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1 CHM.5.4.02.006.03 Calculate the equilibrium concentration given the value of the equilibrium constant and equilibrium concentration of
reactants and products

CHM.5.4.02.006.04 Calculate the value of Keq, Ke, or Kp when the concentration or pressure of reactants and products are given at a constant
temperature

3 |CHM 5.4.02.007.02 Write the solubility equilibrium expression for a given reaction equilibrium

CHM.5.4.02.008.01 Calculate the molar solubility (concentration) of a sparingly soluble ionic compound using the solubility product constant,
Ksp

5 CHM.5.4.02.011.03 Explore the application of the solubility product constant in radiology while exploring its effects on human vital systems

6 [CHM.5.4.02.007.03 Write the solubility for a given reaction equilibrium

&8 IN-CLASS EXAMPLE | \
with Example Problem 4. 27 L.

Problem > @ \$u)" et

At a temperature of 1405 K, hydrogen sulfide, e —

which has a foul odor resembling rotten eggs, \

decomposes to form hydrogern) and diatomic

sulfur. The equilibrium co stant for the

reaction is 2.07:% 10°. | "@k‘_“'f KNOWN UNKNOWN
s

zﬁ“rﬁ} U Keq=227%10°  [H)]=?molL

;2 25(8) S@H,(8) + Syle) ~[S,]=0.0540 molUL

H,S] =0.184 mol/L

What is the concentration of hydrogen gas
[H2], if [S,] = 0.0540 mol/L and [H,S] = 0.184
mol/L?
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SOLVE FOR THE UNKNOWN 'CS' 3 i_}@j{g v} Z \4:?/0\&1’

; (54)

sides by [S,].
[H S)2

M=k Cs) 53 (o)
* Take the square root of both sides. ZM
Y 7
o (1) A
/

Extra Practice
A w1 o |
= CH30H(g).

18. At a certain temperature, Keq = 10.5 for the ethbraum@ﬂ_[g] + 2Hy(g) =
Calculate the following concentrations:
~a. [CO] in an equilibrium mixture containing 0.933 mol/L H, and 1.32 mol/L CH;0H
~~b. [H,] in an equilibrium mixture containing 1.09 mol/L CO and 0.325 mol/L CH,0H
[CH3OH] in an equilibrium mixture onmalnlng({] 0661 mol/L H, é’lwcm

[ GubotD) oy ohg¥)s by ()R
”}\x (o) x () 4 (o5 395 X 0-04]

= 6% %
or

.
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}1 18. Ata certain temperature, Ky = 10.5 for the
equilibrium CO(g) + 2Hy(g) «— CH;0H(g).

Calculate the following concentrations. ‘ o . o
£ ¢. [CH:0H] in an equilibrrum mixture containing

/ a. [CO] in an equilibrium mixture containing 0.0661 mol/L H, and 3.85 mol/L CO
0.933 mol/L H; and 1.32 mol/L CH;OH (CH,OH]
_ 3
o [CHjﬂH] q [CO][H..]:
" [COIH, (CHLOH]
s dniiot T
105 :[C{:]l(-%ﬁf T (3.85)(0.0661)°
' CH,0H] = (10.5)(3.85)(0.0661)° = 0.177M
COJ=0.144) [EL0H] =(eaxan0eel)’=L1TIM

b. [H:] in an equilibrium mixture containing
1.09 mol/L CO and 0.325 mol/L CH;O0H

o [CHOH]
" [CoJm, [
(0.325)

O Answers

[H,]=0.169M

19. Challenge In a generic reaction A + B== C + D{1,00 mol of #and 1.00 mol of B )

" are allowed to react in a 1-L flask until equilibrium is established. If the equilibrium
concentration of A is 0.450 n¥/L, what is the equilibrium concentration of each of the
other substances? What is Keq?

A) so0 Ysmel/, =
EZ, 3 l/f&ﬁ
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5

19. Challenge Ina generic reaction of A+ B «—

C+D, 1.00 mol of A and 1.00 mol of B are allowed
to react in a 1-L flask until equilibrium is established.
If the equilibrium concentration of A is 0.450 mol/L,
what is the equilibrium concentration of each of the

An SWers other substances? What is Kz

According to the stoichiometry of the equation,
the concentration of B is 0.450M; C and D are

1.00 - 0.450 = 0.550M.

_03500550) _
7 (0.450)(0.450)

@e Solubility Product Constant)

ome ionic compounds, such as sodium chloride, dissolve readily in
water, and some, such as barium sulfate (BaSO,) barely dissolve at all.
On dissolving, all ionic compounds dissociate into ions.

NaCl(s{=)Na*(aq) + Cl~(aq)

Sometimes low solubility is also important. Although barium ions
are toxic to humans, patients must ingest barium sulfate prior to having
an X ray of the digestive tract taken. Can patients safely ingest BaSO,?

Barium sulfate dissociates in water according to this equation.

BaSO4(s) — Ba**(aq) + SO4*~(aq)
As soon as the first product ions form, the reverse reaction begins.
BaSO4(s) « Ba’*(aq) + SO4*~(aq)

In time, equilibrium is established.

@4(5@3“{'&1) - SO@
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WO %fk The Solubility Product Constant: P.101
. 1 — =
AB(S) — P&H)J“ B({d’) Splar;]r‘llglyﬂ[}w
+ Some ionic compounds dissolve readily in water, and some barel)” "
dissolve at all.

O The equilibrium constant expression for the digsglvi aringly
soluble compound is called the solubility product co fistant, > CBH [Sqﬂ
V’”P =7 (BaSO,(sBa’ (aq) + S0,2(aq)
* The solubility product constant expression “K,” is the product of the

concentrations of the dissolved ions, each raised to the power equal to
the coefficient of the ion in the chemical equation.
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* Experimentally determined values can be used to determine

the solubility of a sparingly soluble compound.

' BaSO4(s) = Ba2*(aq) + 5047 (ag)

Now you can write the solubility product constant expression for the
dissolving of barium sulfate (BaSOy) in water. The Ksp for the process is
1.1 x 1071 at 298 K.

@: [Ba2*][SO,2] = 1.1 x 10~10

. Ksp can be used to predict whether a precipitate will form
when any two ionic solutions are mixed.

1E11CR 7 & B Solubility Product Constants at 298 K
hunates Halides Hydroxides
BaCo, 26x10-? CaF, 35x10-1 Al(OH)4 46 x 10-%
CaC0; —234x10-? PbBr, 6.6 x 10-% Ca(OH), 5.0 x 10-¢
CuCo,4 25x 10~ PhCl, 1.7x 10-3 Cu(OH), 22 x 100
PbC0; —u? 74x 10~  PbF, 33x10-8 Fe(OH); 49 x 10~V
MgCO; 6.8 x 10-% Phl; ——— 98X 10-° Fe(OH); 28 x10-%
Ag,CO, 85x10-7  AgCl 1.8 x 10-10 @OH); m
InC0; L5 10" AgBr 54 x10-1 In(OH), 35107
Hg,CO, 36x 107 Agl 85 x 10-17 Sulfates
Chromates Phosphates BaSO, 1.1 x 10-10
BaCr0, 1.2x10-°  AIPO, 9.8 x 10-2 (Cas0, 49 x 10-5
PbCrO, 23x 107"  Cay(P0y); 2.1 x10-%  PbSO, 25 x10-8
Ag,Cr0, 11x 1077 Mg;(P0y), 1.0x10-#  Ag,50, 12 x10-5
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Suppose you wish to determine the solubility of silver iodide (Agl)
in mol/L at 298 K. The equilibrium equation and solubility product
constant expression are as follows.

Agl(s) = Ag*(aq) 4+ 1 (aq)
K= [AgT][I7] = 8.5 X 10-"7at 298K This K, value is from Table 3

It is convenient to let s represent the solubility of Ag], that is, the num-
ber of moles of Agl that dissolves in one liter of solution. The equation
indicates that for every mole of Agl that dissolves, an equal number of
moles of Ag™ ions forms in solution. Therefore, [Ag*] equals s. Every
Ag* has an accompanying I~ ion, so [I~] also equals s. Substituting s
for [Ag™] and [I”], the Ksp expression becomes the following,

[AgH]II=] = (s)(s) = $*= 8.5 x 10~ s= V85x 1077 =92 x 10~ mol/L
The solubility of Agl is 9.2 x 10~? mol/L at 298 K.

Vil T
m&'lrlis[rx'flull 5&5‘01.( ;_‘)' &}t - .SD&'

E Figure 17 Greater definition IS possible ima—
e | o gastrointestinal X-ray when patients drink a
ey & - 5 thick mixture containing barium sulfate

Barium sulfate is a poisonous substance,
but it has such low solubility that only a
minimal amount can dissolve in the
patient’s body.

‘Now vou can write the solubility product constant expression for the dissolving of |
barium sulfate (BaSO,) in water. The K_ for the process is 1.1 X 107" at 298 K,

K, = [Ba"][SO ] =11 x 10°"

WKep = LBa¥) (Sa\_"") :-K-\\'_\:;l"

s = Cgx+) 7 (5947

H‘?sssgf";? Sﬂ[ﬁ&? =
5:m° __,lt”t"s“"

A

END OF TERM 03 REVISION 2025-2026 — CHEMISTRY- AL
KHAWANEEJ COMPLEX. THE MATERIAL IS JUST INTENDED

FOR TRAINING



School Branch 1 o yutadl § il

School Cluster 2.4 4.2 puyud] Gl
Zayed Ed. Complex - = ) g3 - aladll
] PR P (P I {1317 & o S Taaant
Al Khawaneej C1,C2 & 3 MINISTRY OF EDUCATION A g aslidl g Jo¥laalell
SOLVE FOR THE UNKNOWN
+ State the balanced chemical equation for the solubility

Use with Example Problem 5.

equilibrium

Page 104

@cos(s) 5 Cu?'(ag) + CO,2(aq)
D] + State the solubility product con on
Use the K value from Table yp2+ X ERES
3to calculate the solubility Kyp = [Cu[CO;] = 2.5 X 10

inmoUL of copper(ll + Relate [Cu?"] and [CO,%] to the solubility of CuCO,, s.

carbonate (CuCO,) at 298 s =[Cu”]=[CO?]

K. + Substitute s for [Cu®‘] and [CO,*] in the expression for
K

sp

g 10
SOLVE FOR THESURKR SRSkt eq)
* Solve for s, and calculate the answer.

s=y2.5%10-10 =1.6 X 10-5 mol/L

The molar solubility of CuCO, in water at 298 Kis 1.6 x 10°

KNOWN UNKNOW
N

F{Fp (CuCO,)=2.5%10" s=?mol/L

mol/L.
FIN-CLASS EXAMPLI
SOLVE FOR THE UNKNOWN
isailith Biifipla PrABIaHE: ' Stat'e.th.e balanced chemical equation for the solubility
T equilibrium.
CuCO,4(s) 5 Cu?(aq) + CO,%(aq)
Problem

* State the solubility product constant expression.

Use the K, value from Table
Ksp = [CU2+][0032'] =925x 1070

3 to calculate the solubility

in mol/L of copper(l) * Relate [Cu?*] and [CO,?] to the solubility of CuCOQ,, s.

carbonate (CuCO,) at 298 s =[Cu”]=[CO,*]

K. + Substitute s for [Cu?'] and [CO,%] in the expression for
K

sp*
=el= 10
SOLVE FOR THEURKR SV ontiled)
* Solve for s, and calculate the answer.

5=y2.5%10-10 =1.6 X 10-5 mol/L

The molar solubility of CuCQO, in water at 298 Kis 1.6 x 10°°
mol/L.

KNOWN UNKNOW
N

ﬁfp (CuCO,)=2.5%10 s=?molL

END OF TERM 03 REVISION 2025-2026 — CHEMISTRY- AL
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CALCULATING MOLAR SOLUBILITY
IN-CLASS EXAMPLE EVALUATE THE ANSWER
SOLVE FOR THE UNKNOWN The K, value has two significant figures,
{C shtinted ,' so the answer is correctly expressed with
two digits. As predicted, the molar
« Solve for s, and calculate the solubility of CuCO, is approximately 10
answer. mall
s=y2.5%x10-10 =1.6 X 10-5
mol/L

The molar solubility of CuCO, in
water at 298 K is 1.6 x 10> mol/L.

:lﬂ%ﬂ WMT V

PRACTICE Problems

Extra Practice Page 988 and glencoe.com

20. Use the data in Table 17.3 tolcalculate thd solubility in mol/L\of the following ionic
compounds at 298 K. ~ whabwe wak

) PHC0, (eJAgC ¢. CaC0s
\Challenge The Ksp of lead carbonate (PbCO3) is 7.40 x 10" at 298 K. What is the E P\a C\x
solubility of lead carbonate in g/L?

