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Chemistry 30
Equilibrium, Acids and Bases Workbook

Chemical Equilibrium
1. For each of the following, write the chemical reaction equation with the appropriate
equilibrium arrows.
a) pH measurements indicate that acetic acid in vinegar is approximately 1% ionized
into hydrogen ions and acetate ions.
~1 e

| % .
Chy COOH («4) —= P 4 CHSCOO’ (av)

b) Quantitative analysis of the reaction of sodium sulphate and calcium chloride
solutions shows that the products are favoured.

50%
No, SO, [y + Cally (awy 28 NoCl 69y + CaSQ ()

¢) Aluminum sulphate solution reacts quantitatively with a sodium hydroxide solution.
Al 80,) () + NuOHE)— ANOW,(9+ Na, S0, (22)

d) An analysis of the reaction between sodium hypochlorite and ammonium nitrate
shows that the reactants are favoured.
o
£ 5075

Na OCI(ae) + NHND; @) === NorA[D;(ac) + Mg OC/ (e

2. Write the equilibrium law for each of the following chemical reaction equations.

a) 280y(g) + O(g) = 28S0s(g) 1(5 = [603(%)]2
Z g |
(50,4 E«)a\ﬂ

b) 2NO:g) = 2N0® + 08 - Rpes] g
ot
NO, (>
9 N(®) *+ 3B = 2NH() [y, 5))°

E\'Q (gﬂ' @2 (@} .
d) Na;SOs(aq) + CaCly(aq) = 2Na€l(ag) + CaSO4(s)
2=y

) : Ke
Co® (av) + 0 () = CaSoy(s) Co%lens) (304 * oy
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3. Chlorine and carbon monoxide gases are mixed in a 1.00 L container. Initially, 1.5 mol

of chlorine was present with excess carbon monoxide. The percent reaction is 53%.
a) Write the chemical reaction equation including the appropriate equilibrium arrows

and the percent reaction. o

534
Cl,(0) + CO(D=—= C?\C\QC%)

[-me Port C)

b) Write the equilibrium law for this reaction.
ke = [COC,(9)]
[dz @] ECO(‘ED:[

c) At equilibrium, 0.80 mol of COCly(g), 1.75 mol of carbon monoxide and 0.70 mol of
chlorine were present. Calculate the equilibrium constant.

Ke = (0.9 o)

= 0.65
70075 -

. In an experiment at 200°C, 0.500 mol/L of hydrogen bromide gas is placed in a sealed
container and it decomposes into hydrogen gas and bromine gas.
a) Write the equilibrium equation and law for this reaction.

QA HBr (D= Hy(9 + Bry(9)

. - Byl [Bry (9l
E{Br[@)]l

b) The equilibrium concentrations in this system are: [HBr(g)] = 0.240 mol/L,
[Ha(g)] = [Bra(g)] = 0.130 mol/L. Calculate the equilibrium constant.

Ke = (0.3010.130)
(0.R40Y
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Graphical Analysis
The Haber-Bosch process of the industrial production of ammonia involves the equilibrium

Na(g) + 3 Ha(g) — 2 NHs(g) + 92.2kI.

In a laboratory experiment designed to study this equilibrium, a chemical engineer injects
0.20 mol of N2(g) and 0.60 mol of Hz(g) into a 1.0 L flask at 500°C. She records her analysis of
the flask at 5 s intervals in the table shown.

Concentration (mol/L)
Time (s) Na(g) Ha(g) NH;(g)

¢ 0.20 0.60 0.00

5 0.14 0.42 0.12

10 0.11 0.33 0.18

15 0.10 0.30 0.20

20 0.10 0.30 - 0.20

25 0.10 0.30 0.20

Analyze the data by:
1. Draw a graph of the concentrations of Nz(g), Ha(g) and NH;(g) versus time on the graph

paper below. Include a legend with your graph. E\I S
2. State the time required for equilibrium to be established 15 = k. = H @’ﬂ

3. Calculate the equilibrium constant for this reaction...showing all work. [H?_(@& ’ EN :-( 6)]
= (©.20)°
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1. Nitrogen monoxide, a major air pollutant, is formed in automobile engines from the
endothermic reaction of nitrogen gas and oxygen gas.
a) Write the equilibrium reaction equation including the term “energy” in the equation.

