ACIDS & BASES

&V acids and bases are solutions.

Therefore, a solid understanding of Solution Chemistry and

Equilibrium will guarantee you success in this unit.

I. Defining Acids & Bases:

A. General Characteristics of Acids & Bases:

Properties of Acids

Properties of Bases

give a solution that:

[ C/ {Z/J e ll

lonic compounds which d [5, 5@[ ,[ CHZ . in H,Oto

1. tastes  <f{{h. o 1. Tastes 7

2. conducts V‘ F [eetricy JLL 2. Conducts S5t i1l

3. causes | Wi/ (1tPr < 0 to change colour | 3. Causes certgin indicators to ange colour.
Loses the above properties when neutralized with a | 4. Feels LiPPerid

base. But the ending salt solution will still conduct | 5. Loses the abdve properties when neutralized

lonic compounds which dissociate in H>O to give a
solution that.

bittes.

with an acid. But resulting salt solution will
still conduct electricity.

B. Definitions of Acids & Bases:

Arrhenius Definition:

Bronsted — Lowry Definition

Acid: an ionic compound that dissociates to give
ions in solution.

2 HCT o)

3ase: an ionic compound that dissociates to give
ions in solution.

Lewis Acids & Bases

wis Acid: any compound thatisan &

i LETR | acceptor.

any compound that is an electron pair

Aot

U’eﬁnition lends itself to describing acids and
o that do NOT have OH ~or H' in their
hemical makeup.

.ewis Base:

Acid: species which /}f’ﬁﬂfz

a M[H+ apl-

£x: HNO3 gt H2O0qp  —» Noﬁmq})* Ha D(df@)

£xe: CH;COOH (aq) + H20 ) +—> C-Hg)CﬁO}%) + H 50'::(

Base: species which [J¢/* fz// V€5 . aproton.
Ex: NH," (gt i‘fz(‘);])‘. «—> N H AG4>S + H?)D
acd  bagg : base, ¢ %

E)CC CN (aq) +l H:J_O (1)'H HCN (aq) + OH {aq)

bae. Ctud/'

NOTE: In this cage H>O acts as both a Bronsted-Lowry
acid and a base. Therefore, water is considered

MAPHIPRITIC. ot _ MIPHOTERIC..

)



Hydronium ion (H30"): is a hydrated H* ion, meaning it is dissolved in water. o
H:O' «—r H'ep <—=> Proton @

II. Relationships between Acids & Bases:

A. Conjugate Acid — Base pairs: molecules and ions that differ only by one proton (or HY).
_ Conjugate means ,m (nze

Example: HCN gy + H:0 ¢y H3O+ @y T CN g

Conjugate Acid of CN": LN

Conjugate Base of HCN:  CN ™

Conjugate Acid of H,O: H5 O F

. +, -
Conjugate Base of H3:O: | ,Q,O
Example: H(_E/Og,- @+ H2P04_(aq)<_—_> Hz?Og, (aq) T 1‘15042_(@)
' A

bse. acd el base. ,
B. Polyprotic Acid: an acid capable of donating L 7‘7{[7[2_ lf)//lf’ﬁﬂ/lﬁ ( H"') .

etk boae AU PROTC -
Example: HiPO4q) + HO g 4 > HPO4 ) + H30+ (2q) ¢ M—L&
— I HoP0s
v oney , | ey
%ﬁ% @ + HO0n &—n HPO: @y + HiO g HPD i - |
e T Cpedén (M Y2
HPO. g + H20 ) <> POs gy + H30 oy . %P@ . L
wcide b cnphipretic enly 1 J
LS able o dedate
. Preparation & Properties of some Common Acids and Bases: | . . ,
| WY aip acce a Bt
A. Acids: '

o Sulfuric Acid: simple to make from water, oxygen, and sulfur. No harmful by-products are
produced.

S+ O2@ — SO | v
& —

—

280, + Oy ™, 280:
205 e
SO + HpSOsq —> HaS:07g)

H;S:070p + H20 ———» 2HZSO4$ sl



Properties: 5/}’[)”[,{, acid — Good neutralizer

._‘ Good lo )(;d/}f?{/ﬂﬂ, agent f i
Great affinity wit ng 9, and canbeusedasa /¢ /( 7 7/4// agent.
Good electrolyte.

(dnpng 7
, i
 Hydrochloric acid: solubleinall 7/ ﬁd 7 ions.