END OF TERM 03 REVISION 2025-2026 — CHEMISTRY- AL
KHAWANEEJ COMPLEX. THE MATERIAL IS JUST INTENDED
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¢ * 20, Use the data in Table 3to caleulae the sohubiityin
mol L of the following tonic compounds at 298 K.

a PbCr0y
PbCrOL(s) e Pb**(ag) + CrO (ag)
smolL dissolves  smoll s mollL
£ =071
L3 x 1= (5)(5) =5

{

1. Challenge The K of lead([T) carbonate (PbCO:) 1
740x107 4t 298 K. What s the solubilty of lead (I

=y 2310 =48x107 cartonse n gL!
K =Pb"][CO, =740

b, AgCl
2 N
_ 0 3
smolL dissolves  smoll  smolL s=yT40x10™ =1Tx 10"
K, =g 5=10x10" mal L2672 g/l
P .

L -5
L8 x 107 = (s)(5) =+ =T27x10% gL

s=y18x10™ =13x10%M

¢, CaClO;

CaC0y(s) ¢—» Ca*(ag) +CO (ag)
smolL dissolves ~ smoll. s mollL An swe rs

K= (4710047
3x107 =(5)) =+

= 3Ax10” =510
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Problem Page 105
Magnesium hydroxide 1s a white sol
obtained from seawater and used in th
formulation of many medications, in

particular those whose function is to
neutralize  excess  stomach  acid

K5p=5.6”0'w/ \@J 'x, ¢ (21
UNKNOWN

3
[0H]=7molL z}:ﬁ a2~ ,\fﬂ: SM“'
4 T
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SOLVE FOR THE UNKNOWN (continue .

+ Use your calculator to determine the cube root.

[Mg]= 1.4 X107 {1.1 104mollL)

Multinly [Mg21 by 2 to obtain [OH.
tpty [Mg**] by 2to obtain [OH

[OH] = 2Mg?]=2(1.1 X 10*molll)

L
[’\7@1’]:7(,5 gl ¥
[gtad] 5 = 18

A g aslidl g Jo¥laalell

=2.2%10% mol/L

AW R P Wl B F M W I WINI WA W W

LIIN-CLASS EAAVIFLE |
Use with Example Problem 6.
Problem Page 105

* State the equation for the solubility
equilibrium.

Magnesium hydroxide is a white solid
obtained from seawater and used in the
formulation of many medications, in
particular those whose function is to
neutralize excess stomach acid.
Determine the hydroxide ion
concentration in a saturated solution of
Mg(QOH), at 298 K. The Ksp equals 5.6 %
10712,

KNOWN

K, =5.6%107"2

UNKNOWN

[OH-]=? mol/L

Mg BBV FOMERFAGWAOBIALIcontinued)

* State the K, expression.
K2 [Mg2*][OH]?=5.6 x 1072
Let x = [Mg?*]. Because there are two OH-ions for every Mg2* ion,
2x=[0OH7].
» Substitute x = [Mg?*] and 2x = [OH"]
()(2x)? = 5.6 x 10712

= Sqguare the terms.

(x)(4)(x)*>=5.6 x 1072
* Combine the terms.

4x3=5.6x10712

* Divide.

_5.6x10-12

o 4

=1.4x10712

END OF TERM 03 REVISION 2025-2026 — CHEMISTRY- AL
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SOLVE FOR THE UNKNOWN (continued)
* Use your calculator to determine the cube root.

x=[Mg?*]= 1.4 x10-2 = 1.1 x 10 molL
Multiply [Mg2*] by 2 to obtain [OH].
[OH]=2[Mg2]=2(1.1x 104 molL)  =2.2%10~mol/L

EVALUATE THE ANSWER

The given K, has two significant figures, so the
answer is correctly stated with two digits. As
predicted, [OH] is about 10-* mol/L.

PRACTICE Problems

22, Use Ksp values from Table 17.3 to calculate the following. % Pﬂ“"l
a. [Ag*]in a solution of AgBr at equilibrium
b. [F]in a saturated solution of CaF,

c. [Ag*]in a solution of Ag,Cr0, at equilibrium Er" CAﬁ 3%"!”1 ""2-]

Extra Practice Page 988 and glencoe.com

_ K

3
Calculate the solubility of Ag,PO, (Ksp = 2.6 x 107" 5 - 3*.‘ h 3
. Challenge The solubility of silver chloride (AgCl) is 1.86 x 10~ g/100 g of H,0 at 298 K. = q
Calculate the Ksp for AgCl 3= *
—
JR

et A D
@433%'1 T ®a taﬂ"’@vo'-l C“‘}) assonl,
Al =1 -
‘KS?IEAij]‘ CPO‘” ?(1‘{1-‘@
3 ; 3 = IR
Yspz ()« % = ke
q

5 Ksp =t F i ::q _‘f_‘:.t,
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21, Use the Kop values trom Lable 3 to calculatethe | c. [Ag')ina soltion of Ag-CrOuatequiibion | 53, olonte the soubility of AP0 (. =
fﬂllm*’ﬂ_lg: . o ApCr0y(s) <« 24g'(ag) + CrO(ag) 2.6x107%)
a. [Ag’] ma solution of AgB at equilibrium smolL dissolves  2smolL s molL K. =[Ag"T[PO,"]=2.6x10""
] 4
AgBr(s) «— Ag'(ag) +Br(aqg) F%m [P0, ] =5, [Ag"]=3s

smolL dissolves  smolL.  smolL (3s)' (5)=(275")(s) =27s' =2.6x 107"

K, =[Ag'T[Cr0,"]
(6310

K, =[Ag"][Br] LIx10% =09 =45° =18x10% mollL
e
= (5)(s)=5" L1x10™
S4x107 =()(s)=s s=$’ L 68y 24, Challenge The solubilty of silvr chlorde (Agt
s=J54x107™ =73x107°M =[Ag'] ¢ 15 186107 g/100 g of H:0 at 298 K. Calculate
: ; ~[Ag*]=6.5x10M Ko, for AgCl.
b. [F]in a saturated solution of CaF; [Zg']=1 b " 186x10°g 1M gH0
CaFy(s) «— Ca*'(ag) +2F (aq) 00gHO 1L
smol/L dissolves  smol/L  2s mol/L =186x10"gL
1.86x10%g 1 mol o
S%‘[F'] ST ey A molL

Nase— Answers e cthgE

K, =(1.30x107 mol/L)(1.30x10™ molL)
=17x10™

35x10™ =(5)(25)" =45

=11
s:fﬁs‘s "41“ =2.1x10°M

%[F‘]=2.1x1{l"M

[F]=42x10"M
I:ilS}Ql‘lIl]Sl ]'}’-'lilll

19. Challenge In a generic reaction/A +/B == ) +)D, 1,00 mol of A and 1.00 mol of B

are allowed to react in a_1-L flask until equilibrium is established. If the equilibrium
concentration of A is 0.450'g/L, what is the equilibrium concentration of each of the

e

other substances? What is Keq?

Hehhodi- TCE
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L6

19. Challenge In a generic reaction A + B= C + D, 1.00 mol of A and1.00°mol of B
are allowed to react in & 1-4 flask until equilibrium is established. If the equilibrium
concentration of A is 0.450 gL, what is the equilibrium concentration of each of the

other substances? What is Keq?

1A+ B =4 + 2D L o e
+

iy ol = Inbial ek E‘lr

Fr 2w AN © P 4 - (-

-x |-

0'45]‘-{ a.q;H 8 1 T’

é; aigﬁ"__,c o + X x

o x i

a.-CSf""'D + e

CA) :EB‘J = | =% =o'uUsS

i
= ™ (,x__:,c,.\g/s‘]/

I-_nS\Qtr!ritsll'\‘flull -
T

21. Challenge The Ksp of lead carbonaté (PbCO-) fs 7.40 x 10~ at 298 K. What is the
ks/{ﬂubility of lead carbonat fea

E@@ ) Q Qﬂ-ZﬁlaqM’ 2% 2\3
-

Z"'} ¥l 2/

Calculate the Molar Solubility of weak ionic compounds. o Z XID /L'

e ™
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v/ O
sy( hemistrydall (5) (@,‘D
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Easy( hemistry4all
The reaction : COCly{g) = COlg) + Clylg) COChlgl = COlg) 4 CLlg)  : o
reaches equilibium at 00 K, 00K g 0 s N1 ) ey
A 2820107 Keg =8.20% 10
If the equilbrium concentrations of CO and Cly are 0.150 mol/L. 0150 mol/L a Chyy CO J i) 81y i€y
whal is the equiibrium concentration of COCI,? fCOCH, J 5 385

-
b 2 [CJJJCCJ:J
) C—COCJPJ 0.274 mol L

2 m-z;ﬁrt o 0.183 mol/L

2 365mol/L

% = 0+27%Y 0550 mol/L
M
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Solubility Product Constants at 298 K D Q) - 3-
Compound Ksp ‘ Compound | Ksp Compound ‘ Ksp C_ﬂ, o%
Carbonates Halides Hydroxides
BaC0, 26Xx0° G, 3[BX0" | AOH, 46108 Q (K BQ
€aC0; 34x107° | Pbbr; 66X 1078 | CalOH), 50 % 1078 3 9
Cuco;  25xn0 PbCl, 17105 CulOH), 22%1072
PBCOs xR 13X | Fe(OH), 49% 10"
MgCO; | 683x107° Pl 98x107° Fe(OH); 28x107®
Ag,C0; | gsxpt AgCl 1wx0® Mg(OH), | sexpt
InC0; 1sxm® AgBr 54%10°% | IniOH), 3x 107"
Hg,C04 | 6x10°7  Ag -a.'s x 107 - Sulfates
Chromates Phosphates BaS0, 1% 1079
BaCr0, 12x107° | AIPO, 98 x107% | CaS0, | 49x1073
PbCr0, 23x07%  CayfP0y; 2x107% PbSO, 25x10°®
Ag,Cr0, | 11x 107" Mg;{P0,); 10x107%  Ag,S0, 12%10°%
S
Wha i the solubilty in molL of lead bromide PbBr, al 298 K? #(MOI/L 5ias) 208 K o POBF, alia) ey y il Lo

if K, = 6.6 x10°¢ Ky = 6.6 <10 €13

—fest—

ksF = 5 '(2—5)1-:. S- ’-[-51
3

= L8
-b 3 3

0.030 6'6ﬁ]\3:L['.S

\ /j n.m:] S_-_:“ Q-E'-‘Hé

~/ 0,0\2-

"\/L/

(pyds  G3=Ts

0.024

0.018
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Whal is the solubiity in molL of lead bromide PbBr, at 298 K? HMOIL 32ny) 298 K o POBIy olua) suayy 4t
if K = 6.6 %107 K = 6.6 x10 ;813

PbBryy = Pb% e * 2Br s

0.024
0.018
0.030

0.012

If the K, of calcium hydroxide Ca(OH), is 5.32 x 107 o Ca(OH); poudiSh 108y ) Kyp L2 S 1Y
- ; 3

al 298 K. What is the solubility of calcium hydroxide in By ) 508 305 L. 2908 K s 5.32 % 107

mol/L?

¥ mol/L
Ca(ﬂHh{.] _— Cﬂz.[.] + EOH-"}

=

3.30x10°®

— b 2
1.60 x 10°? £ ?,2_7;[3 = Lf_;

280 %107

S — 606|099
t/”"fl 7R
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If the K, of calcium hydroxide Ca(OH); is 5.32 x 10°® (@ CA[OH); pyundi€ll 308y suug) K, i S 13
al 208 K. Whal is the solubility of calcium hydroxide in s el 308y 00 2003 L. 298 K sz 5,32 % 1070
mol/L?
¢ mol/L
Cﬂ(‘U‘H]m] = Cﬂbm - EOH-M
3.30 x 10
1.60 x 10°*
2.80 x 1077
1.10 x 107
hI.hl.\ lll.l-ll.lrj"llll
If the Ky, of magnesium hydroxide Mg(CH), is \E,L.i Mg(OH): assatinall 2y gl Ko A 2ulS 131
5.60 x 107" at 298 K. What s the solubilit of pysaiikall 3y 200 Autls L, 208 K 22 5.60 x 107
magnesium hydroxide in muI;L'?' ¢ molL sy
+ =
Mg(OH)zg = Mg + 20H
I 3 145 % 107 0
& Lap=l s
S.bylo = 5
473 %10 0
S S [1ehk
2524 107 0]

X
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Whal is the value of ky, for CaF, cm?mpd if the ,‘;,L..i CaF; pyud€ll g8 303 i€ 13 CaFy €l Kep A Lo
€ = :
solubility of calcium fluoride CaF, is 2.06x107 M 0208 K 5 dp 0 2 2.06%107 M
al 298 K? 3

Gy =l By Ksp= U5

IL{L‘!\"\.I:'."HHMI Vekelll jond B LAV
] ' 2
What is the concentration of silver ion [Ag*] in Ag,CO, S0 Y e AgyCO, _1,1,..,‘; [Ag*] isd oad iSik
solution at equilibrium if the k,, = 8.52=107" at 298 k7 £ 298 k s by = 8.52x1071
e
( 2% L@O 2P & QC@ —
3.24x107 M

B8A0M o - S =7 3s zma“, s

VWW \;:-225 )tls"',,Q
1.29x10™* M
>K ) CAq Yz ldS

=9 %\ 2g5sl5” =\25+>
Y
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PG ERRED LD Y FLALE
o

.

