www.alirezaafshar.org id/f
£ A N

® \
Vo :Jlgaw slows :‘;)bﬂ?' fl.i 9 f'U ®
S oSS 0235195 (goud 109051 pU

L& 3 ez 0 9line 3S e @)‘Yo:gﬂ)fz@b)

)l...s| Lo pule
[ ]

@, 35 0l L OT 3 05 aladl 590 ¥ dslas (ul 43 9l sl 4igi 1) 904 1) 34uST o0 e b (Bl g0 Uslas (5jgel G2l G)\
) 9 |) dsles Caww D

YMgO( ) + voaskd — l‘Mg 5) +O

T2T o Caws s 0glo p S 9hiS 3z 1 J2iST9 13 3aS 9,300 @23ww )5 Foo b pua il o v
C,+H,,COOH + NaOH — C,; H,;COONa + H,O
(C=w, H=1,0=5, Na—l‘\“%)

sl 230T s 4 OT VoomL J3 3,05 Ojssad o VV¥G 03b Jo jl 6 36 Olus 1) sl SS9 0 Jskme pH
(H=),Cl=vo0:g-mol")

Ar b HA Jyo py2 SpuS Jo 0T jad o 000 3 b L (a0 = o V) HA sl 0,5 3z pH = ¥)F b Jglone s &5 sl
S oy ey JUsl 51 )5 @3>y 1 9 35S G2 8 V0 0g - mol !

3257 w3 40 1) 3umnl (ol g0 0,0VD Jghoo DH .l ¥ X Vo ° b ol HA Ciunids spmnl (530l Giigy s ©)
,.|,, ! HA Sl Gaigy bl STl i LSy Jgo cile U HB Ciuwid sl pH | soly 3iz HA Cinzis sl Jglno pH () .
3L HB (53l gy <ol

A1 sl 95 ol PH xigis Jo OT jad Sy 3 4Blaz HY jlp,8 A s HX jlp,8 1Y 81 siseud s Sl 93 HY ,HX
= 1009, = Tz Tl 55598 34 fuo LT GRogs 4203 dunlio b .2 salgs
(YmolHz = 1009, \molHY = dog) S,z Sl (5,5 598 sawl plaS 348 jasiue lesT Jiogs 425 dunlio b .2 sal

bl el gy <ol Sl 033 Jo OT il s Yoo 13 HA p)5 xiz pH =1 ,F L HA spul gl G905 o 15 (A)
(23S 5 G oo JUl 31 )5 pox> a5 jI) sl Aog - mol " HA Jgo py> 90,01mol - L™

e 3igd 0391 170 SligeT sladsSge S .l 028 J> Sligal A0 X Vo 'g PH = 10,V b SligeT Jslona €505 S5 13 @
(N=1¢, H=1:g-mol") Scuwl a xiz Jslxo oy

Sxmop W & Jglo pH G 5,5 J> T ,ad 95 55 ab ) (K =¥ X 1o 'mol-L7') BOH wuszo jb jl p,8 sz (00)
(BOH =VYog-mol™")

Seuls giml pH = ¥,0 U HOU glono i oo 3z 4 PH = 1P LROH Ushona i koo Yoo 03,8 i sl (11)

20 Uslono DH 03105 ,5 bolina DH = 1V b 3pauS 9300 ety Jslma Vo oL b 1) pH = 1 b sgunl Sy309,308 Jkomo Fo omL

.).:v'),TCam.)Qb

Sl i3l JUisl 09 Sl 3z O awST Jgo S B puan Sl 30 duwlono o SRl — GioluS] j2aSly 4 45950

Y Mig=+0p(g)=> Y MgO(s)

v ~_ &




www.alirezaafshar.org

/—%,qu,,gs,-s;w»,,m)sﬂ—l fliig) v

13083 guwly 833 7 bo (S w1 4 035 8315 Sl — iuluST slajiiSly 4 4295 b
1) Al(s) + Fe' (aq) — Al"" (aq) + Fe(s)

Y) Fe(s) + Cu'*(aq) — Cu(s) + Fe'*(aq)
¥) Cu(s) + Hg" " (aq) — Cu"*(aq) + Hg(l) V

F)Pt(s) + Hg" " (ag) — s9i 05 plowl j2uSly
S duslio Jubs ,S3L ALL 1, Cu (Saials &)a8 (<l
S duglio Jubs LS3L P L1, Cu'™ S aiust @08 (0

