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&l ot Le 4L (agen Bae (e made Alla (B L) Wlla g Al 3l O o
2400 8y 3 L) Uyl ) el Jlexind pe ¢l Bae (0 mape Ala

O ¢Sl

P , o
Uadl) kil die aadl) i ikl
slake (el CulS Ll . Lgahat ie Lgie ypa 2 SO4(g) Sl dpla lan spia il dlall o
OsSiny wedll 138 & SO, (g) Sle Jad) (pially gpall (o SN Gl Leamie gadll (go 4885 Ay
tH,SO, )il (aes

S0, (g) + H,0(1) = H,S0,(aq)

PelSil ieads aeall e pall 5HAL Aanadl) 23ad) fasiy ccpanll a5 CupSll aea huid

Aadagl amia Gulad g (e .6.01
Gis Ll e (meall 1 Jelin L HpA dadagl) 6 (mesd Uil Yolae 23l
sl Cpslaiall cplsill

(1) H,A + H,0
2) HA™ + H,0

HA™ +H,0" K

Al
A +H,O" K,

=
=
KAy — PEap o 3 ge 2l Qs lignn A (menll (S Lovie =
PH dad Clus g llhyg oIV sl e juaids of 5 2 e LS

Ailgll s paes s ) Jladl
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Ll ol 33T g €2 e sial Py — PRy QA 0sS Lesie @
Wlae ) Jseaglly Jslaall el Qe salal) Lalins) Y alas i
S mes Ala 8 sl clahise (5) JSEN jela) LA dsjall (g
pKy =18 «pK, =15) Wl e HPO, sl
Ll 33e H,P,0, saeal) of Lads (pKy, = 8.2 pK, = 6.0
o OS5 sl pa pmeall Jelis (o b min ¥ Jslaall pH ded ¢
pH = 1.4 & axi Aslad) Jays . Lad Ll o H,P,0; Jelss

Ol (& aal Jolaall pH 4ad Cluay maan dalee Hlat dgay 0 ®
s iy PRy Al ge e Llias Gl o)l 35 dai J5¥) ()3l
Y o lamaa Ly o8 Ja ¢ elld

Sixia ameal) Allal dglie Ayl Allad) b Akl 2axie (elol s 3 o
2,400 5 8 Leal) Uyl clglanll Jlasiad ae ddylasl)

1.0 x 107?mol /L 35 g5l amsl S5 e Jle Jslae pH dad a3a
'pKAQ = 103_5 pKA1 =64 &

(3) CO, +2H,0 = H,0" + HCO;
(4) HCO; + H,0 = H,0" + CO3~
t S5 ) Sy 13 g0ma £l e alelig lies Loaes COy iiny
JCOyl=c—h~c 3 [H;0"] = [HCO3] = h

1 3
-pH =5 (PKay +pe) = 4.2 1l & & g
s Tl o3 s
[CO3™] _ Kar _ g0n
[HCO3 | h

Lol Jege (4) Jetial ¢ ol
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2 4 6 8 10 12 14

] piaan Qyia 71T

clall (IS Sikal) &) L ASLaY) vie ¢ ooy 3850 NaHA el Lole Yolae 22l
Alalaall pumdy
NaHA(s) — Na® + HA™
HA~ /AQ— CJ)M ‘f U e (5% AN Sl Luhni—’lém L.A.\.S:}A HA_)I;:_}
Gy clls 8 4 HA™ day 16y JHoA/HA™ 2530 8 obd s goms

K 5 KY (KD g

(1) 2HA” =2 H,A+ 4>  K)=K,,/K,,

(2) HA™ +H,0 = 4> +H,0" :K)=K,,
(3) HA +HO=HA+OH :K)=K,; =K, /K,

Jelidl 25 a5y K9 os K9 e DS ST KT 05 gliall) e i3S 3
Jstad) pH Gais 53 sas all Jelaill a (1)
Pl LS Ky - Ky slaad) (i€ L [HA] = [A77] i ale el
h-[A*"] h-[HA"] RB*-[A*"]
[HAT]  [HA] — [HA]

Kpo-Kp =

Kpy - Ky = h? 1 & i g
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.PH == (pKpx; +pKyo)

N | —

Jstaall 585 sl ¥ Jolaall pH & Allall o3 3 1aad o

Gy Al gl S mes syplae oW JY) 58S die Load A5 ADA 0 e
T3 On o e Adsall (goluia midel PH Aad avas Levie A80all o385
K p Amses Gl mg3 e el o Ky Aases cully

Sleead) 3 32l Jall (s alll Jeliil sa (1) Jelil Led o Y l Ala) 3 o
Juani Sl ey salal) Jalins) Jayd AUy L iy B el Laa
Sl Jsladdl pH o Gley Allall oda g A 8 40l dapll e dlales e

lignS) 5T ansonel) 3aa asdsal) lipnS e Jslae H daid 33
;5 We. ¢ = 0.10mol /L 585 (Aacaeall o gagual
.pKo(HCO3 /CO%) =103 5 pK,(CO,/HCO3) = 6.4
Jal)
Ll Al cle il gyt dpaslall agdpall Clis € e Jslas (e
;3 ul
(1) 2HCO; = CO, +CO3™ + HyO K = Ky /Ky = 10739
(2)HCO;3 + H,0 = CO3™ + H30" K9 =107103
(3)HCO3 + H,O0 = CO, + OH™ + H,0 K =10""F
PH (s i) g5 malll delall s (1) delill Gl bl culg o8 ) Shilly
1) ol - Jslaall

pH = = (pKa; +pKyz) = 8.35

N | —

PKY il iyl [CO37] 5 [COy ) aast gy
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[CO,] = [CO5 7] = (K7 - [HCO; )'/?
P o i s Cul el B Ly s e Wi (1) Jeldll oS W,
:4) a3 1%ay . [HCO3] = ¢
[CO,] = [CO37] = 1.1x 10 *mol /L
(2) odela oo IS 238 G gl .w < [CO, )5 h < [COZT] & (o (o
e clually Joge (3) 5

Ly Apaand) gifpall (any 811
Gibal) Al ey i paas (e e 1.8.11

Al s ¢ ALYl die 585 HA Guns paes e Wik Yoo 32l

HA/ A 2ol Lasaal)l culs Ky oSy ALyl xie ¢, 3850 A7 Gl
AU DA cDle iy, HA/ A™ zo30 aala

1) HA+A = A +HA K =1

(2) HA+H,O0= A +H;0" K=K,

3) A +H,0=HA+OH K =Ky=K,/K,

s (D) delal gl canldl ) dually goysa Ky Ky oWl 58 laxie o
AN S e e Y sas lesll 80381 Gy (o3 aal) mal Je il
pH = pKy +log 2 10 ey
C.

a
O ory Waiad aalgl) g Aadly hsa Gud Ky pagily ool sl ol 1)) o
Jsladl pH Glua 3 (2) 5 (1) ol glawal) b 32k

pKy = 1.3 iases by picy CHCL,COOH Jall )5S Al (caes ()
Jall S Al s e 10 ML zie (e 4de Joant Jslae pH 4ad 23s
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asmagall COA 58 S Jglas 0 30 mL g 2.0 x 1072 mol /L 385
1.0 x 1072 mol /L S5

Jall
Py Gmeall e OS1 ALY e 03N € 5 €, oSS
—2
¢ = X200 7 5 1 0-3mol/1,
40
)
¢ = 20X 1.£0>< 10 75 % 10 mol /L

t aai cmaly dela (1) V) Jelall §) s o1 13
pH =p K, —I—logc—b =1.5
C

a
ol aady eladl pe aleliiy g a0 JAl S I (haes (S
:o\.w;l_ \‘._?J:D.J.Ai (g 6pKA =1.3

t=01]50x10"3 — 7.5%x1073 _

50%x107 —h - 7.5x1073 + h h

$O aa sl 13 s Jlasiulyg
w. _ (15 107° +h)-h _ 1013
AT (5.0x1073 —h)

PH =24 & 05 h = 4.1x1077 mol/L  axy doleal) 038 Jas

A B8 e bl Crag i (aaa (e T 2,811

S5 L Jelase e 100mL zie oo 4de Jast Jslas pH 4ed 23l
ol allal) 8 e, 3SR S93Y) (aes (0 100mL & g,

¢, = 6.0x107?mol/L ¢¢, = 2.0x10?mol/L .a

¢, = ¢, =2.0x1072mol/L .b
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sy lle
pK,, = pK,(NH] / NH;) = 9.2
pK,, = pK,(HNO, /NO;) = 3.2
(AAE DH pe Jle (NH[ /NHy) 5 (HNO, /NO3) o s
Gl A 3l ligall Joa Hlla) cmi WS L Legia JSI DKy o e Talaie) olly
.HNO, 5 NH; sl Jladll )

ioa mabll Jeldll o
NH; + HNO, = NHf + NO;  K° = 10PKa—PKe) — 1 0% 106

il leall 8 0aal pasthadl pallall 3 Jelil) dlias ol a6 Jelil) 1

Al
.a
| NH, + HNO, = NH} + NO;
t=0]30x10"? 1.0x 1072 - -
t, |20x107? € 1.0x 1072 1.0x 1072

DES s Y oy o sagame sl go NOj 5 NHY 5 NHy g S cdlelis &)
Jellaa) (Sars dlaall dsileal) Ala)
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e NH] /NH; 73l 4biaVl Jsladll pH ded Clua dgguns (S

[NH;]
H=pKy +log——==95
pPH = pKas + % [N |
b
|NH3 + HNO, = NHf + NO3
t=0]1.0x10"2 1.0x 1072 - -
ty € 3 1.0x1072 1.0x10

[NH}] = [NO3 ] 5 [NH;] = [HNO,] bl 05 il gm0
103 Ky - Kpg = A2 elaall cuSyy
NH;]-[NOy - h*

] )
Bav- Koz = "Xy N0, ="

1
pH = §(PKA1 +pKyy) =62

sl Jslae (e 100mL g 0 ade Jdeass Jolas pH Zad oY) 23
Laie @lldy ¢f 35 asmpall cui Jolae g0 100mL o ¢f S5 asised)
¢, = 6.0x10"2mol/L 5 ¢, = 2.0 x 1072 mol /L

(il pH e e (NH /NH;) 5 (HNO, /NOz) O3l o
Jsladl ) gl ) sl Jom D) pnis Lagia IS PEy o o Talaie) el
.NO; s NH} Jf

HNO,
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ru il 33y asise¥) B Gp Jealall Jeliill sa malll Jelal o)
NH; + NO; = NH; + HNO, K° = 10PF2PKu) — 1 0% 107

D Gl 8 (e Jelill Aluas opnid Llan 350a0 Jelal) s & Jaadly

Al
| NH + NO; = NH; + HNO,
t=0]1.0x10"2 3.0x1072 — —
teq 1.0x1072 — 2 3.0x107%2 —z T T
Coll el sy
0 _ 2’ — 106
(0.010 — )(0.030 — )
(A aas K0 dadl ks 0.030 5 0.010 oyl d5,lek 1 Jlals
.2 = 1.7x107° mol /L
AL e g8 sladl pH Ao Ul
pH=pK,, + log% =pK,, + log%
PH = 6.45 10 aad bl Gaypaillyyg