CHM.5.3.04.001.01 List six general properties of aqueous acids (tasle, color of indicators, reaction with metals, metal carbonates and

bases, and electrical conductivity)

LHM. 3. 3.04.00UT .15 Diterentiate among acidic, Dasic and neutral solutions (in [@rms of e refalive amounis o rogen 1ons and hydroxl

ions)

CAM.S. .0300T.19 Uescrbe the HMDFEfBI'IG DENavIor 0T water, H20, and ammona, WA i[]smg ChEmica equalion_ paﬂiculale E|IEgFEII'ﬂ

and space-filling models)

10 |CHM.3.3.04.001.10 Distinguish among monopratic, diprolic and tiprotic aclds using lonization equations, examples and particulale diagrams

CHM.5.3.04.001.08 Define acids and bases according to Bransted-Lowry theory, indicating the acid, base, conjugate acid, conjugate base
11
and conjugate acid-base pairs, when chemical equations, formula ar space-filling models are given

12 |CHM.5.3.04.001.11 Define acids and bases according ta Lewis theary

What are the
differences between
acids and bases!!??
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"o 5 (EBYoulibe Aci), ,‘&ljroperties of Acids and Bases

sV Bids ea3te Sour (Uasls). Bases taste bitter( ) and feel slippery. /  Litmus paper

Ht ol~™
* Acids and bases are conductors of electricity.

“

* Acids turn blue litmus red.

S

* Bases turn red litmus blue.

LITMUS TEST
Blue Litmus Paper Red Litmus Paper
e e
l’iclldir. Solution Hasil; Solution
Blue Litmus Turns Red Red Litmus Turns Blue
\:.._ oy
More on Litmus if yo

interested!

E’-iua Iiirhué. tu[’né féd Red Hfh"rds 'lurns blde

https://en.wikipedia.org/wiki/Litmus
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¢ Gcids and bases can be identified by their reactions with some metals and
I- J
metal carbonate CCJ

n
Q\Aaggn)um and zinc react with at:Ids to produce hydrogen gas({H,).

@) + 2HCl(aq2|—> ZnCly(aq) + w |

A1 R-;

i . ; ; :
' Mg'm carbunat and{hydrogen carglgnates 5o react with aqueous solutions  LImestone:

of acl{is to produce carbon dioxide(CO,) gas. d roc
composed

5) + HC;H105(a) = NaCyH:03(ag) + H,00) 4/C0x(g) | prmariy c
T R CaC0,

* Geologists identify limestone (CaC0,) because it produces bubbles of carbon
dioxide when exposed to hydrochloric acid.

? 03 Youlube Properties of Acids and Bases
\
QA WAk {lrlélolutlons contain hydrogen ions (H*) and hydroxide ions (OH").

An acidic solution contains more hydrogen ions than hydroxide ions.

A basic solution contains more hydroxide ions than hydrogen ions.

Acids and bases are conductors of electricity because they produce ions (H*)
and (OH") when they dissolve in water.
“lons in water = conducting electricity”

<«——— Acidity

Neutral Basicity >

Remember: [H*] means the
concentration(molarity) of H" in M or mol/L
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sy €heiuisiialdblvent for acids and bases is water.

« Water produces equal numbers of hydrogen (H*) and hydroxide (OH") ions in a

process called self-ionization (4 o), lonization= produces

ions

H,0(l) = H*(aq) + OH (aq)

H,0() + H,0f* H,0%*(aq) + OH(aq)

* The hydroniumion, H,0°, is a hydrogen ion that has a water molecule attached to
it by a covalent bond. The symbols H* and H,0* are used interchangeably.

1. Which of these is NOT a property of a base?

. tastes bitter

. conducts electricity

. turns red litmus blue

. reacts with zinc to form H, gas
— i
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~""Based on the below reaction, HC is considered an acid.

Why?

Hint: Mg is Magnesium (Metal)

Mg(s) + 2HCI(aq) > MgCl(aq) 46i;(0))

*  Because Magnesium and zinc react with acids to
produce hydrogen gas (Hz) /

PRACTICE Problems Extra Practice Page 989 and glencoe.com

e

1. Write balanced equations for the reactions between the following.
a. aluminum and sulfuric acid 24 P_,;‘ f
b. calcium carbonate and hydrobromic acid (a
2. Challenge Write the net ionic equation for the reaction in Question 1b. Ca%\f
* 3

ﬂ)] {ytbo i Practice Problems

page 559

1. Write balanced equations for reactions between the
followi u:tg
#S, l HS0Y gl pefiecaval L
& o pecion  Jo L

a. aiummmu and sulfuric acid
———r

2A1(s) + 3H:504(aq) > AL(SO)s(aq) + C}\CO + HBr — C"‘Bf_

b. calcium carbonate and hydrobromic acid __.._.-_-_-_-"_:5 5 \\
aC0u(s) + 2HBr(aq) = CaBrw(aq) + E:O{l) + >
COx(g)
2. Challenge Write the net ionic equation for the

reaction in question b,

3

CaCOy(s) + 2H (aq) + 2Br-(ag) —» Ca** (aq) + ﬁ)@.\. (_O
2Br(aq) + H;O() + COx(g) T E
CaCOy(s) + 2H* (ag) —» Ca** (aq) + H:O(D) +

CO:(g)
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e

The Brgnsted-Lowry Model

+""%he Brgnsted-Lowry model of acids and bases states that an acid is a hydrogen ion

donor(:4), and a base is a hydrogen ion acc\t_'ptc)r(‘J‘*‘-'m")l ke

T el

H=Clt + H=0: 2 1t + H—0—H veiof

H H

* The Brgnsted-Lowry model is a more inclusive model than the Arrhenius model.

Conjugate=(iél 4

* A conjugate acid is the species produced when a base accepts a hydrogen ion.
* Aconjugate base is the species produced when an acid donates a hydrogen ion.

* A conjugate acid-base pair consists of two substances related to each other by
donating and accepting a single hydrogen ion.
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Conjugate acid-base palr
HCligy) + H20[) —> H30%q) + Cligg (%ﬁ
conjugate base

—

Conjugate acid-base pair

Hydrogen fluoride donates a hydrogen ion to a water
molecule, so hydrogen fluoride is an acid.

loses Ut
| !

o HF{ag) + HO) 5 H.0%(g) + Feg

Acid ~ Base  Conjugate Conjugate

acid base
P Ak}

c 0 g c
H;0*
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4. What are bases defined as in the Brgnsted-Lowry model?

. OH- producers

. H" acceptors

. electron-pair acceptors

® electron-pair donors

.l..).\u-u‘\ BRlaoLL L
-

» Ammonia accepts a hydrogen ion, so it is a base.

9Gined gt

NH,(aq) + H,O(l) = NH,*(aq) + OH>(aq)
Base Acid Conjugate Conjugate

acid base
m -LIJ f
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? [ [T Compare water H,0 in both reactions, is

Easyq hemistry4a it acid or base?

/"Acid Conj.acid  Conj. Base

So, water can act as both an acid and base depends on what other substance are
in the solution.

» Water and other substances that can act as both acids and bases
are said to be amghoteric/

An amphoteric substance is one that is capable of acting as either an acid or a base by
donating or accepting hydrogen ions.

2. Amphoteric substances such as water

* always act as acids

* always act as bases

* never act as acids or bases

. can act as either acids or bases CORRECT
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PRACTICE Problems Extra Practice Page 989 and glencoe.com

. sk H* - .
3. Identify the con pairs in each reaction.

o e
&N ag) + @WJ
. HBr(aq) + H,0() = H30¥{aq) + Br-(aq)

¢. CO4%-(aq) + H,0() = HCO4 (aq) + OH~(aq)

Conjugate C““jl_'gﬂte
Add_ | e | Bae vad
a. N%’ NH; 6?1‘ @2_)
b. HBr Br- H,0 Hi0*
¢. 10 OH- COs* HCOs

4. CHALLENGE The products of an acid-base reaction are H,0* and SO,*". Write a balanced
equation fo@;ction and identify the conjugate acid-base pairs.

HSO, +HO —» KOt _ 58;'

o <« 2
Dec; ot . il
id b < e~ cor, Le st
L ﬂc,,d )
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4. CHALLENGE The products of an acid-base reaction are H,0* and SO,*". Write a balanced
equation for the reaction and identify the conjugate acid-base pairs.

4. Challenge The products of an acid-base reaction are
H;0" and SO, Write a balanced equation for the
reaction and identify the conjugate acid-base pairs.

HSO4(aq) + H;0(I) ¢ H30* (aq) + SO4£(aq)
Reactant base: H>O; conjugate acid: H;0*
Reactant acid: HSO,4~; conjugate base: SO~

warn i e be

lasf- o5 H~
™,

Figure 7 Whether 3 hydroaen is ionizable

depends on the polarity of its bond. In

acetic acid, oxygen is more electronegative
than ydrogen. The bond between oxygen

and hydrogen is pUFaISo the Eyﬂmqeﬁ_

atom can ionize in solution. In hydrogen
fluoride, fluorine is highly electroneqative,
50 HF is an acid in solution. In benzene,

there is little electronegativity difference rwﬁ = \ﬁ -
between lhé EarEEn Ené EEQ ogen atoms,

50 benzene is not an acid.
C-H jc%u}

MR \e ¢
a2t 5
b-o

Pe\ar

Acetic acid ¢, ¢ £ Hydrogen fluoride Benzene

ﬁ-—c-:d M:
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*  According to the Lewis model, a(ewm ac:éis ammacceptor

and a Lewis base is an electron-pair donor. lse givd oo ¢”

» The Lewis model includes all the substances classified as Brgnsted-
Lowry acids and bases and many more.

HF BT — H—F:

Lewis acid Lewis has’(
Fec o) oo iss o0

7 505(g) + MgO(s) — MgSO4(s)

et = :('ii: I
'd=sé’i%o — :{:}—?—{:}:
:Q:

Lewis base
Q!

Lewis acid

* According to the Lewis model, a Lewis acid is an electron-pair acceptor,
and a Lewis base is an electron-pair donor.

* The Lewis model includes all the substances classified as Brgnsted-
Lowry acids and bases and many more.

\osts '_“:'/'F_\@Fu — H-F: .)

L -
M“& WS Lewis acid Lewis base

J o ‘\r
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Three Models for Acids and Bases

Acid Definition Base Definition
Arrhenius H" producer OH- producer
./Brgnsted-l_owry H* donor H* acceptor
/ | electron-pair acceptor  electron-pair donor
Lewis
siryaall

For each description below, write acid if it tells about a property of an acid or base if it
tells about a property of a base. If the property does not apply to either an acid or a

base, write neither. If it applies to both an acid and a base, write both.