Sz $3,5 sbSs al W5 5 1) Pt (ag) Jslow Olgi e LT (0

9y o, Vo iy (&i— oal) Jshw E° 51 5ua5 LiiSly Sn' T (aq) Jskme b 2iilgi g0 posineslT 315 5 5T 316 4lS1az 2uSly 95 5
:abl g 1O ol (R — posinasdT) sk E°

Sz Sl jiiun (AL L Fle) 318 plss S xials )03 (T

S oo 1y ST /S sl (639 15Ul Jumiliy 0 0313 AT /Al Juunily 4 4295 b (0

(E

arca = T\ )

7 s . £ - - <
o i2 JolS g 1) 0T 8 Sl 6 Uslen xil o AH s = 100157 ™ 5l rinaglT sl Sl € 255 L

032 Ol JSTy 39 Too oy S5y ity (1T) pgusbily S Sl Jolone $53)5 (V) pausbly Sas i Jaloo b 595 3,8 LSy 31
DS paseiio jui 1) 225alS 9 2 35ST STy ol ) s b ) Joloro S5 puits Judd 9 03,5 €jlge o ativgi ) 93,5 9 ps2Uls

3 Geanly Bt 4 ) S g00 4 4295 b

900 KJ

<55
55

2C0,(8)

\4

S dalons ) ¥ STy (s 5ludled (5501 (all

TS dunlio ) P 9 ) (2STy s puw Glio byl o 43 (Jud3 SO L (0
) 23Sly 3 NO )5 o P8 b jao sl 13 038 35T 6k S Ol UL Y (2S19 45 CO, 6,3 o PV JuSias il o3 038305T sbo )8 Ol (o
(N=1F.0=15.C =1V )% awlic ¢33 dulns L1, ()

Ivalradl

3
]

2l 1 (Y + 2) ggomme il Sglite sl )5 3UIS b OLusSy Clile 9 Lod > J2iSTy Sy plonil 4 bgpo 45 ) J9az 4 4295 b

@) c6|fcad oo

E, @, | B, <, | s
x FokJ
Vo Yy Y
z Yoo




www.alirezaafshar.org
D bl Lo pule S5 luas o y9lie 55 0 —1 ][ﬁiﬁ] [

Sl ) doles <ol @l S35k st YA(g) + VB(g) = D(s) juiSly lm b dsles el @32 Jlaio ) sl jiSly 4 4255 b
Samle L O 3219 9 s gy S2uSTy o
) A(g) +B(g) =vC(9) K, =1o

o) #C(g9) = oD(s) K, =0bo
\
Tk C(s) + ;Or(g) = CO(g) Sy slr LK Jlxie »uj sl jiuSly 4 4295 b

) CO(g) + %Ov(g) =C0(9) K, =000
o) C(s) + 0, = CO(9) K, =¥fYooo
Sawlo LN Jlaie xsbmol” - L7 Y A(g) + nB(g) = ¥C(g) + ¥D(g) Jsles culs IS, 31
9 NOy p5 o, PV Usles plEins 43 ST il SIS0 Foo C slod 43 & pad o G 13 Db 5 13 Ny O (g) = YNO,(g) Jslss
(O =15,N = 1¥F) .35 Ol | Uslas ol 5332l 3il 39290 S5 53 NyOg p )5 o F§
50 I 4 PD0 C (slos 13 (30 Jl oy cpadd Sl 315 GRSy Gilbe |y NHeHS p,8 VAS id shoo Do o pox 45 53,5 45 S|
22091 Cawddy 1) Ul ol il adls 3929 B,5 > HyS 0,5 0,1V Usles pla 43 )51 )
(N=1¢,H=1,5=vr)
NHHS(s) = NH,(g) + H,S(g)
Joles plin 81 diaw pp U5 4 o) STy Gollao b oS g0 3ly 53 Vo BB 43 oo Cglos 431 CD Jgo YA 9 AB Jga 1V
S dewlos ) Joles coli ol AB clile ol o 95 AC clile
AB(g) + CD(l) = AC(g) + BD(s)
2L V,0 OB 3 39290 $IE Sdge gserme Foo C (slod 43 Usles plSin ST .0niS o 2) ol5 Globw 3,19 1) SOp JB Usgo &
el 1) GSly G5 e
rSO.(g9) = vSO,(g) + O:(9) K=v
238 355 3pmuST oanndS ST 3mny g0 I35 4 Ao 0 C glod 13>y YiiSTy Gl 303 Ao yogls 303 b Gallsb CaCOy p,5 1 oo
39 09 385 )3 VL 1) G2iSly 06,5 poxos Samle ) STy Joles ol aas STy pH = ¥ L HO jad o Ao o b Usles 53
CaCOy(s) = CaO(s) + CO,(g)
PV 5 05903 Jge ¥ sl s3uwy Usles 4 )5 518 5 )Lad Los Lige bulsd ,3> «5 (NY +¥H,(g) = YNHu(g)) o 327,8 ,o
Sl p,5 3z NHy Jole lako )15 3579 ) Sy BB > 09 5 e
H=1,0=15N=%
g ) OV 5 il S5 il Uslaa
A3 Voo |y GaSly 5Ly Sl JT (sloske o391 18 02 3wy 3iz ail ) 000 8a3gd ) ST axly OIS 5 kil b sdgi y> 3]
O=15, H=) , C=1V) 0

