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@ Beginning

B Most chemistry of the natural word occurs in aqueous solutions
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B Acid-base reactions, solubility, complex ions formation often in
equilibria in aqueous solutions
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B Aqueous equilibria are the foundation of environmental chemistry,
biochemistry, agricultural chemistry, etc.
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B Stability of the Chemical Species is the driving force
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® Common lon Effect £ F 33 22
HA(Ca)/NaA(Cya)

NaA =——= A+ Na'
CNaA CNaA
HA + H)O =——= A + H30"

Cha-X Chaat X X

If Cp & Con >> X

Henderson-Hasselbalch Equation
C. . =---baseform

pH = pK, +log—2~

C. . —=--acid form
HA




® NH3(Cyhis)/NH,CH(Csc)

NH,Cl ~ NH," + CI
CNH4CI CNH4CI
NH; + H,O = = NH," + OH’
Cnmz-X Chpacrtx X

IT Cyps & Cypac) >> x

2OH = pK,. + log [NH, '] = oKy, + log ChnH,cl
[NHB] CNH3




@ Buffer solution .# #2372

B A solution that is able to maintain an approximately
constant pH
i 7§ BFFpH 70 7 B oug R o B R

B  Resist change in pH upon addition of small amount
of strong acid or base,even strong ones
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B Independent of dilution
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& Preparation ¥ B8 7 778 &

1 Weak acid or weak base and its corresponding salt
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2 Strong acid (or base) with weak base (or weak acid)
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Exact Treatment of Buffered solutions & #~2 @ 785

mass balance " & T = [HA], + [A, = [HA] + [AT]...(3%1)
charge balance® 7= fi=: [H*] + [Na*] =[OH ] + [A]...(3'2)
KW

d;722... [H]+[A] = [H+]+[A-]
] ] [H+]2 K
Al=[A w
A=A+
x5l .. [HA]I=[A], +[HAL -[A], - [|—|+[]I_2|+.]KVv
[HT -K
—[HA], - w
HAL, —
N ] [H+]2 K
H A w
K _ [H+][A]: [ ]{[ ]O+ [H+] }
a [HA] B [H+]2 _KW

HA
[HA] H']



If [A],=0
« _[HIAT  [HP-K,

’ [HA] [HA]O [H+]2 B Kw

[H"]



& Buffer Capacity £ &% &

B The number of moles of strong acid or base that
is required to cause a unit change in pH in 1 L
buffer solution
s HH Forg 1 B = orpH EpF o0 frg B 7
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 Many factors such as temperature, ionic strength,
solvent, colloidal particles might cause a shift in
color range of one or more pH units.
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CHA

[H.O"]=K,
’ CNaA
pH = pK, +log s
HA
m
C raon =V m :# of moles of NaOH
Con =M 1 -4 0f molesof HA
V
pH = pK, +logm-log (n-m)
2.303d(OH) _ 1 N 1 n

dm m n-m m(-m)
2 —_

d (pZF)_ n@2m-n) _, . _N
dm

- m?(n-m)? 2



@ How much change will occur, when 0.01 mol of H*
Is added into 1.0 L of the following solutions?

For example: (A) 1.00 M of NaOAc and HOAc
(B) 1.00 M NaOAc and 0.100 M HOACc
(C) 1.00 M NaOAc and 0.010 M HOAc

solution [CH,COOT] [CH,COOT] percent pH change
1/ before 1/ after

[CH,COOH [CH,COOH change

A 1.00/1.00=1.00  0.99/1.01=0.98 2.00%  -0.0088
B 1.00/0.100=10.0 0.99/0.110=9.0 10.0%  -0.0458

C 1.00/0.01=100.0 0.99/0.02=49.5  50.5%  -0.305

The buffer effect does exist for all three solutions but the
buffercarpacity drops substantially from A, Bto C



& Titration Z4F T
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E M,V,=M,V, M, =molarity of the titrated substance

M ,= molarity of the titrant
V, =volume of the titrated substance
V,= volume of the titrant
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B Titration Curve ¥ € # K

- a plot of pH versus the amount of titrant.
F R RIpH [E$F T T8 1FF] 97 1F 78" R



@ Strong Acid versus Stong Base
7 45 JF T 5 K
[Example]
At 25°C, 100.00 mL 0.100 M HCl titrated with 0.100 M NaOH

(a) What’s the pH when x mL of NaOH is added?

