Equilibria in Acid-Base solutions
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14.1 Buffers( )

(HB) (BY)
+ . [HB] - Nig H*][B
= - =K 0B .. :[ 1[B]
[H ] Ka [B-] a n - Ka [HB]

HB(ag) +OH (ag) ® B (aq)+H.,O

B (ag)+ H " (ag) ® HB(aq)
H*, OH- pH

[B]

? H = pKa+log,,-——-
pH ~ P P glo[HB]
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HB(ag) + OH<(ag) - H,O+B(aq)

—

B-(aq) + H'(ag) -~ HB(ag)

H*  OH-
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AcC 0.200 +0.020
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oH = 4.82, pH = 4.74
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buffer Capacity (
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14.2 Acid-Base Indicator s(

HIn
[HIn] [H']
(Il = K,
[HIn]
[In] : [H]
bromthymol blue (K, = 10-7) , Hin , In-

— pH<6 ;[HIn] >10[In] ;yelow
— pH>8 ;[HIn] <0.1][In7] ; blue
— pH=7;[HInl=[In] ;green

,10,0.1,1
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Acid-Base I ndicators

Color of | Color of In- K, pH at End
Hin Point
Methyl Red Red Yellow 1x10° 5
Bromthymol Blue | Yéelow Blue 1x107 7
Phenolphthalein | Colorless Pink 1x102 9
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14.3 Acid-Base Titration( -
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H*(aq) + OH (aq) - H,O

K=1/Ky,=10" 104

) HCl + NaOH -
H,0*(aq) + OH-(aq) + Cl"(ag) + Na*(ag) -  2H,07(l) + + Cl*(aq) + Na*(aq)

_— -0
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) Titration of HCI| with NaOH

14
12
||I!-
10 i'
PP
8 Equivalence |
- point BJB
o (Neutral |
6 pH) ;
g pH =7
4 f
2 /
o 25 50 75 100

mL NaOH added
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H*(ag) + A(aq) . HA(aq)
K=1/ (K, of HA)

oo+ ) ' HCl + NaHCO,

HCOp (ag) + HaO(8) == HaC05(ag) + OH {aq) K= 24 = 1078

1
5 CH™ (ag) — 2 HaOl8 K =—— = 10= 10
H O+ HyO%ag) + Ly 2OLE) K

H=0-H HCOy (aq) + HyO%(ag) == Ha0(2) + HaCOzlad) Koot = Ky LKW = 2.4 % 106
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pH

14

12

) Titration of NH; (1.0 M) and HCI (1.0 M)

10 [\

PP

B
=

Equivalence _
point MR

(Acidic
pPH)

1.0M NH, 50mL (K,=1.8" 10%)
[OH] = (1.8 10%)¥2=4.2" 103M :
pOH =238 pH=11.62

(25 mL HCI )
'pH = pKa ([NH;] =[NH,*]) =925

0.5M NH,*

[H] = (05" 56  101)12=17" 105M
pH=4.77

25 50 75
mL HCI added

100 °® pH <7
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) Titration of HC,H;0, with NaOH

14

0.10 M HA —
12
[H]=(1" 10%Y2=1"10%; pH=3.0 /
10 Equivalence
pot__plp
8 pH) :§
[HA]=[A] ;[H]=1"10% ; pH=50 & 52
. | .
B-»-0.10M; [OH]?=1"10%9;pH =9.0 =
- pH >/ ° 25rnL NaOSI-? added e 190
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OK
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HA(ag) + OH-(aq) = H.,O + A~(aq) K=1/K,

K=1" 105 K,=1" 10°  ,K=1" 10°

oW ) : OH + H,PO,

H - 0: I H POy~ (ag) + HpO08) = HyOtaq) + HPO42 (ag) K, = 62= 1079
¥ ¥ 0 .
te HaOt(a) + OH (acg) — 2 HaO(£) K= LKW = 1.0 = 10
H H POy~ lag) + OH {agq) == H00£) + HPO, (aq) Fret = K- LKW = 5.2 x 10°
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Take Home Exam.

1. pH=10.50 . |

2. 01M, NH, 50mL 0.1M HCI

pH
HCI 25 mL pH
pH
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) pH 7.00

e Step 2:

pH 7.00

e Step 3::
H,PO,-

H,PO,~, HPO,2 (K,=6.2" 109

B- [H*]
!
[H,PO,] 1.0° 107 o
- pH = pKa+log,,——
[HPO,*] 6.2° 10%
= =16
100mL  0.100 M HPO,* 0.100 M
160 mL

[

[H
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