:adasda

il W Y Lz clea s ccpag il aal Jleriuls Joladl pH el aaas (S
(0B 0 /2 5 ¢l /2 Pl g

pH=pK +logM—pK —HogL
T

[NO, | ¢y /2
pH=pK,, + log =pK,, +log
A2 [HNOQ] A2 T
5 23 o) Gl G @ i
/

c
pH =1/2(pK,, + pK,, + log—2) = 6.45
C,

a

& s (30 Jslaall pH Aad ala) 8 Akl o34 2
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¢ il o Agglall cilihial) g bl e ate il il

Capill Glpe o Ll iy clgaiinis Wiy sband) Calaiil cliapally cililiiall Wlie b Jasins
Selld ¢ lys Sl Lad palill goat g AT Cliliie pe iliagall 7 adey Cilypdas
Lglall il G s 8 e5% oo Ji Y 35 asseall CuylS cind e Uil Yolas Ciliagall 2
3S5 Adle dillae o (cos DAY Ciladaieg Miglly el Calat 8 lelexius ) GllS) palaal) e
Lol Uad o) LS (il ool Jelii cald Ll LilaadU Jidlaall o3a T Uikl ols . palidl) (e 5 — 10%
O3S oalaall o golal) caliial) we panall zie die 5a¥) @ly B obals Gaes diaaty U 8 leaes
sl I ansl Jaad ) aluad) 4580 LSl (e Alile

OCI™ + NH; — OH™ + NH,Cl ¥l 5 (salal

OCl™ + NH,Cl — OH™ + NHCIL, gl )8

OCl™ + NHCL, — OH™ + NCI, oY) 58 D5
O3S ol a3l LAkl dse¥) Gty oK Gl dadly awdn syl dadly il bl sl
O AL Load el 5le s ccalgl)

NH,Cl + NH, + OH™ — CI” + N,H, + H,0

dalide milje .3.8.11

585 sl Jslae e 20mL g e 4de Juast Jslae pH ded 23ai)
0.40mol/L 385 assall (3i€) wils Jsbas e 30mL 5 0.10mol/L
;3 Wle . 0.20mol /L 3853 oonssned (3655) e Jslae o 50mL
pK, (HS™/S*7) =13.0 «pK, (H,S/HS") =T.0
:Jall
e Talael (HS™/S*7) 5 (H,S/HS™) gmsill Jsils pH pms o g
G sl il Joa D) aaty bl oy gt ISy Legia S pKy o
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oanall Gn g gV s PR1 U1 zabll delil) & Laadls (Jslaall ) caipul
:OH™ &l V) Gy HoS of dslaall & o8

A
pH
OH“ 1
H,O
S \« 13 A
HS™
HS™ 7
H,0 H, S
0
H,O"
JsY1 ) Jelal

H,S+OH — HS +H,0 K" =10"""""%) = 10x107

ranall a0 Glall 4 paa] Jelall Aluas (il o6 Jelal) 1ag

| 1,8 + OH- - HS™ + H,0
t=0 |10.0x1072 2.0x1072 — —
t,,(PR1) | 8.0x107 5 2.0x1072

152 5 H,S o PR2 6 mall Jelidl (5yms clld any

H,S+ 8 = 2HS K = 10" % ") —1.0x10°
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13 HS

HS™ 7

N [m,s8

S b Je il

sl 56 laall AT Jelil) dluas (il Lol Jelal) 1 o Jaadly

| 1,8 + = 2HS"
t=0 |8.0x102 12.0 x 1072 2.0x 1072
t,,(PR2) | € 4.0 x 1072 18.0 x 1072

& G - (PKp, = pK, — DK, = 1.0) i L Ll sl sl 50

PR3 il malll Jelill JKay g5 Slage pad elall a lle s Bla

Ea + H,0 = HS + OH-
t=0 |4.0x10? 18.0 x 1072 —
t,,(PR3) | 40x107% —w 18.0x107% 4+ w w

25 ans Jelal) culh Jlestinly

=1.0x107"

k. _ (180x 1072 4+ w)-w
B (4.0x1072 — w)

pH =121 ¢l .w =1.4x10"2mol/L : & a3 4k
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ka

on /~ |;\

H,0

9—
> 13

v

B all) Je il

HS™

gl Ay A Walingl ) Al avens (S 43 ) 3)LEY) skl e QiR
A e AT gl e Gl

LL]
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ylig 145

XS

s pubaly 598 (aaa Jdlas pH Z 1 z
«Cy =1.0x10""mol/L«C; = 1.0 x 1073 mol /L

.C5 = 1.0x107? mol /L
Aa 0 die psdpall My Hna e Jslae Ala 3 4nss Galed) Jlsad) aas 2
Agald 2alu) 3050 a1 25°C sy)all

i Gaaal Jlath daleag pH Y[ 2 1<
«C; = 0.10mol/L (a

«Cy, =1.0x10*mol/L (b
.Cy =1.0x10°mol/L  (c

Bl L AgLd) S eyl 6 HNOy 53Y) aeald Jladll Jalas caal .2
.pK,(HNO, / NO;) = 3.2 it

i Gubel 435l Jalaas pH Y [ 3 1<
Nl 4 C 385 (CHy)oNH o) Jise S Jslas pH a1
A e
«C; = 0.10mol/L (a

«Cy, =1.0x10*mol/L (b
.Cy =1.0x10"mol/L  (c

Soitind 1ke L AGL EDEN cV A cpeY) Qe S A5 Jalae ol 2
'pKA((CHi%)QNH; /(CH3)2NH) =11.0
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i (aaa — g Gaes e Z 4

08 3SR Wl 8 paes diae 00 V) = 40.0mL ge
Jall sl AU (mea Jslae (e Vo = 60.0mL 5 ¢} = 0.10mol /L
gl e S &g 0y = 0.10mol/L 385 CHCL,COOH
todllall 8 S Jolad) pH 4ad caual .1
.CHCL,COOH Jall 58 Al jaes lgady Al cligig ) Jlalsa
oLl 5K men lgasty il lisigyll Jlaals b
.S Jslaall idall pH dad caneal .2
Bl .2 Alall a5 b1 Alall b Jall 5K Al paes Jad Jelea caal .3
.p K, (CHCL,COOH / CHCLCOO ) = 1.3 :cilusal

M jaga i )] 5

HCOOH Jaill (aes 30 1y Wl 40aS Jay 250mL 4eans Yol jians

& Jsladd) pH dad aws) .CgHgOp el Sul) (aes (e 1y Ly 43S
sagdull eyl

.y = 2.0x10"*mol 5 n; = 4.0 x10"%mol .a

.ny = 4.0x10"2mol 5 n; = 2.0 x10"2mol .b

.ny = 4.0x107%2mol 5 n; = 2.0 x 10 *mol .c
pKAl(HCOOH/HCOO_) = 3.75 :cldaal)
pK,, (CeHgOs/CeH,Of ) = 4.05
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L uad gilie Z

od Sy NoHy  owbaed dslse 0 V3 =20.0mL e
NH; olall Jose e Vo = 30.0mL 5 «C; = 8.0 x 1072 mol /L
.Cy =1.0x107 2 mol /L3S

Jsladdl 138 pH dad cwa) L1

NoHy 5 NHy sNoHy 5 NHy 5815 ol 2

pK,(N,H /N,H,) = 8.5 «pK,(NH} /NH,) = 9.2 :clduall

Zadigl) 3astal) pagast) pH ) |

U ey 4 O S5 HoSeOy pspihiddl (ass Jolae pH el
FA|

«C; = 0.10mol/L (a

«Cy, =1.0x10*mol/L (b

.Cy =1.0x10"°mol/L (¢
-pK, =83 (pK, =2.6 b

IS aaa Jillas Y |

6 L&Y (e (0 O) = 0.10mol/L o385 Jslae pH dad 2a4l .1
H,C,0, ixpal

Gl A GV Gaea Jolas ge V) = 20.0mL 2028 aas ) Canas 2
32555 e pall Jidas e V, = 5.0mL 208 laa < C) 23853
.Cy = 0.20mol/L
S Jsladll pH ded sl 2
Aell cllag ) dagll 2é b

pK, =43 pK, =12 LILSH jae i)
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haall gl Jllas pH Y |

9

:1.0x 1072 mol /L SIal <y 4t Jdlaall pH 4a aaf

.pK,(Cu*"/Cu(OH)") = 7.00 (1) Lwladll il .1

.pK, (A" JAI(OH)*") = 4.95 casiad¥) 5K 2
.pK, (Zn*" /Zn(OH)™) = 9.60 celiigil) 3
.pK, (Fe*" /Fe(OH)") = 8.45 ¢(I1) aall 5 4
.pK, (Fe* /Fe(OH)*") = 2.15 (IIT) sl 9 5

sl K6

assisally sl Llsd s pH ) |

10

astisayl Cliugd umgam e 0.100mol/L 385 Jslae pH caual .1
.Na(NH,)HPO, asnpall;

(NH,)3PO, ps5a¥) Ciling e Jslae Alla 8 4nss Gilull Jlgad) 2.2

Cleall sall cre Noa 71 Laynd 40aS aaad 50 a V) Jelaall 1) Canas 3
aaaa Jolae s 4 0 awal 195 Lysbue Jsladdl DH dad ol Cumy
1L

:H3PO, stussill Gaea .pK, = 9.2:NH|/NHj zs3 :cibanal

-pK, =12.1pK, =72 pK, =215

(1) bl pH )|

"

(Jal) Gmes (1o Nsa 0.30 pmy 1L 4asss Sle Jolae pH das s
CDA e Yse 0.20 5 cpsanilisdl 2l o Ysa 0.05 5 caseall e Yse 0.20
252 el

:ibibaral)

.pK,(CH,COOH / CH,COO™) = 4.75

.pK,(HCN / CN™) = 9.30
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(2) el pH )|

Ny s HE sl Giaes (e Ysa 1y Uy 30 2003 1.00 L 4ana Yslaa jlans
.CH;COONa agisall <DA (0 Ysa
Aejls i ddag Aaill) Aland) Aabed) (iS) 1
agal) S eV 4 Jelsall pH a2
.ng = 0.40mol 5 n; = 0.20mol .a
.1y = 0.30mol 5 n; = 0.30mol .b
.ng = 0.20mol 5 n; = 0.40mol .c
AN ZEIN(]
.pK, (CH,COOH / CH,CO0") = 4.75
.pK,(HF /F~) = 3.20

clailad) pH Y |

13

aile 2imy (A) JsY 1.0 x 1072 mol /L 3aS 5y agie IS - ¥la e Ll
clsladl cpia (e BRI NS agageall aile 2cay (B) Sl <)
HE) (D) «(C) dhlae 25 jlans

«(B) & 50mL 5 (A) e 100mL :(C) Jsiadl

(B) (s 100mL 5 (A) e 100mL : (D) Jslaal)

.(B) &= 100mL 5 (A) e 50mL :(E) Jsladl

sl Qe pH 3 caseal

rlanall

ry

-pK, (HS™ /S*7) =13.0 5 pK, (H,S/HS") =70
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bl s omes 3ylan 1.1
@ bl g aen Bplae 2.1
@8 bl G aas 5ylae 3
G ey Cuna (ulud sylae 4]
dada ) 0daia (aes Byl 5.0
4 sal) Jllaal) T
abd 101
s 2,11
A dad Coatiio Adas Hlsa A Adgall 0l 31T
Gl anlly Lines 2umy Jsladd 48 5al) 5080 41T
4 gal) Jallaal) il (511
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L) daaall cfplaall T

