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OH __(aq)

Na,O(s) + H,O — 2Na*(aq) + 20H (aq)
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Bronsted-Lowry Acid-Base Reaction

Lone pairs

+
<!

A HCI H,O
(acid, H* donor) (base, H* acceptor)

NH, H,0 :
(base, H* acceptor) (acid, H* donor)
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Acidic Behavior of

the Hydrated AIP* lon
Electron
density Nearby
drawn H.O
toward agts &
AP base

Al( H20)63+ H,O AI(H20)50H2* H,O*
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,HPOF wHCO; (sNH,* (- Hy 0* (0 HOCI (Gl 3354 5

iy HOCl — H* + OCl (o) 25734

o)H, 0" — H* + H,O (4 E))}ljb.)

E) NH; — H* + NH3 (4! G,:}»,‘L)

3)HCO; — H* + C03'2 (W s 5b)

») HPO;2— H* + PO,? (1. ks 5L)
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Sty 450, (o NH(HS (B0 (CH (G gy 1
) H + H"— H, (3l 795 o)
) H,0 +H— H,; 0" (), g2 del)
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Acid + Base . "Base + Acid

Conjugate Pair
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Values of K, for Some Common Monoprotic Acids

Formula Name Value of K,
HSO, Hydrogen sulfate ion 1250107 &
HCIO, Chlorous acid 12 <107 o
HC,H,ClO, Monochloracetic acid 13510 Eﬂ
HF Hydrofluoric acid 7.2 %107 %
HNO, Nitrous acid 40%x107* |o
HC,H;0, Acetic acid 1.8 % 107 &
[AI(H,0)¢]°" Hydrated aluminum(III) ion 1.4%x107° |2
HOCI Hypochlorous acid 3.5 %10 %
HCN Hydrocyanic acid 2% 107" 2
NH," Ammonium ion 5.6 %10
HOCH; Phenol 16107




www.Prozheha.ir

Lé,'-’- ‘SLQ d)bﬁ' | ,-__'_,"'-'-‘A:‘.;;v-—

Values of Ki, for Some Common Weak Bases

Conjugate
Name Formula Acid K
Ammonia NH; NH,* 1.8%107°
Methylamine CH 3NH2 CH 3NI" 3+ 4,38 X | 0—4
Ethylamine C,HsNH, C,HNH;" 563107
Aniline C4HsNH, CeHsNH;* 3§t
Pyridine C5H5N C;F _;N o L /X] 0~9
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pPH of arterial blood
Normal pH range

—
_ Acidosis ! Alkalosis ‘

pH
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log ([H,O*][0OH"]) =log \/o¢ x Vo~
log[H, O] + log[OH™] = —\¥
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—Y,¥e° = log[H. O¥]
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K, > K; pH < 7 (acidic)
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‘5:9.: Lgl.b Joles

[H,0%] pH [OH"] pOH
The . /\ 1.0 x10-15 15.00 1.0x 10! —1.00 |
Relations O 1.0 x10714 14.00 1.0x 100 0.00
Among o 1.0 10718 13.00 1.0x 1071 1.00
[H307], @ Basic 10x10712 12.00 1.0 x 1072 2.00
pH, i 1.0 x10~ 11 11.00 1.0x 1073 3.00
—_ | —-10 -4
[OHT], = e
O X = : 0O x 3% :
and pOH 1.0 x 108 8.00 1.0x 1076 6.00
' NEUTRAL 1.0 X107 7.00 1.0x 107 7.00
1.0 x10°6 6.00 1.0x10°8 8.00
1.0 x10~5 5.00 1.0x10°° 9.00
1.0 x10™4 4.00 1.0x107'0  10.00
. 1.0 x10~3 3.00 1.0x107'7  11.00
ACIDIC 1.0 x1072 2.00 1.0x107'2 12.00
1.0 %101 100  1.0x107'®  13.00
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POH = 14 - 7.15 = 6.85 . [OH] = 1.41 x 107

N,H,+ HO — N,H* + OH . K, = 9.8x 10

0.1 ? 1.41x 107

k < INJHE] [OH] oo 107 _ [141 x 107 [N, H']

’ [N.H] [0.1]
= [N,H*] = 0.695M
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PH+pOH=14>pOH=14-9.5=4.5 JOH ] = 10*° = 3.1622x 10’}

NH, + H,0 — NH,* + OH'
_ [NH/'] [OH]

_ [3.1622x 10] [NH,']
b [NH,] [NH ]

> 1.8x 1073 =

[NH]

INH] = 0.56
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0.035 M 3 3ns 100 ml &, NaNO,, =y i vy de 332 0.010 53555\ b _J yloms
T00 ml s olgs g oS cpl 20 b ol 0t g HNO; 2 5 2
-L_-Ss._JL..:- ‘JHNOZ Bl ot (&J} J)l:u'PH (ol

