Equilibrium A4 — C +D

Dynamic equilibrium occurs in a closed system where there is a balance between the forward
and reverse reactions occurring at the same rates. It does not mean that there is an equal

amount of reactant and products. A+ B ? C+D
Eg. Two children are perfectly balanced on a teeter-totter. Is this an example of dynamic
equilibrium?

No blec ‘\“ht\\ are not mowna . % g,

/\

We will be looking at many different kinds of equilibrium systems such as solubility equilibrium,
phase equilibrium, chemical reaction equilibrium and acid-base equilibrium.

The Law of Chemical Equilibrium
The Law of Chemical Equilibrium states: At C% m. Yhece 15 0 Con da m—i'
rofio between the concentrations of the products and

reacyrants 1 any chanﬁe.

Equilibrium Law Expression: ( K eL\)
For the general chemical reaction: @A + bB2¢C + dD
The equilibrium law expression is:  Keq = [CE[D1E
[AF(B]
where: '\
[A], [B], [C], and [D] are concentrations in mol/L "‘") @ eﬁh{) ‘
a, b, ¢, and d are coefficients from the balanced chemical equation

Keq is the equilibrium constant for a given temperature (unitless)

The Meaning of the Magnitude of K



The magnitude of the equilibrium constant provides a measure of the extent to which the
reaction has gone to completion when equilibrium is reached.

IfK>>1 The reaction proceeds towards completion. The concentrations of
pProductys are much greater than the concentrations of
réeactants  atequilibrium.

itK=1 The concentrations of reactants and products are approximately
Cquna \ at equilibrium.
IfK<<1 Very small amounts of products formed. The concentrations of
rcqc\"dn’fs are much greater than the concentrations of
pro dwets at equilibrium.

1. Writing Equilibrium Expressions

NOTE: Concentrations of pure solids and liquids are not written in the equilibrium expression
as they cannot change in value

Eg. Write the equilibrium law expression for the reaction in which nitrogen gas reacts with
hydrogen gas in a closed system to produce gaseous ammonia as the only product.
ydrogen g

NL 9> +3H)_¢'5) ﬁ po, NH_; €q)

- K eq ~ [ NHg_le,
LN H e

pa. 431 *1,3 N34 ¥ 1, U3l #)

2. Calculating the Equilibrium Constant, Keg

Example: Carbon monoxide reacts with hydrogen to form methanol according to the following
s ey TR,

equation:

J next paqe



COg) + 2 Hag) @ CH3OHyg
i ot

Calculate the value of the equilibrium constant at 327°C if an equilibrium mixture contains the
following concentrations of reactants and products: [CO] = 0.079 mol/L; [Hz] = 0.158 mol/L;
[CH20H(g)] = 0.021 mol/L

=7

Keg
[ CH, 0N e

LeolDW)e 2 T
= __9.03\

0.010(0.158)"
= 1\

3. Calculating Eguilibrium Concentrations

Kci =

¢ Keq

Example: At 430°C, the equilibrium constant for the following reaction is 1.84 x 102,
2 Hlig) 2 Hagg) + lzg)

If 0.100 mol of hydrogen iodide is placed in a 1.00 L container and allowed to reach equilibrium
at this temperature, find the concentrations of each substance at equilibrium. - Jp'4 m fezmj

Know
@ 2 Higg) = Ha) + l2(g) i
Initial 0.100 & L s \
Change - 2X + I X +\ X auie .
Equilibrium 0.100 -2 X X X
® C:n - 0.100 © Keg - CWI0T,)
V  LoO\ Futa> 7 0.01356 - 1.Q3)24
1.2312 L23N
= 0.100M i ! . nEx
.34 xW0 "=z X X = 1.0Fx 102 mol
. | B2
Co. 100-2.:(31" Vo
)—v——x [HI), = 0.100-Z.x
h 'Y \
we *"u‘ . 84x10 (o 100-2x) = 0.100- 7_(: o'-]xlo )
so we & o 4 = )
o co..oo-u3 LH%s 10910 ot
L
6.1356 (0.100-2%) = x [Tl - 2
= Lo "
0.0135b = 0. 3HLX = X g Nectp "‘I"—'