c6|fca pooi) pplic®

e

_‘
&8
\—M



www.alirezaafshar.org
/—%mlwwﬁsawwm;s»—l fiis) 1 \

& xR .o

3z 5 5 0391 pS oS S8 ol sl BOT I8 B3l SBOS 355 5 St S5 20l sk 4SS Sl Uge S (B9 S sl Y I ke €S o298 Wslae (1)
S g0
sl

ooV 4 abliso (P92 S 5 Ugo S il 4 (2Bl S Tl )
(Mg"™,0") 35,08 )15 035 jle O il GEiSTy Cansl) Caoms y3— ¥
253L 6B 2L SuaSTy canl) Coww g3 0355 sl (S Il — ¥

sl ol iy

MgO(,) + ¥VaAkJ — Mg, + Of

wl C) Hyq COONa ogbo
ymolNaOH  V\molC,.H,,COONa
X
¥ogNaOH \molNaOH

?kgC\ H,,COONa = FoogNaOH x

vsrgC,.H,,COONa \kg
X X
\molC“‘HHCOONa looog

= $rkgC,.H,,COONa

1molHC!
?mol HCl=o,Yvg HCl X ————— = o,0¥molHCI
vg,0gHCI
HCl J 0,0 l
[HCl = oot (mol) o Ymol - "

(L) dsbepas o)) (L)
Q=) sl (598 Sl SO sl SS9 000

azﬂ@ [H*] =o,tmol - L'
[HCl., /

pH = —log[H"] = —logo,¥ = —[logV + logo,1] = o,V

pH:—log[H+] = —log[H+] =vF= —log[Hﬂ =F— o8
:>10g[H+} =—r+ o/?:>10g[H+] = —rloglo + Vlog¥

:>10g[H+} =logF x 1o ' = [H+] =FXlo "mol-L”

a= 2] = [HA],, = vmol - L™
[HAL-_IU < /
HA Jds o HA Jds
[HA}:—ﬁo/ooV(mOl'L ):—ﬁ HA dﬁ:o/oo\mol
(L) Jslaapaa o0 (L)
\oogHA
79 HA= o,001molHA X ———— = o,1gHA
\molH A
k, FX e