L eaiios S15 cculpitall 3 A 8y gy Al ) Dpimaall Gl plaal) b
:V sbeal) Jalall paag Jaug UpH g dagyd al) ccildla ) ey alay) e
-pH = f(V)

ol g Gaaa Bylea (1.1
iy pd 1.1

) Cmenll 138 Jolaal S5 S5 st (A (] ) (oman slaa Byilae
(o)
Ladyo e aaind Al Gl Lgia . apmin WSl S5l aaail Bilyh 3ae aag
s oaia osl i Jleninls 5l pH (abies L) il @lldy cdavsll pH s
.guu PESVEN
Lmsas Syl Guld [paes ) (0 Gl Gaes 4 Hin sl el ()
Tl b I 5 HIn qad sty oliiste ol ol ial) e ll 06 Samy Ky
Ladie pumeal) aigd 32h Jaidall of Jiins o WiSays - Jslaall o) i Jlaall pH
oo PH 2y Ladie bl o) il 32l cpa L4 4pH < PK, —1 .0

(1) <l pK, +1

Hin o -

pPK,
| s
| |
pK, -1 pK

i

L) L) All) paiiall 1 (1) JS

tleie OO sl st N o s Al pmand) i) (any Jsan b Lads
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=il 0.1-20 el (O Osl) VL e
sl 1.9-33 eal (V1 ded) R ol i
el 3.1-44 sl el
@) 3.0-46 il Jsisisassdl 33l
dn 3.7 5.2 Shal (O dsdl) S ) el
a)l  3.8—54 ] J33eS sl yuadl]
Jhal 4.2 -6.2 yeal Jisall yaa]
&yl 6.0-76 il Jsafisas ) 3
sl 72838 il ISl aal
w») 8.2-10.0 Csll) e ol Jgadl)
Jaal 10.0 —12.0 e (S ) S Gl e
edn 10.1-12.1 Sial (S dsd) R ouba) il
Ol me 11,5 —13.2 mal (P dsadl) iV
Jal 11.6 —14.0 Gl ijah AL

bl )= puanal) sl 2,11
liasall Aslaall O (gslSH 3gealls HA 2idasl) sing (mes (o Jolae Bulaa Jalid =
1ot Bulaall Jelal
HA+OH — A~ +H,0
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cc = 0.05mol/L «(ysalll [aea 3ylea 5Slan 1 (15) Jall

0‘.5 1.0 1.15 2.0 2‘.5 3.0
.c = 0.06mol/L «culign &l 5,Li 3ylxae 3\Slaa 1 (16) Sl
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sy L) Jemiy @135 25°C Spdall sy ie pH = 7.4 xie -Gys
.CO, /HCO3 5 Hy,PO; /HPO%
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PN

adll b Asall ol

L ool U A1 B g ol 3 JBsall Jolaadl s sl 3 jlans (5e sl on Gl pal aal
S A A s sl S e A alaty ) a3 sl pH @yt deglie e aall asall

& ek ) asispued) Blsd AueS (it o ad) Giyh el PH adat 3 QLK) agadiy . lgie 7535
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iy a3 2,11

rxie Taa Sim Tt V) slaadl aa pH Ly o113 G50 S e Jolad 00585
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D dapall (e § A85e 558 (350 slaa ISy
5= |4%) - |4%
dpH dpH

A Gl ) gl ameall 35 e il e la dCy 5 dC, s
ol pH ad b dpH oy 1 oy g g3

Bl § G hadiy Adled ST sl Joladl (IS 508 3 dad calS LS,
Pl oilla 8 B a3adl sl el Lulad] ff duaeall ¢ 1590

Bl Lo Ciaaile A5 Jlsa b Asall 5,80 311

& LIS 5t Y bl 138 pH G sy i el Chmin (mes byles e
-pPH = pK, s

pH bt aad ) 4Dl 38 cmabll amgll Jeliil s sypledd) Jelis oIS 1308
p o Caliaall (geil) Gl paa ae Jasll 138

X

pH = pK, +log
1—2x

apall) gsill Gl AiLaY dain Jslaall 3 Basasall asseall )lsd 585 ()
DLl as) (s
O/ _ C’b.Vb _ x-Ob-Vb(eqv)
TV AV, Vo + W

Lusll pH Jsiyy «d O] ey pam O (b cda ey o a8 L

: Lﬁi de J\_\BA.}
do! = M-dx
PV o+,
dpH = _ dz
2.3 x z(1—x)
OsSas
d C{) Cb 'Vb(eqv)
= =23X—m—= 1-—
I6; IoH XVa+Vb x (1 — x)

s uﬁ L,Si z=0.0 lae Ga.kc A_A_\g A;L :L\E}J\ ZZ)E‘ CJT .Ea)dj
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(X7 = 0y o5 Gamy HX S b Laes o
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¢Jslaall 3¢l 48 5al) 5050 o Lo
r sl 13gd ileSll JlvieY) dlslas (iS5 Jlgad) 138 cie 4lad]
K]+ [M*] + [H;07] = [A7] + [X ] + [OH]

K, c
K, +h
A0, e O S xie (Jolaall ) 58 ol e ) Giln) (s

PS5 LaY) o e aalill maall Jlaalys

K*]+C, +h=

+C, +w

K, -c-dh K
dC, = ——AC 20 qp - 2w gp
(K +h)? h?
S5 gl dpall 838 Cagpes Y 55allg
5_d0, _daG, dh
dpH dh dpH
dh 1
21— 93xh H=-—1Inh
dpH Sxh 5P 23"
Al sUneae Jslaal) 13g) 48 sall 5081 ()5S,
K, -ch K
B=23x| A0 Ly T
(Ky +h) h

ey A0, Jse Of w3 ) @35 doladll ) (o8 (aes A8l () 4
Ay dagll ) Jea oLl olilad L dBilaa
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dBaadla
Jae¥) s & w s b Jla) LSay IS s Jsladdl 0 Y Lexie
1on el Jslaall 4.8 5all 3508l 3)le manaliy AlyeSl)

K, -c-h
B =23x A—2
(Ky +h)
p el ol i e d sl ol apm (hm
H,0"/H,0 H,0/HO~
23\
W N\ HA/A g3 b o Gsa
' H
0 pK, 14 P

JssalipH Ny HA/A™ gpell agall 5, by 1 (17) JS
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e ShasS Jelin pLal Lo ey ye IS Asall Jllaall oLl (& Jaxtis
Aadlsy ol assuell Hled dllgiy Jeladl 13 GS Sy dsls pH

PH (8 seal splad dplae dllase lgiiay Ldsall Jllaall Jasios Sl
Lallaal)

il mmad) 3 Asall Jallaall dpanl el Lk Ve oY) Sl

325mg leie S Al (lihgiias & 4k Lo oasa) dcsal) s AU Caite 4l e
calebs oyl JS ellig

13l 8 e UK leealiaialy Cpmad) e depn sl ey a2l pH o]

g s ¥ A LS (3ge Jslae loles clliy ¥ Ay 4y BT s aan G liayil

3.5 bl pmea pK, Gl cH,OT asss gl

DlieYl sl a6 HA clualldl (mesl ¢ Sl 5S0 Y sl 4
tadl) anay U A gal) AN

. 2x325x107°
180 x 5
t A Jeadl) (e 14T 58l Syl K, sile Jexiag
h2
c—h
adul) Al danall e ddalead) aad (ayeaillyg
h2
7.22x107* —h
.3.46 W, pH dad ) daleall o3a Ja 254

= 7.22x10 " mol / L

K. =

107%° =
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) .74 & U Al pH dad e S Gaial lgle a3 dedl) ()
PH (& oS s (U pmed) den ol g2 pall (33 Jolae sl sy
gl ) Sy 3y N o)

13 2l 8 e WS Lpaalaialy ) (e depa Jslis am a2l pH oY) sl

G UWe .CO, /HCO3 goill dumiy ol b Jsdll Jsniall 35ny Lyl

s S5 Oy aall Bha dap xe pK,(CO, /HCOj) = 6.1

OsoS) Sl A 3€5 2,66 x1077mol /L s aall b cilisySall
1.40 x 10 %mol / L sl Jaidll

Aiyg ( Jdli pH sme Je (HA /A7) 5 (CO, / HCOZ) il g

sasmsall 3lslly il Jon D) gt LS Llagie JS PRy ad e Talaie)
.CO, s HCO; s HA & »3

ioa mabll Jeldll o
HCO; + HA = A~ + H,CO, K° =10013% =102
ol andy il Jelil) 13
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| HCO, + HA - A+ HCO,
t=0]2.66x10"? 7.22 x 107 - 1.4x107°
t, [266x107% —z 722x107" —x z 14x107% +
el e i€ cplall el & o
1026 — 2(1.4 x107% + 1)

(2.66 x 1072 — 7)(7.22 x 10~* — 2)
z = 7.2185 x 10 *mol / L slayls 45 Zayall (e Alalaall 030 I s
zooll 1l O Rl uagil aaly LlaawVL Al pH ded laa oSy
e (CO, / HCOy3)

[HCOq |

pH = pK, (CO, / HCO;) + log =7.19

2
Gl sl dgmgr IS (i) 8 adl b asts el Hlsd S5 G L aadls
e A d ale OlS e 3y GV T 5380 Nsny
z3) dsms 8N Ll g Ayl dadl) (g0 Jiliy S aal) pH g bk cillile
Lgn Unig dbiasy adll 45380 (a1 )il S5 H,PO7 /HPOT™ 58 AT (356
T4 Al lgied ) galels a2l pH ded Jaaed Jgasy Las

L1
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C; = 0.100mol /L 5S35 owl dinad) Jslase (0 V5 = 20.0mL e
.Cy = 0.200mol/L 385 elal sl (rman (e Jslae Jlerinily
S A ) Jpmsll 4] U el g Vo paal sia 1
Vo =Vop s Vo =0 e Joladll pH sl 2
tlavie pH = f(z) bbe @Sl oz =V, /Vop & o .3
d<r<los0<e <l
0 <2 <15 kic pH = f(z) Al au)) 4
$=0505 =040 Lic 3 Jslad Lisall 5,500 ol 5
$ i Jlla .z = 0.60 s
AN ZIN(]

.pK ,(CH,;NH{ /CH;NH,) = 10.70

Tsal gllaa) ) |

aaal) 1) 0.50mol/L 585 seall o diilia) wBU) U aaallsia 1
&) Jsasll g 0.10mol /L 385 Hsiwsll (s e V) = 30mL
pH =069, pH =75 4 355 Jslae

O slaall a3l A8 gall 308l a2
:ibbaral)

pKy =121 « pKy = 7.2 «pKy = 2.15 ¢ shusill (e

A g5 ) Gl Bylas dadal Y|

dain didagl) U6 leloas LaaCgHgOy il )1 el ey
03 Leaa 0.050mol/L 385 dpall Jolae Jlarinly julei L Led HyA
Byleal) o3gd Aadas Ul i) ey . meall 13¢d Jslas (e 10.0mL
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Lilia) 2n Leal) doay Al el 241N Jelaal) pH asd luadly aagl .3
Dgall Jodae (e 12mL 5 3mL

v =6mL e sl e sesidl pH dad Je 4

Oad (4 T4 §laa Z
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el pH Gl cads 585l HBO, sl Gaea

siniall angl . 0.040mol /L S5 3 geall Loy coell e ) Gy 2
15mL 5 0 gw iy Giladl) apall aaa 8 V' Cus pH = f(V)