2NaCly + HoSOs ) ——»  N2;SOupq + 2 HCI ¢
HiO@p + HCly 5 HiO (g + Cl g
s Nitric Acid: made by the Oswald Process:
ANHs + 5029 —__, 4NOg + 6H0
ZNO @ + HOg —— 2NO,q

3NOz@ + H:Og —— 2HNO;q + NO (&)

Properties: Has a suffocating odour. .
Leaves a Eﬁ ﬂg&' 1T stain on skin due to NO, being exposed to Qgﬁz .

¢ Other Types of Acids:

o Binary Acﬁ%s Those that have 2 elements. Can be made by directly combining element with
gas.

Example: H, @ T B (&) ——> 2HPBr (&)

Other acids like phosphoric acid are made when a _(A{/] eyt OXi1% and water
reacts. ( OX\/ /XU 05 >

Example: P40y, T H20 on ———» 4H3PO4(aq)
| A |

v
B. Bases: o -
levaleunt Oxide
. Sodium Hydroxide: is in most Drano products. Reacts with fats and proteins to make soap, a
substance that is water soluble. Reaction proceeds fastest in warm
temperature.

NaOH has ability to absorb moisture from the air — Thus it is a good

A f/jgj( i ﬁ‘f %F agent.
NaOH is made by electrolysis of NaCl dissolved in water. H, collects at the cathode and Cl,

collects at the anode.

. Na(Cl (aq) + 2 H,O (])__'—’ 2 NaOH (2q) + H; (g) + Cl, (8



IV. Strengths of Acids & Bases:

A. Strong & Weak Acids: .

 Strength of an acid depends on the _(jf M ’ﬁ[{;tfl’ of * jons produced per mole of acid.

] (160 )
1) Strong Acid: ionizes _ (I} in water. Y e
Reaction goes to compietion. NO /2%7 JifL T exists.

Ex: HNOjuy ——> H @y + NOiay ( HNO, S WO bmf?% ad

Initial: 12M oM oM ot LN, il gt
Final: M 1.2M 1.2M agy o TT5(ag) A
a0 i vevsrse 0 rsgprm
[ Common Strong Acids: HNO,  HBr HCl HI HCIO4 H,S0, :

The Leveling Effect:

. Table shows all strong acids dissociating 100% to form H;0" . Water is said to have “leveled”
all the strong acids to the same strength, they are all essentially sol™ of H;O" - This means that H3O" is
the strongest acid that can exist.

Je. ALL the strong acids have identical strengths. Their chronological order is purely arbitrary.
. Same can be said for the two strong bases at bottom of table.

0?2 and NH, cannot exist on their own in water, they immediately react with H»O to form NHj
and OH in sol™ - Again, H,O has “leveled” the strong bases to the same strength, all sol™ of OH'.

2) Weak Acids: do not [‘ Ol f 2% / Q’i;% ¢ ,M_j?pm letely in water.
Equilibrium efists between the LOIS _ and the undissociated molecule.

Example: CHsCOOH g + H2O @)  ——» CHiCOO @ * H30" o)
Tohal-  LOM O™ O M
Tl 0.3M 0.2M 0.2M

B. Strong & Weak Bases:

1) Strong Base: ionizes completely when dissolved in water. Goes to C{%M D/ § 7‘/‘&‘]4 .
Presence of the _ ( )H = jon gives solution its basic characteristic.

Common Strong Bases: Bases formed from (Zf%ﬁ& metals (1% fpﬁ/m/)g ,

L NaOH KOH LiOH Cs0OH N 0?

Examgle.' KOH (aq) _— K+ (aq) + OH_ (aq)




" 2) Weak Bases: do not completely ionize.

Equil™ exists. A large amount of the compound has not ¢Z{§§ﬂ~‘[@ & A .

. Ex: CN° (aq) T H,O @ *+—» HCN (aq) + OH (aq)
NOTE: It is also acceptable to write the above equil™ as:
CN @y > HCNqq + OH g (H.O is understood to be the solvent)

C. Comparing Strengths of Acids and Bases:

1) Left side of “Relative Strength of Acid and Bases” table: species acting as Lzﬂ‘d . 9

2) Right side of table: species acting as M]ﬁé

When comparing strengths of species:

a) The stronger an acid is, the IA 22{ lé ch its conjugate base is & vice versa.

£x: HIO; is strong acid, therefore its conjugate base, I05™ is weak. +/
HIO; is a strong acid, so HIO; must be a weak base! X

Ex: HCO5 and HPO,”: both species are amphiprotic.
This means they appear on both LEFT and RIGHT sides of the table.

o i) Relative ACID strength: HCOs  appears higher than HPO4* on / %4[ side - HCOy

- stronger acid.

ii) Relative BASE strength: HPQ,” appears lower on /ZMI side -
HPO,> stronger base. d

NOTE: All acid-base rxns. can be seen as _ {07}/ ?2{2&2& for H* . The stronger base
“wins” and gets the H' from the reacting species{which automatically /¢ 157 as the

acid.
aod,  bage. 2 -
Ex: HCO; + HS" = Coétaﬁv + H.ZS ag>

Since HS' is the stronger base, it “wins” out, and HCO; acts as the acid.