0.0135 = X +0.2F12x



py. N, Oy = 2N0,  Keg=4.50 |

Find T N04de :\ L[N0 )e 3f [w,041¢ - 0'505:\

NLO..\ : ZNOZ

\ 0.50 L
C - X 42X
£ 0.50-x e
HS on next
> Poge .
ch'-'-' [.NO'L]
[N,__Oqj
k.
Y.50 = (&K\
0.50-X

4.50 (D.50~x) =Yx"

Q.35 4. 50, =Hx? X’*bf.SIo’“-‘-lqc_
A
OEYat g egw+2ds # ——

x|= 0.3?S- XZz‘-‘,.S )
v X not vatsdl

[N, 040 = 0.50=x
= 0.50 -0.37%
= 0.1 M

[NO,Y = &dx) = &Co. 337) = 0.3IS M

pg.427 #1-3,pg.428 #1-5,pg.431 #1-3, pg.434 #1, pg.436 #1-5
Le Chatelier’s Principle

When a chemical system at equilibrium is disturbed by a change in a property, the system
adjusts in a way that opposes the change.

Concentration



e
3H, ¢+ N, 2 2w

~ | 3 kei: €.00x)0°7
md CNWY. O f EHZJ..,=0.S'0M--; RN RN

\ 3 H 4+ Ny @ 2y,
&

C / / 2

E 0.50 .50 B Bk

4 cg = F N3 33:
[w, 1 IN,),

S.00x)0°F - (2)(3 ;

Co.58) (1.50)

g.oox)0t = Hx?

N 0.33¢

LS <7 = 4
y y

RS
2 1.A%xI0 M = X
EHH;)c: A X

o § (_I A43lx ID-")

= 3.33x)07'M
= 3.‘1)( ID-"'M



If we increase the concentration, the equilibrium will shift to _CoDS{vum & the added
reactant/product.

If we decrease the concentration, the equilibrium will shift to ?I"Dd-blt £ the removed
reactant/product.

Temperature

If we increase the temperature, the equilibrium will shiftto _C6hSwim €~ the added
thermal energy.

Exothermic- __\e £+ Endothermic- __ [\ 3\’\'\'

If we decrease the temperature, the equilibrium will shift to o duc e the removed
thermal energy.

Exothermic - ri S\f'\'\' Endothermic - \ C"F 3

Volume

If we increase the volume (or a aecreale in pressure), the equilibrium will shift toward
the sidewiththe 14 "9 e amount of gas molecules. TV = P

If we decrease the volume (or an LNEYeaIe in pressure), the equilibrium will shift
toward the side with the __Shnalj€ v« amount of gas molecules. ¥ = i i 2

Variables That Do Not Affect Equilibrium
If we add a COLJ(' a\ \!§+ oran ‘I Y\C""'ﬂas (hbb\(‘.) , there will not

be a shift in equilibrium. This is due to the fact that a catalyst is not used up in the reaction and

an inert gas will change the pressure, but also will not react with the reactants and products.

Let’s look at Pg. 457 #1,2

1. 2 SO3g) 2 2 SO2(g) + O2(g) AH=197kI 2 endothermic
What will happen if:

a) SOz(g is added?

shf \e{-\,-’ro consume extra SO,

b) the pressure is decreased by increasing the volume of the container?

sh, ¥4 \“iaw’f, o produce pore gas molelule S



c) the pressure is increased by adding Neg?
ho shfty = because Ne s ine .

d) the temperature is decreased?

lef4 P produce wmowe he ~t.
e) Oy is removed?
right b produte 0,
2. a) Draw a concentration-time graph for the addition of some Fz) from the following

equilibrium: \ i add ‘Fz_

i

LY -
Brag)+ 5 Fag) 2 2 BrEs(g) k I\“'ﬁ—-————————- shi-f+ nah“'
e ——— i ’ '.’ [Brﬂ %

. (F.QV
.' [—_Br F)T

add Fz
b) Draw a concentration-time graph for the removal of some HOCl) from the following

equilibrium:

H20g) + Cl20¢g) 2 HOClg i

- Y l
Fenaa e [H oC |] K :xq

Shift nght *’-
G‘\ 2-03 ‘I‘ ulf
L chalv !
Cwol\} g P ‘
Homework: pg.446 #1-4 Cmove
Crotl

Quantitative Changes in Equilibrium

Sometimes we don’t know the equilibrium conditions. We must then figure out the reaction
quotient, Q, to figure out which way it will shift. It is found the same way as the equilibrium
constant, K, only using non-equilibrium values.

