Cl removed / HCI
Chloroethane reacts with formed.
KOHqalc) -
Condensed Structural Formula equation
CH3CH,Cl — CH, = CH, + HCI
Structural Formula equation
H H H H
; | | | |
Reaction 3
i H_cl:_(I:—H —) CI=(I: H— C|
Chloroethane reacts with NH
3(alc) H CI H H

Product formed - forms an amine, aminoethane
Reaction type - in a substitution reaction; Cl is replaced by NH;

Condensed Structural Formula equation
CH3CH,Cl — CH3CH2NH;
Structural Formula equation

S iy
I

H—(‘i—— (I: -H — H-(i—?—H

H H H H
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Writing Excellence answers to Alcohol Reactions questions

Alcohol Reactions QUESTION

Question:

Reaction 1
Butan-1-ol reacts with PCls

Butan-1-ol can react separately with each of PCls, Cr.07%"/ H*, and concentrated HxSOa.
Elaborate on the reactions of butan-1-ol with each of the three reagents.

For each reaction, your answer should include:

« the type of reaction occurring and the reason why it is classified as that type

« the name of the functional group formed in each product

« the structural formula of the organic product.

ANSWER
Product formed — The functional group in the product is a chloro group
/ chloroalkane (haloalkane) 1-chlorobutane

Reaction type - Reaction with PCls is a substitution reaction. The hydroxyl
group (—OH) is replaced by a chloro group (-Cl).

Condensed Structural Formula equation

CH3CH2CH2CHOH = CH3CH2CH2CHC

Structural Formula equation

i
"
—C—(I:—H —— H-

|
H H H

I—0O—T

I—0O—I

I—-0O—T

I—n-—0
T

Reaction 2

Butan-1-ol reacts with Cr,07%/
H+

Product formed - The functional group in the product is carboxylic acid.
butanoic acid

Reaction type — Reaction with acidified dichromate is oxidation as the
alcohol is oxidised to a carboxylic acid.

Condensed Structural Formula equation

CH3CH>CHCH,OH = CH3CH2CH.COOH

Structural Formula equation

|
Py g
SR A AV A
HHHH HHH

Reaction 3

Butan-1-ol reacts with
concentrated H2SO4

Product formed - The functional group in the product is a (carbon-to-
carbon) double bond / alkene. But-1-ene

Reaction type - Reaction with concentrated H,SO4 is an elimination
reaction. A hydrogen atom and the -OH group on (adjacent) carbon
atoms are removed forming a (carbon-to-carbon) double bond.

Condensed Structural Formula equation

CH3CH.CHCH,OH  —» CH3CHCH=CH>

Structural Formula equation
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Writing Excellence answers to Alkene Reactions questions

. AlkeneReactions QUESTON

Question: Ethene, CoHa), reacts with aqueous potassium permanganate solution, KMnQaqg), dilute acid, HO /
H*, and hydrogen bromide, HBr.
Compare and contrast the reactions of ethene gas with each of these three reagents.
In your answer, you should:
« describe any observations that can be made
« identify, with reasons, the type of reaction ethene undergoes with each reagent
« describe the functional group of the products formed
« include equations showing the structural formulae for the organic compounds for each reaction.
ANSWER
Reaction 1 Observations - The purple KMnOy4 turns colourless (or brown)

Ethene, CoHag reacts with aqueous | Reaction type - This is an oxidation or addition reaction in which the
potassium permanganate solution, | double bond is broken and two —OH groups attach to each C atom of the
KMnOuaq), double bond.

Functional group of products

Ethene reacts with aqueous KMnO4 to form a diol, ethan-1,2-diol.

Structural Formula equation

KMnO,
CH,=CH, — CH CH
OH OH
Observations - No colour changes are observed in this reaction.

Reaction 2 (colourless to colourless)
Reaction type -This is an addition reaction as once again the double bond
is broken. However, in this reaction one —OH group and one —H atom
attach to each C atom of the double bond.
Functional group of products
Ethene reacts with dilute acid, HO / H*, to form ethanol.
Structural Formula equation
H,O/H*
CH,=CH,—» CH,— CH,—OH

Observations - Again there is no colour change observed. (colourless to
Reaction 3 colourless)

Reaction type - This reaction is an addition reaction, as the double bond is
broken and two atoms are added to each C atom of the double bond. In
this reaction one H and one Br atom are added.