HCOy g+ HS gy == COs¥ (g + HaS g

Le Chatelier’s Principle & Neutralization Rxn.:

A stropg acid will more likely want to donate H+ than a weaker acid. Therefore, at equil™, rxn. will
5lgﬂﬂﬂé: the direction of the ___//SEfri3f1H, of the ) Zﬁﬂg@ . acid.

Ex: HCO3' ) + HF aqy &= HoCO3 ) + F (o) A
aud, acid, | :
a) Compare strengths of the acids in the rxn. HF > H,COs — therefore, H E more likely to donate
H.




D. Ionization of Water and K ,, ;

e H,Oisconsidered a_f)i¥Hl -~ 414, 7, , meaning it won’t conduct ﬂ Xl fgé )
molecules do dissociate to form 10ms. .

However, 2 VERY small amount of H>
e [H;0O']in pure water is only about 1.0 x10-% 1

ans that aside from the acid or base dissociating, our solvent is also slightly dissociating into ions.

2”.2-0(,5) == H;O%ﬁ" C"Hl%h

that it too has an Equilibrium Constant.

This me

NOTE: The above reaction is in equilibrium. This means

K. = [H;0"] [OH]

[H,07

Keq [H0]° = [H;O'] [OH]]

K, = [H:0"] [OH} =1.00 x 10 -

NOTE: [H,0] is constant within the uncertainty associated with changes of weak electrolytes. _
In a neutral solution of water, the mole ratio of OH™ to H3O" is 1:1, therefore, there will be as
many H+ as there are * _ thus an equal concentrations of each ion.
(HD = (Hspt] - LOXIDTTH
The addition of either an acid or base to H,0 will disturb this 1 H':1 OH! ratio, therefore, resulting in 2

shift in equilibrium:

(H;0"] > [OH] - Acidic solution
[H;0'] < [OH] - Basic solution
[H;0'] = [OH'] — Neutral solution

. : + - n ) Y —
Ex: What is the [H"] and [OH] for a sol of 0.0010M HCI? Wt — H(i@f C/E 0>

}
[H']=0.0010M I

) _ 0.000M  0.0010M 2 0.0010M
T oren . 10 —wJ i
LKW Lwdbowd - 1.Ox 7 - LOWD comes fii

10x0™% = (0.0010M) Cond 120,

Temperature Dependence of H>O:

HZO 6] + Energy 4> H30+ (aq) + OH- (aq)

Increase in Temperature: Shifts equilibrum ___ [ [@gﬁi . and increases concentrations of

[w - Ky Y5
®

Decrease in Temperature: shifts reaction left and K [L%,C/f/%?/,_{/l@ .




* E. Measuring [H;0"] or [OH™Y:

. e Conc. of acids/base can range from extremely high to extremely low .".it is easier to express these
[]as @ ANHIA.

» We call these logged values of [acid] or [base] IDH or ID O H

Logarithms: twmns an exponential value of base 10 into an integer.

Ex: 1.00x 10°M ——— _log (1.00x 10°%) = 5.000
LOx10°M —— , log(1.0x10%) = 2.00

pH = - log [H;0%]

pOH = -log [OH]

pH + pOH = 14.00

NOTE: This relationship is true only at 25°C.

For any other temperatures, the following relationship is used:

pPK, = -log K,,

. pH + pOH = pkK,,

Sig. Figs for Logs:

Only the digits afﬁ/z the decimal place of a log. value is significant.

Ex: -log (528 x 10) = -log (5.28) + -log (107
+
> fio
-0.723 +—(-5) = 4.277 (Has 3 sig. figs)
q,;pq,,-'bﬂmw .

The pH Scale:

Please note that the scale is based on pH, meaning the reference point is that for i/ (‘{d [(ﬁ ' gZ%E(ﬁﬁl/lQ/

-l
-~

»
l T L

pH 1.00 pH 7.00 pH 14.00
./[ost acidic Neutral Most basic
-1 _ _ ' P
W= 1xi0" M LU= 1010 CH¥T - 1o x10™ "\

x odwse s pH vades, #y Awr]



NOTE: A change of 1 pH value is equivalent to [0 X the concentration change of an acid/base.