V = 25mL :oallall b lale deans il gilhall didsall 380 caal .3
Hle .V = 7.5mL

.pK4(HBO,/BO;) = 9.2 pK,4(CH;COOH/CH3;COO™) = 4.7
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i€ sl G 0o Jglaa Bylaa ) [ 5

sybae (a5 - HpSO3 Solls 4 5o o€l ot st Lale Yslaa il

=S5 dpall Jylaa Jlestiuly il Jsidll 39 as Joladdl 3 10.0mL

sl il sl s 2P spaall aas g5l . 1.0 X 1072 mol /L

.20.0 mL

¢ 5N Jsladdl pH de G, jilad) Jslaall 385 a3a .1

20¢15¢10 ¢5 Caliaall 3geall aan 55Ss Lvie Jsladll PH dad caval .2
.pH = f(V) Fsad) syl .25mL

.pKy =76 «pK, = 2.2 :HySO;3 llaal)

Gl 0 e dsias D[ 6

Nat apigall 3lsi Ulaee 335 4li NayB,O; oLl & oShsl) Jasy Leie
9.2 HBO,/BO3 zs3ll pK, &) -HBO, 5 BO3 5
¢ Shsdl pn oLl Jelitl Alanall Asledl) i) 1
& oShnll (e 0.010mol - Plasl e milil) Jslaall pH 4l sl 2
sl (e 1.00L
e 100mL ) Ciniad Latie e Juans 3l Jullaall pH G caial 3
: bl Jsladl)
¢1.00mol /L Sy asall Jslas e 0.20mL =
.1.00mol /L 385 eldl HdlS jaes Jslas (0 0.10mL =

) ann Bplan ) [7

dighgll S8 Laes HOOC-CH,-CHy-COOH  clawsull (e iy

.pKy =56 pKy = 4.2 dases Gl aly . HoA Sejll 4l ey

NS (Ukiss 5y gamyy Sl e of) Jomiia sai e plas off ey il Jais 1
HoA oo 99% nl lLexie lldg cHpA (aeall Gipcacall sl (e
) sl ve @y HA™ o 1% e Jils
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A 2l Ap Ky aliay of sy g3 baydll sl (a
se pH = f(V) aiel) b seliin Sl Jlael) pH aliis aae 3 (b
NUAC FORPY FERIERERISW PECVEN JHE
23955 el &) e Jlas e V) = 10.0mL sylie lenayiles 2
C 5:S5) asall e 385 Jolae . Jleainly éllis 0 = 0.10mol /L
2l dagis = CV [ CpVy S (V Gilias aang
Jslad) pH cal 2 =2 52 = 0 Laic (a
FAD dae ol L) 3lss Jlaalys 0 < 2 < 2 Laie (b
2K, K, +K, -h

4
K, K, +K, -h+h

ch =[H;0"] ¢ua
7.5 c4¢35 3 =pH Laie 7 s

PH Goals .Jsladl pH Gajis apeall (2ils & Jle 7 > 2 Loxie (c
3525 ¢2.3 2.1 2.0l = 7 e Jolaall

L3 Dk pH = f(2) Saiall sl (d

i) ) el Ay ) [ 8

tapall Gaalal) 3L (pH = 6 2ie Al Jllad)
H,N* — CH, — COO~

o 29n gia Gl ) adag o Ll el Al I-Emanl) i)l ()1
.pKA2 = 9.60 5 pKA1 =234 :pK,

A Jelaal) e Jeasid e ll) 100.0mL 3 alel) 50 1.50g Jas .2
PH caldy cdslaal) J3a 8 Gaulal) (e daalyl) JKEY Ll J<al) (a<)
CA Jsladl

&t HCOO — CH, — NHSCl™ el cilpaaylS e 2.23g Jai.3
‘B Jsdad) pH cual . B Joladll e Jiasid oWl 100.0mL
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pH sl .C Jslaall Jle Jiasis By A cidlal) (ldael) #5054
.C Jslaadl)

35 e Mg 51077 anal) 8 jues Ggay O Jsdaell () Jaas 5
sda e le ddlay) dlls sy Jelaall pH caad L HOT asis el
O Jshaall 48 sal) 3)08) sy cdagul)

S5k agall e 4.0mL 0% bas 4 Jsad) g € Jsladl) ) Cani 6
D Jslsd) I Jseasll 10.0mol /L
pH sl oD Jslaall 3 sl (e daa ) JEY) 1 J<all (i€l (a

D Jsladll
45)% Cald cans lgal) IS 1305 € B sall Jslaall (ailad Jlaall 1301 (b
A al)

A Jsladl ) assla) o ) 10.0mol /L 385 apall aas a7
c el Jslaad) pH Gaval) L 58lS3l) dais ) Jucas s

s Aad ) |

Ll -l byl 4 HOz Sl o ol sis8— S5 pnm aalay
:40l)

HQOchr + H,0 = HOx + H?)OJr pKA1 = 5.0

HOz + H,0 = Oz~ + H,0* pKAZ =9.8
DY) el O Ga sl 8 P Qi HOr  Jued) JSal ()
LibeS legi a0 (Jslae pH ail Wlea de .5, = 1.0 x 10 *mol/L
s - AY) sl 55 Ge Ghe s B 0S5 08 1Y AT g el g
Oo U8 (ol nd €Y L 0 ) AN S Y AeS dgyalall AU
Jolad) e LOOL 8 Slaie 4l
(H,OT wlsd 385) b AV 5 oS0 Apallall 30N 3)be i<l .1
Al calisa Hleh) ae logs = f(pH) Aaiall anyl .2
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e Vs 8.0x 1071 aial) elyail) iy slel) ga 1001 & Jas .3
A sl e Jeasi (S

$A Jsladl pH sl (a

ea) wdgeall e Yse 8.0 x 1074 aaal & s gl 0 ey s (b
W B Jdadl pH

panll b et ol s e apl) Gty A WJslaell L) Al 35e5 .6
asii il € Jolaal) e Joanib slall . y5lS (man e Yge 8.0 x 1074
el agigeall uSs pam Jlaay dplea
i) ) (S Y (e A Lol /(dilad) dgall 4pf) = 7 oSl
1 ¢0.5 ¢0 =2 L dld; Joadl pH ad lde 2355 pH = f(2)
.2 «1.5

bt ) [0]<

@S apall Jawinls O 3850 HA Cunia (aes o0 Lile Yolaa s

e Vi paall U agall Jolas (00 Vopaall Causs @l Gaadl WOy S5

aady J8 3yulaal) eia Auhay dgius aadll dagd Ol b Led L pmeall Jladll

Dgall eV aaa die Lol Joas 1 sl

e od Sl byl smi g -V = Ky - (V = V) dDlall asil 1

Ky 5V, 2% ey Lavia Sl 58 2

e Cp = 1.0x 107 mol /L 2385 Jslaas JAV (aea e 50mL ylai .3
) ) e Joasid sl

V(mL) | 3 9 11 15 19 23 27
pH | 3.95 | 4.49 | 4.63 | 4.92 | 5.26 | 5.87 | 10.22

O Jal Gaea 385 il &V IS paa anll Jlasinly 33s (a2
Al paesd K daaseall culi caal (b
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O i 13y Uy iSY) 36 ald oLl e b iy M) Jall W) gay o5 <UL

el JRE 18 g U1 Sle Ay 2l A <)) Wl 4 pim alais Zn?T 5ol
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Fe?™ o aae 5il s casall Qlas Fe?™ 585 o Oy, O ol
O3Sl Jiag e [Fe* ] < Oy, tie Fe ganall jglaws

E = —-0.44 + 0.03 log Cy,,

s Jotad Oy 3 U (laty Joalill 3a0) 138 & Jadis anall (ans 35ap 3a
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t0sS [Fe? ], = 0.1mol/ L ()sS; Lexiad

E=-044+40.03x(—1) = —0.47V

[Fe*]. = 0.1mol/ L lla & wsll (oee 35mg dikaia : (4) JSA0

lim
.Cly(g)/Cl™ s Mie 33b . gile AT Jsladll 3 Ox o Red gpesll aaf @

g A8 pall oy Alslae 5 g ST Ciomd Allaal) sl o34 b (i)
Cly(g) +2e” = 2CI~

E =1.36 4+ 0.03 log M]
[CI7

Jladll & [C17] ool 3ylsi 5855 P(Cl) haall maaty Jealdl) aall cajas

) s 058 [C1T] = 0.1mol/ L 5 P(CL) = 1bar 4lla b 13,
L(B5) Al (F = 1.42V il
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ClI" 5 Cly e I plan)l Bhlie 1 (5) Jgal)
[CI"] = 0.1mol/ L 5 P(Cly) = lbar illa

Gl 2,111

caaall TIT¢IT ¢ 0 3208V cilayal syl shlia =

@ wal gl dpagl diliay Felt 5 Fe?™ lsall glas)ll hlie audl
[Fe**],,, = 0.1mol/ L Al
oo Jie Fe?t 5 Fe?™ e 090 glan)ll Jihie o dualdll 3all 5aS ()
B, = E°(Fe*" JFe*") = 0.77V gsbus 385
8L Gl sed Fe?t /Fe zoil Ala b Jualill 30 5508 ety Les
.E, = E°(Fe*" /Fe) + 0.03logC},, = —0.47V (gsbss Cyypy
Fe 5 Fe* 5 Fe’ ga G ialall asaglly glas)ll Ghlia (6) J<a Jany
Fe s Febt 5 Fe? 0a O G S e el all) syl 3 Labiasy 3
o yiasl Ailaie
il paee ae Jelin of iSa Fe?t anall 3)es O sl Laladdl masy
Alasd) Aslaall gy cllyy Fe ™ 3)lps Lawl

2Fe*" + Fe(s) = 3Fe’"
b O5Ss A eyl 5auSY) EDleli e paill 138 ans . gl 13a dyaill K
ol b el (Fe? /Fe) ol b wSsall 0 Fe?t Jeldll gl
.amphoterization gajs2S5e ¥ Jelii (Fet /Fe?™)
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Ul 4 yall Gaes 35a5 dikie g Fe? T 5 Fe? T 5l plaasl) hlie 1 (6) Jll
L0 Juany all e ge Fe? T aaall 3l Jelaw L [Fe? T, = 0.1mol/ L

coslaall TTeT 0 32y calapal lsay) shlia =

Als b el o 255 Bl s Cut 5 Cut sl glasll hle 1 (7) J2l
[Cu*],. = 0.1mol/ L

o ol el dsasl) diliey Cut s Cu®t yledll plas)ll Bhbia ausd

JCu*], = C), = 0.1mol/ L Al

oo Jie Cuty Cu?f e 09 glasyl) e on Jualdll W seS )

