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increasingly acidic
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d1saianlnslan(Electrolyte) wa
a -1
waudLanlunslan(Non-electrolyte)




NOBYNTA LUE

Bronsted—Lowry

Arrhenius
acids

Arrenhius




NOYANIA-LUADTSLSL I

°n3n AdIsNazalrsuLdanAlilalasiaulasau : H'(aq)

olud Aad1sTazansundLana ilansenlenlasau : OH(aq)

HCL(L) —o H*(agq) + Cl(aq)

HNO,() — 22— H*(aq) + NO,
O

NaOH(s) —2>— Na*(ag) + OH<(aq)

Ca(OH),(s) — %> Ca*(aq) + 20HT(aq)




NOUYNIA-LUFUSUALNA-A1S

°nsA AD @1snaNIsalilusnauLna1sdu(proton donor)
°LUd AR d13Mau1sasulusnauaIna15duU(proton acceptor)

lUusmau wuneng lalasiaulesauluniizuda : H (g)

.34 %.

HCI H,O

(acid, H*donor)  (base, H*acceptor)




ANIA-LUE
Conjugate acid-base pairs

H,0(!) H;0%(ag)
Base Acid

Conjugate acid—base pairs




ANIA-LUE
Conjugate acid-base pairs

OH (ag) + NH,*(aq)
Base Acid

Conjugate acid-base pairs




ANIA-LUE
Conjugate acid-base pairs

HS (aq) + HF(@g9) .~ F (aq9)+ HyS(ag)
Base Acid Base Acid

Conjugate acid—base pairs




ANIA-LUE
Conjugate acid-base pairs

essyAnIa-ualuunsensialull

*HF(ag)+NH,(aq) = F(aq)+NH,*(aq)

* CH,COOH(ag)+H,0() CH,COO0(ag)+H,0"(aq)

* C,H.NH,(aq)+HNO, (1) CH.NH,*(ag)+NO, (aq)




NOBYNIA-LUFRIDE

*n30 AB d1INTUBANATOUR

*wud Ao e lvidiannsous

F H
%
F—B—N—H

/ 0\
F H

Lewis acid Lewis base Acid-base adduct
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1.1 CH,COO + HCN = — CH,COOH + CN

12 HCO, + HCO, = —  H,CO, + CO,”

13 CO,” + HO = — HCO, + OH

1.4 HCIO + CH,NH, — CHNH, + ClO

1.5 HNO, + H,SO, H,S0,” + NO,




*ITTYALUAVDINIAUAAT YRGB UL
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NH

4
HCIO
H,PO,

HIO

4

CH,COOH
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NSLLUSTUAVDINTA-LUEANINAINNEIUSE
Tun1suanaa

* NIALALASLUELA
v & % ¢
- upanalulesaulasuysalnse 100%

- AnAIENAaYRINISUANAIEN HuAaufizenialudnamilauinndd
UNsendaunau Auiuaun1sN1suANAIvaInsaLirsatuanniinu)nsenly
V19198 19LAY7

HCl(ag) — H' + CU

NaOH (ag) — Na® + OH’




NSLLUSTUAVDINTA-LUEANINAINNEIUSE
Tun1suanaa

*n3auA laua HCLO,, HI, HBr, HCl, H,SO, uag HNO,

swaud laun drsUsznaulansenlan (OH) vaslansny 1A uaz A 1y
KOH, RbOH, CsOH, NaOH, LiOH, Ca(OH),, Ba(OH),, Sr(OH),




NSLLUSTUAVDINTA-LUEANINAINNEIUSE
Tun1suanaa

*NSADDULASLIUEHDDU
[} [~ Yy v
- upnaadulassulailos
dgj a A [V} v v o/ o/ g = A 1 dl n\ g
- umﬂgnsm‘wmwmu,azaaunau AIUUAANANFUAAAATU K
wag K
CH,COOH (aq) == CH,COO" + H*

HF (aq) = F + H*
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0 ¢ @

Hydrogen ion
Hydrogen ion
Undissociated molecule

Conjugate base

Strong acids are assumed to dissociate completely Weak acids dissociate only slightly in aqueous solution.
when in aqueous solution. The majority of molecules remain undissociated.

