Year 12 Chemistry Half-Yearly Examination 2010 Student Number:

2010

HSC Half-Yearly Examination

Chemistry

General Instructions
Reading time — 5 minutes
Working time — 1.5 hours

Write using blue or black pen

Draw diagrams using pencil

Approved calculators may be used

Write your student number on each section of
this booklet

Teacher-in-charge: S. Davis

Task Weighting: 20%

Total marks 65

This examination has two parts, Part A and Part B.
Part A — 10 marks

Attempt Questions 1 - 10.

Allow about 15 minutes for this part.

Part B — 55 marks
Attempt Questions 11 —19.
Allow about 1 hour and 15 minutes for this part.
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Year 12 Chemistry Half-Yearly Examination 2010

Student Number:

Chemistry 2010

Multiple choice answer sheet

This sheet may be separated from the rest of the paper for your convenience.

Part A

. A BO cO p O

2. AOO BOO c O p O

3. A B O cO p O

4. A B O c O p O

5. AO B O cO p O

6. A B OO c O p O

7. AO B O c O p O

8. A B O cO p O

9. A BOO c O p O

10. AO B O cO p O

TOTAL 10
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Part A.

10 marks

Attempt questions 1 - 10.

Allow about 15 minutes for this part.

Record your answers on the separate multiple-choice answer sheet that is on the back of the exam title
page. You may DETACH this page for your convenience. Ensure your student number is written on it
AND at the top of this page.

Select the alternative A, B, C or D that best answers the question. Fill in the response oval
completely.

Sample: 244 = (A) 2 (B) 6 (C) 8 D) 9
A O B @ c O D O

If you think you have made a mistake, put a cross through the incorrect answer and fill in the
NEeW answer.

A @ B @ cO D O

If you change your mind and have crossed out what you consider to be the correct answer, then
indicate the correct answer by writing the word eorrect and drawing an arrow as follows.

correct

s
A B WK c O D O

1.  What is one use that ethyl ethanoate is known for?

(A) solvent

(B) flavouring

(C) hydrating agent
(D) leavening agent

2.  The aqueous solution that is the most acidic is the one with:

(A) pH=12
(B) pH=4

(C) [OH7=1x 10" mol/L
(D) [H7=1x10°mol/L

3. A buffer solution can be prepared by mixing approximately equal amounts of:

(A) aweak acid and a strong acid in water

(B) aweak acid and the salt of another weak acid in water
(C) asalt of a weak acid and water

(D) aweak acid and a salt of the weak acid in water
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4.

When an indicator is used in an acid base titration, its colour change:

(A) always identifies the equivalence point.

(B) occurs at pH of 7.

(C) needs to correspond to that point when the moles of acid and base present are identical.
(D) occurs at the end point.

Which of the following can act as a Bronsted-Lowry base when mixed with water?

(A) HCOy
(B) CI

(C) CH:;COOH
(D) NaNO;

How much oxygen is required for the complete combustion of 1.0 mole of propene to form carbon
dioxide and water?

(A) 100 L oxygen at 273K and 100 kPa
(B) 9.0 moles of oxygen

(C) 4.5L oxygen at 273K and 100 kPa
(D) 72 gof oxygen

Given 0.10 mol/L aqueous solutions of each of the following listed compounds, which would be
the most basic?

(A) NH;

(B) NaOH

(C) Ca(OH)
(D) CH3;COONa

How should the conical flask being used in a titration be prepared?

(A) rinse with the solution in the burette.

(B) rinse with the solution to be added by the pipette.

(C) rinse with distilled water, with the flask being dried before use in a drying oven.
(D) rinse with distilled water and can be left wet.

Which action would result in an increase of 2 pH units?

(A) diluting 10 mL of a 0.1 mol L' HCI to 200 mL
(B) diluting 10 mL of a 0.1 mol L"! NaOH to 200 mL
(C) diluting 10 mL of a 0.1 mol L™ HCI to 1000 mL
(D) diluting 10 mL of a 0.1 mol L"! NaOH to 1000 mL
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10. Identify the formula for the conjugate acid of HS.

