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HPO, ;o) + H20(y = H30%qy + P04/,

NHs :3acls NH3 ) + H20() = NHy () + OHgyg)

NH, :6acls N2Hs gy + H200) = NoHs () + OHgg)

CH3NH; ; CH3NHy ) + Ho0() = CH3NH3 [, ) + OHgg

(3acld) (1ral

R-NH2 / Ro-NH / Rs-N R = NHp(,q) + H20y = R— NH3{,  + OHgyq)

(duginc Aclgd) Ciliradl (R)z =NH ) +H0() = (R); = NHp(, ) + OHgg

(R)s = Naag) + Hx200 = (R)3 —NH_¢, ) + OHgg)

NH.OH NH,0Haqy + H,0(y = NH30H{,q) + OH(,q

Ol JrwsSgyam haiwl Jal iSpall Iamg cuaws3l dma Ogigyl aljy gi

(dygac juc Bacld) NH;O0H aq) + H20(y = NH20Hz ) + OHgg
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Jgl-aiwigy yaan HCIO4 o

©Jgl-aiwigy 8acld NHs o

@Jgl-2iuigy agméa Gog slall 6 H2As03 jaanl culill dlales (isl (2) cuai B
elile e olS of aSpall ggi el aang (g)ljgh baaill 13Smg «lile 8ayaa aibrng gasa ail elipal @il auiil Baclue
lhan linaicl Saten of ¢gé gm I culn aifli zilgs déjea il @l gag aircgi MANT grlaiwil daal ¢lhhey gl

698 paan ail elipal gl ¥ cayed opieiw el Iac Lag sLigs3l

Ogligrll JI1il drlac g §)gl-2iwigy wgméa Gag slall @ HCN ¢lill dlales il :(3) cuya
ougLim)l agmas Gag HCN clgl g Imiyy )8 @ ..... @llg ... 0o

Jo ddiliass dlales JVA (a4 gygl-atluigys agmas (§9q slall 16 CeHsNH2 ¢lglin zag :(4) i L
Slalalg gacls ol Guaan clglu gm
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Conjugated Pairs ddalyinll plgjill

Jelaill @6 jhan JSI 0gSy @iglg Aiunigy agmaa @ag Aclgslly gaganll cnlelai @l slaicily &
algﬁ @iey (dallill algall g8 (Gl Jhan Jeloill o6 8acld JSlg daxilill slgall g6 d84lya 8acls
aclgiillg gaganll Cilelat g asalyia

sasalyiall zlgjdlL rgnsall L&
@ lmic Filill Galpall hanllg saclsll gl (Jeloill @é aic ailill asalyall 3aclsllg (Aaanll
Jelaill

Sasalyall saclslly sgndall @
Ogligrll gaaall mia e dailill salall @

¢ @dlall Jaaall Agndall . @
Ogigpll aclsll Jusiwl e dxilill salall @

zilig H' 0gigpll ziay jaanlls CH3NHz 8aclsll Jglaa go HCl ghan Jeloiy 14 n cilisll Jlia 1%
Oc ziig H 0gigyll CH3NHz2 8aclall Jusiwi Laiyy ésélpe 8acls @uauy @all Cl agjglsll gl
G8lpall jAaall @auig CHsNH3* (ygudl ¢lla

+ -
HCl(g) + CHsNHz(aq) —— CH,NH, () + CI (aq)
(\J'G'QJ:) L’L;Iuﬂ (EJ&G) _}...l:.....a \_}é'd,.-a ‘-".ia_‘-:- 5:.:*_314,.4 slele

HCI/Cl- :asalyall airelég gaanll (1) @slyia zgj
CH3NH2/CH3NH3* :gélpall lmaang saclall (2) @Gslyia zgj

amg F- ayjglall oo aic ziiyl Ogigull zias gmé elall @ HF Ghan ail3] aic 450 cilisll Jlia @
903l arran gmg agiigiamll ggil aic ziiy saclsll gmé (gigpl slall Jiéiuy @alyall aiacls

/—\
HE, + HJO, Fog + HOW
(Bl paer (Juie) 3ael Ll e 5ue8 G e

(2)\}5\4&0 C}) ‘

(1) 3 2o 55

HF/F- :aaaljall aisclég gaanll (1) @slyia zgj
H20/ H30* :gélpall lmarang 8aclsll (2) Gélyio zgj

0% Ligadl @l <lall (o J8iiy ogigudl L6 slall ga NHs Lyigadl Jelai sic A5n cilisll Jlia &
asalyall saclsll apuSgiamll Ogl @ily Ogigrll miay gaan slall pieis (JusTwidacls Ligad
:Liigalll (Galyall jAaaall ,ogyg,oil ngg «lall
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I° 2

. .
NH,,, + HO, NH + OH

slsls e 2l e e :L:'éll:.a slele

= - (S,

(1) & 20 55 (2) 3l 7 255

NHz/ NHy* :@élpall lnrang daclall (1) @slyia zg)
H,0/ OH- :adalyall airclég gaaall (2) @élyia zgj

GAan Cia (Oubalyia (uag) @le CN™ saclill ga HyC05 phan Jelati Jaiiyy 15,0 wlish Jlia &
aullill asalyiall Zlgidl 0gSits CN~ saclsll Aalg Ligigy ia H,CO5
T
H,CO,,, + CN™ HCO, , + HCN_
(F) p2ex (i) sasls il e sasls Bl ae

‘ (2) G e 35 ‘

(1) 3 20 55

H2C03/ HCOy :asalyall aiaclag yaanll (1) Gélyio zgj
CN-/ HCN :@éljall lmhrang aclsll (2) (Gslyia zgj

i

m a6 agjy gAlls H* aalg Ogigy 8alijg gasil Jaii:asalyiall Zlgidl juail -
> saclsll gm Ogligpll aio adiy gillg gaaall gm Ogligpll

012345

Ogisp B

dindiill ajig Ogig allaat = Gdlall yaanll
ainill J&ig Ogigy aie gl = asaljall saclsll

souidl gulelaill ¢ra JS G (rsalyiall guagill aaaf :15p (oA T@

H,SO; + CN° HSO;~ + HCN
o= saels ;.as'lf susls J’l)ﬁ P-PE

(1) G812 255 (2) Gl o 95 ‘

HS03/ HSO3 :asalyall aisclég (aaall (1) @slyia zg)
CN-/ HCN :§élpall lmaang 8aclsll (2) @Galyia zgj
I* 2B

+ -
CH,NH, +_H20(1) CH,NH,",, + OH

Y o= ;Jl_f.n e :\.:‘ﬁt..a sasle

(1) G 2o s (2) 3 2o 3

CH3NH;/ CH3NH3* :gélpall lnrang 8aclsll (1) Gélyio zgj
H,0/ OH- :d&slall aisclég (aanll (2) Gdlyia zg)
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dindill ajig Ogigh alland = Galhall Jhaall 3SAT ama
ainiiill J&ig Ogigu ais @la’ = &saljall saclall

ol Lo aan JSI dsalyall 3aclsll caisl (1) cuyat 2y

H,PO, NH,* H,0* C,H;COOH HF

H,PO,~ NH, H,0 C,H-C00~ F-

HSO;~ OH~ C052~ NH,~ C,H,NH

H,S0; H,0 HCO3™ NH; C,HeNH,*

:asalyiall zlgidl san @i ayidl cidaloall Jast«(3) cuyai

NH; + HOCl 2 - 4 ---

NH; + HOCl = NH,* + 0CI~ NH;/NH,*
. . HOCl/0C1~
9 C nz ed

CN™ 4+ H,0 2 o 4 -
CN~ + H,0 = HCN + OH™ CN~/HCN
. i H,0/0H"~
K z Az 0d
H,S + Hy0 2 o 4 -
H,S + H,0 = HS™ + H;0% H,S/HS™
H,0/H;0*

C T g R

HBO,*~ 4 HSi0;~ = Si05%~ 4+ H,BO;™~

dacléllg aanll (o a8élyio zlg)l HBOs2~ /HSiO5 ™ 1
Jeloill 8 jaganll elglw ¢lluy LamMS  HSi0;~/Si0,% | -2
Jeloill @ aclgsll ¢lglu ¢l LamMS HBO327/Si0z*” | -3
daclsllg aanll (o ddélyia zlgl HBO;% /Si0z% | -4

(3) il
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(@¥l Jelaill Galyiall zgill Jial (5) cuyxi 55
HCI + H,0 — CI~ + H50*

Hs0" -2 HCI/H,0 @
HCI/H,0* 4 H0'/H,0 3
(3) alay
Ac™ 1 Galjall gaanll (6) cuyai
HAc™ -2 HAc -1
HAct | 4 H,0 3
(1) sy

H,CO; m HCO; ™ I dsalpall saclall | -2 OH™@m H,0 | dééljall saclsll | -1
CN~mHCN | dsélyall saclsll | -4 NH, "gm NH; J gsljall jaanll | -3
(2) dilay

e ageo  Suhaib O

7 (G Lo V] gl g 0l9) - 6:20 P 2/
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0331 «(Gélyia zgj ity et «5)gl-2iuigy aclgig agan G aridl slgall (1) cuyai L
NH;, H,0, NH,* , CI , CO0s;* , HCN

mywliy Lay cilelyall JaSlg @Ulill Jganll s dirpall Ci¥aleall guyal :(2) cuai B

Jelaill dlales wAaaall d::j: daclall (‘;:JJ:
H,SO; + H,0 = H;0* + HSO;~ H,S0, H,0*
N,H, + H,0 = N,H:* + OH~ N,H,
HF + HCO;~ = H,CO; +F~ HF
H,S+F~ =HS™ +HF HS™
CeHsNH, + H,0 = C4HsNH;* + OH™ CcHsNH,*

:a1138l 5)gl-2tuwigy hgan (a JS dsalyall aclsll sl «(3) cuyai E

H,S0, NH,* H,0 C,HsNH;* HOCI

ALl g)gl-2iuigy aclgd o JSI Golyall gaanll iisl :(4) i 55

HCO,~ 0%~ C05%~ H,0 CsHsN

‘dug__[_i__l__mﬁ ©GWgmas (§9g dLilals cdales JMA (o HCl jasal guaaall elgludl jus :(5) caya L
@)gl-atutigyg
Cnleloiall (as (o alea Aiwigy @MAY Jullaall lhwg slall yicl d.IJgJ_I_LEDJT UT)SA_I
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P aamll 338 s T (3) J el
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Il (Gslyall gAranllg aclsll g8 Lyl

HCIO, | Clo; @le 8281 lml quil @l dored ddlys sacls aic zily Ggall aanlls
R lmima @ @Al ghanll 0a Ogigu JLsiul
I e G0 Ogligy Jusiul @le 8)261l Il dig8 Bacls aic zily careall yhanllg
HNO, | NO~ lmima 6 Al jAanll

HO" | HO
H,S0, | HSO,
HPO, | PO,

0rcgi @l Imigs cuua Aclgilly ghganll aini @
HNO, NO, s 5, v Eeree Wt . . .
HF | Ligd m&dlje OgSug dLiijn Olii:doren Aclglg jhgan -1

ceadl dnall @l 6gsdl dmall g afls aaii aclgslly ghganll cilelai §

E.J_pl_ijl'o;——i Sl

CH,CO0H | CH,C00™
H,CO, | HCO,

s | S asolyiall Zlgi¥l o bgall dali ga dpusc ddilell

A ciges Imdalpe 0gSyg LS ol sdgs clgig ghgan -2

EESEDPN | R[S

HCIO | ClO-
] [mBro | Bro- °
NH; | NH, 0000
HCN | ON- — p 000 o
HO | OH- o 2 5 1
) ; _ - ‘O . YV b R CEY
" HA
aiodl e g 9B s v ' v o~ danall 5 garmdl s 4 2
I I I HO' .
’ HB FLA.H ‘:;9
o @5
HB HB H,0" B HA H.O" A

Cilagloall liyig galyi sgi ujei &

@ilym sl il dlnga d1gs dymS Jullas @ 13lg Jglrall @4 LS iSpall

C1S1all 1 1S eja @dg Ciligrdl e Jifd JSiing (ija ouliii derenll Aclgillg gaganll Laiy

@Sualipy Oljil ays diang guseis Jeloti asulg Gramuy Jeloills alla @le

ity dlinga daged duyms Inlyllaa [45yi IS3 @i i Cnlelaiall dma 2lja OlH gaga

[Cullill gupall @6 ST JSiiny magiw Elld JSq] (4) Jid ylail (dlymS jlyill ciged
Spaanll 8gd myle Aaie’ @ill jgadl }SAI@

asalyall aliacls 8¢ uJ_og «ligd cualy Ogligyll &iag UJT_L” ©le aijag dalj Lals

S8aclsll 898 lmyle raied @ill jgoll }ssl@
@élyall lmaan 8gé Cilég dmigd Cialj Ogigyll Jusimlg culill @le lmijag Cialj Lals
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151 aluiqy) pgadn Gag wijstlg GuS Il gylil pudi

agenlly ggall cuilall gy &Spea il @l @jgl-2iuigy agmas Gog Aclgillg yaganll Cnlelai @l paiiw :jijoi S
zia @l adl ggall cuilall o8 «aonSl cuilall agali @] aia Jeloill g ciléy ¢gall culalls (Jelaill @y @le
aigali Olyidl gige 03 careall crilall 1uSyi slajy Ogigull Jusiwlg
Cigon ol il @ég «6gi Ggdll o @ slall o]

Uela 1S gl ilgill dma @ Graul @l @illg Cnlelaia dma luyl go Jelad of @il paii &

(Guuseg @ulal) ololail al guSeiall Jeloill of guii 3g duSeis

caoadl slgall 1gSi @l 9831 Mlgall (1 ani aclgallg yaganll Cilelet af Saiig ¥

Ol goga dma sl GgSuw juSyill olg &

"OliXl @aga ziayi gaAd @il 8yljgll dlfwl Jal i dama 8acld 0img"

deloi dinng X ail 3| Zilgill (6 daselya aclgdg yhgan 09 ac)q «lall w9 HCl jaan U_IT_LJ )_u.m@
[16-15un wilisll Jlia] uuSc

. T - +
HCl,, + HO — Cl'(aq) + HO",
HCIO, ClO; () paer (i) iael 13| e 2 sls Rt{Jpgv-yes

usﬂ‘ }gso HSO, (2) 33l 20 73 ‘

(1) 3l re )

—+—F
I 1 HCl/ Gl :aarenll daslpall airclig @gall (aaall (1) Gblyio zgj
= H,0/ H30* :carenll Galjall Inirang dgall saclsll (2) @slyio zgj
}ESO 150, ';j”‘ &gl Bacls gm g8l GAaall il @ slall §SAT
20| mpo- | H30* Galpall yaaall 0o Ogigull zia @ile 8)a8 yisT g9 (aan HCI
Cl &alpall saclsll (o 82clsS gl H20 @ililig HC (ugSil ggigpll Jusiul @le 818 J&l gum Cl-
gt aaly Jeloill 131 &ilgill dma 8aclsllg aaall (o 8aclég (AanS @gdl H20 g HCL :Cialcloiall
¢iang ¢ilg [wlal olail] &ilgill @l Cinleloiall (1o olaidly jaiuig dylle duwiy dailill slgall (yg<i
[lS @li] 3alg amuy Jeloill g prei 13l (guSe Jolai

!I

@6 LS LuSeoiq Jeloill 9gSug il da)ag slall @6 CH3COOH elgilidl jaan culiy }m@
[16un wlisll Jlia] :ayidl dlsleall

- +
- CH,COOH,,, + HO, CH,COO "+ HO"
() paex (fas)sasls sl e sue B 33l 5o yes
v ‘ , (2) 3 2 55 ‘
(1) 3 e s

CH3COOH/ CH3COO- :dg8ll dslpall aisrclég cageall gaanll (1) Golyio zgj
H20/ H30* 198!l élpall Inmhrang dérenll saclsll (2) Gélyio zgj
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H30* ¢ Ogligpll mia @le 8)a8 Jil gmg careis jaan CH3COOH
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SO, HSO, s c
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ToE e Gulli] gpemuy Jeloill ge proig quusce Jelot danging dileloiall dma
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sacls
wo | HS HS™ "
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HBrO  BrO- .
.ouledlg guusell Jeloill dcpu gluii laric Ol @l guSeiall Jeloill Juny -
ilgill of Cleloiall aic OIS slgw zljall giagall @ @lel uSyill Ol olica Olji¥l gige dalj]
ol @l ¢g83l (u aaii aclgdllg gaganll Clels’ gyl spo JS37 -
slgall lmIMA (6 3320 8BS aumlea Culill guyall @o pleiiug (Jeloill @6 wandl slgall dma oljidl gage I -
Jeloill @ caandlg 6gs3l

T Seaeises, 8165 H20 clall (14 981 OH- Ogulg (aans H20 clall ¢ g1 H30* il -
Al alfwdl o cual (3) Jgaall @le Blaicl (17 Goadl
HCIO, CIO,

H,SO, HSOS
HI I

aridl yhganll 9w g8l aanll aaal -1
HNO2, HBr, H2CO3

1
—T B c
IHCI or 1 6982l gm HBr
]
]

HNO,  NO; 6983l qm d8alyall aireld 9gSi arill yhganll gl aaal -2
H30+ Iilo .. ..
— HI, HzS, HF
1 B2, 80; 6983l @ dlpall aircld OgSim cdeadl Of Jaan coal ge diay
T HS = d84lja 82l gil Lmlg HaS = (hganll caoal
) 4 g8l Lmlg g2
“|  CHCOOH CH,CO0" e e s o o e . . s
1 HCO, HCO: lmiy O)léig dinaully Jojillg Ogligpl ding d6dlje Aclgs @l grall Jgai gl
e [HS [ HST I, HS,, F- :(Jganall @i
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Imgaui illg dbaglyll CrigSi canS jus Cua Jadi¥l OLS guygl agmie -
Jis Ogigy JLatil Imts guyl @ill aclgillg yagaall clglu pud (Easwliill
Oaygull apygld @M Jelbiig Ligadl gi clall go dyllaiidl ciljlall ciligyl ciMlela
Cll3 piéq Lrigadl g

dpusc g)gl-aiwigy agmiaa Gog daslyiall zlgjl 595 gy ddMeall -

Baalg dindi @6 aalg Ogigys Galiall zgill O Gall -

disiill gdyig Ogligy allaai Baclél Gélpall yaaall -

dindiull Jyiig Ogigys gléi:yaanl dddlpall acldll -

duali Oljidl gage ZljLs cieall gl $g83 (s aclgillg gagaall Cllelai aaii -
oSy Mlajug ST Yty 09T Cua caondl dmall

Ciligal | gulis gang)rem ars cullu 9guf JSg slall :iyyrigasdl slgall -
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Bacldllg gaanll agmés Imule aaicl @ill guuwdl alarimly @8l Jgaall Jasi:Jgdl gl@dl@
agméall ailc agéy @Al gulw pgmaall
clall @6 oulill &ilg gugyiim)l
saclallg gaanll G Ogigull JIsTil
sacléllg ygaanll gu dligyiSIAl gj JISTiI yilgl
gl Bacls (sjgl-aluigy paan ugriim)l paan il laa JS sgmsall aagh ettt Jigu @

duyrigoal 8ale

Cilalanall 3jus @dg Gginall @ié jg5aa
Sl Ll dIéJ.uJI@

Jugiitm)l agméa cuus HCIO gaan Jglaal @uaaall elglull -1

callull coplallg slall @6 Guagyaimil gl ziiss Wi ouliy caren jaas
HCIO (aqy & Higq + Cl0Gq
©Jgl-atwigy pgméa cuun C2HsNH2 Jglaal gaclsll élglwll -2

Jeloill s ogigull Jasiuig i oiliT dajen sacls :Cilipadl oo
C,HsNHy ) + Ho 00 = CZHSNH3(+aq) + OHg,q

G)gl-aiutigp

[a10h [han HNO2 jhan e Lai Ligs Laan HBr aanll aeg -3
ouliss Jelaill gusoiy X @llillg Ogignl Jbiui A6 dbjoh dasljall aiscls HBr aan o
gusely @llilhg Ogigpll Ja8inis i dig8 assljall aircls HNOz ghanll laiyy Jils
chyes @ulilly 698 Jodl e Joiis Ui 0o%y oyfillg Jeloil
:d61eh gl digd Aclgig yagan @l &uisl Jullaall caial :gilyl dlcju.dl@
Imio catenll lmidg jiatis digdll aclgsllg (aganll cllhaa gas @le aaiof dlal

H,S0;

HI

KOH

HF

NH,

NoH,

699 A

digd dacld

dotohi dacls

datoni dacld

o Guleloill @6 daalyiall Zlgi¥l aaal:ualall dlcj_LuJI@
o
HClO(aq) + CH,NH,
(\_ﬁ.&w) adele

3 (aq)
Bl oo

- +
OCL  + CHNH,

(L) jaes i) e 5005

DA,

|
(1)_;5\1;3@)‘

HCIO/ OCI- :a64lpall aliaclég yaaall (1) Goljia zgj
CeHsNH2/ CeHsNH3* :(galjall lmhang dacléll (2) (Galyia z9)
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H,CO,,, + H,0, HCO,",, + H,0"
(CL;ILR) __iq (J.E:.g..o) s s iﬁﬂfa slels ;.J‘;a \J'é""“}f

(2) 33 2 35 ‘

(1) G2 a5

H2C03/ HCO3 :a64lpall aliaclig gaaall (1) Gslia zg)
Ho0/ Hs0 :@sljall Inrang baclall (2) @olyia zgj
:aidl daleall o Juigl ugmaa (Gog 8acléllg yaaall Al gualudl d|éJ.IJJ|@
3+
Fe™ , + 6H,0, Fe(H,0)

3+
6 (aq)

[~¥age CN- g HNO3 (34 (JS ga dlcloi aic H2POs OgAL (5)_|_199.42£{I ¢lglull )_IJJ_QT sl dlé_Lqu@
Cdaleally @iila]

H,PO, ) + HNO ) = H3PO, o) + NOs 7
HNO3 ga aclss Jelaiy
—_ —_ \ 2_
H,PO, gy + CNGgy = HPO, o) + HCN(ag
CN- g0 paans Jclaiy

JGayl-
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soulill guyall cilaypoi €
@aill elall @6 5aclas elluy Ja3l lmaeig paaas elluri slall Ciligja gae) wlall @ilall ulill o

auo|

elall bl OlpaXl Culi :Kw elall guli culi o
10 gulwill Jglaall o H30* agrigyamil Ogil jusyil cullull aiyléglll :pH @itagiaimll asyll o

gulwill Jglaall @6 OH" apwSgyrumil Ciligyl juSyil cullwll aiylégll :pOH @liwSgynimll aéyll o
10

dllall oc ailiall Allall @ Inigl yoiy dojon digac Aclgs gl datod dighc gagas «aiigsll o
@itagiamll adyll 04 gres e G difliall pe

Jolaa gl jusyill Jgmaa gaas Jalae @) juSyill daglea sacls Jglaal aapaill asladl sploall o
S Jomas 8acld Jglaa @l JuSyill pgles gaan

7 sglwi Jglaall pH (g5ig 8pileall dilac

Ci¥ge el [FalSe OH- A Sqyaymll (_ILIgJT (idga dac lmaic zuay dites dndi:4alSill dnsi e
Jolaall s H30* aguigiagall cilig

lmaic peiig Syl Jomas Jolaall @l @uulisll Jolaall 0o cla’ @ill dhnsill :aylnill aasi o

dpleall dilac elmiil aanf qumg cadilsll gogl

sdouipl 6p<all Y

s ge el 9Sayg puSgiamll Ciligllg pgtigiamll Ciligl @le dyilall Jullaall ggini o
a1é Ciligsdl oam juSlyi @l Alaicdl pOH aisacls daa gl pH Jglaall dirgan

Autoionization of Water Lol uuilall oulill

it &Lyl & lngall @48all Alulyall of ¥ @ilynsl Juill Joga jue @il dlall of ag) @
Aa dlyfe dagay @ilymsil il Jugy of @éill clall gSay ail @l
clall sgjad dmiys o @6 slall Giliga Jelot o dailill Cligrdl oo dlia i @le @gging ail
OH spuSgiaall ggil @l Jgaisg Ogigull miay paanll elglu elluy gjgl-riuigy agman cuua
6ginge H30* agrigimll ggll @l Jgaiyg ogignll Judimgs saclall clglu elluy JA3I csjallg
Ciligudl (1o duglucia JuSlyi @le clall ¢liay

— HO0" + OH

37 (aq)

HZO(D + H?_O(l)

aq)
.
+
TN ). _
H Q’\ + @ Q’ <277 e Q\ + [Q }
H L

H i

O il el s astnauell Ozl weSgrag Gl
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Selall @ilall (ulills aginsall @
awo’ il clall 6 8acl8S el JAN Imhe)g aans Ellwi clall Aliija jae)
Sa4Sg)amllg agrigyamll Ciligl JuSlyi cuuni s
Jelatll olyidl culi JUA (o lmiat dia 8juon InjSlyi
[H,07] [OH]

" [H,0][H,0]

:dalll g 9
Qulgsly aic jioig diydgall aic Jgai gl @gall uSyill gm lyidl Culi cilillua @ég Jullaall @6 @ariuall uSyill e
AL Jolaall gan/cilsall G¥ga sae M = ¢ :0gils JUA g6 atwnig deipe
9Lt 898 @ lmia JS Legaga dleloiall slgall juSlyi @l dxilill slgall sy duwi Jlog juel gm Ke Ol cyli - o
JuSeiall Jeloill digjgall daleall @6 miloles
cnleloill (lel @o diang gng s’ Cisgl @io @uuSellg @ulel oumlaidl diang Jelod:guSeiall Jeloill o
@ia ouimall @le Jeloill paiumgg ailill gl dleloiall Algall ¢ d1aS @l guai o dsleall d1cgdl @o dilialsl
@ilearsl OIyidl Crang
Jitlg (ouuSellg @uledl gumlaidl Jeloill dcpu @io gglwi @l guSeiall Jeloill lnys Jay dlla (@Sialigall Oljidl o
Gtimall gle juShill gglusi 8)gpally
et &
agaS s ISy poiy Jellaall oMA ol Injysyi O agsill Jlgull uisi X Ll Ol Culi jpei @ 16l Lisle
(aq) @ilall Jglaall dopay Filgill @a Ciliga¥l (il ojSyi @i slo Cialeloiall sloll @ilall ulill dlalea LaX liall

cully aic jioig ORI Culi ga slall 145y zont LLli b1y slall 14Syig dan Juls slall ol 08 9
culi ziis Olyi¥l Cyli ga slall linasg seuill guai ¢gili Jgi @o Liaal )51 Kw slall ol Culi gm ayaa
alll 93l Gl guall @6 awpaiw lamg ddreall saclall guli culi Lag wareall jasall ol
K [H,0]* = [H,0*][OH]

K, = [H,07][OH7]

Saiald lag Selall uli Culiy agnéall L.@
&1l0 Bylyn day> s AL days gl slall Gulil Q1A (il gm
1 X 107 6glury 25°C 8)lyn daya Aic aierd
K, =[HO'][OH]=1x10""

@&ill clall @6 3puSgpamll Ciligyl JuSyil gluie agyigyamll Ciligyl juSyi
[H,0*]=[OH]=1x10"'M

Oguls (spa% dgilall Jullaall gran @b i ads @dill slally gaiag X Galudl Ol dganl &
it Ciligsl oam j1S)il lerig aanlly lnriy agrigiaimll Oglg saclslly bariy ApwSgjamll
dlaleia gl dyacls gl dpaan @l Jullaall arin
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cuiall gm slalle @opdn 1o3l 1amg ddilall Jullaall @dl aldA e O)las @il gulwdl gm clall 1S ujel &
anli g)lya daya aic (_I|J9J2” e diyli jslyi al Jaleill dlla 199 Ll

AtSq)aimllg pglig)aimll ung_I| JuSyil lovi Jullaall carini @
OH™ s HO" &by 35 4G5 owdl Gnas :(4) J st

e | e o

1107 151057 Jaleall
e B G S o
1x1077 15105 -
2
o Sl o O .
6.&.9\.4.“
1057 1x10-7 v

Ky elall (i gl Imgd paii @il dyilall Jyllaall ciljlus 9
lagyea [OH] OIS 13] Jgmaall [H30%] cuwni
lagyes [H307] OLS 13] Jgmaall [OH™] cuwn’ o
1 x 1073M LmjuSyi OH- ciligl @ile gging Jglan @o H30* jusyi cuwal 240 (1)d|.'i'.A6
[OH"]=1x1073M

Kw = [H;0%][OH"] =1 x 10714
Ky 1x107%

[OH-]  1x10-3

[H;0%] = =1x10"1M

1x 1077 (o @Lel apwSgpagmll Ogul juSy7 ciruns gacls Jglaall of aaX

1% 107°M LmjuSyi H30* Ciligyl @\le ¢ging Jglan @ OH juSyi cuual 240 (Z)JELA@
[H;0%] = 1 x 10~°M
Kyw = [H;0*][0OH"] = 1 x 10~ 4
Ky _ 1x107%
[H3O+] 1x107°

[OH"] = =1x1075M

1% 1077 (4 @lel apmSqpaimll ggif 118y g gacls Jglaall of and
eyl JSiity Jall paidd @ia dgalell depally alacdl Qisl qualy) il

Loy Jgaall s cilelyall Jash.Jullag d@iril OH g H30* 1uslyi @il Jganll guty 2240 (g8 "T@

Jalaall carini [OH~] [H;0%] Jalaall
@m 1 X 10_12M 1 X 10_2M dgil dgl: 4”
Jaleia 1x107’M 1x107"M @ulill Jglaall
6acls 1x107*M 1x1071°M UL Jglaall
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elilogloo citi &
dflall Jullaall apnSqjaimllg agrigiamil Ciligyl juSlyi il guall lam @6 aleiiu
spuSgamll dyslal dygall aclgéllg Ogigull aplal digall gaganll @le jSyig

dlgls o Gluyyai

CuilS 13] aang 25°C 8)lya daga aic ayidl Julaall o [H30%] g [OH 7] quuwal o(1) cuyyai
:dlaleia of diacls of dpaan Julaall
1x1075M OH™ -1
1x1077M OH™ -2
10M H;0% -3

gm da)all oam vic elall ouli Culi of jSAT
OH ][H;0T] =1x 10"
[OH ] =1x10"°M
K, ~<1x1071
[OH-] 1x10-5
[OH™] > [H307]

[H;0%] = =1x10"°M

@acls Jglaall

[OH"] =1 x 10°’M

K 1x 10" 14
[H3O+] = W_ = _
[OH] 1x 1077

[OH™] = [H307]

=1x10""M

Jaleia Jglaall

[H;0*] = 10 M

K, 1x 10”14
[H;0%] 10

[H;0%] > [OH7]

[OH™] = =1x10"M
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Wl LaSl

cloll wnilall gulill plasiml albus :(8)Joe ddjg

:25°C 8)lja da)a adc dlaleio gl dyacls gl dpaan @l Jullaall caing Cilehall JasT (1) cuyai B

Jalaall ¢lglu [OH™] [H;0%] Jolaall
1x1073 1
1x1073 )
1x1077 3

:25°C 8)lya daya aic aril¥l Jullaall @a [H30%] g [OH™] cuwnl +(2) cuyai B8

5x10°M OH- o
4x108M H,0* o

Jnna 25°C gjlya da)a aic @b sla @] HCL e 0 8334 dpaS calal @iliass Ciali«(3) cuyai B2