Q = [CI[Dl* Cex LY CAY) L B),
[AT°[B]° Imhal cont CH*I’A‘FI md



ifQ= K, the systemis __ €4 v

Q > K, the system has more ?roo\l\t‘\ 3 present and will shift towards the _Y€4 l‘\'ﬁﬁ" b

Q <K, the system has more reactonts present and will shift towards the

_puaﬂm"-‘_.

Pg. 464 Example

The following reaction occurs in a closed container at 445°C. The equilibrium constant, K, is
0.020.

2 Hlg) @ Hag) + l2(g)

Is the system at equilibrium in each of the following cases? If not, predict the direction in which
the reaction will proceed to reach equilibrium.

a) [HI] = 0.14 mol/L, [H2] = 0.04 mol/L, [I.] = 0.01 mol/L

b) [HI] = 0.20 mol/L, [Ha] = 0.15 mol/L, [I-] = 0.09 mol/L

o Q=L[nILTY b)  ®©= [W,)[T,)

CuR® SUSE
= (0.045(0.0) = (0.15) (0.01)
L S e

(0.4) (0.2 O

= 0.0264 = §.239%

G T . Cegm. QYK . chft 1+

IN EQUILIBRIUM CALCULATIONS, IF THE RATE CONSTANT, K, IS VERY SMALL AND IF:

[SMALLEST INITIAL}/K > 580, WE CAN IGNORE THE CHANGE IN x.
100



Pg. 472 Example
: ’ Kes Y Verysm |/

The decomposition of carbon dioxide has an equilibrium constant of 6.40 x 10”7 at 2000°C.
Calculate the concentrations of all entities at equilibrium if 0.250 mol of COx, is placed in a
closed container and heated to 2000°C. assume 1L«

2 CO2g) & 2 COfg) + O2(g)

@ O C (‘,b-_\?' EOL]
chee lc W

- 2
e Lol
Cf,rg\_
= (p) ()
(0.250)%
= .0 2 chid riah‘l
1 Coz = 2.€0 © O,_
A 0.1s50 £ & e 0. 250 o 5100
& ~2 X 12 x +Xx (9"".'-'—"“"“""0)(,0_4
E 0.250-2x &% = P -
MY > b.asdh Yhe t.han?.c. il
K= ECOZ\lC'OL] Jn 0.250 - 2x
R
o E ‘i ECO = 0 ZYDM
b0 x 10T = (8x) ) 0 2 "
(p.2y0)* Ccole>R@asx)0

i =4 30x 10°M

1O z LIXB
HYx 3
tO}Jc:g.IY,‘ 1ob"°M

Homework: pg.452 #1-3, pg.454 #1-3, pg.458 #1-3, pg.459 #1-8



Solubility in Equilibrium o
' GSO ven
When dealing with solubility ( O«MO\M\'\ O{‘ SG\N\'\C +hat cCan A\SSD\UC. in

reactions, the equilibrium constant, K, is called the solubility product constant, Ks, (Some

common Ksp values can be found on pg. 802).

uwnsat W¢ aX e.d — there is less than the maximum amount of solute dissolved in the solvent.

S Q’(’ Wy ﬁ\' ¢ d — there is the maximum amount of solute dissolved in the solvent (any

more will not dissolve and will stay as solid).

suped 6&'\' wrat Cd — there is more than the maximum amount of solute dissolved in
the solvent (there is solid solute not dissolved in the solution.

