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Chemistry 30

Equilibrium, Acids & Bases
Unit Review



Use the following information to answer the next four questions. ()
Prairie Chem Inc. in Edmonton is a bulk manufacturer of concentrated bleach
(NaOClag)). The bleach reacts with water to form a solution with a pH of 10.87.

CQue e loose

OCl'aq + I“12{9(1) = HOClpg + (iI;I-(aq)

bk‘u; ALyt

1. In this reaction, the substances that act as Brensted-Lowry acids are

A. OCl'uq and HOy,
B. OCl g and HOClyg
C. OCl'aq and OH g
® H.0() and HOCly

2. The substance in the equation above that may act as an amphiprotic species is

A- Ocl-(aq)

@ H20q)
C. HOClgg U

D . OH-(aq)

3. The two species in equimolar amounts that could act as a buffer in this bleach solution are

(&) OCI'ug and HOClgy)
B. HOClgg) and OH (g
C. OCl'nq) and H2Oy,
D. H,Oq and OH ()

4. In this bleach solution, the acid-base indicator

A. phenolphthalein would be colourless
alizarin yellow R would be orange
C. indigo carmine would be green

D. methyl orange would be red



Use the following information to answer the next question,

A source of hydrogen for the Haber process is “syngas”, which is produced by a
reaction of methane and water at 1 000°C.

nickel
catalyst

CHug + HiOg =  COg + 3 Hayy

Ke = [Com](h, (551> i = (5.45 /@,!O)S
(H:03) (chy ] (2.910.94)

B If at equilibrium, the [CHy(y] = 2.97 mol/L, [H O(g)] 7.94 mol/L, [COy] = 5.45 mol/L,
and [Hyg] = 2.10 mol/L, then the Ko is _ 2./ fz

(Record your three-digit answer in the numerical-response section on the answer sheet)

Use the following information to answer the next question.

Some of the SO produced from the burning of coal and natural gas can react with
NOyg in the atmosphere according to the equation

SOyg + NOyg = NOg + 803" € AH=-41.9%]

5. The equilibrium concentration of SOj3) in the reaction could be increased by

K. raising the temperature
B. adding a catalyst
B. removing SOx)

@ adding NOz(g)

6. Which of the following acid solutions has the lowest pH? weak acid

A. 300 mL of 1.00 x 10 mol/L HaSeocwart 4, Jobe] = 4 - [HAT
B. 100 mL of 1.00 x 10" mol/L H,COsaqy Sueae

(CD 100 mL of 1.00 x 10 mol/L sto“aq)‘\ et
D. 10.0 mL of 1.00 x 10™ mol/L H2SO4(uq) 77 m,j i

S‘fvonj Acier



Use the following information to answer the next question.

Antibiotics formed by different species of the genus of bacteria Penicillium are among
the most widely prescribed drugs in the world today.

One of these antibiotics is penicillin G (benzylpenicillinic acid), which is represented

as HPn). This acid is only slightly soluble in water. The saturated aqueous solution
is represented by the equilibrium

H2Og + HPngy = H30"agq + Pnigg)

7. This system is at equilibrium when the rate of formation of Pn’(,q) in the forward reaction is

A. favoured over the rate of the formation of HPn( in the reverse reaction
B. slower than the rate of the formation of HPn, in the reverse reaction
C. faster than the rate of the formation of HPng,) in the reverse reaction

@ equal to the rate of the formation of HPny, in the reverse reaction

Numerical Response
The concentration of H;O"q) ions in a particular bottle of wine is 3.2 x 107 mol/L. The

pH of this wineis 3.4 9 . ”(05 (3-:2)(!0’9

(Record your three-digit answer in the numerical-response section on the answer sheet)

}

Use the following information to answer the next question.

Rainwater is acidic because it contains dissolved atmospheric CO- ) that occurs
naturally. It may also contain air pollutants, NOy), and SOy from industrial
sources.