BoYl 1. Cm 1um]umu~. paperddlffcrcmwlm

ﬁ-:rJ
_ﬁ:,d_ 2. Reacts w:th Lenam ﬂk @__p s;n\\"

Areid 3. Contains more hydmgen mns than h}dl‘ﬂ)[lﬁ ons CH¥3>(o Hj

_Eag a4 Fels slippery

CD
Ac: A 5. Reacts with Ldrbondtts @* %
NeiHe 6. Feels rough 2

ptd = Lo\ il =
_M_H&ﬂ Contains equal numbers of hydmgcn and hydmxlde lons
RS 8 Tastes bitter N '!‘4'\"“ (\ o '\“5")

Pf C:ld 9. Tastes sour
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g2 15 produced during the reaction DEIWEEN | el ) el sl e iy o A b b
sodium acetiacid solution | e )
g, iC80
—
Which of the following ks a propery of el Wlas ailoai (2 bt
basic solutions?
@ React with metals like zinc fo produce hydrogen Gl e U aaall T D a4 felim
gas A
(D React with metal carbonales to produce carbon pd s SO e Y Sl clip S s el
dioxide (CO;) gas A (COy)

|

@ Tasle sour A BV Lk

Taste bitter and feel slippery ealell &y A 50
@ 2 azl l/ 2

Which of the following chemical equations  Jelall B 481 doludll cYalad 4i
represents the reaction that geologists s ipdl funglanl) daxisey 3
use to idenm other § il &y o dpll (il
rocks? '
i (0
Cal®,

(e CaC0yy) + 2HCluq) = Callyug) +Hi0 +COy | ™

@ NAHOO4 ) + HCHy0,5g) = NaCyHy 0 + 0y + 00y

( C , CH[,] =+ 4HND3(,‘¢” =* CU(NOIJHM} + 2“20“} + 2”03(“

@ I+ 2HCl gy = InClyyy + Hogy
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Which of the following is a property of acids? toalall allad e il qal,, Las 41
Tum red fimus paper blue & S ol el el gli iy dd O
Feel slippery ']% guaiad 12) 0
React with zinc to produce hydrogen gas A ool e 2l fea)s) a eli 0
It tastes bitter G? o lgads 9]
2 - Rl
Which of the following chemical equations represents a reaction —
pasi S sl o ol i A Ak el
between the aqueous solution of an acid Andmeta{fydrogen i M ) :
& ) P iyl ) Slig Sy panl

= (), OB | #) bicasborae. =7 o)

H Cﬁf\pml‘&
K Cutgy + 4HNO; aq = CU(ND, )5y + 2H;0) + 2N, g

g' Inyg) + 2HClq) = InClygag) + Hygg)
““"I" LB caberee

o NaHOOy)+ HC,Hy03) ~ NaGyHy0330 + o0 +COsq

s

@ CaC0y5) + 2HCl ) = CaCly g+ H,0 +COy
If —

N"‘!”’f Cﬂﬂf’%ah‘t}rt
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Which of the following is correct? trna 451‘.1..‘ 1;1
' Cut)=led)  medpl
A, E'M r— <
@ Ingicsohon 1] > [OH] H1> [OH] Glg=lldad g
et 7=
@ IanWulion H] > [OH] 1> [oH] sSdadlbd g

H1> OH] sSaldibdd

@ In acidic solution [H') ':EJE/'_-.

qu'. c

@ |ry'a(soamiun H] < [OH] H] < [OH] (Spaldidgd

asy Jemisirydall K p &Jﬂrn‘}fﬁa s P
Table 2 Three Models for Acids and Bases

m Acid Definition Base Definition

|
=Arthenius @roducer in weler |QH ploducer 1A weter
(LBransted-Lowryg_-(__ aH*‘ Eonoré 71 ™ H+ % acceptor accephs |y
r|_.g,~fis electron-pair acceptor electron-pair donor

Jniu@7 NS €
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In the reaction equation below, which of the following eyes 3 d B frnn Sl e gl ol el Alaa

| Acid :
is true? HX(aq) + H,0() H30+(aq)j+)('\' (aq)

N _lask [+

doney
HX donates hydrogen ion lo waler H,0 H0 el g s gl HX 2 O

@ H,0 is a Bronsled-Lowry acid

G = Sdigy galal JH0 i 0

@ HX is a Bronsted-Lowry base S8~ Syl ui O
@ HX accepls a hydrogen ion from waler H,0 HO Wl ja fspa 0l X JBw - O
o /> B3 \oulube 8l Acids L Beses
vy hemistrydall
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= ?QL\ / PO
Which of the following Is considered a conjugate "i’ €3 bl laaa my) il q:.-’g Las ,__;t
i > -
acid -base pair?
M /
@ H,PO, , HPO,*
@ H,0, 0" X
@ Imo,} . NO,-
Acd cony- 3 as—=
@ H.SO, , SO,*
X
\JICnst ygai
Which of the following is nol a conjugate acid- base pair? (il ey ol ™ _;!

n
HCI0, /C10;
O, X
HS0; /503
I
H,0/0H"

@ H,0* /OH-

2H
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' Ot &?\mkﬁ tl /Q-D
Easy hemistrydall \Wk ;Q: % PWH :
?DUPMHL \y bri ?mHC:H
Which of the following is amphoteric

substance?

H H:P0,
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Table 2 Three Models for Acids and Bases

Arrhenius H* producer

(s

OH' produ

Base Definition

cer

Bronsted-Lowry .~ H* donor

=)

electron-pair acceptor

wcrtf\":ﬂ

H* acceptor

electron-pair donor

.. . logs

ﬂVuuTuhe
sy hemistry4 111

©f wdal

_l.-
G’B
r.n 'E,. h.i-'t

A—15

- 1=

C \-..-s@

Which of the following is cmcubnm

'M.b&ﬂwuw-ﬂm,p'

@ =¥ NHjfag) + H;;O(!) - NH..*(an + OH-(ag)
(=% -y e

NeOH
./’ ‘o

wo &

#

JPA NI considered as Arthenius base

.;-ﬁﬂﬁhﬂﬂm.u'-'-.k

L—+"B. H:0 is considered as a Bronsted - Lowry acid

G Sy aea H0 e B [

. N, accepts an elegihpair from H,0

H0 On <) g0 A Ny €

”H:0 accepts H' ion in the forward reaction

! D A Ly o H,0 D

'l-——-_

Which of the following is correct about to the reaction below? ‘

ﬂmamu@?mum g

c)" h,l—.-,.b

=D

onCh &

HF 2

< I

F ion agpu an electron pair

S T F Ol G A

8. F ion s considered as acceptor of hydrogen ion

O Ol M B

H* lonis considered as Arrthenius base =

el il Gl il C

H* ion donates an electron pair to fﬁli on

Fos o S se gl H Osl 2 D

r ot - 5
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Which of the following fs rue? T gl

:T: llikN H] f @

H

= ) — -_;.;.II..H NHy(aq) + H,0) & NH,*(ag) + OH(ag)
S
ko

¢ rae (N
A “9\"0 'E-L.
@

Base
The ammonia N, in reaction 3 s an ekection Sz e ] B N, Wl
e Rp——

par accaplor

e —

Ammmmmﬁmlmﬂmhm ,ujuqu:m,;,.m

'-—-__-

)
=

The ammonia NH; i reacton 2 s 4 Bionsled- J= S a2 0 INK, el 0

Lowry ac

X Thié amenonia NH, in réaction | s a Lists cd _.t,:,ul.,u;l,:NH, ',;,.ﬂ'l l
L S
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hemistrydall acce = -
- <
Why does BCl, represent Lewis's acid oot saws BCly L 10
in the following reaction? B 8 Jeli
= Hu = =

10— B[BU - '@"5

X E:,;;,d L L

HEH

3¢l

or from the hase CI°

@ Bacause I is pro
@ MHBW}QHMMG‘

@ Because il s an eleckon par donor o the base CF

:O\) Bmumﬂhmﬁmhmpﬂrmeﬂuhmhh@

-

1Cls

O 582 (o gt Jihoas oY

O bl ) Lad e

CF il iy gl oyl e oy

OF iasli e iy 580 oyl s

. l6|l
tCla

Why doas 9’_ rapresent Lewls's base In the

A0 el b 1O B

following reaction?
0 e T L
5o ) |
e .2_ "
Q= l 4 m_ — Q— s —_— 0
|
Because it accepted a prozwkfrum 50, 8Oy n Uiy cilind 0
Because it donated a rogrlnctu 50 Bty st
p ) SO; J Ugyp e 0
@us& it donated a pair of electrons to 50, ) SOy ) g Y1 (a iy conie 0
Because it accepted a pair of electrons from S0, SO; oo g 781 e iy it iy 0
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Wha s he subslance lha' conlins hydrogen, %nd oyl o) 5y gt b i D
onizes 1o roduce hyciogen ions o aqueous soluon? ol Jad

S

Fb e O
il 0

s

s e oH . aifiel ()
'9(03 Vg o 'H
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CHM.5.3.04.003.01 Compare between slrong and weak acids (using examples, partculate diagrams and ionization equations|

E

CHM.5.3.04.006.01 Define acid lonization constani, Ka, while wriing the ionization constant expression for different weak acids

15

CHM.3.3.04.003.02 Relate the strength of weak acids to the numerical values of Ka

16

CHIS.3.04.003.04 Identy the relationship between the strength of an acid and its conjugate base and the strength of a base and its

conjugate acid

1l

CHM.5.3.04.006.02 Defing base lonization constant, Kb, while wriing the lonization constant expression of different weak bases

18

CHM.5.3.04.003.03 Compare between strong and weak bases (using examples, pariculale diagrams and ionizaton equalions)
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[ IIVnun&ED Strengths of Acids
Easy he m]slnfl@

1'9-

" Figure 11 Tha bght glaws bl when electredles e plaed
I 0.0 el aci sobtion becasse l of the HE1 s in he foem
of ydeanium ks and chioride om,

Strong Acid = More ions = High electrical conductivity
i " g\,

@)
al woy@ CHicoo +H

f F 3
=2 S
” — @@
Weak Acid = Less ions = Low electrical conductivity ,
—— _,_.=-—='--
\? — -~ Acetate ion
+
% H 0 — H H -
HCLAJQL .+ ‘—- + Hydroxiaim ion
i H.gur.em :-:m'ﬂh:ﬂﬁ:f.: pI:MIn 0.10:.1' :.:.I.Jtaddnh'l.n‘l,
LHJ m“ ::?::;mﬁim;mmemn:::nr:mmrmnf
the cavicentration of ions in solution,
%Lmiswd i Strengths of Acids

Ut o

* Acids thatfonize com p‘l‘etely are called strong acids.

fH’ A L H,gg
* Because they produce the maximum number of hydrogen ions, strong
acids are good conductors of electricity.|

* Acids that ionize anly pgfiall"'yr in dilute aqueous solutions are called

weak acids. —
e uel- — *C\

uel +8.9 '*C'r
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* With astrong acv]'l, the conjugate base |saweakl/3§se. Lase - oS “‘f
-0
| —

HXag) + HONSHO"fag)

Acd  Base  Conjugate

‘ acid

* Equilibrium lies almost completely to the right, because the conjugate base has a
weaker attraction for thf H*@ than does the\pase)jn the forward reaction.
H2.0
* Notice that the equation i@own with a single arrowyto the right for strong acids.
The reaction goes to completiorﬂr'igbj).

T on AT b e __
* |n aweak acid, the ionization equilibriunﬁes to the far Iefﬂbecause the
conjugate base has a greater attraction for H* ions than does the base in the

forward reaction.

e

| .
. HY (e et Hp*(aqwm)

ﬁuk

Acid Base  Conjugates™Cofftrbate

‘ Eid base
* Notice that the equation is shown with@cﬁmmr weak acids.
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Strength of Conjugate Bases

What is the relationship between
the acid and the conjugate base in

| acids  conjugate
terms if strength? bases
'\

{
very
weak

Weak acid = strong conjugate base
acid
" i e £ strength
fong acio= weak conjugate base . .ocqe

215)-QL-'11'1ISIY}'4e111 R

/’D

Table 3 lonization Equations

_\._Meak Acids

Name m
Hydrochloric HC)H* +Cl Hydrofiuoric  HSHHF
Hydroiodic CHIOH + I Acetic (HCQHSE-JE SV +CHO,
Perchloric @@ H*CH0 Hydrosulfuric HQS@H‘“ + HS"

Nitric HNO(HH* +NO,~ | Carbonic H,CO, @H"* + HCO,”
Sulfuric rﬁ)q@# +HSO,” | Hypochlorous HOIQH + CIO-
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1, acids dissociate completely in agueous solutions.
L-—F'

. Only strong

. Only weak

. Both strong and weak

. Neither strong nor weak

|:ilS}’Qt‘]IIIS|I‘}'flElH
The equilibrium constant, K, , provides a measure of the degree of
ionization of an acid.