To find the solubility product constant:
MgCla(s) @ Mg*(aq) + 2Cl'ag)

: &

Ksp=[Mg?*][CI'}? because the MgCl; is a solid.

Pg. 485

Eg. 1 Magnesium fluoride is a hard, slightly soluble salt that is used to make spectral lenses for
technical instruments. Calculate Ksp for magnesium fluoride at 25°C, given a solubility of

0.00172 g/100mL. MSF" ¢s) ‘_.-3 Mﬂuﬁ"' 2F -“13 KSP g [ng[ Fjl.
L 100 mL e ¢2.30y v

@ Y
STET = D2 3xi0 wdin) = 552 willD !

L
2@ Ksp= (3:36x10 “)(%‘suso")
EK;,,- S‘ll xlO

Eg 2 Calculate the molar soiublilty of zinc hydroxide at 25°C, where Ky is 7.7 x 10™.
-_—_-—a—-—-

ch. GZH(OH) - Zh“ﬂi Z OH cai)

P10
@ Ksy = [2!\“][0“]
4 o ® Sinee.  2p ZH(DH\ B \

5 % 2 x
9 L BTNE X2
4:" 0 o TG molae solupilly b 2.3x 10U M
Axi0™Y = peee
e T = 9. Fx 10" mol
=, 1.425%x10 " L TX by




Predicting Precipitation

Anions
Cl-, Br.I- [$* OH- S0,*- COx*, PO.*>, SO4%- | C2H4O05 NO,-

high schabifity (aq) | most Group 1, NH, ‘| Group 1, NH,*| most Group 1, NH,* most all

=1 mobL Group 2 S, Be* TI
g {at SATP) All Group 1 compounds, induding scds. end all ammonium compounds ere assumed 19 have high solubdity in water.
E low Sciubility (s) 1 Ag, P, TP, most most Ag  Pbrt, | most Ag’ none

<03 molfl Hg.”+ Hg), Ca¥, Ba*,

{at SATP) Cu* Srt4, Ra*!

P3. 4Ly
Remember that when we have double displacement reactions, we must use the solubility table
to predict which product will form a precipitate (if any).

AR es) = Pi“,_) + R caz)

With equilibrium reactions, we must calculate the trial ion product, Q, to determine which way
the equilibrium will shift. Um“-\'“,/wlrd Sol2 |

If Q < Ksp , the equilibrium will shift right, towards the ions and therefore hO P recs P ‘*“ " c’

s Ksp, we are at equmbnum therefore there will be no shlft and
no_precipitation & N° overan change n C A will 0Clur.

t
Q > Ksp, the equilibrium will shift left, towards the solid and therefore a precipitate 'FbrMS ‘.
witl corfinue until soluhon reaches a new eauihbﬁum .

Eg.3 If 100 mL of 0.100 mol/L CaCly(q) and 100 mL of 0.0400 mol/L Na;S0s(aq) are mixed at 20°C,
determine whether a precipitate will form. For CaSO4{aq; at 20°C, Ksp is 3.6 x 10,

O CO\Clz CQQ') t NQLSOH (fq:j > CGSO\i(s) Y ZNaC\Caz)

- Wmﬂm B

S —
A b a2 wrstsa
B T o s s ;, S

x Ca SOq ) \T}- : _Ca gt 50&1 uz) L, ©=LcCa *][SO;J

e .

@ CQC‘I“D) Ca cqp + & C\ (.4.1) @ Nalsou‘ tag) =7 2No "SQ:(;D

1a - \] , “t)
LCa™1 GV é‘: » CSoq) =GN
V) VL
VI
= (o.04u)0.1L)
= (0.\6oNn)(0.100L) (ocoo.z)u)
T Co.160L) = 0.02M
Q.05 M @ Q= Covsk)Xao)

= 0. 00)
® > K . shify e | prt bemi



Common lon Effect
What if there is a common ion already present in a solution before adding?

Eg. 4 HCl is added to a solution of NaCl. What would happen?