LB, = E°(Cu®" /Cu™) = 0.16 V skys 3:S5l
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S Gl sed Cut/Cu zoil Al b Jualdll 3ad) 5y 3y e Ll
.E, = E°(Cu®*/Cu) + 0.03 logC},, = 0.46 V gsbus Cyy,
Cu s Cu' s Cu®t e JS Laldll sl las)ll Ghlia (7) JSE Jany
Olany ilie Cu' glesl O JSA e el ARG BEH 8 Wlas,
046V ge oSt aaly b 058 o 0peSl oS ¥ Al dgn (s - piliadic
& Jsiig L olaall 8 sjie caund Cut ylsd O iy 138 016V (e il
siliand) dabeall iy Loy elaw Cut ayled &) Alad) 538
2Cu" = Cu**+ Cu(s)

e gsil) aa s O abe ¥ gandl S5 e Legy sral S oS0
ol b wSsdll o Cut Alelidl olsil) 4d o588 il g lagYls 520y e lis
S gl sasl dels (Cu?F/Cu’) gzl & aaudlls (Cut/Cu)

.(disproportionation 4 dismutation)

Ula b Golaill ane a5 dahiey Cu? 3l olas dilaie £ (8) ISl
.[Cu**),, = 0.1mol/ L

dles eJslad) 8 daaly Il 0 o oS Y (1) Geladl lss O e 18

Ganas Cu?t 2)lsd V) ad el Y Cusy (7) Sl 8 sl ) kil Joai o3
e oS A Al & (8) Jsall e M jeda LS cladl)
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Gy dualill AN we ol GB [Cu?t], = C), = 0.lmol/ L
.E, = E°(Cu*"/Cu) + 0.03 logC}, . = 0.31V
(e slas])
Wl ea
£ la¥ls Sansy) e liy Jgad) Wi Uil

1986 Jaasisds slule
& Al Gl g L sland) Dol Lelds 1986 ale LihSyl (3 dagipin 4 ol Jeladl dnla
dhe Joan gifialall WS 8 dadgia (S5 ol AdleS COle i Laadye (IS 1979 ale 4051 Lilaly 335
Sha dan B el 1 saf i 350°C ) sball clag b g i) I d apall claiae b
casnsSlls asial) e il deliall mhan ead Al Saeall 23SV (e Al dakall B ) Jeladl)
Al g LYy 3] Alae o Cngsued) Sle JRs Ll s ae agis$y3)) Jeliy Cus

Zr(s) + 2H;0(g) — ZrOy(s) + 2Hy(g)
b Jb ety G (G Cenued e 300m? AE Lalils Jelie Al b R AN da,
clly el ) slula) aaa Gy aey Joa o iy

Ll gl W) J& Gl Jaag B 5 Uadl
Slsd Al 8 s ooelad canlil e (sLaslls e ann (o) Aiilie yan cald Jomy ot gm0 Loic
tlacall Lmjaas Alea ()5 Latt Bl apaal) Canlil el ¢ L il 6 3Ua 50l (palal

Zn + Cu*" — Zn*" + Cu
s o) e Ualis ST aaall il g jlidia Taa Joany s 48150 o Ll ik = 1355 o Lo
L) Sl g dasha 8 cilped e Bl Glld day pansis  animnd) dead) 5 aal)

bl dolia Jlaa (b ¢ Uadl
cal€ 3 Al JSUaall (mny (g caile Al bl e g s Gmny ol Gl e ligmand) b Capela
Oo Cxila 3 oLl Aaime o (punigall ang Jiany S Lo pgdl Alglas 8y oLl Adims (ge g olall
s apall e Ualas 0 asialY) oIS Ty ccaall aoal) (o psiaall dhinal aun g Gulaiss asuialy)
sl ) Gl 5ald casnialV) 3))sd daxdd )6l Cpmnl EG (e A aaall 38 pe Jelis

Al + Fe3t — AIPT 4 Fe
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Aple sl adlgll ol s asls (e S35 A pCIY) Ableall & Jas ) g 1Y)
b Lad il L ytaall 230 e by 5auSY) (saS st S ey Caniy Al b log
tdalgall oda aal ey e Al

8l Lab IV

LR Jeal Lt P e @llyy el o plel) aal 585 ik ol
S S aul A )

el e dlles e Caumt IS Gallly s st aend e gl F0Y ol
5w dY V =50.0mL sy eladll Gl e Jelae B asens
o) 1.00 x 1072 mol /L 585 Sl (R4aU J5¥) <aadl) 0.100 mol/L
i C Joasll Gaiaty aige¥) S (g slaa (e umne Db grasys (sl St
Adall a0 a0 Latlh sl e o L(9) JSEl )
LE°(Cu*"/Cu) = 0.34 V

@) NH] +NO;
Pl @
Cu , _Cu
® @

o SR Cu**
0.01mol- L'

o Sk Cu**
0.1mol- L

\

|
cu®t 4807 cu't4s0;”

Jall Takata 1 (9) Jea

OS b Jeant ) Alasall ciabeall ) dlea) cislilel) 300 ol s .1
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Mg ge Adal) G Laxie dlldg LN e ein O Al 3SHE 23 2
Blall 3 e e LyeSl) S Glld e il LSl Ll
A aas o deagl) jua Jals Gliadl) A 23a 3
Jal)
10T/ Cu s o) aas Jsass o3 Ox/Red zo)l &) .1
.Cu**+2¢~ = Cu
S S el (gyse Al 3
Ey = 0.34 + 0.03log[Cu®" | = 0.31V
P ) il gy s b ®
Ey = 0.34 + 0.03log[Cu** |, = 0.28'V
Ky My s @ gl Qlaill Ky My pallh & a5 By < B o3
Al AR 03] Ayl A nall 358l) - ialy L (10) JSEN (S calladl cakadl)
E=FE —FE,=0.03V
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— V) ~N

E, > B,
Aglal) Jee Labai £ (10) S

Gl Adal aan dee 3 Jaay @) asi s Cu?T/Cu gzl of Badl
S ey Aa ode s Lald 1agls . 585 V) LAY G Laaaal Cabiay
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D el Chill e iy Al LN e SlneSt Ll o ans 1,
SO guall o Slaa olail 3 s lip Y1 ASHa W 06 bl caladl) olasly
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o Aal) aiai b Alalall c)lelall Adleay) e aleal L

) Aa) Caay @
3] Cu(2) = Cu**(2) + 2¢~
b A ARl Caay ®
¢l Cu®(1) + 2¢~ = Cu(1)
P AA]) Jaad dullea) ddalaall (5855
Cu?*(1) + Cu(2) = Cu(l) + Cu**(2)

ssill aaaiiy AloeSl Sl Al e G A0al) Gl Lailh Guladl) aee oIS W2
PSS laaie ¢35 8 Al el Alaad) enal Ladie (of (lall 45l el A8 jadl)
[(3112+—} — [(3112+-]

. Ladie L.,Si Eleq = E?eq

leq 2e

() + Cu@@ = Cu@l) + Cu**(2)
t=0]0.100 0.010
t 0.100 — z 0.010 + z

eq

058 sl puay xie
0.100 —z = 0.010 + z

1) Adag

[Cu**] —=[Cu*"] , = 0.055 mol /L

leg 2e

"é)\dﬂ.} u}a ‘;_”d\ ;Lj)@ﬁ\ 3\73.45 Q US.J
Q = An(e”)- F
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Q = 2An(Cu®") - F = 2A([Cu®])-V - F

£S5 138a
Q = 2x0.045 x 50 x 107 x 96500 = 4300 C

o Ol e bty A dgall 8 chat Coga dungall 35l (b 2a)) Jeat Lexic 3
(11) JSa ¢ Slaal ol b ALl )il Gati G

O o b eJstad) ) Jasis el s oY) a)led ol5m 1 V) AA) Caay s ®
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pH ) 56 2.1V
.0,/ Hy O a3 :Jba .1.2.1V

tp Og/Hy O 3l 43 gall 4y 5y dubail) daladl) ()
02+ 46_ —+ 4H30+ — 6H20
b LS iy Al (i S e

E = E°(0,/H,0) + gbg(P(OQ)-[H?) o* ]4)

Lass P(O,) = 1 bar Ll 136 ca(Hy O) = 1 aalgl ol oLl ddlad Y ellig

E = E°(0y/H,0) — 0.06 pH = 1.23 — 0.06 pH
LS pH I g Lyl poe il Aslall Jallaall 3 CpansSOU 320S5all 5508l () 2 138
J(12) JSal i s 1o el

0.5

0
7 14 pH

PH ey 058l Gty Oy /Hy0 o3l s a1 (12) )
-MnOj;/ Mn?* zo e 2.2.IV

i MnOg/ Mn?" zg30 Zalsall 45 5N dpuaill dsbed) ()
MnOj;+ 5¢~ + 8H; 0" = Mn?*"+ 12H, 0



251 o BN

pol WS s Ale (S 3 g

_ + 18
E — EO(MHOZ/MH2+)+ 0'0610g[MnO4][H30 }

5 [Mn**]
%) Lﬁi
E = E°(MnOjy/ Mn2+) — 0—56 x 8 pH + 0'56 log [[1\1<[/[r;(2)f]]
tOl iy

E'° = E°(MnO;/Mn?") — % x 8 pH

= E°(MnOy/Mn?") — 0.096 pH

E o5l g Ly ) diphall angiy sag . pH 3 AV gallall alail) ()5eSll sa
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i silly adait) Al 3TV
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8)38 Gl & ey il B(Ox /Red) Ol Jsladll b 2S5l 585 (il 3] o
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(Gt - s] 2t e las 8 auSiall aale ) LBl Ju Lo auagl) Jia
(13 —(a)) Jsall
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& oY sausY)
Jol ki 1.3.IV

e e e Alge A8 Cialy g uel) e (e e (e Asilile A8 R
Sy elail) i€ e Vo= 40.0 mL dess cJlaa 8o usera el
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S5 ool dage NHY 2lsd 585 0ly [Cu(NHy), 71 el §) Rty o il Jss
.NH,

LE°(Cut/Cu) (e o dlaliall 080 25l e 3 5aall 3580 23s .1

.E°([Cu(NH,), Pt /Cu) sl .2

AN IN|]
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E(Cu®"/Cu) = E((Cu(NHy),["" /Cu)
:Cu?t/Cu gy 2l 1
Cu®T+ 2~ = Cu(s)
E(Cu*"/Cu) = E°(Cu*"/Cu) + 0.03log|[Cu®" |
Ll slie) (S Wy K° = B = 1.6 x 10" 4l <l 53 el Jels Jabs
PO lsd 585 Claa Gangs Al
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t=0]8 100
ty |€ 68 8
1) 2 4l
2+
e =[Cu*]= [C“(NH3)4J = 2.4 x10 " mol /L
B4 [N Hj]
PO s ae

E(Cu*"/Cu) = 0.34 + 0.03log2.4 x 107 = 0.02V
o Aplalall ALl 536 Al eIl AS paall 5l aiag
E =0.02V
.([Cu(NH;), [** /Cu) ol oY) popxl 2
[Cu(NH;), *" + 2~ = Cu(s) + 4NH,

O s L
[[CU(NH3)4 }2+ ]
[NH; !