HNO, — H* + NO, (Ka = 4.5 x 10

HNO, -1l = 0.035 M . PKa = -log (4.5x 10%)=3.346
NO, e =22 _ o1 Mm
0‘1
NO; 0.1
PH = + log NO2_ o PH = 3.346 + 1
H = PKa + i8¢ gno, = 3.3 %% 0.035

PH = 38 .[H*] = 1038 = 1.585 < 10

-4
i e s = 1'5350’;;0 x 100 = 0.46 %

www.Prozheha.ir

g



éj‘ﬁ%@ﬁﬁ“ V=9

NaCH_COO(cr) — Na%*(aq) + CH,COO™ (aq)

H O(1) + CH_COOH(l) = H_O%(aq) + CH . COO™ (aq)
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HC2H302'§=_‘-—- H+ + CzHaO;
010 M "M 0.15M

[H*][C,H,0;]
[HC,H,0,]

_ [H*](0.15)
~ (0.10)

[H']=12x 10" M

18 x 1073 =
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W

. w 0.020 mol NH .
? mol NHY = 1000mL J e (—55 — ) = 0.20mol NH}

0.15 M 0.20 M *M
_s _ [NHIJ[OH ]
1.8 x 10 ONH.]
(0.20)[OH ]
(0.15)

[OH"] = 1.4 x 10°° M




- —

www.Prozheha.ir

9 s Joles

- -

s dia gl Y-

-~

owigs B 0Jgsxd 031 Sol Gl €S Conl (Sl (P95 1 35 sl So

H, SO, (1) + H,0(1) — H_O*(aq) + HSO; (aq)

HSO; (aq) + H,O(1) = H O™ (aq) + SO¢~ (aq)

')3':'(}" [ L,oL..:Lb
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H3PO, (o + H O - "~ HaPOy g + H3O0%

H,PO4 g + HoOpy +F—— = HPO ) + H307

HP042'(aq) + HyO) G PO 43-(aq) + H3;0% g

H PO, (o + 3 HOp - PO, + 3 HyO' g



H_ PO, (cr) + H O(1) = H_O%*(aq) + H PO{ (aq)

H PO; (aq) + H . O(1) = H_ O%*(aq) + HPO{ (aq)

HPO; (aq) + H O() = H_O%(aq) + PO}~ (aq)

¢ > o B YD 2D dIWgr Sl ¢ oo J=lo Jl SO 2 )0

338 g0 Sz K
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Stepwise Dissociation Constants for Several Common Polyprotic Acids

Name Formula K. K, K
Phosphoric acid H;PO, 7% 1072 621072 A8 x10%
Arsenic acid H;AsOy4 §x 10 A liEs: 6¢10-
Carbonic acid* H,CO; 4.3x1077 4.8x10™"

Sulfuric acid H,S0,4 Large 1.2 % 1072
Sulfurous acid H,S0; L5l T0% 107"
Hydrosulfuric acid®  H,S 1.0:% 1077 ~10""

Oxalic acid H,C,0; 6.5% 107 B1x107
Ascorbic acid H,CcHOs 7.9%x107° 1.6X% 1072

(vitamin C)

*This is really CO;(aq).

"The K,, value for H,S is quite uncertain. Its small size makes it very difficult to measure.
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10 20 30 40 S50 60 70 80 90 100
(mL) c&.ﬁo:,}ih)\--”NaOHrq-r

OJ\OOMNCOH QOJ‘OOMHG j'ab)OmL d);}:_;

B9 20 (59 Slge jl ¢ Ogaml i >
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Volume of NaOH

added (mL) pH
00.00 1.00
10.00 1.22
20.00 1.48
30.00 1.85
35.00 2.18
39.00 2.89
39.50 3.20
39.75 3.50
39.90 3.90
39.95 4.20
39.99 4.90
[ 40.00 7.00
40.01 9.40
40.05 9.80
40.10 10.40
40.25 10.50
40.50 10.79
41.00 11.09
45.00 11.76
50.00 12.05
60.00 12.30
70.00 12.43
80.00 12.52

144
12

10~
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Titration of 40.00 mL of 0.1000 M HCI
with 0.1000 M NaOH

-

Phenolphthalein

' "a

pH = 7.00 at
equivalence point

{ =
}

Methyl red

1 | 1

I
10 20 30 4

()

1
50 60 70 80

Volume of NaOH added (mL)
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\ Titration of 40.00 mL of 0.1000 M HPr
| with 0.1000 M NaOH