After dissociation, After dissociation,
Before dissociation at equilibrium Before dissociation at equilibrium

HA HY A HA
HA

HY A
I

Dissociation of a Strong Acid Dissociation of a Weak Acid 20
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o

H,O — NH,*
Acid(2) Acid(1)

NH, + H,O == NH," + OH

\We(1) nsa(2) nsa(l) w&a(2)

OH™ Uuluaiiusendn NH, uae

NH, " unsaiiusenda H,0




Stronger
acid

Weaker
acid

Acid, HA

HCIO,
HCl
H,S0,
H,O*
HSO,~
H,PO,
HNO,
HF

CH,CO,H

H,CO,
H,S
NH,*
HCN
HCO;~
H,0O
NH,
OH™
H,

-

|

AINULLIYUVDINIALLAS LU

Strong acids.
100% dissociated
in aqueous
solution.

Weak acids.
Exist in solution

as a mixture of
HA, A, and H;O™.

Very weak acids
Negligible tendency
to dissociate.

Base, A~

E10;
ol
HSO,~
NO;~
H,0
SO,2~
H,PO,"
NO,™
o

CH;CO,™

HCO;~
HS~
NH,
CN-
CO2™
OH~
0%
B

i

Very weak bases.

Negligible tendency

to be protonated in
aqueous solution.

Weak bases.
Moderate tendency
to be protonated in
aqueous solution.

Strong bases.
100% protonated in
aqueous solution.

Weaker
base

Stronger
base
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Acid Conjugate Base

Perchloric acid HCIO, Perchlorate ion
Hydroiodic acid HI lodide ion
Hydrobromic acid HBr Bromide ion
Hydrochloric acid HCl Chloride ion
Sulfuric acid H,SO, Hydrogen sulfate ion
Nitric acid HNO, Nitrate ion
Hydronium ion® A0 Water?

Hydrogen sulfate ion HSO, Sulfate ion

Nitrous acid HNO, Nitrite ion

Acetic acid HC,H,0, Acetate ion
Carbonic acid H,CO4 Hydrogen carbonate ion
Ammonium ion NH,* Ammonia

Hydrogen carbonate ion HCO;~ Carbonate ion

Water H,0O Hydroxide ion
Methanol CH,OH Methoxide ion
Ammonia NH, Amide ion

*The hydronium ion—water combination refers to the ease with which a proton is passed from one water molecule to another: that is,
H,0" + H,O0 == H,O + H,0”




ﬁflﬂaﬁn'mmnéfwmnﬁﬂdau:Ka

—

HA + H,0 H,O" + A

Ka - acid ionization constant




f»i']mﬁn']stmnﬁfmamaa'au:Kb

KIo : base ionization constant




Base

Formula, B

Ky

Conjugate
Acid, BH*

ANAINNITULANAIVBILUALATANIA

K,

Ammonia
Aniline
Dimethylamine
Hydrazine
Hydroxylamine
Methylamine

NH,
C,H:NH,
(CH3),NH
N,H,
NH,OH
CH,NH,

1.8 X 107°
43 x 10710
5.4 X 1074
8.9 X 1077
9.1 X 107°
37 X 1074

NH,*
C¢HsNH;*

(CH3)oNH,*

N,H;5"*
NH;OH*
CH;NH;*

5.6 X 10710
23 X 107
1.9 x 1071
1.1 X 1078
1.1 X 107°
2.7 x 10711




Ionization Equilibrium

ANAINNISLLANAAVDINSH

lonization
Constant K

Acid
Todic acid
Chlorous acid
Chloroacetic acid
Nitrous acid
Hydrofluoric acid
Formic acid
Benzoic acid
Hydrazoic acid
Acetic acid
Hypochlorous acid
Hydrocyanic acid
Phenol
Hydrogen peroxide

