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Section 1 Multiple Choice 10 marks

1. Which of these is not an acid-base reaction?

A. HiO%(aq) + OH (aq) = 2 H;0 (1)
B.  H,0()+ HCI (aq) > Hs0" (aq) + CI (aq)
C. OH (aq) + H30," (aq) = H;O (I) + H,0, (aq)

2 H;0 (aq) > 2 Hz (1) + O2 (9)

2. The conjugate base of HCOj' is
A. H,COy
COs*
C. H,CO3
D. CO;

3. Which of the following solutions will have a pH greater than 77

A 0.01 molL™" NH,CI

B 0.01 molL™" NaHSO,

&, 0.01 molL™' CH;COOH
@ 0.01 molL™" KCH;COO

4.  Which of the following pairs of solutions can not be used to prepare an effective buffer?

A. NaHCO; and HCI
HNO; and NaNOs;
A CH3;COOH and KOH
D. NH; and HCI

5. Which of the following best describes the reaction that occurs when ethanoic acid reacts
with magnesium carbonate?

A H* (aq) + MgCOs (s) > CO; (g) + HzO (1) + Mg®* (aq)

B 2 CH3COOH (aq) + MgCO; (s) = CO (g) + H20 (1) + Mg(CH3COO); (aq)

@ 2 CHacOOH (aq 2+ MgCOs (s) > CO; (g) + Hz0 () + Mg** (aq) + 2CHsCOO" (aq)
2 H" (aq) + CO3* (aq) > CO, (g)+H20 0]



CCGS Year 12 Chemistry Acids and Bases Test 2018

6. Sulfurous acid (H2SO3) is an acid which ionises in water according to the following equation.
H,S03 (ag) + H,0 (I) & HzO" (aq) + HSO; (aq) Ka = 1.54 x 107

Which of the following statements is true about 100 mL of a 0.1 molL™" H,S0s solution?

A. If water is added, the pH will decrease.
. [H30+] > [HzSOa]
[Hs0"] > [OH]
. ThepHis1.0

7.  Equal volumes of HF (a weak acid with Ka = 7.2 x 10™*) and a solution of nitric acid of equal
concentration are mixed together. Which of the following correcily indicates the various ions
in the resulting solution in descending order of concentration?

HeO" > NOg > HF > F~
B

: HaO" > NOy > F > HF
C. HF > H30" > NQO3 > F
D NOg > H30" > F"> HF

8. A buffer is prepared consisting of equal concentrations of ethancic acid and potassium
ethanoate. A small volume of concentrated sodium hydroxide solution is added to this buffer
and equilibrium is re-established. Which of the following is frue?

A. The pH will remain unchanged
B. The value of the equilibrium constant for the reaction will increase.
C. The concentration of hydrogen ions will increase.

@ The concentration of ethanoate ions will increase.

9.  The pH of an unknown aqueous solution is found to be 13.00. Which of the following is most
likely to be the unknown solution?

A 1.00 x 10°"® molL"" sodium hydroxide
@ 5.00 x 102 molL™" barium hydroxide
. 1.00 x 10" molL" nitric acid
D. 1.00 x 102 molL™ potassium hydroxide
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The Ka values of a number of acids are listed below:

Acid Ka value
CH3;COOH 1.76 x 10°
HF 7.2x10°
HS 6.2 x 10°
HCO; 4.7 x10™"

Based on the above information, which of the following 1 molL™" solutions would you expect
to have the highest pH?

A. NaCH,;COO (aq)
B. NaF (aq)

] Na,S (aq)
Na,CO; (aq)

Section 2 Written questions 36 marks

Question 1 (2 marks)
Water is amphiprotic, meaning that it can act as both an acid and a base according to the
Bronstéd-Lowry Theory. Using its reaction with HCI and NH; as examples, write balanced
equations to show the amphiprotic nature of water.

Acting as an acid

Equation:

H-;,O{w+ NHI\{M‘T/"—& N“\t+ . OH'LM)

LT |
Acting as a base

+ -
Equation: HLO(!) . l‘j((/\(-wl)'i":"> H’>O L) i (/{UH')

-\ e fwi &1v\m—’ﬁ0n$ Are W
i wvony place
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Question 2 (11 marks)

A buffer was formed by the addition of 100 mL of 1 molL™" lactic acid (CH;CHOHCOOH) (aq)
to 100 mL of 1 molL™" sodium lactate (NaCH3;CHOHCOO) (aq). At this point, the pH was 3.9.

Lactic acid is a monoprotic acid and its structure and that of the lactate ion are shown below.

100

OH OH
L b .0
H;C-C-CZ H;C-C-CZ
sC 8 C OH 3C l(—|> C o
lactic acid lactate ion

mL aliquots of the lactic acid/lactate buffer solution were added to two different beakers.

1 molL™" HCI (ag) and 1 molL™ NaOH (aq) were added to each beaker respectively, and the
pH measured. A section of the resulting graph has been completed for you.

pH
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Volume of NaOH added (mL) Volume of HCl added {mL)

a) Write an equation to represent the equilibrium between the species present in the
lactic acid/lactate buffer mixture.