Jolaall @6 [OH™] cuwal [H30%] = 3 x 107 5,0y Jglas @le
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c’i.lg.iiJl ogosll J..Jm W aLig..iJl j.nSI 3 Glbus

Hs0* ¢_.|_|ng )Js)J M ;LA)_IJ 1 @ HCI (30 01 mol &l ic 25,5 Clisl JLis @

HlCl{gJ - HzO{l TH 0+{qu - Cl_(aq
$52 e e

bl d[c'};

€
HO, + HO, H30+(aq} + OH

f% asaissaugl! mbisls 25l Jega 238,55 Ja
g R | o a_u...-.L;.“

"aaalilaggd Tue” ol 31 aunga e 38,300 5oL 580

Jliall i @

L4l Ko elall ol Culi @i digliall e elall Cilfga @a oljil dla @é ApuSq)aimllg agrigiamll Ciligyl o

Taral [Bag apmSqpaumll Ciligyl 14Syi Jéy @llillig sgéll gaanll ouli e agrigiamll Ciligyl juSyi alajy o
"ilgill aal 145 yi 83005 qury jlull g QI 213" agliliirigl

anilill aggigyagmll Ciligyl 1uS)iy dijlia A ppén @il elall gyli g dxilill aguigyaymll Ciligy 14Syi Jami o
wgall paanll ouli ¢a

0l 1S gl a3 sgaanll 145)il glura ImjiSyiq agrigpagmll Ciligg8 guyill janall gm ggall gaanll picr e

ay¥gall Ogils JUA (o lmjSyi ciuad el ¢l HCL Cilbija (o @y
[H;0%] = [Acid] = [HCl] = 1 x 1071M

elall ouli culi plaaily apwSqyaimll Giligdd JuSyi cuuns o
Kw = [H30%][OH"] =1 x 10714
K 1x 10714
[OH™] = —~— = -
[H;0%*] 1x10°1
3551 00 1151 [H30*] 1453 asd 095y gubran Jolna GuoST @] 534 slall @] 698 phan dsla] zliiindl o
[OH~]
doyd Loiy iljlell dlla @ lasall )lyall dajs uSyill :om Ol giage @lc 8yigall Jalgall o
Bylpall dnga Cippe 13] X yilis X ol culd

=1x10713M

lmic I3t i Ol ehga Olo Lo dma g6 Bala juSyialj1a] e
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alilwall gloell Joill go 451 laoading depuy Jai pleii aldyyi &
Jaliac agrigiaimll Ciligyl 1Sy = 0j1Syi jiod 2) 698 13 X Ag 696 gm ASTLT . gaanll juSyi Lillach 13] -1
1581 gas @waan Jelaall AiSig apwSgyamll ggil Lies gl @in Ky dlilea @thaig
Jillly gmé aaall ariilg (JaSi guae @P¥gall uSyill (i @jils qanallg paanll cidga lillach 13] -2
Jus @l Jio &nsll JaSi gured drlgall &lisll elaiiuly Ci¥gal lmlgat wjila (Aaall &lis Lillacl 13] -3
dcyuy Ciléiibilg alsallg bl (o CiljlniaXdl Ciniyl Lo JS dralell déunll Craraiul Lo JS -4
r01 @illlg @iam anlg aac laic Jay @in jluy gl Oway dupitell dlaloll elpaiy dalell depall -5
gpitell Gull pSi @j% @pitell aaall Ciyen 13lg pitell gull joni @jils guitell saell Cips 13] dlalall
J18 H30* 145310 saell igléa AALL :gusellg apuSgyam @] aguigiamll Jygail gapull Jall elyyi -6
-14 J gpirell gull JaSiig gpitell qull

1 X 1073M o0}1Syi ¢lragpg)aumll jaan Jglas &9 OH- jusyig H30* jusyi TN 260 (3)dLLA@
ol Kw @lc spiila Jai (Jall CilSyyi Guad elall o 1S guliy 698 gaan cliagrgiamll jhan

HBl‘( +HO, —— HO" + Br . euull Jallclyi Jaol
aq) 2 37 (aq) q)

(a

r] = [H;0%] =1 x 1073M
Kw = [H;0*][OH"] =1 x 10~ 4
Kw 1x107'
[H;0%]  1x 1073
14 @l -3 gudl JaSig 10 culsi [H;01] = 1 X 1073M :gupull Jall elyyi

11 = el udl dlaSig 1 =1 I ciglia

[OH"] = =1x1071M

[0OH"] =1 x 10711M

waaa (e 0.02 mol ailsly ojpanTi s)a Jglaa 6 OH- jiSyig H30* juSyi e 260 (4)d|_'i'_4@
elall (1o 400 mL @0 HCIO4 ¢lyjglS i
Jgai of a2y Syl cunnd (Jall GlSyi Gai elall @ LIS Ouliy 698 gaan clyglSyll gaan
Kw @le 8piiilia @ cégalell downlly slacdl Joaig 1000 @le dawslly yil @l aaall
R .
HCIO,,, + H,0, —— HO'_ + ClO,

n=002=2x10"2

v—400—04—4><10-1
1000
M 2x 1077 0.5%x 10" =5x%x 10"2M
= — =05 X% = X
4% 101

[HClO,] = 5 x 1072M
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[HCIO,] = [H;0*] = 5 x 1072M
Kw = [H;0*][OH"] = 1 x 10~ 1*
Ky _1x107%
~ [H30*%] 5x10°2
14 @l -2 gudll JaSig 5 1l culsi [H30%] = 5 x 1072M gyl Jall elyi

-12 = ol gull dlaSig 0.2 = 5 1l cigléa

=02x107?M =2x10"13M

[OH7]

[OH™] = 0.2 X 10712M = 2 x 10~ 13M
0.04M o0juSyi elyiyill yhan Jglaa 6o OH- juSyig H30* 1uSyi cuwal 260 (g6 1@
HNO , + NO,~

+
3(aq) + HEOUJ H30 (aq 3 (aq)

Jaei gl Kw @le spililia Jai (Jall Al Guai slall @é G ouliy ¢g8 jaan elyisill jaan
gapull Jal Ly
[HNO,] = 0.04 = 4 x 1072M
[HNO5] = [H;0*] = 4 x 1072M
Kw = [H;0*][0H"] = 1 x 104

Kw 1x107** B B
.07~ 4x107 0.25 x 1072 = 2.5 x 107'3M

14 @l -2 Judl Jasig 4 JI culs’ [Hz0%] = 4 x 1072M :gypull Jall elyyi
12 = gpibioll Judl dlaSig 0.25 = 4 I cigléa

Slall g by @)

2 ATl 3 SW ol e 332 5 (HCD) oy 585 5l e 1
B adadll | Jor s A3l s gl Sl i) bty olidy l as
oAzl s 30 e 81l s Blesy LIS L) 52y 50U ke colons
LaS cadaddl sl ) budleltall T ol 5131 5 b e B35 0o ASTS o=
o 038U Ml el ) J o I e Sl e G Sl

3 paiams S ol e o [ CH N P ]

[OH7] =

[OH"] =0.25x 10712 =25 x 10713M

i)l b gamdl g3l (5) J sl

by S )

HCIO,
HI s g2 9,080
HBr hag 59,480
HCI o) S 9,0

HNO, <k sl
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(ingall nigilg spuSqysmll (il daiia slall @ LIS ol dygll sclgall of Lialai @
OH- iligal 34553 Atja sko 311 1 (96 NaOH 3 0.1 mol @il sic 270 Cilisll Jlia @

NaOH H.0 Na'.q + OH™
a2 3acld FHEA e
Shaed! 1 c'};
C—
H,0, + H,0, HSO ,+ OH"
f%‘" s3SA IR syl gl 3555 Jega

Gaclall fe asaldl
abilangl T’ o 391 pinga Gle 38301 3305 53k

Jliall gy &

L4l Ko elall uli Culi @érig digliall yié elall Cilfga go oljil dla @6 apuSq)aimllg agrigiamll Ciligyl o

1a1al [Bag agrigiamll Ciligyl juSyi Jay @llillig digall saclall ouli g apmSqpamll Cilig) J1Syi iy o
"ilgill Aal 148y 83Lj qury gl gad QI 21" aglilivig)

axilill apmSqpamll Ciligyl 1451y &ilss A jrom aill elall gli 0o &xilill apwSqaimll Gligh juSyi Jami o
dugdll saclsll ¢uli e

LS cuifli i Baclsll juS)il glusa lnjuSyig apwSgyaumll Ciligyd Guaiyll janall @m dygall saclsll jrioi

st ol NaOH cispall (n @y ola
[OH™] = [Base] = [NaOH] = 1 x 10~ M
clall ouli culi aladinly pguigyyimll Ciligyd juSyi cuuni o
Kw = [Hs0*][0H™] = 1 x 1014
K 1x 1071
[H;0%] = = = =
[OH"] 1x1071

1Sy g0 1ST [OH™] 1Sy aws 09y gacld Jglana (ugSi @l ¢ady slall @l dygd Bacls &l zliiiwdl o
[Hz07]

ot phanll Sl @0 gapull Jall GlSyT guss easius ¥
5 X 107*M 01557 agaialll spuSgpam Jglaa @6 OH- juSyig Hs0* juSyi cuual 228 (5) L
of Ko e 8piilia Jai Jall S @l sloll @ S eS0T a8 53cls pgaiilll Sy

H,0 s
LiOH, —— Li*,, + OH" gl Jall elyi Jaes

(aq) (aq)

=1x10713M

[LiOH] = 5 x 107*M
[LiOH] = [OH"] = 5 X 107*M
Ky = [H;07][OH"] = 1 x 10~
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Ky 1x107%
[OH-] 5x104
14 @l -4 gl JaSig 5 I ulsi [O0HT] =5 X 107*M gyl Jall Ly

-10 = pitell gull dlaSig 0.2 = 5 Il cigléa

=02x10719=2x10"1M

[H30+] =

[H,0*] = 0.2 x 10710 = 2 x 10~1'M
:aui¥ Jullaall o OH- juSyig H30* juSyi cuwal :28 0 @m’i@
0.5 M ojuSyi ¢l KOH pguuwligyll apmSgyaim saclsll Jglag -1
LLLS clSaTi d1g8 8acls aguuligr] AuuSq)aym

K+(aq) T OH_(an

[KOH] = 0.5M

[KOH] = [OH ] =0.5=5x 10"'M

Ky = [H307][OH"] =1 x 10~ *
_ Ky _1x107™

~ [OH-] 5x10-!

Ol lale clall (1o 200 mL &9 NaOH @pgiagnll apuSgjaim diljgly (o 8 g duldl oppani ya Jglaa -2
Mrnaon)= 40g/mol

[H;0* =02x10713 =2x10""M

H O
© _
NaOH - Na',, + OH . LIS¢lSoiidigd sacls agirgall apuSgjaim
m_ 8 2 02=2x10-'mol
=—=—=—=0.2= X
=M 20 10 mogey
v o 2x10t
1000 7
_2><10‘1_1M
T 2x1071

[NaOH] = [OH ] =1M
Ky 1x107%

OH-] = T =1x10"1*M

[H;0F] =

Grease ioms)l (RGPS &‘L:U“ ‘ .i

3 s N ,,/ s

polls passall T IS AS s Jre el g2l BASeS
Tigplall pymill A2 L st b (3 lpmals oy
by hladly oY ponts 3 23nd 1 Gan2l)
L3 pall J et 2l o LS o ¢ 801 Y1 o ozl
ot Lo sl p g2 G e il o) g el il S
(Lithium Grease s 5201 0 5Ll © 2 ¢ i 0 pLall,
.Sodium Grease . 55 s2ll O sL2]l 5
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dygdll aclgillg pogostl Jullso g aligadll jp<Iyi abibus :(9) Joe ddyg

25°C 8)l)n daya aic ayil¥l Jullaall @o [H30] g [OHT] cwnl (1) cayai E5
5 x 10~ M j1S)iy KOH saclall Jglag -1

0.01 M juS)is LiOH saclall Jglag -2

5x 107* M 1iS)i1 HBr jaaa Jglaa -3

0.1 M j1Syi; HNO3 jaan Jglaa -4

AtwSgyaum &liS cuuals Mrvaom= 40g/mol @m wiSpall dlgall &lisll of Lale « 1 M Jglaall
panill @6 deriiumall NaOH agiagall

24 Bllaea alisll Og<ig Jlgull 1am Guéi Mia (JIgull 0 Joman @l zhaiul elia cillng A8 g)ljgl lnaill @6 :aylil
areni dayps o Jaill e Jigull Ellylng clamd @le satey Jigull Ja 3] dddgall AT Gillagg J1Syillg eaal
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Hydrogen Power pH wnitsgjaiall pdyll

el JuSyi JMA (o Jalaall duacls of dirgan e pieill digenlg [aa syuén juslyi cils ciligidl &
@lunSgamll aéyllg @itagiaimll asl Jia Jowl Gilo ogriliarsl pariul CiliggSl
adyll 14 @l Jon ga 3)ae lulisa deig (Jglaall &agan oc jueill @itagivmll adyll eaAiug Y
drgaall days = Gitagjamll

AUslxial) Jallaall

o 10° 10 107 10 10~ 10-° 10-° 107 10 10~ 10-® 10-" 10~ 10~ 10~
1 | 1 | 1 | 1 | 1 | 1 | 1
HCI(1oM) Ol jeas 4l da wball Al Jwall i sa 2 il L gl
(pH0.0) (pH22-24)  (pH3.9) (pH64) (pHT.4) (pHB.4) (pH119)
Baaall jaes Jadl Sl la il cula NaOH (1.0 M)
(pH1.0-30) (pH2.4-3.4) (pH 7.0-8.3) (pH 10.5) (pH 14.0)
T I I I T I T I T I I I I
Py 1 2 3 4 5 6 7 8 9 10 11 12 13 14

g 9 el a5 el o 3 s el il 555 e BN (5) S
i) ) Sl
Giragamll @)l gulide @6 Imlaa g4 8jgnll 616 Jullaall hon ama o
7 04 J8l @igagpamll adill 995 1077 0a 15T ags [H30%] @all quaanll Jglaall o
7 soluy @itagyamll @iyl 99y 1077 sgluy aga [H307] gall Jaleiall Jglaall @
7 9 pST @iiagiamll adyll 9gsy 1077 ga Jai ars [H30%] @all gaclall Jglaall o
29 @.OA.H@
a8 Jullaall @itagiaimll @yl (5)JSuitll @le slaicdly aaaf -1

@21 ulide -3 . + 1<y
sl 107°M (sqlury agé H30% juSyi Jolaa ()
pH=3
107"*M glury aro H30% jusyi Jglaa ()
14 3 dand aeigat pH = 12

acls quilillg quasn Jgll

003 J55 pasen!
sl @itagiamll aad) OIS 13] Jglaall juSyi giiiul 3000 1561@
(PH=0) on
gyjémw/ 1M (sgluy ayd H30" juSyi luaan Sglag OgSiw

apalyll asilell gm @itagiaumll @dyllg juSyill ou dpwsell dslell ¢llil ciyullg
grigiaimll Ciligil JuSlyi JUA s @iragiamll @dyll cilwal daxAiuall
Seitag)amll @yl agndall LA@
10 gulwill Jglaall @é H30* pgrigiaimll ggul juSyil cullull aiyleglll gm
pH = —log[H30"] :awalill aidilcg
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olé 1000000000 =°(10) cuils 136 dywSl 5gall dpusell dsMell g Glualyll @é aiylegll jyje &
10g101000000000 = 9 9 = Llgallg caclaall Zilill gSiw aiylegll
10 gulwSl I3 &yalicdl Claiglegll aclgsllg ghganll 6 @aATws

aiyilgd J53ii pjy 10 qulwil al’ alaiyléglll Jai oin pdo jijei &

aiyleglll JAly cipall ¢gils

ol Gl Oc acjgl
log(a X b) =loga + logb
log(3 x 4) =log3 + log4

aiylegllh JAly dawsll Ogils
zhall Guo g acjg
log (%) =loga —loghb
log (%) =log1l —1og10
adyleglll Jals 8gll ¢gils
aiylegll alal sgall gliag

log(a)® = b x loga
log(10)* = 4 x log 10

lolnit X dama diléMe

a3l asiloll gm aiylegll JugSea

T T T v
a=yeslog, y=x

2°=32 log,32=5
Zlini Lo 0Saag JIgull Ja @ liaged cilaiyplégl Cilgnga L Liaeyw pH I Ciljlual Y
4liS gf Ci¥ga 3ac CuilS clgw Cilgroall JUA (o apwni of @laeh 0gSy Lel juSyill Ligjly &

Of Lale 0.25 M ojuSyi HNO3 elyitill jaan Jolaal pH @itagyaimll @iyl cuuad 300 (6)d|_'i'.zs@
log2.5=0.4
clall @6 LIS ouliy 698 ghan clyifill ghan

HNO, . + HO, —— H,0"_ + NO,”

3(aq) 2~ ()

[HNO,] = 0.25 = 2.5 x 10~ 1M
[HNO3] = [H30+] = 25 X 10_1M
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pH = —log[H;0%] = —log(2.5 X 1071) = —log2.5 + —log10~!
= —log2.5+ 1logl0 =1 —log2.5
@l aiyleglll Imia zykai f d1aga lmlgaig dpudl gill Jjis :Jandill 13m Ggag dopuny Jai Gia @iey
1=101 aiyjlegl of JSATig calid ela
pH=1-1log25=1-0.4=0.6
lalc 0.04 M 0j1Syi HCIO4 ¢lyyglSpdl jaan Jglaal pH Gitagyumll @yl TN 30 (7)dLLA@
log4 = 0.6 of

slall @6 LS 0uliy 698 gaan elyglSull gaan
+ -
HCqu{an + Hzom —— HO @ T ClO, (a)
[HCIO,] = 0.04 = 4 x 10~2M
[HC104] = [H30+] =4 10_2M
pH = —log[H,0%] = —log(4 X 1072) =2 —log4 =2 — 0.6 = 1.4
0}1S)i NaOH ngyagall apuSgjaum dacldll Jglaal pH @itag)amll @dyll TN 31 (10)d|iA@
log5 = 0.7 of lalc 0.02 M

clall 6 LIS ¢lSaTi g8 8acls agyagall AtwSg)aim

H,0, . B
NaOH Na"_ + OH

(aq)

(aq)
[NaOH] = 0.02 M
[NaOH] [OH]=0.02=2x10"2M
= [H; o+][0H ]=1x10"1
Kw 1x107™
I= [OH-] ~ 2x 102
pH = —log[H;0%] = —log(5 X 10713) = 13 —log5 = 13 — 0.7 = 12.3

PH JMA (14 1Say dmyging @ill 8alall @itagyrmll syl jrnellg a3l Cilgre @le Glgaf Gis) @
audl dsMell qmg aiylegll dpmsell diell JUA ga Hs0" Ciligil juSyi cilwn
pH = —log;x[H;0*] = [H;0%] = 107P"

4 gqluy pH @itagyaumll adyl of Ingle CigiSa JAll ga bgrel [H30*] cual 3100 (8) 10 @
[H;0%] = 107PH
[H;07] =107* = 1 x 10*M
pH @izagyaiml eyl of lnyle giSa Ogaslll jpac Go Bgsal [H50*] cuunl 3105 (9)J1e @
log 6.3 = 0.8 Ol Lale 2.2 sgluyy
cieli Ciliheall Jgai LA dwdl @mg piglegll dpwsell ddMell gaiimin Lalllag Jall Tagi Jus
log63=08 = 63=10%% &uulasicql aiylegl

[H;0* =05%x10712=5x%x10"13M

[H;0%] = 107PH
[H30+] — 10—2.2
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¢lyyiy Jolaiyg aia pSTaac pylnaiig ganis zianl algad @in ian jié gullg wlgall saiol juay Lo
& e aul Jay @il gulw3lg amiy ¢lyiiiall 10 gulwl cpall @] gasll @l ga guwdl gayi dagug
ailSs yagel @in Jligull Ghes al 9gsy )2

[H;0%] = 10-22+3)-3 = 1008+ =3 = 1098 x 1073 = 6.3 X 1073M

320n (G T@
log3 = 0.48 ¢/ Lale 0.03 M ojuSyi HI ¢lysgugyaumll jaan Jglaal pH cuwal -1
-
HL,, + HO, —— HO" ) + Lo s ol 598 paea chagigiamll ghen
[HI] = 0.03 =3 x 1072M [HI] =

[H;0*] = 3 x 1072M
pH = —log[H;0%] = —log(3 x 1072) =2 —log3 =2 — 0.48 = 1.52

log5 = 0.7 ¢/f lale 4.3 sgluy Gritagyaimll mad) 8jgaiull juac (e direl [H301] cuwal -2
log5=0.7 = 5=10%
[H;0%] = 10~PH [H,0+] = 1043
[H30+] = 10043+5-5 = 1007+ -5 = 10°7 x 1075 = 5 x 10~°M

log2.5=04 Ol lale 0.004 M 0j1S)i LiOH joguitlll atwiSgyaim dacléll Jglaal pH ETITEN

L|_IS Elsoii dugd acld pguidlll ApuSgyam

LOH , _ 270 Li ", + OH" o [LiOH] =0.004M [LiOH] = [OH"] = 0.004 =
4 x 103 M
Ky = [H;0*][0H"] = 1 x 1014

Kyw 1x1071
H 0+ — =
[H;07] [OH-] ~ 4 x 1073
pH = —log[H;0%] = —log(2.5 X 10712) =12 —log2.5 =12 - 0.4 = 11.6

H,0

=0.25%x 10711 =25 x 107?M

Hydroxyl Power pOH \»luu<gjaiall ndpll

of @ o @lusgyaml @iyl 9o Indhiu @iiagaall il @ lolielsT Gl Cilépail guat ¥
A pwSqjamll 1Sy @ilillg qaguigiagmll 1uSyiy gaisg Jodll '
0S1 14 @l jon Ga [3)aa Luliéas deig (Jglaall dyacls g jeill @luuSg)amll oyl aaAiug 2%
gmé pOH=1 Laiys sacls utlg Guann gma pH=1 oIS 13] ¢l «oiragyamll aéjll guSles JSiy
Abbwall JAA Go ElA pmoing lamAoetl glaaieg glwSleia (guaan gutlg gacld
S@luuSg)rimll @8l agndall Lo
10 gulwill Jglaall o OH- apuSgpaiall ogul juSyil callull @igylegll g

syl aisileg
pOH = —log[OH ]
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1clqallquaqonll
Wl LaSl

0.01 M 0j15yi KOH 8acléll Jglaal pOH @liwSgjaimll @d)ll N 320 (ll)dli,o@

H,0

KOH 271 K* .+ OH

(s)

[KOH] = 0.01 = 1 x 1072M
[KOH] = [OH"] = 1 x 1072M

LIS ¢ISoT &198 aguuligul A puSgyaim 8acls

(aq)

pOH = —log[OH™] = —log(1 x 1072) =2 —logl =2 -0 = 2

asilell @mg aiylégll dpusell dsall JMA ga OH™ ciligy 45y cilwa pOH JUA (4 0Sayg &
pOH = —log,,[OH"] = [OH7]=10"P°H &y u3

POH @lyusSysmll syl of nyle Cigisa Lyuyisall Cuyla ¢a bgral [OH] cual 330 (12)J1i @

[OH™] = 107POH
[OH"]=10"*=1x 107*M

4 sgluwy

330 @DA.H@

Ol Lale 0.004 M oj4Syi LIOH wguislll atwSgiaim Jglaal pOH @liwSgiaimll @iyl cuunl -1

o , _ ™% 1+, + oH

[OH"] = 4 x 1073M

log4 = 0.6

LIS ClSoTi dygs aguipll ApuSgaym sacls
@9 TLiOH] = 0.004 = 4 x 1073M [LiOH] =

pOH = —log[OH™] = —log(4 x 1073) =3 —log4 =3 — 0.6 = 2.4

log 6.3 = 0.8 Of LaLe 3.2 @gluy pOH @liwSgyaumll @iyl Of lntle cigise divel [OH™] cuunl -2
log6.3=08 = 6.3=10°8

[OH™] = 107POH [OH"] =10732

[OH™] = 10(-32+9-4 = 1008+ —4 = 1008 x 10~* = 6.3 x 10~*M
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POH wluu<gjarall pdpllg pH wnitsgjarall pdgl oo délloll

K slall (i Ciali coung AL dass ey Hy0* cilighl 14Syiy OH™ ciligl 1Sy capes ool '@
Kw = [H;0*][0H"] = 1 x 10~
:gudphall aiylégl AT
log([H;07][OH™]) = log(1 x 1071%)
log[H;0%] + log[OH™] = —14 —log 1

Cllully dlsloall @éyn Cipa
—log[H;0%] + —log[OH™] = +14

Glwsg)amllg @irag)amll @8l apaliyll dlsdells aiyleglll glia aget

pH + pOH = 14
dalaiadl Jalladll
daaaall Jallall l agaclall Jallall
A —
1 2 3 5 6 10
1 | 1 | 1 1 1 |
I T T T T T T T
11 10 9 8 7 6 5 4 3 2 1 0

S 5ot 3 5 kgl (3 Bl 2(6) S
oliwSgpinl asylg Jolaall dpian oy abiel aiitul 6) Jill 0@
7 4o @l @lunSgamll @dyll oS Jglaall dpaan il lals
7 4o 8l 095y Jalaall dpaan iyl lals @itagiamll aépll @ Laiy
loaic A3l ddjeay lmic @l dayd dojes guhiwi @llillig 14 = lmcgana dllsiall awsll of aalig
12 &9l pOH dats Olé guwhran Jglaa gmg 2 gl pH (gsli

asyll a1 aliag wlall oli Culi 0gils @6 dlnlall cpall a8Me JUA (o ahey Jasy Ciligidl juSyi e &
gaall JUA 04 ares oSy gliwsSgaallg gitag)aall
vaan Jglaal pOH @luuSgpamil aéyllg pH @itagyamil aépll cuual 340 (13) dlu@
1 X 1073M 0jSyi HCl ¢LijglSgjarmll
slall @6 IS (uliy s elyglSgyamll aan
pH = —log[H;0%] = —log(1x1073) =3 —logl =3—-0=3

pH + pOH = 14
pOH =11
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:ayidl Jullaall o JSI pOH g pH (e MS e 330 @MI@

1 X 107°M glury are H;0* Ciligyl 1Sy Jglaa -1
pH = —log[H;0%] = —log(1x10™®) =5—logl=5—-0=5

pH + pOH = 14
54+ pOH = 14
pOH =9

1 X 10™*M @gluyy asé OH™ ciligyl JuSyi Jglaa -2

pOH = —log[OH™] = —log(1 x 10™*) =4 —logl =4—-0=4
pH + pOH = 14
pH + 4 = 14
pH = 10

e &

gilitll gms (ails PH @isagiaumll adyll @le 55 pOH gl pH JAlA 1o Jolaall diacls of dagan jurad o (Salil o
Jaleiallg slooall Lamiyg dgsll aclsll sic @umiiig ¢gdll yaaall g Tari Litlg guufliatSll aic asladiul
Clill guall @ slaeall @le Wyeiiug

olai¥l @6 JuSlea pOH Loiys «dyiliassil ci¥aleallg Cibibuwall Jio jluyll oo pH Tai Ll j537 e
SPOH=12 0I5 13] Jglaall £g1 La :JIguull sla Aia
2 glwig pH aa lags (ulisall @le dlsall Tari X

©GAaan Jglaa gm I3! «wacld gier 7 ga @chlg G Gier 7 ga d_oil Gitagiamll @&yl e

dlgls o Gluyyal
i3l Algall duhan @ledlg dyacls @ledl aan pH JMA (a (1) ey
Olpo3l calhia Ogatl yunc Lwieall cula cula Jalaall
11.9 2.4 10.5 6.5 pH
sAcld Guaan sAcls “uraan Guaan /gacls

Olo3l calhia gm dyacld 1isNlg (ogarlll junc gm duhan Jisil

log 2.5= 0.4 ¢/f Lalc

[OH™] = 107 POH
[OH] = 10756 = 10(-56+6)-6 = 1004 x 1076 = 2.5x 107 M
1x 10714

H.0f]=——=04Xx10"%=4x10"°M
[Hs07] 2.5 X 10—6
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wln<gjasallg puissggaroll pédl gy déllell :(10) Joc ddjg

:uili Lo JS @6 pH cuwal :(1) ey B2

25°C3)la daja aic Jndacla -1
sl Sy ol ZAel @y OLS glg @il ay gyl @81 gm aySlillg Cleloill g6 paiiuall gm pasall slalls @ilarSil Lyl ayiil
@llei alll sl O @il gupall @6 asleiilimg clall €y @6 zlall ggi crua i @dpes ¢All awo’ @itagamll

log 2=0.3 ¢l Lale 2 X 1073 M 0j1Syi HNO3 (aan Jglaa -2

POH = 1 &a1s @All NaOH saclsll Jglaa -3

PH = 4.6 0lS13] 1l jac (s dive @ [Hy01] JuSyi an +2) cayai BB
log 2.5=0.4 ¢/ Lalc

pH = 10 lml 8304l &1)8 gilel @aATwi da Il e (1o diy :(3)(Tl,!)l-'i§ﬁ

[OHT] datd cuual
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dygd dacldy Sgd goos dpilan :2 dypsill

Syl Jgmas HCL elyglsgiagmll aan Jglaa -1

[uwlis Jglaa] 0.2 M 0j1Syi NaOH agyagall apwSginim Jglaa -2

oulliolgiell caibls -3

@alaj gas sjls Jala B)lné zjas Jlira dalaw (olagiia @ga yuirall Cilgsl -4
Cilglaall €

(1S3l @glea) agasgall apuSgyaim Jolaay gasll alaaiul lalg Jalall @le dalawll cuti -1
sanll Ggius @l

Juaall @laaiuwly (Sl Jemas) HCL (s Jglas o Jo 20 glagiaall @Ggall @ié gt -2
z)all

waaall Jolaa @l 8jliasll alaaiwly gulialgitoll @ils o ciljhs 4-3 wla’ -3

3l Lanlig @oall i phanll Jglas @l elang layai dalawll ga baclsll Jolaa capal -4
639 @l Glaiir (a Gglll

Jolna @ ¢mj gl jgmbs Imaic Cuiy @ill dhsill ic saclsll Jglaa dols] oc cadgii -5
colanll Baclsll Jglaa aan midg Jawi Aaall

Lol alady ERRWIE-TN-

s =

Jolll guuljall Jndll -2007 Jys C69) vwrsgill o< — gus <l gujg<
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byl gjo . 9 >l w cwlm3I Loyl

)
a

iy Juail @
Sdolaall ggl peli maic diang @ill dhsill gl 13k -1

dugd Baclig g8 jAaan O X Jaleill dhs:
NaOH(aq) + HCl(aq) - NaCl(aq) + HZO(])

]

IIIIIIIII
=

=)

IIII[HII
N

S

dslaall saclsll Ci¥gs aac cuual -2
098 JUA (1 Bjileall @ eariuall ganllg 8aclsll j1Syi (o atwa’ Ci¥gall aac
d1)dgall
35 mL =dylmill dnéi sic dalawll ga aaall selys
0.2 M = juSyill pgles sacldll Jolaa jusyi
n
M= —

\Y
n=MxV=0.2x0.035=0.0070 mol

doraiwall (Aaanll Cidge sac Eiiiuwl -3
daclsll didga aac = jAaaall Gdga dac (Jaleill) dilmill 4nos aic
1Al saclallg gaandl g 1:1 Cidge duwiy Jeloill ot dilarsl dlaleall Gagg

IIII|IIII
w

=1

thll”
5

=)

lLIII[HII[

=]