A H'
(B) S*
(C) HaS
(D) HS(OH)*
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Student Number:

Part B.

54 marks

Attempt questions 11 — 19.

Read the whole of each question before commencing it.
Answer the questions in the spaces provided.

Show full working for questions requiring calculations.
Allow about 1 hour and 15 minutes for this part.

Question 11.

Outline the origin and effects of acid rain in industrial areas.
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Question 12.
(a) A 285.3 g bottle of soda water was decarbonated by adding 14.7g of salt to it. The final mass was
296.2 g. Determine the volume of gas formed at 25°C and 100 kPa. M

(b) Two identical bottles of soda water, one at room temperature (25°C) and one just out of the fridge
(4°C), had their pH determined using a probe and data logger. The results are tabulated below:  4M

Bottle | pH | Temperature (°C)

A 5.21 25

B 4.63 4

Account for the difference in pH in terms of Le Chatelier’s principle.
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Question 13.
Describe what is meant by the term “amphiprotic species”, using equations to illustrate your answer.  3M

Question 14.

A clear solution was tested by a student by adding three drops of universal indicator and the resultant
colour was red. The student was told the solution could be sodium chloride, ammonium chloride or
sodium ethanoate.

(a) Predict the identity of the solution and justify your prediction with the aid of an appropriate
chemical equation. M
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Question 15.

Analyse how knowledge of the composition and properties of acids has led to changes in the definition
of acids.
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Question 16.

(a) Calculate the pH of a solution made by transferring 15 mL of 0.7 mol L' of sulfuric acid into a
250 mL volumetric flask and then filling it up to the graduation line.

(b) Calculate the pH of a solution made with dissolving 3.76 g of sodium hydroxide in water to make
a 200 mL solution.

3M

M
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Question 17.
The equation to represent a reaction is as follows

0O
H+
CH—~ OH + CH3-C-OH <+ CH3-O-C-CHs; + H20

I
0

(a) Name the products of this reaction.

(c) Ofthe two reactants, identify and justify the reactant with the higher boiling point.
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(d) This reaction takes place with the addition of heat. Outline the precautions taken to prevent loss of
volatile reactants. M

(e) Draw a labelled scientific diagram of the equipment as it is set up to carry out esterification. M
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Question 18.

A 500.0 mL sample of concentrated sulfuric acid (18 mol L) was dropped in a laboratory accident.
Solid sodium hydrogen carbonate was used to neutralise the spilled acid.

(a) Justify the choice of solid sodium hydrogen carbonate to clean up the spill. Include a relevant
equation.

(b) Calculate the minimum mass of sodium hydrogen carbonate needed to neutralise the acid
completely.
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Question 19.

A solution of vinegar (ethanoic acid) was titrated against 0.22 mol L' sodium hydroxide to determine its
concentration.

The 50.00 mL sample of vinegar was diluted to 500.00mL and 20.00mL aliquots of the diluted solution
were titrated using an indicator.

The following table records the volumes of sodium hydroxide required to reach the endpoint.

Run number Volume of sodium
hydroxide added (mL)
23.50
23.10
23.00
24.00
22.90

N[N

(a) Make a scientific diagram of the piece of equipment used to measure out the 20.0 mL aliquot of
diluted acid. IM

(b) The sodium hydroxide used in the titration needed to be standardised. Explain why this step would
be necessary. M

(c) Identify one source of error for this €XPEeriment. ...........cceeeuieriieiiienieeiierie et seeeeee e e IM
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(d) The following indicators could be selected for this titration. M
Indicator pH range Colour range
Chlorophenol red 52-6.8 Yellow - red
Phenolphthalein 8.3-10.0 Colourless - crimson
Bromothymol blue 6.0-7.6 Yellow - blue
Methyl orange 3.1-44 Red - yellow

Identify the indicator that you would choose and justify your decision.