15 > EO((Cu(NHy)y P/ Cu) wlual
E = E(Cu®*/Cu) = E((Cu(NH,),*" /Cu)

E([Cu(NH;), I** /Cu)= E°([Cu(NH;), ]** /Cu) 4 0.031og
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1) a4l
Cu(NH;), **
E°((Cu(NH;), ¥ /Cu) + 0.031og [1Cu( 3);‘} |
[NHs]
= E°(Cu®*/Cu) + 0.03log[Cu®" |
s s A
2+
o 2+ __ o “CU.(N H3)4] ]
E°([Cu(NHy), ¥ /Cu) = E°(Cu®*/Cu) — 0.03log N[O
O 2 13
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Ol 2 Al

E°([Cu(NH;),*" /Cu) < E°(Cu**/Cu)

sV e 45)3 e ity Cu?T auSsal) adas &) (o

O (gaki 2.3V

328V (58 e T AgCl/ Ag zol ellail) & Lo )W 15 5208y () 5aS 03
CAgCl 3 Pa) elaas AgT/ Ag 7ol el gyl
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eJslaall Jaa b Tmil) (e i (uarily LAmill 235508 (e besdie Ylaa 22l
p U sl Jomnd
AgCl, = Ag™+ CI”
Azl i< CI7 5 Ag™ ubill OH™ 5 HyOF ylsé ) ddla) Jsladl) 2y
o3 il (ysasl) Arapall — BauS5all ZIsY1 amead (5SS pa e Lcalial)
A A pSIY) Canal N abedl) 35 s AgCl/Ag cAg™/Ag :a 2o
AgCl + e = Ag(s) + ClI™
Agh+ e = Ag(s)
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E°(Ag"/Ag) = E°(Ag"/Ag) + 0.06log[Ag™ |
E°(AgCl/ Ag) = E°(AgCl/ Ag) + 0.061og 1/[C1" ]
= E°(AgCl/ Ag) — 0.061og[C]™ ]

05 Qs pay die s
E(AgCl/Ag) = E(Ag™/ Ag)
&l
E°(AgCl/Ag) — 0.061og[Cl™ | = E°(Ag"/Ag) + 0.06log[Ag™ |
Adag
E°(AgCl/ Ag) = E°(Ag"/ Ag) + 0.06log ([Ag™ |[C17])
Ul
E°(AgCl/Ag) — E°(Ag™/ Ag) — 0.06 pK,
&) a3 saaall Gakilys
E°(AgCl/Ag) = 0.22V

B il s cuap () ¢l L E°(AgCl/ Ag) < E°(Agt/ Ag) & asi 1a;

BaSsall LHd e (sl
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Lal) LAY A cudyi A gl

Dlsll 35 G gan Cua 33l Caal AuieY) e Jlhe s dal) Al clie O ol Ja
13 s o OSas e LEa) 5aS anls Cijad s Liall Bk Gn selll (B (a5 Y elaall Bk o
FC ) Ay At ADe Jlasinly () 5eS))

5%e phall dapy T 5 G chlall el s R 5oy syl il s 58 0, s
LR sy sl 585 s [y, ] 5y sl e Asesdl sl 4 Z) 5 gablil) a F 5 GilsSly
Adal) Jalasalall 385 e [yl] P

S WIS O Cam il ol 3l Al Jamal) Lol 5 laass Al 3l aal e
Ula 13 el LS casanlil) sy ey Lo gl Sy cpon (8 A JA1s W3S 0 el Al
gpal) WAL (alall 61 Oyl s
mV sl oS mmol /L S5l sl
Ll ola Ll Jals

+60 150.0 15.0 Na*
-90 5.5 150.0 K*

—70 125.0 9.0 Cl”
O DL Al e Bnaall LAY Jie WlieS 5B WA 8 Taga Dsn o Lia) 58 5335
O A Ak 3 lplll il ol Cipad Lo (Dle) sl @ e dlldy (Rpanll Aball) Laall LAY

Jgid Lial) e 3 mmge 535 ) opsh g3 Lae oLt Bl G Aliea BLE S5 il o Lia)
oLl Job e Jiy JlyeS )lo
Ann Saterbak, Bioengineering Fundamentals, Prentice Hall, 2004




257 i 5 BN

iy 943

XS

A0 s Y1 (e S Cpmphael) (00 (smme o) Al o320y (53 (50 a3

.E°(Ag*/Ag)=0.8V <0.10mol/L iladll cifjii (e Jslae b duzaid .1

(TIT) 2l 2y51<5 0. 1mol /L TT apas ) cilipnuS . sla . Jslae 3 (Dl .2
.E°(Fe*" /Fe*t) = 0.77V <0.5mol/L

1072 mol/L S5 pssalisnl) lag)S S5 e gl Jolaa 6 05D 3
2 g5l lawl) pH Al 45 0.2mol/L 58Sy (IID) a5 800 iliyS
.E°(Cr, O3 /Cr*") = 1.33V

0)lgdig a3y Z

CE°(In®"/In") = =044V 5 E°(In"/In) = —0.14 V 3l cuale 13)

LE°(In®"/In) anpall o5l 4 23a 1
O bl iy In oInteIn® e 39 agasl) 5l glas)ll Glalie 33a.2
i 13k «[In" |, = 0.10 mol/L,

) g oWy 3auSY) Jelis eyl s abjine cal In 52)La G s .3
[(dismutation 3 g lals st Jeli) 33,Lall o34 4 i

.a.{)\‘,&‘g Jg.&dﬁ\ Z

E°(Sn*t/Sn*") = 0.15V 5 E°(Sn®"/Sn) = —0.14 V & cude 13
O bl @lldy Sno«Sn®t  Sntt e 39 asagll S plassll Bl a3s 1
fziind 13k «[Sn®* iy, = 0.10mol /L
(IV) el il 308 (g Jolaa () pacaill paae (s Laild Casai 2
.0.10mol/L S5
S5kl b g Bl Caa (a)
4 Basagall 3lpdll 585 ae Sledl) Jslaal) S5 aal (b)
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i) alsye |

p b e o
E°(MnO,/Mn*") =1.23V ;5 E°(MnO;/MnQ,) = 1.70 V
.E°(MnOj; /Mn*") aajadl (sesl) dad o3a .1
oo 10mL 5 0.10 mol /L 3S5s juiiall cilipy€ Jslae (e 10mL z5a0.2
Sledll Jladdl S5 2l 00,10 mol/L 385 asulisll Ciliziay Jslas
-PH = 0 daf vie Jualall cuuhll AIS XS5 43 32 5asall 2))58l) 5805 pe
Lcltaally Juila 48
JCu?t] = [Zn?"] = 10 %mol /L 4l 5SI5) 3ay Juils 48 jlans
calee Jelitl Allanal) dlabeal) i)y ddal) s3gd Al S ASjaall 3dll s .1
ALYy sS Camy Haliill (e BaS 3303 (5T (95 Baa IS ) s 2
i€ edanll) 0l 435051 ASiaal) 38l) sl L [NH3| = 1mol/L
Jelee Jelil Allandl dlsladl)
E°(Cu*"/Cu) = 0.34V 5 E°(Zn*"/Zn) = —0.76 V : il
log B4[Zn(NH3),J*T = 8.7 5 log B,[Cu(NH3), " = 12

g JGES culi aaas Z

sl dlalad) Aad) asla

© Ag|Agt +NOj + K" + CN " HAg" + NOg‘Ag D
tbal A Caas 3815 ()55 Cuy

[CN™]=4.0x10"% mol/L 5[Ag"]= 4.0x10"* mol/L
feied) A Caal 3S i

[Ag™]|=4.0%x1072 mol}L

i dad minind (108 V (gsbud A1al) o3gd ALl A5aall 58l () caale 138
[Ag(CON), | snall Jles) (R

apensily £ Ly B3usY) (5a8 ) |
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.Agl/Ag 5 PbSO,/Pb :cuasill cumaal) g lay¥s 8208V 55aS 23a
¢ Gldaxall
E°(Pb*"/Pb) = —0.13V, E°(Ag"/Ag)=0.80V
p K,(PbSO,) = 7.8, p K, (Agl) =15.3

sl A (IT) sl sls ) |

pH <l 0.5 mol/L S5 (I1) aaal) b€ e Lile Yglaa jlaasl
San elsedl e Hli G Caale 13 Ly Sl Gaea dilialy ioall dad vie Jlal)
1oy Jslaall

E°(0,/H,0) = 1.23V 5 E°(Fe*" /Fe*™) = —0.77TV
SV 3le e B @V e Ge d e beaa 038 s 1sed) GT sl
HEPA |
Soitind 13be ¢a3lsi i Gy cJualal) Jelinll Alland) daleall i8I .1
4 Bagasal) 1l 515 te Sledll Jolaal) S aagl 2
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yall il O 585 As B4 F = f(pH)  Lbadl g
Y aladl) sl ae 488 i 5y sem Lingya Laladall ansy 2l (g5 . €y = 1072 mol/ L
Agaal)
o) ysels yie pH 48 .a

Laie ¢l [Fe?T][OH P > K, e Fe(OH), o3y

o] > |
[Fe*]

[OH ] > 3x10 " mol/ L & asi [Fe?*]=C, = 107 mol/L g5
pH, > 7.45
Lavie sf [[Fe2+]][OH—]3 > K! L Fe(OH), oiSu

[OH*} > 3 KS/
\ [Fe**]

[OH™] > 3x10"?mol/ L &l i [Fe*"|=C,= 10" mol/L a5

pH, > 2
«Fe(OH); 5 Fe(OH), cmulfl 39as 3hlia pH, 5 pH, el 23a3,
(2 —(a)) K&l e ey LS lli
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FE = f(pH) 4l sl duy b
LS il 1) Jseall lils gle Ulas 3l pH a8 s

pH 2.0 7.45
T 3208Y) o) Fe3+ Fe(OH),
1328y 4, Fe2+ Fe(OH),
0528y A8, Fe

Aslaal) slay a3b A AN Easl Rl sl 1Ol Gl Jpall e
e I F = f(pH)
pH < 2 lLae Fe3'/ Fe?t Jaldl sl o
pH < 7.45 Luaie Fe?t/ Fe Jwaldl aall o
2 < pH < 7.45 e Fe(OH), / Fe?t Jualill sall o
pH > 7.45 lLae Fe(OH)3 / Fe(OH), Jwaldll 2all @
pH > 7.45 Lxe Fe(OH), / Fe Jwaldl a2l o

:pH < 2 e Fe3t/ Fe?t Jualdl) aal) .1.1.11
Gy Aol S5 FedT / Fe? T zg3 WA g gk Caat 4 lalaall ol
1438) gl
Fet 4+ e = Fe?*

[Fe’]
E = E°(Fe*" ) Fe*™) 4 0.06log ——
[Fe*]
:(2 — (b)) JSall casey [Fe? ] = [Fe?™] o5& daall dilaiall yie adf Laadls

B, =0.7TV
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E(V) . (a)
1 ]Fe |Fe(OH)4
Fat Fe(OH
. (OH), y
l l —>
0 pH, pH, pH
b
E(V)A o ( )
1 |Fe |Fe(OH)4
E,
Fat Fe(OH
. (OH), y
l l —>
0 pH, pH, pH

Fe’t/Fe(OH), 5 Fe’"/Fe(OH); sl (a)
Fe™/Fe*™ 35l (b)

:pH < 7.45 Lais Fe?/ Fe Jualdl) aal) .2.1.11
48 gal) Casiy Ay Fe? T/ Fe gzl ds <Y1 Cuail) dalaall (i<l
Fe’* +2e~ = Fe

E = E°(Fe*™/ Fe) + 0.03log [Fe’"]
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16l 323 450y [Fe?] = €y = 10 2mol/L 58 Jalill )
E, = 050V
(2~ (c)) IS any