2

Byiln Jois
0.007 mol = jAaaall cidga aac

HCl jaanll j1Syi TN R}

0.007
M=——-=035M

spleall dilac ga Zilill Jelaall @itagirimll @yl gégil -5

ciligyl JS Culale’i Cua g saclig 698 paan gu Jelbill 08 7 = @iiagiamll qdyll

clall 0gSig AuSgiaimll Ciligyl @a agiig)aimll
saclsllg gaasll oo Calall Jeloill cdinl -6

Jaleill g1 g zgaje JUa| Jeloi

NaOH ,q) + HCl(4q) = NaCl,q) + H,0q

aslawll @4 gagy ailg @uliall Jelaall gagas juatg Spleall dilac amd dyaillodm @id 132 ama
aiblsll ga Gigall @i juSyill Jgmaa Jglaallg
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Acid Base Titration daclig goos dplod

asalll g @
Jalei ¢ianyd dyflall Jullaall @s caleloill odam cilel @ii Cua zgajall JUal Cnlele’ e a6l dlaya @ Lialel
nleloiall @b ddlull Jaa ddlullg diagall Jaa diagall Ciligsil
+ . + - + = ot
A B 4+ C D—>A D+ C B
7.
Baleg zla ZLiY JAaanllg Baclsll ga dlelSio CiliaS Jeloti dun :Jaleill Jeloi zgajall JUANl Cleloi glgil (o
clall 9gSiy
Jaleill Cnlelat oo Ag «Ligddl 0w @iy awpaiw gall Jaleill o} zlag sl Ll Filgill Of @le jS) LS @o 3adla 2%
32 ¥ LByl oliwys 63l Guigl agmoa Gag Aclgsllg gaganll Jaled Julallg slall 3gag jgpally guyl oS Lafls Lnily
Ogign Jleiil azs
Ciligyl dgaS JS cuale’ ¢ua Lalad Jaleis gilill galall Jglaalls @il saclill ga ¢gill gaanll Jelailile
uliéiag «lall 0gSisg spuSqrimll Cilig)l draS JS ga [rean Lyl agrigyamll Cilig)l Lils glg] Geagyaymll
7 =pH @itag)amll @iyl
caeallg sgall duali (e saclsllg jaaall ggi g paill gaes avi¥l ajepll dlaleall Guhig
aA + bB — cC + dH,0

uaanll +8acldll = zlall + clall
waanll ga H30F ¢i¥ga aac = 8aclall o OH™ Ci¥ge sac
Nacid _ Dbase

a b
M, XV, _ My X Vi
a b
dlaleall C¥ga hgel pléall Gag aanll Vg jusyill M dua
dlalos @b C¥gall &’ Ols AwSgyaumll dyalal 8aclsllg Ogigpll @alal yaaall gls Jla @
:Jlie 11 @ Jeloill
NaOH(aq) + HCl(aq) 4 NaCl(aq) + HZO(I)

184 iglinag digall Baclillg ggall haall (s Jaloill Jelot duwlys Bploall guys @b Lis ciglihg &

Ailall Jilue @ia @i A8g apuSg)amll galal go Ogigull ¢alad "spleall” elill Jaleill Ciljlua

8acld Jglaag han Jglaa g diaag Jeloi S Jaleill Jeloiy agndall La@
Jaleilly 8acldllg gaanll Jglao Jelot @uaty ;jud
slall €lla e &iilg Jolaall @6 OH™ apwSgyaumllg H30F aguigyaumll Ciligyl Jaleii aid
H30% ) + OH™ aq) = 2H,0q,
SJaleill Jelod ga doiu 5. @
Spleall dlac JUA (o 8acld plaAinly ghan Ga Jgmaa Sy guLei o
Spleall dlac JUA 0o gaen pladTuly 8acls Ga Jgmaa juSyi guLei o
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[ayaill ail] Sspleall dilac a@m@

"euulisll Jglaall' 3cls gl gaan ga uSyill aglea Jglna (o (Lo aan juani e

011551 (upei Alyall JuS)ill Jgmas Jglaall @l dndi sy dndi (ayyi @uulisll Jglaall sl o

idga Aac g8y Imidg JoISill g dites dndi @l Jgngll (un @l dolal dilac jatw’i e
Cuils Ols (Jglaall @é Hs0* aguigiamll Cilighl <i¥ga aael FalSe OH™ apwSgyaimll Ciligd
Baclsllg yaanll Cidge g wli Jaleill 0X Jaleill EhsT lntawin digs 8aclig g8 (Aan O
7 sglui Jglaall pH (0gig zlall ggSiy Cun

cunlia caibils plaaiwl dpleall dilac dilmi aanT @

0gl Iaic poeiig WSyl Jgman Jolaall @] @uuliall Jglaall (m colai @il @nsill @awi o
sploall dilac elmiil 3ani qmg dilmill dndiy cablsll

almill dhdig o Jaleill dadi GolSill dndi o oﬂ.a@
saol (il OH- apuSgyamll Ciligyl Cidlga 3ac Imaic zuny dites dndt ayoil §oLSill dlns

dolaall g6 H30* pgtigjamll (llUg,gT Cidga
Jaleia gT ©Acld gT G Lol :lmaic gitag)aimll @yl guliéa

At Sgiaumll Ailigdlg pgtigiaumll Ciligdl gran llad maic Jaleit dhsi cayeill Jaleill dhs
7 @gluri Jglaall pH (g<ig dpileall dilac JUA

dygs daclig 698 yann g Cuat Spleall o3

w2iig 1Sl Jgmas Jglaall @l @uulisll Jglaall g st @il ahsill ot Alnil dlnsi
dpleall dilac elmiil a2’ @mg caddilSll ogl lmaic

(mia cuys) SIS &nss ol Jgagll jgo ALl gl il sic Inaani odmg

SR
G’ sLigaX| ga 8jleall CUlS Olo datea gl dgd CLiLS slgw Aclgsllg yaganll gu Bpleall 9g<i §olSill dhsy
pH=7 lmaic o Jaleill dnsi §olSill dnsi
dadi (a duys almill dasl of emall (QilSll gg1 cunn alis @ili A8g §oLSill dndi vl go @ili dulmill sy
galsill
Mol alMA oo @Al @il Zlinid lnagaai guaiw X LS Jeloill slmiiX a1818a0l dhsill oo §olSill dnsgi o
ailiig iblsIl ggl jgmba iy 8y leall dylac elmiil @le yigall dylmill dlngi @ GgSimg lnia Lys ogl
Ol ganll @6 3 Bpusn Bjhs @m dilmill dasi aaaiu @il Guulsll Jglaall ga ddlaall 8)nsll gl dndill odm o
Cilwsl @l 38
amal héé qawyi ol ¢lia glhe guil SalMA (o §OLSill dhéi aant o spileall Ginia auy uuj@
Cilagleall arle 3ani gl Gilildl aio AT a1Sq Bpleall Ginie
1Syl daglea NaOH 8aclsll ga juSyill Jgmas HCl jaan dules ;Lo
Gitagiamll @8l gulidg Alipwll jgaa @le dalawll o Glaall Jglaall gan dani e
dlilall jgaa @le pH gulid jlmn @ladiwl

(1) Belyall Jaurig (gaaall) 1Syl Jgmaa Jelaall @iragyamll aéyll guiss e
Jolll guuljall Jnall -2007 Jus sz vossgill clena< — gus gl gujg<
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ol gjo .9 .5l 1 cwlm3I Loyl

b
Tea] bl

il

paa Jauig paeall Jglas @l dlasi dlngi [ayai baclsll capar o
Kol (3) dlndi aic 0i 8 JS @iiagiamll a8yl gulis ga dala3l
- waaall Jglaa @ Cilsl ogl iy
s 7 ggluy @Al waitagiamll @dpll J3la Lelat)l hnali @iniall quwy vic o

pH

Giragiamll @8l Yulis jlma g4 aidjos §Sas
2 s al @iragiamll @sill aa @Al @idlsll Ogl ymbay o

Pacli @ phes Bysles sic @] Jeloill §aISill gan @6 @by of §4LSill dadi (sa

[PH doid 8 alall proill

§aLSill dndi (po duysll dylmill dnéi aic @ilsll gl cuiy e
24 Joloii i3 Lagl Jaleill dasdi lmic Jgbi LA’ @iag
digd aclig 598 aan

Jelanht a8 falaatt ezt = 3alCall Az

L L
I 1 La

daclsy 596 aan dpiles G aslariul Jroall camlsll La @

yandl Juirall cails -

adpll Gas @16 @by (8.2-10) al @itagyaumll @byl ¢as 0 :cullg [midi] ouliclgitoll cadls -

aigl j1&i dhnile Jauyg Jeloill Iaml (4-10) 8ISl dlnjal @itagyaamll
mj Baclsll @éog (0glll @uac :paanll o gullielgisell ggl o

[Oullislgire al calaa] gglll auae 1uSyill Jgman ghanll Jglaa sayladl dhsi o
[oglll Cigrig yleall lmiil] pmj Ol jmlay sdylmill dnéi o

S gy aagll @350 (saa
14

12 \
10— ool e
gl @@l s :

Jela) Iaa galss o 0 (2o 5| Ao
o,

— 76
0 5 10 15 20 25 30 35 40 45 50

o @

[ NS I =S

mL B.b-ﬁ wladl NaOH =

ama jei &

QliS @6 B)gSaall ddilell @le 8jiilia Aaiel gl sghi dglar Qlisll sy eladiul clilsaly -
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saclslly Gleii apuSqyamll Ciligllg (Aanll @leii agrigyaimll Ciligl
digdll sacldll (i¥ga sac = g8l Aaanll (dga sac

Nacid = Npase
Ma X Va = Mb X Vb

aaall @le JxiV «s¥gall uSyill @le JaiM
ardphall @le gluiy Of amall yillilally OIS glg syiilie @aall yaget Jemaall juSyill (lual -
@ies haa apmSqpamil daplal digall aclgsllg Ogigull aalal digall jaganll @m il JS Sy
AtuSgyaimll &yilif 8aclsll gl HaS04 Jia Ogligpll @ilid gaaall OIS gl padl calidyg 1:1 Cidga dyuwiy
Ca(OH)2 Jia
Il Lia dugling jie il ellia
2005 (1 digllna C1ilSq 2006 dlaA cuun digllha jce omé gafloll il daladl -
elly JS alis aibwna (Gdga cabwa JuSyi alwa aan ailwa dyileall Jilue @6 ¢lia cillag a6 -
Cdgall @lisll Syl clwal Imaje’ @il tilgsllg asilwll dpalll dsdlell JUA (4 aelhiu
0954 0l @llillyg 8acls gl gaan ays cuslj ilill nglall o aleil OSI dgling jie gailall Jilua -
@i 8acld gl Aaan (0 @ g @&ailall idgall cuunil lmies (u Cidgall gyl Jaaiu 3l Xaleia
daailsell ciligi3l juSyi gm [3mg @ilmill lhylAll aan @lc lmawds
Jolaa (e 200 mL g Lala’d aie 250 mL Jaleid 13] HCI gaaall Jglae juSyi cuwal 360 (14)d|_'i'.a@
:ayidl dlaleall (§ag 0.02 M LmjySyi NaOH saclsll
HCl + NaOH — » Nad(l + HO

(aq) (aq) (aq) 27

4498 8aclig g8 (pan Jelo
dacléll idga aae sgluy Al Gidge sac dpleall dtlac JUA Jaleill aic
NNaoH = NHcl
M=C  @gall usyill ogils

0.02 mol
NNaoH = MNaOH X VNaOH = T X 0.2 L = 0.004 mol
ngc = 0.004 mol
ngcg 0.004 mol
My = = =0.016 M

Vg  0.25L
.. L . OT a-a&q 6)_|j._|L!_A ." o o e | Ug_]'j '4 . ee . (ﬂ_"l aJ_.!gb_” (:ll . | om . o ee .. g a&J)_Lqu aﬁ_.!)b_”
1:1 o driliassll daleall @6 Lamiy) CiXgall

Mnaon X VNaon = Myucl X Vua
0.02 X 200 = Mycy X 250
0.02 x 200 4 16
= =0.016 M

M = =
HCI 250 250 1000

Jolll guuljall Jnall -2007 Jus ij vossgill clena< — gus gl gujg<
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eqloul ayjo 9 -] al1]1]T i) | HIT T

0 20 mL ga Lalali Jalei 13] 0.4 M 0j15yi Al HNO3 aaall Jglaa pan i 36 0 (15)d|_'14@

:auidl dlaleall (§6g 0.2 M 0j1Syi LiIOH daclsll Jglaa
HNO3(aq) + LiOH(aq) _ > LiNOa(aq) + HZO(I)
d198 8aclg 598 Jhan Jclof
dacléll idga aac sgluy Al Gdge sac dpleall dlac JUA Jaleill aic
NyjoH = NDHNO,
Myion X Viion = Muno; X Vhno,
0.2 X 20 = 0.4 X Vyno,

0.2x20 40
VHNO3 =T=T= 10 mL=0.01L

Jolaa (e 30 mL ga Lalad aia 20 mL Jalei 13] KOH 8aclsll Jglaa juSyi cuwnal:37 0 (§o i@
:ayidl dlaleall (§9g 0.2 M lmjiSyi HBr (Aanll

HBr, + KOH,, —— KBr, + H0,

)
d198 8aclég 98 haa Jeloi
daclsll (dga sac ggluy jAaanll di¥ga sac dpleall dlac JMA Jaleill aic
NgoH = DHBr
1:1 Lamitr CiXgall drud 24 "ca1o ATl ()qils" deapull ddapall aaATn
Mkon X Vkon = Mugr X Vupr

MKOH X 20 = 0.2 x 30

02x30 0.2x3 0.6
Mkon = 50 = > =7=O.3M

@l e &
Bploall @inia JSii @6 Gpall ails dalawllg @Ggall s Jullaall glgil Liwse gl -
O §8LST dian glg Raleia 09y Ol Zilill Jglaall @itagiaimll @8)lls iuen ga ¢g8 Jglao liple gl -
a3l galA lamg] slall @ Ciligyl @iipw Jullaall Elli o @ilill zlall OX Bacléllg gaaall Ci¥ga
[l gujall @6 Jundilly arle @iling Inioyiing

Lgall belsally agamll 3 ulall imis

AA (1,01 [OH"]

1x107 M-

ek Jsloel! i Jslel! o /ﬂ/
el asall aclall fye alall gg3h Laaadl e . Talazs } Jel Y oo
3 Jygma anll N 3 Wggma 3aclill ) - J — i
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dygd daeldq Sgd gons dplon :(11) Joe dd)g

HNO Jglaa G0 400 mL go Lolat Jalaill @i KOH Jglas s 250 mL of caale 13] (1) cayai B

KOH 11Syi cauwnl 0.18 M 0j1Syi

@i 0.1 M lmjiSyi NaOH daclal aidl calibdl guyal :(2) cayai :an 55
:cunala lill Jaletll @ig 0.2 M ojSyi HCl jasn @l lmisla)
oLl Jaleill aic afelA] @i GAll acléll Jglaa pan -1

HCl jaan Jglaa aan -2

&in 0.2 M LmjiSyi digd 8acléy diples Cia’i 50 mL asan juSyill
:0Lo wlill Jaleill diaa

Volume of NaOH
added (mL) pH
00.00 07
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
39.95 420
39.99 490
40.00 7.00
40.01 9.10
40.05 9.80
40.10 10.10
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
A
pH -

—

el e

l Il L

:ogluy M 8angy 6gll gaanll uSyi -1

dolrall ga 1L prAanT g6 deriiuall 8acldll alis -a

mL adlall suslill emn

s s s wa s | 40 g/mol wglwi saclsll dlgall alisll of lale (ouulysll
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Indicators casilg<Jl

ScaiiilgSily agndall L&
st dllall ge digliall allall @6 lmigl juoly doren dugac Aclgs gl doten dighc (hgan @m
@itagiamll a8yl (4 OLes sra @ diliall
Sopileall 1o caililgSll plaAiul (o 8aflall LA@
huigll g9 jLiailg cdtlacll clmiil dojoa @l (ag dpileall drlac cLifl §aISIll dlngi ayanil e
sacld ,4T “raan
[Aa dama] "guSeia Jelail (5a giliy HIn oja) ¢all careall @eanll cailsll alslos &

- +
HIn(aq) +H20(1) In (aq) + H,O

104 204 .
[I3a ama] Saclillg guaaall lugll @o cadilsll Jac @T@g@

Tare cuung «adilshl Jglaay d1ylae H30* cilighl (e galipa juSyi @le ¢ging @uaanll hugll
In” juSyig H30" juSyi ga Jloyl caibilsll Jglas o guuSell olaidly Jelotll @ariy cdgus aylilivigl
10Ul ymbagg cliall yee HIn cadlsll 3y slajy Juléallig 209l @aiage

&9 Ellmimim H30" ¢_1L|g_1| olé @llillig OH™ ul_|g_1I (0 2973 JSHi @le gging saclsll lhugll
H30% juSyi @6 gasill jaugeil guledl olaidl Jelboill ganiyw aylilivigl Iaal (Bagg cadils!l Jglaa
10glll @éirg ouliall e Hin caiilSil uSyi Jéy Juléallig 2090l ymlayg In~ JuSyi ga Ayjy Laa

:ayi¥l dlaleall @6 LS Jolaall @6 HIn @uaanll cailsll ouliy 2023 8)ljg Jlguw
Hin + H,0 = In~ + H,0"

(aq)

:dataall s)liell ole LiOH saclsll Jglag @l cadiilsll Jglas dala] aicg
sandl gglll ymbagg In”™ 1Sy slajy - (s Jolaall @6 jandl gglllymbay - (0
dlcloiall algall olails Jeloill @aniy | (a ouliall jeé HIn cailsll juSyialay - (2

(<) aulal

aisaginll aiyl 0o Ggea 63 @b LS ogl sty yue @
aiyu @) aia oliy la J45)5 O dawill le saioy @bl gl pai O3
] o
opleall 3_|‘L|_| ddy Aaie’ lila @Lc@
cruliall camlSIhjLiAl @le saief
€ dpileall dtlael crwliall camlSIljliAs uuj@
ahsi @l N (s @irag)am a8) sic ciblsll ogl peiy of ciay
° 0 2 @ w s @ 70 @ Jaleill

lall 4530 saelall @ma (L)
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\Sq

byl g . 8 -31¢ | cwlm3l oS

S 5 i ko) 5 ) e

3.1-4.4 ol o S Jal
4.2-6.3 ol o] sor Y Jtall
6.0- 7.6 Sl ol G Y1 gasl e I
6.8- 8.4 ol ol oY1 gl
8.2-10.0 S oMl e ol il
sk o bW k| #
juje1t

10-4 (0 Byleall @inis (o ymbay LS Jeloill Iaml §aISill gaa o

cuulia gma 8aalg 83g4 glg 7 @l Liys IS ola cadilSll @itag)amll @byl ¢aa @aphal jhii o
(74 a1y 8) pileall cuulia caibilS gm 13] 10-8.2 (o gdliolgiroll @itag)aimll @yl sae
(7] &uys 6) duleall cuulia CAbS gm 13] 6.2-4.3 (0 pan3l Juitall @itagiamll aépll saa o

7 0 Bre) agiyio ua culia yut @I Jiiall S Of aai (7) Jganll o

juat dlgmul Gyllislgirall alariul digall sacléllg ggall gaanll Cnlelei gs gariliarsll Jiasy 1

gaclsll lhugll g6 gmj @l @uaanll lhugll g8 gglll @iarc (a aigl pei

oty dua }AAZl Juivall gI auliolgitell caibls axAim) NaOH saclslly HCl jAan Bples Aic A%

Jaleill @ndi (s c1)d a0 616 Lamigl
@ls OUA] sganll zil @8 JgSaall syagll aif has Gylialgiiall oelllg saall Lo ame 9
64 Jgaall 16 8)gSia cailgsll

:38 0 @MT@
:ayi¥l Julaall gs JS @0 @ibilsil ogl 3gani @ (7) Jgaally greiud
gacls Jolaa o pandl Juirall -1
Janl :clgall
waan Jolaa o Gl Jgasligagpll -2
jonl :clgall
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2clqallq usqaall
( leqlopul pgp0 . 31x¢| 1 AulmsJl LSl

auiilg<Jl :(12) Joc ddjg

@il cardilsll (uli dlalea &liS o (Jglaall Og!l gm Lad yonl culiall aiglg panl ouliall jie cailsll
clld magi

lhuwgll @itagiamll wipll cuun dufliarsll dlsleall @le Olgidl aaniTalg cubllsil ouli dlales (iisl daclue

a8l dlsleall @6 LaS Jolaall s HIn @uaaall cadlstl oty «(2) cuai B2
HIn + H,0 = In™ 4+ H30*
sl @

:dagaall sjliell ol HCl gaaall Jglaa @l ililsll Jglaa dsla] aic (1)

G4 Oglll ymlagg In~ jSyialajy | (w Jolaall Go jendl gglll ymlay (

dxilill slgall olaily Jelotll @oniy (a UJT_LA_” e HIn caddilsIl juSyi oy (z

:datnall Bjliell 9l KOH 8aclsll Jglaa @] caiilsll Jglao d8la] aic (2)

@3 gglll ymbagg In™ jusyislajy | (o Jolaall @6 jondl gglll ymlay (0

dlclaiall slgall olaily Jeloill goriy (s odliall e Hin cadlshl juSyi slajy - (z

gl g8 Baclig g8 yhan Spleal cailigSll Jial :(3) cuyai BB

&3 Jgauligagull  (w @l Jufrall (

aullislgiall - (s jandl Jgigall (2

Jolll guuljall Jnall -2007 Jus C79j vossgill clena< — gus gl gujg<




©eqlbpl wjo . p.3lxc| 1

ATd{dell(ValdiL}
Wl LaSl

(5\.|L|.II guwall puac

O dlin duui @le gging aif [ dlin dajay @ilymsl il clall Jingy
(Imigs Lo @ slall Ciligia Jelai) @il sl aigli (e dilill ciligy3

cgaclall @lc piiga apusgpamll Ciligylg dphanll @le yiliga agtigagall ciligyl
@ilall Jglaall 516 3g2ga Lamilsg

1 x 1071* (sglury 25°C B)lya da)a aic slall Guli Cyli

25°C 3y da)a aic @dill clall @8 ApwSgyaumllg agaigyagmll Ciligyl sgluti
Jaleia Jglas oprieig 1 X 1077 M (sqlurig

HCl, HBr, HI, HNO3, HCIO,

:oing (auSgyaumll Ciligal juSyi sqluy InjySyig slall @é LIS guliii dygall Aclgéll
LiOH, NaOH, KOH

Jiag 1 X 1077 M (< @iy egaigiamll juSyi L6 slall @l sgll yaaall capal 13]
clall guli Culi pladiwly arwaig 1 X 1077 M e A Sqyaumil jusyi

Luaas Jglaall yioig

Jé1g 1 x 1077 M (e gaiyy arwmSgpaumll juSyi Ol slall @l dugdll Baclsll capal 13]
elall guli Cyli pladiwly apusig 1 X 1077 M e pgrigyagmll jaSyi

Lacls Jglaall jricig

pladiuly Jglaall g6 dpaaall 9o yrogg diganll d3)a gm @gitagjamll oyl
ogsigiamll ciligal JuS)il draiyligUl ddell

pladiuly Jglaall 6 dyacldll gc pogg dyaclsll ) gn Gl Sgyamil @Syl
ApuSgyagall Ciligyl juSyil dgaiylégll dsilell

GuuSc agrigjamll Ciligyl juSyig @iragaumll @byl Oay dblell

@uusc ApuSgyamll Ciligyl j1Syig @lumSgpamll a8yl gy dsalell

drwsc @luusg)amllg @itagyamll adpll Oy déiell

Zilill Jglaallg «slag zle aic Fiiy digill 3aclillg ggill gasall guy Jaleill Jeloi
paadl Jripallg ggllislgiyell ;amiplos @i caiilgSIl Jadlg (Jaleia

dulmill (Jaleill §SISINl Byloall Lldi

@ilsil 9glg Bplaall slniily Gleiispall cLigsdl gy duilill (graall sic @lg3l
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cqlowil g poi) | CWURSILL0S)

dygdll aclgillg ppgostl Jullsog wnissgparall papll sonilill gujall doslyo

Slmiyacld of Julaall dpaan e o) 13lay :Jg3l dlaml@

ApuSgpamll Ciligyl 11Syig qaguigiamll Ciligyl JuSyi JAA (e

Jelaall @liuSgiaimll @yl gl @uitagiamll aéyll gulis gf ilung ellag
:@vily Laa 3 agndall magl :@uilill dlaml@

aylmill ahsi  spleall  @itngiaumll @yl slall @uilall oulill

dwgall @6 guall Jgl @iég cilallnnall spuis @idg sginall @6 Ells JS jgSia
a8l Jullaall go JS @6 OH™ g H30% jusyi cuwal sculill d@ul@

0.02 M 0j1Syi HNO3 -1

slall 8 LLLS UJT.LI 6gd yaan HNO3
HNO , + HEO“] —_— H30+(aq) + NO

3(ag 3 (aq)

[HNO3] = 2 x 1072M

[HNO5] = [H307] = 2 x 1072M

Kw = [H;07][OH"] =1 x 10~ *
Kw 1x 10714

= = =0.5%x10"?M =5 x 10"13M
[H;0*7] 2x1072

[OH7]

0.01 M 0juSyi LIOH -2

clall @8 LIS ¢ISaTi dyg8 Bacls agyiyll AuSgyam
. Hzo(l) A _
LiOH ) — i ag T OH (aq)
[LiOH] = 1 x 1072M
[LiOH] = [OH"] = 1 X 1072M
Kw = [H;0*][OH"] = 1 x 10714
Ky 1x107%

[OH-] 1 x 102
dlaloia gl dyacld gl dpaan Jullas @l Jgaall go digall Jullaall cainl gl dlg‘p.ujl@
6acls 711 Ggog @ran 7l Ciat aiiagiaumll adl (afls aaicl (i Mg oy oSil :jujoi

[H;0%] = =1x10712M

pH=9 [OH™] = 10~ M pOH =4 [H3O+] =10"°M pH=3 J 8jraall donll
Ls_\_cl_o pOll:Ilfél pH=10 pH=9 oF J | arini

@waan Jglas jrani aic elall o OH™ juSyi Jéy spwal s gualall dlé.u.dl@
agigiamll Ciligig spuSgyamil ciligyl @l ity ogliy elall o3

X .
H,0, + H,0, =—— H,0', + OH

aq)
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| qbuilgp poh | QWSS

Ol alilivigl Taral Bagg Jglaall @6 Alaji agaigyaumll Ciligyl Lo slall @l Jaanll &la] aic
ApwSqyamil Ogil 1Sy Joro "Culelaiall” gl aali 213 Jelail

log 5 = of lale 0.0005 M ojySyi HI e Jglaal pH @itagjamll @syll ETHEN ERTIRy I dlcj.u.dl@
0.7
slall 6 LS ouliy 98 gana

4+ 1

HI _ +HO0, — HO"

(aq) 27
[HI] = 0.0005 = 5 x 10™*M
[HI] = [H;0%] =5 x 107*M
pH = —log[H;0%] = —log(5 x 10™*) = 4 —log5 =4 — 0.7 = 3.3
400 & aio 0.81 g &lsl pas HBr jaaa Jolaal pH @itagiaumll @iyl crual soluwll dlé.u.dl@
.elall (2o mL
log 2.5=0.4 . 81 g/mol = HBr yaanll digell alisil of Lale

(aq (aq)

+ -3
HBr,, +HO, —— HO , + Br
_ m M_n
" Mr v
_081_ o o001 125
N="gp — 70 mo ~704 40 1000

[HBr] = 0.025 = 2.5 x 1072M
[HBr] = [H;0%] = 2.5 x 1072M
pH = —log[H;0%] = —log(2.5 X 1072) =2 —log2.5=2—0.4 = 1.6
Lele 0.008 M 6j1Syi HClO4 Jglaal Gitagjaumll @dyllg GliwSgyaimll a8yl LLLLIAT : Ol dlé_LuJI@
log8=0.9 ¢

+ CIO,”

HCIO + HQO{I} B HTSO (aq) 4 (aq)

4(aq)
[HCIO,] = 0.008 = 8 x 10~3M
[HCIO,] = [H;0%] = 8 x 10~3M
pH = —log[H;0%] = —log(8 x 1073) =3 —1log8 =3 - 0.9 = 2.1
pOH=14-21=11.9

24 Lalai Jaleiil 0.3 M ojySyi @il HI clyagugiaumll ghan Jolas (o 40 mL qjly gulil dlé_LuJI@

KOH juSyi cuunl jusyill Jgmaa KOH Jglaa (e 60 mL
HI . + KOH — » KI + H,0,,

(aq) (aq)

Ngon = N1
Mkon X Vkon = Mpp X Vi
MKOH X 60 - 03 X 40
03x40 03x%x4 03x2 01x2

Mkon = —¢5 6 3 1
Jolll puuljall Jnall -2007 Jos @zj wogsgill cling< — gys gl gujg<
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xclqallquaqanll

cqlowil g poi) | CWURSILL0S)

ddyanll aclgdllg yogosdl :SUL gujall

UL gugall Oldgyoi @
careall gaanall gulil olpisl culi KKa gaandl guli culi e
caronll saclall gulil oIyl culi K saclall guli culi o
daronll gpgosdl Jullso ona yljidl

o peig LS paliys Gljil elall @ milgs dlac @ ciangg Lija ol dareall gaganll of & lw Lisle
vaeall (ulil @Sl gulisall gm Cylill 1am Ka gaaall guli culi aladiwl cagenll gasall Olyidl &l
ol
JuSeia pé aleleig slall @é LS ouliy geall gaanll of @ilill gupall JUA (0 Liale' :jijei &
Odlill (10 &1l Ciligyl a slall @6 Cillja @811 dua yuSeia aleloig Lija Gilipw ol paaall Laiy
cligili il aan gulig elyglSgaimll gaan gl aur 031 o)l
HCl(aq) + H200y = C1™(aqy + H30% (o CH3COOH 5y + H,0qy = CH5C00~
A el o ol

Ul e MT{PE LI

(aq) +H;0" (aq)

2\ aenl] Sl

T Y]

Agissaegl Gl

.aseall gaaall olil dolell dlaleall @
(aqg) 21 X_[EQJ + H3O+

| | | |

|
o sdele r::j'l;a tasle \.-‘Iél o e

Selall @6 aiyli (o anilill Ciligy3l JuS)iy d1jloa Jle carenll gaaall Sy )_IJ.I_Q@
21 Olji¥ @iaga slegll guei @é anilill ciligydl go oljil dlla 6 HX aifliall e gaanll ciligja
Ogigrlls layiyi @llillig H20 8aclsll ¢ sgdl X- asaljall saclsll of dua (Cleloiall) jhul dma
ey gaganll @é Jelaill of Satig aanll J1Syi Majie 8jaiua 8)gny gasall 019Si ALl
Cillja dma Olfidl giagag  [HX] > [H30%] S47 ... jAans caeadll (ugSi @l jaans gl

cagenll gaaall

Gaanll oulli Culi JAA G gaeall WSy @l anilill cilig8l juSyi oc jlet &

[HO][X] | S aanll ol LI_ILI_I Agndall L. @
T Ka 1 al jaylg cageall gaanll ulil oIl culi gm

(aq)
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eqloul ayjo 9 -] al1]1]T i) | HIT T