HIO; + H,0
HCIO, + H,0
HC,H,CIO, + H,0
HNO, + H,0

HF + H,0

HCHO, + H,0
HC,H,0, + H,0
HN; + H,0
HC,H10, + H,0
HOCI + H,0

HCN + H,0
HOCHs + H,0
H,0, + H,0

Hgo + 105~
H;0" + CIO,~
Hgo+ + C,H,CIO, ™
H,0% + NO,~
H;O’“ +F~
H;O* + CHO,~
H,0" + C;H 0,
H30+ + N;~
H,0% + C,H;0,"
H. ()+ + OCI~

H O+ + CN™
Hgo + CgHsO™
H,0 4 HO,

K, =
1.6 X
1.1 X
1.4 X
F2:%
6.6 X
1.8 X
6.3 X
1.9 X
1.8 X
29 X
6.2 X
1.0 X
1.8 X

107!
1072
103
1074
1074
104
1073
1073
1073
108
|()-|0
|0—|0
|0—12
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Ionization
Ionization Equilibrium Constant K

Base K, =
Diethylamine (C,Hs),NH + H,0 (C,Hs),NH," + OH™ 6.9 X 1074
Ethylamine C,HsNH, + H,0 C,HsNH;* + OH™ 43 % 1074
Ammonia NH; + H,0 NH,* + OH~ 1.8 X 1073
Hydroxylamine HONH, + H,0 HONH;™ + OH™ 9.1 X 1079
Pyridine CsHsN + H,0 CsHsNH' + OH™ 1.5 % 10~?
Aniline C¢HsNH, + H,0 C¢HsNH;* + OH™ 7.4 % 10710




N13ATUIULNYINUNITLANAIVDINIALASLUE

*N15AUI [HY] %58 [OH] 271nd15a2a18nSALALAaLLUELLN
3o C UuUAIMUUTUSUAUYDIdNTazaY

[H] = [H,0"]= C moldm® -> nsaun

[OH] = C mol/dm® -> Luawn




N13ATUIULNYINUNITLANAIVDINIALASLUE

A298797 1 NN HNO, Wunsawn nsail 0.3 mol azarsluil 600 cm?® qudl
ANUINTUVRY H,0" A mol/dm’




N13ATUIULNYINUNITLANAIVDINIALASLUE

Ade8199 2 dnsadaiia3n (H,50,) 49 N3y wazaigil 200 cm’ asazaeiile
iy Wty H Beauiluasedng




N13ATUIULNYINUNITLANAIVDINIALASLUE

A7981991 3 a1sagany HCLO, { H,0" 0.3 mol lud3ung 200 cm’ ansazane
WUYUA mol/dm?




N13ATUIULNYINUNITLANAIVDINIALASLUE

° NMIANUIUNTADDU

%—[H ]xlOO
C

JK,C
% = ~——x100
C




N13ATUIULNYINUNITLANAIVDINIALASLUE

° NSANUIUUEDDY

0 =

[Og"] X100 [OH 1=/K,C

_[OHT
- C

Ky




N13ATUIULNYINUNITLANAIVDINIALASLUE

198199 4 nsauauslUsAnTiaviauandlla 5% 01a@1saralensatliauty 0.5
mol/dm? 311 600 cm® AEUANULIUTUVD H,0" A mol/dm’




N13ATUIULNYINUNITLANAIVDINIALASLUE

fnaenafl 5 a1savans CH,COOH 0.2 mol Tunwug 1 dm® (K = 1.8x 107)
uanNFlasesazivinle




N13ATUIULNYINUNITLANAIVDINIALASLUE

ADE19N 6 @nsazanenIn HCOOH WUYY 0.2 mol/dm?® 2eUANULINIUYDS
H,0" winla waznsanuandtdulonaulan%iiruaan K. 484 HCOOH iy
1.8 x 10*




N13ATUIULNYINUNITLANAIVDINIALASLUE

=

) " = = va & Y} = YRR,
A198199 6 @1sarate NaX faudfidud 1a1sazalstianuduty 2
mol/dm? 29ANUIUIUYBY OH 1H9AN K 199

X(@g+H,00) S  HX(ag+OH(ag) fAwiAy 1.0 x 10




N13ATUIULNYINUNITLANAIVDINIALASLUE

fnaenefi 7 RANUIUTBYALVBINTUANAIYVBINTALUULBN(C H,COOH) Tu
aﬁaumwummmmu 0.25 mol/dm? wag 0.40 mot/dm AU K, 189
C,H.COOH = 6.5 x 10~