Ex: What is the pH of a 0.010M nitric acid sol"?
1= 0.000M (Smg aud . disseeiats CoMpIEILY D.
pH = f&%jLHﬂ
- ~Zag(c 0I0M) » pH= 200

Ex: A sol" of phesphoriC acid has a pH of 3.00.
i Alenc

(a) What is [H'] of the sol'?

pH=-log ' e | LW~ gntilonlot) )

[W1- diklig (-3.00) - 0.00I0M
(b) What is the pOH of the sol" and its f[OH |?
pH + pOH =14.00
5.00 + FDH> Woo - poik = .00

pOH = - log [OH ]

Low ]l - mﬁio%(—mﬁ@) = 160 x0T

F. Weak Acid Equilibrium & K,:

e For weak acids, ionization is [lﬁ complete, and .".it is NOT possible to use the initial conc. of
the acid in the solution. ) L
e For weak acids, the incomplete ionization results in %fé / if } / b}’; W/

Example: HFaq) + HO 1) <— H,O" @) + F g

The equilibrium expression is as follows:

Keq = [H:O'1[F]
[H20] [HF]

Keq [H20] = Ko = [H;0"] [F]

[HF]




o
| K, = [H;0'] [F]

0 — —— ,where K, - Acid Ionization Constant for Weak
tHF] Acids.

NOTE: The higher the K, value, the ﬁ’ﬁ,’ﬁ ‘!&Z' the ionization for the particular acid, .. the
stronger the acid.

Also remember that as ﬁm ] "Zﬁ@ﬂjfl changes, the ability to ionize changes and thus the
conditions change.

Example: What pH results when 0.25 mol of acetic acid is dissolved in enough water to make a 1L
solution? '

1. Write the balanced dissociation equation. (| 2 CEOW
0.95M

2. Look up the ionization constant , K,, Jor acetic acid:
_ )V CAL (-1 s .5
LCls 6041
3. [solution] = 0.25M

When acetic acid ionizes, a small amount of the molecules dissociates to make the ions. For
the acetic acid concentration, this dissociated amount is small enough to be o ﬁ}”?ﬂ
to the change of [CH;COOH]. .- the concentration of acetic acid can be consideVed the same

Mj‘b' @ 0.25M. (,Ha&f,’[,\ = CH{,CEO_“ + H+
:‘/"} K.=[H;0"] [CH3COO] I 0.25M 0 0

= 1.8x107 il e .
0.25M g C; A R +X
d 0.25Y X X

Mole ratio of hydronium ion to acetate ion is 1 — 1. .".simply square the values.

g == GH?SC@@;%s + HT&@)

1.%)(105 e xz' : * X = T - O
ona 0.0021213 = (u]

PH= -4 (0.002121) - 2.6%

G. K, & K, for Conjugate Pairs:

Ki x Kp = K

Example: Determine Ky, for the weak base F'.

Notice that Ky for F* is unavailable. But its conjugate acid HF, is available, with a K, value of
6.7 x 107,

e e )

o gy === H{:(.fid.)
¢ y LOw) 4

oG * 1ox10™

* Kb 7 we - ¢ 4 21074




H. Weak Base Equilibrium & K,:

. Weak Base: does NOT ionize completely in aqueous solutions. Different bases have varying
degrees of ionizability.
o Every weak base also has a corresponding Base Tonization Constant, K.

Example: NH; g + HoO @ > NHi' g + OH )
Ky = [NH4'] [OH]
| [NH;]
Example: Determine the pH for a solution of 0.100M NH; solution. . | -0
ka 5. oxi0

L A gy ! LH{f

1. Balanced equation: | h_“\,

Ly

CACEM
2. Construct an ICE table. (This could also have been done for the weak acid example).

NH; NH," OH’

I CALLw (M ¢ M

C n%qﬁigiblg, +x + X

N 0.160M X, X

NOTE!! Because NH; is a weak base, we can assume that the ionization is minimal enough that the
initial [ ] is roughly equal to its final [ ].

The above assumption is true for any weak acid/base if the initial concentration of that acid or base
is 1000X > than K.

% kb, Bj Nilz = mexgai‘z actd L?o NHs 15 N%Hf
« K= 5.6x107'°

s 10X g00° |
2x ot - Zv% [oU-1 = 237

5 ox10"° ) A
7 ¥ I,gx\U"S = X
O.100M

+ x- 0.001326M= LOW]

=

{
1
4
I
'
[
4
1
$
'
'
1
'
\
]



IV.  Typical Reactions of Acids & Bases: _
. A. Formation of Salts (Neutralization Reactions): NOT= - N%WYM%L. Ruta do

o Salts: are the product of _MIZAZM reactions. / n'@t%o 2 %(buiubm"’m '
(CD K@ﬂ(a y H@m@ — KC[’,(%) 4} H)—DM) X K&Wv F; NI.Ll_NO3 cag

B o i g
C P+ NO3ugp s NUyNO3 gy &fﬁgv%yﬁib of Weutabizate
Hydrolysis: when the jons of a soluble salt reacts further with . . * )
The resultant geniibgimn may be Aridrc. , or ¢ 2 77&% .
Setunon

Example: Predict whether or not the salts of KCI, NH,NO;, and NaHCO, hydrolyze. If they do
hydrolyze, determine whether the solution is acidic, basic or neutral.