Nz(g) -+ Oo.) (o) + energy ‘F"——'AZNO(QD

b) What is the direction of the equilibrium shift if the concentration of oxygen is

increased? — pf’oowc‘i‘s

¢) What is the direction of the equilibrium shift if the pressure is increased?
- no effect

d) What is the direction of the equilibrium shift if the temperature is decreased?
— Yo reactunts

e) Gasoline burns better at higher temperatures. What is one disadvantage of operating
automobile engines at higher temperatures?

— more. hest shitts e?)uilibr{um o prootuo’fB 3» More NO(S) FD”U\‘I[I'OK

2. In a sealed container, nitrogen monoxide gas and oxygen gas react to form nitrogen
dioxide gas and are allowed to come to equilibrium. The reaction of nitrogen monoxide
and oxygen is exothermic.

a) Write the equilibrium reaction equation including the term “energy” in the equation.

ANO) + Oy DT===2N0,(9) + energy ()

3 mels cus 2 mols gas —
b) What is the direction of the equilibrium shift if the temperature is decreased.

— fowards products
¢} What is the direction of the equilibrium shift if the [NO,)] is decreased.
— towavds recctants |
d) What is the direction of the equilibrium shift if the [NOyg)] is increased.
- fowards  reactants

€) What is the direction of the equilibrium shift if the volume of the system is decreased.

- Tf’OpOarbLS -PWOOUACB (presswa r'ncweascofj

3. The following is an equilibrium mixture:
Fe’*(ag) + SCN(aq) = FeSCN**(aq)

faint yellow  colourless red

Predict the colour change in the mixture when each of the following changes is made:

a) acrystal of KS(EN(S) is added to the system
}hlﬁh solu'mlrf“n oe coddi 15

b) a crystal of FeCls(s) is added to the system
) E,ﬂ_ﬁ((a)ﬁf) ¢Cl"(&q,)y - “‘owrds products ()

c) acrystal of NaOH(s) is added to the system e
OH"(aq) « Fe*T(ee) —> Fe DH)5(9) —dounrds reactants

Chem 30 Equilibrinm, Acids & Bases Workbook 4 &'z Fe,y/a ) dfffcﬁjz’ b
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Le Chatelier’s Principle
—from Hebden: Chemistry 12

1. Use Le Chatelier’s Principle to describe the effect of the following changes on the
position of the equilibrium:

A. The equilibrium is: N2Os(g) = NO(g) + NOx(g)
a) increase the [NO]~ o recctants
b) increase the [N2Os] - 4o pr oducts
¢) addacatalyst - no {ffcct

d) increase the pressure by decreasing the volume — 4o reactants

4 mol Bmo/
B. The equilibrium is: 2 Ha(g) + 2NO(g) = Na(g) + 2 Ho0(g)

a) decreasethe [N2] - fo Proalad‘é
b) decrease the pressure by increasing the volume ~ 7o reactants
c) decrease the [NO] — 4o rea ctants

3 mol Z mol

C. The equilibrium is: 2 CO(g) + Oi(g) = 2 COs(g) + 566 kJ

a) increase the temperature - fo reacta s
b) add a catalyst - no effect
c) increase the [Q;] - to procucts

2 MOJ . 'Zmol
D. The equilibrium is: I»(g) + Clo(g) = 2 ICl(g)AH =+35.0kJ
t energy :

a) decrease the temperature - +o réactants

b) decrease the [CL,] - 4o reactuats

¢) increase the pressure by decreasing the volume - np eﬁfec;('

2. Describe the effect (increase, decrease or no change) on the concentration of the bold-
faced substance by each of theé:1 giquen changes. Imol

A. The equilibrium is; Ny(g) + 3 Ha(g) = 2NHi(g) AH=-92.0kJ

a) increase the [N,] ='decrease
b) increase the volume - \ncreaSe
¢) increase the temperature — ‘nevease

d) add acatalyst - neo dnanﬁe,
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B. The equilibrium is: ZI;IF(g) = Fa(g) + Hz(g) AH = +536.0kJ
1Ener Gy

a) decrease the [Hy] - increase
b) decrease the volume - no effect { )
¢) decrease the temperature - dec re ase.