8. If each of the following components of acid rain is of equal concentration, then which of
them would have the lowest pH?
A- HNOB(aq)
B. HNO3qq
C- H2SO3(aq)

H>SO4taq)



Use the following information to answer the next two questions.

- If HyS¢,, is released into the atmosphere, it dissolves in atmosphere water to form
S hydrosulphuric acid. The ionization of H;S(,q) can be represented by the equilibrium

HoS@g + HoOg = HSag + H30 g

9. The K, expression for this ionization is

A K, = [HzS(aq)] § B. K, = [Hgﬁml[_zﬂ_ggﬂ
[HS gl H30 (ag)] [HS gl H30 (ag)]
- 4+ s - +
C. Ka = [HS ][ H30 (aq)] K. = [HS ()l H;0' el
[HaSgl[ H20p)] [H2Sag)

4 . . .
10. The [ H30 (5q)] in a 0.050 mol/L H3S(,q) solution is Assum,o Hom 0.$o

2 > lopc
+
A. 45 % 10° mol/L = @30 (M)j §.d 1Y
(T @) 6.7 x 10° mol/L (H Al
.4
C. 1.3 x 10* mol/L g.axin® = [Fy0 *ags)°

[H,0%] = .47x10°®

D. 0.10 mol/L
0.050

11. An equilibrium that would favour the products is

A. NH g + E2P04'(aq) = NHi@gq) + H3POusg

ac ok use.
B. HCNpq + HSug = CNg + HaSqg)
aecd base
@ HCO3 g + POs g = HPO42_(aq) + CO32-(aq)
ac i A base
D. HSOsaq + HSO5Gg = HiSOsag + SO g
ke acich



’(a,akb = /(V\/

N THOMSE s 14

Numerical Response 5.6 X)0 X Kp = h0OXIO

The K, for the conjugate base of the ammonium ion, expressed in scientific notation, is
ﬂ- 7 q X 10-5.

(Record your three-digit answer in the numerical-response section on the answer sheet)

12. If the [H+(aq)] in a reaction is 0.020 mol/L, then the pH and pOH are, respectively,

A. 1.05 and 12.95 —~ log (0.020)

pH =
B. 1.40 and 12.60

= .70
© 1.70 and 12.30 L= 1170
D. 2.00 and 12.00 pors = =t
= J2:30

13. When ammonium nitrate dissolves in water, the resulting solution will be
) o
A. basic NHy (a9 H, 00
acidic <CoZ

I+ o
C. neutral NH; (29 ¢ /‘/29(,0.) —_—

D. anon-electrolyte

Use the following information to answer the next question.

Wi, (o) + Hs 0 v

Blood pH is influenced by the concentration of buffers and gas solutes, such as carbon
dioxide, which is formed during cellular respiration. In red blood cells, the enzyme
carbonic anhydrase catalyzes the equilibrium

carbonic
anhydrase

COyg + HiOp =  HCOs(g + Hiy

14. In this equilibrium, carbonic anhydrase

A. increases the concentration of HCOj'(5q) formed at equilibrium
B. decreases the concentration of HCOj (,q) formed at equilibrium
C. increases the concentration of COq(g) formed at equilibrium

(D), increases the speed at which equilibrium is reached

»



Use the following information to answer the next question.

‘When equally concentrated solutions of HNOz(ag), CH3COOH 5y,

HOOCCOOH,q), and NaySaqy were titrated with either a strong acid or
strong base, the following curves were obtained.

Graph 1 Graph 2
Z %] 7
ac)’ed acyd
Yolume of base (mL) Volume of base (mL)
Graph 3 . Graph 4
bose

i

Volume of acid (mL) Volume of base (mL)

Numerical Response

Match each of the graphs, as numbered above, with the corresponding titration species
listed below.

HNO3(q) A (Record in the first column)
CH3COOH(aq) . ‘1— (Record in the second column)
HOOCCOOH ;g | (Record in the third column)
NaySaq) 5 (Record in the fourth column)

(Record your four-digit answer in the numerical-response section on the answer sheet)



Use the following information to answer the next question.