Culill ga zasiy ailg Jullaal cyia gm Lalla Ol Culi jiei @ clall 1iss 3 L Bylw Lialel :dialll g 2%
coulill @le aijprdg jaanll 898 e gaanll culi culi jo) cars &
8aLj @llillig H30* agrigyaumll Ciligyl juSyT 916 8alj lmlioa gaaall (uli Culi dagd Cialajl Lals
oulill @le aijadg paanll g8 @d
S uaaall culi culi ddyea e Aroiwi lila
lmAors dotonll jhganll 898 alMA (o O)léT e
Lay) aa b)) ((# c
QI H30* aguigymll ciligs Syt alila (o Cuwad »
S/ HCOOH & slial 20>
5 dionll ghaall Jglaal Gitagjaimll @dyll cuuni e
Sheopgidl panz - :
sl s = 5 o bl ot sl dul JUs go daranll pgosll dgd dijldo
S § Gk S Jad) 25°C 5 i s ke Limdll s gasl an ;,:L; <l 753 5(8) J g
i Geo | edled |
m\.\;iq,_f;«m,;‘%a; n . = =
e o Ji20 i o i 1.3x 10 H,S0, IV oy S an
) 8 g )08l e

aodnians s o Jod] Slad) a3 6.8 x 107* HF by yldl o
Gk adleel o Blonl) 172k 4.5%10™ HNO, I (o g Sl ae
(ARG Re 1.7 x 10~ HCOOH Sh sledl as

ol odd el 3 Lzl - -
S iy 6.3 x 10 C,H,COOH gyl pan
LA 1.7x 107" CH,COOH b sl s
' 4.3x 107 H,CO, s g S e

8.9 x 107 H,S g ol Ay S s
3.5x 107 HCIO [RCPCWPIpPRP ey

49 % 107" HCN Gl g, 081 2

ool 65 el

:ayi3l alfwdl gc cual 4 (8) Jgaall guyal 424 @Gonl @

ST aigli culi g8 HCOOH :wlgall  H,CO; of HCOOH :5q831 (Aanll aaal -1

lam! ¢/ lale HCIO aanll Jolas ol HNO, (asall Jglas :@itagyaum ad) Jil al Lyl gdgil -2
awa’ juSyill
8)261l duali 10 688l @l (agrigiaimll Ciligy] j15yi @6 @ledl gm @iragiamll @dyll @a Jai
HNO; gmg il Cull dags @6 psi Jliss gulillg oulill @l

HF, HCIO,CH3CO0H :0H™ ciligyl (0 JuSyi @lel sging auisl yagaall Jullas ¢l gdgil -3
96 chondl gl agrigimll Alig) 145)7 @6 J83l gm apuSgyaml Gligsl JuS)i @6 @ledl
HCIO gmg ¢ulill Culi dass @6 J83I jlird @ilillg (ulill @le aijrs
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rddy il paasdl Jylss allus
et &

laSg HF g CH3COOH (Jia 0igigptll galal cateall jaaall @le héd Sy alislh @o abluall ket
Laits Banlg dlayay Ouliy Jogbl gigull arislig auilii dgalal gaganll glgil of Jgil guall @ Lialed
dal Al @ dllillg (tilaga @ @ulill

agtigyamll Ciligyl 10 )26 1St mys iy Cun 6qsSl olill dlnga Imidl @gdl dlnjally aimi L alel o
ol @ilif ats )lig JI§u elela glé dlama (gSi agllill Jalpally @ledl Il oulill Culi dags @llillg
Libbua @bl cuun mlVA gog ouli dlape Jo¥ ulill Culi dassy Liagiuw ai¥l §liag Me Ogigyll @il
H3PO4 :Jlia

H3PO4 ) + Hz00) = H300q) + H2PO4, o

do10all Gaganll Jillaa @ Inaletim @ill cililwall &
Cidgall aac gl M juSyill : Jia :amédi jasall adi Cildhes JMA o H30* Ciligh jusyi cilua -1
Ka culill culig V Jglaall aang Mr édulgall dlisllg m ailis gi n
as bl Cildheall guo’ JMA o pH Gilun -2
sacluia Cilgheag Ka g pH :Cilnea JMA ¢ 0j15)i gl ghandl das cilwa -3
&llg JuSyiS gaaall gc Claos g pH :Glhos JAA o Ka oulill culi cilus -4
Jall cilailyiul @
cglihallg dilneall JIa :Step 1
clall o cagenll gaanll guli dlales s :Step 2
ad gallg Jeloill pasi Jgaa dlaleall cuad fuivid pH Il gl H50™ 1uSyi cilwa cagling 13] :Step 3

ol e proill x japll axatulg Ol aic Jeloill elifl poill (@Saiidl jus)ill
Jaslyill/ alsloall HX . + HO, X, + HO

(aq)

aglaull aic Gl jusyll 0 0
S| —X +x +x

Ol sic ilail juSyill — x X X

oSy piet @ies Ol @l Jgngll aic jaanll Sy @8 yasill Jamiw lialmia @6 :Step 4
Ol Alc o)y =@ilaiyX
watiill Jomis ailigl j15yiy &ijléa Jle ojiall guseiall Jelaill JUA careall paanl ju5yi 03 cuullg]
[@ilmill 0j1Syi @8 Juolall
Ci¥ga cuwiy ulill Ci¥ales @6 Jalei Lis¥ oIyl aic juSyill guai lnl &xilill Ciligs3l piei Step 5

[H,04][X] X~ qullull 9gi8lg H30" agrigyamil ogal (g 1:1
TTmx Gelhall cuual @ clheall gage «lall 9gag ol Cyli 9gils st :Step 6
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aslull Cilglhaall ey pH = —log[H30*] aiyleglll 0gils @aaiuwl pH cilun cigliaall 13] o

lam eadiwd o ulill dlslea iisi ulill Cylig pHI Ligal yogig aanll draS cilwa cigliaall 13] o
[H;0%] = 107PH ciligySl juSyi cilwal Ogilsll
ailiS i lmaeig (aaall juSyi caunil glill Culi ggils 8 Cilheall jhgel

lam b oulill dlales (iSi (aaall ge Cilgdaoag pHI Ligal jogig oulill Culi clwa ciglaall 13] o
[H;0%] = 107PH ciligy3I juSyi cilwal qilsll
apuail Glill Culli 0gils @ ells yage’ o

dilghA 919 dcjuy ¢limd @6 Imw i 8y1iS Jilwa Ja @le Ciagel 13] [dagall odm S Ogay

:dgnnll gansll Jolsnl pgriggarall ggal <y aibus

Of LaLe 0.1 M 0j4Syi CH3COOH ¢Ligiliydl jaan Jglaa H30* cCiligdl juSyi cumal :43 0 (16)d|.'i:<;@
K,=17x107°
Suil e jaan all diyel gaaall (uli Cyli o 13] Jghace
guSeis jic alelataidl Sginl guli culi giigl ¢gll gaanll a3l

uSIyill/ dlaleall CH3COOH(4q) + H,0y = CH3COO_(aq) + H30+(aq)
auladll aic 0.1 0 0
Jreill —X +x +x
01—-x=0.1
Olpidl Aie 1% 10-1 X X

_ [CH;C007][H;0%]
27 [CH3COOH]
2

1.7%x107% = ————
1x 101

x2=17x10"°x1x10"1 = 1.7 x 10~°
Vx2? = V1.7 x V1076
x = [H;07] = 1.3 x 1073 M

Ol Lale 0.03 M o0j.5yi HNO2 (I11) (uagyivill ghan Jglas H30* Ciligyl juSyi cumal 430 @ﬁ;ﬁi@
K, =45x10"*
K = [NO, " ][H;0"]
a [HNO,]

2

X
451074 = ———
3x 1072

x2=45%x10"*%x3x1072
x2 =13.5x107°

Jx2 = VI35 x V10 ©
x = [H;0%] = 3.6 x 1073M
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iaranll posl Jelsol pirsgjasall pdpll abus

Ol LaLe 2 M 04551 CeHsCOOH cligiidll jaan Jglaal @itagiamll @épll cuual 44 (17)@1@
log1.12 =0.05 K, =63 x107°

JuSlyill/ dlaleall C6H5COOH(aq) + HZO(I) = C6H5COO_(aq) + H3O+(aq)
aglall aic 2 0 0
proill —X +x +x
Olyidl aic 2—x=2 X X
_ [C¢H5COOT][H307]
27 [C4H5COOH]
<2
6.3%x1075 =—
2

x2=63%107% % 2
x> =126 x107°> =1.26 x 107*
Vx2 =1.26 x V10™* = V1.26 x 102
x = [H;0*] = 1.12 x 1072 M
pH = —log[H;0%] = —log (1.12 X 107%) = 2 —log 1.12 = 2 — 0.05 = 1.95

Of Lale 0.02 M oj15yi HCN eluilimgyaimll paes Jolaal @itagiamll adpll cunal 44 a Gonil @
log3.1 = 0.49 K, =4.9x 1071

j__l_jb_ﬂl/aJALQA.” HCN(aq) + HZO(I) = CN_(aq) + H3O+(aq)
duladl aic 0.02 0 0
il —X +X +X
o 0.02 —x=0.02 X X
Ol A 2 X 10—2

[C¢HsCOO™][H307]

27 [C4H5COOH]

10 XZ
49x10710 = ——
2x 1072

x> =49%x 10710 x2x 1072
x2=9.8x 10712
Vx% =v9.8 x /10712 =/9.8 x 107¢
x = [H;07] =v9.8 x 107 = 3.1 x 107¢ M
pH = —log[H;0%] = —log (3.1 x 107%) =6 —log 3.1 = 6 — 0.49 = 5.51

scaronll gansdl Jels ol gulill culi gi gonsdl dn< abms
aa8)g 1L asan ais Jglaa jranil dajalll HCOOH eligilivall (han dlis cuunl 45 (18)d|_'i'_4@

log2 =03 K,=17x107* gl lale 2.7 @itagjamll
Mr = 46 g/mol

HCOOH 5y + Ho0qy = HCOO™ (5q) + H30% 2
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_ [HCOO~1[H;0*]

27 [HCOOH]
[HCOO™] = [H50%]
PH Il Guylo o agrigyaimll Ciligyl JuSyi cuuns
[H;0%] = 10~PH
[H3O+] — 10—2.7 — 10(—2.7+3)—3 — 100.3 X 10—3
log2 =10.3
aiylegll dpnsell dsvell
2 =10°3
Zilill 6 lmAge
[H;0%] =10°3 x 1073 =2 x 1073
oalill Culi 9gils @6 jages
[HCOO~][H;0%]

27 [HCOOH]
[HCOO™][H;0%] 2x1073x2x1073 40x 107°
[HCOOH] = = — = —
K, 1.7 x 10~4 17 X 10~4
=235x1072M
6¥gall 1S)ill 0gils Gubo e Cadgall Cuua
n
M=~—
V =

mol
n=MxV=235x10"? TX1L=2.35><10_2m01

dulgall aLisll Ogild Guyh (e alisil .
m

n=— =
Mr

m=MrXn= 46miol X 2.35 %X 1072 mol = 108.1 X 1072 = 1.08¢g

ais 0.1 mol ailal ).mg 3 witagjamll andy HA dred jhan U_IT.J Culi LLLUAT 460 (19)d|_'i'_4@

lall (1a 500 mL @
HA@q) + H20q) = A (aq) + H30" aq

_ [A7][H;07]
T [HA]
[A7] = [H307]

pH Il @yl (e agrigiaimll Ciligyl 11SyT cuund
[H;0*] = 107PH

[H,0%] = 1073
dngall Oqils ga yaaall juS)i cuuad
n 01 1 0.2 = 2 x 10-1
=—=—==—=(.2= X
V 05 5

alill culi 0gils @4 yages
_1><1O‘3><1><1O‘3_1><10‘6_05X10_5_5X10_6
a 2x10°1 S 2x1071 B
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o 1]1]Toi]] PT T

Leqlbjull e o-3lx¢c| w

deliall g day ‘-_
iaz ] B Sy Do M el il b B8 32 |
e Loty HS0, iy S dasy HPO, ) sins 5l
&acuy\a;“sg,:weagﬁ\__ﬁkga;wlm&g
HUB60TR 35 o o et 228 T i A B
ke 1501 Lt 3 O3S W S Gaan oo g b
Lod ¢ b o0 sLass ¥ oy b sl 220 38,201 355 Vg Szl

00,1 ppndl dolins 5l 35S lalaw] e W) B e ———

aa8)g 0.5 L aaaa ale Jelae jpanil dajilll H2S0s (V) CuprSll Gaas &liS cunafl 460 o T@
Kq = 1.3 X 1072 ¢l lalc 2 @iyagjanll

Mr = 82 g/mol
H2S05,q) + H0q) = HSO3™ o) + H30% (g
_ [HSO05;7][H507]
7 [HSO0s]
[HCOO™] = [H30%]
pH Il Guylo e agiligyaimll Ciligyl J1Syi cuuns
[H;0%] = 1072
vaanll Syl glill cuyli 0gils @6 gages
_ [HSO;7][H307]
® [H;S0s]
[H,50,] = [HSO;"][H;0*] 1x1072x1x107* 10x 10~*
& TN K, a 1.3 x 102 " 13 x 1072
100 x107° 77 % 103
- 13x10°2 7
6)3gall JuS)ill Ogils Gupn g didgall crun
n
M=—
v -
n=MxV=77x10"3 ==x 0.5 L = 3.85 x 107> mol
_ m
n= Mr =
m = Mr x n = 82— x 3.85 x 1073 mol = 315.7 x 10~3 = 0.32 g

mol
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A164ll yaiAall UHSQJQ

[duaph d8)Mc] pgLigjamll ¢_|L|g_|l HSyig aasall UJLI Culi
[drusce ddile] @itagjaunmll adpllg (pgtigiaimll j1slyi) dyaaall o
caoal al daslall saclill CiilSq g8l gaaall OIS LalS gaaall Guli Culf alj Lals o
alaji dghaall olies egtigiaamll ggal 1Sy alj gl @itagiaumll abpll Ji LalS o
alaji dpaaall olies ApwSgyaumil ggyl juSyi Ji LalS o
g8l J83l (@iragiamll abylls chgeing g8 Jaan juSyi ayLiicils] e
:dullaall STy @l A o 2y b dmigy Lo 6 dbget jhgan Bl dijlie aic o
(Ol CLlis :Cilaes T JUA (0 B98Il O)Lai LLILS JuS)ill daglwie Jullaall 3] -
Jolaall @b ciLig8I jusyi gf aitagyagmll @byl gi
Oalill Culd JMA (0 s Bgall O)lai Liild GuSyill dalide Jullasll 13] -
ol JUA o L3 guiaiwi dmiyy Lo 6 pH dganll &3y of dpaanll dijlie sic o
il o Ay Mo JSIEll Calial 13] Lol cJullaall jeslyi gglusi dlla @id Cilghoa
pH Ll ail guli cyli Js31 saiei dg Inpuai 0jald pH @ledl cull @iliy cigliagll

dlgls o aluyyai

da1d alg CH3COOH (aan (1s 100 mL asnn Jolas (ugSil clall @id .. .... aulal aily : (1) ey B8 =
(C=12,0=16,H=1) K, =1x 1077 i lalc.pOH = 10
04g 2 03g -1
0.6g -4 02g -3

pH=14—-10=4
[H;0t] =1x107* M

[CH;C00~][H;0"] 10~ = LX 1074 x 1 x 10~
= X =
@ [CH;COOH] [CH;COOH]
[CH;COOH] = 0.1 M n=0.1x0.1=0.01mol

m=0.01 XxX60=0.6g

1x107°M  (sqluy HX qualyiedl caronll gaanll 1Sy oIS 13] : (2) cuyai 55
sqlur’i [1)8 )gSiw Jglaall pH lé

-2 8 -1
5 -4 6 -3
(3) aula 3l

@i aiylig cuen ail @848l oI 51 diglue 9gSiw LS culisg 6gs ail gulul @le Jglaall pH cuwal
Jélg 5 4o @ledl jliris (aitagiamll aéyll gy @ilillg juSyill 1am (e 1Sy J&l agrigyamll Ciligyl 13
6 gmg 7 (0

Jolll guuljall Jnall -2007 Jus @D vossgill clena< — gus gl gujg<
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daronll gpgostl Julso Gbbus :(13)Joe ddjg

oAl usyi of lale H; 0% juSyi an 4.5 x 107* @ggluy HNO, gaan ouli cyli ols 13] :(1) quyyi 2
V4.05 = 2.01 09M

Aaa O jlie B gpaliys awe’ gm @Al HCgH4NO, rigSuill ghan :(2) quai B
1455 Of Lale pH daysg H30" 1Sy cuunl (1.4 X 107° gluny ol Cully cayen
log3.74 =0.57 0.01M Jglaall

4

@gluy OCI™ juSyig 0.31 M ojuSyi ¢l HOCI jaaall Jglaal culill Culi dats cuual :(3) cuyai B
1.0x 1074 M

66 OH™ JuSyi cuwal 6.2 X 10710 aiyli cylig 0.001 M HCN gaan Jglae juSyi:(4) a2

Jolaall

Jolll guuljall Jnall -2007 Jus @D vossgill clena< — gus gl gujg<
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ATd{dell(ValdiL}
Wl LaSl

:6glury 0.001 M 0j15xi HCIO Jglaal @itagyaimll @syll :(5) cryyai 55
3ga sl -2 3 -1
1 -4 30 sl -3

[HS7] = [H;07] -2

[HS™] < [H307]

pH=0 -4

[HS™] > [H507]

Jolll guuljall Jnall -2007 Jus @zj vossgill clena< — gus gl gujg<
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1clqallquaqonll
Wl LaSl

ddgainll aclgdll Jyllso wa gljidl

O poig LSyaligs Gl slall @i lmiligh dlac @6 Ciangg LWija culii darenll aclgall of Bilw Liale'
saclall oulil @Sl qulisall gm Culill 1am Kb 8aclall ouli culi pladiwly dereall saclsll oljidl dlla

d6 10l

JuSeis jé aleloig slall @o LS ouliy digall saclall of @alill guyall JUA (u Lialel :jje] &
(e aaili Cligyl ga slall @6 Ciliyja Inia @817 Cun GuSeia lnlelsig L oulitw doronll saclsl Laiy

ol

ooLigadl aan (ulig wguagall atuSgyaum uli o o3 g)las

H,0 n _
NaOH(aq) — Na (aq) + OH (aq)

g.lSQ;L:

<! ;a\:se)a

NaOH @
l 9
IOH 0O
o ‘,”‘ou -
Na | o® I
IOH™ OH | o 2
\;\d'ul( Naj R Yo

B[aq] + Hzou}

+ OH",

~NH.t -
NH; () + H200) = NHy ¥ 1) + OH oy
> (b

Pl

T“—I T_V"T

-

vV ®© ¥
L J

:dageall srclall ulil dalell dlsleall 9

)
|

I RPSE

Selall 10 CI_LIT_I O aadlill &Ug,!il HSH danléa Jle doronll daclsll jiSyi ).IJJ_Q@

Zlio OlJi¥l @age wlegll guat go ailill Ciligsdl ga Oljil dlla @6 B digliall jué saclsll ciligja
Ogigrll miag @llilig H20 jaanll ¢ g8l BH @Galpall gaanll of ua (Cleloiall) jluyll dma
A’ aclgéllg yaganldl gué dalelofill ol JSATIg ©0jLSyi alayid 8)atng 8)gny B sacléll (ugsi Alg__ggg

caendl @l ¢gd3l (o

[lcl [mj1Syig] L|_|_u.|_| oAl i3 aclsll diligja dma Oljidl gagag )SA_I
saclall ouli culi JVA e 8aclSll jiSyi ] axilill ungJXI Sy U_C)_I_Q_I @

Cdaclsll U,gl_l Culiy 3gndall La

Kb 1 al jayig dorenll saclsll culil ol culi gm
[BI—I*] [OH™]

Ol Culi juei @6 slall (s X Litl Bybw Liale' :dalll g4 &

Jolll guuljall Jnall -2007 Jus @3) vossgill clena< — gus gl gujg<




eqlol ayjn . >l cwbmAl Lo Sl

Soulill @le lmijadg saclsll 598 ¢oc saclsll ouli culi jeo) uus@

8aLj @llillg OH- atwSgyaumll Ciligyl JuSyi @ 8alLj lmliea aclall ouli Culi dagd Calajl Lals

oulill @le lmijasg saclsll g8 @6

Soaclsll ouli culi doyen (o 26T 1als

lmAel) dorenll aclgsll 5g8 alMA (o ()led e

OH arwSqyaumll Ciligal juSyi alMA (1o cuwnd o

doteall saclsll Jglaal @itagiamll adyll cuuni e
sl culi JUls o ddg ol aclgill dgé dijlio
25°Ca o py e diaall del 2l el ﬁuwb 5 2(9) J gl
K.t o
4.7 x10™ C,H.NH, Cne J..*.-!
4.4 x10™* CH,NH, Ol s
1.8 x10~° NH,
1.7 x10°° N,H, ool s
14 x107" C,HN R
2.4 x107" C,H.NH,

.Miwﬂj&ﬁ%w sl
vl alfwdl ge cual 28 (9) Jgaall guyal 47 4 @QAJI@
awe’ juSyill Laml Lale CgHsN of NH; :@iitagyam @) Jal al gall Jglaall gdgil -1
Jal aili culi 0% CsHsN dojen aijrcld gio) @itagiam ad) Jdl
Jgaall @6 g3l saclsll axal -2
CoHsNH, ¢l Juiyl
N,H, of CH;NH, @itng)aum ad) Jil al Golpall lmana 09y @ill 8aclsll aaal -3
odlill Culi dass @6 J83l @llillg [OHT] @s J83lg duacls Jadl ¢l @itagyaumll adyll @ Jadl
N,H, gmg

tdaronll dgacldll Juls o GLLus
46104l Aclgall Jyllaa @ Inalotiu @il Ciljluall &
Cdgall aac gl M juSyill :Jis lmwo saclsll jaii cilhes JUA ga OH™ Cilighl juSyi cilwa -5
Kb culill culig V Jglaall aang Mr dulgall dlisllg m Lmilis g n
a6 bl Gilnoall guét JMA e pH ilws -6

Jolll uuljall Jndll 2007 Jus - (94 ) wropsqill cleny< - Gusansal gugg<




xclqallqusqaall

cqlowil g poi) | CWURSILL0S)

sacluia Cilnoag Kb g pH :Cilthes JUA (a ImjiSyi gl saclsll dasS cilua -7
&llg 11SyiS Baclsll gc Cilyaeag pH :Cilgheas JUA ga Ko oulill Culi clun -8
Jall Cilagilyiwl @
pH Il iy~ Jal go Ll G)loy darenll ghgaall Jullag cililwa @ Jall Ciliagilyiwl gua)
Kw slall culi culi JMA (a4 pgrigyaimll Ciligyl i

:ddyop dacld Jglso b apm<garall ggil 1<y alns

Kp = Of Lale 0.2 M ojuSyi ¢l NH3 Liige3l Jolas o OH- juSyi cuwal 480 (20)&&;@
1.8 x 1075
Syl doren dacls al] oycl dacléll UJL Culi C164i 13] Jgkac

JuSeia ji¢ digall Jelod aid § i (uli culi gilmlle digsll saclsll ail

— - +
Jushill/alsleall NH3 .0 +  Hy0q) = OH (aq + NH,"
auladll aic 0.2 0 0
o 0.2-x=0.2
Ol aie 2 % 101 X X
. INH,*J[0H"]
®7  [NH;]
5 x?
18X107° = ———
2x10°1

x2=18x10">%x2x10"1=3.6%x10"°
Vx? = V3.6 x V1076
x=[OH ]=v3.6x10"3=19x10"3M

a8 alsloall Gbg 0.04 M jySill cils NaHs cylyagmll oufii 48,0 g6 @
NoHy (o) + Ho0qy = OH™(aqy + NoHs™ )

Kp = 1.7 x 1076 gujhyasmll ouli culi of Lale . Jglaall é OH- Ciligll juSyi cuual

N - ¥
HShill/ dlaleall N2H4(aq) + HZO(I) = OH (aq) + N, H; (aq)
dgladll Aic 0.04 0 0
Jeill —X +x +x
o 0.04 —x = 0.04
Olyidl Aic 4 x 10-2 X X
_ [NHs"][OH7]
b=
[NzH,]
<2
1.7x1070 = ——
4 %1072

x2=17%x10"°x4x102=6.8x%x10"8
x=[0H ] =26x10"*M

Jolll guuljall Jnall -2007 Jus @5) vossgill clena< — gus gl gujg<
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cqlowil g poi) | CWURSILL0S)

:ddrom dacld Jglsod pH wuitsgjasall pdgl abus

Ky = QT lalc 2 M 0juSyi Al CsHsN guagpedl Jglaal @itagyaumll @éyll LIJJ.IAT 49 (21)d|.'i'.n@
log1.9=0.28 . 14x107°

Juslyill/alsloall CsHsNgy + Hz0gy = OH™(4q) + CsHsNH™ (5
gl aic 2 0 0
el —X +X +Xx
Olpidl aic 2—x~2 X X
_ [CsHgNHT][OH™]

® [CsHsN]

14 x107° = i

2

x2=14%x10"°%x2=28x10"2=28x%x1071°
Jx2 =VZ8x V10
x=[0H ] =v28x107° =53 x10"°M
elall guli Culi YA ga agrigyaimll Ciligl j1S)i s
Kw = [H;0*][OH ] =1 x 10714
Kw  1x107* 100 x 1071
[OH-] 53x10-5 53x10-°
pH = —log[H;0*] = —log(1.9 x 1071%) = 10 — log 1.9 = 10 — 0.28 = 9.72

[H,0%] = =1.9 x 10"1°M

Kp = of Lalc 0.02 M 0j1Syi gl NH3 Liga3l Jglaal @itagyamll wipll cuual:49 0 Mi@
log1.66 =0.22 . 1.8x107°

— - +
JShyill/ dlsleall NH3 0y + H0q) = OH (aq) + NH4™
auladl Aic 0.02 0 0
il —X +x +x
N\ 0.02 —x ~ 0.02 . .
Ol aic 2 x 1072
. [NH,"][OH"]
P INHs]
18%x107° = ——
2% 1072

x2=18x10">%x2x10"%2=3.6%x10"7=36x 1078
x=[OH"] =6 x10*M
elall ol culi JMA ga agrigyamll Ciligl 1Sy cawas
Ky = [H;0*][OH"] = 1 x 1014

Jolll guuljall Jnall -2007 Jus @6) vossgill clena< — gus gl gujg<
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1clqallquaqonll
Wl LaSl

K 1x107* 10x 10715
[H;0%] = — = — = -
[OH"] 6x10* 6 x 10~4

=1.66 x 107 1'M

pH = —log[H;0%] = —log(1.66 X 107!1) = 11 — log1.66 = 11 — 0.22 = 10.78

sddyonll daclill Jels ol galill culi gi daclall dn< alus

:dlaloall 6 LaS slall @b (i (glundl dclin @6 padiw sacls (ulyidll 500 (ZZ)dLT.A@
N Z +

31X 107°M LmjySyi OH- Cilighl @le sging 4 M ojuSyi lmia Jglaal ulyiSl (uli Culi cuual
[OH"][CeHsNH; "]

[CcHsNH,]
[OH™] = [C¢HsNH; ]

Kb=

il culi ogils @4 ages
_ [OH7][CeHsNH;™]  3.1x 107 x 3.1 X 107°

= =24 x10"10
b [CeHsNH, ] 4

;i dlaleall Gog el Jubyl saelsll (ulii:50 0 (23)&1@
CH3CHNHp ;) + H0q) = OH(aq) + CH3CH,NH5"
Kp = 4.7 X 107 aclsll oli cyli of Lale 11 @itagyaimll aad) lais Jglas @d saclsll Sy cunal
i cyli JUA 0a spuSgpagmll Ailigyl 1Sy quiad @l wadiagiamll adill (e agaigiamll Cilighl J1S)i cuuai 1 da b
saclall juSyi aail sacldll guli Culi ogils o gagel wlll
auli culi 0gils @6 Byilila gageig ApuSgyamil Cilighl J4S)i uunt allA (aag @limSgiaimll @byl a2 aé i

daclsll
1 ds 2 a8l

[H;0*%] = 107PH pH + pOH = 14
[H;0%] = 10711 pOH=14-11=3
Kyw = [H;0%][OH"] = 1 x 1074 [OH™] = 10-1;0H

_ Kw  1x107% _ [OH] = 107
[oH7] = [H;0%]  1x 101 1x107 _ [OH~][CH3CH,NH; "]

_ [OH~][CH5CH,NH; ] b~ [CH;CH,NH,]

b [CH;CH,NH,]

[OH™] = [CH3CH,NH; "]
[OH™][CH3CH,NH;*]
Ky
(CHACH,NH, | = 1073x1073  1x107°
3U2T2IT 47 %1074 T 47 x 1074
[CH3CH,NH,] = 2.1 x 1073

[CH3 CHZ NHz] ==

[OH™] = [CH3CH,NH;3"]

OH~][CH,CH,NH, ™"
[CH, CH,NH, | = - I A ]
b

1073 x 1073
47 x 104

[CH3CH,NH,] = =21x1073

Jolll guuljall Jnall -2007 Jus @7) vossgill clena< — gus gl gujg<
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cqlowil g poi) | CWURSILL0S)

lmad)g 0.4 M lmjiSyi @il C4HoNH, UJ_AT Jrigu daclsll UJT_I culi T:SOUQ o T@
12 sgluy @itagyaymll

CiHoNHp (g + HzOq) = OH(aq) + C4HoNH;™

[OH™][C4HoNH; "]
[C4HoNH,]
[OH™] = [CoHsNH; "]
POH JMA (4 ApuSqjaimll Ciligl j1S)i cunns

Kb:

pH + pOH = 14
pOH=14-12=2
[OH™] = 107POH
[OH"] = 1072

K [OH™][C4HsNH; '] _ 1072 x 1072 _1x 10~* 025 % 10-3 = 2.5 x 10-4
b [CoHsNH,] 4%x10-1 T 4x10"1 '

21641l paTALll d.uSng

[daayh dode] atmSgyaumll ung.lI JSyig saclsll u.|L| Culi

[daayha d8)c] @itagjamll piillg (apmSg)amll j1Sy0) Jglaoll dyacls o

caeal Inl Gslypall gaaall glSq sgél saclill Cuils Lols dyaclall guli Culi alj lals o

alaji dgaclall olica egigiagmll Ogil JaSyi Js gl @igagiaamll @byl alj Lals o

alaji dyaclsll olies apwSgyamll Ogil juSyi alj LalS o

98l @Lcl @iragagmll @Bjlls dayeng digh Sacls juS)i aylivi13] o

il sy @l paill o 21 M6 dmiss Lo (516 doten aclgd 8gd dijlda aic o
Ol Cylis :Cilghes ¢l JUA (0 Bgall gyl Liils GuSyill dglmia Jyllaall 13 -

Jolaall @b CiLig8I jusyi g (oiragiagmll aspll gi

Ol Culi JMA o s 8gall O)lai Liils GuSyill dalide Jullaall 13] -

dlla @ Glgaos ¢l JUA (o U3 gulaimi dmiyy Lo @6 pH g dyaclill dijlés sic o
PH gi dyaclill cilwa (o g Mo C1ol7A113] Lol (Jullaall juSIyT gglui