" M
= = © 0,00 k = N HA
[HA]-\T,J,I Ve ‘°7r r X < / r= a « [ ]4-;53\

Fxlo "=a" xVdx1e  =a ' =Fx1e Sa=o,l
[#7]
[HA .,

= [HJr} = o/oo|b mol - L™

@7 c6jfcav i ol

pH = flog[Hﬂ = pH = —logo,e0ld = pH = — [log\of“—&—log\"—klogb] =pH =Y

Scm—




www.alirezaafshar.org

/—%mm,ﬁkﬁs)wo,swﬁp—l fliig) v \

ko = o 3],

v HA =[HB]
ko.ra o QXpy - [HA]“JJ' (HA ={HBly | 0‘;1,4 N QA |

konp a;{B -[HBly, q a;IB agp W
+ +
PHHA — PHHB = —log[H }HA + IOg[H }HB
CHB.[HB],, v
CHA.[HA] CHB.[HB, CHA-[HA]
pHys — pHygp = —log Al + log HBly = log Ay
pHHA — pHHB = IOgY' = 0/0
PHux) = pHny)
= [H ) mx) = [H )
= a(HX) [HX}‘QU = a(HY) [HY}‘QU
VmolHX HX Js5 o,0A(mnol)
?molHX = \WgHX X ———— = o oAmolHX , [HX|= = =o,0AM
\bogHX (L) J}XAA?» \(L)
\molHY HY Jse o,15(mol)
?molHY = AgHY X ———— = o \¢molHY , [HY]= = =0, 8M
aogHY (L) d}&&-ﬂ?&é l(L)

:>(1(Hx) X o/oA:a(Hy) X o/|7:>a(HX) = Q(gy) X Y

= qax) > 0HY) = Sl s s a HX

pH:flog[HJr] = \/szlog[Hﬂ :>flog[H+} =V —o,f

=log[H'] =¥+ o5 =log[H"]| =log1o "+ Vlogt = [H'] =¢ x 1o "mol - L'

[H] oA
o= = = o,0F
[HA]@U [ ]@Jl /
a“ : [HA]E\U a-a- [HALJJ' o/o\‘a
ko = =k, = _:>o/o‘:
| —« | —« | —«o

—l-—a=FfFa=0a=)=0a=o-/

_ -
o[HAL,, = o/o‘c} = [HA],, = o,rmol - L

HA Jds ) HA Js
[HA]=——— = o F(mol - L") =———— = HA Js = o,0Fmol
(L) Jimerm D)
Py HA= o otmol HAx 974 o ha
! = o ,0 YOI X —
g ’ \mol HA e

pH +pOH =¥ = 1o,Y + pOH =¥ = pOH =V}
pOH = —1log[OH] = —log[OH | =v¥ = —1og[OH | =¥ — o,V

= log[OHf] =—F+o¥= log[OH_] =loglo ' +logo = [OH_] =ax e "mol-L”

%
(i —F 3
[OHT] 8 X 1o » O
a:—ﬁo/o\:—:[NH‘.]d,I:bxlo mol - L g
[N, ], [NHE,],, " t
7
o VmolNH, r ;_
TmolNH, =Abd x 1o g NH, x ———— =08 X lo molNH, v
\YgNH, (E
NH, ds y . & X 1o " (mol) 12
[NH, ] =0 x 10 "(mol - L) = —————— = Jjaapan =o,1L

(4




www.alirezaafshar.org

/—%,ulu,ﬁkﬁawwm;sﬂ—l fliig) v

pH + pOH = \¢ = ¥ + pOH = \¢ = pOH =\

pOH = —log[OHf] = —log[OHf] =)= [OHf] =o,)
[OH_] BOH
ai[BO—H}w#a.[ Jug = o))
o' - [BOH],, a-o-[BOH,,
Ky= —— = K=
| —« | —«

«a
=F-—Fa=a=>F=0a=>a=o-o,A

o,
= o/\‘: 4
| —«a
o [BOH], = o,) = o A|[BOH| ;= o,| = [BOH|,, = o,\Vomol - L™
BOH s . BOH U
[BOH] = = o ¥0(mol - L") = ——— = BOH Js = o ,fomol
(L) Jslaspas r(L)
Vog BOH
=1vV,0g9 BOH

7?9 BOH = o,fomol BOH x
\mol BOH

pH +pOH =¥ =¥ +pOH =\¢ = pOH =¥
—log[OHj = [OHj = o/o\mOZ'Li‘

pOH:—log[OHf] =V =
OH U 4 OH™ s
:>o/o|(m0l'L ):—:> OH ™
o/Y (L)

jon ] =
(L) dsbaepaa

pH:Y/a:>—log[H+] :V,b:>—log[H+] =V - o/b:>log[H+] =—V+o,0

log[H"] =log1o " +logt= [H'] =¥ x 1o "mol- L
¥ X 1o (mol)

H* J
H ] =——" v 1o (mol- L") =
(L) Jslsepas (L) Jdsaepas
Y looomL
= dshwaas = —-[ X —m8M— = gs8,5mL
v

pH = —log[H"| = —log[H"| =1 = [H'] = o,ymol - L™
[H*] = H J- o N (mol - L") =
(L) dsseps oF (L)
pH + pOH = \¢ = ¥ + pOH = \¢ = pOH =\
pOH = —log[OH | = —1og[OH | = [OH | = o, \mol - L'