CHCHOUCOOH ) + HOpy = H30%, + CH:CHOHCOO,,

(1 mark)
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b) Explain why the pH drops significantly at point B. Use a calculation to support
your answer.

* Yhe hpu ffer Mpaviﬂ Coux ceede d 0,
+theve is no move CHyCHOHC00 Wy fr the HY
re et with 0)
relevant  cdealehon o meathe mpathc roa 5o nAng @
. M (lecnk) CxVe 1 ¥0-05 = 005 woles »

Vku) contiiny 0-065msdkes = N = 095 . 50 mL.
" & ) (3 marks)

c) Complete the graph between the addition of 100 mL of NaOH and 100 mL of
HCI. g
() pH rise ~ 50 mL ok NaOH
@ ‘&r QV\d‘NV\/\] bt/h/VU’f"‘ U;«\L‘,) (2 marks)
(0 )
d) Using an equation, explain why the buffer maintains a fairly constant pH when

HCI (aq) is added between points A and B, but when the same amount of HCl is
added to water, the pH drops by a significant amount.

When KOl s added % the buadfer, i+ reath with
e leole ton @
CHyCHOMCOD ) + HDL, — CHyCHOM COOH + H, Dy ©O)
‘Most o) the addad  H,Of u‘;] wasumed 5o 113
Wwradaton Moreeses by o small awmodnt, O
and the ?H ovx\‘j dmps%h‘;k*tj

-n water, e tovnntrahon w? P o PO @
Aner 2 verg lie OR pregent o rp et with

tdded HY o ¥t an@atration o b Ht

A rgases ﬁN«Hj, and +he pl dvo!ls @

(G) for nutter Lxplomahon
@ '@r wak tr

(5 marks)
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d) However, despite the difference in rates of reaction, both the propanoic acid and HCI
solutions will react with the same mass of nickel hydroxide over time. Explain this

observation.
CH3CH, COOH + Ho0 = H,0F ¢ CHsCH, (00" (not
r-U{W"’ML)

'AH'/\Q(Aﬁh less H,0F % pmsevxT f'nr"h'aHg,pwpavwiga(/{o(
watnues P foaige , as i red s witth Ni(OH), @
“The ot amount ot HOT avarlable o oo ot

i( ‘H\Q BN A% @ (2 marks)
Question 4 (5 marks)

a) Rank the following 1 molL™ solutions in order of increasing pH: KNO3, Na,COs,
CH3;COOH, HNO;

Lowest___HN 05 < CHJ,COOH % KN03 < N“L(/OS Highest
- @ i reveve order (2 marks)

b) Using an equation, account for the predicted pH of Na,CO;

The C/UE,' i0n s wealdy basic _
by dvo\\!ses i water 1x>J Hym OH (onc 0
‘CO’;' +H, 0 = HWy « OH ®
Lo > [Hs07), s0 +he solufion 5 hasic (D

(3 marks)
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Question 3 (9 marks)
Propanoic acid is a weak acid that ionises in water according to the following equation.

CHiCH,COOH (aq) { HiO ) (aq) + Hs0" (aq) Ka=134x10°

a) Circle the two species acting as Bronstéd-Lowry bases in the above equation.
(1 mark)

b) Write a balanced ionic equation and observation for the reaction between solid nickel
hydroxide and a solution of propanoic acid.

(2 marks)

Observation;

Gvagn Solid dissolves ' celow vlejg (o Lhon O,
to @rm 4 (yein spolatyon @
' U

(2 marks)

c) Compared to a solution of HCI of the same volume and concentration, propanoic acid
will react more slowly with the nickel hydroxide. Explain this observation.

Dn’bg_)ﬁﬂO?‘( aud v\/o_q{c
o (ubuve The wawnhohon o HT G lower @
- the ﬁr‘a/qtu\WUj ot wlladons bitwaeen HY &

Vi (OH) 5 5 lowver @

(2 marks)

Equation: Ni(OH)z {s) +2CH5(/HZ(/OOH lay) i ZHLO((; t Nil{LﬁZCH,LHLLUD—.

vy
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Question 5 (9 marks)
Determine the resultant pH of the following mixtures:

a) 200 mL of 1.5 molL™ NaOH solution is diluted with 100 mL of water.
Nn{pg) = CxV

> YU
= 0-3 maoles ()
new [0} = A 03 = | woll” (M
¥ P73
[H*]: M : lU'w PH = |L|, @ (3 marks)
CoH)

b) 100 mL of an unknown solution of pH 2 is mixed with 200 mL of a 0.001 molL™" KOH

solution.
H 7 + DH —» H.0
[Hr): 10 f(oy) = CxV
= 0-0) wmolL” = 0-00)x07
N C RV " 0.0p02 woles (1)
= 0-01%0 |
:O'OO|WUO‘95® Bt o« oW react in )il vadho.

N(HD>n (o). . OH H #Hae LB @
HY s th exs

N(Wt) bt ovec:  D-00)-0-0007

©0-000% maotes @
[H‘f’\: 1 z OOODS . O'DOZb()" MD)L" @
V 03 (6 marks)
fnel = 2.57 ®
END OF TEST
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