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hydrogen-ion concentration

hydrogen-ion exponent; pH

H,O + H,0 = H,0* + OH-

5 Copynant AAsamo

‘ K, =[H'][OH] :1_O><10'14‘ — 4 [H']=1.0%x107 mol dm™

logy,

pH = ~log(IH"]) =~ 0g(1.0x107) =7
~-log((H,0')

log.=In

OH
pOH = —log([OH ]) =—log(1.0x107) =7

pH+pOH = —log([H"]) ~log([OH 1) =14
= —log([H"])~log(K,/[H'])
= —log([H"]) ~log(K,,)-+Iog(H"]) = ~log([H"J[OH"]

~
JE— Ko — -
— H,0 = H* + OH
’ K =k, = =10x10™M
-6
ionic product) [molZdrmr-¢]
ht ht 2
acid, acetum Arrhenius
base, dikali, d-kalja Y

JR. Glauber 1604-1668

R. Boyle 1627-1691

J.L. Gay-Lussac 1778-1850
J. Liebig 1803-1873 1838

L]

« 1887  S.A. Arrhenius
« 1923  JN.Brgnsted T.M. Lowry
« 1923  G.N. Lewis

OH

HCl(gas) + H,O(ligg —— HO* + Cl (aq)
— =7 7%

[P
oo L pH
e
pH =—log([H']) ™ e
pH=—log107) =7 o st

pH=—-log(10%) =3

pH<7

10*

Y

103> 107
pH

Brgnsted - Lowry

v
 H*

HCl(gas) + H,O(ligg — HO* + Cl (aq)

| — |
/ s a

| wo=—nw [ of

conjugate

Brgnsted — Lowry D

e 6




P reus
H,SO, <= H* + HSO, HSO, — H*' + SOZ €lectron acceptor
electron donor
HSO, gprotic solvent
[CCl,, CH,CH;, 1
[ 1 : (] w en
Y
. H
HCI; CI- ‘ oH-
H H OH —— OH
HCN; CN- H
4 ht. it EJ
Brgnsted - Lowry CH;COOH CH;COOH H,O0 — H,0* CH,COO-
T Kq=
a acid
dissociation constant ‘
H,0 HA
[H+] [OH-]
Ka =K, =
c pH pK, pKa = _Iog[ Ka]
[ PK, K
ht 10 ht 11

BF; + NH; — NHBF,

BF;:B  12252p' ¢

F 15252205 NH; N 1s25°2p®
Y
- 1 |
Fe = FB HN = H
F \ F H
- /
1 | )
E T R
F H F H

H*, BF,, NO*, SO,
OH, H,0, NH,, NH,, NOy

Ko \
NH, HO0 <= NH;  OH |K,=
pKy pK, =—log[K,]
PKy ‘: Ky
HA B K, K,
 [HIAT | [BHIOH]
[HA] (B]




Ko Ko K

W

CH,COOH

CH,COOH
HA

HA

HO < HO* CH,CO0
k,~[HIAT -y _[H'J[OH]=1.0x10% | ‘
[HA] [CH,COOH —H'  CH,COO | [CHCOO  H,0 —> CHCOOH  OH |
KK, | Kw _ _IHI[CH,C00] K, - [CH:COOHIIOH ']
K, [CH,COOH] [CH,COO]
< ‘,// ‘ K, Ka . Kb = KW
W= A+ HO < HA + OH _ _
Ka I PK, + pKy = pK,, = 14
A =B
b :LH IIOH] B + HO < BH* + OH N DH + pOH = pK,,
(B] PH = pK,, POH = pK,
K. = [H[AT] _ H] NH;  HO <—— NH/ OH
a= = B BH"
[HA] .
—K,+/K,+4K,C B c C=[B] +[BH"]
[H+]2+Ka[H+]—KaC:0 [H*]:% - !
K,<102,C>0.1 mol dnmr® [OH]
K2<<4K,C K, <yK,C [OH] [OH] = [BH"]
1 + -
[H']~,/K,C Kb:[BH I[OH] _ [OH]~
) g
pH =—log[H"] = —log(y K,C)/= + +
: 2 im0 pOH =T, pH :14—T

pH

HO =

H,0* CH,CO0:
H* A

c C=[HA] +[A]

[HA] [HA]
[H1]
[ [H]=[A]
+ .
« <HIAT
[HA]
pH
hydrosis
acid base salt
g H* OH
|
pH  pK, pK,