Jolll guuljall Jnall -2007 Jus @sj vossgill clena< — gus gl gujg<




xclqallqusqaall

dlgls o Gluyyas
a3l aclgsll (uli ci¥alea cuisl: (1) ey B
NH,OH
Ciligyisl] zgj aynl OF gragyirilly Jniall Ogigyl gm sl Inyist gulill s Oleglnia al Gl JruSgyam
Jal uagpivill ayilymsil dpllull oF GuawSS oo Joul JSiiy anie gyaiug aalg badl) je

NH,O0H + H,0 = NH,OH,* + OH™

NH,OH + H,0 = NH;0H* + OH~
aunsll zlmiall @6 a1 @l ail @) Bl dyllsall 8)ljgll dliul o 3)g

N(CH3)3

GSpall JS @le gl Ogigull Ggé diniill g Lelaragyinilly Ogigudl ariyw el Jiita @ili
N(CH3); + H,0 = NH*(CH3)3 + OH™

waluy mjiSyi Of Crale 1306 9 sglury dlgman oo saclsl @itagiamll @iyl of aag (2) (i B8
Jolaall Jgaall @l ggajlly saclsll élli e 0.23 M

i o

&

4.7 x107™ C,H,NH,

dorenll 5aclsll gulwl @le B joyll jayios

|
oic pH=9
4.4 x10™" CH,NH, ol e [H;0%] = 107°M
1.8 x107° NH, _,_1x107* s
1.7 x10°° N H i) ke O =510
- 24 =2 K 1x107°x1x107° 43 x 10-10
— = =45 X
1.4 x10 CHN b 0.23

43 x107" CH.NH, LSl @m Baclsll

Jolll guuljall Jndll -2007 Jys @9) vwrsgill o< — gus <l gujg<




x1qallquaqoall

dayainll aclgdll Julls o ablus :(14)Joe ddjg

Ol Lale B juSyi @i H30" JuSyi an (B dogeall 8aclsll Jglaal pOH = 4 datd Cuils 13] :(1) cua’i 55
4 %1075 wgluy saclsll gyli cul

log7.4 = 0.87

el Jairal @iIaLidl juSyill cuwal (pH=10.45) dags CHNH, el Jaiee 0o Jolae (4) cuya
log3.5 = 0.55 (K = 6.4 X 107%) Jglaall @

:0f lale 10.8 gglury pH g 2 L anaa Jolao paantl @jly Ny Hy gujlyssnll ALIS 5 (5) cayai 55
log1.6 =0.2 Mr = 32 g/mol g (K, = 1.3 x 107%)

Jolll uulall Jnall 2007 Jus (100 snaagsgill cling< — gusausal guje<




©eqlbpl wjo . p.3lxc| 1

ATd{dell(ValdiL}
Wl LaSl

Sl guyall yuac

gl oulill sl Bgdll @le dlXs @hey dareall Baclill gl cagenll gaaall gulill cyli
ZLLl alj LaLS Oalill Cyli alj LalS s cciligy3I Imaliilg slall @6 8alall elli Jela
zan gusellg slall ga Jelaill @é digs 8alall gi I CiligsXI

@igag)amll adyll Jig egrigiasmll 1Sy alj gaaall guli cyld alj Lals
@itagamil adpll sljg spwSgyaumil jaSyi alj Baclill guli Culd olj Lals

Gublg ells jsailw) @igagiamll adpll go guselly aibdle @luuSgiamil qiyll
(Cidiill eacg Jall gyl @iragiamll adyll guliia @le déell

@iagiamll @sl @b Jai ggall gaaall gls jaSyill daglmia Jellaall Cils 13]
L Ouliy @il Laigs 1S ouliy YoMt 03 cageall ganall ga 0 @l cyslg
@itagiunmll aiyll gd @lel digill Baclall glo juSyill daglmia Jyllaall Cuils 13]
i) ol il Leig G1S ouliT @lgdl 03 doroall saclsll go 14 @l cuyiig

gl Gl Culgd JVA Oa doged Aclgh gl daron Jagan (s sleeall Bgs G Ligls 1]
ana gi) grall gf jlugll @le Jeloill @b GIjidl gragas Mia Jlguwll Cilghos

[elts )Sail] cagenll @il ggill s Ladla jru Jelaill glb (gilgill gl cilelaiall
A1 Ms dmiyy bagld gf daged aclgs (daren Jagan gl @ill JriSgsll Jglaa s
a «Jall @8 call Jub juSyill Galise gl JaSyill dagluio Jullaall Of @] oliLidl o
Jgaall Cilagles aiagi J1b iglhaall @l paill

Jall dylag ols cdageall aclgill gl dagenll gagaall gagniy Jlgw @i Ja aic
Galill culli Ogils aladimlg oulill dlales dilisy

3455 = agigyagmll JuSyi glwie Ciligidl juslyi :iyeall jaaall Jolaa @ Ladls
asslyall saclall

}Syi = apwSqpaymll juSyi glis Ciligydl jySlyi :daenll saclill Jglaa @ Laila
Glpall Jaaall

ama zljs Lila darenll aclgsll Jullas gl datenll gagaall Jullas @ Oljidl gaga
ImiLligal juSyi (o juST 8aclall ciliaja gl gaaall cilisja juSyi Cua Calelaiall

Jadll Guulyall Jndll 2007 Jus 101)  wwopsgill clngS - o<l gujg<
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ddranll aelqillg pgosdl &L gupall daslyo

@itagyaumll aad)g carenll gaaall guli culi g ddlell zagl :Jgdl dlcj.udl@
11STH30% agrigyaumll Ciligal 1Sy olioa carenll gaanll ¢uli Culi alj Lals

dpusc asiell 13 J&l @itangiamll adylls

9g 8 lgaally lizeiue &l Jullaall gu JS @6 OH™ g H30* 1uSyi cuwal :guilill dlcj_LuJI@

0.02 M 0juSyi HNO, Jglaa i

K, = 4.5 X 107 @gluyy (I1) Ouagyitill gaan ouli Culi :420a (8) Jgaall ¢

JuSlyill/dlaleall HNO, 4 + H20q) = NO™ s + H30" ag)
ayladl aic 0.02 0 0
il —X +x +x
o 0.02 —x = 0.02
Ol aic 2 % 102 X X
[H;07] [OH7]
_ [NO,7][H;507]
a [HNO,] Kyw = [H;0*][OH ] =1 x 1074
X2 K 1x1071* 10 x 10715
-4 _ - W
A X0 = 50 O] = 07~ 3x10° ~ 3x107
2= 45x 107 x 2 x 1072 ’
2 g% 10-6 =33 x 10712
X =9X -

Vx2 =v9xvV10"¢ =3 x 1073
x = [H;0*] = 3 x 1073M

0.01 M opSyiNHz Jglaa -u

Kp = 1.8 X 1075 (sqlury LigaSl (uli culi :47 4a (9) Jgaall (e

juslyill/alsleall NH; o)
agladdl aie 0.01
il —X
o 0.01 —x= 0.01
Ol e 1x 1072

H,0q) = OH™ (4 +NH4+(aq)

0 0
+X +x
X X
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[OH7] [H307]
_ [OH7][NH,"]
b [NH,] Kw = [H;0*][0H"] = 1 x 10~ 14
x2 Kw  1x107
1.8x107° = —— H.O%] = —
1 x 102 [H;07] [OH-] 4.3 x 104
xz =18x 10‘3 X 1x 1072 . 100 x 10716 23 x 10-11
x> =18x10"7 =18 x 10 =3 x10—5 X
Jx2 = V18 x V1078 = V18 x 10~*
18+ 16 34
V18 = = =425
2V16 8
x=[0H ] =vV18x10"* =43 x 107*M

doreall 8aclsll Jglaa @a OH™ juSyi alajy oulill Culi saljy el Ll d@m@

@8 Baclsll Ciliupa jusyi Jou @l oulill @le aijag abajl olies saclsll ouli Culi dess lajl

zilgill @6 OH™ Ciligyl JuSyi alajy @l dmia dailill Ciligydl JuSyi alajug Cilelaiall

i qagtll oim gupal a6 jeall gagandl e ae auli Culi s jalaall Josall o sl 15 @
il alfwdl gc cual

pH dats @lcl Il @ill &dalpall saclsll dopn aisl -
@llillg @gil dyaclsll lmilon @ pH @lcl lnl @ill saclsll

6.3 x10°  CJH.COOH

45 x10* HNO, 58l gm Imeaan 0o
1.7 x 105  CH,COOH HCN :culi culi J&31 gm caendl jAanll
49 x 101 HCN CN™ :om adaljall airels

HCN ol HNO, @itagiaim ady Jal al gaganll Jglaa @l aaal -
8)a61l agali ga gaans gil ail @l agrigiamll Ciligyl J1Syi @ 4isT @iy @itagirm ady Jal
HNO, gmg ¢uli culi @l al @llillig gulill @le

OSad Lo JiT ags H30% juSyi 09Sy gl paaall miiiwl -z
HCN gmg gulill culi o J83l olies J63I gm wgrigyamll Ciligil jusyi

OH™ ciligyl ¢ juSyi J8l @l alglas gging gl jaanll gdgil -a
ollill culi @ @lel @llillg pgsigiamll Ogll (o JuSyi @lel @ies AuSgyaumil ogil e Sy Jal
HNO; gmqg

lalc .slall 30 400 ML @6 aio 12 g &lils pan CH3COOH Jglaal pH @itagaumll adpll cuwnl -0
log2.9 =0.46 g 60 g/mol = jaanll dlgall alisll ol
K= 1.7 %1075 : Jgaall ¢ra culill Culi days

CH3COOHaqy + H,0y = CH3C00™ ) + H30% (oq

vaaall j1Syig agtigiamll Ciligyl JuSyi zlind @iragiamll @syll cilual
Oulill Culi (e Ciligadl JuSyi cuunig JIguwll s Cildaeall o (Aaaall j1Syi cuua
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_m_12_2_ ..
"TMrTe0 10 o™
M= 1 s sx10tM
Vo042 T
_ [CH3C007][H;07]
2 [CH3COOH]
[CH;C007] = [H;0%]
Jelofll 0A81 Jgan @iyl
j_.I_SU_'I'Jl/&JAlQ_.Q_lI CH3COOH(aq) + HZO(I) = CH3COO_(aq) + H30+(aq)
agladll aic 0.5 0 0
il —X +X +X
o 0.5—-x=0.5
Ol aic 5 x 10_1 X X
_ [CH3CO0™][H;07] x = [H;0%] =v8.5x%x 1073
a [CH;COOH] =29x1073M
x? pH = —log[H;07]
-5 _
L7X107 = 5951 = —log(2.9 x 107%)
x2=17%x10">x5x 1071 =3 —1log29
x?=85x10"° =3—-0.46 =2.54

il alfwdl e cual @b dmuwyl dereall aclgsll (o el Ky atd Jgaadl guw :gualall dlg‘pujl@
pH das Jil al @ill Golpall ghanll dorn uisl -l

_ caeadl Bacls caeal @llillg (Falpe Jaan ¢gdl olies pH sl

4
saio CH,NH, CsHsN gmg sacls ouli iyl Jaf oy saclas

5
1.8 % 10 NH, CoHNH sghall s oy
1.7 x10° NH, H30" (10 1uSyi J&l @lc Imlglaa gging aclgall @l saal -
1.4 x10” CHN 0941 04 455 @lcl oliea agrigyrgmll oyl ¢a 145y Ja

CH;NH, :gmg culi culi glclg sacls g8l gmé aywSgyaimll
clall @ (il jisT aclgall ¢l mitiwl -z

CH;3NH, :gmg (ulill culi o @lcdl gm
:ousalyiall gragill grel o (il dlaleall Josi -3

+ N
NH3(aq) + C6H5NH3 (aq) — **° + A
aniay gaanll gl éllug 3aSlg (Ogigp J1oiwi daclsll elglu el LugAi{I
+ N +
NHs,, +CeHsNH3" o = NH," o +CHsNH,
CeHsNH3*/C¢HsNH, g NH3/NH," :asalyiall zlgj3l
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aad) lmio Jglan jranil clall (o 400 mL @l [midla] @jall N, Hy 8aclsll alis LLLLIAT -0
9.4 sgluy @itagjamll
10g3.9=0.6 g 32g/mol =saclsll dilgall alisil of Lale
Kp = 1.7 X 1076 : Jgaall ga oulill Culi days
N - +
NzNigq +H20g) = OH™(agy + NoHs™
alaaily (ulill culi 9gild ¢re saclall juSyi daclsll j1Syi ga aunig Cdgall axc Liajly alislh cluwal
OH™ jusyi @i @liwSqjaumll @l cunat @itagyamll adyll
pH + pOH = 14
pOH =14 —-94=4.6
[OH—] — 10—4-.6 — 10(—4.6+5)—5 — 100.4 % 10—5 —
MSH Glwng @itagiamll @dpl @ladiwly patwi @llillg @l odm eladiwly Jall @asi X Jlguwll Clihes

clall gyl gl aladiuly spuSqpsimil caligyl 145y @l agrigyagmll Ciligy]

[H;0"] = 10724 = 10(-24+10)710 = 1006 x 1071 = 3.9 x 1070 M

Ky = [H;0*][0OH"] = 1 x 10~ 14
Kw 1x107% 100 x 10716

[OH™] = [H;07]  3.9x10-10 39 x 10-11

= 2.6 X 107°M

G - [OH[-N]E:QI]JS " [OH-]I[(IZZHS ]

26%X107°%x2.6x%x107° _ 68X 10-10
1.7 x 10~ T 1.7x107°
@)3gall 1Syl Ogils Gipa O GiAgall crun

n

M=—

Y
Nn=MxV=4x10"%%x0.4 =1.6 X 1074 mol

dulgall & S|UgJ|_Q(9J).|oU_C il .
m

[N,H,] = =4x107*M

=

n=— =
Mr
m=Mrxn=32X 1.6 xX107*=51.2%x10"* = 0.005¢g
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dnbaindl Julls ollg s LoDl : gyl yujall

@il gujall Gilagpai &

83cls Jglne go yhan Jglae Jelbi ga wili drigh CiliSpa izaedl o

OH™ gl H30% ciligyl zliilg lall ga zlall Ciligdl Jelo'i :ataill

Ol 093 elall Ciliyja O pitiiig d1agag i Cilighl @l aSSaig clall @ zlall Oliga :oligall e
Inos Jcloiy

do1oh Bacls gl anlag Wien jhan) gLiclite gyisle cuSyi @a Jasy ogil welyidiall og3l o
(lmnlag

oA (a dlils d1as dsla] vic pH @itagamll adyll @ poill aglii Jullaa sdakaiall Jyllaall e
Imyl] G198 Bacls gl sqi

Laclgilg Loiynol ;5 1loill Jllso pilns

SAle3l agnsall L@
sacls Jglaa ga aan Jglaa Jeloi o ziid drigd CiliSya
SoAladl ole gLui¥l qua Janyg s
clallg slasll Gapn oo
elld zag Qi sl @16 ama jga Aol
ol @6 Gant @il dugiall lilaell o Wil ailaii @6 ema jga lml -1
Oliw3lg elhhell CuSyi o JarT pguullSll zaal -
lmajlag dulall Jals @ilall Ojlgill e @le aclu agiagall zilal -
JBiil Jumuwil digaall drcgdl erugig Cilaell (iflihg s @le achui agruligdl =l -
@Al
:dclinll 618 pma jga Il -2
Jraaill Clpanime -q aygadl -
dclinll @b daraiuall 2Aledl @lc alial &
NaMnO, , ZnSO, , CuSO, ,
K,Cr,0, , NiCl, , CoSO, , Ca(NO3),, KNO;, NH,NO,

il @b gayiaing clall @ ElSaill @le lnijng @b el Ciglaii &
(zlall €156 dlslea @6 Aalg amuw @) éiagag dullw Ciligyl @l elall @a LIS ElSoii nif
AB IE? At + B~ .
Giaa dua aiailly dglacll el gauin Cilcla’ 1318 Jeloti X A8g clall ga Ciligydl Jclaii 16§

arai Cigan 993 Oliga 3y dylacll pieius Jeloti al 13)g (Ciligdl Cilela) agai elly prig oligh
OH™ gl H30" ciligyl zliilg slall ga mlall Ciligyl Jeloi  Sarailly sgmnéall Lo
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asaillg Olgall (s Gpall magl (1) :54a (g.o_mI@
deloiy of 0ga slall Ciliyia (u o)liiiilg d1agag dullw Cilighl @l slall @6 aS581T gm zlall gligd
NaCl agiagall A1qls :Jlis 7 = pH I g Xaleis Jglaall 6116 dmoa

gl H30% ciligdl zliil slall go Ciligydl elli Jeloti af ailigll @l zlall ¢lSa’ olioa ataill Laiyy
OH-

NH4Cl gtigedl aygls :Jlia 7 (o J&T pH Ul g @uann Jglaalle H;OF Cuniil 136
KF agguwligil A1ygls :Jlia 7 e juST pH I g 6acls Jglaalls OH™ cuaiil I3lg

¢lly Judag &Ml Zale3l Jullaa @6 G531 Jgari gagyr Cilils (gl RRES
JSiill @6 LaS ()il -pail el 0o @itagiamll @8yl cuua ailgl z)aT of Cuale 13)

Sy

dgs daclig 698 paan Jclai ga 098 (Jaleia Jglas aidl Gglll padl NaCl Jglaa @i carbilsll ggl

dagen baclig 598 (han Jelbd (u 0gSiguaan Jglas aidl oglll jaml NH.Cl Jglaa @ cailsl ogl

4498 baclig o yaa Jeldli 0o V95T sacls Jolaa aill golll @i KF Jolaa 6 caiilsll ogl

Jelaill @lc lmijaég saclllg gaaall g ailighl janal (21 clall @6 aSqlig zlall dopils @lIAT Q
glgil &M @l slall ga

diacls ZALAT -3 dwaan ZALAT -2 dlalelia gm .

clag 2ol saclill of @uaanll clglull judi o Jiits gugrigml agméa of 1Bl Liwys 269 &
miligyl 8)261 (o1 Zalll dyacléllg dpaanll gailaAll Ga 1S clglu juag )gl-2iuigy agmas
Jelaill @ alliaiul of Ggigull zia @le

aloll i agiii LA Iy Jud tjyjoi &

cillwll caglallg «aagall saclsll ggil gm ciagall caphall il ajlng 1aga Giyln e Bjlic zlall
Ogdl (e slall OgSiy xlall slall capai Baclsllg gaaall gun dapeal wullull Gaanll ooyl

@l woiil ciligsl olSa Jlatiul dplac Jaod «aullmll xpmSgyamil Ggilg c1agall Gragyaml
cllwll @l ciagall 9gs81 g Ogign Jaii Lils @uanall zlall Lol ixlall 0ligSall 8aclllg Gasal

slall +  pguagnll aygls :Jlia
Na*Cl- + H* OH- - NaOH , HCIl
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1clqallquaqonll
Wl LaSl

dunclsllg duaanllg dlaleiall el ¢ Q)Iﬁ@

Jlia

pH

Sagaly Jo clall ga Jeloty Jm

Jelaall g4i

g )2 |

NacCl
Jela 0 0gSiy
NaOH + HCI
NaBr
Jeloi ga Ogsiy
NaOH + HBr
KCl

Jelai ga ggsiy
KOH + HCl

asalpall diacls g5 ggéll yhanll
ol slall 0a Ogigy HGTw s daten
Jdeloti X

wagall lmigyl OgSy dugall saclsll
slall ga Jeloiy Ms [aron

OH™ g H30" ciligyl 1uSyi @érig
lmlla @lc

Aic Jaleiall zlall Ziiy
dacls g4 598 A Jalel

Jaleia

NH,Cl
Jelei ga ggSiy
NH, + HCl
Al(NO3);
Jeloi (e ggSiy
Al(OH); + HNO,
NH,NO,

Jeloi ga ggsiy
NH, + HNO,

asalyall aircls OgSi ggsll yaaall
ol slall 04 Ogigy J18iwi As doton
Jeloii X

@Goljall lmAaan g3y doreall sacléll
@iy slall @] aigigy ziags Ligs
H30" Ogdl iia Jelaiy

o9 H;0" Ciligyl Jusyi slajy ellag
dolaall 09510 @iragiamll adyl

dacld ga 598 han Jclod

CH,COONa
Jeloi ga ggSiy
NaOH + CH;COOH
NaF
Jeloi e ggSiy
NaOH + HF
KNO,

Jelai ga ggsiy
KOH + HNO,

agall Imigil )9Sy dugéll Baclsll
clall o Jeloiy A loron

asdlyall aliacls g8t cdtenll jaaall
ol slall 30 Oglgull 1l g5
OH™ 0g4l &niia Jelaiy

ea'iyig OH™ Ciligyl JuSyi alajy ¢llag
Jolaall ggsis @iitagyamll asyll

(a gacloll zlall Ziiy
JAan g4 d1gd dacls Jelad

Jalaze
‘5.1.95

e N VN b peledl 8L 2(10) J 5

Lol
dannp sAsd

ET I N

a9 sss

S A
S5 A
Cind jar
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[53ua Jlis] Jaleiall NaBr zls Jglaa ¢lglw )iu_é@
NaOH pgiagnll apnSgjaim d1gs 8acls Jelot oo zlall lam ziiy
ayidl dalaleall JMA (e HBr ¢liagpgiaimll ghan g8 (hang

[zlall (ugSi dlaleo]
HBr(aq) + NaOH(aq) - NaBr(aq) + HZO(I)

dullw iligdl JSidi @le slall Giligja O pitiia Gigsdl zlall Iamg
TzLall ol gl ¢lSai dlales] Na* dyagag Br-

H20q) = _

NaBr ) —— Na"(3q) + Br(4q
&6 Ogigpll JusTuwi Ma dered Bro dsdljll airels 0gSi slall @ ouliy Leaic sgé HBr jaan
OH™ g H30% Ciligdl uSyi 0 §idy 3g slall o Jeloiy X @llillg Jglaall
24 Jeloill gdaiuy Xg lored Nat cingall lnigyl 09y slall @i ¢lSaii laaic NaOH dygall 8acléllg
OH™ g H30" ciligl juSyi o yigy X allillig slall
pH=7 Saleia Jglaall pioig Jlaall @b Lili @by OH™ g H;0* cilig)l 1uSyi @éuié
Jeloti X ailigh 0F xlallIam! aga’i dlsles angy X Jgsdig

OO [5300 JLio] @uranll NH,Cl zLa Jolaa ¢lglu )um@
D © JAaan ¢gd gaang NHs Liigedl datesn sacls Jelot (w zlall 1am giiy
3 ® [lall (gST dlslea] ayidl dlsleall JUA (o HCI elyglSgiaymll

HCl(aq) + NH3(aq) i NH4C1(aq)
dlaleall JUA ¢ NH, ™ diagag C1™ dullw cilighl JSir @le slall Ciligja gu piiiia guigsdl zlall lam
TLall ol gl elSai dlales] &yt
H20(q) + -
NH4C1(S) — NH4 (aq) + Cl (aq)
(5\_0 Odigpll Juoiu'i Ma doren Cl7 dasdalpall aliacls (g clall (5\_0 U_IT.LI Laaic (599 HCl jAan
OH™ g H30% Ciligdl uSyi 0 5i§i 3g slall o Jeloii X @ilillg Jglaall
Ligs NH, " dslpall lniran 093y slall @6 uliii Laxic NH; dérenll srclsll L
0o Hy0" Ciligll 14557 916 i6ag <lall Ciliija @a Jelody ol Jolnall @6 algign NH, " ziay @llillig
{zlall arai dlalea] &xi¥l dlaleall JAA
+ N
NH4 (aq) + Hzo(l) ~ NHg(aq) + H30+(aq)
ajaiy aic Jotig pH <7 Liaas Jolaall pieig HyO" ciligyl j4S)3 alajys
[540 Jlia] gaclsll KNO, zla Jolaa ¢lgluy }um@
PN . KOH fagruwligll apmSgjaim d1g98 8acld Jelod 0o zlall 1Am Ziiy
@ e aidl dlaleall JMA ga HNO, (I11) (uagyitill jhan gmg cdren (hang
i @
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[lall (oS dlalea]

HNO, ) + KOHaq) = KNO, s + Hz0q,
K* dungag NO, ™ aullw cilighl Jsibi @le slall Ciligja gy pitiia @igsdl zlall lamg
[zelall (il gl elSai dlsles] &l dlsleall JUA (a

KNO, ., 220 K g + NOS™ -

364 4g clall ga Jeloiy X bren KT aingall lmighl 09y slall @d (uliti Leaic KOH dygall saclsll
dygd Bacls NO,~ Cuyiyill ggul d8aljall airels ogsi slall @6 (uliy Laic carei HNO, jhan iy
[zlall arai dlslea] 0¥l dlsleall JMA 0o Jglaall @6 Ogligyul Jré i

NO,™ ) + H20q) = HNO, ,  + OH ™ (o)

araiy ail ¢l pH > 7 «gacls Jglaallg OH™ Ciligl juSyi @é yidug slall ga Jeloiy zlall

sl

NH; 8aclsll Galpall gaanll gm ziko3l GiliSpa @6 NH,* wgrigadl ogdl

sAaanll gmg CH3NH3 Y g cangall adyln CH3NH3Cl zlad cdpiandl zalo3l Cuigs 13] Ciliedl aliag
CH3NH, 8aclsll Galyall

bl capall @l aldiig Ogigpll 63al Ll @aclsll lmlnX Ciligy3l elli syeilg

dritagyamll agurislll Ciligns zle Lamlelai e @iy OlALI 8aclsllg gaaall L (1) :540n oL 2
SLiHCO;
(Ll JSuilly ailigyl @l ¢lSaiy zlall 1am
H,0
LIHCO5 ;= Li*(aq) + HCO3 ™ )

zlall &igSall aclsllg gaanll aanil [aiaddll guse] slall Ciligd Lamia JSI caas
Li+(aq) + HCO?’_(aq) + H+(q) + OH_(aq)

H,CO5 ¢liigysil jAaan :aanll  LiOH pguidlll apiSqjaim :3aclsll

808l 2Ala3l Jullaal dlaloiallg dyaclsllg daaall gailaill aaal (2) 544 @mJI@
N,HsNO, , CH;NH,Cl , NaOCl , KNO;

N,HsNO4 CH3;NH;Cl NaOCl KNO, xLall quil
HNO4 HCl HOCI HNO4 dircldg anan
N,H, CH;NH, NaOH KOH Al Bl
“raan “raan ©Acld QAIQJLA aSqlw
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NaOCl zLall Jolaal gaclsll yilill yual (3) 540 (gmn@
:@llill gaill @le slall @6 zlall ¢lSaiy
NaOCls) ——s Na* (aq + OCI™
Ol cagen Nat wiagall lmigyl @ill NaOH édugall saclsll :lam al oligSall 8aclsllg jaanll
0Cl™ ggdl Gumg g dsalpall aircls wateh gmg HOCl (han gm @ilill ggSallg slall go Jeloi
@ @aclall uSyill cllsy patiyl spuSgpmll Ggf il Ogigyl Jisiug clall ga Jeloliu

2 ailé dyilill deganall gl gl deganall 0o OIS 13] zlall @6 ciagall ggalll o
Li,Na, K, Rb, Cs,Mg, Ca, Sr, Ba slall ga Jcloiy

2o Jeloiy X ails gglall lac Ls deylull degasall 0s OIS 13] zlall @6 cullwll Gg3l o
CLBr,I clall

clall g Jelaii X @mé zlall @é Cuils [3] dullill drigsl Cilegasall o
NO;~ , S0,%, Clo,”

agtig)agmll Ciligyl j45yi Inlics Ehganlls dageall da)ag daganll Gy GHai o

@itagyamll w8yl Imlies ddganll d3)ag

g Sgyamll Ciligal 1Sy nlies diacldlls cdyacldll dajag dyaclsll oo Gpoi o
@luuSgpamll adyll Imlies d1acléll d2)ag

dosd ol paii Liils juSyill daglwis durclill gi drdaall Mol ated G Lijls 13] o
cdgaan @lel ai¥l Ingat jis3l gm pH Jo3I @uaanll zlalls @igagyaymll Imaky
dyacls @lel ai¥l Inga’ yis3l gm pH @l gaclill zlallg

Oramuy atdill Axaleg :pSAT e

(aalg pmuw) @IS JSiing zloll €lSa’ CGX¥ales pSAT @

Imaels @iragyaumil @byl 8alj cuws JuSyill dyglusia Jaganll gl aclgall Ligiy 15|
iyl guai @le 9gsi

ciuoall adea 995y © awaill @le 8)38 @Gledl zloll (Mol atai s dijléall aic o
chendl @n/gn dageall aircls gl

@itag)umll p8yll deali go dolidall Jullaoll cugiyi

e s =l rla acl® sacls
. L . Jaleza
S32 s Iy e gacld Adie s dagd

8 9 10 11 12 13 14 [
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eqlol ayjn . >l cwbmAl Lo Sl

e.ll.nj]l asni :3 dypsill

. NaHCO3 dyitagjamll agagall CiligyyS NHaCl aguigadl anjgls (NaCl agiagall agjgls :z=lal -1
CH3COONa pgiagall Cilgiliy]

(e aloll ISl Jglaa -2
012345678 9101121314 :C,|;|::-||-'@'-
Hadall clall g0 20 mL 18 ghgig zlo JS 0 38 Ojgy -1
. ! (ﬂ“
e Jslazs Sl . , =9
' Ogl Jaung alell il Jglag olad sjllasll alariwly -2
Jalaall |
liiiwdlg Julail &
lmia JSI caililsll @lal aoy dyaill @é Jullaall Olgll canl -1
CH3COONa NaHCO3 NH4Cl NaCl
@l @l younl pal
NH,CI NaCl CH,COONa  NaHCOs

Jalaall ggl iy @nlall lgldl oamg (7) Jaleill dhsi @l s Cilajall elli of kaaX
&3 Jgarigagy caiiils cilaa ga dmlitia plell aiblsll glarimly @alall
slall @8 il Jolaa gglg aull cabilsl dala] aoy pgysgall AyglS Jglaa ggl aybivi jual -2
Jhsall
7 = @itagiamll aéylig Jsloia lamyls O3
dlaleia gl dyacls gl dpaan @l dupaill @é #Me3l Jullas cainl -3
CH3COONa NaHCO3 NH4Cl NaCl

©Acls ©Acls YAV Jaleia
dullaall @o glell caiblsll dglieall Olgi¥l @le slaicdl dyaill Jglas JSI pH doud gigil -4
[6)ljg)l con Gililadl] dolisall
CH3COONa NaHCO3 NHaCl NaCl
9-10 9-10 3-4 7
Jolaa JSI gaclsll gl @uaaall clglull milawlgy judl dyilesS dlsles cuist -5
ailigllg zlall yei ga Citaleall guai Guag 179 a drwgall @l gal
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é.l.l.njjl pilnxg anill :(15) Joe ddjg

agaiy ¢ 0gidl 0L @l slall @6 &yiSl Zledl Oulil digiga C¥alea (sl (1) i E5
Nal

NH,CIO,

LiBr

NH,NO,

KHCO,

zlall deudn 3uanT ga SariSl zalelll oligSall Baclslly aanll L :(2) cuyi B
Kl CH3NH;NO, NH,Br LiNO, NaF
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Common lon Effect ¢lyisitnl gguill juili