Functional group of products

When ethene reacts with hydrogen bromide, bromoethane is formed.
Structural Formula equation

HBr
CH,=CH,—» CH,— CH,—Br

Summary of the three reactions All three reactions involve the breaking of the double bond.

All three reactions involve addition (adding atoms on)

Two of these reactions are addition reactions and one is an oxidation
reaction.

Only one of the reactions gives a colour change that is easily observed.

Ethene, CoHag) reacts with dilute
acid, H,O / H*

Ethene, CHag reacts with
hydrogen bromide, HBr.
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Writing Excellence answers to Major and Minor products questions

Major and Minor Products QUESTION

Question: In Reaction 1, propan-2-ol can be converted to propene.
In Reaction 2, propene can be converted back to propan-2-ol.
Analyse BOTH of these reactions by:
O describing the reagents and conditions needed for each reaction to occur
QO identifying each type of reaction and explaining your choice
U explaining why Reaction 1forms only a single organic product, but Reaction 2 forms a mixture of
organic products.

Reaction 1
CH,— CH—CH, eaction
3 | CH2= CH - (:H3
OH “ Reaction2
Reaction 2 Propene
Propan-2-ol

ANSWER

1. Reaction 1 Reagent and conditions -To convert propan-2-ol to propene, add
Propan — 2-ol forms propene concentrated sulfuric acid (which is a dehydrating agent).

Reaction type - It is an elimination reaction because OH and H are
removed from adjacent carbon atoms and a double bond is created to
form an alkene.

Structural Formula

Reagent type and conditions - To convert propene to propan-2-ol, add
dilute (sulfuric) acid.

Reaction type - This is an addition reaction because the double bond is
broken forming a C-C (single) bond, allowing H and OH from water to
bond to the C atoms that were double bonded together.

Structural Formula

2. Reaction 2

Propene forms propanol

Label each structure with name
and whether it is major or minor

H. 'v
O H HHO
LT Lo

H-C—C—C-H H=C—C—C-H
N H HH

Product type: Minor
Name: Propan-1-ol

Product type: Major
Name: Propan-2-ol

3. Explain why reaction one forms
only one product linked to
symmetry

Reaction 1 forms only one product because the carbon atom from which
the H is removed (C1 or C3) does not affect the structure of the product as
propan-2-ol is symmetrical.

4. State Markovnikov's rule AND
Explain the reason reaction two
produces two products linked to
Markovnikov's rule and
asymmetry, including which is
major and which is minor.

Reaction 2 produces two products because an asymmetric reagent (H-
OH) adds onto an asymmetric alkene (CH3CH=CH). There are two
carbons that the H or OH can bond with (C1 and C2), so there are two
possible combinations. We can predict which will be the major product by
using Markovnikov's rule, which states that the carbon with the most
hydrogens gains more hydrogens. This means that most of the time, C1
will get another hydrogen while C2 will get the OH in this reaction.
Propan-2-ol will be the major product and propan-1-ol the minor product.
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Writing Excellence answers to Acid-Base Reactions questions

Acid-Base Reactions QUESTION

Question: Question 3c: Compounds B (CH3COOH) and E (CHsCH>NH,) react together.

(i) Write a balanced equation for the reaction that occurs between compounds B and E.
(i) Identify the type of reaction that occurs between compounds B and E.

Justify your answer.

ANSWER

1. Draw the structural formula of Acid (carboxylic acid) Base (amine)
the acid and base

Identify which hydrogen ion will be H O H H H
donated in the acid (-COOH end) | /) | | |
accept the hydrogen ion (-NH: | | .
\
end) |l| O-H H H
2. Write a balanced equation CH3COOH(gg + CH3CHaNH2(ag) = CH3COO (5g) + CH3CH2NH3" (4g)
3. Name the type of reaction The reaction between B and E is an acid-base (neutralisation) reaction.
4. Explain what occurs in the Acid-base reactions involve a proton / H™ transfer.

reaction generally

5. Explain in detail what occurs in Protons / H”, are released from the carboxylic acid functional group, —
the acid — and the product formed | COOH, resulting in a salt forming containing the -COO- group.