(BH + HO > HO' + B c h
NH,Cl; HCl +NH;  HCl  NH, NH,CI |:| h [H]=[B]=Ch [BH=C(1-h) CHCOONH, ; CH,COOH + NH,
BHX HX B NH BHA HA B
c 4" BI[H* h<<1 — BH* .
h:[[E{E-I*]] — K=+ — BHAC BT A CHiCOONH, NH;* CH,CO0-
BHX < BH* + X l ])
rBH*+HOTJHO*+B\ I BH" + HO0 == HO" + B . o,
/ B 3 J K,K,=[OH][H']=K, «— [H"]=Ch=~,/CK, A+ HO T HA + OH ‘ BH* + A = HA + B
. N t _ [HAJ[B]
K, = K[H,0] Kh = [[BB]I;-I'-i]] Kb :% [H+] o \/W CKW ‘ H ( )/2 ‘ h [BH+][A]
= ~ = = + —_
"k, P « HIAT | BHIOHT |
KK, =[OH][H"] =K, AL (Bl o
BH + A T HA + B c h (A + HOZ HA + OH c h
[HA] =[B] =Ch [BH*=[AT]=C(1-h) CH,COONa; CH,COOH + NaOH KCN; HCN + KOH
BA HA BOH [HA]=[OH]=Ch [A]=C(1-) —— [OH ]=Ch
_[H[A] N [HA]
2= — [H =K s = Ky —— - - _
[HA] RS CH,COONa Na® CH,COO- K, - [HAIOHT ~
CH,COO0- [A7]
k. _ [HAJB] _ ‘ N KK, =[H][OH ] =K,
" [BHAT Hl=K. =K, BA =BT+ A A+ HO HA + OH| - K
C
_ H1= w__
L , - [HAIOH] H']= 5 =K
=7+ _ H+ A =
PH=TH(pK, k)2 | <! [H]L]] KKy =[H'][OH ] =K,




pH= |

pH= |

25

buffer solution pH or
pH
CH,COOH  CH,COONa
CH,COOH — H* CH,COO
CH,COONa — Na* CH,COO
CH,COOH 2+ — H* CH,COO
HA CH,COOH] —
('] = K, [HAL_ ¢ [CH.COOH]
[AT] [CH,COO] —

pH
pK,=4.74,0.1 mol dm® CH;COOH NaOH
0.1 mol dm3
pH pH = pK,+pC, _4.74+1.0 _ 287
2 2
CH,COOH A NaOH
X
C, _ 100-x
C X

s
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X

C
H = pK, —log| ==
pH P paog[C]

s

pH = 4.74—|og(100_ Xj |
X

x<1

0<x<100

V, x x/ 100

pH
NaOH

v,

0.2 04 0.6 0.8

C, C,

. [HA] C C
H 1=K, =K, =2 H = pK, —log| =2
=Ky =" PR=PE. 100 ¢,

Cy C,
[OH =K, Bl _g S
[BH'] G
K K C :14—pr+Iog[%]
Hl= w___‘w¥s s
Hl [OH] KCy >~  —
it 27
pH] |

CH,COO- + H,0 +——* CH,COOH + OH-

pH=7+(pK,- pC)/2 2

pH=7+@74-1-log2)/2=8.72

C=C,/2

C,=0.1 mol dnmr3

pH = 4.74— 1o 297X _ 4 74— 10d <
X 100

X = 99.9999 pH ~ 10.74
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[OH]
v, NaOH v,
CaCp [OH] Vi+V, VG, - Vi Cy
x V, =V, x /100
X
(OH] - leﬁCb -V, xC, _ %C, ~100C,
X 100 + x
V, +V1Xﬁ
C=C,=0.1 L Ix—
a ———5 |pH=14+log 0.1x-10
0.1x—10 100+ x
[OHT]=
100+ x x> 100
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1)

2

=

3

4

=

pH

V,=0; pH=P ; G, _ 4-742+ 10,4 x=1331 pH=2.87
100-x f
0<V,<Vy; pH=4.74—|og[—x j 0<x<1331
99.99 < x
V,=V,; pH=T+({pK,~ pC)2=7+ (474—1—log2)/l2=872 x=100
0.1x-10
V,;<V,; pH=14+ |09[m) 100.010 < x
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