2590 @le 1§ Jalge Elin Hg @Saalisall Ol dlag @l oy guseiall Jelail of Byl Lialed jyjei &
8alo dsla] : Julgell Elli (n dmall elli Sy slajy @llillg &ilgill g cileloiall @] aialjl (Saasd Ol
sacls Jolaa @l zlo dola] JUA ga awaiw @il 1amg balall Elli juSyi 8alj @iey Jeloill @ia 85iga
Jalaallg zlall gy elyitia Ogal sgag by aren gaan gl dagen
Selyiriall 9gudl Agnéall L&
(Imalag dases sacls gl danlag caten jaan) Ouislitg grisle uSyi @o Jasy gl
56 Jlio @
ciligs81 O9<ig agtigiaimll Ogilg cullull Cilgilidl ogll @] eligiliidl paas ouliy
[Wa ouliy caren gaan] @Spalips oljil dlla @6 gaaall Gligjag
CH,COOH , + H,0 CH,CO0" ., + H,0"

27
il Gl

0ga3gall ggilg gl gl Laiia Jglaall @s LIS elSaiiw @il agiagall Cilgiliyl zla cayas
1,0 p ¥
CH,COONa 9% cH,COO0" =~ + Na’
ERILE (O
G99 Vljidl gaga alj;! @llillig Jolaall @18 0j1Syi Alajy wareall yaanllg zlall Gu ¢lyitita Cilgiligl ug.lT
H30% agrigiaimll Imiag ailigl j1Syi Jég 0j1Syi aaj1 (cligilipl phan gai) jlull gat ayliliivigl Ta1a
Gitag)amll w8yl 2otijig Jelaell o OH™ juS)yi alajy @llillig

[CHSCOO(, olo| ]
& aq)

CH,COOH,) + H,0() g H30+(aq)+ CH,CO0" [H O+] pH
Sl S o i

= [orr]

CH,COOH

Ku elall ol Culi ity Jolaall @6 gy gml Ciligslg agyigymil cilig o ol dylac 533 yjei &

Q)

U525 ot Al A (Ao b ol (g i ol pivaall L e 5 A b
e s LIS iy (il s poall U s S e o Sl Ll s J iy p s SIS
oLV cp IS b g2 S plowe 3 Jolidl bti celall 5 s o SOV LS ool 55 5
N F s W U S S 5 s s Sl

lea) Znlns (EERPRPRINVFISNR
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aiblusg il gl Sacldall jilll

Ell3 g 095y zlall Of @l canla ga caren Ghan JUA ga oSy elyidiall ggil gaclall il &
sacld zlall giey d198 8aclig crenll jaaall

cagoall jaaall sslall saclall deun = gaclall jilill g3 elyidiall ggull dorn ¥

aullu = gaclall pilil g5 elyiiiall ool dind &

CH3COONa LiHCO3 KF NaF ] | o
CH3COOH (0 (gSiy H2CO03 0a (gSiy HF (1o gy HF (1o ¢gSiy el anan
NaOH g LiOH g KOH g NaOH g dygll aiaclig
CH5COO- HCO5 F- F- clyiitall Ogsdl 2t
Aanll a8alpall Baclall =

56 Jlio @
Ciligy8l 0gSig pgtigirimll ggllg cullull jglall ol @l elyglagiaimll gaan giliy
[Lfia ouliy ciroi paan] @Sialins oljil dlla @é gaanll Ciligag
- +
HF, + HZO(D F @ T H.O (aq

(aq)

)
ayygloll ggil Laiia Jglaall @é LS elSaiyu Al NaF agyagall a1jglé zla cayas

ag13gall Ogilg
NaF . Hzo(l) F

(8) — (aq)

+ Na"(aq)
Selyslégyamll (e Jslas @l agrsgal sygls ale sl i 1o @
@llillig Jglaall @6 0345 sl cipaiall yaanly zlall Gy elyitia syglall gl
J81g 045y Jaj1a (clyglagiamll han gad) jlugll gad aylilivigl Is1a Gag Oljidl gaga 21
Jolaall 98 OH™ jusys alshy llilig 30" oguigyaumll u5yi Jou faili Jas il ailiof sy
@lragamll ad)ll gdijg

HF_ .+ HO

(aq) 27
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©qlojul agjo o -3lc] al1]1]T i) | HIT T

o0 4

el 38 )3 sl gy
Caandl gl 3855 2
g aagd] @B ad

‘.ﬁ,:.m\ il 15 03] Talm¥ o ulall ol Ak

[ApH @ingyuml psyl 6 poil] dytinall g8l el clusn Cighs &

elyiddiall 9gul aanig xlall ¢lSai dlaleag wareall gaaall (uli dlslea iisi -1

JalSl zlall elS67 (e gili 11Syig -1 phandl guli e ili 1Sy 10115y al elyidiall g 8l -2
zlall jricig allam] oSy @llillig zlall g Eilill jySyilly dijlos Aa pem juSHi gaanll ol 0a gilill 0}y
Jals ¢lsei aidl al Lglutag «elyiiiall 0gadl 1Syl guiiyll jrnall go

anall @iagiamil syl cunnt @f agaall [H307] 1uSyi lual gaandl ouli culi axaimg -3

zlall asla] seig Jub ApH @i witagiamll aé)ll @6 @Gall cilla 13 -4

@Al CH3COOH cagenll jaanll Jolaal @itagiamll pipll g peill cunal:57a (24)JU‘A@
egdagall Cilgiliyl zla (o 0.2 mol aio yil @l cawal 13] pH = 2.9 @itngyaumll aadyg 0.1 M ojuSyi

K, = 1.7 x 1075 i lale CH;COONa
log8.5 = 0.93
elsaillg culill Ci¥ales (iis

CH3COOH@q + H0g) & CH3CO00™ o +H30% g
H20( _
CH3COONa(, — CH3C00™ ., + Na*(aq)

1§l Cilihes (o mlall JuSyi L,LMAjszZ_AJ| HSHT gue’ 0juSyig Cilgilidl Ogul «elyitdiall ogudl
n .
M = V == T == 02 M
[CH;CO0~] = [CH;COONa] = 0.2 M
[H30%] dass gpaiwil oulill culi dagsg elyidiall ogidl 14Syig paanll 1Sy jagel
[CH;CO0™][H307] 1.7x107°%x 0.1 17 x107°
K, = = [H30+] = =

[CH;COOH] 0.2 2

pH = —log[H;0%] = —1log(8.5 X 107%) = 6 —log 8.5 = 6 — 0.93 = 5.07

ApH = pHyith sair — PHgcia = 5.07 — 2.9 = 2.17
vaaall Jglaa @l ¢lyiiiall Qg,gzsil ddlbal coy 217 jlada) gitagyaimll adyll alajg

0.085 M oj1Syi sall HNO, jasall (u 0950 Jglaal @itagyaimll iyl cuual 584 (25)d|-'i'~<s@
K, = 4.5 x 107* ¢/f laLe 0.1 M ojySyi KNO, zLallg
log 3.825 = 0.58
elsaillg oulill cXalea (1iss
HNO;,,, + H20g = NO;™ ., +H30% g

H
KNO,.., %, NO,™  +K*
2(s) 2 (aq) (aq)

alall 11Syi guai ojuSyig Cuyirill Ogil :elyidiall og 3l
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[KNOZ] = [NOZ_] = 0.1 M
[H30%] duss zyaiwil ulill culi dasdg elyiiiiall 9gudl j1Syig gaanll JSyi jagel
[NO, " ][H50"] 45x107*x 0.085 4.5 x 107* x 8.5 x 1072

%2 = "THNo,) ¢ o o v
-6
_ BB XY 5825 x 1075 = 3.825 x 1074
1x 101

iy dg il eyt el eyl Glagling Jlgull Cluines ol &ilail aasiill o o
pH = —log[H;0%] = —10g(3.825 x 10™*) = 4 — l0og3.825 = 4 — 0.58 = 3.42
adyll j1ei @ Grall jrail Culill guyall @6 [Balw Lisle' LaS gaaall Jglaal @itagyamll adpl cilus gilaing
@itag)umll

asang 0.2 M ojSyi @all H,S05 aeall Jelaal @itagiaumll @byl @o juoill cunal 584 @Mi@
Ol Lale NaHSO; zlall (o 0.2 mol ayl] capal 13] 400 mL
log5.1 =071 log52=072 K,=13x1072

elsaillg culill CciXales (iiss
HpS03,, + H20qy = HSO3™ o +Hi0% g

H,0
NaHS03 ) —— HS03™ o) + Na* ag)

gl Gldaoa (o zlall 1Sy cuuat qglall juSyT guot ojiSyig @itagyamll Cuipi il Ogdl :elyiidiall ogudl
n 0.2
M=—==—=05M
V 04
[HSO5;™] = [NaHSO5;] = 0.5 M

[H30%] dos zpaimil gulill culi datdq elyiiiiall ggudl juSyig (aanll j1Syi (hgel

K. = [HSO;™][H507] N Ka % [H,505] = [H;0"]
2 [H,S03] [HSO;7] 3
1.3%x1072%x0.2 26x107%2 26x1073
[H;07] = o = = = = =52x1073

PHyith saie = —1og[H30%] = —log(5.2 X 1073) = 3 —log 5.2 = 3 — 0.72 = 2.28
Uil gupall @8 Inlialei @ill 48 ydally agrigyspmll Ciligh 1SyT JUA (e PHagig cuund
[HSO;"][H;07]
[H,S0;]

Ky =

1.3%x107%2 = ——
2x1071

x2=13%x10"2x2x10"1=26x10"*
x = [H;0"] = V26 x 1072 = 5.1 X 1072 M

pHgcia = —log[H;0%] = —log(5.1 X 1072) =2 —log5.1 =2 — 0.71 = 1.29
ApH = pHyith saie — PHacia = 2.28 — 1.29 = 0.99

vaanll Jglaa @l elyiidiall Qgﬁﬂ aslal ciiuy 0.99 jladay @itagjaimll @dyll slajy
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ATd{dell(ValdiL}
Wl LaSl

yisindl gguil Saeldll jiill :(16) Joc ddjg

Al CeHsCOOH ¢lygjitll yaan Jglaa a 0954 Jolaal @itagiamll @éyll cuual (1) cuyai B5
:UT lalc Syl guei al gAll CgHsCOONa agiagall Cilgyiy Jglaag 0.2 M ojuSyi

cligilitall aan Jglaa @l HCOONa agiagall cilgilie zla dobal aic diang I3la 3(2) ey 5

K,=63x10"> log6.3=0.8

(alli @81 (J&T alaji) HCOOH
i@iiag)amll @8yl -
:ApwSg)aimll Giligyl -
ragtigiamll Ciligy] -
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aiblusg clpiindl gl gusos i il

elli 1 0gSiy zlall Of of dmale ga daged sacls JAA go 0gSy clyiiiall Garill wuaanll yilin &
o zlall @iel (598 Jhang dateall acldll

dgrenll sacléll Galjall Jaanll down = Guaanll )_|_|L|_II g ¢Elyitiiall ugJXI doin @

diagae = @DAA“)_I_ILL” g ¢lyimiall ug_lzl dindh 2%

CH3NH3Br NH4Cl (NH4)2S04 CsHsNHI @aanll zlall awl
CH3NH2 (e ¢gsiy NH3 ¢ OgSiy NH3 (0 ¢gsiy ués(ﬁlgsjl\-]u dareall aircls
HBr g HCl 9 H,S0,4 9 HI g 698l anang
CH3NH3* NHa* NHa* CsHsNH: ehiiiall Ggl dope
saclsll Galpall gaanll =

59 Jlis @
Ciligy8l 0gSig AuSgpamll Ogilg c1agall agrigalll Ogul @l Lrigadl yaan guliy
[Wia oulit dores sacls] @Sialins Oljil dlla @ Baclsll ciligjag

4L -
NH, ., + HO, NH,* , + OH

Ogdl [aiia Jolaall @b LS ElSoipm g3l NHaCl agriga3l aygls zla capas
Anglsll Ogulg agrigal|

HO -
NH4C1(S) 220 NH4 @ T Cl

Seaclsll Ligadl Jolao @l agrigadl anygls mla dala yil . @
wllillig Jglaall @d 0j4Syi alajy dajenll saclallg zlall o clyiia agrigadl ggl
JSYi Jé1g ImjuSyi alajee (Ligadl (ugSi gad) jlugll gat aylilivigl Taga (Gag OIidl graga 211
@ H30" J1Syi alajy @llillig « OH™ apuwSqpamll juSyi Jay [oulill Jay @ioy] Ligadl caligyl
@iagnll adyll Jog Jelaall
Ciligyl wilwa aey oS gaclsll opili @o Inlialed @ill guat elyidiall ggsll guaaall jilill alwa cilgha A%

il
OH  + NH [orr ] 1,0

- PH i)

@iragamll adyll @i agrigyamll Caligyl calual clall ouli Culi eaATw 3 uSg)aymll

(aq)

NH," zal) ]

NH, . + HO

3(aq) 27
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( leqlopul pgp0 . 31x¢| W AulmsJl LSl

0jSyig 1 L anan all NH; Ligedl Jolaal @itagyamll aépl @é il cuual:59a (26)()114@
Ol Lale NH,Cl 0g1igadl a3jglS zla (20 0.2 mol ayl] capal 13] pH = 11 @itagjamll aabyg 0.1 M
log1.1=0.04 K,=18x10"°
elSeillg oulill Ci¥ales (iisi
= + -
H20() + _
NH,Cls) — NH," o) + Cl™(aq)

:JIguwll Alihea (o zlall JSyi cuun’ glall jSyT gua’ ojiSyig agaigadl ggul :elyiiiall sl
n 0.2
M=—=—=02M
\% 1

[NH,*] = [NH,C]] = 0.2 M
[OH™] das zpaiwil gulill Culi daysq elyiiall ogall j1Syig saclsll 11Syi yages
K [NH,*][OH™] OH- 1.8x107°x0.1 18x10°°
= = = =
b [NH,] [OH7] 0.2 2
Kyw = [H;0*][OH ] =1 x 10714
K 1x107* 10x 1071
[Hs0%] = — == — = =
[OH"] 9x10"¢  9x10-6
pH = —log[H;0%] = —log(1.1 X 107°) =9 —log 1.1 = 9 — 0.04 = 8.96

=9x107°M

=1.1x10"°M

ApH = pHyith sait = PHpase = 8.96 =11 = —2.04
daclsll Jglaa @l ¢lyifiall Qggl aslal ciuy 2.04 jlada) gitag)amll @8yl (JS
daclsll Jglaa (o 400 mL @] lmisla] @jMll CH3NH3Br zlall (idga aac :60a (27)(JLLA@

Ol Lale pH = 10.5 @itagyaumll lmad) zuayl 0.1 M lnjySyi CH3NH,
log32=05 K, =44x10"*
elSoillg culill ciXales (iisi
N + -
CHsNHp,,y + Hp0q) = CH3NH3*™ i+ OH (o

H,O
CH3NH;Brg) ——— CHsNH; " o+ Br(ag)

zlall uSyi guoi ojSyig CHzNH3 ™ welyidiall ¢gu3l
[CH3NH;3Br] = [CH3NH; | =2 M
JSYi aws’ gmg elyiiiall Ol 11Syi zpAaiu lall dsla) ao) saclsll Jglaal @itagiamll aéll glarily
Jlgull 6 dugliaall zlall Cidga 3ac cuunil zlall
[H30+] — 10—pH — 10—10.5 — 10(—10.5+11)—11 — 100.5 % 10—11 =32 X 10—11M
Kw = [H30*][OH ] =1 x 1074
Kw 1x107™ 100 x 10716

| = = = = 3.1 X —4
[OH"] [H;07]  3.2x 10711~ 32x 1012 31x107M
[CH3;NH;*][OH] [CHLNH, 44%x107*%x01 44x107° 0142 M
= = = = = 0.
b [CH;NH,] 37 3.1x10~* 3.1x10~*
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dandgall 0gils ga zlall GAga dac

n
M==
\Y

n=0.142 X 0.4 = 0.057 mol

= n=MXxV

aslal aic 0.4 M ojuSyi gall NyHy saclsll Jglaal pH @itagaumll adpll cuuni 60 0 @ml@
«Jolaall g0 500 mL @l NoHgCl zLall (10 0.2 mol

log5.88 = 0.77 Kp = 1.7 X 1076 i Lalc
elSeillg oulill C¥ales (iisi
NoHy gy + HpOq) = NpHgH* o+ OH (o)
NoHsClygy s N,HgH* a0 @a

zLall 11Syi Juoi ojuSyig NpHsHY welyiddiall (ogu3l
n 0.2

M:V:EZOAM

[N,H:H*] = [N,HsCl] = 0.4 M
[OH™] dats zpaiwil gulill Culi dayéq elyitiall og 8l j1Syig saclsll 11Syi yages
[N,H:H*][OH™] 1.7 %1076 x 0.4
Ky = H] = =17x10"°M
b [N,H,] = [oH7] 0.4 0
Kyw = [H;0%][OH"] = 1 x 10714
Kyw  1x1074
+ = =
[H507] [OH-] ~ 1.7 x 10-6
pH = —log[H;0%] = —10g(5.88 x 107°) = 9 —10g5.88 = 9 — 0.77 = 8.23

121041l yaTAnll JuSqgy &

=5.88 X 107°M

@itagpunmil syl Ji1:Jglae ¢ clnll guassll zlall dala] o

@itagjamll adyll alajy :dglas ¢¥ culnll gaclsll zlall dolal o

bty @igagiamll @iyl @le yigs O :dglas 3 Jaleiall zlall ddla] o
&l18 d1aSg drlall dllall gd 99y

alajs @igagyagmll adpll Olo slally guasall Jglaall Liaoa 13] o

Ji1 @itagpamll aépll glo slalls gaclill Jglaall Ligaa 13] o

elall dalaly yiliy X ails Xaleis Jolaall GLS 13|
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ATd{dell(ValdiL}
Wl LaSl

&yl gguild uansdl jiill :(17) Joc ddjg

al Al CsHsNHBr zlag 0.3 M lmjiSyi CsHsN dered sacld (o 0gSe ahaia Jglaa :(1) i L
Kp = 1.7x 1079 o lale JuSyill guos
Selyiniiall Ogudl depn Lo -

Jdalnall pH cowal -

;(E]_'|'_'||j . ...

igitag)amll w8l -
puSgyamll Ciliggl -
;agtigiamll Ciligy] -
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Buffered Solutions dolhioll Julls ol

elyiiiiall Ogudl Clsa ami (o dalaiall Jullaall aoi @
Caahiall Julaally Agnéall N>
é19% 62cld gl 598 JAaan a dlls dLas dalal sic pH @irag)amll @byl @b jreill aglai Jullaa
Lz ]
duganll dalailg érclinll C¥llaall @d dalaiall Jullaall dpanl )SAI@
agad -z Jeaaill Alpaniue o glndl -l rdgclinll CXlaall -1
Jolaall lmaml ¢ dalariall Jullaall (o aysell ggint duall LS olual :diguall dalaisl -2
eall @ wlaiall
o agaall simalg &3] el @b alaiall Jolaall Jasy casS ziag @
[69u guigillg <l
airclig H,CO5 eliigySll jaan o alaiall Jolaall ogsiy
aic pall @itagjamll a8l @le bleall @le Jacig HCO3™ dsalyall
dyaclsllg dpnanll dopall Cild d@alidall slgall Jany alls 7.4 gl
@itagiamll aady pois of gga auall @il Jasi @il
dalaiall Jellaall glgil a3c
durcld dalhio Jullag -2 dphan dabhia Jullag -1

doostldobainll Julls ol

S@uanall alaiall Jglaall 0gSiy ae @
cronll jaanll asaliall saclsll -2 aron jhan -1
630 JLia kel @lcg Blya Jlia 9
:@lc HCOONa anlag HCOOH cligilitall jhan Jglaa sging (1)
HCOOH diliall jre jaanll Ciliyia (e dle a1
zLall uli e @xilill HCOO™ asalyall saclsll Ciligdl (w dulle dpwi -2

HCOO ™, + H,0

HCOOH , + H,0

2= (aq)

Jie d1g8 8acls o dlLld dpas ddla] aic (2)
ellmiuy @ill OH™ Ciligyl ziiig ¢ulii NaOH
* :@llillg HCOOH (aaall ga lmlclai Gupha (¢ lmalhos
“““““““““““““““ HCOO~ daélyall saclsll ogSii -1
Bl o saclsll] dslaall OH™ Ciligl JuSyi jladias Jiy gaenll juSyi -2

HO, ! 5
HCOONa, —"s HCOO ™, + Na'_,

HCOOH , +H,0, ==HC00", +H0°

: | |
c o OH- c O .
js= e T T

awé’ jlasally HCOO™ elyirdiall gudil juSyi alajy -3
alls dayay ddelpall aisclig gaanll juSyi gu dpwill poii -4
N2 8o iy Hy 0% Jusyi poiy -5

J o 152 551 (1D jw‘ A [jren 1o Jglaall pH @itagjaimll @éyll poiy -6
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lmalhos cllming @ill H;0* Ciligyl zitig culii HCl Jia g8 ghan (i &Ll d1aS dola aic (3)
:@llillig HCOO™ @daljall 3aclsll ga lnleld’d Gpa ¢ic

HCOOH (aanll gSiy -1
--------------------------------- dolaall H30" ciligil 1Sy jlasay ddalyall saclsll juSyi Jéy -2

HCOOH,, + H0, & HCO0™ + HO*

= Blsl = oLy 2
£ g 5 lg [colrall (aanll]
S Pty e awo’ jlasally HCOOH jaanll jiSyi alajug -3

alyls aaay adslall aisclig gaanll JSyi G dwill yoii -4
lan 8juem dyuwiy Hs0F jusyi poiy -5
A (o 10 Jglaall pH @ritagimll abgll poiy -6
e BT D S gAan 0 0951 Jolaal @iragyaml aill cuual 620 (28)11 @
e s J sl agiagall Cilgiliyl zlallg 0.5 M 0jySyi CHyCOOH elygiliy
saclsll (10 0.01 mol &ola] ey Jglaall itagiaimll @iyl aijlsl @i 0.5 M 0j1Syi CH;COONa
log1.63 = logl7 =023 K,=17x1075 gllale Jglaall ga 1L &l NaOH éygsll

0.21
élsaillg oulill ciXales is
CH;COOHgq, + Hp0q = CH3C00~ . +H30% )
Hz0q) A
CH3;COONag) —— CH3C007 , ) + Na* q)

dugall Baclsll dala| Jus elyidiall 9gudl Ciljlwa Juoi G
[CH;C00~] = [CH;COONa] = 0.5 M

[H30™] ey il QUi Cull daysg clyiiiall 0903 JuSyig phanll 155 gages

CH.COO~|[H-.0" K, X [CH.COOH
Ka:[ 3 [[H307] R a X[ 3_ ]=[H30+]
[CH;COOH] [CH,CO0-]
1.7 x107°x 0.5
[H,0%] = o =1.7x 1075M

pH; = —log[H;0%] = —log(1.7 X 107°) =5 —log 1.7 = 5 — 0.23 = 4.77

I}y guerd Lmvilig 535519 (1S ulid djgall saclall
n 0.01 — 001 M
v o1
[NaOH] = [OH"] = 0.01 M
Imea Jeloimi% OH™ juSyi jlaéa guois CH3COOH jaanll jiSyi Jéy
[CH;COOH] = 0.5 —0.01 = 0.49 M
1C1igST ImiX jlasall yueiy CH3COO™ asslyall saclsll juSyi alaj
[CH;C007] =0.5+0.01=0.51M
Bagaall cildaeall g auaall H30% juSyi cuway
K, X [CH;COOH] H.0* H.0* 1.7 X 107° x 0.49 163 % 10-5M
= = = = 1.
[CH;CO0-] [H;07] = [H;07] 0.51
pH, = —log[H;0"] = —log(1.63 x 107°) =5 —log1.63 = 5 — 0.21 = 4.79
ApH = pH, — pH; = 4.79 — 4.77 = 0.02

PH gelpus sacls Liaal il cuyullg @iragyamll adll @6 3a Juls gla)
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0j1Syi CH3COOH eLigiliy¥l jaan (o 09Siy Jglaal @itagyamll aéll cuunaf:63 0 (29)1.. @
a2y Jolaall @itagiaumll aéylly aiylsl @i 0.5 M o0jySyi CH3;COONa agusgall Cilgiliy) zlallg 0.5 M
Ko = 1.7 x 1075 of [ale Jglaall gu 1L @l HCl 6gall jaanll o 0.01 mol dslis)

log1.77 = 0.25
elsaillg oulill CiXales 1is
CH3COOH(qy + H0p = CH3COO‘(aq) + H30% (59
H20( _
CH3COONay — CH3C00 @p T Na* aq)

dygall Baclsll asla] Jus elyidiall ogudl Cililwa Jusl Gual
[CH;C00~] = [CH;COONa] = 0.5 M

[H30%] duss zpaiwil ulill culi dasdg elyiiiall ogudl j1Syig (aeall WSyi jage!

K [CH;CO0~][H;0%] . Kax[CHsCOOH] _ o
27 [CH3COOH] [CH;CO0-] [H;07]
1.7 x 107> x 0.5 _
[H;0%] = 0 E =1.7x 107°M

pH; = —log[H;0%] = —log(1.7 X 1075) =5 —log 1.7 = 5 — 0.23 = 4.77

0jSyi guat ailigl j1Syig (1S uliy sgall Jaanll
0.01
== = T - 001 M
[HCI] = [H;0*] = 0.01 M

aga Cilelei miX HzOF juSyi jlase guais CH;CO0™ dsalyall saclsll juSyi Jéy
[CH;C00™] =0.5—-0.01 =049 M
«11gST aid jlasall guaiy CH3COOH (aanll juSyi alaj
[CH;COOH] = 0.5+ 0.01 = 0.51 M
Bagaall cildaeall g ayaall H30% juSyi cuwny
Kax [CH3COOH] o o (0 L7x107°x051 . o
= = = = 1.
[CH;CO0-] [H;07] = [H507] 0.49
pH, = —log[H3;0%] = —log(1.77 x 107°) =5 —log 1.77 = 5 — 0.25 = 4.75
ApH = pH, — pH; = 4.75 — 4.77 = —0.02

PH (aeAlns phan Lioal il cuully airagiamll adyll @6 3a Juls palaa

n
\Y

CH,COOH)  (CH,COONa

HY ~. _— OH”
p
\4 il Y bl _
CH.COOH - CH,COOH ol ¥ i CHCOO
,,,,,,,,,,,,,,,,,,,,, . L _ SPEN S
CH,CO0 + I | CH,CO0 ‘OH +CH,COOH
3 W H W ------------------------ )
+ i i v
1 cncoon - ' CH,CO0™ Na' CH,CO0 +H,0
CH,CO00" “ CH,COO Na'
Casa)” 3l L saelall Jalas Ul B man phie Jslee il g masdl Jaba
psainyugll clind e 't 2l i) My Gaesdl o ol ) 3ackall 38,5 215l eyl
el 58,5 sl 5l assissaagll oilisgls PR (=S IR
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640 @ml@
zlag CoHsCOOH elgiinll jann a JS (e 095 phiis Jolaal @iragyamil adpll cuuaf ()
10g6.96 = K, =63x10"5gilale 0.2M Lamis JS j1Syi CsHsCOONa aguaginll Cilgjiy

0.84
elseillg oulill CXaleas Liiss
CeHsCOOHGq) + Hp0q) = CeH5C00™ o+ H30% (o)
H,0
CgHsCOONa(y —— CoH5C00™ o + Na* (aq)

[C4HsCO0~] = [C4HsCOONa] = 0.2 M

K [C4H5COO~][H;07] _ Kax[CeHsCOOH] _ O
27 [C¢HsCOOH] [CcHsCOO-] [H;07]
6.3 x 1075 x 0.2 d
[H;0%] = 5 = 6.3 % 107°M

pH; = —log[H;0%] = —1og(6.3 x 107°) =5 —1log6.3 =5— 0.8 = 4.2
HBr jaanll (s 0.01 mol dsla] aic Gilwll Jglaall @itagyamll aéyll cuuaf (2)

log6.3 = 0.8 aaall @ peill Janl (Jglaall e 1L @l
M—n—0'01—001M
Vo1

[HBr] = [H;0%] = 0.01 M
[CsH:CO0~] = 0.2 = 0.01 =0.19M
[C.H-COOH] = 0.2 + 0.01 = 0.21 M

6.3 x 107° x 0.21 .
[H;0%] = B = 6.96 X 107°M
pH, = —log[H30%] = —10g(6.96 x 107°) =5 —log6.96 = 5 — 0.84 = 4.16
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dpaostl dnbhiodl Jylsoll :(18)Joc ddjq

0.6 M Lamis S j1Syi RCOONa g RCOOH (1 (gSiy phaia Jglas :iyyni B8

Selyiniall gl den la -1

K, =1x10"% i lale Jglaall pH cuwal =2

(aaall jiei Jlam]) Jolaall ¢a il @l HC ¢ua 0.3 mol @sla] aey [H;07] cuwal -3

(aaall e Jlam)) Jglaall (e 4il @l KOH (e 0.3 mol dslal aey [H30%] cuwal -4

Jodll puuljall Jndll 2007 Jus 627 wwosgill eliny — grsm<gl gujg<




xclqallqusqaall

©eqlbpl wjo . p.3lxc| W

o 1]1]Toi]] PT T

djacldll dolaindl Julls ol

NH, ., + HO,

NH,Cl, ——0,

Saclsll alaiall Jglaall ggSiy ’,u@
darenll baclsll Goljall yhanll -2 dégon sacls -2
6609 64,n Jlio &
:lc NH,Cl Imalag NH; 8aclsll Jglaa sging (1)
NH; aifdiall jué saclall Ciliija oo dulle dowi -1
zlall ouli o @il NH, Y @slpall gaanll Ciligyl (e dylle duwy -2

NH," =+ OH

4 (aq) (aq)

H,0 ) _
NH, (a + Cl (aq

q) )

ellmiuy @ill OH™ ciligyl zitig ulit NaOH (Jia dugd sacls (o @lils dpas dola] aic (2)

el sLs) 31:(13) K
(g1l Jats J s

NH,,, +H,0, = NH, *w +0H"

S aam BL| T :(14) JS2

- 586 (i J ylos

:@llilig NH, ™ (geljall jaanll ga Imlelo’i Guphn (e lmathos

NH; 8aclsll gSii -1

saclsll] dalaall OH™ Ciligul JuSyi jlasay saclsll juSyi alajy -2
[adlaall

awé’ jlasally NH,* elyisiiall oqudl juSyi Jés -3

alls da)ag Golpall lmnang saclsll juSyi o dpwill joti -4

A Bprem dpuiy OH™ 1Sy poiy -5

3 14 a2 Jglaall pH @isagiamll adyll iy -6

ciligl zitig (ulii HCl Jia $g8 jhan (i dlils dgas dola] aic (3)
NH; 8acldll ga lmlclai G (e lmalhes ellming @il H;0%
:allillig
NH,* "elyiiiiall ogudl" Galpall aanll ggSiy -1
sAaall] aslaall H;0F ciligul 1uSyi jlasas NHg saclsll jusyi Jay -2

[calaall

awéi jlasalls NH, T "elyitdiall 9qudl" Galyall gaanll juSyi alajug -3
alls daa)ay Golall Imhang saclsll juSyi o duwill j1oii -4
B 8pm dpuiy HyO uS)i oy -5
A2 e (427 Jolaall pH @isagiamll adpll puoiy -6

G 09Sy albia Jglaal @ipagymll syl cuwal 650 (301 @

a2y Jolaall @itngyaumll syl aijlsl @5 0.5 M ojuSyi NH,4Cl zlallg 0.5 M lmjuSyi NHj Lriga3
[aanll @b poill Janl] Jglaall e 1L @l NaOH éugall saclsll a 0.01 mol el

log5.5 =074 log53=0.72 K, =18x1075 i lalc
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;S... |g '";"|Q|ZA i ..S.
N + -
NHy, + Ho0q = NH," . +O0H