1. KC:  KCl g K @y + Cl g

—_—

CATION RULE: Any cation from Family 1 and 2, are ions of strong bases, and will NOT hydrolyze.

ANION RULE: Conjugate bases of strong acids do NOT hydrolyze. And this is the case of CI'. Tt is the
conjugate of the strong acid HCI.

. KCl will not hydrolyze.

2. NH,NO;: NH,NO; (aq)——* NHi'ag) + NO3'g) NO>

NH,*: wmk md €
NO5™: 4 HN05 - >Wg Md - NO H/DROD’ 5

*A\tmﬁ&jfa\@ﬁg NHR" - NBf g + W20y = NBa gy + H30%,

i
x Resy Hﬂl@ D= % Qeidic

Al

3. NaHCOj3: NaHCOs@q) __, Na' (g + HCOs (o

" Hu(dm{%lﬁ 8f s - x oy 1+ Oy = DIy, + Py,

| | K= 2o x10™
® < >«
_It%rzg&ﬁ =

* Hgb?;“%) + H"'OM’) = HLCO:;/%) + 91"&3@)
Wb basic . Kpraax0®



Example: Predict whether the solution of the salt NH,NO, will be acidic, basic, or neutral.

NOTE: Some salts contain BOTH a cation and an anion that will hydrolyze. In such cases, the resulting 0
solution may be acidic, basic, or neutral, depending on the relative extent of the hydrolysis. -

e NH,": will hydrol - + ] =— +
4 * Will hyarolyzc Nl-h{a%.’ t H)_Ol‘e)ﬁ' NHB{%) ¥ H?)OM((‘})

* NO;': willhydrolyze - N . N
0, agp + 0w = WDyup +6H7,
To determine the overall acidity or basicity of the solution, compare K, to Ky values. 4)

" N - 5.0 \0~'"° 4 L o
Ka W * « Ka oKy - ot will bz aadhc.
x Ky NO; + 2.2x107

Ex Debrmuts, e pH of & 03004 NaaSyq sofuhen

x Nat: uo -,/@drﬁ/gé«/s
x Wy /ﬂgd/&fg%i&;

| %fo%’ F 0= W04y 0uy),
| 0.300M OM O M
C neyligide . .
E 0304 ‘ ‘
LH0z 100w
0.300M
g 507%. X0 o xx = 5.0x107Th - Lot
0BM L oW 1,300 |

Ky- 3.2 %1077 =

V. Buffer Solutions:

) Buffer solutions: equilibrium system that maintains a relatively constant EH when excess
amounts of acid or base is added.

A. Buffer Preparation & Action:

*
e Buffers: can be prepared by combining appreciable amounts of a weak acid/base with 1ts (’ﬁﬁ{}ﬂ (Jaf‘é

10N




Example: CH;COOH + H;0  __ , H;0" + CHa(H0-

. High conc. Low Conc. Low conc. (Before add"” of salt)
0.750M
tiobesded OFS0M NACK00 ) (Sult pusst wdip b etuble)
Buffr 30> Chig( . se - adid,

44 ' (/Hg.{_’ gy t H,.ZO = OH5CDDM s f H50+« . :
(1) Addition of excess ac'z'd.soH o~ OQ?E’)’D H@ /@L 0 Eﬁ ) I\ni—ﬂ.i; MUOM Wi
X AL 0200 HOLs W' will fuct wi Hs oo iy e W%*
This ¢ . &L%’f AT This b Lo Coo-T 0 055014 - 0 eart o
I Coilses Duffor U= o huh ‘ Ot Wy

I UG St rght , bt nét s
| (11) Addition of excess Base: g@ ([ mgﬁ ; Mlﬂ JA)L Iif Ot ,P 4 WM/%{Q //Q/d/ﬁ/?f;/r
SO0l rsack wf oy oo~ Tho e L0, G0 B 05500, T il Zause
g’ﬁ&%ﬁ&?%@é/ Mﬂ&z‘dm@ﬁt% b s 7
V1. Titration: % r %/M WVQ? % W%Wﬁm/? M?[% Eﬂéoﬂf

. » Equivalence Point: the point at which the _ /}//// _ratio of reactants in the beaker is
equivalent to the ratio described by the /)’] f/} e %] equation.