{
Oxoacids of Chlorine
Acid K.
-HC104(aq) very large &~ S“'Lfona actd.
HCIO3q) 51%10% < 29 numbe (/aryr Fhan /)
HClOsq) 1.1x10? :
HClOyq) 29x10®

15. Acids are classified as either strong or weak. Of the acids listed above, only

A, HClOgyy) is a strong acid
- B, HClOyq) 1s a strong acid
@ HC1O4(q) and HCIOs,q) are strong acids
D. HClOyggq), HC1O3(g), and HC1Oy,q) are strong acids

16. In the equation HNOjqq) + Nngsz+(aq) , one conjugate acid-base

pair is

ot

A. HNOjs(q) and NoHs' g,

B. HNOs(sq) and NoHygag)
(©) NoHiug) and NoHs' gy

D. NaHi(aq) and NO3 (g

Use the following information to answer the next question.

0.10 mol/L Solutions

1 NaNOygy — 3 HNOsq 4
2 NaHCOjqq) 2 4 Ba(OH)zq) |

@Numerical Response

When the soluglions above are ordered from most basic to least basic, the order is <
, , and




(Record your four-digit answer in the numerical-response section on the answer sheet)

Use the following information to answer the next question.

C'?

A" - Ay
i HSO (og)

o} .
I faq) -+
H,0 fag)

o
A
Ry,

e A,

Beaker 11

N
Y
A
=y

. —
- ’ Ay B
HA A lag) HApp ™ g @

HA,, A" _ By Do
fag) (ag) A tag) Au{aq) HA(‘HI)‘

Beaker 111 ) Beake?l‘ifi "'f;

:

17. The beakers that best represent a buffer solution in which HA,q) is a weak acid are those
labelled :

A. Tand II
B. Tand III
C. Iland I

@ 111 and IV

18. Which of the following mixtures could act as a buffer solution?

A. HF(aq) and HzS(aq)
C. NaZCO3(aq) and NH3(aq)

- - 2
\\w’, NaH2B03(aq) and NazHBO:l(aq) L[} 603 /H 60_3



Ny (o6) 4 H,000 == NyHs' (ag) + O (as)

Use the following information to answer the next question.

A 0.500 mol/L solution of hydrazine (N;Hygq)) contains the following equilibrium
concentrations.

[N2Ha(ag)] = 0.498 mol/L
[OH (aq)] = 2.14 x 10™ mol/L

f+ '-
l<b = @2% f"fIOH C‘“’g [NoHs (aq] = 2.14 x 10™ mol/L

O fasn] |
D—\Il = = é.f"fXJD')(Q.MXID'B) = 9, 20X ’O"é
( o)

The K, for hydrazine, in scientific notation, is a.be x 10, The values of a, b, ¢, and d are,
respectively, 9 , 2 O . and

(Record your four-digit answer in the numerical-response section on the answer sheet)

19. Acid rain is linked to the leaching of heavy metals and their ions in lakes and rivers.
Biomagnification of these metals and ions increases levels of disease in fish and wildlife.
Based on this information, a decision to reduce sulphur dioxide emissions would be
A. political
B. scientific

C. technological

environmental

20. A drop of thymol blue indicator in its blue form added to 10.0 mL of 0.10 mol/L HySOy(a)
would become

pH=|

A. yellow because the indicator would gain one proton
B. yellow because the indicator would lose one proton
@ red because the indicator would gain two protons

D. red because the indicator would lose two protons



()

Use the following information to answer the next question,

The labels came off four cleaning solution containers found under a kitchen sink. Each
of the cleaning solutions was tested with two available indicators, and the following
results ere recorded.

Cleaning Solution Bromothymol | Phenolphthalein
Blue
1 blue >"76 pink Zjo| “ |0
2 blue 724 colourless 7.6-8.2
3 green colourless G O-T76
4 blue 77.6 light pink 2.2-lo

Numerical Response

Listed in order from lowest to highest pH, the cleaning solutions are, respectively,

3,2,4,and

(Record your four-digit answer in the numerical-response section on the answer sheet)

Use the following information to answer the next question.