(b) How much NaOH is needed to make a solution with
pH=3.00? pH=10.007?

225C* 0.100 M NaOH;% % # €100.00 mL 0.100 M HCI
(a)4r »x mL NaOHE#;3 % erpHiE 5 @ ?
(b) % e » % ->0.100 M NaOH > i3 ;% ¢hpH & % 3.002¢ 10.00 ?



(1) 20.00 mL 0.1 M NaOH is added
HCI: 100.00 mL x 0.100 M = 10.00 mmol
NaOH: 20.00 mL x 0.100 M = 2.00 mmol
[H]=(10.00 — 2.00)mmol/(100.00 + 20.00)mL=0.067 M, pH=1.18

(2) pH =3.00
NaOH: x mL x 0.100 M = 0.100x mmol
[H]=0.00100 M = (10.00 — 0.100x)mmol/(100.00 + x)mL
x=98.02 mL

(3) pH = 10.0, pOH = 14.0 — 10.0 = 4.00, [OH-] = 1.00 x 10+ M
NaOH: 0.000100 M = 0.100x mmol/(200.00 + x)mL
x=0.20 mL, Vy,on=(100.00 +0.2) mL = 100.20 mL

(4) 200.00 mL NaOH is added
10.0 mmol NaOH is in excess in the solution
[OH] = 10.0 mmol/300.0 mL= 0.033 M, pH =12.52



Vol of NaOH added pH
0.00 1.00 [H*]=C A

20.00 1.18

80.00 1.95

98.00 3.00

99.80 4.00

99.98 5.00

100.00 7.00 equivalence point
100.20 10.00 P
120.00 11.96

200.00 12.52
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= Titration Curve
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& Strong Acid/Base Titration ( % &/ 7% # /F €)

B pH has little change when HCI or NaOH is in
large excess
BEATF A GEEF pHE§ 57
B pH has sharp change around the equivalence point
with very small amount of change in titrant
i £ BT 0 2B g THFER B % TpH
# 2 fE e
B At the equivalence point: Ny = Ny.on
B BB B EHERF LT BRI AT E
B End point : change in color of the indicator
FRE TS AT
B Indicator choice
FH L Iy EF G AR
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i Dilution Effect
Bromothymol blue
_ is a better indicator.
Equwalen’ce BTl F EE6.0~8.0
6 I . — point LR & £77g o7
ethyl re
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@ Weak Acid versus Stong Base
7 4 JF IR
[Example]

At 25°C, 100.00 mL 0.100 M HOACc is titrated with 0.100 M NaOH
(a) What’s the pH value before the titration?

(b) What’s the pH when x mL of NaOH is added?
(c) How much NaOH is needed to make a solution with
pH=3.00? pH=10.00?
©25C * 0.100 M NaOH:% /% % ©100.00 mL 0.100 M HOAC
(a)if A erpHiE 5 ° 7
(b)4r » x mL NaOHP¥3 i erpHE 5 @ ?
(c)Z 4v»> %-50.100 M NaOH > % /% erpHE % 3.00 10.00 ?