* Inarxn. of astrong acid & strong base, there is a dramatic change in QH at the equivalence
point — This fact aides in the finding of the equivalence point - Thus titrdtion is born.

. Titration: uses indicators to “cue” the /)14 'L/ﬂ/?%/ﬁﬁﬁ point. They all change colour at the
equivalence point and are thus dsed for that purpose.
Titrations can be used to find out the concentration of an unknown acid/base.

s Standard Solutions: a solution of k!ﬂﬁa)ﬂ/ concentration.
BURETTE

SBNDRD M <ol i kg LT

. ERINHZTER FLasK.

U7 W wikngwn [
im‘[?:m ,



Example: It is found that 42.5 mL of 1.02M NaOH have been added to 50.0 mL of vinegar when the
phenolphthalein in the solution just turns pink. What is the [vinegar]?

C'Ham\(a@ T Naﬁ“(aq]) — HLOM) + NaCt, @D(a@ ) .
S0.0mL A2.5wml.
RN
0.043S Wel,

w 0.04325 el pyftlx _\CB U000, 04335 mél Ch (66 o crigatly
| | gt i e Slswmeyse Jloak.
© D.04P3S mel L6 = 0.0SE0L = 0.86FH (Hs (06U

(i) Primary Standards: when a highly DUIe. substance of known composition is used to
react with a substance to be __ i dArQ g;%/]v

Example: Na,COs @) T 2 HC1 (aq) ) 2 NaCl (aq) + H;0O ot CO, ®

A known mass of sodium carbonate is added to water and an indicator is added. This
primary standard is then titrated with the HCl solution. The balanced equation allows you
to determine the moles of HC1 in solution and hence, the [HCI].

Example: A solution of HCl is standardized using pure Na;COs 5) as a primary standard.
What is the [HCI] solution if 60.00 mL of this solution are needed to titrate a
1.000g sample of sodium carbonate? .

Mazfji)m, ¥ QHCQ(%) — QM&&(%s’r HLO({) t wzcg)

L 5603, ©0,0mL-
£27]

* 1.000g Moz (D, « [g/‘% = 0.00943306 wéf Mo 05 ¢ ﬁ\g aﬂw - Loiese
: V5
it

x  0.0188679 mbt Mo, (05
0.060001L

- 0.3145H HCL.
TG i sefudion 6] HEL il woatally
be umd as o Stwdad o= for
& subssgust tifntien.

(ii) Equivalence Point vs. Transition Point:

e Egquivalence Point: refers to the -%Vld point of the titration.
e Transition Point: refers to the point where the indicator changes { m .
e Ideally, the end and equivalence point should be reached at the same time. .




+ Bud Cllgicg. ble tamsition pt.
N B% \\\M (a) Strong Acid/Strong Base Titration Curves: (5 W Hom 'fﬁd/f
ANMEY :

. @\Mﬁu 7 NaOH + HCl titration curve  (Indicator: Phenolphathleln) ﬁ{m/ﬁgﬂ
s
- e - — - ——r
,6’ pH ’a) 2quivitlonce pt
S 2 Y () Mﬁndfngrmnt
4 e verheal _fing
« Nt (e e
ch/ﬁ)
%(btuu -
mtolﬁ%
gﬁgﬂs ///,_J o
% ' ?@unm ok um
: p=a

* P 8] HC& 5 0 s 20 2s)
‘703942 ad,d 9} Volume of NaOH titrated CML>
NasH .

» For astrong acid/strong base titration, the equlvalence point is always pff = + . This means
thatan /J/] [%??ﬁ? 2 whose transttion point is 7 should f'd i ,/ & be used.

| * bs bass ib addsd fe 7l piske il menitee
- iz Change o0 LHT in pe %%’%WW@
Hive PH Wil Aaise ever Tms dye o a
ConimnL decrense oo CHS , unkl aif
\ P phe Kt lm/%ﬂ/f/%%/’& WW% i3

| Mot - T 36 s 2Quivsenre bgr
® *Natogy + Heljpgy — HaDyyy + \,“%(2%

aait- No Audrslyess.



(b) Weak Acid/Strong Base Titration Curves:

CH;COOH + NaOH titration curve:

Indicator: Phenolphathlein ( (gt 0&\1‘}1@ - PH o 1oms . P[?. WM@&)

Wt

5

/ \2 +

ded. e

9
5 p
e wﬁ ‘ olume.
e TR e e
A ' ' ) ) ¥
add* o} o @ w0 40 (50)
ot Volume of NaOH titrated (mL.)