HO + HO 5 HO' +OH

K, =1.0x10"
lur1u3gys (H,07 = [OH]

Tufte K, =[H,0"1" = [OHT

S
=
b

(4]
B

<

)

O

S

C
O

ANULYNTIUVDY H O+ way OH"
AuAMNLIUNSA- L‘Uﬁ‘UENﬁ"Iia“’a’IEJ

>1.0x 107 M

1.0x107 M

<1.0x107" M

Acidic
solution

[0 = [OH]= \Jk =

Neutral
solution

H,O"

Basic
solution




pH wasd13azany

U A.A.1909

PL5U ULNDS AD5NT YDLTULYY
(Soren Peter Lauritz Sorenson)
UNTIARYILAULNTN LaLAUD

1195d7U pH (power Of hydrogen)




pH wasd13azany

Acidic Neutral Basic
[H30%] 10° 107" 10 10 10 10° 10° 107 10® 10° 10" 107" 1072 107 107

Lemon Juice Soft Drinks Milk Baking Soda Household ammonia
(pH 2.2-24) (pH 3.9) (pH 6.4) (0.1 M) (pH 8.4) (pH 11.9)

HCI (1.0 M) Vinegar Blood NaOH (1.0 M)
(pH 0.0) (pH 2.4-3.4) (pH 7.4) (pH 14.0)

Stomach Acid Seawater  Milk of Magnesia
(pH 1.0-3.0) (pH 7.0-8.3) (pH 10.5)

M58 pH (pH scale) Tduanmnuilunsa-wwavasdsazane

pH = - log[H,0"]




pH Lag pOH

pH = -log[H,0"]
pOH = -log[OH]
pH + pOH = 14




N15ATUI pH wag pOH

A298197 8 AWM pH VesanTazaanalull

n) HCL 0.0040 M




N15ATUI pH wag pOH

A298197 8 AWM pH VesanTazaanalull

9) NaOH 0.020 M




N15ATUI pH wag pOH

A298197 8 AWM pH VesanTazaanalull

A) CH,COOH 0.10 M (K =1.8x10")




N15ATUI pH wag pOH

fetineil 9 ansavans H,SO, Wudu 1x 102 M & pOH witle




N15ATUI pH wag pOH

A7081991 10 ansavaty HNO, Wutu 0.5 M Usuims 10 cm® Wauinegy
90 cm® i pH wla




N15ATUI pH wag pOH

A7081991 11 @1savaty HNO, pH = 3 aglianududuves H,0" wila




N15ATUI pH wag pOH

A298197 12 @15a¥a1e Hl pH = 4 2giAUuTuYes OH wile




N15ATUI pH wag pOH

A7081991 13 @15ava1unIAeeu HA LWuTU 0.20 M & pH = 4 23fuIumal K,
UYDINTADOUL




N15ATUI pH wag pOH

A7081991 14 gnsavatenInedu HCOOH Wty 0.40 M fif1 K = 1.7 x 10
2911 pH VBINTADOU




N15ATUI pH wag pOH

A2981991 15 @nsazangiudsauyianiaguty 0.30 M A1 pH 10.66 Luasinilil
A K, wils




d1sazar9unnas (Buffer solutions)

* gnsazanetliles vuneda asazansd
dlodunsaunrioaunadluidniosyili
pH YosasavarsiUasuntadluosunn
audelsin pH luiuasuuyas




Usennvasaisazangunines

*d1582a1gUNNBINTA A d158%ANUNAUVDINTADDUNY
.NABVRINTABBUTIU(ALUF) 131 CH,COOH wag CH,COONa

ed15azagUNNBSIUE AD @158%aNYNAUVDUUEDDUNULNAD

YBIUABDUNU(ANTA) LTU NH, wag NH,CL
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UN381581INIANULUE

«UfATEsENNIANULE 158N Unsenagiiu(Neutralization reaction)
ApUfREN H,O0" Mnasazatensavitneniu OH 9 nansazatewa tn
ARSI dun