(f) Calculate the concentration in grams per litre (g/L) of ethanoic acid in the original sample of
vinegar. 4M
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Marking Guidelines HY Exam 2010 15.

Marking criteria Marks
Year 12 CHEMISTRY * Describes the correct chronological development of the 5
theories of acids presented by Lavoisier, Davy,
Part A — multiple choice. Arrhenius, Bronsted-Lowry.
1. A 4, D 8. D *Provides thorough definitions of acids presented by
2. B 5. A 9. c each theory.
* Draws out implications of each development by relating
3. D T c 0. |C the definition to examples of acids.
All students were awarded a mark for question 6 as a typo left the * Qutlines a different limitation of each of the three earlier
question less than perfect... definitions presented by Lavoisier, Davy and Arrhenius
that is correct for the level of knowledge at that time.
Part B. * Describes the correct chronological development of the 4
11. theories of acids presented by Lavoisier, Davy,
Marking criteria Marks Arrhenius, Bronsted-Lowry.
* Using an equation, identifies the industrial origin and 3 *Provides thorough definitions of acids presented by
formation of the gas (SO2, NOz, COy, etc.). each theory.
* Using an equation, shows the formation of the acid. *Draws out implications of each development by relating
*In general terms, outlines the effects of the acid rain on the definition to examples of acids.
the environment or society *  Outlines a different limitation of one of the earlier
Completes two of the above 2 definitions that is correct for the level of knowledge at
Completes one of the above 1 that time.
12 a. OR
Marking criteria Marks * Describes the correct chronological development of the
Correctly calculates 3 theories of acids presented by Lavoisier, Davy,
> the mass of COz lost as 3.8 g Arrhenius, Bronsted-Lowry.
> the moles of CO2as 0.0863 mol, and * F;Lowde? ttrt:oroqght.dctaﬂnltlons of acids presented by
ree of the scientists.
Z):rr:::t\ll; ?:F&;Eggﬁv?:f:ht:bove 2 * E:rr]av:/js ?'u.tt.imptlications cl)f ea(f:h dgvelopment by relating
e definition to examples of acids.
g:; r:.actly calculates one of the above 1 *  Outlines a different limitation of each of the three earlier
Marking criteria Warks definitions (ie. Lavoisier, Davy, Arrhenius) that is
* States Le Chatelier's principle 4 correct for the level of knowledge at that time.
* Applies Le Chatelier's principlé to the given data. Outlir)es a sognd definition for TWO or THREE of the 2-3
*  Using an equation, describes the exothermic nature of tr;]eorlels O.f aT'dS dthat have been developed, in correct
the equilibrium. (c)éono ogical oraer.
?;Ct? gt?]ti):)(t)tl] ;hAe g: ddBu (reetIZttizz f:lzntg?r:g Lecr}:jri)glrature Outlines a definition for ONE or TWO of the theories of
Completes three of the above 3 acids that have been developed, in correct chronological
letes two of the ab > order, AND Identifies a limitation of ONE of the theories.
Completes two of the above Outlines a definition for ONE of the theories of acids that 1
Completes one of the above 1 have been developed
13. :
Marking criteria Marks ;/?a?i(ing criteria Marks
: Corr sctly iden.tifies. anamp hiprotic species 3 Correctly calculates the pH of the acid as 1.1 3
i Deflnes amphlpr.otlc speC|e§ . (note — when writing a numerical value for pH, the number of decimal places given in
* Usmg two equatlons, describes the ab|||ty of the the pH value are equal to the smallest number of significant figures given in the data
identified amphiprotic species to both act as an acid = in this case, 1 significant figure in 0.7 mollL)
and a base éEoDws full working as follows:
ggmg:g::z gﬁg 2;122 2%%\\//2 ? => Calculates the concentration of diluted acid in the 250
142 mL volumetric flask (0.042... mol/L)
Marll(ing criteria Warks = Uses an equation to show the mole/concentration
e . ratio between H2SO4 and H* as 1:2
* Identifies the solution as NH4ClI 3 >  Determines the [H4] as 0.084.... mollL
’ Statgs that the 39|Ut'°n s acidic due tq th? umversal = Substitutes values into the equation for calculating
indicator changing to a red colour which indicates pH and correctly processes the data to get an answer
acidity of 1.1
* Writes the correct equation that shows the formation of Calculates the pH of the acid as 1 (or 1.08 or 1.076) AND 5
the H3|C(); NH* + Ha0 <> NHs + HsO* %hlgws full working as detailed above
Completes two of the above 2 Correctly carries out TWO of the four steps of working
Completes one of the above 1 outlined above (and has an answer that is given to 1
14b. _ — decimal place)
Marking criteria : _ Marks Correctly carries out ONE of the four steps of working 1
States that the investigation is unreliable because it is not 1 outlined above
repeated