Apple growers in British Columbia’s Okanagan Valley are coping with trees that are
stunted and have blistered bark as a result of a dramatic increase in the acidity of the
region’s soil. Nitrogen fertilizers are one of the m_z_tin causes_of the high acidity.level-of

the soil.

21. To solve this problem, Agriculture Canada has suggested that apple growers work lime into

the soil in their orchards because lime is

@ a base

B. an acid
C. aneutral ionic compound

D. a neutral molecular compound

10



Use the following information to answer the next three questions.

Methanoic (formic) acid is the irritant secreted during an ant bite. The irritation is
partially due to the ionization of methanoic acid. The equilibrium equation for the
ionization can be represented as
450
HCOOHgq + H0g = H;0'uy +HCOO Gy -

22. Which of the substances in the equation above could function as an amphiprotic species?

A. H,0 and H;O' g
Hzoa)

C. H307q) and HCOO )

D. H,0q, H30 (2, and HCOO g

23. In a comparison of the species present in HCOOH,g, the

[H30" aq] is greater than [HCOOH yq)]

[H30" 4] is equal to [HCOOH 4q)]

(O [HCOOHuq) is greater than [HCOO (ag)]
D. [HCOOH )] is equal to [HCOO (ug)]

A,
B..

24, When a 0.100 mol/L HCOOHyy,q) 1s titrated with 0.100 mol/L NaOH,g), an appropriate
choice of indicator for this titration is

ol {
A. orange IV /¢~ 28 Weak  acidl S’I"fong) bbage.

cresolred ~),0-8.8 _e%w;uglfwje, Pa;/\+ above 7]

C. methylred ¢, §- 6.0
D. indigo carmine / 4-/3.0

11



J

Use the following information to answer the next three questions.

Sodium hydrogen carbonate, NaHCOs) (baking soda), is used in baking. When lactic
acid, HC3H;03(aq), and baking soda are present, they cause doughs and batters to rise.
Lactic acid, a component of buttermilk, has a Ko = 1.4 x 10,

4y O

HCy Hg O (a2 NCOy (on)

25. The net ionic equation that best illustrates the reaction responsible for the dough rising is
A. H30+(aq) + HCOg,-(aq) — COg(g) + ZHZO(U
B. HCOg_(aq) + C3H503-(aq) — HC3H503(aq) + CO32-(aq)
C. NaHCO3(aq) + H3O+(aq) - HQCO3(aq) + HQ_O(]) + Na"'(aq)
HCO3-(aq) + HC3H503(aq) —> H;)_O(l) + COz(g) + C3H503'(aq)

26. The [H30+(aq)] in 0.20 mol/L HC3H503(aq) is

— &
A. 2.8 x10° mol/L K, = &\5O+(a@j
®) 5.3 x 10° mol/L [HA{w]

C. 2.6 x 107 mol/L Lo’ = NE:
D. 7.0 x 10™* mol/L 52

Use your recorded answer from Multiple choice 26 to answer Numerical Response 8%,
el

X = 0.00529

Numerical Response - 109

The pH of the HC3HsOxeq) is o 28

(Record your three-digit answer in the numerical-response section on the answer sheet)

°You can receive marks for this question even if the previous question was answered incorrectly.

27. To completely react 50 mL 0f 0.10 mol/L acid, 150 mL of 0.10 mol/L KOH,q) was
required. The number of protons donated by each acid molecule was

A. 1
B. 2

@© 3

D. 4

12




Use the following information to answer the next three questions.

% Titration of 20.0 mL Samples of Acidified H,0.
with 0.15 mol/L KMnOygq) ()
tedpx
o Trial I II I v
S+Dichfom9+nf Final Buret Volume (mL) 18.3 34.6 17.4 33.8
U S)Tfi) A Initial Buret Volume (mL) 0.4 18.3 0.9 17.4
9 N9 163 65  Je.d —> |Fierage =
* Colour at endpoint purple pink pink pink 16, YmlL
——__\ .