H,0
NH,Cliy —— NH,* o + Cl g

dygall saclsll asla] Jub elyiifiall Ogudl Cililua Juai Gua:
[NH,"] = [NH,C]] = 0.5 M
[OH™] duss zyaimil ulill Culi datdg elyidiall Ogudl juSyig 8aclsll juS)i yages

[NH,][OH™] Kp X [NH;]

K =V = —_—Y = OH_
b= " [NHj] e, LOH
. 1.8x1075x 05 )

[OH7] = % =1.8x10"°M

Kyw = [H;0%][OH"] = 1 x 10714
Kw 1x107* 100 x 10716
H,0%] = = = =5.5x10"1'M
[H;07] [OH-]  1.8x10-5 18 x 10 >5x 10
pH,; = —log[H;0%] = —log(5.5 x 1071%) = 10 — log 5.5 = 10 — 0.74 = 9.26
lmjuSyi gue lmiligal j4Syig LS ouli :digall saclall dsla)
n 0.01 — 0.0 M
v 1
[NaOH] = [OH"] = 0.01 M
lmea Jelod mi% OH ™ juSyi jlasa guoir NH,* (Galall gaanll jusyi Joy
[NH,"]=0.5-0.01 = 049 M
:C1igST ImiX jlasall guoiy NHgz 8aclsll j1Syi alajy
[NH;] = 0.5+ 0.01 = 0.51 M
Bagaall dlhoeall ga ayaall OH™ juSyi cunn

1.8x 107° x 0.51 .
[OH™] = =187 x107°M

0.49
Kw = [H;0%][OH"] =1 x 10714
Kw 1x107"* 1000 x 10~/

H,0*] = = = =53 x 1071M
[H;07] [OH-] ~ 1.87 x10-5 = 187 x 10~7
pH, = —log[H;0%] = —log(5.3 X 1071%) = 10 — log5.3 = 10 — 0.72 = 9.28

(0.02) jladiay @iragirmll @byl @6 A Juld glayl
0.5 M njuSy3 NH; Ligadl G0 09Siy alsie Jolaal @isagiamll syl w660 (31)tis @
aeall 0e 0.01 mol &sla] ey Jglasll @itagyamll adylly aijlsl «f 0.5 M 0j1Syi NH,Cl zLallg
[aaall @ poill Janl] Jglaall ga 1L @l HCl ggall
log58 =076 Ky =18x10"5 o lalc

(30) Jlin @ Gulwll Jglaall ¢lsaillg oulill Ci¥alea
N + -
NH;,,, + H0q = NH,"  +O0H

H,0
NH,Cliy —— NH,* o + Cl g

Galwdl Jglaall gitagyamll @yl dars
[pH; = —log[H;0%] = —log(5.5 X 1071%) = 10 — log 5.5 = 10 — 0.74 = 9.26
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o}uSi guai ailig)l 145yig LIS 04liy o8l paeal

n 0.01
Vz—rdﬂmlM
[HCI] = [H;0%] = 0.01 M

aga Cilelai miX HyO% juSyi jlaée guoiy NHy saclsll jusyi Jé,
[NH;] = 0.5 —0.01 = 0.49 M

«C1igST aid jlasall guaiy NH, " (galall (aanll 1iSyi alajy

[NH,*1=0.54+0.01=0.51M
Bagaall Algdhoall go ayaall OHT JuSyi cunng

. 1.8x1075x0.49 )
[OH™] = =173 x 10°5M

0.51
Kw = [H;0%][0H"] = 1 x 10~
Kw  1x107* 1000 x 10~
H,0%] = = = = 5.8 x 1071°M
[H507] [OH-] ~ 1.73x 105~ 173 x 107
pH, = —log[H;0%"] = —1og(5.8 x 1071%) = 10 —log 5.8 = 10 — 0.76 = 9.24
(0.02) Jladay @itagisimll abyll @6 Aa Juls GaloAll
670 (gm_ll@
0.15 M LmjySyi CH3NH, ¢l Jiire s2clsll ga ggSiy alaia Jolaal @iitagiammll adyll cuul (1)
Kp = 4.4 x 107* ¢ff lale 0.2 M 0j4Syi CH3NH;Cl aguiga3l agls Juisa zlallg
log 3.03 = 0.48
elseillg oulill cXaleas Liiss
N + -
CH;NHp, o + Hp0p = CHsNHy" o +OH (g

H20() + _
CH3NH3C1(S) — CH3NH3 (aq) + Cl
[CH3NH; "] = [CH3NH,Cl] = 0.2 M

[OH 7] éats zyaiwil oulill Culi datdg elyiiiiall Ggudl juSyig 8aclsll juSyi (hges

(aq)

_ [CH3;NH;™|[OH™] Kp X [CH3NH,] OH-]
b [CH3NH,] [CHsNH;*|
4.4 x10™* x 0.15 .
[OH] = 5 =3.3x107*M

Kw = [H307][OH™] = 1 x 10~ *

Ky 1x10"* 100 x 1071¢
H,0%] = = = =3.03 x 1071'M
[H:07] [OH-] 33 x10"% 33 x10-5

pH; = —log[H;0*] = —log(3.03 x 10~11) = 11 —log3.03 = 11 — 0.48 = 10.52
@l HBr ¢liagpigiaimll aan (4 0.01 mol capal 13] Gulwll Jglaall @igagiamll @yl cuual (2)@
log3.8 = 0.58 @aaall @ peill Jonl (Jglaall e 500 mL
0j1Syi guai ailig j1Syig LIS oliy ggdll aaall
n 0.01
= =0.02M

~ V050
[HCI] = [H50*] = 0.02 M
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aoa Cilele’i Imi% H30% juSyi jlasa guoaiy CH3NH, saclsll jisyi Jéy
[CH;NH,] = 0.15 - 0.02 = 0.13 M
«11gST a1 jlasall guais CH3NHs Y (Galyall gaandl jusyi alajy
[CH;NH;*] = 0.2+ 0.02=0.22M
Bagaall Aldaeall go ajaall OH™ juSyi cunng

. 44x107%%0.13 »
[OH™] = = 2.6 X 107*M

0.22
Kw = [H;0*][OH ] =1 x 10714

Kw  1x107 100 x 10716
H,0*] = = = =3.8x 10711M
[H;07] [OH-] 2.6 x10~% 26 x10-5
pH, = —log[H;0*] = —log(3.8 x 10711) = 11 —l0og3.8 = 11 — 0.58 = 10.42

(0.1) Jla8ay @iiragimll adyll @d 13 Juls paloAsl

Lalail! Jullet) b Lot diald) dlay yaudl

O EED @ -
aaes |+ [H30%] -\ ‘«-z-)\‘ - [OH]
A
7%’* Sacls - [H30% /’Zw el + [OH]
@ ) & - )
ﬁa:.l&)’ - [H:07] Gacls + [OH]
eels laia | feacaices
/ = 4 .
Y 7 “aa)) 4 (10 T
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dyacldll anbaindl Juls ol :(19) Joe dd)g

0.8 M 0j1Syi NH,Br zlallg 0.4 M LmjuSyi NH; 8aclsll o 0g9Se 1L aana akiio Jglaa ey B2
Ky, =2x 1075 ¢f lalc

Jolaall @6 elyiifiall Ogudl down isl -1

Jalaall 96 @ipagiaumll adyll quual -2

THCl (10 0.2 M all caral 13] alaiall Jglaall @o [OH™] zuay l3le -3

SNaOH (10 0.2 M aul] capal 13] alaiall Jolaall @ [OH™] zuay lila -4
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&l guyall prac

duacls gl dpaea gl dlleis L) ZMedl -

ImjuS)i golusy ImiLigal juSyig slall @6 LLLS elS8TT 28l Lislnio @6 piei -

@Jgl-2iutigy gmie Gog el jruwa’ wig (dpaanllg dyaclill 2ol clglu jwa’i gugsism)l agmas ghiuwg @l -

Imjana Cia clall @6 Jeloii X d1agallg dullwll Iniligyl O} cuwllg (Jeloii X ¢i araiidg clall @6 (igii dlaloiall ZMa3l -

dygd Baclig (598 Jaoa

wagall 9gu8l O3 cpgrigyaumil Ciligyl ZLiil slall @16 agaiy zlall 13m (Edyed Baclig Ggi Jaan Imjane dpaaall ZMedl -
slall @6 Jeloiyd L 98 gm (ddgeall Baclill Gslpall gasall) ciagall 9gi8l 1im @llillig (déyed Bacls ojrne ags
98 gaan ojuna O3 slall ga Jelaiy X cullull §gal Laisy agiigyaumll Ciligyl Laiia

cullull 9g 381 93 apwSgyamll Ciligal ZLiils slall @6 agaiy zlall Iim «dred jaang dgh Bacls Imjans dyaclsll Ziedl -
slall @6 Jeloiys Luwi sg8 gm (Ciyeiall gasall d8dlyall Baclill) cllwll Ggi8l 1im @llillg «ired Jaea ojana agd
dag8 Bacli ojana O3 clall go Jeldiy ¥ ciagall Ogsdl Laiyy (apuSgyaumil Ciligyl (iia

slagac Jglaa gl @l g @il clall @l zlall Cilygly Livai 13] -
@iragamll adyll @le yigy ol Jaleiall zlall -1
@itagiumll a8yl I @ueall zlall -2
@itagiamll @Syl agjw gaclsll zlall - -3

Jil zLall aga’ OIS Jindll 98 cialj LalSs dpuSe d8ile @m al 9gSall cagenll alni 3989 zlall agei gu déMell -

dpwsell ddMell Guaig cagall Jnlll 595 @l faii gl ogi Ol ZMelll @itagaumll adpll Ol Lof dmgai yisHl zlall dop2al -
zlell OgSall cigenll Jundl 3989 ataill Gu

041 potigiaall gl aguSgyamll ga Jii gl ciligyl JuSyi @l of Ll of @luusgiam of @igagyaum @by Jdl aganil -
ulgio @le Jullasll elli Jjii Ll dyiliassll ddpall @l aill 3pnay Aclgillg yagallg Zae3l o JaS)ill agluis Jullas
sLiglg ZMal O sloollg wdlpadl @] cligidlg (Jaleill gaga @l ciysl ZMe3Ls (giragyaumil wbyll

e e Fed =l sacls sacly
. L. . Jalaza
$32 ayein e goels G Wgd

8 9 10 11 12 13 14 |

«(@oljall Inrang daonll Saclill gl «isdljall airclig carenll gaaall @l «grisle guy elyiiita Ogul Oc Bjlic clyiddiall 9g¥1 -
el Imalag dareall saclsll gl (gaclill anlag cagenll yaaall Jgii gi

@il ailigyl @l elSaiy guaanll zlall 1ims dérenll Saclsll Jolaa @l guaas zlo d8la] sic guaan pyili elyidiall ggall -
353 Jiag Baclill 0a agjall GugSi @l OIiN @age aniys (dageall saclsll Gsljall gaanll) clyiidiall 9gsdl Inie
@izag)amll @iyl Ji4d apwSgjaall

@il ailigyl @l élSaiy gaclsll zlall 13ms «careall gaaall Jolas @l gacls gl dsla] sic (gacls yili elyidiall ggall -
3S¥i Jiug aanll 3o agjall GugSi @l Oliidl ghge arits (cageall yaasll ddslpall saclill) clyidiall 9gall Inio
@itag)aumll @iyl galiid pgrigjamll

{04 @lc gmg (dygd Bacls gl 598 gaan (e Julbll dla] sic @itag)amll alyll (96 juaill @gliy Jglaa ;alaiall Jolaall -
(gacléll Imalag e jasa) uasa plais Jglaag (uaeall Imalag doredd 8acld) gacls plaia Jglaa

(qLitill gani gumiLitiallg « SMAIl 2y grelidall) dalaiall Jullaall Giljlwa (96 S35 -
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1clqallquaqonll
Wl LaSl

dolaindl Juls olig ?.I.Ln.i.ll sl gupnll daslyo

@uaanll haiall Jglaall CiligSe magl :Jgdl dlcj.udl@
[sacld zla] addlyall aircls -2 cdion jhan -1

ehiitall gl - apaill il Las US4 sqatall il et Jigul @

sginall G jgSia
40138 M3l o JSI Ciligadl jana aaal :Culill dlgiudl@
LiF CH;COONa CH;NH;Br KNO; alall qui
HF CH,COOH HBr HNO, @isrclég anan
i3l ZALo3l (10 slall @18 araiy Al zlall aaal eyl (_Jlé_LuJI@
NaClo, HCOONa CsHsNHI LiBr KCN alall quil
HClO, HCOOH CsHsN HBr HCN dirclig aran
NaOH NaOH HI LiOH KOH al OligSall
X QA QA X Py Caraiy Jm
:dlaloiag daclég duaan @l dridl =AMl Jullag cdind :gualAll dlﬁ.udl@
Ce¢HsNH;Br NaHCO; LiCl NH,NO5 KNO, =Lall auwl
“raan sacls daleia “raan ©Acls §J.A.|| §9J

Jolaal pH daté 6 NaHS cabiall zlall Ciljgly (a0 &LuL8 dras dola] yil magl :gualuwl dlg‘;_mJI@

HpS@q + HzOp = HS (aq) +H30%
Hz20( -
NaHS) ———  HS7(aq +Na*(ay

,,,,,,,,, oot

T30 G899 0juSyi Alajy Jolaall @b elyidiall 9gi3l gmg HS™ aiglg Na* aigil @l lall ouliy

@le Jay Lafg dmjysyi alajys difiall e gaand Gllgja ieSi @l Ol gdga plj) aylilivigl
Jolaall giiagyvamll w8l @&ty @llillig H30™ jusyi ouadl!

0.02 M 0juSyi HNO, Jglaa (30 400 mL @] Imisla] ojall KNO, zlall alis cuunf gl d@ul@
85 g/mol zlall dylgall alisll K, = 4.5 x 10™* ¢/f lale Jglaall pH = 3.52 dats muail

log3 = 0.48

elsaillg oulill CXalea (1is

Jill ralall Jndll 2007 Jus  (134)  wrossgill slynS - sl gujes
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HNO (o) + H0g) = NO,™ (o) +Hs0
HZO(I) _ +

zlall 115yl gluwa gm @l NO, ™ elyidiiall ogudll 1uSyi d8yeal liacluy waitagiamll adyll o Liilwa Ty

alisll cunni @l Cdgall aac ddyen gulaim zlall juSyiligyc 13lo
[H30%] = 107PH = 107352 = 10(-352+4)~4 = 10048 x 107* = 3 X 107*M

clyiiiiall 0gu3 1151 caail oulill Cull 0gils @le Gtlas

[NO, ][H307] K, X [HNO,] -
K, = =22 _|NO
A oY R T
N 45x107* x2x 107 3 % 10-2M
N0z ] = 3x 1074 -

[NO,] = [KNO,] = 3 X 1072M
Ci¥gall axe ciunil didgall Ogils aaAiu

n
sz = n=MxV=3x10"2x0.4=0.12x 1072 = 0.012 mol
Al el dulgall ALESIL Cidgall d6Mle paAius
m
n=o = m=nXMr=0012x85=12g

(4 Og5a 10 soluy @itagjamll aad) Jglaa 6 8acléll @l zlall drwd Al :palill (_Jlé_LuJI@
Kp = 1.8 X 107° i Lale NH,Cl zlallg NH; 8aclall
@81l Juga Litle @llillg Baclsl gm Lics Gl Culi of atiis OSI @itagyamll syl g Wil Tays
JMA Ga lill Cyli Ogils @6 Imiage’iq rwSqysumil Ciligl j1S)i dajoal @lunSgam @l @irag)amll
Elyiifiall Qg,;ﬁlg daclsll Gillyja Our drwill dyeiw A
zlallg 8aclBll Guy drwill copel 13Sme glall 1Sy Jiay elyiddiall ggudl 1am o3
pH+pOH=14 pOH=14-10=4
[OH] = 107POH = 1074*M
[NH,*][OH"] [NH,"] K,
55— = =
\ [NH] [NH;] ~ [OH]
[NH,"] 1.8x107°
[NH;] 1x10*

C,HsNH;Cl zLallg 0.2 M LmjiSyi CoHgNH, (4 0954 0.5 L aana alaia Jglaa :guilill dlé.u.dl@
log2 =03 Kp=47x10"* gl lalc 0.4 M 0}.Syi
[annll yuei Janl] logl.1 =0.04  log4.3 = 0.63

Jolaall giragyumll @dyll cuual (1)
CoHsNHz o) + HzOqy = CoHsNHs™ .+ OH o)
H200) -
C,HsNH;3Clgy —— CZHSNH3+(aq) + Cl™ (ag

[C,HsNH;*] = [C,HsNH;Cl] = 0.4 M

=0.18
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- [C,HsNH;*][OH] . Kp X [CHsNH,] _ (OH-]
b [C,HsNH,] [C,HsNH; "]
. 47x107*x02 47x107* _
[OH™] = = > =2.35x% 107*M

Kw = [H;07][OH"] = 1 x 10714

Kw 1x107* 1000 x 10717
H30%] = = = =43 x 1071'M

[H507] [OH-] ~ 2.35x10~* 235 x 10-° 3x10

pH; = —log[H;0%] = —log(4.3 x 10711) = 11 —log4.3 = 11 — 0.63 = 10.37

HCl gaaall 0s 0.05 mol ayll capal gl Lats Jolaall @itagyaumll @byl cuunal (2)
n 0.05
M=—=—=0.1M
A
[HCI] = [H;0%] = 0.1 M
aoa Cilele’i i Hz0F jusyi jlasa guoiy C;HsNH, saclsll jisyi Jéy
[C,HsNH,] = 0.2—0.1=0.1M
«11gST a1 jlasall guais CH;NHg ¥ Galyall jasndl jusyi alajy
[CHsNH;"] =0.4+0.1=05M
dagaall dldhoeall go ajaall OH™ juSyi cunng
_47x107*x0.1 47 x107°

2 =94 x%x10"°M

[OH7]
Kw = [H;07][OH"] = 1 x 10714
Kw 1x107* 100 x 10716
H,0%] = = = =1.1x1071°M
[H;07] [OH-] 9.4 x10-5 94 x 106
pH, = —log[H;0%] = —log(1.1 X 1071%) = 10 — log 1.1 = 10 — 0.04 = 9.96

KOH 8aclall (s 0.05 mol aul] capal ol Lags Jolaall @itagiaimll aépll cuual (3)

vl 0.05 01 M
V05
[NaOH] = [OH"] = 0.1 M
lmoa Jeloi mi% OH™ juSyi jlasa guois CH3NHz  Galjall jaenll jusyi Joy
[CH;NH;*] =04 -0.1=03M
1C1ig ST ImiX jlasall guoiy CoHsNH, 8aclsll jusyi alajy
[C,HsNH,] = 0.2+ 0.1 = 0.3 M
Bagaall dlheall ga ayaall OH™ Sy i
4.7 x107* % 0.3
[OH"] = 3 =47 x 107*M
Ky = [H;0*][OH"] = 1 x 10~ 4 '
Kw 1x107* 100 x 10716

[OH-] 47 x10-* 47 x 10-5

[H;0%] = =21x10"1M

2 @l dagsll (sl Jlgudl dlghos cuun
pH, = —log[H;0%] = —log(2 x 107*') = 11 —log2 = 11 — 0.3 = 10.7
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Jwl pyp0 . 0.3lx¢|

2 B wl TN YT
adll A aliiall ) glaall Qg g 61 p

Sl G sae e r.ﬂ\ Syom
S e e Ll ekl
REP) ‘(7.35 7.45) On e sskd)
u!;a:.ﬂ g 4 Erdnd g o Sk
dlo s ol b B gl Dol
78 o e s NN
fwu.wssJAJAJ wolisst
Sl (35 By ol (J (5]l
PH o Jads il o 52 S 310

At &y Slhee 3 b 0
55085 2L 1 S e s 16
;_AT 31 (HLCO,/HCO; ™) il ol
ol b o adl J gl 203 251 Uslaadly cpul b dodizall Lloadl
HCO; () + Hy0% )

f.\.” HCO; L 35_)”;;14] l v) HCO; aﬁjj!

H,COsq + HyOy,

ST S sl DN 1O il Jutma 8305 ) st Loy (1 a2V 315 35
HyCO; 58 56sl) Jl S35 Lol /Ce J“;L‘;?J r.ﬂ\ gi)l G-Li = «CO, uyﬂ\

COqg + H,Oy

L;i,hywsj‘sagpwl:yui’d\uur&“n JMIMsMQHSo*QuﬁT;@:s%mJ
355 M Ja gy ol b o5 5 3158 HLCO, i S e 0555 o ool g 1 O15Y1 o g B
HOO,™ bl k] ) K Sy o (HLO™ il 35 5 Jaos <HCO,™

iy o sl i S 555 Bl ol o 801 o o5 5 3 Gy
i G 8 Lagio Sl (g ey colall sy €05 05 SN St IO Y 0 b iy S e
Coei BUHO" bl 38 5 ol e delog s ¢ eadl g (6 5T sl g 850 015 0 213) S0z s
el b e st 8 o il (s e By

S8 555 s e Jaxd 1831 U (Clais 51 5303 HCOY™ bl 58 5 Jans e Jans J&II O Slas
ol bl g SU1 e 58 55 WS 30 52 SO S

H2C03(aq)
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Loilduhig aclgdllg yogosdl :odglll Gasgll doslpo

oLy Laa JSu 3gndall ziagl :Jgdl dlcj.udl@
abhiall Jglaall (Juigl gaan Qugrimm)i acld

dlallhnall e 6199 sginall 6 jgSia

pural sl d@ml@

@)gl-2lwigy agmos cuun HNO, Jolaal @uaranll elglul -
HNOZ(aq) + HZO(I) = NOZ (aq) + H30+

(aq)
Jalaall @ ogigull ziay ai¥ ¢)gl-Aiurigy paan apniy HNO,
NO,™ g HCl ga JS ga alclei xic HS™ gquill prigaadl clglull -
HS™ (aq) + NO2™ gy = S™(aq) T HNOz

NO, saclsll @] Jglaall o8 Ogigpdl ziayg Jhan bpaiy HS™

HCI ggéll gaanll 4o Jalaall s Ogigull Jidiung 81cléS capmiy HS™
il Cnleloill @b d84lyiall Zlgi¥l axal:Culil dlép.u.dl@

s l 423l pasacl®
HNO,,, + CN7; < NO," ) +HCN,
‘ dacls 33 s paes

38l e e
CHN_, +HC  —— CHNH" ~+CI"

| e I agsl e sacls

acle l

(i3 Jeloill @6 aiaclig gugl gaan aal gl d@m@
C0™ (ag) + BNHsaq == Co(NHs)s " ag)

gl e gl Bacld

(4 095a NaOH agiagall apmSgjam Jglaal pOH GlwSg)amll @é)ll e :JualAll dl@.LuJI@
40 g/mol = NaOH saclsll dylgall alisll of lale .clall ¢ro 200 mL G aia 4 g ailil
log 5= 0.7

115 ¢ISaii d1gs s1cls agirgall AmSgjam
NaOH(aq) = Na+(aq) + OH_(aq)

OH™ }45)i awmsi gm aguagill ApuSgjagm j1Syi Olo LIS ¢lsaii il
m 4 n 0.1
0.

nzmzﬁzo.lmol M:V:_ZZOSM
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[OH]=05=5x10"'M
pOH = —log [OH"] =log5x 10" =1—1log5=1—0.7 = 0.3
ojuSyi HBr  Jglae Ga 20 mL ga cilslets LIOH Jglas ¢ 10 mL splas ciya :gusbu Jigul @

LiOH Jglaall j1Syi cuual < 0.01 M
698l JAanllg digdll sacldll (i¥ga gl Jaleill Aic
HBI‘(aq) + LlOH(aq) = LiBI‘(aq) + HZO(I)

Myion X VLion = Mugr X Vypr
MLiOH X 10 = 001 X 20

0.01 x 20
MLiOH - T == 001 X2 = 002 M

duglwiall (H,SO3, HCN , HF) jaganll Jullaal cilelei apil c¥aleall Jiai :cualill Jiguwll &
slgall dma lmys (i Il giga OLS @il JuS)ill
oc cual @i nleloill guysl .cleloill graal axilill
mali @il alfwl

H,50, + CN~ == HS0, + HCN
H,S50, + F == HSO, + HF

HF + CN” <= F + HCN @l zlmiall digidd 2010 8)ljg JIgw 1am) :auiil

(2007

lmirs sq83l ddalpall Baclsll depn aisl -

zilgill o Aclgdg hgans L ggdl Cileloiall of @ie Filgill duali zljia OlyiXl

iy g)ldig dogyeall yaganll g dintl

HCN (o jAsaS sgél H,S05

HF (0 jAanS g8l H,S04

HCN (Ja jAanS sqél HF

HCN < HF < H,S05 :Agans amigd Curiyi

CN™ ilmi¢ying (59l @ dsalpall aiacls HCN gm (Aaans caonl

K, @lel al gall gaaall depa cisl -

Ka @lcdl gm @llillig H,S0; gm (aans sqadl

HCN Jglaa @l HF Jglaa :J83I [OH™] awé 0gSy oulglaall @l aaal -z

HF Lamiy) ¢gd8ll Oc Cia1i @llillig [H307] juSyi @ledl jaanll s 0gSy [OH™] juSyi Jal

pH @lecl al 8)gSaall gaganll Jullaa @l aaal -a

HCN gm @llillig [H30%] ju5yi Jal ags cun caondl paaall @b ggSy pH @l
Selall @6 Ligli yisl 8)gS3all aganll @l 22010 8)ljgll JI§w @6 asla)
H,S0; gmg (241 sqéll gm
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pH=4 Giiag)amll aad)g RCOOH han 00 0.1 M (o 0951y 2 L annn Jglag :guilill dlcj.u.dl@
zlall Ci¥ga aac cuual .days 1.52 jlasay pH dats Cipreis RCOONa zlall (1o d1aS ayl] Cropal

(aanll @6 poill Jaml) log3 = 0.48 f ale .colaall
elSeillg oulill Ci¥ales (iisi

RCOOH(aqy + H;0g) = RCOO™ (o) + H307%
H,0
RCOONag — ——2— RCOO™ (g + Nat(ag)

gaanll ol Culi cunnil @igagyamll @yl (e lillwa Tas - -

asla] aey Jglaall @itagiamll @dpll cuunt (Jolaall @itagyamll @8yl @aps gaclall zlall aala] -
agtig)amll Ciligl 1Sy cuun aiag lall

Lisyc 136 xlall juSyil glure gm g3l RCOO™  elyidiiall gudl 1uSyi capei @ia (ulill Culi @6 yages -
Ci¥gall aac ddjen graiu zlall juSyi

[H;0%] = 107PH = 10~*M
_ [RCOOI[H;0*] (1% 107> 1x1078

— — = =1x1077
a [RCOOH] 1x101  1x10°!