16 b.




Marking criteria Marks Marking criteria Marks
Correctly calculates the pH value as 1 X 10" (13.67) 3 Calculates the number of moles of H2SO4 as 9 mol 3
(nb. number of decimal places in the pH was not looked at in this question) AND Using the stoichiometric ratio, determines the moles
AND Shows full working as follows: of NaHCOs to be 18 mol
=>» Calculates the moles of sodium hydroxide in the 3.76 AND Calculates the mass of NaHCOs as being 1512 g
g (0.094... mol) Correctly proceeds through two steps in the calculations. 2
= (Calculates the concentration of sodium hydroxide in Calculates the number of moles of H2SO4 as 9 mol 1
the 200 mL (0.47... mol/L) 19 a.
=> Uses an equation to show the mole/concentration Marking criteria Marks
ratio between NaOH and OH-as 1:1 and hence Diagram of a piece of equipment that resembles a 1
determines the [OH] as 0.47... mol/L volumetric pipette.
=> Substitutes values into the equation for calculating 190D.
pH and correctly processes the data to get an answer Marking criteria Marks
of 1X107(13.67) . Explains that sodium hydroxide is unsuitable as a primary 2
AND Shows the correct symbol equations for each of the standard and therefore needs to have its concentration
3 steps of calculations checked for accurate titrations OR gives a reason for its
(n=m/M; ¢ = n/V; pH = 14 - (- logro[OH) concentration being uncertain.
Correctly carries out TWO of the four steps of working 2 States that standardisation is necessary to check its 1
outiined abovg , concentration (without a cause) or required for accurate
Correctly carries out ONE of the four steps of working 1 titration.
outlined above 19c.
17 a. - —— Marking criteria Marks
”’a”‘.’f’g criteria Marks States a reasonable error (as opposed to a procedure) that 1
Identifies the TWO products as methyl ethanoate and 1 may occur in this practical.
water 19d.
17 b'_ —— Marking criteria Marks
”’a”‘.’f’g criter la - — Marks Identifies phenolphthalein as the best choice AND 3
Identifies H* as >a catalyst (lowering activation energy Z Identifies the titration as a titration between a weak acid
required for the reaction to occur) AND - as dehydrating (ethanoic) and a strong base (sodium hydroxide) AND
agent (forcing the equilibrium to the right and favouring the dentifies that the salt produced is basic and produces a
production of the ester) solution with a pH > 7 AND
Identifies one of the above 1 States that phenolphthalein will create an endpoint that
17c. corresponds to the equivalence point which is signified by a
Marking criteria Marks colour change.
Identifies ethanoic acid as the reactant with the higher 2 dentifies phenolphthalein as the best choice AND 2
b0|||ng point AND justiﬁes thIS Choice W|th reference to |dentifies that the salt produced is basic (Or the pH > 7)
greater dispersion points and an additional H bond Identifies phenolphthalein as the best choice. 1
requiring more energy to break the bonds than in methanol 197,
Identifies ethanoic acid as the reactant with the higher b.p. 1 Marking criteria Marks
17 d'_ — * Correctly calculates the concentration of the ethanoic 4
Marking criteria Marks acid in the vinegar as 151.93 g/L
Outlines the precautions required to deal with TWO of the 2 The following four steps need to be covered -
following hazards: o (1) correctly balanced chemical equation
refluxing procedure, water bath, bailing chips (2) calculates the average titre as 23 mL (using titres 2,3 and 5;
Outlines ONE of the above 1 the first is the rough run and the fourth is an outlier)
17 e. (3) calculates the moles of NaOH to be 0.00506 mol
Marking criteria Marks (4) Calculates the concentration of the diluted vinegar to be
Scientific drawing included: 0.253 mollL
- Use of pencil 05 (5) considering the dilution factor, the concentration of the
- Use of ruler 05 undiluted vinegar was 2.53 mol/L
- Correct drawing of : (6) correct conversion to g/L
o Bunsen burner/hot plate and water bath, pear 1 *  ALL calculations are well set out, logical and fully
shaped flask, condenser, reactants detailed.
o 2-3of the items above 05 Correctly completes first five steps (leaving the 3
- Labels for: concentration in mol/L) OR
o Bunsen burner/hot plate and water bath, pear 1 All six steps are complete for an incorrect titre.
shaped flask, condenser, reactants Correctly calculates the moles of NaOH and the 2
o 2-3 of the items above 0.5 concentration of the dilute ethanoic acid.
18 a. Correctly calculates the moles of NaOH 1
Marking criteria Marks
Includes a correct relevant equation AND outlines two 3
reasons for its choice.
Includes a relevant equation and outlines one reason for its 2