HCN(aq)+H20M;* H,0"(ag)+CN(aq)

®= CH0') ECN]
CHCA]

The acid ionization constanf@ is the value of the equilibrium constant

expression for the ionization of ajweak acid. )(:-_’

K, =K, [H,0l4~=———26.2x10™

END OF TERM 03 REVISION 2025-2026 — CHEMISTRY- AL
KHAWANEEJ COMPLEX. THE MATERIAL IS JUST INTENDED

FOR TRAINING



School Branch 1 A o yutadl § il
School Cluster 2.4 ':y@m\;@ 4.2 uyud| Gladl
Zayed Ed. Complex - -— TR
P e s, R el 3 - gl o
Al Khawaneej C1,C2 & 3 MINISTRY OF EDUCATION A g aslidl g Jo¥laalell

I'.'rlh\-'\lil.'ﬂl 5LV Al

K, indicates whether products (lons) or reactants(Acid) are favored (more
il T wemew

equilibrium,
v Forweak acids, the products tend to be smaller compared to the un-ionized
molecules [reactant] . """"‘"‘\ : w&)
—— : - "vss \u
. Weakeracidﬁeasmallerf(u.éi (ﬂfit‘:{____

e ] =

{af 5 7 )ﬂ‘h M
wd A Tabled lonization Constants for Weak Acids K"ﬂ L ) "J 4

mmmmmmm

0 ot IKEI_ZQB K)
L P — HS(AH +Hs B9x10* &
4 —
! ' I\‘f"'f' Hydrosulfuric, second ionization HS1=H" + 5 1x10°" QI
b
ot B Hycrofuoric HF@w b 63xt04 ¢l
Hydrocyanic HCN@H+ +CN° 62x107" CM,
Acetic CH;OOH@ H* + CH.COO 18x10°8 174 1]
Carbonc, fstonizaion HCO,2 H* +HCO, sx07 &l
Carbonic, second ionization HCO, = H+ €O 41107 Let ‘L
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2. In the equation below, CH;COOH is a ;
CHgCOOFéHJ’ + CH4C00"

. strong acid

. weak acid

. strong base

. weak base

w 3 YouTube Practice Problems:

APPLICATIONS
12, Write ionization equations and acid ionization constant expressions

for each acid.

a. HCIO, b. HNO, ¢. HIO

13. Write the first and second ionization equations for H,Se0s.
[As04][H30*]

[HAs0427]
balanced equation for the corresponding reaction.

14, Challenge Given the expression Ka = . Write the
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w O odlte Practice Problems:
APPLICATIONS
12. Write ionization equations and acid ionization constant expressions
for each acid.
a. HCI0, b HNO, LY

13. Write the first and second ionization equations for H,Se0s.

3-IIH-0*
14. Challenge Given the expression Ka = %, write the
4

balanced equation for the corresponding reaction. )
(© #10 — H* ¢ ID e W \

Ka = EH*]EIO-} Vq-':EL_,_/-

[ H10) (H10)

APPLICATIONS N
i oy
ite(lopization equations’gnd acid ionization constant exgress’tons
for each acid. T -
oy mu Vo 0
a. HCIO, b. HNO, ¢. HIO
13. Write the first and second ionization equations for H,Se0s, ,’\
As04*~]H30*
14. Challenge Given the expression K = Lﬁ. write the E Jd{l Cao'u
4

balanced equation for the corresponding reaction. / \(
-
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constant CADIESSIONS or the 10 OWIRG aclas. fﬂl’H;SEO |

L _

: H,5e04aq) + .0l ¢+ HSe, ™ (aq) + H,0"(aq

HCIO,(aq) + H0() & H,0"(ag) + €10,
o) + 1000 ¢ H0(ag) + €10, o) HS¢0, (aq) + H,00) 4 5e0,%(aq)  H,0%(aq

) [H,04][C10,] /
" [haoy 4, Challenge Given the expression
Vb, 1O
: ASO, " [HO"]
HNOz(aqHHzO(I)HHJO*(aq]+N02'(aq) Ka: 3 Write the balanced
HASO,
3 (1,04 [NO, ]
y b [No) equation for the corresponding feacion.
¢ HIO HASO,2 () + 00 ¢ 0% + A0
HI0(ag) + H,00) ¢ H,0%(ag) + 10%(aq)
(0007
Mo
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: iss0ci | Table 5 Dissociation
A hase that dissociates completely into _
metal ions and hydroxide ions is known Equations for

asasrongbagg. o ,.,A“K Strong Bases )
S NaOH SN o) + O

: joni jallyin G
A.weak base |0n|zes.0n|y partiallyin (N y s @*(BCU T
dilute aqueous solution. O\ ey —~

 TTREOHSI R0 o) + OHlag
(e CsOHjS) s (aq) + OH )

Gy $CaOH) 8.5 Ca¥fac) + 20H (ag)
(B3040 CBePtea + 20K e

noy
* The base ionization constanl@is the value of the equilibrium constant expression
for the ionization of a base.
* For example, for Methylamine]CH.NHs) (Reaction is below in Table 6
p yla NHg) ( ):

vt gain i1 l-s-kf Bt
[CHNH, ' [OH ]
CH&N@?—J’&O*’ / [CH,NH, ]

SL Tk A

* The smaller the value of K, the weaker the base. <L 1’

Table 6 lonization Constants of Weak Bases Swﬂ\\
ECC S T :
Ethylamine C,HNH f2q) + H,O)(E) C HNH, (aq) + OH (aq) [ 50xT0

Methylamine ——b@) + H,0M(& CHNH,*(ag) + OH-(aq) / 43 x 10" |

Ammonia NH,(aq) + Hzom@NHq*[aq] 4+ OH(aq) & 25 %1075 ﬁ

Aniline C.H,NH,(aq) + H,O(=YC,H,NH, "(ag) + OH"(aq) 43x107™°
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APPLICATIONS
15. Write ionization equations and base ionization constant expressions
for the following bases.
a. hexylamine (C4H13NH,) ¢. carbonate ion (C04%7)
0 propylamine (CsH;NH,) d. hydrogen sulfite ion (HS03™)
16. Challenge Write an equation for a base equilibrium in which the
base in the forward reaction is PO, and the base in the reverse
reaction is OH". g@
e

Write jonization equations and base ionization constant expressions
for the following bases.

W € (a) hewlamine (CNHy @carbonate ion (€052")
—aglr e =
b. propylamine (C3H;NH,) . hydrogen sulfite ion (HS037)

16. Challenge Write an equation for a base equilibrium in which the
base in the forward reaction is P0O,>~ and the base in the reverse

;?:IIE@& loge W 0 i @
@ C g Wh, it Homa— - H'}NHM)_r O%‘”
)( [ QHIZNH Lot

EL &lgNHA

|
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. p-2=0

15. Write ionization equations and base ionization constant expressions
for the following bases.
a. hexylamine (C¢H3NH5) @carbonat& ion (C0427)
b. propylamine (C3H;NH5) d. hydrogen suffite ion (HS05™)
16. Challenge Write an equation for a base equilibrium in which the
base in the forward reaction is P043‘ and the base in the reverse
reaction is DH' ) =

9ain\ |t — feSﬂ C(J . OH
i’

15. Write ionization equations and base ionization constant expressions
for the following hases.

a. hexylamine (C¢H3NH,) ¢. carbonate ion (CO4%)
b. propylamine (C5H;NH,) d. hydrogen suffite ion (HS047)

16. Challenge Write an equation for a base equilibrium in which the
base in the forward reaction is PO, and the base in the reverse
reaction is OH-.
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15. Wrile ionization equations and base ionization
constant expressions for the following bases.
a. hexylamine tCSHHNHE:
CeHysNHy{ag) + Hy0() ¢ CgHysNH;(ag) +

e OH"(aq)

o < [CoHighis "] OH] l/

D IGH NN
b. propylamine (Cf:NH, 16. Cha‘lllepge ‘Writeh an etiuation‘ fora baser
;ﬂ'}: I[Iﬁ{aq} PO G ieqslt.lcllli[z;ui]? P;g 4‘_;"_“?2;?;:3;;'?nli:ﬁef?;:;g
I/K,,  IGHN (0K reaction is OH™
[GH,NK,] PO,3"(aq) + H,0(l) ¢ HPO,*~(aq) + OH (aq)
¢. carbonate ion {C(}f"}

€0,2(aq) + H,0() ¢+ HCO*~(aq) + OH~(aq)
[HCO,™] [OH"]
" 100]
d. hydrogen sulfite ion (HSO;")
H50, (ag) + H,0(]) &> H,50,(aq) + OH (aq)

_ [H,S05] [OH]
b [Hs05]

ISV IS VAl

CHM.5.3.04.006.03 Relate the acidity and basicity of an aqueous solution to the hydronium and hydraxide ion concentration and pH at
19

250C or 298 K

20
CHM.5.3.04.007.01 Use Kw to calculate the hydronium ion and hydroxide ion concentration at a given temperature and vice versa

21 |CHM.5.3.04.007.04 Calculate pOH when the [H+] or [OH] is given and vice versa

22 |CHM.5.3.04.007.06 Calculate [H+] and [OH"] from pH

23 |CHM.5.3.04.006.04 Calculate the acid dissociation constant, Ka, given acid concentration, [H+] and pH

24 |CHM.5.3.04.005.07 List different methods used to measure the pH of a solution
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o > @i 3 lqn Product Constant for Water

— m—
5) I'wnlisllj;'-mlli 1 EH,{‘} ,EOH,']
*  Pure water contains equal concentrations of H* and OH- ions produced by self-
jonization.

* The equation for the equilibrium can be simplified as follows.

H:0(l) = H*(aq) + OH" (aq)

* Inthe self-ionization of water, one water molecule acts as an acid, and the other
acts as a base.

e /> EBYoulube lon Product Constant for Water

hemistry4all

* The ion product constant for water,| K /\i

‘/KW =[H"][OH]
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+ Fact from experiments: With fure wate)at 298 K (25 °C), both [H*] and
[OH] are equal to 1.0 x 107'M.

K =[H'][OH ]=(1.0x107)(1.0x10”")

R et

K =1.0x10"

* According to Le Chatelier’s Principle, as [H'] goes up, [OH] must go down,
and vice versa (zuswa (sSalls), This happens so that the value of K will not
change.

2. )The concentration of either the H™ ion or the OH~ ion is given for four aqueous solutions
at 298 K. For each solution, calculate [H*] or [OH-]. State wheth_el the solution is acidic,
basic, or neutral.

(3 H1=10x 10730  (e)[OH"]= 1.0 x 10-*M
(B) [OH7]=1.0 x 107"M  d. [H*] = 4.0 x 10-M

23. Challenge Calculate the number of H* ions and the number of OH™ ions in 300 mL of
pure water at 298 K.

I, gienC ) = 4niSh )

unkpown L-oH‘] = 7

o YRS
] = = . 3
[ off h e
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99 The concentration of either the H ion or the OH ion
is given for four aqueous solutions at 298 K. For each
solution, caleulate [H] or [OH], State whether the

solution 15 acidic, basic, or neutral.
8. [H]=10¢10EM

K =[H']0H’]

10a0™ = (1000

100" _(10c10™){OH )
L0 1010

[OH")=10x10°* M

[OH) > [H"}, the solution is basic.
b, [OH)= LOxI0"M

K, =[H']0H’]

a0 {00’

00’ 10u07

[M]=10:10"M

[OH)=[H", the solution is netural,

"o 2 YouTube

¢ [OH]=10x10°M

K, =[H'][OH] 23
L0x10™ =[H')(1L.0x107)

L0x10™  [H')(L0x107)

L0x0®  1.0x10°

[H|=1.0x107M
[OH™] > [H"], the solution is hasic.
d. [H]=4.0410-M

E =[H[0H]

1.0x10™ = 4.0x107)[OH
L0d0™  (40x107™)[0H]
LA 40d0°
[OH]=25x107"M
[H7]>[OH"], the solution is acidic.

|

pH and pOH

Challenge Calculate the number of H+ ions and the
number of OH- ions in 300 mL of pure water at
298K,

At28 K, [H']=[OH"]=1.0x10"M

1.0x10" mol (L

MolH = %300 mL

1L 1000 mL
=3.0x10” mol

602107 H' i
30x10° mol ' ionsx“:—u:::
mo

— l.le@H* ions
Number of H' =number of OH
= l.le@lws

Easy{ hemistry4all
o 1

pH Scale

23458?'&91&111213i1d)
| |

Neutral Basic

|

T SRR

 PHZI

Rules of pH:

When the pH value is closer to zero — It is a strong acid

—

When the pH value is 7 — |t is a neutral compound

When the pH value is closer to 14 — It is a strong base

e

[
Battery acid |i‘ P
‘;“"“|
Stomach acid
_,}z'rg_l
—
Lemon julce
L3 soft drinks
W .
Ly inegar
— Tomatoes
Coffee ———=5§ = v
_G —
Pure water — Milk
—7 -
Blood ———]
g —+——
Seawaler
_g =
Antacid ——
10—+ Detergent
Milk of =115
magnesia
5| Household
ﬂ s
137 | =<1
4 Oven [
- deanet %
m £
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e /> [EYoulube p‘I:IUand pOH
N o T Bty acd |E| ?
Easy€ hemistry4all CH 3 CO“ J L
« " Concentrations of H* and OH- ions are often small numbers —
: Wy — e
expressed in scientific notation. —
Leman juice e
; - o
* pHand pOH are easier ways to express these small a) g
1 —— Tomatoes
concentrations. eI v
" . - " . _'E_
* pHis the negative logarithm of the hydrogen ion concentration | [ W
of a solution. —_— ot ]
=1
Seawater
——g—
Antaci] e—
- + 10— Detergent
pH = -log [H] —
st Milk of =117
magnesia
ey
- %l deaner "i

‘o 5 EVoulube pH and pOH
sy_hemistry4all C-OH-?EHf-;E Ix lﬂTy

 The pOH of a solution is the negative logarithm of the
hydroxide ion concentration.

pOH = —log [OH]
* The sum of pH and pOH is 14.
' pH + pOH = 14

10-7 1072 103 10~* 10~%F 10~% 107 10°% 1072 ]10~"° 10" 1072 1B 1p—¥
2 3 4 5 6 17 8/ 9 Jwow o on 127 13

13 12 1| 10 9 8 7 6 5 4 3 2 1 0

0°1% 10~ 10-" 107" 10-? w0~ 10" R (1w 10t 102 1 o1 1

s e e ey
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& Oii:  Problem types:

ardall

s What you need!!