HY @) | H,0,(0 | k*ag) ; Mao, "~ (ae) ) H, Ol

. _ 4 - 2+
28. The balanced equegiRo@ for the titration is Mn 0:.( @s) + QN Peor 5e”=>Mn” D+ q”,zd’()
| Ho0,W0 =20, (3 4 98 es) + De~
2 Mn04'(aq) + 16 H+(aq) + 5 Hz?zﬂ) - 2 Mn2+(aq) + B HgO(]) + 5 Oz(g)

B. 2MnOy g + 6 H' ey + 5 HaOnp — 2 Mn*'uq + 4 HyOpy + Ong
C. 2MnOyg + 6 H g + 5 Hy000 — 2 Mn*' g + 3 HyOgy + 5 Oxg
D. 2MnO4'(aq) + 6H+(aq) + 5 H202(1) — 2M32+(aq) + 8 HzO(l) + 5 Oz(g)

Numerical Response y~ average volume ao(d{’cl ( )
The volume of potassium permanganate that should be used in subsequent calculations is
I @ o ] ml.

(Record your three-digit answer in the numerical-response section on the answer sheet)

Use your recorded answer from Numerical Response 9 to answer Numerical Response 10*.

Nuinerical Response

The hydrogen peroxide concentrationis_ (0> 308 mol/L. i3 Kﬂy at back says O 3

(Record your three-digit answer in the numerical-response section on the answer sheet)
°You can receive marks for this question even if the previous question was answered incorrectly.

Iy “ast Jo Alacs +5H, 0, ~>

Vel fom Hiationdate) V220wl (EamtHie)
. OSSmdll. (beontitic) .7
C | C=7
(1) mol-s Nan”[aq/) Q) moe retio QS cone. M, 02 ()
015 mol 4 mo Amol MnO,' gy _ 0,004 mof 0. 006/5.m0]
Tlml_ 5 mof H,?,O}L-JQ) 13 X O.020L
’ X = 0.00b(5mol K05 0. 305 2o/l

K = 0.0024b ~>/0. 208mo//L |



(’”\ Sodium azide, NaNs(), which is found in automobile air bags, reacts readily with acids

Use the following information to answer the next four questions.

to form the highly toxic and explosive hydroazoic acid HNsq). The K, for hydroazoic
acid is 1.9 x 10,

HMS(WL) +/~JJOK,Q) _— #504—(0@—7‘ /\é/-

29. The K, expression for hydroazoic acid is

A Ki= _ [HNiggl _ (B)Ke = [H;0"ql [Nyl
[N3" @]l H30 gl [HN3gg)]

C. Ka = ]-I‘H\]-’%(aq\-l3 - D. Ka = [EQ:@)]E[EEO_;@)]
[N3 @aq)][ H30 (agy] [(HN3(aq)]

30. In a solution of hydroazoic acid, the

-5
A. [HN3(aq)] < [N3_(aq)] KQ = qu X 'D
@ [HN3(ag] > [H30+(aq)] ’\ !
= C. [HN3pq] > [H200)] Much legs than | 8o reactants
&"*/} D. [HN3@q] = [H30 @g)] %vo ced

Numerical Response

The pH of 2 0,28 mol/L HN3qq solutionis _J: 0 .

(Record your three-digit answer in the numerical-response section on the answer sheet)

asumpton Ke= 0.0 ] L9KIOD™S = x?

checlC oy

0z ¢ > 00 [HYs o 0.2

LaxIO | X = 00023065 ol /L
Numerical Response

PH = ~105/0.002305S)
The volume of 6.00 mol/L NaOH,q) required to neutralize 2.20 kg of HNj(aq) 18

. ¢.82 L

(Record your three-digit answer in the numerical-response section on the answer sheet)

s OH'(ae) =2 15Ty + worty
me 2.710%g

2/3’0&4@ - QM’Q’ fatio (51 gwma/__/w_gl
R 2 x

Y = 5115 : - xEEol



Use the following information to answer the next two questions.