C. The equilibrium is: SnO(s) +2 CO(g) = Sn(s) +2 COy(g) AH=+13.0kJ
teéneérgy
a) increase the [CO] — tncrease.

b) add a catalyst ~ no effect

¢) increase the temperature — ncrea e,

3. Show the equilibrium adjustment in each of the following situations gr'ﬁ:hwally

***¥Note that the relative positioning of the molecules is not relevant *Whed hapeers é};jﬁ!‘bﬁtﬁh{ﬁ

A. The equilibrium is: Hx(g) + L(g) = 2HI(g) + 52kJ I
f Hj(g) C) [x_ HZ {Cj)
a) —

a) increase the temperature — T

‘ \ ;"(‘ VL (9_)
b) decrease the volume ““"L Wi6) S e

4

b) _{r___::i(c%)) d) eme as by )
——————"R1(3)

¢) inject some Ha(g)

d) add a catalyst

B. The equilibrium is: 2 SOx(g) + Ox(g) = 2S0s(g) AH=-197.0k]

a) inject some SO»(g) U”\) \ S0, A "“lr"“—"”‘l Z;i?

b} decrease the temperature ____.\‘/__._‘__%13 , %——*—503(3)

¢) increase the volume —I_—'J-———-— | S

d) increase the [SOs(g)] b) ksg" GD %
| D)

C. The equilibrium is: CO(g) + HyO(g) = COs(g) + Ha(g) AH=-41.0KkJ

L ——0b ) e
a) inject some COx(g) a j/—’-———éwh'l()[a) L) mwé?v
— , ! g
b) remove some COa(g) I~ COyo) ? 0, (5)
: 7 . K, (9)
¢) increase the temperature I~ H5) r 2
d) decrease the pressure by increasing the volume
ffﬂf@) ' Ob |
Q ? ~— 1,0(%) . CO(%)
) }
[ T T H, Of%)
B ——"i : —Com -
S :
4+ ) Hy (9)
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4. Interpret the following graphs in terms of the changes which must have been imposed on
the equilibrium:
A. The equilibrium is: PCls(g) + 92.5k] = PCls(g) + Clx(g)

f/ﬂ} a) b
o ,f R
Plig) 7 oy
FCiaj ey,
iCiz] iCig 'I
E
: Time Time
"“f"h’:’mP. de.c,rcuseoL ~ mcreas:z/ conc. 01( PC(S (ﬁ)
o (PClga) 00(0{)
B. The. equilibrium is: H,O(g) + CIZO(g) 2 HOCl(g) + 70kJ
a) b)
(HOCH roct
( %‘) [C120)]
—— (Ci20]
(H20] i
L H20]
. Time Time
- {recease volume- ~ increase demperature

ICE Tables ~~ ClCrease pressure

1. 1.00 mol of hydrogen gas and 1.00 mol of iodine gas are sealed in a 1.00 L reaction vessel
and allowed to react at 450°C. At equilibrium, 1.56 mo] of hydrogen iodide gas is present.

el G| Sy () 4 T, (0 ==HIO)

Tl i1l Y To — k- /’ T(@Z .56)

C 0. RB[-0.7 | + 56 ) (C——— = 50
E g;ag % f 56 ﬂ*’ (‘.ﬂ iﬁ] 0-2200.22) 5

O
2. In an experiment, 2.00 mol of Hy(g) and 2.00 mol of Fy(g) dre introduced into a 1.00 L flask
at 500°C. After equilibrium was reached, the concentration of HF(g) was 0.500 mol/L.

Calt:.llate tllgeK)chIEhis Eleaction at 500°C. _H* (@) + ?: (9) = ) ‘H F(@)
1 b9} fa6 H)
K Iloo200 | o E—]f{[@) (0570)2
C tob 0,25 Ho5m

El.75 | 1L75 jos@ | @ /j Eld ( DU
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[
3. Phosphorus pentachloride gas decomposes into phosphorus trichloride gas and chlorine gas:-
If the [PCls(g)]; = 8.1 x 10~ mol/L and the [PCl3(g)]i = 0.298 mol/L, calculate the K;. The

[Cly(g)]eq =2 00 107 mol/L.