NOTE: A weak acid is capable of demonstrating Df,/ MLM& ~ action when a @éﬁf is
- added. This buffer action is what causes for the’V d(a}/}ﬁﬂ'/,/ﬂ '/, rise in pH in this

region of the curve.

At the Equivalence Point: The solution is WL neutral!
CH3;COOH (g + NaOH g NaCH:COC (5 + H,O
The salt sodium acetate has been formed at the equivalence point. Because it is In an agueous

environment, it will /) SX57445. _ to give Na* and CHsCOO ~. The CH;COO"ion will
in the aqueous environment to give the following ions:

CHs (B0 @ + H20 ) «—— CHCOOH gy + OH e

e It is because of the OH ions produced that causes the solution to be slightly //DM\(‘

Example: Determine the pH at the following points when 50.0mL of 0.10M acetic acid is titrated with
0.10M NaOH.

(a) The pH of the solution of acetic acid when no NaOH is yet added. (6@ , We e AN l

ot MELUAG pief e acid adne) . . L3N0 X

o0t g & Col01ggy + Higy 0104
0.10M X X « - D.O0BA = pH= 257



Salt- (/Etﬂdrﬁvfgﬁsi@
¥

LM, X5.
' 1
(b) When 10.0mL of 0.10M NaOH has been added. NOLUH%) + wbcﬁ@u(%)__? NaCHg,COD( J+ Haf
- 0.10H 0.10H v
J0-0m; 9D.0mL
0.6010m6¢  0.6090 et 0.0010 m&t

x Tnthire CASCO0H o anchas, #es o4~ il sontinue to pduced

disgseinte - - - + _
%{%’ — %%%3 * Hm@) % L3007 = (0.006 (%D
X AN

0-6040 met, (0.06H)
0.6660L 000 wet -
) e x X= 724107y
= 0.06M 1t
-~ Thisib dus fo e e 414
e nsutaliz ™ '
M. progres.

/2. u)tw([j Pt Bj} e thoten. , wisre 2 @f e ofnl negaza velme Aan 2
g odet |

© At thel mid-point{of the titration.
XD-

. % Mm(&(y + C)v\b(l&ﬁﬂm@) — NGf/Hamﬁ%\ + H;\O[@
0164 C.104
25.0mL 20.0mL-
e — .
0.0025m¢  0.6050met 0.0025 mét

+ * 185107 = M

© B WHup = Holl0usy im@ (0637
0.6025 Wt oot v Ky- T = 19005

AN
7 Made w PH= A4
@) At the equivalence point when 50.0mL of NaQH has t;eeﬁ added. i _
%Oclacﬁ%( + NabHupy —— MOHCO0,,, + B0 ~ . , -
D.164] a4 D. L@'HC% \T/@@j [‘DE C)dbwoh%)"- HZO{.‘D = OH& %H(%) t %%}
LR

TN 50, 0ML | 0.60S0 ML X
0.6050 it 0.005D mist, 0. Mo i o Ve
*Kb: 5(0)([0 =
: 0.050

. | s
el e b s Gl o, | g
%%IQ H n. (i ‘r'_)e = 5 -b B’H: 5.,2

s&f%w TSm0ty Sy ey

@ e wew ik gy |
NOTE: At the equivalence point is where _ Al|,  of the original CH;COOH has been consumed.



(c) Strong Acid/Weak Base Titration:

NH; (aq) T HCﬂ’(ﬁ’-ﬂl) - NH“'CE(
Indicator: methyl red ( Ty ﬁ

N L 5.4)

Volume of HC1 added (mL)

Determine the pH at the following points of the titration between 100.0mL of 0.050M NH3
with 0.10M HCL :

NHM%) b e — Nl
0y (ag)
100.0 . \
oMo ﬁwﬁﬂjﬁ) of o).

(a) Before any HCl is added. [FH P}ﬁ% WW!@_ng FH
* NH’J(%) T HLDM) = N\H’[%) f’ﬁ'H[P%)
0.050H £ X
- 1HcDT - X T 0.440 10y - LOWT]
0.050M ¥ l?ﬁjr\: 2.02 = *PH: 10.4F

Example:

(b) After 25.0mL of HC] is added. - .
T o i e nid-pint of fhe frmfo , sinck oHL
otime of HCL nesaed 4 50.0mL- &



* Mg+ 80y, o Ne B, > Ko 107 = Q02000
.

O‘;.%"“M T x 0.02¢/
8045 _
WCLMM% %?2;%8 * Kb* LEw-1 - LGy l0>
s x P = 4.25
o e, P

(> bt Hie Fuialpncs gint - Detorming e pref the Sliton.