Body chemistry involves a number of chemical systems that are critically dependent of (W
pH, buffering action, and concentration of gas solutes such as COx) and Oy, N

31. The function of chemical buffers in the blood is to

A. control all reactions
B. act as catalysts to increase the rate of reaction
C. withstand the continual addition of acid or base

@ maintain a constant pH when a small amount of acid or base is added

32. One of the buffers present in blood is

A. HS 03‘(aq) - HZSO3(aq)

HCO5 (ag) — H2COsag

C. NOj'(aq) — HNOs3(eg)

N

Use the following information to answer the next question.

buse GO ,
acid . ‘02
HSO4'(aq) + HCOO_(aq) = HCOOH(aq) + SO4 -(aq)
1l 2 3.4

Numerical Response

Match each acid or base in the forward reaction, as numbered above, with the
corresponding term below.

acid I (Record in the first column)
conjugate base L/ (Record in the second column)
base 2 (Record in the third column)
conjugate acid 3 (Record in the fourth column)

S

oy

(Record your four-digit answer in the numerical-response section on the answer sheet)

15



Use the following information to answer the next two questions.

& . _ )
Hﬁz(aq) + HoBOsg = Nf])z (@) + H3BOsqg)

33. A conjugate acid-base pair in the reaction is

A. HyBOs3'aq and NOy'g)
(BDH;BO03q and H;BO3 g

C. HNOyq and HyBO37(g)

D. H3iBOsuq and NOg g

34, The amphiprotic species in the reaction is

D. H;BOsq

Use the following information to answer the next question.

A sample of rainwater is poured into five test tubes. A different indicator is added to
each test tube. Four of the observations are recorded in the table below.

Indicator Colour

methyl red yellow > 6.0
phenol red yellow < .6
bromocresol green blue
phenolphthalein colourless
bromothymol blue ?

35. The pH of the rainwater and the predicted colour of the sample containing bromothymol

blue are
MM W— AMOABALAAAAA AN,
A. 6.0 and blue i‘ H )
B. 7.6 and blue ° Lo
e @ 6.0 and yellow
LA D. 7.6 and yellow

16



Use the following information to answer the next question.

Titration Plot for 25.0 mL of 0.100 mol/L. NH3(,q) with 0.100 mol/LL HCl,,)
13 :
12 j
1 : 3 - 5-
MG 5
10 —C o ]
9 <
8 o)
ERp ;
5 Z
R
3 i
i) !
2 ‘ :
rs P -
l ' S
0 I i i i 1 i ! i i i _;
0 5 10 15 20 25 30 35 40 45 50 35
Volume of hydrochloric acid (mL.)

36. The most suitable indicator for the titration is

A. phenolphthalein §.2-i0.0
B. methyl violet 0.0 ~1.b

(©) chlorophenolred 5,2 (.Y
D. methyl orange 2.2 - 4.4

37. A solution was tested and found to have a pOH of 3.2. This solution would most likely

A. be a proton donor base_/ PH = (0.8
B. react violently with zinc
@, cause thymolphthalein to be blue

D. cause bromocresol green to be yellow

17
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Use the following information to answer the next two questions.

The Stelco Plant in Camrose, Alberta, uses phosphoric acid to remove rust from steel
pipes before they are welded. A technician is responsible for ensuring that the proper
concentration of phosphoric acid is used. The technician titrated 10.00 mL of the
HaPOjygag) with 0.125 mol/L NaOHag) to the second equivalence point. The technician
obtained the following data.

Volume of NaOH,q) used
Trial 1 II 11 v
Final Buret Volume (mL) 12.8 24.1 355 46.7
Initial Buret Volume (mL) 0.7 12.8 24.1 35.5

< 13 ) 1.2

Numerical Response

The average volume of sodium hydroxide required to determine the [HiPOuaq)] is
o mL.