Kc—132x10 : L —
A : :| .
4, A 1.0L flask was filled with 2.0 mol of SO,(g) and 2.0 mol of NO»(g) and heated to 250°C.
If the K, is 2.753, calculate the equilibrium concentrations of all species at 250°C.
SOa(g) + NOs(g) = SOs(g) + NO(g)
150, B0,y (S04 [NOr) ,
1lalalolo 2.75 = x_ 275 = x. eS8 x Eqptlibrivm conc.
C lawlox LHx tax L-x* 2-x 2K 0y = 0. TS mell
—"‘i 3366 - (65¢K = X ND, = O.Towol i
. ek -
£ X A-x 1 X X 3.23060 = 2,058k $05 = LB mol (L

5. At a certain temperature, K, = 2.6 x 107 for the reaction of H,O with CL0. Calcufétte ﬁw NO = . a5 molfl

equilibrium concentrations of each species if 10 0 g of H,0 and 20.0 g of CL,O are mixed in a
e g rfs sealed 2.00 L flask. 20505 mal  n=0.230

guaolm ic a H,0(g) + 0120(g) = 2HOClg)
eabuajf‘op‘ € COUSL

ot o R Feck STAO'VC
\I\J{O’on + neeol to OQD’H'\QSQ‘

— i

pH and pOH
1. UseKywto calculate the [H3O"(aq)] in a solution which has a [OH (aq)] of 1.0 x 10‘ll mol/L.

(. 1.0x 107 mol/L) @304-(0@):( — | 00}(}0
fOH"(m;.j l.oxp-"
= [5 0o )0 mol/L-

2. Use Kw to calculate the [OH (aq)] in a solution which has a [H (aq)] of 1.0 x 107 mol/L.
(1.0 x 10" mol/L)

(O 9] = L

[#ote]

d
- (O0XIO B

[.OX/ “;
= Joox/o ™ mol /L

Chem 30 Equilibrium, Acids & Bases Workboolk 8
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3. Determine the pH from the following [H:O"(aq)] or [OH (aq)].
a) [H:O"(aq)]=1.0x 107 mol/L pH= acidic or basic

b) [HiO'(aq)]=1x 102 mol/L pH = acidic or basic
” \ ¢) [H;0"(aq)] = 107 moV/L pH = acidic or basic

d) [OH (aq)] =0.0010 mol/L. pH= acidic or basic b%

e) [OH(aq)]=1.0x10°mol/L pH= acidic or basic
32, 13 base 3b. 2acid 3c. 6 acid 3d. 11 base3e. Sbase PrGWRV'S

4. Find the pH of a lime that has [H:O"(aq)] = 0.0120 mol/L. (1.921 ) |
oH = - lay (0.0120 D
= 92/

5. Determine the pH of a blood sample with a [OH (aq)] = 2.6 x 107 mol/L. (7.41 )

pOH = —[og G.oxio”l
= 6585
PN = Y -6.85% = 7,44/

6. An ammonia solution has a pOH of 2.92. What is the concentration of hydroxide ions in

solution? (0.00120 mol/L) )
| [oH"tes] = Jo=F°
= » -2.92

= 0.00120mel /L

7. Find the [H30"(aq)] and pH of a solution made by dissolving 10.0 g of KOH in water to

' " -
make 4.00 L of solution. (2.24 x 10 mol/L, 12.649) 4.7 _
Sblly _ [04a. KOHpg—= k"txe) + OH'raz) [%0/9] = LooXly

D.044EG mal /L £.07955
jmal  Xrol Q. 78 3mol 1o me = 229X107

K= 0,K22 L ) o
=20, 0455 pH = =los (254 x107)
8. A sodium hydroxide solution is prepared by dissolving 2.50 g to make 2.00 L of solution. = ) 4 77
Calculate both the hydroxide ion and hydrogen ion concentrations. {OH = 0.03125 mol/L, H '

— -13 -
=3.2 x 107" mol/L) /\AW"‘?_? MNa h;/a@) # Oﬁf(ﬂz)
4&00‘9 :-0—?"43:@?1 O.(%25m0/ - 403/95,«:0//1
o Xmel e . /
X =006 25md =0,03/25m1/L. [H0tas]= roni
Chem 30 Equilibrium, Acids & Bases Workbook 9 8 03/ 25
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9. A 0.728 g sample of hydrogen chloride gas is dissolved in 200 mL of water. Calculate both
the hydroxide ion and hydrogen ion concentrations. (H= 0 0998mol/L, O}-l = 1.002 x 107"

mol/L) H Cl [ag) = H /q 9 + OH (%)
39 . 01284 0.0199% 7 mo | 0.0Mndfl.  0.09%mdfL

EH'Z%]: [-.20XI0 Lovd X107
= 0. qug'“de oo0wmf X10° pmol/l-
K@ i 00X 10 )