[0H™ ] =
(L) dstsepaa

H' +OH — H,0
Jges = o/o\‘— o/or: o/oY ’lTLOl

sxile 3l HY
0 J o¥(mol )
[H+]:—’A [H*] = /o (mol) LAV
(L) dslsepns o,F(L) + o,¢(L) ¥
| _ | _
log[H"] = —log— X 1o =f{log—+log\o '}z\/b
v v

pH=

H" s
=0H- dse = o,

d}‘ = o/ool'mol
HY Use = o0,00"mol sl iy H JgoUOH ™ Jgo 03 Shis G2y 43 1,1y
3wl

HY Js
= Ht Jdse = o,0Fmol

o¥mol

OH™ Js o
= o, \(mol - L") =
o, (L)
iloso L H T (631325 9 39 g0 B puao OH ™ ploi yuy -

" mol- L™

st ()

-

b

Cawl OH ™ Ugo jl pidn Jakoro 4> A,;,oHJr Jgo %S|y
:

ile Jgle G

o) c6|(cavl poo#S) priec®

132 50 JUl 09 555Ul g F o0 ST U s B puro si14 230 plowil j2iSly 4 42951

2

S



www.alirezaafshar.org

/—%,u.ﬂu,ﬁls,;s;wo,,um;sﬁ—l fliig) v \

O, +¥re —rO"™

¥mole™ #,0P X 1o e

ze” = 1mol O, x =PF, oA X Vo g sl

1mol O, \mol e~
38 b uy el iz CU I Fe (S3dlS )38 o S g0 omis () Sy plowil 1wl it Fe 1 AL (S 3nlS )35 o 08 g0 4o (1) G2aSTy plowil S (all
390 3alg3 yiiw Cu jl Al Sxials
Sl @8 Al > Fe > Cu> Hg > Pt
Sd3wSl@yas: P' > Ho't > Coft > Fe't > A"
on () GiSly 0xd plonil .l Hg™ I jaitey Pt™ (S 2iuS1 )38 8,8 ot lgiso (F) STy 02 plovl 4 4295 bl O 1 iy P (S aiaS1 )08 (0
92 32lss iy Cu'T GIPEY (830081 0508 labid g ccannl g Cu't 51 HGM (533081 0538 & )8 donis Olgs o
9500395 BT 5 9 3830 09 SN P g1 0 ey sl Pt Iy Fle SaialS )35 9515 Fe'™ @ Canss (5 sty (S 3iS1 2538 Pt aSiyl 4 4295 b s (0
Cidean
Al ity (S0l )38 BLES (@1 — posiodT) sk jiiu Sy Goy 315 L 515 J255 SN 590 3iales 3TN 4 s posineslT 9 2T 028 S5 SIIE sladshs > (T
9 3alys iy 03 Slowl Juwsily BWis| 9 Fle 4y cass
bl padlg (@ — porinagT) SIS gk Sy 4 a5 b (0
EOJ_Ag = Eoﬁ\s - Eom

\orV =E° (—1,55V)

SnT+/Sn -

EO = —o V
SnT+/Sn AF

AL O(s) + 1091 5KJ — Y A" (g) + ¥O" (g)

KJ
AHGLEJ,;(AIYOP(S)) =10915"" /mol
UibSlaa 22
0 +2

T : I

5+ + +
2V (aq)+3Zn (s)—> 2V (aq)+ 3Zn (aq)

l

+5 \_/+2

Jallan 03
ol 333,85 Jglono 5y il o Jodomo 93 (2l 13 p923Uly 3O GioluST 30 s
313 535081 G5 (ol iy 4B, IS pgasUly 35 GaluST 356 Sl 53 Canl 5330S J2uSTy 3 OT G2 9 538 a1 ol s Caml 48l 381 (555 3 LiwluST 338 2ST9 (ol 4>