(Record your three-digit answer in the numerical-response section on the answer sheet)

38. Based on the data gathered at the second equivalence point, the concentration of the

hosphoric acid was - -
FRespRene s Hyrg, 12 0H — Ry ey + 240

A. 47.1 mmol/L YetD.poml  CTD-1Z5mL
Ty v= 1k 3ml
70.6 mmol/L nN= 2.0bx0"
C. 141 mmol/L q NE 0004125
C= 706X mol
D. 283 mmol/L m
= 2. 070425 rollt
7.6 mmof [,

39. A glass of orange juice contains enough hydronium ions to kill you if your blood is not
buffered to a pH of about 7.35. One of the several buffer systems that your blood contains

is HyPO4 (aq) — HPO4* (aqy. This system initially buffers the addition of hydronium ions from
orange juice by the reaction

A. H;0"g + HaPOs'agy = HiPOggq + HaOg,
H3O'ag + HPOs () = HiPOsag) + HzOp
C. 2H;0%qq + POy = HaPOy g + HaOp

D. 2 H;0 g + 2 H:POsg = PO g + 2 HaOyp

18



Use the following information to answer the next two questions.

with a caustic soda solution (NaOH g)).

After the ethene is separated from the byproducts of the cracking process, it is washed

Het + NaDR — HoH 4 ANall
C=0.9%0 Ymil, V=10.0mL
0860, J_0iC = 25Tmol L
I L x V1= D

L D20 ) M : o
A lab technician titrated 10.0 mL of'a 2.?’71113{& caustic soda solution with a 0.860 mol/L
standardized HCl,q) solution. The volume of HCl,q) needed to completely neutralize the

caustic soda solutionis <99  mL.

(Record your three-digit answer in the numerical-response section on the answer sheet)

40. The indicator that would best identify the equivalence point of this titration is

A. methyl violet-
B. bromocresol green

(C) bromothymol blue
D. 1,3,5-trinitrobenzene

Use the following information to answer the next question.

A student was asked to determine the concentration of an aqueous HCl,g) solution by
titrating it with 1.13 mol/L. NaOHy,q) in the presence of bromothymol blue indicator.
Since burets were not available, the student used droppers for each solution and
assumed that each drop was of equal volume. It took 26 drops of NaOHgg to

neutralize 20 drops of the HClaq) solution and to reach the bromothymol blue endpoint.

Numerical Response

| The concentration of the HCl,q) solution was / .Y 7 mol/L.

(Record your three-digit answer in the numerical-response section on the answer sheet)

| 1,07 +jOoN' (og) > 2H,0
v = Whuops 12 mol [l

72 ml ) 1ocwps
-_: Ow = ’L{famL

S.0020 = 0.0029%
47 moll),

19
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Use the following information to answer the next question.

At the Wascana Gas Plant in Balzac, Alberta, environmental and economic concerns
N have resulted in the development of an efficient process for the removal of sulphur

( \’) from sour gas, which is a mixture of hydrocarbons and HyS. In the first step of the
process, one-third of the H,S,) reacts with Oxg to produce SOy). In the second step -
of the process, the SOy produced reacts with the remaining H2Sg) to form elemental
sulphur and water.

Step I 2 HzS(g) + 3 Op_(g) = 2 HzO(g) + 2 SOz(g)

StepIl - 2HaS( + SOz = 2HaOy + 3 Sy

Overall Equation 2HyS + Oy = 2HaOp + 2 Sy

To maximize the amount of sulphur removed from the sour gas, the gas plant engineers
apply Le Chatelier’s Principle.

41. According to the overall equilibrium equation above, the amount of sulphur removed may
be increased by

. A. adding a catalyst

P
\ o removing water vapour

C. increasing the volume of the system

D. increasing the temperature of the system

42, The indicator that would most accurately identify a solution with a pH between 4.00 and
4.301is

A. thymol blue

methyl orange

C. litmus

D. methyl red
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Use the following information to answer the next two questions.