M
10. Calculate the pH of a solution made by dissolving 7.50 g of strontlum hydrox1de to make W
500 mL of solution. (13.392) S{“(OH) (as) — G2 Yoy + 20R! /a@

X= O-OM% 7/\10[ -

|2 . Os 24 ol
ﬁ 7;’&;% Q%%M pOH = ~1y ?Zég%x{é
X =0.06146 mol C:Ootzsam@;fL e 607%6
pH =14-0.607955
11. Complete the following table: = 13,392
[H;0"(aq)] [OH (aq)] pH pOH Acid/Base/Neutral
40x10°molL | 3 Yo~ | 5.0 | €60 acids
3.ax-'° | B2k | es0 450 | base
s.oxp” ! T20x10MmoL | 330 | 10.70 | acid
10 molL Loxio™ |-1oo| 15.00 | acid ()
0. T X 36X M| 5563 | 2.437 | acid
2.3%0° | 0.04d Jizeq | 136 basic

Bronsted-Lowry Ac;ds and Bases
1. Label each reactant in the following equations as Bronsted- -Lowry acid or base:

a) HSO;(ag) + H0() =~ HO'(ag) +  SO5(ag)
acid dnwe, (acid Coboase,
b NHa) + HOQ) = N +  OH(a0)
base, aad "C_Q cdd - Cobase
c) HF (aq) + HSO;™ (aq) = F(ag) + H>S03 (aq)
acid base an_ | | Coacid
d) H;SOsaq) + HS () =  HSOs(aq) + HS(ag)
acid base, ¢ base C. acidk

()

Chem 30 Equilibrium, Acids & Bases Workbook 10



2. For each of théﬂfollowing reactions, label each reactant as Brensted-Lowry acid or base and

complete the reaction.

/-—

2) HNO,aq) + cr® = NO, (v«  HClfag)
aerd | bag, c.basy coacidh

b)  CHCOOH(g) + 802G =CHhC0 Ggh HSG, 'Yay)
acidd base) C. base C,act A

¢) H,S(aq) + NOy(agy = HS [-(a@ +  HNO,(a 9»),
acid base C. base cacd

9  HCOG) + SO = HS'Ua) + (ol 7ed)
acid base, ¢ actcd C _honse/

¢ COf(ag) + HOW = HUO, 49+ OH Vag)
bosor Gcrdl. G acid. C. base/

3. For questions 1 and 2, label each product as conjugate acid or conjugate base.

Chem 30 Equilibrium, Acids & Bases Workbook i1

Strengths of Acids
1. Calculate the pH of 500 mL of each of the following acids:
a) 1.0 x 10~ mol/L HCl(aq) ph=
stroos actdl s, [y0*(e]= Lo X 10| 200
—_— = 2
) 1), 600 molL ENOxGag) ﬁ - ﬂ/jo tey] 5,4 wio = x X=0.057
c\sstimp)fioﬂb /S 5651071 =lOTHX [I_J,AJ | &.00 pH = 1. 23
rulé @ : -
c) 1.50 mol/L HZSO3(aq) Feuily E
A L5 7k e M"J cﬂ%’rm & polue -
1441 Rizpuius UE tbl & Guadradic,
K, d) 6.8 x 107 mol/L HNOj3(aq) "
\—\/—* 5“'“’“‘3 acid &, [ﬂso (a‘f;)]" 68 X0 MOHL i pH = |°'7
) 6.3 x 107" mol/L HF(aq) I
T Lo'ea®  e3x0™ < x*
e i (A b.3X10”"' pH = 10
X = 00197



2. A 0.80 mol/L solution of an unknown acid, HX(aq), has a pH of 3.75. CHSOJ((QC@I: L7RY /O'—”r
a) Calculate the % reaction. $ = Esdr("‘el -4
X oo = [-TBxlo