choice OR outlines two reasons.

Includes one reason OR a correct balanced equation.

18 b.
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Question 11.

Outline the origin and effects of acid rain in industrial areas.
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Question 11.
Outline the origin and effects of acid rain in industrial areas,
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Question 11. : {
Outline the origin and effects of acid rain in industrial areas. 3M
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Question 12.

(&) A 285.3 g bottle of soda water was decarbonated by adding {4.7g of salt to it. The final mass was
296.2 g. Determine the volume of gas formed at 25°C and 100 kPa. M
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(b) Two identical bottles of soda water, one at room temperature (25°C) and one just out of the fridge
(4°C); had their pH determined using a probe and data logger. The results are tabulated below:  4M
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>
5°C) and one just out of the fridge

one at room temperature (2
4M

(b) Two identical bottles of soda water,
(4°C), had their pH determined using a probe and data logger. The results are tabulated below:
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Question 13. . _ '
Describe what is meant by the term “amphiprotic species”, using equations fo illustrate your answer.  3M
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Question 13. . .
" Describe what is meant by the term “amphiprotic species”, using equations to illustrate your answer. ~ 3M
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Question 14.

A clear solution was tested by a student by adding three drops of universal indicator and the resultant
colour was red, The student was told the solution could be sodium chloride, ammonium chloride or
sodium ethanoate. ‘

(8  Predict the identity of the solution and justify your prediction with the aid of an appropriate

chemical equation. - 3iM
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Question 14. R dena). S
A clear solution was tested by a student by adding three drops of universal indicator and the resultant
colour was red. The student was told the solution could be sodium chloride, ammonium chloride or
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(a)  Predict the identity of the solution and justify your prediction with the aid of an appropriate
chemical equation. . 3
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(b)  Assess the reliability of the above investigation.  |M

Theo Omasbiaines 00 20 vsoasls  Ga . G dnad. k. Seen. 2epRaNa),

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

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

Question 15. _
Analyse how knowledge of the composition and properties of acids has led to changes in the definition
of acids.
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Question 15.
Analyse how knowledge of the composition and properties of acids has led to changes in the definition

of acids.
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Question 16.

€y

Calculate the pH of a solution made by transferring 15 mL of 0.7 mol L of sulfuric acid into a
250 mL volumetric flask and then filling it up to the graduation line.