:2 < pH < 7.45 Laie Fe(OH), / Fe’" Jualdl aal) .3.1.11
Gy Aslea @3Sy Fe(OH), / Fet? 7530 45 5y Caual Adaleal) (il
1438) gl
Fe(OH); + e~ + 3H;0" = Fe?* + 6H,0
E, = E°(Fe(OH), / Fe*")) + 0.06 log [H,0"F
[Fe?*]
(I) E, = E°(Fe(OH), / Fe*") — 0.18 pH — 0.06 log[Fe*"]

: E°(Fe(OH), / Fe’™) lua Lol
P0sSs pan g Wy Bjlsie Fe?T 5 Fe™ 5 Fe(OH)3 oo 08 (5S5 Laie
E(Fe(OH); /Fe*™) = E(Fe*™ /Fe?™)
13 ey ADle Jleainly (i sailly
3

E°(Fe(OH),/Fe*") + 0.06 log

F62+]
3+
= E°(Fe*" /Fe?t) + 0.06 logM
[Fe®*]
A0 ddag
3+ 2+
E°(Fe(OH), / Fe**) = 0.77 + 0.06 logM +0.06 1OgM
3 [Fe?] h3
[Fe®*]

= 0.77 + 0.06 log———
h3

K/
= 0.77 + 0.06 logKS3

€
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B(V), (c)
1 {rd* Fe(OH),
Fé' Fe(OH
. (OH), y
: : —
0 pH2 le pH
EZ

Fe

Fe’™/Fe 25l (c)
Fe(OH); / Fe*™ a5all (d)

E°(Fe(OH), / Fe*t) = 0.77 — 0.06 pk, + 0.18 pk,
E°(Fe(OH), / Fe’t) = 1.01V
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i gy E°(Fe(OH)y / Fe™) Gawssis (1) 3bladl ) sasall
(2 — (d)) dsa
E, =1.01+0.06x2— 0.18pH = 1.13 — 0.18 pH

L Ey(7.45) = —0.21V 23 pH = 7.45 Loic,

pH > 7.45: Lae  Fe(OH); / Fe(OH), Jwaldll aall 4.1.1I

Uslae Ay Fe(OH); / Fe(OH), zoill s iyl caail) dalad) il
1488) gal) iy
Fe(OH); + 3H;07+ e = Fe(OH), + 2H,0
E = E°(Fe(OH), / Fe(OH),) + 0.06 log[H,0"]

E, = E°(Fe(OH), / Fe(OH),) — 0.06 pH
: E°(Fe(OH), / Fe(OH),) lua liajly

&l 223 (Fe(OH), / Fe(OH), zsil e il & Fe?t /Fe*™ z330 & il
E°(Fe** /Fe*™) + 0.06 1og[Fe—3+] =
[Fe**]
E°(Fe(OH),/Fe(OH),) + 0.06 log[H,0™]
[Fe’]

E°(Fe(OH), / Fe(OH),) = E°(Fe’* /Fe*") + 0.06 log————
(Fe(OR), / Fe(OH),) = B°(Fe’* /Fe**) T

[Fe* ] [OI K!

[Fe*][OH P[OH][H,0"] KK,

K/
E°(Fe(OH),/Fe(OH),) = E°(Fe*" /Fe*) + 0.06 log I K

§ €

10~

= 0.77 + 0.06 log [0 10 1

=0.24V

s aa 134
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E, = 0.24 —0.06 pH

(2= (e)) JSa) LaaY
E,(14) = —0.60V {23 pH = 14 xc B, iadl caai of (Sais

:pH > 7.45 e Fe(OH),/Fe Jualdll aall 5,111

Gy Aalee A Fe(OH), / Fe gzl 4y i) caas dabadl il
:438) gl
Fe(OH), + 2¢~ +2H,0" = Fe + 4H,0

E = E°(Fe(OH), / Fe) + 0.03 log[H,O* ]
E, = E°(Fe(OH), / Fe) — 0.06 pH

: E°(Fe(OH), / Fe) clua Wil

cusinial) &) Jsi of 5l il Ulad LS Ox/Red Gims) s Sl ¢S
dailh pH = 7.45 xe gblsy F. = g(pH) 5 E, = f(pH)
E=-050V
4 Ey Aalas 4 (mseilly and 4kag
—0.5 = E°(Fe(OH), /Fe) — 0.06 x 7.45
E°(Fe(OH), /Fe) = —0.05V
(2 — (f)) Jsall sy
f ol LS Alaall sy
E; = —0.05 — 0.06 pH

B (14) = —0.89V Hl x pH = 14 e
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(e)
E(V),
1{ré* Fe(OH),
2+
F
— . e
0 pH2 le pH
E4
Fe Fe(OH),
f
B(V), (f)
1{ré* Fe(OH),
2+
F
: i ? : 1:4 >
0 pH2 le pH
Fe(OH)S~
Fe 4_E5\

Fe(OH); /Fe(OH)y a5l (e)
Fe(OH), /Fe a5l (f)

sl s & F = f(pH) hbdal) i) 2.11
t@lljadly 3)lgdd) cabida )y8ia) 1,211

2+ . . “
o 35a5 dikis Fe(OH), «Fe(OH), (Fe?™ (Fe’™ (Fe o S olS
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S et mady ¥ s 5 280 clially 3lsl) e IS lie) (S 1
L3 glals sl Jelis ) Fe(OH),
sl Jelis ) cadull caleall 335 ¢3 5 0 50uSY) iayay apall jumdy 2

! (retrodismutation) e 315 g las

pH <2 Lae &
2Fe?" + Fe — 3Fe?*
2<pH <745 Lauc 4
Fe+ 2Fe(OH), + 6H,0" = 3Fe*"+ 12H,0
pH > 745 Lxc 4
2Fe(OH), + Fe — 3Fe(OH),
Al Jallaad) B lEiaN) .2.2.11
t aad (3) IS el B = f(pH) labde Gild) Jabadall (358 Law 13)
sl L sy ) dibid) 5 Lol dadly a5m (3halie Udee dibiay yoall o
s Sl Cagus oLl 8 dgeie aanll (g Aadad o ey 13as o
el g alaid)l O, 4y Javsll pH 508Y) 3055 dngida
Fe(OH), wlawsSongdl iy Fe?t 5 Felt ol g I8 o6 o
Ay JH,0 sl il Ghlie Lia a3kl Fe(OH), s
sl 8 Dl S el SO Pladl ge daaldl) Al el Gl
celall G Jasdll CpanSY) any 25ag SIS IR SN o Kay 4l
b TIT sl auSspn ) 5 (D8 as ) AL sosl) o] ) (g
Jslad) pH dasdl

deliy JlwsS Jelés s (comproportionation i retrodismutation) sy 3 glals 328l Jelis !
bl o 3l By i) aiy Tl (DR it 30l ey Ky A i) Glacay LS dimse
sl ¢ pailidl

2Fe® + Fe — 3Fe’
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canlls o Wll B = f(pH) Lalia : (3) J<a

L1
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iy 9a3

pspall B = f(pH) bisda )|

il K S5 56 Ldie sl el B o= f(pH) Lbadl )
;5 We 1072 mol /L Lglse o gyl
«E%(Ce*t /Ce*T) =1.74V (EY(Ce*" /Ce) = —2.33V
Ce(OH), : pK; =50 «Ce(OH), : pK, =21
A £ 15 asyedl yeaiedl VI CITT <0 3008 A6)) o duhal) o8 8 i
.Ce «Ce*™ «Ce'™ «Ce(OH), «Ce(OH),

cOanll) sedal il pH,y «pH) sl 1

sl dapy ISV 4 el Ysam el clile Ofseadl pH el ) ol 2
Al o3¢ A88sall £ 1550 Glasll Sl 3sasl) (Bhalie a gl

«E°(Ce(OH), /Ce(OH),) 5 « E°(Ce(OH), /Ce®") L e S (sl .3
. E°(Ce(OH), /Ce) 5

E = f(pH) aspedl g5l (p Alalill dgaall (uedl) N obedl) (i) 4

Gl il B = f(pH) labaial 3515 )|

Bl Ao 2o G uail B = f(pH) Ldadd) Gl JSA ek
A s SUa o By agasye sa5.25°C
10mmol. L Jatall 3l cihd N dansilly Lgmna € IS 585 (g5l @
clall skl Gla @lls,
LBl I Aally S gl Alaidl g 1Y) Jealdl) ) 38l o
A Ay V) AilasSl ¢ 1Y) (g lanal) 822l A o
(a5 ) Hg Sl il v
(8 la awa) HgO (I1) Gyl ansi v
(Jslaall &) Hg?t (1) sl spyls v
(sl 3 Hggt (1) gl syls v
(RT/F)-In10 = 0.06V i luajal o
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0.3
s 3ty da A — B—C — D Ghlal e S 4 as 3 gl 33a 1
¢ gl gsill plany o ) shli
tilial Jied) Copall Jlastisy e g5 S Sayi Gl Las
p o)l usdleall S BV Gumapall i geS1) Ll sac ey 232 2
-Hg(I1)/Hg(0) 5 Hg(Il)/Hg(I)
LGsall Play) elaa 23ag A — D Jelall illasall dalaal)l (o€ 3
Lelai ) g il (e (3885 9 55 4 Cyfiaivaall (pinbail (e US e s Lo 4
culs Laddl saeliue caalsy (B = C 4+ D glayYls 5208 dilae il 5
Aels
MVl liwivs sl ) Jlaad gedsall A5 A Cpeiiedl Jia 6
'p(HQ) = p(OQ) = P°
€aleall ) aen Jio wS3e e (g Gens GO Oae il b (a
¢ oLl 3l iy 3530 ShaS 55 2asy da (b
sauSY) cDlels (uS) felsedl sl sausY1 dis D sV & L (c
pH = 5 Lexic @l dadgidl)



M
il 31 5 A ali o il ol 5
il Jalladll 8 dlealal)
25°C aie Gulul/ (mes #1530 4\_;@}4;“ culg I
250C e Ayallaill g lay¥ls s0uY) clige 1T
9250C xie Cilsieall (R el ITT
250C aie PNl el IV
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250C dayall die (ulual/aan z1g 3 Ldaganl) cuylgs T

-

PKy; dipal aeal) aul

4.3 ¢1.2 H,C,0, CILS Y aes

1.3 CHC1L,COOH Jal 5SSl aea

1.9 HSOy Lpaalal) Sl aes

7.6 2.0 SO, ) sl s

10.3 <6.2 <2.8 2.0 H,Y E.D.T.A.
12.1 «7.2 <2.15 H,PO, shunsill mea
11.5 «7.0 <2.19 H3AsO, )l ames
5.8 2.8 CH,(COOH), oglall aea