E—Jﬂ(a@] 0.8 K100 ()
b) Calculate the K, the acid ionlzatlon constant % reaction = 0.022%
B L HOld  HX(o® +H,00) == H0an)+ X (aq,)
T | 0.8 O
< _-?.77231#0' Ky = D’]?;O?B E 1T B! Oj -5
€ . 799 m&W [—,{A(ag O, 7998 L‘ 0 X 10
3. Calculate the pH of a solutiofi confdining 0.25 mol/L of an acid with an acid ionization
constant (K,) of 3.2 x 107® mol/L.
AscunPTION (FECK s &‘A@‘“ﬂ”\‘““ﬂ @N“’rﬂecbw i beium
+ Z
025 e = O] (]" 320t x
SoZX 0 [HA aiﬂ O ;15
Strengths of Bases =g C’LHX'D ml L
1. Calculate the pH and pOH for each of the following: \’JH - - \% (g4 Yy Xio
a) 1.00 mol/L NaOH(aq) B = 0.000 oh=M = 3,05
LDOmall OHfugy PO = 000 PR :
b) 1.00 mol/L. Ca(OH)(aq)
2.00md [l R\ poH=-0.301  pH=14.30]
¢) 0.650 mol/L Al{OH)s(aq) ()
1.95 mol [ OH! (a@ POH*— - 0.290 PH ‘M 240
d) A solution made by S1ssolv1ng %Sq 82 gof bar;)uﬁl\hydromde in 2.00 L of water.
2 Lot 20M (49) A=l 464
17135 582 =3 0,033 655 Mol ’
122 L 522 x=0 ossq(b/\:o o> BT 65
2. Calculate the Ky for each of the f0110w1r%§ bases at 25°C:
2 NO7(a) ¥, = LOOXID = _ |, QX!D
b ————-—__
\{b: Kw. 5, 6&[0
Ko ®F@ ¥ - Looxi0 o -
° 63K -6 X 10
Y
¢) HSO; (aq) |(!0 = LOOXIWO _ o e
.Y XID'Z 1-1X10
d) HCOy (aq) I_Q,QM _ 2.axi0°¢
H.5X107
€) 00CCO0* (aq) -
K, = 1L.ooXID. o™ _ 6.TXI0
15X p ()

Chem 30 Equilibrium, Acids & Bases Waorkhook 12



3. Calculate the pH of a 13.5 mol/L solution of H,PO4 (aq) using the following reaction:
HzPO4 (ag) + H2O(l) = H3POufaq) + OH (aq)

nsSumption rule check oo @QPOL{ A plintdiad = E{; P 0:/’—/ “_ij’]egw'//érfum
13, BY\'\Ol{
6 XI5 = 1956 v

Strengths of Acids and Bases — pH Calculatwns

Calculate the pH for each of the following solutions, Show all work.
1. 0.32 mol/LL Mg(OH);(aq) - S+rom§ bogs e

. Jor'(es) = 26 0.32 pott =~ log (0.64) "[;’ cﬂisg
= O e/l " o =15 s?f]
2. 6.00 mol/L NHj(aq) | B ] :
as ) JOH f ’)
assamption S fer il 1185%107° ~ Gy (ag [on'7ea] = 0. 010
B5 00 T 6 L’Hso(a@ﬂ = b X
3. 2 O x 107 mol/L KHSOu(aq) **red with both litmus (ac d) pH=
assumpt 2:0X10_ )o Tce nble rfq)mrw\-%‘ Cbuqdm.{'lc to Sol\)e, o
check OV |0 dont needd 4 do this,
; 4. 3.0 mol/L H;S(aq) [ o JZ o 4
aSamption 3,0 K, =[R,0aw) £OY I . 2 3 Y
T A i A L AL R GO S A
(&w‘f . LA 5 pH = ~®
5. 0.750 mol/L K_F(aq) T g e hnd — = \ O l
Gssumplion o, 5p Weakm[l: 1L/bﬂ N !537')“0 J (o = = 4= 546
Cheek — =V OH' (=4, L587XIOT = Hr a5\ = YK E:;H "
I %7 K101 mj@] ’ T lp =£.53%

6. 0.0505 mol/L HI(aq)

Strone dcich S O (4% 0::0505 VYTO,/
2 Es DH:I Zéj(g) 0505) PH' ’3‘?7k

e —

7. 16 molL CH3COOH(aq)

Sumpt 2oty
asheump onte = @ D(aﬂ lgx10™" =[0g)] (B0t = 0-01597
Check 1L$x0~S H _ '
B 6 5
8.  2.00 mol/L NaCN(aq) Y - K, = oo™ T era oS [ 74 /ag Oit56
6-2xig ' - -
aSSumption lafl)(l < v = E)H“(Mﬂz L6129 )(!O’g: EOL///ag P?ﬁ_z,_ﬂt{B
9. 5.7 mol/L Na;HPQq(aq) **blue with both [ifmus K= 100X ]'G, zax-
2.
sssunetion 57 y ¥, = [Oh'(ass] 012006 =t Tl 6.2¥15 % , FOU 3 ox
volis” W —— (oWl - TAEGKLT (__.ﬁ'f’ﬁl

;
Lo —— .