.I-“u;:’"“‘-v“:‘“
NaCl(s) @Na*(ag) +/Cl'aq) '

/—ComimMo;, 10N

HCliy 2 H'ea) ¥ Clag)”

If we add HCI, we are adding more CI ions into the NaCl equilibrium. Le Chatelier’s Principle
tells us that this would cause an equilibrium shift lefY  touse up some of the extra CI".

More Pp‘\' will be produced. sY Al \i :
Eg. 5 What is the molar solubility of PbCly( in a 0.2 mol/L NaCliq) solution? Kse P PbCl, s L3Ix10 -3:
= 24 I~y =]

@ Pb Clz (5) Pb“ﬂ-r 2..,..Cl cag ) “
§ - oMV "R L Ly
Nacliyd Nagyt/Clicag) | -
0.2 M O.Tm _ x ﬁ:ﬁ- N
. @ : L4 b
s Pl sy o= Pbcagy + .ZC\“Q)
' o4 O0.2ZM
¢ + X 12 x *Q.L
g X 0.2 42X 1.3x107>
~ = NWF Ly >»i
= 0.2 e

Kspz CPLTILTI”
i Suih™® = ¥ @00

X = I«?X'O-Y
6. %
= Ll.'ZS:)clO'vM
LPocyd: [T =101

Homework pg.462 #1-3, pg.464 #1-4, pg.48 #1-4, pg.470 #1-3, pg.471 #1-11, pg.479 #1-16, pg.480 #1-
53,58




Acid-Base Equilibrium
What we know previously:
Acids *H_‘ras the cation
- pH from 6] ‘(BH L-F
Bases - Q_H:as the anion

- pH from }LEHLP"

We know that not all acids have H* and not all bases have OH" (eg. NHs is a base). Therefore we
must use another method to classify an acid and a base.
ey i 10 &

Recall fronr gr. 11 C
Co Bronsted-Lowry Acids and Bases g ( always in pavs ac-d-ba.ﬂ’-)

A Bronsted-Lowry acid is a proton (H) _dpnoy” .(Has_mor € hydrogens)

A Bronsted-Lowry base is a proton (H) QC(.Cp’\'Dr' . {Has les$ hydrogens)
8. A. C4  c.p ' .
Eg. 1 NH3+H0 2 NHa* + OH’ reactunts have - Basge Aci\

A

ProduHi lave - Ctmjusa\,*& acid/base

The reactants are called acids and bases while the products are their conjugate acid and base

epprTaT— Tt St

pairs.
A strong acid/base will havea . Wcta I conjugate base/acid pair, and a very weak
acid/base will have a_S4r o ng conjugate base/acid pair.

If something can both accept and donate protons, it is called amphu’(t‘.ri‘(_ (or amphiprotic).

For example, H;0. bﬂSt-pH«a b ket # e Hg o-+

acidpH, 0 T NRy & Pyt ¢ il -

In water, the ion product constant for water, K,=1.0 x 102 because [H*]=[OH]=1.0 x 107 mol/L.

H2015) @ H*(aq) + OH (aq)

TKW=[H+][0H' \




= (1.0x 107 mol/L){ 1.0 x 107 mol/L)

= 1.0 x 10 mol/L

To find the acidity of a solution, we use the equation for pH:

= -log[H*] you May have 4o
ute more Yhan one
We can find the [H*] by using the equation: O‘F _\-fh;:; er‘\:l ond \h
[H*] = 10 one  gues
¥
If we do not know the [H*] but we know the [OH], we can determine the pOH:
pOH = -log[OH ] o<poH ¢ F -base

T <pOH £ 1Y - addh
We can find the [OH] by using the equation:

[OH] = 10°POH

Then we can determine the pH by using the equation:

pH + pOH = 14.00

'y

L]
Strong Acids and Bases = Nno ciuh\mum aue

7
Strong acids and bases will _Com P\ el C-l'v\ dissociate to provide H" and OH".

HCl n < =2H faq) Cl {aq) NaOHtsj Na* fagq) + OH- {aq) M 3 o
HC\cag) — WhghCleae) NabHo —p Natcag) + OH ™ oy )
Eg. 2 Determine the pH pOH [OH ]ofa 0.042 moI/L solution of HNO3 (strong acid).