5. Explain in detail what occurs in The proton / H" is accepted by the amine functional group, -NH, this
the base — and the product formed | forms a salt containing the -NHsz" group.
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GZ Science
Resources

Polymers QUESTION

Question: Draw TWO repeating units of the polymer formed in Reaction
Explain why the formation of the polymer from its monomer is classified as
an addition polymerisation reaction.

Compare and contrast the polymer formed in Reaction 5 to the polymer

CH,—CH,—CH,— CH=CH,

HCl
Reaction 1
o 0

formed in Reaction 3.

reactions are different.

1. Identify the monomer, then
draw the polymer

(identify C 1 and C2 in monomer
either side of the double bond
then draw a chain of C (4 for 2
repeating units) and add on
groups of each one removing
double bond)

In your answer you should explain why the polymers formed in these two

ANSWER

CH,—CH,—CH=CH—CH,
iymerisation

monomer polymer
. C1 C2 C1 C2 C1 c2
reaction 5
CHs-CHa-CH) CHECH: HoH o HoH
! [}
. | 1
reaction 3 (:3|_|7 H C3H7 H
CHs3-CH,-CH=CH-CHj3s

2. explain the definition of
addition polymerisation

Since the monomer for this reaction is an alkene, when polymerisation
occurs, the double bond in each alkene molecule is broken, freeing up a
bonding space on each of the C atoms that was part of the double bond.
This allows the monomers to join together by forming covalent bonds to
make the polymer.

Since double bonds in the alkene are being broken and molecules added
into the freed up bonding spaces to make the monomer, this is an addition
reaction.

Polymerisation reactions occur when many monomers are chemically
joined.

3. molecule 1 (reaction 5) —
describe the 2 groups of each
end of the double bonded
carbons

In Reaction 3, the polymer formed will have a carbon with one hydrogen
and a methyl group, and a carbon with one hydrogen and an ethyl group,
as its repeating unit, due to the double bond being on the C2 position.

4. molecule 2 (reaction 3) —
describe the 2 groups of each
end of the double bonded
carbons

In Reaction 5, since the double bond is in a different position (the C1
position), the polymer formed will have as its repeating unit a carbon atom
with 2 hydrogen atoms attached, and a carbon atom with one hydrogen
attached and a propyl group attached.

5. Explain that molecule 1 and 2
are structural isomers but have
the same molecular formula

The molecular formulae of the two repeating units of both polymers are
the same, but the structural formulae are different. (States repeating units
are structural isomers.)
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Writing Excellence answers to Identifying Unknowns questions

ldentifying Unknowns QUESTION

Question: Question: 1c:

Four separate colourless organic liquids are known to be: « ethanol « ethanoic acid « hex-2-ene « 1-
aminohexane. Write a procedure to identify each of these organic liquids using only the reagents listed below.
« acidified dichromate solution, Cr,07*"/ H* ) * bromine water, Braqg * sodium carbonate solution, Na;COj3(q).
In your answer, you should:

« identify the test reagents used * describe any observations that would be made « identify the type of reaction
that occurs « identify the organic product of any reaction.

You do not need to include equations in your answer.

ANSWER

Step 1 Test reagents used — start with Cr,O7* / H* adding a bit to each sample

Observations - which will turn from orange to green with ethanol
No change for the other 3 samples

Type of reaction that occurs - oxidation
Organic product of any reaction - ethanol is oxidised to ethanoic acid.

Test reagents used - add sodium carbonate solution, NaCOszq). to the

Step 2 remaining 3 samples
Observations - Bubbles of gas will be produced in the ethanoic acid
sample

No change for the other 2 samples

Type of reaction that occurs — acid-base reaction

Organic product of any reaction — in the acid-base reaction Sodium
ethanoate / ethanoate ion is formed.

Test reagents used — add bromine water, Braq to the remaining 2
samples

Observations - the bromine water, which turns from red / brown to
colourless straightaway in the hex-2-ene sample

No change for the other sample

(for substitution in an alkane this reaction will be seen slowly with UV light
as a catalyst)

Type of reaction that occurs — addition reaction

Organic product of any reaction — in the addition reaction It will form 2,3-
dibromohexane is formed

Step 4. Test reagents used - Hexan-1-amine will be the chemical left over that will
not react with any of the given reagents.

Observations (in other questions red litmus paper can be used — which will
turn blue for an amine)

Step 3.

Type of reaction that occurs

Organic product of any reaction