-

AH =Fa— E'a — -85 = Ea — %00 — Fa = WFrkJ (Wl

ol P STy 1 5 S sS (1) STy s ilalled (65l domisps F < ) 2iSTg cacpus (i

(¢

1molCO, osskJ
o,P¥gCO, x x =1, F10kJ
¥rgCO, rmolC'O,

1 molNO VAVK)
o, V8gNO x X = o,400kJ
YsgNO YmolNO

.Cw|(\)uw|3))NO f; o/rf' Dz jl i ¥ ULIS',))CO f; o/YV LH,J;;')'))DA&)UTGJ)H

7o) (e peoi oy

G

el QLS Cilies (5l puano 43 (2STy AH
fo—$:y—\Vo—>$+y:Y\o

\Sicmma-.




www.alirezaafshar.org

D 381 o pude S i 09\ S 0 ——1 M) ¥

Yoo —Fo=2—T—>2—T=1%0c 2T =2— 150

1S Olgi oo V¥ 9 ) o dulio b

5f +y="Vlo = 2z+y="WVVo

oS Roz pow Wslao by 9 puiS o pb T3 1) Uyl Uslae sl SIS v

zZ—150

rA(g) + vB(g) = 5 Z (9) HK:' = loo

s 7 (9) = 6D(s) —K,=0bo
YA(g)+l"B(g);‘bD(s) — K =100 X do =dooo

) 2l
1LY

3T g0 a3y 5 3550 STy (ouiS Roox () GRST9 b 9 83,5 juSe o 1y (ill) j2STy ST

\

. 1
W ose ) COy(g) = CO(g) + ;0¢(9) K| =—
<) C(s) + 0,(9) = CO,(9) K,="FfVooo
C(s) +10,(9) = CO(g)  Kp=K| x Ky=—= X F¥ooo = AF
ETHJRIRENCE
(moz)mwu;%\,a,\Aumiumsn,%\).-d
L
(Dl
oS 50 Ol 1 J3les (sl Uil Lol
1molNO B I
o/"‘”gNOr X —l‘ = /ooOmol—> o/o\ mo
FsgNO, Gl L
VmolN, O o0 l
o/\"?gN‘,OF X ; = /oomel—) o/o\ mo
¥gN, O,
INO,J*  (o,01)
K= :/—:mol~L"
[NYOI‘] °/°‘
oS NH HS Jo\ss jlaio 4 sk 5 canl K = [NHL][H, S] Jslss b abul,

' VmolH, S To,0 mol
i lade H,.S—> o/lngrSX —:o/oobmol—> o,0]
vrgH, S Gk pan

MO (NH,) = [H,S] Jotes sie

— o/o|

K= o/o\ X 0/01 :

& ¢
@) c6jfcad) e pplic)

|AC]
K—f & [AC] = v [AB]

AB
pr

T

-




www.alirezaafshar.org

/—%,u,ﬂu,,,tc,;s)wa,,w;sp—l fliig) v

¥S0,.(g) = rSO,(g) + O,(9)

45\]_5\ )\JE.A }4 o o
ERPYRS] —vz + Yo +x
G i g — v + ¥z +z

F—Yrt+fr+z=Vo—->x=1,0

0,] [50.]"

50,

O, — 1 ,0mol
SO, — ¥mol
SO, — ¥mol
v
1,0 ¥
7 )
\‘":—r—>V= a/bLZQoOmL
(3)

<| =

CaO +YHCL — CaCL, + H,O
} molCaO
Y molHCl

pH=v— [H"] =10 x o, AL=Ax 1o "molHCI x =¥ X 1o 'molCaO

molCO, = molCaO = molCO, =€ x 1o " JuiSly Gl

—F
FXo _g mol

K=[C0,] »——= o f—
[ l’} ¥ P L

YA = X Voo = x = Ymol NH,
or+z
\VgNH,,
¥mol NH, X ————— =VrgNH,
V\mol NH.

*

nCyH,0y + nC,H,0, — [C, H,O;] + ¥nH,O

Sl SB35 UsSlS ksl

nC,H,0, + nCyH,0, - [C, HO,] + vnH,O

Sl S 5 JgSulS sl (JTooler VLS5 il b o game O
C,.HO, = 1(1¥) + A+r(15) = Hrg 19¥o 00
YnH, O — Pooo X 1A =V¥fooo

1000
X Yoo :A\‘/r%

1Vooo0 + Vo000

\ P @ o

ol 30093 VA ol o Sligol Joles laio diugs byl s >

S/

SV 5 A1k 3 2T

@) ¢6|fcav) ppo) prdEc)