CALCUATEPH RO iy ¢H:_0 "
CALCULATE pOH AND pH FROM [OH"] VFOH]*OEDH“] 14
i o OH [H1 = 10
CALCULATE (H*| AND [OH~| FROM pH
B D ot g /0814
[H*J 5"
[cJH o

Molarity & pH of strong and weak acids

CALCULATE K; FROM pH
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APPLICATIONS

24, Calculate the pH of solutions having the following ion concentrations
at 298 K.

a. [H=10x10"M b. [H*]=3.0x 10~M
@ Calculate the pH of aqueous solutions with the following [H*] at 298 K.
a. [H*] = 0.0055M b. [H*] = 0.000084M

26. Challenge Calculate the pH of a solution having
[OH™]=8.2 x 10~°M.

25@ ﬁ;m Ch(f):rnnn?(-fh L'ﬁ:;
0y = Loyl T) = dy(cromety) = 400

I 24, Calculate the pH of solutions having the following ion concentrations

L at208K - ~LeCHY]
a. [H1=1.0x10"2M b. [H*]=3.0 x 10~™
4 o~ .
25. Calculate the pH of aqueous solutions with the following [H*] at 298 K.
/ a. [H*] = 0.0055M b. [H*] = 0.000084M

. Challenge Calculate the pH of a solution having
Q@&DMO‘BM. ® |
foll = -1:“][9&']:10 (3 uisY [H’f}ljoﬂ: Uxlo'} ‘
. 5 CHt] = Ixls™ _ i
— ~h
P +Pol = 'Y Yo o il
“Bh = g —Pob= 45 = l21yigM

F=c. HE -LogCyt] = -
(=g (@t e

U-uuo‘")_
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24. Calculate the pH of solutions having the
following ion concentrations at 298 K.
a. [Hf] % 1.0 X 1072M
pH = —log [H*]
PH = —log(1.0 x 1072 26. Challenge Calculate the pH of a solution
pH = 2.00 having [OH™] = 8.2 X 10~%M.
b. [H*] = 3.0 x 10-5M [OH™] = 8.2 x 10-°M
pH = —log [H*] K,, = [H*][OH"] x [H*](8.2 x 107
pH = —log(3.0 x 10-F) 1.0 x 1014
Hfl=————=12x10"°
pH = 5.52 [H7] 8.2 x 1078
25. Calculate the pH of aqueous solutions having pH = —log [H7]
the I.D”(]Wiﬂg |H+] at 298 K. pH = _|°g(1_2 W 10—9}
a. [H"] = 0.0055M oH = 8.92

pH = —log [H"] /

pH = —log 0.0055
pH = 2.26

b. [H"] = 0.000084M
PH = —log [H*]
pH = —log 0.000084
pH = 4.08

CALCULATE pOH AND pH FROM [OH™] In Figure 16, a cow is being
fed straw and hay that has been treated with ammeonia. The addition of
ammonia to animal feed promotes protein growth in the animal. Another
use of ammonia is as a household cleaner, which is an aqueous solution
of ammonia gas.(A typical cleaner has a hydroxide-ion concentration of
4.0 x 1073M. Calculate the pOH and pH of a cleaner at 298 K.

Known _— known
[OH"] = 4.0 x 10—3M @ ? 2»'1

pH=1?
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EXAMPLE 3
CALCULATE pOH AND pH FROM [OH™] In Figure 16, a cow s being Known Unknown
fod straw and hay that has been treated with ammonia, The additionof  [OH]=40x 10™M  pOH=?
ammonia to animal feed promotes protein growth in the animal. Another pH =7

use of ammoniais as a household cleaner, which is an aqueous solution
of ammonia gas. A typical cleaner has a hydroxide-ion concentration of
4,0 X 1073M. Calculate the pOH and pH of a cleaner at 298 K.

F1 SOLVE FOR THE UNKNOWN
pOH = ~log [OH"] State the equation for pOH.
-— ~——

pOH=-log (40X 107 Substtute [OH-]= 40 x 10,

The pOH of the solution i2.40.)  Use the relationship between pH and pOH to ind the pH.

pH + pOH = {4.00 State the equation that relates
G oH and poH.
@ = 14.00 - pOH Solve for pH.

pH=1400-240=1160  Substitute pOH = 2.40.
The pH of the solution is .1_1_@. l/
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CALCULATE H] AND [OH"] FRON(@What are [HY and [OH-]in a heathy person's bood.
that has a(pH of 740 Asstme that the temperature of th blood is 298 1 | -PH
Known  Unknown 0 PO“

4
we1n W2mn Y L'oll T2l
Y K= moil

'

sc,w:uu-w:'u-*r““
[H] APTRP:

(oh): g b -

-

L51H
v
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CALCULATE [H] AND [OH~] FROM pH What are [H*] and [OH"]in a healthy person’s blood
that has a pH of 7407 Assume that the temperature of the blood is 298 K.

Known Unknown
oH=740  [H']=7mol/L

[0H~] = 7 mol/L
B SOLVE FOR THE UNKNOWN
Determine [HY).
pH = —log [H"] State the equation for pH.
~pH = log [H7] Multiply both sides of the equation by ~1.
H*| = antilog (~pH) Take the antlog of each side to solve for [H]
H*] = antilog (~7.40) Substitute pH = 7.40.
Ht]=4.0 X 10~V A calculator shows that the antilog of ~7.40 s 4.0 X 10,
T
-
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CALCULATE [H*] AND [OH~] FROM pH What are [H*] and [OH"]in a healthy person’s blood
that has a pH of 7.407 Assume that the temperature of the blood is 298 K.

[Ht] = 4.0 x 103V A calculator shows that the antilog of —7.40 is 4.0 X 1078,

The concentration of H* ions in the blood is 4.0 x 10~3M.

Determine [OH].

pH + pOH = 14.00 State the equation that relates pH and pOH,

pOH = 14.00 = pH Solve for pOH.

pOH = 14.00 - 7.40 = 6.60 Substitute pH = 7.40.

pOH = —log [OH"] State the equation for pOH.

—pOH = log [OH"] Multiply both sides of the equation by ~1.

[OH~] = antilog (—6.60) Take the antilog of each side and substitute pOH = 6,60,

[OH™] = 2.5 X 107"M. A calculator shows that the antilog of —6.60Is 2.5 x 10~
R

The concentration of OH™ ions in the blood is 2.5 x 10~™M.

AFPPLICATIONS i o

30. Calculate [H*] and [OH™] in each of the following solutions.

a. Milk, pH = 6.50 @Miik of magnesia, pH = 10.50

b. Lemon juice, pH = 2.37 d. Household ammonia, pH = 11.90
31. Challenge Calculate the [H*] and [OH™] in a sample of seawater with a pOH = 5.60.

A R B =
g0 Y= lo 50 6% 8D [H¥y=!
- T \
aiutf\-— r—\ “
-?l |"'°'; s 3.0b%b

= \‘f»tu.;lq ~ ?.15
CH1l 24h yic"
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30. Calculate [H] and [OH—] in each of the following solutions.
a. Milk, p j 6. 50 W wer Milk of magnesia, pH = 10.50
h. Lemon juice, pH 2.37 “ﬂ/ Household ammonia, pH = 11.90

312 Challenge Calculate the [H*] and [OH™] in a sample of seawater with a pOH = 5.60.

ph = 4= 54 = &) *
,—‘&'Lf - g'qu[;j M
[H‘f]: ©

—

EoH]" '“"’

30. Calculate [H*] and [OH™] in each of the following solutions.

a. Milk, pH = 6.50 ¢. Milk of magnesia, pH = 10.50

b. Lemon juice, pH = 2.37 d. Household ammonia, pH = 11.90
31. Challenge Calculate the [H*] and [OH™] in a sample of seawater with a pOH = 5.60.

30, Calculate [H+] and [OH~] in cach of the © Milk of magnesia. pH = 10.50

following solutions, [H*] = antilog (~pH)
a. Milk. pH = 6.50 [H*] = antilog (~10.50) = 3.2 x 10-1'M
: it
[H*] = antilog (~pH) pOH = 14.00 - pH = 14.00 — 10.50 = 3.50 FO 1L
[H*] = antilog (~6.50) = 3.2 x 10°"M [OH"] = antilog (~3.50) = 3.2 x 10~
————

POH = 14.00 ~ pH = 14.00 - 630 = 7.5 4 Household ammonia, pH 11.90
[OH™] = antilog (-pOH) [H*] = antilog (—pH)

[OH7] = (~7.50) = 3.2 x 107°M [H*] = antilog (~11.90) = 1.3 x 10~ M
b. Lemon juice, pH = 2.37 POH = 14,00 - pH = 14.00 -11.90 = 2,10
[H*] = antilog (~pH) [OH"] = antilog (—2.10) = 7.9 x 10-*M
[H™] = antilog (~2.37) = 43 x 107°M [OH™] = antilog (-5.60) = 2.5 x 10~
POH = 14.00 — pH = 14,00 — 237 = 1163 PH = 14.00 - 5.60 = 8.40
[OH"] = antilog (- pOH) [H*] = antilog (~8.40) = 4.0 x 10-M

[OH"] = antilog (-11.63) = 2.3 x 10- M
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PRACTICE Problems Extra Practice Page 989 and glencoe.com

3, 32. Calculate the K for the following acids sing the given information.

a. 0.220M solution of H3AsOy, pH =150 b, 0.0400M solution of HCIO,, pH = 1.80
3128, Calculate the K, of the following acids using the given information.

a. 0.00330M solution of benzoic acid (C;HsCOOH), pOH = 10.70

b. 0.100M solution of cyanic acid (HCNO), pOH = 11.00
]1 ¢. 0.150M solution of butanoic acid (CsH,COOH), pOH = 11.18

3. Challenge Calculate the K, of a 0.0091M solution of an unknown acid (HX) having
a pOH of 11.32. Use Table 18.4 to identify to acide.

3,32. Calculate the K, for the following acids using the given information.
a. 0.220M solution of H3AsOy, pH=150  b. 0.0400M solution of HCIO,, pH = 1.80
]\ a8, Cga_lﬂate the K of the following acids using the given information,

1

a, nuuaa‘ﬁm solution of benzoic acid (CgHsCOOH), pOH = 1070 f( ”{OOH_J 3 EC U-S('NH] _E H’t
b. ﬂwﬂM solution of cyanic acid (HCNO), pOH = 11.00 6 { |'

'3'1_ ¢. 0.150M solution of butanoic acid (C3H,CO0H), pOH = 11.18

3. Challenge Calculate the K, of a 0.0091M solution of an unknown acid (HX) having
a pOH of 11.32. Use Table 18.4 to identify to acide.