1\
@ HNO; cagy —P HY « NO'S'
0.042 M o.2M o.04IM
~pOH
@DpH= -loglH] ® rCowdl:= 10"
= -log CO. 042) =10 12.62
SO = Q?xlo-‘zM
L - .
O phspel S e



%% Weak Acids and Bases ¥ % &

Weak acids and bases _d o no'\' compl t\‘t‘ﬂ dissociate therefore we do not
know how much [H*] or [OH-] dissociates directly. We must use acid and base ionization
constants, Ka and Kp, to help us determine this using equilibrium calculations (These values can
be found on pg. 803).

Acid: HA 2 H'aq) + A'aqg)

Base: BOH 2 B¥(ag)+ OH(aq)

And KaxKn=K.

g e K base
Eg. 3 What is the value of the base ionization constant, Ky, for the acetate ion, C2H3027(aq)? Ka of
HC2H30, (weak acid) is 1.8 x 1075. T
Kb = Kw baye- Kb
Ko
= l.ox | O"N
.8 x 10 ~%

= 5.bx 107"
) v 4

Eg. 4 Calculate the hydrogen ion concentration and thf a 0.10 mol/L acetic acid (HC,H30;)

solution. K, for acetic acid is 1.8 x 10 (weak acid). ‘/ ProdwceS H‘+
®© — - *
© | THCH,0 o 2 GHOT + HY )
?” @ O.10M V- 4 L
30\{,, J ¢ - X + X TX
4P

\DE O.10 -x X X

=010
Ka = [H‘lfcz_“}o:-] Lw3 - l'-i-fm‘ .

LHC1H3 02.] ® PH s -'|03 [utl
.h|.,6(1.s:u|o"’)

L R XL -
5.10 Z.3%




Eg. 5 Calculate thf a 0.100 mol/L aqueous solution of hydrazine (N2Hapq), a weak base). -
The Kp, for hydrazine is 1.7 x 10°. Q/P(M“‘ ed

{"> 'f'Wn{ in'h’
oH ™ so the eatra It gues +v theothe -

nmolecu le
| Rty = N R ¢ ooHT
c 100 M g o
- X + X + X
°"°°_w»|.mE 0.100 -X X X
1310

~ 0.100

Kb = Conw1C Nzn,ﬂ

LN, HyJ]

.3x10°% = x*?
O0D.100

X - %.1,(\0"")(0]553

_ g - pOH =-log (Y02 x)47Y
Cowdl =y l2x10'M PH = 14.00 - 3.34s
- pH = 10.62

Homework: pg.492 #1-2, pg.493 #1, pg.494 #1-10, pg.502 #1-2,pg.505 #1-3, pg.508 #1-4, pg.509 #1-10,

P8.513 #1-2, pg.520 #1-2, pg.521 #1-2, pg.524 #1-2, pg.525 #1-10, pg.527 #1-2, pg.529 #1-3, pg.530 #1-
10, pg.536 #1-2, pg.538 #1-2, pg.539 #1-6



Titration

A titration is a precise addition of a solution to another solution. We use this technique when
neutralizing an acid with a base or vice versa. In a titration, there are two main points that must
be observed and measured:

Equivalence point —the amount of reactant added is the SO/ c as the amount

consumed by the sample. Or the number of moles of acid C?’ ua\s the number of moles
of base.

Endpoint — the point where a sharp change occurs. In neutralizations, this is usuallya C O\OU 4
(',hdn% e by the indicator. This change occurs so quickly that the endpoint is usually
an approximation as indicators have a pH range when they show a change, not a precise value.