A student titrated a 10.0 mL sample of nitric acid with sodium hydroxide solution in -
the presence of an indicator. ( w

Volume of 5.00 mmol/L: NaOH(,, Used

Trial I I 1 v
- Final Buret Volume (mL) 7.99 14.51 21.02 27.53
Initial Buret Volume (mL}) 1.00 7.99 14.51 21.02

———

6.99 6.51 Sl &5/

Numerical Response
The average volume of titrant used is @ 5 / _mL. ( O (ol g)

(Record your three-digit answer in the numerical-response section on the answer sheet)

Use your recorded answer from Numerical Response 17 to answer Numerical Response 18%,

Numerical Response

The concentration of the nitric acid is mmol/L.

| ()
(Record your three-digit answer in the numerical-response section on the answer sheet)

°You can receive marks for this question even if the previous question was answered incorrectly.

43, The addition of NaOHq) would cause the equilibrium system
HBbgg + H20g = H30'aq + Bbigg to turn

Ne Yow blue
A. blu:: and the pH to decrease

blue and the pH to increase
C. yellow and the pH to decrease

D. yellow and the pH to increase
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Use the following information to answer the next question.

Thermometric Titration of 20.0 mL of 0.20 mol/L. HCl,,

30+

25 - .-..V v

Temperature (°C)

i I I |
10 20 30 40 50

Volume of NaOH(w(mL)

(ACl(as) + NaOH (24) —
O-20malll z0ml-

20mL
This experiment is an|example of a thermometric titration in which a change in temperature
occurs as the reagents,react. The [NaOHgqy] for this titrationis _ <. /.5  mol/L.
n= 0,004

(Record your three-digit answer in the numerical-response section on the answer sheet)

44. The main buffer solution of plasma and tissue fluid found in our bodies is

HyCOsaq) — HCO3 (ag. When excess hydronium ions enter our blood, the equation that
represents the reaction that occurs is

A. H30%q + OHuy — 2 HaOg

B. HyCO34q + OHug — HCO3g + HaOg
C. HyCOs4q + H20p — H30 g + HCOs g
H30+<aq) + HCO3'aq — H2COseq + HaOgy
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Use the following information to answer the next question.

A student was asked to rank the relative strength of the following four acids.
1 Formic acid (HCOOH,q))

2 Hydroazoic acid (HN3(ag))
3 Hypobromous acid (HOBr))
4

Nitrous acid (HNOxaq))
H MOZ Tl}f: student wassgiven the following information.
Heooh HCao™ HNOzuq + HCOO hq = NO3'zgy + HCOOH(yg) (Products favoured)
i ' HN3@g) + OBt ag) = Niug + HOBrgg (Products favoured)
S HN3pay + HCOO iy = Niwg + HCOOH, (Reactants favoured)
- (aq) (aq) {aq) (aq)
HOB¢ OR, A &

Numerical Response
Based on the reaction evidence, the four acids, ranked from strongest to weakest, are

4 .t 2 ,amd_3 .

(Record your four-digit answer in the numerical-response section on the answer sheet)

- Use the following information to answer the next question,

A student sketched a titration curve based on data collected during a reaction between
0.050 mol/L NaOH_,q) and a 25.0 mL sample of a soft drink.

144 e
12... -

_ 104

= 8§+ -
6
4
2

T T T 1
5 10 15 20 25

Volume of NaOH,,, (mL)

45. The most suitable indicator to identify the equivalence point of the second reaction is

(A) phenolphthalein
B. bromothymol blue
C. methyl red

D. methyl orange
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Numerical Response Key
. 2.14
. 3.49
. 1.79
. 2413
. 4213
. 9206
. 3241
. 2.28

. 16.4
. 0.31
. 2.64
. 8.52
. 1423
d 113
. 29.9
. 1.47
. 6.51 or 6.63
. 3.26
. 0.13
. 4123
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