10.  0.750 mol/L Al(OH);(aq)
Shong actd %= OH'@g] = OT50 X3 = 2.26 mot /h
Chem 30 Equilibrium, Acids & Bases Workbook 13 POH = =~ 352
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Predicting Acid-Base Reactions

For each of the following problems:
1. Write a reaction equation.
2. Label reactants as acid or base and products as conjugate acid or conjugate base.
3. Use appropriate arrow notation to indicate reaction predomination (forward or reverse). { ?

S8 SA

1. Solutions of Na2S03(éq) and HF(aq) are mixed in a beaker. NNa '7eesd, S@ 22@ ), bE(as) | Ho000)
_>07
HF(ag) + S0, *lagy = — F (qq,) -+ -HSO
A 5 CB CA
2. A solution of NH4NO3(aq) and a solution of NaCH;COO(aq) are mixed. NH&E H[ ay) , C /—/%C o0 ’?ai)
<50% s
NHy (a@ + C,C00 (0p) === NH5 (59 + CH, COOM (a4)
A B e “CA
3. Sodium benzoate is often used as a preservative. Write the equation for NaCgHsCOO(s)
dissolving in a solution of NaHSOq(aq). C E)COC)' - (th,) HSO 5:{ (a &)

> 80%

HSO (aq,) rC H5£UJ Te) Q7 (e + GHgCOOR(a%)
cn CA

4. A household ammonia solutlon is mixed with a solution of nitrous acid. N HS@Q , H ;\102 {ae)

H (0 +NH; () === W,y + N, ey

A 8 B CA (.
5. Nitric acid and potassium hydr0x1de solutions are mixed.

H20t@) OR'Tas)

W0 e +OH 1ae) ——> A, O¢)
% Cik

6. Sodium sulphate is dissolved 1nto a solution of sulphurous acid.
ﬁz,z'(aaa K, SO (a<)

1,805 27 280%> 190 Vugy +HEO, (24)
.QSA.BQ@-{‘%I(?’)V—'—"'M HCSESS(%) cA Y

7. Ammonium fluoride is dissolved in water.
NHHaw) FTree)
SA B
B} < 50%
Wt + F ) 5 > WHy () + HF(2)
A B ce CA

8. Benzoic acid can be used as a starting material for the synthesis of aspirin. Write an equation
for the reaction of benzoic acid with water.

C H,COOH (%) 4 U0 <504 C HsCOD (ag) + U o(%)

q__________—

L)
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9. In solution, the poisonous gas H,S(g), which is sometimes found in natural gas, reacts with
carbonate ions. > E0%

H,S (ag)+ COS’Zﬂ(ac;)T___“é HSP(GCL) + HCO\?)'_‘(GQ/)

7 A 3 CB3 CA

10. Rain water in an area near a tar sands plant could dissolve SO,(g). Write the equation that

represents the reaction of this acid solution with sodium sulphate. ,

2- >5O/5 {~
Eﬁ%ﬁ?ﬁ?% HaS03(a0) ¥ S04 (00) == HSOy (s 4 HSQ,
222 A B c CA
11. Vinegar, a dilute ethanoic acid solution, is used to neutralized some spilled lye (sodium
hydroxide) >50%

(H.COON (a%) + O (0g) == Clly CO0' fagy 5 HOH Q)
A > CH CA

12. Sodium hydrogen carbonate may be used directly or in gripe water to nentralize excess

stomach acid, HClgq). . = Ep%
- + b -
RCOJow) + W0 ey === W CO,la0 + WO
B A OA Ch
”"'“) 13. Sodium hydrogen carbonate is mixed with a solution of potassium dihydrogen phosphate.
St < 50%

\-\COSq(aqj) + HZPOL{TZ::L@ — Hpaf?aff,) + H;COS(QQ,)
5 A ch CA
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Polyprotic Acids and Bases
For each of the following problems, write all reaction steps and the net reaction. Assume all
reactions are quantitative.