We will be looking at two different titration situations: Strong-Strong and-Streng-Weak-

Titration of a Strong Acid with a Strong Base

In a strong acid and strong base titration, we know that both the acid and base will
dissociate. This makes the equilibrium calculations straightforward.
#—ﬂ

Let’s look at a titration of 20.00 mL of a 0.300 mol/L HCl(aq) solution @

solution. We will calculate the’_[_)_l_-l of the system at 4 different stages. ¥ #¥

\V/
L hase
a) Before Titration — 0 mL of NaOH 174
Before titration, there is only HCl present in the solution. Therefore to find the pH of the
solution: S'h’bf\a acid ' H
4 :
HCliag) —> H'(ag) + Cl(aq) acig)

CH*l= Cve\d |
- 0.300M becaure I*

pH= -lo Cwtl
= .-\oj (0300)
Q. 00

This makes sense as thereisonlya __ Stron j acy d solution present.



base

HCYV cagy + NaOH cayy — NaCl casy + HJO(:!)

b) Before Equivalence Point — 10.00 mL NaOH

Before equivalence point, we have some HCI that has reacted with NaOH and some HCl that is
still unreacted. Because they have the same concentrations, let’s say we add 10.00 mL of NaOH.

NaOH HCI
n=CV n=CV
= (0.306M)(0 .0106L) = (5.200M)(D. 020L)
734 107wl G0l o
? S mmol = 0 mmol it in moleg

So .5 mmO\ of NaOH is available to react with the (0 Mo \ HC! in the solution.
Therefore looking at the mole to mole ratios, there would be  papn ol of OH and (a Mmmnu l
of H* present.

So, if 3 Mo \ of OH and (9 Mmoo ‘ of H*, there would be 3 Mmoo \ of H*

remaining.

So, [H*] =n/Vv

- “mo
' 30’( Loshfo-——-—-? Ntz 3omb Hel 4 20 mb of NabH

= O.-100 M

And, pH = -log[H*]

_\03 (0.100)
| . 00D

[}

u

This makes sense as we have added some base to make the acidic solution more basic.
¢) At Equivalence Point — 20.00 mL NaOH ( hewtra\y 1ah M)
At equivalence point, we must have an equal number of moles of HCI reacting with NaOH.

So we would need to add 20.00 mL of NaOH to produce the same 6.00 mmol of NaOH to

completely react with the 6.00 mmol of HCI. Therefore all that is left in the solution would be
watevr
So, pH = -log[H*]
( -3
S o9 X160 M

= 3.00




Therefore in any strong acid-strong base titration, the pH will always be :}— at the

equivalence point. 2 ‘.‘.

d bae.  d) After the Equivalence Point — 30.00 mL of NaOH

Once we are past the equivalence point, there is only NGOH present and no Hcrl
present.

NaOH

Y\:CKV‘
= (5.300M)(0.03L)
= 4 x10 7ol

—

i qhqmo\

So we know that 6.00 mmol of NaOH already reacted with HCl so there is only g) MMo i of
NaOH left unreacted. '

So, [OH] = n/VT- i
2 3510 e
0.0SL
= 0. 0b™

And, pOH = -log[OH]

:—\03 (0.0\0)
= .

H =\4.00- pOH
P Moo 2z = 12.90

This makes sense as we only have base left in the solution.




Indicators PK‘\ = A 03 Ka

In order to determine an appropriate indicator, we must choose one that has a pKa value that
falls within the pH range of the titration solution at equivalence point. Some common indicator
values can be found on pg. 609 of your textbook.

So if we look at our previous examples:

Titrating 20.00 mL of a 0.300 mol/L HCl(q) solution with a 0.300 mol/L NaOHaq) solution gave us
a pH of 7 at equivalence point. An appropriate indicator could be _H¥Q 1IN0 Thj o) bh’l C

Titrating 20.00 mL of a 0.300 mol/L HC2H302(aq) solution with a 0.300 mol/L NaOHg) solution
gave us a pH of 8.97 at equivalence point. An appropriate indicator could be ‘W\g Mo

hue

Buffers

Buffers are a mixture of a _ \WEAQ K con \ugo\’f C ac\ d ba S'C solution.
The importance of a buffer is that it has the unique ability to _'WM\Q \Vﬂ' Q‘V\ its pH with
little to no change even with the addition of a strong acid or base

Review Questivns
Homework: pg. 547 #1,2, pg-554-#327 pg.557 #4=8, pg.565 #1-3,pg.567 #1-8| pg.575 #1-21, pg.576 #1-
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