7.7 2.6 H,TeO; sl (aes

2.9 CH,CICOOH Jall oK aea

4.3 ¢3.0 (CH(OH)COOH), Syl asa

6.4 4.8 ¢3.1 H,Cit Osedll aes
3.2 HF 25l Gaes

3.3 HNO, Y (e

3.5 CgO,H,COOH AMualle i) paea

3.8 HCOOH daill (e

3.9 CH;CHOHCOOH ol aea

4.05 CgHgOg i) Kl (aes

4.2 CgH;COOH Syl (aes

4.4 CgH,OHCOOH sl mea

4.5 CeH;NH; JPRREN PR

4.7 CH;COOH Jall aea

4.8 C,H;COOH gl Laea

5.2 C;HgN™ o st ) 53)L5

6.1 NH3;O0H" potisal JpuSspel) 3L

10.3 <6.4 CO, CsoSl st ke

13.0 7.0 H,S Ol CuyS e

7.5 HCIO OISl aes
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PKy; dizal waasll aud

9.1 H;AsO; S men

9.2 NH; paisa) 3L

9.2 HBO, BTOUNEEES

9.3 HCN el b (aea

9.9 (CH3)sNH* psisad) e S 33,

10.0 C¢H;OH Jsaall

10.7 CH;NH3 assisel el 33)L

11.0 (CH3),NH, asisa¥) Jiia (S 32
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250C Al wic Luallall) £ las¥ly 5ausY) culigas .TT

E°(V) 32 23l
2.87 - Fy(g)
2.08 0,(g) O3(g)
2.01 SOi~ S,0%~
1.77 Hy0 H,0,
1.71 Ce** Ce*t
1.51 Mn** MnOj
1.36 Cl™ Cly(g)
1.33 Cr?t Cr, 0%~
1.23 Mn** MnO,
1.23 H,0 0,(g)
1.19 I1(aq) 103
1.09 Br- Br, (1)
0.96 NO(g) NO3
0.91 Hgj* Hg?*
0.85 Hg(1) Hg?*t
0.80 Ag Ag®
0.79 Hg(1) Hg3"
0.77 Fe?t Fed*
0.68 H,0, 0,(g)
0.62 I I(aq)
0.34 Cu Cu?*
0.17 S0,(g) SO%~
0.15 Sn** Sntt
0.14 H,S g
0.09 S,03~ S,02"
0.05 C,H;OH CH,;COOH
0.00 Hy(g) H*

—0.13 Pb Pb?*
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E°(V) sl Suigal)
—0.14 Sn Sn?*
—0.26 Ni Ni**
—0.40 ad Cd**
—0.44 Fe Fe?t
—0.49 H,C,0, CO,(g)
—0.76 7n Zn?*
—1.68 Al A3
—2.26 H- Hy(g)
~2.36 Mg Mg**
—2.71 Na Na™

—3.04 Li Lit
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250C Aie culaieall JS&S culgh ITT
log 3, [\ RAY dday )
i—6 | i=5 ] i—ali=3]i=2] i=1]| %A
7.2 3.3 Ag’
34.8 | 305 25.3 19.8 | 14.0 7.2 Co’*
126 | 105| 76| 41| cut N
20 18 9.0 | Hg*"
8.2 8.1 7.5 6.4 4.8 2.6 Ni2+
8.7 6.7 4.4 2.2 Zn**
21 20 Agt
27.3 Cut CN-
24 16 Fe?t
31 Fedt
6.5 5.2 3.6 1.7 | cu?t SCN-
4.6 4.3 3.0 Fed*
13.9 10.7 5.8 Co**
19.7 10.6 Cu**
NH, (CH,),NH,
9.6 7.6 4.3 Fe? "
16.5 12.8 7.5 NiZ*
13.5 8.8 Agt
6.8 6.3 5.0 21| Fedt 8,05
336 | 323 | 298 Hg>*
4.6 2.8 Cd**
20.2 14.2 9.4 Fed* C0%”
5.3 3.8 Mn?*




301 ! Joed) (b Aol Sl gl 2ol 9o ) ol g
log 3; [ RAY 5\.&,\4 a0

1 =206 1 =25 1 =4 1= 3 1= 2 1 =1 LJSJAH
21.2 51 pert | Ol

14.0 Fedt

7.8 Ba?™t

10.7 Cat
87 | Mg E.D.T.A.
14.3 Fe’* ()

25.1 Fedt

16.3 Zn2*

2.3 Fe’t
7.4 4.2 Fedt S0y

3.3 Ce'™

4.1 Ce "
16.1 | 13.7 9.7 5.5 Fedt E-

20.7 20.2 18.5 15.8 12.0 7.1 AIPT
208 | 276 | 238 | 129 | Hg" I
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250C aie ey glaa IV

pK .
4.0 Co(103),
7.8 Ni(IO3),
7.1 Cu(I03),
5.4 Zn(103),
7.5 AglO;
7.1 Cd(103),
sadl 17.9 Hg,(105),
o 18.7 Hg(IO;)s
sanl 12.5 Pb(I03),
Smal 225 Ni(CN),
L 12,6 Zn(CN),
sadl 15.9 AgCN
8.0 Cd(CN),
el 39 Hgy (CN),
sadl 35.1 Hg(CN),
14.3 Cu(SCN),
oadl 12.0 AgSCN
¢ 19.5 Hg,(SCN),
4.7 Pb(SCN),
») 9.6 Mn S
spud 17.2 FeS
sl 85 FeySs
2l 204 CoS
asud 22 Ni§
2l 35.2 Cus
oyl 23.8 7nS
gl 49.2 Ag, S
Sial 26.1 cds
2l 37 Hg,S,
gl 52 HgS
asul 26.6 PbS

pK, Lapall
el 10.7 Mg(OH),
oo 5.2 Ca(OH),
o 2.3 Ba(OH),
aal 31 Cr(OH);
) 12.8 Mn(OH),
adl 151 Fe(OH),
e i 38 Fe(OH),
&l 15.6 Co(OH),
Jemal 147 Ni(OH),
Gl 19.7 Cu(OH),
ol 17.2 Zn(OH),
ke 77 AgOH
sl 14 Cd(OH),
ssul 235 Hg,(OH),
Sy 25.3 Hg(OH),
UM\ 15.3 Pb(OH),
oanl 32 Al(OH);
oanl 9.7 AgCl
Ul 17.9 Hg,Cl,
Uyl 4.6 PbCl,
sall Bl 12.3 AgBr
biall Bl 22.2 Hg,Br,
GRs 44 PbBr,
il 16.2 Agl
il 28.3 Heyl,
el 28.3 Hel,
Ll 8.2 Pbl,
2.5 Mg(103),
6.2 Ca(I10;),
o=yl 8.8 Ba(10;),
6.3 Mn(10;),




303

il et b Alolodt Sl SCatusge S gl

pK, Lagpal)
sl 8.7 Hg, CrO,
Jial 13.4 PbCrO,
4.1 Mg C,0,
ol 8.6 CaG,0,
7.0 Ba C,0,
5.3 Mn C,0,
6.7 FeC,0,
5.4 CoC,0,
7.0 NiC,0,
7.5 CuC,0,
8.8 Zn G0,
sl 11 Ag, C,0,
7.8 CdC,0,
13 Hg, C,0,
o=l 10.5 PbC,0,
o=l 6.0 Mg CO,
ol 8.2 Ca CO,
Uanl 8.3 Ba CO,
) 10.7 Mn CO,
adl 10.5 FeCO,
s 12.8 CoCO,
sl 8.2 Ni CO,
i 3y 9.6 CuCO,
sanl 10.8 ZnCO,
sadl 11 Ag, CO,
o=l 13.6 Cd CO,
Jial 16 Hg, CO,
ol 135 PhCO,
sadl 2.7 AgCH,CO,

pK, Lageal)
sanl 2.5 MgSO,
sanl 4.0 Ca SO,
sal 8.0 Ba SO,
ol 13.8 Ag, SO,
oadl 2.3 MgSO,
o 4.6 Ca SO,
sadl 9.9 Ba SO,
saul 4.8 Ag, SO,
Saal 6.2 Hg, SO,
ol 7.8 Pb SO,
sadl 3.0 AgNO,
ol 6.6 Ca HPO,
el 7.6 Ba HPO,
12.4 Hg, HPO,
9.9 PbHPO,
Uyl 27.2 Mg,(PO,),
ol 26.0 Ca,(PO,),
oadl 29.0 Ba,(PO,),
oasl 22.0 Cr,(PO,),
oadl 22,0 Mn,(PO,),
il 220 Fe PO,
il 32,0 Zn4(PO,),
il 15.8 Ag, PO,
42 Pb,(PO,),
sal 18 AlPO,
3.2 Ca CrO,
ial 9.9 BaCrO,
5.4 CuCrO,
el 12 Ag, CrO,
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asy) ) il
Acid Uaes Acide
Conjugate Acid Gilya (aas Acide Conjugué
Weak Acid Cama (paea Acide Faible
Strong Acid SR e Acide Fort

Spectator Acid in

slall (8wl mes

Acide Indifférent dans

Water I'eau
Polyacid Aadal) adeia aea Polyacide
Acidity agen Acidité
Amphoteric e _Gmm e Amphoteére
(i)
Anion Gl s~ 33yl Anion
Anode dras Anode

Self-Ionization of

—eLall SIA gl Jlal)

Auto-Protolyse de 'eau

Water elall sl ot
) . Avancement de la
Extent of Reaction delil) aa8 )
Réaction
Base ol Base
Conjugate Base Gibe el Base Conjuguée
Weak Base Caraca (b Base Faible
Strong Base g ol Base Forte
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Constant- Acidity

Spectator Base in . Base Indifférente dans
cWl b aals Gl
Water - l'eau
Polybase Akl 2w Gl Polybase
Basicity (Aeaeld) 2l Basicité
. —dage byl .
Cation . Cation
Case (sl
Cathode Lea Cathode
Cell PER Cellule
) Cellule
Electrochemical Cell WhaS S 4la ..
Electrochimique
Galvanic Cell PIHISPIEY Cellule Galvanique
Classification Cagieal Classification
Competition ol Compétition
Competitive ) Complexations
Complexations Compétitives
Competitive Précipitations
Adlite Gl
Precipitations Compétitives
Complex Sara Complexe
Gaseous Compound @k S Composé Gazeux
Tonic Compound GVl Kye Composé Tonique
Liquid Compound Pl % Composé Liquide
Solid Compound s £ Composé Solide
Concentration Sy Concentration, Titre
Molar Concentration s 385 Concentration Molaire
) ) Concentration de
Solution Concentration Jslaa 385 ]
Solution
Constant el Constante
Acid Dissociation o
dcaganll s Constante d'Acidité
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Constant

Basicity Constant FARI NS Constante de Basicité
Dielectric Constant el il s Constante Diélectrique
S Constante de
Complex Dissociation . o
2 K& Cyl Dissociation d’un
Constant
Complexe
Stepwise Dissociation . Constante de
Constant - Dissociation Successive
Cumulative . Constante de
) it
Dissociation Constant - Dissociation Globale
Equilibrium Constant ol el Constante d'"Equilibre
) Constante de
Complex Formation ) . )
e JSED cnls Formation d’un
Constant
Complexe
Stepwise Formation . Constante de
il S
Constant i Formation Successive
Cumulative Formation ) Constante de
lea) J8 @b
Constant " Formation globale
Reaction Constant Jdeld el Constante de Réaction
Complex Stability . Constante de Stabilité
8wl 43)) 3l Cull
Constant d'un Complexe
Thermodynamic " " Constante
Swaliasasi Gl .
Constant i Thermodynamique
Coordination als Coordination
Coordination . Composés de
Bl el
Compounds Coordination
Coordination number alall Jads Indice de Coordination
Couple T Couple

Conjugate Acid-Base

pair

Gilie bl [ Gaes )

Couple Acido-Basique

Conjugué

Redox Couple
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