1. Potassium hydroxide is continuously added to a carbonic acid solution. ( 1

H3005 (a8) + OH (ae) —> HCOSTagy + O
HEE: "0 + OH' (42) —> (0F (agy + H,00)

HoC05 (50 + JON(a8) —> (O (an) + 2000
2. Lithium hydroxide is continuously added to a citric acid solution, C;HsOH{COOH)s(aq).
Citric acid can be abbreviated H3Ct(aq)

RCH{e)) 4+ o' 7ag —= 4-17(:%)7%) FH,0@)
(29) + Oh " (0g) — 5 HCHTae) +H,00)

w%'(‘a@ + OH(29) ———> (457 (aw) + 4,0 @)

HaCt (49 + BoH- (0e) =, (5 (aey 4.3“%10@)

3. Potassium hydrox1de is contlnuously added to sulphuric acid until no further reaction occurs.

HS0, (D + OH ' (a) — B0 an + KO @
a,geq’f’(%) + () =% SO fagy +H0 W)
Ho SO (6 + 20U @ad)—> S0,> (ae) + N0 é@

4. A sodium carbonate solution is titrated with hydrobromic acid.
(077 (oe) + 1O —> BCO G+ HOW)
H,@Ma@ b O D —> KD, fas) 414000 (Y

WRSER

COZ (0a) + QL0 (08) —> WL (Os(ae) + 21, 0()

5. A solution of sodium hydrogen phosphate is titrated with hydroiodic acid.

WPOL (29) + Wa0' (+9 —> BPey (e + KO
BT (0 ++go* (22) —2 1, POy (4 + K0 )

S v,

P07 () 424 DM e —> B PO, faay + M)
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pH Curves

For each of the following curves state:

1. the titrant- Substunce that is added

2. what type of sample is being used eg) monoprotic acid, polybasic substance ctc.

the endpoint pH value(s)

4. potential indicator for each endpoint

5. the equivalence point(s)
Titration Curve

SWLYoﬂg base
S‘f‘YOﬂa acf‘a{

50 100 150
volume of titrant added (mL)

® %’Hoﬂg base.
(D moprotic. ehvong acid
@

@) bromothay mol Mt (s
oharval red]

@ PH _\'.7 /75m\.. ﬂdd?(‘)‘

O
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pH

Titration Curve

12 -

10 -

8 - %SHO/\GJ foas&
j y | wealklaci d.
S

50 100 150
volume of titrant added (mL)

Q) s—%ma e

@ morvo)oroh"c weak acid



5.

é_’ sto0g aci d Q) dlprotic actol ®“7oe
(3) ! @ bromo*}'}ﬁ\j mﬁ},@ bt

Titration Curve Titration Curve

12 + 4. 12 4
10 - 10
g | S{‘VDQ@ acid 8 ()
‘ pH
6 7 SlL 6
4 | HOU bose A
2 2>
L0 1Y T B S
50 100 150 50 100 150
| F titvant added (mL) volume of titrant added (mL)
volume of titrant added (m @ bafj o 2

fY\OﬂOP(O‘H(_, S‘]L/Om L)Q&Q) @ 3 — omne v /mgf{}vpf ponge
?-

6 ghen o recd

D pH-7 /\)‘55 mLado‘%’O' @,{3@,75@

Titration Curve ! abn f 1
- : VUG T 100
12 . cdelee] L ccldec/
10 -

8
j' ; @) OjSpfoH ¢ lase
o 3 @MC[CPL‘( ' ( ..... )
: 3 -
I @ Fhe ndgﬂ'h;ﬂebn Y“CJQ%I Oméﬂ
50 100 150 '

volume of titrant added (mL) ®N66m s ~ ]ag mj&(}ed

codeol G
Buffers
1. One of the most important buffers in our bodies is the carbonic acid — hydrogen carbonate
ion system,

a) Write the equation for the reaction that occurs when a strong acid is added to this buffer.

HCO, ™ (ag) + HaOM(a9) — W (Oyee) + H, O @)

b) Write the equation for the reaction that occurs when a strong base is added to this buffer.

HCO3™ (aw) + OH ey == 0. 1)+ U, 0(.
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2. Another important buffer in our bodies is the dlhydro gen phosphate hydrogen phosphate

ion system.
a) Write the equation for the reaction of this buffer w1th ammonla

b) Write the equation for the react10n of this buffer w1th carbonic acid.,

HPgy” (e + Ky (Oyfos) == H,00,( aq,)++f()6 [
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