)'39-0-:’ 12 A B
09‘,‘,‘” ' )':‘,*,:; 10— Phenolph;halein
W -FUTV_ VOW) By & ~ \
o -

pH = 8.80 at
equivalence point

Methyl red

Strong acid-strong base curve

0 | T | T T T T \
10 20 30 40 50 60 70 80

Volume of NaOH added (mL)
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Titration of 40.00 mL of 0.1000 M NH3;
with 0.1000 M HCI

14 —
12— [NH,] = [NH,*]
J l )9-0-; 10 — Phenolphthalein
| —— = =1"8gion /
U,'.‘.‘” P e = 8 ‘\
9 (590 Sl 6- Te T
. . ).b il T ——— Methyl red
- ) Ph = 5.27 at ( \
> equivalence 5
point
0 r

| i I 1 1 1

|
10 20 30 40 50 60 70 80
Volume of HCI added (mL)
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T:lig'ation of 40.00 mL of 0.1000 M H,SO,; with 0.1000 M NaOH

pH = 9.86
12 4 at second
equivalence
i point
- — 2—
PKop=7.19—_8 7 e !
E- ~~~~~~~~~~~~~~~~~~~~~~~~ X (eg‘on
6 s
[H,SO,] =[HSO,]
i PH =4.25
at first
equivalence
2 z oint
PKar =1 85/ Buffer ea\0" i
0 : | . . . T T T . |
20 40 60 80 100

Volume of NaOH added (mL)
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AgBr(cr) = Ag*(aq) + Br~(aq)

t )l Sl O )lue oot ol Il cub

_ [Ag™][Br]
Keq ~ [AgB]
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[Ag™][Br~][AgBi]
[AgBr]

K. [AgBr = [Ag*|[Br"]

K e [AgBr] =

3332 ol ol L ol ol Keq [AgBr] o>
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1 mol AgCl
9 -
? mol AgCl = 0.00188 g AgCI(143 > AgCl)

= 1.31 x 10~ % mol AgCl

A S s vmol CI7 5 Y mol Ag® ceus > AgCl Jge a i,

::.’&L’A L.S_—y_ -

AgCl(s) == Ag* - Cl™
1.31 x 1073 M 131 x 10°° M

Ksp

[Ag*][C17]
(1.31 x 10~3%)?
1.7 x 10~1°
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Mg(OH),(s) == Mg?* + 20H~ Kg = [Mg?*][OH"}? “
Bi,Sy(s) == 2Bi** + 382~ Kg = [Bi**]*[S* ] “

Hg,Cly(s) == Hg3* + 2C1~  Kg = [Hg3*][CI"}
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Ag,CrO (s) = 2Ag* + CrOg”
278 x 10°5M 78 x 107 M

= [Ag*]*[CrOZ” ]
= (1.56 x 1074)*7.8 x 107%)
= 1.9 X 10-‘2'
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:t"-’-)-‘-fg,r‘ CaF, u"&" SnddAsl L i, hhx

CaF ,(s) Ca?** + 2F~
x 2x
Ksp = [Ca2*J[F~]* = 39 x 10~}
x(2x)? = 3.9 x 10~ 1!
4x% = 39 x 10~ !
x =21 %x 107* M
A
[Ca2*] = x = 2.1 x 10”* M
[FT]=2x =42 x 107* M
2.1 x 10™“* mol CaF, 78 g CaF,
2 s
B Caly = 100 mk H,o( 1000 mL H,O )(1 mol CaF,

1.6 x 10~ 3 g CaF,
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REDUCTION
OXIDATION J‘/’V
0 +1 +2 0

Ca (s) + H* (aq) — Ca** (aq) + H, (g)

OXIDATION
REDUCTION | '

+1 0 0 +1
H,0 (I) + Na (s) — H, (g) + Na™ (aq) + OH" (aq) ,,

g
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Graphite or
titanium crucible

Graphite

Pellet of TiO,

oxidation compartment reduction compartment
Zn—Zn' + 2e Cu'' +2¢ —Cu

net redox reaction: Zn + Cu?*— Zn?' + Cu
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Molten NaCl (A 9301

Observe the reactions at the electrodes

--+

Cl, (g) escapes

Na () ——

NaCl (1)
electrode electrode
half-cell half-cell

Na* + e > Na 2ClI-> Cl, + 2e
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Mol’ren NaCl (s 9,30
At the microscopic level

e-

NaCl (1)

cations ahions
migrate migrate
toward toward
(-) (+)
electrode electrode

cathode anode

Na"‘ + e 9 Na ZCI_ 9 CIZ + 26—
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Graphite
anode

Molten mixture
of Al,O5 and
N a3AlF6

Graphite-lined
tank (cathode)

Bubbles of CO,
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Copper

(cathode)
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Salt bridge -
KCl in agar

e Provides conduction
b half-cells
Observe the etween half-ce
electrodes
to see what
IS occurrin

L

1.0 M CuSO, 1.0 M ZnSO,




What about half-cell s o Gfrrozena
reactions? sl

What about the sign
of the electrodes?