I) ven A\
e [2‘ H Lol @)

! FOU = lo. 7

U=~ F =33
[HT] I-P" |-?3

Uﬂkmq - K
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a. 0.220M solution of H;AsOx, pH = 1.50
o A0
* [HAO,]
[H*] = antilog (—pH)
[HY] = antilog (-1.50) =3.2x10M
[H:AsO4] = [H+ =3.2x10°M
[H:AsO4] =0.220M — 3.2x10* M = 0.188M
£ G2 107)3.2x107)

=54x10°
! 0.188
b. 0.0400M solution of HCIO;, pH = 1.80
© o, ]
' [HCIO,]

[H'] = antilog (—-pH)

[H*] = antilog (~1.80) = 1.6x102M

[CTO;] = [HY] = 1.6x10°M

[HCIO,] = 0.0400M — 1.6 = 10M = 0.024M

5 (6 x107)(1.6x107)
: 0.024

=1.1x107

b, 1.1000 solution ot cyanic acid (HCNO),

pOH = 11.00

pH = 14.00 - pOH

pH = 14.00 — 11.00 =3.00

[H*] = antilog (—pH)

[H] = antilog (-3.00) = LOx10°M

[CNO = [H+] = 1.0x10°M

[HCNO] = 0.100 — 1.0x10-3M = 0.099M

_HY[CNOT]_ (1.0x107)(1.0x107)

' [HCNO] (0.099)

K =1.0x10%

¢. 0.150M solution of butanoic acid (C:H,COOH),
pOH=11.18

pH = 1400 - pOH

pH=14.00 - 11.18 =2.82

[H'] =antilog (-pH)

[H*] = antilog (-2.82) = 1.5x10°M

[CHACO0 = [HY] = 1.5x10°M

[CsH;COOH] = 0.150M — 1.5x10°M = 0.149M

¢ HTICH,C00T] _ (1.5x107)1.5x107)
* [C,H,COO0H] 0.149)

K, =15x10"

Wl F F W Lila ¥

31. Calculate the K of the following acids using the given

= information.

a.)0.0033041 solution of benzoic acid (CsHsCOOH),
pOH =10.70
pH =14.00 - pOH
pH=14.00-10.70 =3.30 _ PH
[HY] = antilog (-3.30) = 5.0x10~*M
[CH;COO] = [H+ =5.0x10~'M
[CsHsCOOH] = 0.00330M — 5.0x10~M =
0.0028 M

« _HICHLC00T
* [CH.COOH]

_ (5.0x107™)(5.0x107™)

~(0.0028)

6;8.9 X107\

32. Challenge Calculate the X, of a 0.00913/

solution of an unknown acid (HX) having
a pOH of 11.32. Use Table 4 to identify
the acid.

pH =14.00 - pH

pH=14.00 -11.32 =2.68

[HY] =antilog (-pH)

[H*] = antilog (-2.68) =2.1x10°M
[X7] = [HY] =2.1x10°M

[HX] = 0.0091 — 0.0021 = 0.0070M

o 000000 _
“T(0.0070)

x10~

The acid could be hydrofluoric acid (HF).
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EXAMPLE Problem 18.5

Calculate K, from pH Formic acid is used to process latex tapped from rubber
trees into natural rubber. The pH of a 0,100V .ﬂmt formic acid (HCOOH) is 1

238, What i K Yfor HCOOH?

BRRC

A Jf\ @C%ﬁ‘"ﬂ S

g R

Calculate K, from pH Formic acid is used to process latex tapped from rubber

trees into natural rubber. The pH of a 0 ution of formic acid (HCOOH) is
2.38. What is K, for HCOOH? L(. \% 1\ ,
[ #eoot =Lt °°“ ) — O Wy

[ mo@ “MM“ EHcoo\bﬁ = CMMH

i o\ — A @

CH«"’]EQ‘“ _ kLF |68ﬂ0) tp\(%ﬂn) 1.9 316
EH@QH‘J? — 099, o
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Figure 16 The approximate pH of a
solution can be obtained by wetting
a piece of pH paper with the solution
' and comparing the color of the wet
paper with a set of standard colors
as shown in a. The portable pH

1. meter in b, which is being used to
(' measure the pH of rain water,
provides a more accurate measure-
ment in the form of a digital display
of the pH.

Measuring pH

Perhaps you have used indicator paper to measure the pH of a solution. When a strip of
pH paper is dipped into an acidic or basic solution, the color of the paper changes. The
new color is compared with standard pH colors on a chart, as shown in Figure 16a. The
pH meter in Figure 16b provides a more accurate measure of pH. When electrodes are
placed in a solution, the meter gives a direct analog or digital readout of pH.

\'\I_I‘k PRI LE Y=rCi il

25 | CHM.5.3.04.004.01 Define neutralization reaction while writing the neutralization equation (Complete ionic and net fonic equations)

CHM.5.3.04.004.02 Define titration, and titrant
26
CHM.5.3.04.004.03 Explain how to carry oul an acid-base titration

27 1CHM.5.3.04.004.04 Explain the difference between the equivalence point and the end point of fitration process

CHM.5.3.04.009.02 Describe the titration curve of a weak acid with a sirong base with respect to type of salt formed, pH and nalture of
2
solution at equivalence point, indicater used and its color change and volume of litrant needed far changing color of indicator

CHM.5.3.04.009.02 Describe the titration curve of a weak acid with a strong base with respect to type of sall formed, pH and nature of
29
solution al equivalence point, indicator used and its color change and volume of titrant needed for changing color of indicator

30 |CHM.5.3.04.004.06 Calculate the molarity (concentration) and volume of a solution using fitration data
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Reactions Between Acids and Bases

lemistryda 11

* A neutralization reaction is a reaction in which an acid and a base in
an aqueous solution react to produce a salt and water.

* Asaltis an ionic compound made up of a cation(+ ion) from a base
and an anion (- ion) from an acid.

[ t—— - Figure 18 A hydronium ion transiess a
i+ | — + hydrogen ion to a hydroxide ion. The
loss of the hydrogen lon by H O

results in a water molecule. The gain

H30*(aq) OH{aq) 2H20()) of a hydrogen lon by OH™ also resulls
in a water molecule

When writing neutralization equations, you must know whether all of the reactants and
products in the solution exist as molecules or as formula units. For example, examine
the formula equation and complete ionic equation for the reaction between hydro-
chloric acid and sodium hydroxide,

HCl(aq) + NaOH(aq) — NaCl(ag) + H,O()

Because HCl is a strong acid, NaOH a strong base, and NaCl a soluble salt, all three
rﬂmpnunds exist as ions in an aqueous solution,

H*(aq) + Cl (ag) + Na*(aq) + OH"(aq) — Na*(aq) + Cl"(ag) + H,O()

The chloride ion and the sodium ion appear on both sides of the equation, so they are
spectator ions. They can be eliminated to obtain the net ionic equation for the neutral-
ization of a strong acid by a strong base.

H*(ag) + OH(ag) — HO(l)

Recall that in an aqueous solution, a H™ jon exists as a H,O” ion, so the net ionic
equation for an acid-base neutralization reaction is

H,O*{aq) + OH {aq) — ZH.O().

This neutralization reaction is illustrated in Figure 18.
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Recall that in an aqueous solution, a H ion exists as a H;0™ ion, so
the net ionic equation for an acid-base neutralization reaction is

H307(ag) + OH™(ag) = 2H,0(l).

# Figure 20 A hydronium ion transfers
a hydrogen ion to a hydroxide ion. The loss

of the hydrogen ion by H;0 resultsin a ,..———--.H
water molecule, The gain of a hydrogen ion
by OH ™ also results in a water molecule.
2H,0

H;0"(aq) OH-(aq) ;0

How can you find its
concentration (Molarity)?

Acid-Base Titration
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Acid-Base Titration

sy hemistrydal

 Titration is a method for determining the concentration of a solution by reacting a known

volume of that solution with a solution of known concentration.
o Figure 24 Inthe tationofan acid by

abise, he pH metermegsures the pH o
the acid soltion i the beaker as a solution
of & base vith  known concentraion

added {rom the burel

Using solution of known
concentration to determing the
concentration of another
solution

LBt'S WatCha | cl(g:c\z:tration
Video

* {Jnknown
concentration
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*Titration is the process in which an acid-base neutralization reaction is used to determine
the concentration of a solution of unknown concentration.

Titration Procedure

How is an acid-base titration performed?

1. A measured volume of an acidic or basic solution of unknown concentration (called
analyte) is placed in a beaker. The initial pH of the solution is read with a pH meter,

L. Aburet s filled with the titrating solution of known concentration. This is the standard
solution, or titrant.

3, Measured volumes of the standard solution are added slowly to the beaker. The pH is
read after each addition, This process continues until the reaction reaches the equivalence
point, the point at which moles of H* ions from the acid equal moles of OH- ions from the
Dase.
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| Acid-Base Titrations
L— burette
titrant (acid or base)
» known concentration

analyte (acid or base)

+ Unknown concentration
» known volume
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" Acid-Base Titration
50.0 mL 0.100M HCl Titrated 50.00 mL 0.1000M HCOOH Titrated
with 0.100M NaOH with 0.1000M NaOH
14 e = 14 = L

i e e ]

- I N N N 0 N O
T ' 'Equivalence point [ T 111
gl | P | | || ]
........ |
NF=adiNENERRNEN |
.............. |
7 e B A E b o |
I
.............. !
0 ' 0 !
0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70
Volume NaOH added (mL) Volume NaOH added (mL)

In each titration curve, a steep rise in the pH of the

solution indicates that all of the H* ions from the acid
have been neutralized by the OH-ions of the base.
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0 50.0 mL 0.100M HCl Titrated
with 0.100M NaOH .
14

12— /"‘: |

L]
10 !
E..
Aan 3
6 —_
Equivalence |
oint |
JLL L [P TTT]
L J '

z//_ -

0 10 20 30 40 5 6 70
Volume NaOH added (mL)

strong acid, with 0.100M NaOH, a strong
base.

The initial pH of the 0.100M HClis 1.00

As NaOH is added, the acid is neutralized,
and the solution’s pH increases gradually.
But, when nearly all the H* ions from the
acid have been used up, the pH increases
dramatically with the addition of an
exceedingly small volume of NaOH. Abrupt
increase in pH occurs at the equivalence
noint of the titration.

Beyond the equivalence point, the
addition of more NaOH again results in a
gradual increase in PH

Bromthymol blue is a good choice for a
titration of a strong acid with a strong base
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0 U.UU . 100U i ated

).1000M NaC
14

| ¢ Titration of weak acid (PH 3.5) with
Strong base

+ The equivalence point for the
titration of Methanoic acid (a weak

12

e PR Sy S g -

; - acid) with sodium hydroxide (a
s poit J strong base) lies between pH 8 and
: | ! pH 9

* Phenolphthalein changes color at
the equivalence point of a titration
) of a weak acid with a strong base

0 10 20 30 40 5 6 70
Volume NaOH added (mL)

2. What term refers to the point in a titration when
the concentration of H* ions from the acid equals
the concentration of OH™ ions from the base?

* the buffer capacity

* the titration point

. the equivalence point CORRECT

* the turning point
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- The equivalence points of different

titrations

At the equivalence point of:
o aweak acid-strong base titration, the pH is greater than 7 (pH > 7)
*a weak base- strong acid titration, the pH is less than 7 (pH < 7)

* A Strong acid-strong base titration, the pH=7

VR TIETHISETY Sedl]
* “You might think that all titrations must have an equivalence point at pH 7 because that

is the point at which concentrations of hydrogen ions and hydroxide ions are equal and
the solution is neutral.

* This is not the case, however. Some titrations have equivalence points at pH values less
than 7, and some have equivalence points at pH values greater than 7.

* These differences occur because of reactions between the newly formed salts and
water (Later).

* Equivalence point: which is the point at which moles of H* ion from the acid equal moles
of OH -ion from the base.

* End point: The point at which the indicator used in a titration changes color.
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Select the CORRECT answer to complete the sentence.
The titration process is a method used to
—
determine the concentration determine the volume of a
of a solution known titrant
measure pH of an acidic or perform acid-base
basic solution neutralization reactions

How can we know that we reached
the equivalence point?

By using an indicator that will
change color at the equivalence
point
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? _ Acid-Base Indicators
v hemistry4all

* Chemists often use a chemical dye to detect the equivalence point of an acid-base
titration.

* Chemical dyes whose colors are affected by acidic and basic solutions (or simply pH)
are called acid-base indicators.

* The point at which the indicator used in a titration changes color is called the end
point of the titration.

* |tisimportant to choose an indicator that will change color at the equivalence point of
the titration.

0 1 2 3 4 5 6 7 ] 9 10 " 12 13 14
S Crystal violet
|_—= S Cresol red
EE— W Thymol blue

s Bromphenol blue
s Methyl orange
~ Bromcresol green
Methyl red
m Bromcresol purple
e — —  ______ W{rcl
s Bromthymol blue
. Phenol red
Phenolphthalein
W Thymolphthalein
S Alizarin yellow GG
=y e Universal indicator

_ Choosing the right indicator is important. The indicator must

color at the equivalence point of the titration which is not always at pH 7.
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The buret contains the standard The standard solution Is added slowly to The end point of the titration Is marked

solution (01000 M NaOH), and the the acid soluticn. The phenockphthalein by a parmanent, but very light, pink
flask contains 25.00 mL HCOOH indicator turns pink, but the color color. A careful reading of the buret
solution along with a small amount of  disappears upon mixing, until the end reveals that 18,28 mL 0.1000M NaOH
phenolphthalein indicator. point is reached. has been added.