H,0%(ag) + OH(ag) s 2H,0(1)

*navLAu viseanauya(Equivalence point) B YRNNsALAZIUAYINURNTEN
Wan

*9n8f(End point) Ao YANBUALAMDIUALUE




UN381581INIANULUE

* Y UANNTLAAIUNATE1581IN9 H,CO, U NaOH

* 0 gUURNTEFLIUTENING HNO, iU Ca(OH),




A5 lNINSANIA-LUE

* NS IMNIANSA-LUE L‘i‘flunssmums‘il,ﬂswﬁmqLﬂﬁtﬁamﬂ%mgmsw%awaﬁv‘l’q
Ufseneniu wadhldldamuinanududuvasnsansaiuaiu
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Erlenmeyer
flask
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0.00 & 13.00
; [ Begin | 11.00
=k | titration J
| i 7 8.00

0.200M a 7.00
NaOH

10 15 20 25 30 35 40 ; 10 15 20 25 30 35 40
Volume of NaOH added ( Volume of NaOH added

100.0 mL'¢
solution
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} N SLRANAUALALNRE

I | | | I I I I
20 40 60 80 100 120 140 160 USHINS

0.1 mol/L NaCl




N5INVBINIS LNNTANSALLANULUELLA

o . Volume NaOH
Titration of a Strong Acid :dngleed (amL)

-
=
ST

Pink
Phenolphthalein

25
Colorless
Equivalence point/ —

o

18
37
60
95
06
20
.38
69
00
.29
.59

— b —

Bromcresol green

BLHEREBY
.
BHEREZ

10 15 20 25 30 35 40 45 50
Volume NaOH added (mL) ©NCSSM 2002




N5INVBINIS LNNTANSALLANULUELLA

Color change
alizarin yellow R

Color change
phenolphthalein

Equivalence
point Color change
bromthymol blue

Color change
bromphenol blue

Color change
methyl violet

10.0 15.0 20.0
Volume of 0.500 M MaOH. mL




N51NVBINIS INNSANTADDUNULUELLN

o . Volume NaOH
Titration of a Weak Acid added (mL)

WL g
S48 T

L

RERRESosnswn=o

Pink
Phenolphthalein

Colorless

Equivalence point
Blue \

S lnenonnonon B b Lo
BRRNLEBIRGS

&
=

Bromcresol green

58588858

10 156 20 25 30 35 40 45 50
Volume NaOH added (mL) ©NCSSM 2002
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Equivalence
point

(
I
I
I
I
I
[
!
l

1
30 40 30 o0 70
Vol 0.10 M HCI (mL)




DUALALNDSNIA-LUE

Methylene Blue

Phenolphthalein

o)

Phenol Red I\/I‘)
|




429 pH N1SIURIUEVRIIUALALNDS

a A 1 1
DUALALADS %429 pH

VDIDUALALADS

Methyl orange = UAY — LAY

Bromothymol blue [ W99 — UIRY

Phenolphthalein T3iad - YUY




A128199UALALNDSUINTLA

pH Range for Color Change

Indicator name
Methyl violet

Thymol blue
(acidic range)

Bromphenol
blue

Methy! orange

Bromcresol
green

Methyl red

Bromthymol
blue

Thymol blue
(basic range)

Phenolphthalein

Alizarin
yellow R




UselovuvuadunLaLias

l47n pH vosasaTaIY

lguanyngRtunishnmsnnIn-Lua

Erythrosin B
Methyl Orange

Bromocresol Green

Congo Red




a99%1 pH vasasazanenemaluil

* A19UAYIN pH Larn1SIUAsUEUBURAAND AT THRINITIN

DUALALRDS %94 pH Qe RIGREVE

A 31-4.4 LAY — LAY

44 - 6.0 LAY — LAY

6.0 - 7.6 WAADY — YUY

8.3 - 10.0 1430 - vy

H9UNa5a2aN 8T NANINUNRUDURALALN DS DUALALADT dupddEnIavany

4

AB.C waz D lananail LAAD

=
NN

asarangiloglurng
pH T ?

RIS

[BhE

22
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