Before NaOH is added
0.100 HOAC solution, [H*] = (K,C,oa)? = 1.34 x 102 M, pH = 2.87

Before the eq. pt.
10.00 mL 0.1 M NaOH is added, [OAc] = 1.0 mmol /110 mL,
[HOACc] = 9.0 mmol/110 mL, pH = pK, + log(1/9) = 3.79
Similarly, 20.00 mL 0.1 M NaOH is added, pH = pK, + log(2/8) = 4.14
40.00 mL 0.1 M NaOH is added, pH = pK, + log(4/6) = 4.56
m=n/2 50.00 mL 0.1 M NaOH is added, pH = pK, = 4.74
60.00 mL 0.1 M NaOH is added, pH = pK, + log(6/4) = 4.92
80.00 mL 0.1 M NaOH is added, pH = pK_, + log(8/2) = 5.34
98.00 mL 0.1 M NaOH is added, pH = pK, + 109(9.8/0.2) = 6.43
99.45 mL 0.1 M NaOH is added, pH = pK, + 10g(9.945/0.055) = 7.00

At Eq. Pt.

100.00 mL 0.1 M NaOH is added, the 200 mL solution contains 0.05 M NaOAc.
[OH] = (K ,[OAC])Y? =5.27 x 10° M, pH =8.72

After the eq. pt.
120.00 mL 0.1 M NaOH is added, [OH] = 2.0/220 =9.09 x 103 M, pH = 11.96
200.00 mL 0.1 M NaOH is added, [OH] = 10.0/300 =9.09 x 10-3 M, pH = 12.52



Vol of NaOH added pH
0.00 2.87 [HJf]:(KaCHA)l/2
20.00 4.14
50.00 4.74 pH = pK,
80.00 5.34
94.80 6.00
99.45 7.00
100.00 8.72 equivalence point
120.00 11.96
200.00 12.52
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_ 100 mL 0.100 M HOACc is titrated with 0.100 M NaOH
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initial poing__ 100 mL 0.100 M NH,,, is titrated with 0.100 M HCI

Equivalence
point

6 Mcihad ved t Equvalence point
P pH =15.28
4r T RE A Ty F
2 [ ® ®
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Vol 0.100 M NaOH added (mL)



& Weak Acid/Strong Base Titration (73 f&/ % #% JF €)

B [Initial pH is (K ,Cp, ,)"?
B When NaOH is added, the solution contains the mixture
of HOAc and NaOAc.
4t ANaOH # > 7; ¥ HOAc £ NaOAc 5778 £ /38 » #7140 7
£ FEEF 2
E pH =pK,A when [HOA] = [OAc] or Vy,ou0 = 72V o4
NaOH 775 8 g2 HOAc 775 2 fcin % /% > pH = pK
B pK,6 7 1is the buffer region.
pK, 71 £ & #32 %
B At the equivalence point, the solution is a NaOAc solution
with half of Cy 4.
BFCF LB YRR kAR TT R AR
B IR = 2
B Phenolphthalein is a proper indicator, but not methyl red.
it £ & i Fafg o A



Dilution Effect

Before NaOH is added

0.00100 HOAC solution, K, = [H*][OAC]/[HOAC] = x?/C, ,op. — X
[H'] =x=1.25x%x10*M, pH =3.90

Before the eq. pt.

10.00 mL 0.1 M NaOH is added, pH = pK, + log([OAc]/[[HOACc])
Note: [OAC]/[HOAc]#1:9 (> 1/9)

At Eq. Pt.
100.00 mL 0.1 M NaOH is added, the 200 mL solution contains 0.0005 M NaOAc.
[OH_]Z'KW
&= [OH?-K
[OACT], - =
[OH]

After the eq. pt.
200.00 mL 0.001 M NaOH is added, [OH"]=0.100/300=3.33 x 10 M, pH = 10.52



100 mL 0.001M HOACc is titrated with 0.001 M NaOH
14

8 L
I& = Equivalence J )
6 (== poiilf ¥ 0R5 RBP4
 Methyl red DH (& chsc 5 50 5 it
s - %HH- pK = 4.74
4 F
/ .
initial point 9 buffer region =>
pH=3.90 7 pKa + 1
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Titration curves for the acids of different acid strength