= Why?

anode half-cell
Zn > Zn*? + 2e-

A

cathode half-cell
Cut¢ + 2e- = Cu

Cu 7n
plates out What electrode
or happened erodes
deposits at each or
on electrode? dissolves
electrode

1.0 M CuSO, 1.0 M ZnSO,
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[nsulator

Graphite rod
(cathode)

MnO, and carbon black paste

NH,Cl and ZnCl, paste
(electrolyte)

Zinc metal can
(anode)
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=T Pb(s)+H804_(aq) —> PbSO, (s) + H+(aq)+ 2e

as S, PBO2 (s)+HSO4_(aq}+3H+(aq)+2e——--—-> PbSO4 (s)+2H20( D

Pb (s)+2b0, (s) +2H+(aq)+2ns04'(aq) ——> 2PbS0, (s)+2H,0(1 )
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| (electrolyte)

Lead grid packed
with PbO, (cathode)

Lead grid packed with
spongy lead (anode)
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<— H, gas at 1 atm
w i % : A
Wb U Gy R U L @) 9,02 59,0
Olgle ¢ Rog T Wlgie 4 2 59i (0 cuis
,;l}/u,o e ,u"U/
2e + 2H* (1 M) —/ H, (1 atm)

Pt electrode

EC=0.000 V
IM HCI

Standard hydrogen electrode (SHE)




Voltmete Wﬁﬂ, |

1M H*
. - Salt bridge 1 Atm H

| (anode) ? NOS

jﬁ:‘ ~<— H,(g) (1 atm)
NO,”
4 |~ Standard hydrogen
electrode (cathode)
(1
Zn(s) —> Zn**(ag) +2 ¢~ 2H*(ag) +2 e~ —> Hy(Q)

Zn +2H* — H,+2Zn?* E°cell = 0.76V
2H* + 2e- — H, E°=0V

Zn — Zn%* + 2e- E°=0.76 V

Zn?t + 2e-—2Zn E°=-0.76 V



Voltmeter ) .
<" @ - Wﬁﬂ"

034V

+
| Salt bridge 1 M H
Copper -
| (ca(tlfg(:;) Na* NO, ? 1 Atm H
| jﬁ: ~— Hy(g) (1 atm)
1 M Cu?* :
|~ Standard hydrogen
b electrode (anode)

Cu®*(ag) +2 e —> Cu(s) H,(g) —> 2H*(ag) +2 e

H, + Cu2* —» Cu +2H* E° =0.34
H, —2H"+2e- E° = 0Volts
Cu?t+2e-— Cu E° =0.34 Volts
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[Fe**]
[Fe3¥]

MnO, + Se + 8 HY s——* Mn?* + 4H,0

2+
E=E° — + 7 0AY log [N.[-n ]
" [MnO; ] (H*JA

AgCI(s) + e —> Ag(s) + c- E=E'- ._% log [ClT
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Ni | Ni%* (0.01M) || a1 (02M) | CL(1atm) | Pt

|

o LT 39,2 el 15 03,28 o 5 g NiT*/Ni 59 21 s 20 LS
jliJLrﬁdﬁ'u:;sl_,réJé.C“’ F
Ni—> Ni?* + 22 EF= +025V |||

2 +C,—>2C £ F +136V g

Sl 215 Sy g0 4 Jo R ET S STl |||

Ni+Cl2—bNi2++2Cl" E° =4+161V
o |
2 .2+ ]}
E - EO _ 0.0592 10‘ [Cl.] [Nl ]
2 (T, ]
_ 0.0592 (0.2)2 (0.01)
€ =+ 161 == log ( o .

£ = + 1.61 - 0.0296 log (0.0004) m
E=+161+010=+ 171V
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sn | sn®* (1.0M) || Pb2* (0.001M) | Pb

szl glas g =S dlsy i 31 Olyi e b 5 slaesls
:a,_,-f e 3 dt

Sn — Sn2* + 2¢” E% = + 0136V

2¢” + Pb?* —= Pb ES & -0126V

:wlw;,l&bl&&,:u:;fbﬁ.;j&lq
“S$n + Pb2t — sp?* + Pb E° = + 0010V

shlouoa'auﬁuu&u)élsg,:)ykf‘&‘s&

E= £° _ 00592 [Sn?
2 [Pb2+])
0.0592

E=  +0.010 - > log(ooolo

E=  + 0.010 - 0.0296 (3)

= + 0.010 - 0.089 = 0.079V
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A7 Water droplet
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2/> Fe3* \

Anode region \’\/\_/4 Cathode region

Fe —> Fe?*+ 2" O,+4H*+4e” —> 2H,0
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