* Mgy + Wl — Ny g Thae i ouly e Ayolslysic
D.0S01 0.16% R fle <alt “Hiat com
w 50, 0wl 3 , %m& a/ﬂg H/ 61 (ona.-

A -
0.6050 mse %@50 0.6050 mgt. preciuceq

@ | |
H@Mﬁ" \%%—t(%) T HLOM) == NHb%) + H50+

0.6050D wsL 9 X
Sx0 . X 5 % X = 40049x LO—("M; C
0.0%01 )
VII. Indicators: * PH" 5561

o Indicators are weak acids or bases. Usually however, they are weak /7 /y'a’,g

HInd o + H2Op) <> H30" o + Ind oy (Weak Acid Indicator)
Ind™ g + HyO ) —> ' + - eak Base Indicator
a0 + H20 g > HInd oyt O H(%) W )

Depending on the form of the indicator at the moment, it can take on different f ﬁﬁﬂmﬁ

- lonization Constant for Indicators: K,= [H;O"] [Ind]

. [Hind]

-....at the transition point, the colour change occurs because [HInd] = [Ind].




£

= [H0"]
Example: Determine the K, for the chemical indicator phenolphthalein. . "
Phenolphthalein pH range: 8.2 —10.6 ‘
‘ Phonstphtfialain
Assume the transition point lies _| |] bf?/f//{ ) 294 these two pH values. H 1 § I _
' ¥
x pH O TRMFATEONPT. - 4.2+100 _ ¢ (Celeurlersd |5 (i pink.)
2 | 5
This Moo %
x Ky - [H,07) © TRusition o1 piblplalir. 5
. X - -10
S Kas mh[ﬁg( 4.0 = +.9x10 howge toleus @@
oien'a ph=A.0 i 3 =00
VIIL. Acidic & Basic Anhvdrides: datecta, i B :;_: J
. Acidic Anhydrides: an oxygen — containing (et /%m(’ compound that reactg with water
to produce an Acidic. solution.
Example: sogtg)+ HOpy ° H:S0s (ag)
. Basic Anhydrides: an oxygen containing (Gt { C compound that reacts with water to

give a basic solution.
Example: NayOt Ha20 D"—“—’ NaOH m‘ﬁ)
BASIC ANHYDRIDE + ACIDIC ANHYDRIDE —* SALT

Example: N2Os + Na,O NaNO;




Application of Oxides — Acid Rain:

® Normal rainwater has a pH cloge to GO due to the natural reaction of HO with CO» gas from

the environment, forming

carbonic acid:

* Acid Rain: has apl below _J,(, due mainly to reaction of the rainwater with gaseous

Oxidgs  of industrial processes:

Industrial Process

.

Reaction with Rain Water Resulting Acidic Sel":

1) Combustion of ?bﬁ&”, fuels:

Cot+ 029 = COz g

octre

2 Cngs(l) +25 Oz(g) — 16 CO, +18
H,O

C;HsOH+ 30, — 2 CO, + 3 H,O

‘COZ(ﬂ)"' u&OM)—b szs(ﬂ.%) : ,EE”[‘: 2 :~ !

. Hzcoé%) = ng{%)f‘

2) Roasting of Sulfur Ores and Coal Fired
Power Stations:

27nS (s) + 3 07_ & — 27Zn0 (s) +2 SOz (2)
NOTE: SO; is also produced industrially
by the Contact process used to

make ﬁ[fﬁuj’[( . acid:

S+ Oxg— SOsg
) ¥ Ozm's —> % 3

S0y M sonuy T B

[ 805“3’ ¥ Hlom"’ ”-1504(%)

3) Incomplete combustion Inside Fngines
at High Temperatures:

Nag + Oz — 2NO g

2NO g + Oz — 2NO;

ntrbus arid
\ MO[%) + HaDyyy — NGz gy _Nitdr. arid.

i H’Mozmq) F Noz-._{ao)f H

o NO;aa, + usz)—b H'HOSIO.Q)

Negative Qutcomes of Acid Rain:

(Limgstone.)

1) Buildings or &f{jﬁ{gé made of solid { b (] !5 will gradually dissolve:

2) Leach mgjﬂ& from soils into ground water and lakes and rivers, poisoning aquatic life.

(30 AL)
3) Can disrupt

-

in plants. Low acid concentrations will 36@{; )  down

the process of photosynthesis and concentrated levels of acid will lgu the plant.

. HNOam@> ——ly NOa'mﬁ)_.,, H+

+
fq)

- szaw = Ha);—(a0> i+ H+%)

H+‘“GJ

+

(%;