12.0
1.1

8.0
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@ Acid-Base Indicator j& d 75 7 #/
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bromothymol blue ;47 3 X




Crystal Violet
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Cresol Red

Thymol Blue

Erythrosin B

2 4-Dinitrophenaol

Bromphenol Blue

Methyl Qrange

Bromeresol Green

Methy! Red

Eriochrome® Black T

Bromeresol Purple

Alizarin

Bromthymol Blue

Phenol Red

m-Nitrophenol

o-Cresolphthalein

Phenolphthalein

Thymaolphthalein

Alizarin Yellow R

2 Trulemark CIBA GEIGY CORP.

Figure 8.8

The pH ranges shown are approximate. Specific transition ranges depend on the indicator solvent chosen.



@ Why does an indicator work? ji& 4 75 57 #/ ft Z

HIn < > H + I

pH = pRyin + log([In]/[HIn])
[In]/[HIn] = 10, pK,,, = pH +1
[In]/[HIn] = 0.1, pK,,,, = pH - 1

0.1 <[In]/[HIn] <10 >pK,, =pH(eq.pt) =1

HinpKy,, & & 5 28115 Fn » B\ &
BB T I E gL F s £ F f;ié
i £77fy 7 A
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CO
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acid form base form

phenolphthalein






@Titratiin a polyprotic acid % #&F T 7 F~+ j&

Excess OH

pH

i )
HAA | _f—-\___| HA | o g
el

Use K | HpA
-Pt

Volume of NaOH




& Solubility Equilibria 2 jZ % T

As acid-base chemistry, solubility is governed by the chemical
equilibria

P g R T G A

When an ionic solid dissolves in water, the solubility product
constant is defined according to the law of mass action.

B+ AT JEREFFFEKAG R T EE KX L H
Cal, Ca® )+ 2F oy Ky,=[Ca] [FT

Solubility is the amount (concentration) of a substance that

dissolves in a given volume of solvent at a given temparature.

P F TR JERE ELEBFELEEIFRY FIE o W F

g/100 g soln’ 2 HI#H & HER 2 7T

Solubility of ionic solids is influenced by common ion effect,

PH value, temparature, etc.
TAEF TR ER £ X AT 2 ~pHE ~ FRE FFHFH



@ Relative Solubilities 77 31,5 f# %
Example: Compare the solubilities for CuS, Ag,S, BI,S..

K, (25°C) solubility (M)
CaSO, 6.1x10> 7.2x1073
Cul 5.0x10-12 2.2x10°
Agl 1.5x10-%6 1.7x108
CuS 8.5x10% 9.2x10-23
Ag,S 1.6x104° 3.4x1017
Bi,S, 1.1x10°72 1.0x10°15

Agl— Ag* + I K, = [Ag*][I'],

the solubility of Agl is x, (x)? =1.5x101%, x = 1.2x108 M

Bi,S; — 2 Bi** + 3 5% K, = [Bi**]?[S#]°

the solubility of Bi,S; is x, (2x)?(3x)® = 1.1x10"3, x = 1.0x10-1>° M



& Common Ion Effect * F 22 2k
Example: Ag,CrO, in a 0.100 M AgNO,, [Ag*] =? [CrO,*] =7

Ag,CrO,— 2 Ag* + CrO,~ K, = [Ag*]?[CrO,~],

the solubility of Ag,CrO, is x, (2x)?(x) = 9.0x10%%, x = 1.3x104
[Ag*] = 2x = 2.6x10* M

[CrO,4] =x=1.3x10*M

Considering the common ion effect,

the solubility of Ag,CrO, Is x

[Ag*] = 2x + 0.100, [CrO ] = x,

(2x + 0.100)%(x) = 9.0x1012, x << 0.100, x = 9.0x10-10 M

[Ag*] =0.100 M

[CrO,4] =x=9.0x10-° M