3M
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Question 16.
(a) Calculate the pH of a solution made by transferring 15 mL of 0.7 mol L} of sulfuric acid into a

250 mL volumetric flask and then filling it up to the graduation line. 3M
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(b) Calculate the pH of a solution made with dissolving 3.76 g of sodium hydroxide in water to make .

a 200 mL solution. M
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(b) Calculate the pH of a solution made with dissolving 3.76 g of sodium 'hydroxide in water to make. .
a 200 mL solution., l
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Question 17. o
The equation to represent a reaction 1s as follows

O
elhanore /ra,r'_x/' 0 “
CHe OH + CH;—C-OH CH;-0-C-CH; + 0

me/z/’z.:ﬂi?ﬁ /

0

(a) Name the products of this reaction.

(b) Identify the functions of the H' written above the arrow. 2M
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(c) Of the two reactants, identify and justify the reactant with the higher boiling point. o 2M
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(d) This reaction takes place with the addition of heat. Qutline the precautions taken to prevent loss of

volatile reactants. 2M
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(¢) Draw a labelled scientific diagram of the equipment as it is set up to carry out esterification. 3M
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-Question 18,
A 500.0 mL sample of concentrated sulfuric acid (18 mol L) was dropped in a laboratory accident.
Solid sodium hydrogen carbonate was used to neutralise the spilled acid.

(a) Justify the choice of solid sodium hydrogen carbonate to clean up the spill. Include a relevant
equation. N R g 3M
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(a) Justify the choice of solid sodium hydrogen carbonate to clean up the spill. Include a relevant
equation.
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(b) Calculate.the minimum mass of sodium hydrogen carbonate needed to neutralise the acid
completely.
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(b) Calculate the minimum mass of sodium hydrogen carbonate needed to neutralise the acid
completely. ' 3M

H S@"f e ) 4.2 0a. ﬁl/ﬁg (S) 2. N’%Lﬂvgéuif){Zﬁth;}fZwé(ﬁ)
........ {V:QSL((' ‘v\?
................... S JEIVL e e
By 507 C, AYAICI Y S ST 1Y T I —
“HLW@ gNﬂﬁm g

V‘Nm&m A *"m}w - 2% A= 1&mol..
............ IETPTINT M. 1&'>< (2. M + 1,008+2.01% 3 fﬁ”))

= i<l 4“‘?@ _
¥oiH ke (L m)
Question 19. é % 5

A solution of vinegar (ethanoic acid) was titrated against 0.22 mol 1! sodium hydroxide to determine its

concentration.
The 50.00 mL sample of vinegar was diluted to 500.00mL and 20.00mL aliquots of the diluted solution

were titrated using an indicator.
The following table records the volumes of sodium hydroxide required to reach the endpoint.

1 23,

2 23.10
3 23.00
4

5

24.00
22.90

(a) Make a scientific diagram of the piece of equipment used to measure out the 20.0 mL aliquot of
diluted acid. M
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(b) The sodium hydroxide used in the titration needed to be standardised. Explain why this step would

be necessary. 2M
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(b) The sodium hydroxide used in the titration needed to be standardised. Explain why this step would
be necessary. 2M
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(c) Identify one source of errof for this experiment. Auﬁgmm*ﬁjinN§M M
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(d) The following indicators could be selected for this titration. M
8 Yellow - red _
Phenolphthalein ' 8.3—10.0 Colourless - crimson
Bromothymol blue 6.0-7.6 Yellow - blue
Methyl orange 3.1-4.4 Red - yellow
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= Identify the indicator that you would choose and justify yyecision.
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Identify the indicator that you would choose and justify your decision.
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of ethanoic acid in the original sample of L
4M
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(f Calculaté the concentration in grams per litreg
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(f) Calculate the concentration in grams per litre (/L) of ethanoic acid in the original sample of
vinegar:- AM
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