Indicators and titration end point

Many indicators used for titration are weak acids. Each has its own particular pH or pH
ranges over which it changes color. The point at which the indicator used in a titration
changes color is called the end point of the titration. It is important to choose an indicator
for a titration that will change color at the equivalence point of the titration. Remember
that the role of the indicator is to indicate to you, by means of a color change, that just
enough of the titrating solution has been added to neutralize the unknown solution.
Figure 23 describes the titration of an unknown solution of methanoic acid (HCOOH)
with 0.1000M NaOH.

v

PROBLEM-SOLVING IESTRETTEEYEE
- Calculating Molarity

The balanced equation for a titration reaction is the key to calculating
the unknown molarity. For example, sulfuric acid is titrated with sodium
hydroxide according to this equation.

H-S04(aq) + 2NaOH(aq) — Na,;S04(aq) + 2H,0(1)

1. Calculate the moles of NaOH in the standard from the titration data:
molarity of the base (Mg) and the volume of the base (Vg).

(Mg) (Ve) = (mol/L)(L) = mol NaOH in standard
2. From the equation, you know that the mole ratio of NaOH to H>S0, is
2:1. Two moles of NaOH are required to neutralize 1 mol of H2S0 4.

j - ! 1 mol H2S04
mol H-S0, titrated = mol NaOH in standard x 5 mol NaOH

3. M, represents the molarity of the acid and Vj represents the volume of

mol Ho50,4 titrated
Va

the acid in liters. M, =

Apply this strategy as you study Example Problem 6.
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Molarity from Titration Data A volume of(18.28 mL of a standard solution of Solving Algebraic
0.1000M NaOH was required to neutralize 25.00 mL of a solution of methanoic acid Equations
(HCOOH). What is the molarity of the methanoic acid solution? pages 954-955 y

El Analyze the Problem

You are given the molarity and volume of the NaOH solution and the volume of the
methanoic acid (HCOOH) solution. The volume of base used is about four-fifths of the
volume of the acid, so the molarity of the acid solution should be less than 0.1M.

Known Unknown

“¥, = 25.00 mL HCOOH % 2 mol/L
Vg = 18.28 mL NaOH

Ng=miomM @uooH @NeoH —> MuCoot+ B2 O

Molarity from Titration Data A volume of 18.28 mL of a standard solution of Solving Algebraic
0.1000M NaOH was required to neutralize 25.00 mL of a solution of methanoic acid Equations
(HCOOH), What is the molarity of the methanoic acid selution? pages 954-955

El Analyze the Problem
l: You are given the molarity and volume of the NaOH solution and the volume of the
methanole acld (HCOOH) solution. The volume of base used Is about four-fifths of the
volume of the acid, so the molarity of the acid solution should be less than 0,144

Known Unknown

Vs = 25.00 mL HCOOH My =7 mol/L
Vy = 1828 mL NaOH

My = 0.10000F

B Solve for the Unknown
Write the balanced formula equation for the neutralization reaction.

HCOOH(aq) + NaOH(@q) — HCOONalaqg) + H20{)

1 mol NaOH neutralizes 1 mof HCOOH. Wit the acid 1o base mole relationship.

- 1L _
V= 1828 mL = Y000 ol = oo1828 L Comviert volmne of base from ml 1o L

Calculate moles of NaOH.

_ Apply the relationship between moles of base,
Mol NaOH = (Mg)(Vs) misiartty of base, ad volume of base,
Mol NaOH = ([0.1000 mol/LI{0L01828 L) Substinne My = 0.10008 and Vy = 001628 L

= 1.828 » 10~7 mol NaOH

Calculate moles of HCOOH
; -1 1 mol HOOOH ;
1.828 x 10~ mol NaOH x ~mol NaOF Apply tie stolchMEmeirie relaths g
= 1.828 = 10— mol HCOOH

Calculate the makarity of HCOOH.

. | =y Apply the rdationship between moles of aclds,
1.828 = 10~ mol HCOOH = (M, J(Va) motartyy of achd, and Yokume of acid.
My = 1LEZE = 10 ;mul HCOOH . iy
A
Vs = 2500 mbL = Tn-;*n!‘-m*-l = 0.02500 L HCOOH Comeert volume of achd from mi o L
-3
My = 1'“:;2;3'] LE&FEUH =7.312 x 102 mol/L Substitute ¥y = 0.02500 L
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Bl Solve for the Unknown
Write the balanced formula equation for the neutralization reaction.
HCOOH(aq) + NaOH(aq) — HCOONaf(aq) + H,0(
1 mol NaOH neutralizes 1 mol HCOOH. Write the acld to base mole relationship.
Ve= 18.28 mL x 1 ﬂ[:ﬂLmL = 0.01828 L Convert volume of base from mL to L
Calculate moles of NaOH.
= Apply the relationship between moles of base,
Mol NaOH = (M3)(Vs) molarity of base, and volume of base.
Mol NaOH = (0.1000 mol/L)(0.01828 L) Substitute Mg = 0.1000M and Vg = 0.01828 L.
= 1.828 x 10~ mol NaOH
Calculate moles of HCOOH.
_3 1 mol HCOOH
1.828 x 10— mol NaOH x 3 mol NaOH Apply the stolchlometric relationship.

= 1.828 x 10— mol HCOOH

Calculate the molarity of HCOOH.

-3 » Apply the relationship between moles of aclds,
1828 x 10" mol HCOOH = (Ma)(Vx) molarity of acld, and volume of acid.

1.828 x 10-3 mol HCOOH

My = Solve for M.
Va
Va = 25.00 mL x m::mLm| — 0,02500 L HCOOH Coneit volome of acid from L 9 L
1,828 x 10~ mol HCOOH _ -2 N
Mp = 002500 L HCOOH =7.312 x 107“ mol/L Substitute Vg = 0.02500 L.
Lasyg nemisiryaall |

Usé xample Problem 6.
+itenf
d

Problem
Avolume of 18.28 mL of a standard
solution of M(_]_mfﬂ NaOH was required

to neutralize 25.00 mL of a solution of
methanoic acid (HCOOH). What is the

H) +(N

molarity of the methanoic acid solution? J"’ﬂf@ Yk N,au Moles
heol (.28
ol = M x Vol = 0l Tk

e | Lid Moles of H ool F m
@ Moles of Nepld )

3 lms| W0 /828 If:
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== ¥ P

Problem

Avolume of 18.28 mL of a standard S"“f 3

solution of 0.1000M NaOH was required S l:gg lf,i 2
to neutralize 25.00 mL of a solution of a(q ’b ]

methanoic acid (HCOOH). What is the @
molarity of the methanoic acid solution?

7.312 x 1072 mol/L

4 { What is the molarity of a nitric acid solution if 43.33 mL of 0.1000M KOH solution is
needed to neutralize 20.00 mL of the acid solution?

B
u'lWhat is the cgncentration of a household amm&ﬁfa cleaning solution if 49.90 mL of
- . ’ H—- i
DSQUUMQ@I IS requlred to neutrallze 25.00 mL of the solunon.

B: Ma X VA - 4.9 X0.59

VA" qu7n(_
MA 0.5 M :@
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Caluad@lios o Mo
PRACTICE Problems

ADDITIONAL PRACTICE
w LAN]

ot [ g I,
@Wha Is the molaﬂty of a nifrc acid soluiion If43 33 mL of 0.1000M KQHYolution LS needed oneutrah EZU (1 mLo

the acid solutton?
h-'-_-{

42, Whatis the concentration of a housefold ammonia cleaning solution £49.90 mL of 0.3900M HCis required to
neutralize 25,00 mL of the solution?

43, CHALLENGE How many miltersof 0.0 of 0.300M NaOH would neutralize 25.00 mL of 0.100M HyPO? ] 1 :

LNV HBVB Wjuil jon *) Mﬂer Py
?‘L)(ZO::‘U'/ { 4! ‘m« \/’7 ‘“’

HA <ol M / 3"‘5&
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PRACTICE Problems

ADDITIONAL PRACTICE

41, What s the molarity of a nitric acid solution if 43.33 mL of 0.1000M KOH solution is needed to neutralize 20.00 mL of

the acid solution? L
s (8) .
@Whatisih aucenfation of a househo am[tlonia cleaning solution 149,90 .I|1]_L £0.3900M HClis required to

neutralizd ml} of the solution?
— ]

43, CHALLENGE How manymilliliter of 0.500M NaOH would neutralize 25.00 mL of 0.100M H3PO,?

41,

. W= Youlune +1 s
X & e Sfou=r N7 Poy
Easy hemistrydall 3

PRACTICE Problems

ADDITIONAL PRACTICE

41. What is the molarity of a nitric acid solution if 43.33 mL of 0.1000M KOH solution is needed to neutralize 20.00 mL of
the acid solution?

42. What is the concentration of a household ammania cleaning solution if 49.90 mL of 0.3900M HCI is required to
neutralize 25.00 mL of the solution?

43. CHALLENGE How many milliliters of 0.300M NaOH would neutralize 25.00 mL of 0. 100M Ha PO, ?

(B At y— o2tz
HY ‘q Ne. ot -
|
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PRACTICE Problems

ADDITIONAL PRACTICE

41, What is the molarity of a nitric acid solution if 43.33 mL of 0.1000M KOH solution is needed to neutralize 20.00 mL of
the acid solution?

42, What is the concentration of a household ammonia cleaning solution if 49.90 mL of 0.5900M HCl is required to
neutralize 25.00 mL of the solution? : v :‘\.& L @
_Sim—

=| 500M NaOH would neutralize 25.00 L of 0,100M Hs PO, ?
A T E—— e

43. CHALLENG

‘o /5 @B Vouibe
Easy€_hemistry4all \ H.‘ QAMA VA’ = MBVB )(4 ﬁ

PRACTICE Problems
ADDITIONAL PRACTICE o 9
NO"I, 1)
41. What is the molarity of a nitric acid solution if 43.33 mL of (.1000M KOH solution is needed to neutralize 20.00 mL of
e

the acid solution?

42, What is the concentration of a household ammonia cleaning solution if 49.90 mL of 0.5900M HCl is required to
neutralize 25.00 mL of the solution?

43, CHALLENGE How many milliliters of 0.500M NaOH would neutralize 25.00 mL of 0.100M HEy0,?
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PRACTICE Problems

ADDITIONAL PRACTICE

41, Whatis the molarty of a nitic acid soution 43,33 mL of 0. 1000M KOH solution s needed to neutralize 2000 ml. of
the acid solufion?

42, Wht s the concerration of a household ammonia ceaning soluton f49.90 mL of 0.3900M HClis requireatto
neutralize 250 mL of the solution?

43, CHALLENGE How many milliters of 0.500M NaOH would neutratze 25,00 mL of . 100 H;P0,?
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41, What s the molarity of a nitric aeid solution if

i

43,33 mL 0.1000 KOH solution 15 needed to
neutralize 20,00 mL. of the acid solution”

HNO, + KOH  KNO +H0

IL 01000 mol KOH
00nl  1LKOH
=4,333x10™ mol KOH
1 mol HNO,

1 mol KOH
=43330™ mol HNO,
43830 mol HNO

My, = L02167M
' 0000LHNO,

33 wLKOHy

4333107 mol KOHx

41, What i the concentration of a household ammonsz
cleaning solution if 49.90 L. of 0.5900MHC
required to nentralize 25,00 L. of the solution?

HCI+ NH; - NH™ +CF

1L xu.ssmo mol HC)
1000m.  1LHQ
=2044x10™ mol HCI

lmollﬂis
1

4990 mL HClx

2.944x10° mol HClx

= 29440” mol NH,

1940” mol N,

My =————— =117
" OMS0LNE, :

e

43, Challenge How many millliters of 0.500M NaOH
would neutralize 25.00 mL of 0.100) H:PQ,?

NaOH-+H.20, N PO, +3H,0
. 0100 mullEIJPU4 ImolH'
= X

(L IndBP,

X500 mLx 1 =0.00750 mal
1000 mL

Mol H

mol H' =mol OH =0.00750 mol

(L )M ) = 000750 mol
_ (000750 mal)
bl (0500 molL)

0.0150 iiﬂ'X% =150 ml NaOH

=0.0150L
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