ApH = pHyith sait — PHacig = 1.52
PHyith sait — 4 = 1.52
PHyith sait = 4 + 1.52 = 5.52
[H30% ] yyith saie = 107552 = 10(75:52+6)76 = 10048 % 1076 = 3 x 107°M

elyiddiall 9gu¥l 1uSyi conail olill Culi ggils @le Gual

[RCOO~][H50] K, X [RCOOH]
K, = = = [RCOO~
a [RCOOH] [H;0%] [ ]
RCOO-] = 1077 x 1% 1077 0.33 x 1072M
= =0.33 %
[ ] 3% 1076

[RCOO~] = [RCOONa] = 0.33 x 1072M
Ci¥gall axe cuunil didgall Ogils aaAiu

n
sz =2 n=MxV=033x10"%x%2=0.66% 1072 = 0.0066 mol

&lag HZ jAaan Cuils jgayllg (@16l j11€'ig jgapll plariwly OSI droun 2019 8)ljg 8356 guois 9 JIgull
&lall 4lis :caglhhallg 2021 3)ljg 8)Sa Juai Jigull Ll NaZ
0.2 0j15yi Al KNO, zlallg 0.3 M 0j1Syi Al HNO, (aaall g Ogsiy phaiall Jglaa :10 dlcj_LuJI@
log3=048 1log6.75=0.83 K, =45x10"*:0itlc M

T dolaall pH cuual -
HNOZ(aq) + HZO(I) \_—\ NOZ aq) + H30+(aq)
HZO(I) _ +
KNOzy  —— N0z (g + K'ag)

[H30*] dass zpaiwil oulill Culi datdg elyidiall Ogudl WSyig paeall WSy ghgel
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K [NO, ][H;0%] D 45%x107*x03 45x107*x3 675 % 10-4 M
27 [HNO,] [H;07] = 0.2 - 2 T

pH = —1log6.75 x 10™* = 4 —log 6.75 = 4 — 0.83 = 3.17
aia 1L @l NaOH 8acléll ¢sa 0.1 mol capal 13] @Glull Jglaall pH cuwal-c

NaOH,. 220, Na* OH-
aOH) —— Na"(gq) + (aq)

=

M= —0'1—01M
voo1

[NaOH] = [OH"] = 0.1 M
lmes Jelot lmi% OH™ juSyi jasa guoiy HNO; gaaall jiSyi Jé.
[HNO,] =03 —-0.1=02M
119 ST i jlasall guoiyt NO, ™ dsslyall sacldll j1Syi slajy
[NO,"]=0.2+0.1=03M
Bagaall cilgaoall ga auaall H30% juSyi cuway

K, X [HNO, ]
—————= = [H30"
[N02 ] [ 3 ]
45x107*x 0.2 ~
[H;07%] = 03 =3x107*M

pH, = —log[H;0*] = —log(3 x 10™*) = 4 —log3 = 4 — 0.48 = 3.52

@Il CH3NH;3Cl zLallg 0.3 M LmjySyi @ill CH3NH, 8aclsll ¢ 0gSiy alaia Jglas :11 dlé_u.dl@

Ol lale pH=10 zunil Jglaall (o il @l midla] qjalll HCl gaaall &LiS cuual 0.2 M ojySyi
Kb =44 X 10_4 Mr(HCl) = 36.5 g/mol

CH3NHz ., + Hy0q = CH;NH;* g T OH g
H20() + -
CH3NH3C](S) — CH3NH3 (aq) + Cl (aq)

zlall 1Syi guoi ojSyig CHzNH3 ™ welyiddiall ¢gu3l
[CH;NH;Cl] = [CH3NH3;*[ =0.2M

[CH3NH3+]neW =02+x [CH3NH,] =03 —x  :ggdll jaanll dola] roy

Jolaall @a [OHT] ciligal juSyi coun qgilmill Jglaall @itagiamll aéyll JUA ga -
[H;0%] = 107'°M [OH] = 107*M

Oalill ¢l Ogils Ga an Al ojySfig ©j1S)i Oa lnpuai @il aidge g paanll ALIS Gilua gilatun -
CH3;NH; " |[OH~ 0.2+x)x107*
b=[ NH;TJIOHT) 00 = )
44x(03-x)=(02+%) = 132—44x=02+x

54x =132-0.2

x=02M
n=MXV =n=0.2x%x1=0.2mol
m
= — = =nXMr=0.2x%x365=73
n T m=n r g
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JuShill dyglwiall dolirall Jullaall ga axel Gitagyamil aépll @il Jgaall gu 12 dlch.uJI@
FIEID|CIBA] Jid (0 8)88 arle Guaii gall Jolaall lmio jAT af lnwyal
0|5 12 7|9 | pHies Al clysoll

[OH™] = 1 X 1075M Lmyé gSy bacls I
pOH=5 pH=9

A Jglaall
KBr zelall Jiay 6l Jglaall -
B Jglaall pH =7 HBr ggéll jaanllg KOH saclsll ga Jaleia zlo

1 M 0j1Syi HNO3 jaaa Jglaa -z
[H;0F]=1M pH=-log1=0

E Jglaall
Sy la J8f age [H30%] juSyi gacls Jglaa -3
C Jglaall
slall go'Jeloii X ailighl Jglao -o
B Jglaall
AR depng Jgaall uid j1iol ea LS 2019/4161n 2008 B)ligll 16 al)Se s 12 JIgw :aygii
aliwsl
g3l saclsll Jiay Jglas lg Scaoandl gaanll Jias Jolaa ¢l :)ljg JIGw
D gmg pH @lcl gm caendl .7 (a Jil jaanll
C g pH @lcdl om a3l 7 g4 @lel 5qa3l saclall
oam gupal .darenll Aclgslly yaganll gaey @Gleli cilagles @le Gidl Jgaall gging:13 d|w|@

ol 5 Jslaaly ddleis clasie (slaal i @il alfwdl oo cual of cilagloall
02 M [OH]=1x 102M | HNO, HCIO Jglaa @0 [H30*] juSyi cumal -
0.03M | [HCOO|=2x 10°M | HCOOH HCIO + Hz[%lg‘_(il[%_ J+?30+
0.1M K, =3.5x10° HCIO A= W
0.1M K= 1.7 x 10° N.H, [CI07] = [Hy0"] = x
0.05 M pH=9 CHN [CI0~][H507] L X
003M | [OH]=3x10°M |C,HNH, Ka= ~mao] . 3.5X107" ==

x? =35x 10710

35+36 71
x=4/35%x10"10 = +V35= =—=59
2V36 12

x = [H30*] = /35 10-10 =59 x 1075 M
HNO2 Jglas @l HCIO Jglaa :[OH e @ilel juSyi @ile gging gulglaall @l aaal -
dalifa jySyill 03 sil lnpuni ()i condl @ioy [H30%] @6 J53l gn [OH] @ @lcil
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[OH_]HNOZ = 1 X 10_12 M
1x10714

+ — — -2
[H30"]ano, = < 10-12 1x107°M

[H30* a0 = 5.9 X 1075 M
[0H™] 145y @9 @lcdl gmg HCIO gm Ja3i
HCOOK «f KNO2 :asaill @lc 8)a8 isT gualall @l aaal -z
gl asalyall aclsll ggsi Cua caoal anan @il gm agaill @le 8)28 JiSH gaclsll zLlall

K, J&l al caeadl jaaall slall ga Jelotig
2x1073x2x107% 4x107°

— — -4
A(HCOOH) = 0.03 “3x10z X0

— -4
Ka(HNOZ) =5x10

K

HCOOK gmg aaill @lc j283 gm asls @llillig HCOOH gm caondl
C2HsNHz saclsll Gslpall gaanll ol CsHsN saclall Galpall gaanll :egsl Lyl sl -
[dalize Jullaall j1Slyi 0F PH JUA Ga 0)l613 autil] Ky JUA Os bacldll 898 @l pais
PHghsn) =9 POH(cgngny) =5
[OH_](CsHsN) =1x 10_5 M
1x107°x1x107° . Y
Kb conny = T 10-2 =02x10"8=2x10
[OH™ ] (¢, 1 N, = 3 X 1073 M
3x1073x3x1073
Ko (e mgnm,) = 3% 10-2

=3x10"*
Kb(CzHSNHZ) > Kb(CSHSN)
6983 gm CsHsN I @alyall jaanll @llillig C,HsNH, ¢ 8acl8S caonl CsHgN
CsHsNH™T aieyng
C2HsNHz Jglaa @l CsHsN Jglaa :[H30%] ¢ @ilel 1Sy @le sging gulglaall @l aaal -o
[0H™] 34Syi @é JaSll gm [H30*] juSyi o el
CsHsN POH=5 [OH Jespsy =1%x1075M
[OH Jconsnmz = 3 X 107> M
CsHsN gmg agiigiaimll 4Syi @0 @leBl gm s puSgpamll 11557 @ Jasl
C2HsNH3Cl @l N2HsCl Jglas pH @itagyaim ady @lel al gulglaall @l aaal -g
J83 6l @uann zlaS wendl gies Gitagiamll adjll @6 @le3l @ann zlo Jglas Lamals
00 lmaanig ¢ga3l saclall @ilillg caeal Galpall ahan @iey uasn zlS awill @lc 8)ad
Kp JAA
=1.7x107¢
=3x10"*

Kb(cszNHz) -
> Koy,

Kb (n,H,)

Kb(CZHSNHz) H,)

@itagjam i) @lecl al C2HsNH3Cl Jglaall 13]

Jolll guuljall Jnall -2007 Jus @@ vossgill clena< — gus gl gujg<
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(w0 Jil o] HCOONa #lall (14 0.01 mol dsbal aic HCOOH Jglaal @itagyaimll @&yl (_nu\cl -J
log 4 = 0.6 ¢l Lalc Jglall

HCOOH@q + Ha0q) = HCO0 g +H;0"qg)
HCOONag) ——2— HCO0™ (4q) + Na* ag)

Joaall cilagles s ulill Culi cuuas
[HCOO"]=2x10"3M [HCOOH] =3 x 1072 M
2xX1073 x2x1073
a = 3 % 10-2
[HCOO™] = [HCOONa] = 0.01 = 1 x 1072 M

[H30%] dass zpaiwil oulill Culi dassg elyiiiall 9gadl j1Syig GAanll 1Sy (gl

=133 x107*

_ [HCOO0][H0*] K, x [HCOOH]
a = T [HCOOH] ®  “THcoo] . Hs07]
foor 133X 107 x3x 1072

[H;07] = 1x 102 > @

pH = —log[H;0%] = —log(4 X 10™*) =4 —log4 =4 — 0.6 = 3.4
JLiSgSil Jglan il dugiih 2016 3)ligll JIguy dmyi aiyS6 13 JIguw :aygii

cawo’d JSyill Laml KNO2 zlall Jglaag HNO2 aaadl ge 0gsiy Jglaal pH cuwaf:14 dlé_u.dl@
log4.5=0.65 K,=4.5x10"*

HNOz(aq) + Hzo(l) = NOZ_(aq) + H3O+(aq)
H>O0(p _
KNOZ(S) — NO, @aq) + K"'(aq)

[KNO,] = [NO, "] = [HNO,] = x
[NO, ][H50%] = K, X x
[HNO,] X

[H;0%] = 4.5 x 1074 M
pH = —log4.5x 10™* = 4 —log4.5 = 4 — 0.65 = 3.35

K, =

= [H30+]

&6 il Jaml) (ALl @61 laji (JaT) &l Cllall o pH dagsl Ciany L gégil :15 dlcju.dl@
(aaall
H2C03 jaaall Jglaa (o 500 mL @l NaHCO3 zlall Ciljgly ¢ &luls dgaS dala] i
pH alaji:gacls zla
N2H4 8acléll Jglas o 500 mL @l N2HsNOs zlall cilygly (e dlils dras dsbal -a
pH J&1:ohan zla
HCl 8aclsll Jglas (o 500 mL @] LiCl zLlall Cilygly ¢ro dlils dpas dslal -z
aiyli @i pH :Jaleis zlo

Jolll guuljall Jnall -2007 Jus @@ vossgill clena< — gus gl gujg<
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Cilagleall gaoig 1M lmia JS juSyi Jellaall go sac @le @ifl Jgaall gging :16 dlcj_mJI@

Jolaally 5la% e glaa } glaal) aliwdl e cual @i Cilagleall guyal dmy déloiall

[H,0] =8 x 10° M HC Gaeall ; ; =°-.$':—i2“:

K= 29 x 100 ———— SHZ Jaanll ol HX jaanll caonl Lamydl -

K,=1x10° B sacldll gmg Juodl 4 aSyidiag dyacls lamailal Of Lag

pH =9 KX gl HSH gaclsll zlall uSyill guss lmlg aguuligyl

[OHF] =1 % 10° M Kz Adl| g ansn @llillg (gitag)am ed) @lel al dnga’
oAl

[OH"]=1x10"M  pOH=3 pHyy =11
pHkx) =9
KZ > KX
UAanS aenll gn HZ
zlall g iyt pH @lel al caeandl gaaall ¢un pH dass duali ga gapull Zliiiwdl lnl~g gl
HZ gm caeadll jaaall 13 KZ gmg pH @lcl al @Al

1§ C 0gudlg HD yaanll Jglaa Jeloil dlales ciish -o
C-4+HD <= HC+ D"

Jolaall @a gusalyiall geagill aaal
C*/HC HD/D-

Jeloill @a Ol lmanyy @il dnall gégl
el @l ¢g83l (o yuy Jeloill OX g8l (Aanll 3and
Kagpy = 49 x 1071

8x103x8x1073
a(HC) — 1
K

K =6.4x 1075

amc) ~ Kagup)

2594 hendll Cileloiall (ugSi @l &ilgill ¢ juy Jeloillg HD ¢ ghans sgil HC of @l
clcloiall ama plj ol

C @l D :caendl d8aljall saclsll ziiiwl -z
@ C~ asaljall aiacls @llillg gaans 6gdl HC w5983l yaanll 0gSi caendl d6aljall saclsll
ol

0j4Syi @Al BHCI zlallg 1 M LmjuSyi @ill B 8aclsll ¢u 0950 Jolaa @é [H30%] jusyi cumal -a
0.5M

Bagy + Hz0q) = BHY g +OH (4q)

H20(

BHCl) — BH+(aq) + ClI” (aq)

Jolll guuljall Jnall -2007 Jus @@ vossgill clena< — gus gl gujg<
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[BH*] = [BHCI] = 0.5 M

Kp=1x10"°
g o BHHIOHT] o 1XA0T X 05— 2% 10-6 M
b — [B] [ ] - 5x 1071 e B

Ky = [H;0*][0OH"] = 1 x 10~ 14
Ky _ 1x107%

+1 — — —05%x108=5x10"?
[H,0%] R = ZX10°F 0.5x 1078 = 5 x 10™°M

Jlgullg BHNO3 @l zlall j1iei g4 2016 8)ljg j)Sa (3) gollg dugiin 2003 8)ljg JIgw :16 JIguw :augiii
drwill cuual @i (Jglaall @16 pgrigyaimll ¢_|L|g_|i)_|5)_| (0 dlhea datd JVUA (o Kb cunal (guSelly
dites pH daid ric zlallg 8acléll gu

pH cilwn @l 98 Jhan dslaly :dugii 2017 )ljg ))Sag
:oily Lo 916 886 JSI dagall diladl jlial:17 d@m@
Lo @Lel lmwo’ cagyiall aic slall @6 &yiBl Jullaall aal uli ge daitill ailigsdl jusyi oSy -1

:0Say
NH; 0)
NaOH (w)
HCOOH (z)
HCIO ()

J:daanll dylall

zm HA 4+ H,0 = H30% + A™ dlaleall g8 daganll jliell -2
LIS HA aanll oy ()

ULTEV RGP RTYEW, (W= VEN Ry ()

dren HA jaenll  (z)

dlsleall 6 asslyia zlgl aagyd  (3)

Z dagaanll ailall

‘om @il Lo @6 cendl dsalall Baclsll -3

NO;~ 0)
OCI™ (w)
F"'o ()
CN™ (a)

1 :aaianll alall

Jolll guuljall Jnall -2007 Jus @@ vossgill clena< — gus gl gujg<
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i9m aSglu JLwéT Gu gugtim)l agméa 0Saly @l 63l Jelaall -4

HCI 0)
NaCN (W)
HCOOH )
NaOH (a)

Jdaaanll il

Lyrigoal oy X ari¥l ciligidl aal -5

H,PO,~ 0)

HS™ ()
HCO;3 (z)
HCOO™ (a)

A :daganll dilal

;o OH™ apwSqpamll gl @itig slall @6 (ulii @il 3alall -6
gugtiiml pan ()
ouiglBacls (<)
gugtiimfisacls  (z)
)gl-aiuigy 8acls (2)

Z rdaaanll daylall

‘om yAl 8ala 0a balyll e CiligyiSI¥l (a zgj Jusiwl gihiu @ill salall -7

F= )
Cu®™ ()
BF,™ (z)

COs°" ()

o daganll dilal

+gm [OH™] 0lé da Jglas @ [H;0%] = 2 x 1072 M g5 13| -8
1x107%2M (0
1x107"°M  (u)
2x10712 M ()
5x 10713 M (3)

A :daraall dilal

Jolll guuljall Jnall -2007 Jys E4D waysgill elioy< - gys gl guig<




xc|qaliquaqaall
( eqlopl oo p -3l w all][]Toml [ RITiTY]

HBr jaan Jglag -9
OH™ Ci¥ga 3ac ayé ¢gluwi H30F Ci¥ga aac 0)
OH™ Ci¥ga dac (o ard Jal Hz0" Ci¥ge aac (w)
aildall HBr ¢i¥ga aac atd gglwi H30F i¥ga aac (z)
OH™ idga aac atd ¢glw’i Br™ didge aac (a)

z rdataall il

:qm cawéi 11S)ill Il @ill &ri¥l Jullaall @8 pH @lel al gall Jglaall -10

NH,Cl 0)
HBr (L)
NaCl (z)
NHj; (a)

A :daraall dilal

:qm «awé’ 1uSyill lml @uill &ri¥l Julaall b pH Jal al ¢all Jglaall -11

KNO, 0)
NaOH (w)
HNO, ()
HNO; (a)

A :dataall dilal

:gm JS)ill o6 duglwiall &ri¥l Jullaall ga H30% jusyi Jal al @all Jglaall -12

HCI 0)
N,HsBr (w)
KNO, ()
NH,CI (a)

z :daanll ailadl

Joill ralall Jndll 2007 Jus  (148)  vrossgill slynaS - sl guje<
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JuSyill @6 dyglwiall (LIOH, NyHsCL KNO, , NaCl ) évifl ciliSpall diilall Jullaall cuiyi -13

:gm pH @itagjamll lmad) cuun
KNO, > N,H:Cl > NaCl > LiOH 0
LiOH > KNO, > N,HsCl > NaCl ()
N,HsCl > NaCl > KNO, > LiOH ()
LiOH > KNO, > NaCl > N,HsCl  (y)

A :daranll daladl

;0 0gSall Jalaall o NoHy* elyiiiiall ggudl giiy -14
N,H,/HNO; 0)
N, H;Br/HBr (w)
N,H,/H,0 (z)
N;HsNO3/N,H, (a)

A daganll dilal

lisll sging Zui ab1agig alll xany @i

apalall cilyaillg dyliglh cilaladl ga ailiuf Jag
@le Jonail élla g)ls @i 3gf el cya gilall dwlall @6 Inia goiiil ¢lls JSq

< il
. £ < 9
..I oo .zl (TIL.I.S L.JA “S . ..” .o |_C |_.| .o |.-
dbuiiiill ol 1< ai dliml
Sl 25 7 (OiL] W ‘A_clg_éJ dum a_uu )gl;AJl(chA;JIQH :Jg3l dlé_LuJI@
- :a_.l‘_.izl ..I£ zl()_c .‘.‘IAjI_mJ_UJAI ‘j_.l.j)ﬂl ...I... ..." .
0.1M| 1x10-°M A Ky Il ol 15 o sclgall i
0.01M 1 x 10-*M B _ 1x107°x1x107° _ 9
Koga) = T 1o =1x10
IM| 1x10°M C _1x107x1x107° »
Ko = T 103 =1x10
_1x107°x1x107° 10
Kby = T =1x10
B>A>C

A saclsll Jglaal @itagyamll @iyl cuual-c
[OH']=1x105M pOH=5 pH=9

BHCl ol AHCl @itagjam @) Jil al gall zlall aanl -z
[OH"],=1%x10">M pOH=5 pH=9

Jolll guuljall Jnall -2007 Jus @@ vossgill clena< — gus gl gujg<
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[OH ]z =1x10"3M pOH=3 pH=11
@itagiamll wiyll o Jal AHCl anlas J63I gm A 8aclsll Of Loy
(e dliall gm (§a3lg @gils dugluio yue Lim lmisl aclgall Jullaal dyghuia WSlill CulS Jla @6 asial lamg
pH Jslg dwaan yish @ilillig lmgai yiST @uaranll lmale gSy 8aclss caendl dacls JSI gulill culi Jua
Aic 0.2 M Lamia JS JuSyi « CHCI zlallg C 8aclsll (o 0950 Jglaal @itagiamll @yl cuual -3
Jalaall ga 0.5 L @l HCl gaaall ¢ 0.01 mol &sla)

K, =1x 10710
0.01
[HCI] = [H3O+] = W = 0.02

[CH*] = 0.2 + 0.02 = 0.22 M
[C] = 0.2 —0.02 =0.18 M
[OH~][CH*] [OH"] x 0.22
Ky=—8o"— 1x1070 =1~
b [C] = 0 0.18
[0H"] = 8.2 x 10~ 1'M
H,0%] = 1x107" 100 x 1076 o,
3717 82x10711 T 82x10-12
pH = —log 1.2 x 10™* = 4 —logl.2 = 4 — 0.08 = 3.92

Cilolal ga @liasi 2021 8)ljg JI§w 856 gm Jl§ull 13m :ayqii
0.4 0j1Syi CH3NH;Cl zlallg 0.2 M LmjsSyi CH3NH, 8acléll (o 0gSiy alaio Jglaa :ulill dléJ.uJI@

:QT Lale M
(aanll @6 juoill Jaml) log4.5 = 0.65 Mr = 128g/mol K, = 4.4 x 107*
Jolaall pH days -

OH~]|CH.NH.* OH™] x 0.4
b=[ J|CH;NH, '} = 4.4><10—4=—[ |
[CH3;NH,] 0.2
[OH7] = 2.2 x 107*M
1x107% 1000 x 10~17

H.0t] = = =45x10"11
[H307] 22X 10~%* " 220 x 106 >x 10

pH = —log 4.5 x 107! = 11 — log4.5 = 11 — 0.65 = 10.35

pH = 10 zuail Jglaall (o 800 mL @l Lmiala] @jalll HI jaaall &lis -w
Kp=44x10"* pH=10 pOH=4 [OH ]=1x10"*M
[HI] = [H307] =x
[CH;NH;*] = 0.4 +x
[CH;NH,] = 0.2 — x
[OH™][CH5NH; "] L, 1x107* x (0.4 +x)
Kp = CH.NH,] = 44x107* = 02 =%
44(02-x)=04+x
0.88—-44x=04+x
x = [HCI] = 0.09 M
n=MxV=0.09x 0.8 =0.072 mol
m=nXMr=0.072Xx128=9.2¢g

Jadll Guulyall Jndll 2007 Jus 150 ) wropsgill clnyS — o<l gujg<
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lale 0.2 M 01557 KNO, zlallg 0.3 M 0}uSyi HNO, jaaall (o gSiy @laia Jglas :Cullill d@ml@
(aanll @6 joill Jaml) K, = 4.5% 107 ol

Jglaall pH dats -1
[NO;"][H50%] [H;0%] x 0.2
= 45x10 4 =2 "~
[H;0%] = 6.75 x 107*
pH = —log 6.75 x 10™* = 4 — log6.75 = 4 — 0.83 = 3.17

ais yil @l HCl gaaall ¢ 0.1 mol cawal 13] @ulwll Jglaall pH dats -2
[HCI] = 0.1 M
[NO,7]=02-01=01M [HNO,] =03+0.1=04M
[NO,™][H;07] _, [H30"] x 0.1
2=~ [HN0,] = 45X107t = —
[H;0] = 1.8 x 1073
pH = —log1.8x 1073 =3 —log1.8 =3 —0.26 = 2.74

4 sglwi pH zunil Jglaall o 1 L @l Imisla] @jall NaOH Cidga sac -3
pH=4 [H;0*]=1x10"*M
[NaOH] = [OH"] =
[NO,"] = 0.2 + x
[HNO,] = 0.3 — x

[NO, ][H;0%] N W, 1Xx107* x (0.2 +x)
[HNO,] (0.3 -x)
45(03—x)=0.2+x
1.35—45x=0.2+x
= [NaOH] = 0.21 M
n=MXxV=0.21x%x1=0.21 mol

OL86 «awo’ juSyilly NaHCO3 zlallg H,CO3 jaandl ga phaia Jglaa jranti gy el dlé_LuJI@
i3l alfwdl gc cual [H;01] = 4.3 x 1077

£

H,CO5 jaanll K, culill culi datd cunal -
[HCO3_] = [H2C03]
_ [HCO;7][H30%]
7 [H,CO4]

K, =

=43x1077

elyitiall 9gudll dépn Ciisi -
HCO;~

N - +
H,CO3 ) + HZO(I) =[HCO, (aq)+H3O o
H20()

[HCO
el gagy druliall dagsll g 7.45 gl Jglaall pH das8 093l HzCC3)3}

(log 3.55= 0.55 ¢/f Lalc) auwall o aiélag
pH = 7.45 [H;0%] = 107PH = 10(-745+8)-8 — 10055 x 10~8 = 3.55 x 1078 M

druill LLUJAl o

Jolll guuljall Jnall -2007 Jus QsD vossgill clena< — gus gl gujg<
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HCO,][H50* HCO57]3.55 x 1078
¢ HCOTIH01 o, [HCO, ]
[H,CO3] [H,COs]
[HCO;™] 43 x 1077

[H,CO5]  3.55x 108

12

dlauy dalaei ea 2001 8)lig JIgw gm 4 JIgw :aigii
1316 1L Jglaall qan zual @in slall (o &taS @d KOH 8aclsll (o 1.12 g udl :gualall dlé_Lqu@
lale HCI Jglaa juSyi crwal HCI gaaall Jglaa (e 20 mL ga Jaleill Jglaall lam o 14 mL

Mr = 56g/mol KOH saclsll dlgall alisil ¢f

Nacid = Npase
Ma X Va = Mb X Vb
Muct X Vel = Mkon X Vkon
1.12 0.02

NkgoHy = ¥ = 0.02 mol MKOH = T =0.02M

MHC] X 20 == 002 X 14

0.02 x 14
My = ——g =0.014 M

agsrtenll jagaall (s dael Ka UJLJ| Culi @ed g GAll jglaall Jgaall @lc [alaicl :gualudl dlé_LuJI@

K 1 T :a il dJ_LUJ;m Oc cual 0.25M awos J_LS):LJLI
SPH dass Jal al yaganll oam Jullas (o 6l -1
3.2 x 107 HA c c < )
pH Js3l gm Ka dass @lel cinlia gqadl jaaall
-3
4.0 x 10710 HC saea ol aic sacléllg gaanll ga gudalyiall gragill aaaf -2
6.3 x 10°5 HD clall @& HD

HD + H,0 = D™ + H;07
HD/D~ H,0/H;0*
SpH dats J&l al jaganll oaml agruligull zalal Jullaa ca ¢l -3
KB &L 0gSyw @llillig HB gmg pH J83I gm aran 0gSy pH J53I zlall

}ui8l Jeloill @s olidl lmany @ill dmall gégil -4
HA+ D~ =HD + A~

G495 @l Zilgill o ypuy Jeloills HA (4 gél gm @lillig Ka dats @b @lel gm HD o Lag
Jhudl dma @] @l caendl

HC jaanll Jglaal pH dats cuual -5
[H;07] = [C7] =x
[HC]=0.25M K, =4x10710

Jodll puuljall Jndll 2007 Jus Gsz wwosgill eliny — grsm<gl gujg<
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[H;07][C7] x?
Ky=——— = 4x10710 =——
@< g © 4x10 25 x 102

x? =100 x 10712
x=10%x10"°=1x10">M
pH=—log1x107° =5

GLLas’i 2001 8)ljg JIgu :gusbudl JIguull :aygii

BHCI zLallg 0.3 M lmjuSyi @ill B doreall saclsll (o alaia Jolao jaant gpa gilull dl@ul@
awo’ jusyilly
(aanll peti Jaml) log2 = 0.3 log5 = 0.7 Ky, =2x10"* ¢l lalc

Zilill akaiall Jglaall pH éags coual -1

[OH-][BH*] [OH] x 0.3
Kh=—"——"—" - 2 X 1 —4 =
b [B] = 0 03
[OH™] = 2 x 10~*M
1x 1014
+1 — _ -10 _ ~11
[H50*] = 5= = 05 x 10 5 x 10

pH = —log 5 x 10711 = 11 —log5 = 11 — 0.7 = 10.3

(Gl @laiall Jglaall (a il @l HCl jaaall ¢e 0.1 mol dala] aic pH dats cuual -2
[HCI] = [H30*] = 0.1 M
[BH*] = 0.3+0.1=04M
[B]=03-01=02M
[OH™][BH*] _, [0H7]x0.4
—[B] = 2Xx10 =02
[OH™] =1 x 10™*M
pOH = —logl x 107* =4
pH=14—4 =10

Kb=

@LLasi 2001 8)ljg JI§u @bl JI§uull :aygii

oo 65 Ol el 503 Sy cdilgllly Guails of dlal) $5ed BsS Syl lgiog

Llg;
@ @D

4 dulil 0ar-oJl )| dugd dod S

Sz gjle o pezylle -
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©qlojul agjo o -3lc] al1]1]T i) | HIT T

dnil o<l clioa <l sdgilill Gasgll

aqiig :Jjiadlg awsTill cilelat ole @ilhs @Gulai :730a sjgall Jalil 1%
agLigadl CiliglS Ggo o 0g5a dxilaall Luli dllSg aljgh cilin
2iits agrialdl awSgi Cilglsll Ggs « Alagrialdl Ggaurag NH,CIO,
jLeg H20 slall jlasg AlCl; wg4ial3l 31jglSg Al,05 pguialdl st
334116 2760°C Lmjlasa Jeloill lngll Jng 8)lpa daga ga Ny (uagyiyill
Gl dnia (a Fg)lall @driig dcpuy diljlell

oung dclinll @b dameg depall @ doill Jjiadlg swsil lclai 9
aslh L] lmyalagg (JIHEAl Ellims AwShi ellim LS 13]) dajilia
S \miwl gf dyilyyms

HCI cLjgl<qgjasall pons ao Slpall ooy Jeldi :ddloilull dpsill

Aln Mg pgrutios ki (1M) HCL elyglSgyaumll jhan Jglaa
Cu gulai ¢l qagriall cilian Zn gua)la
HCl elyjglSgyammll ghan ga culelai @il ciljlall i@
gulaill Jelaiy alg Zn Gpajlall Al agrialfl Mg agiuicall
wAaanll ga lmlelod @é lmbhbits cuun Ciljlall )l

Zn < Al < Mg
waaall g Cilelst @ill ciljloll digjga duiliats Ci¥alea LLL5|®

Jeloill dlalea Jeloiall jlall
Mg(s) + 2HCl(aq) = MgCl () + Hz ) Mg
2Al(5) + 6HCl(aq) — 2A1Cl5, .\ + 3Hy Al
Zn() + 2HCl(aq) = ZnClz(aq) + Hz(g) 7Zn

S Jeloill gqi Lo s lull Cnleloill @é e JS dinid @le fa @all poill aaal

jlall dinidl @le Tha Al il Jeloiall jlall
+2 &l 0 o dinaitll iy Mg
+3 @l 0 (o dindill Ciype Al
+2 @l 0 (o dinaitll Cipue Zn

Jljialg awshi acgi Ladl (galal Jua)) Jlatiul :Jeloill ggi

Jadll Guulyall Jndll 2007 Jus 154 ) waopsgill cliny< - o<l gujg<
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"guganlil] g Gl j<Aii lgilai" :aani

Imbyinig olioll gagai dupulil clilglos galg dralll g &
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Ouagyiill Al JIiial ¢ian / NO @6 +2 @l HNO3 @6 +5 (o N awsli sac Jay
gull Ciligs¥ awsTi ¢ian /1, @6 0 @ll HI @6 —1 (o T awsli sac alajy
Ouliy Baclig gaan gl woambwi gl @igdl ciSyall OIS Of ciSpall @6 Ciligadl o Al et guaiu :dlhaile
clall @
2K 4 2H,0 — 2KOH + H, (2)
Ouagiaall Cljal Jial dian / Hy 66 0 @l H,0 @d +1 ¢ H awsli aac Jay
aguuligul cilyal auwshi Gian / KOH g6 +1 @l K 918 0 ¢uo K awsli axe alajy

@i wlall jlaug Ny jLe (ugSil NoHy 2o NyO, Jeloi Jiad @ill digjgall dlaleall guyal :(5) dlé.u.dl@
N,0, + 2N,H, = 3N, + 4H,0 :ayidl aliwdl gc cual
Jeloill @a gragyivill ciha awshi slacl @6 poill aaal -
Ouagyivill cilya Culjial / Ny 66 0 @l NyOy @6 +4 0o N awshi aac Js
Ouagyivill cilya cawsli / Ny @6 0 @ll NoHy @6 —2 0a N awshi sac aj
Sily Jljialg awshi Jelat dlaleall Jiad Jm -0
CiSpall Juo' X gu6lite uSpe @ N @ial daa Jijiadlg awslill o3 &
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Jeloill @b Jjirall Jalollg smSéall Jalell 3aaf -z

Jiine Jules ellwi of gSag @ill 8alallg awS§a JaleS ellwi of oSag @ill 8alall aaal :(6) d@m@

H* , Br~ , Nat , F, , H , Cu
Jiisa Jalc awS4a Jalc
Br— , H- , Cu Ht , Nat , F,

(i3l Jeloill @b Jiiaall Jalellg awsdall Jalell aaa «(7) d@ml@
6Fe?* + Cr,0,%” + 14H* - 6Fe3* 4 2Cr3* 4 7H,0

Cr cilja Culjial/ Cr3t @ +3 @l Cry0,°" @6 +6 (w Cr awsli sac Js
Fe ciligyl ciawsli / Fet @ +3 @l Fe?* @0 +2 o Fe awski aac alj
Fe?* :Jjirall Jalell  Cry0,%” :xuSall Jalell

ale Jiad8alall CuilS 13] Lo aaalg (Jeloill cant &8 yylay ayill leloill wlail ojlgl :(8) d@m@
XjiAq ol AuSga
HSO;~ — S0,%~ waaall hugll 6o (1)

U9jga Cupsll

1 gpaplalle Gpawssl G
H,0 4 HSO;~ — SO,%~

3 Gudphalle gragaimll (Gyo
H,0 4+ HSO3;~ — SO, + 3H"

&ilgill @l 2e™ gani 3] (2) gepall gu Cilindill (G)o
H,0 + HSO;~ — SO,%™ + 3H" + 2e~

Jjize Jale HSO;™
Cr0,%~ = Cr(OH); wsaclsll lhugll @é  (2)

U9jga pgusll

1 gaplalle Guaws3l @y
Cr0,*” - Cr(OH); + H,0

5 gLdjhalle grag)vmll (G)o
5H* + Cr0,°~ - Cr(OH), + H,0

cnlclaiall @l 3e™ gaani 3] (3) Grapall gu Ciliadill (Go
3e” + 5H* + Cr0,°~ - Cr(OH), + H,0

clall yaiAig Greyiall MSI 50H™ gaai
3e” + 5H* + 50H™ + Cr0,°~ - Cr(OH), + H,0 + 50H"

3e” + 4H,0 + Cr0,°~ - Cr(OH), + 50H"

AwS§a Jale Cro,%”
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awS§all Jalell axalg Jeloill cani dé g arill JIjiaXlg awskill ci¥ales Ojlgl :(9) dl:j_mjl@

- lmia JS G Jjidall Jalellg
Cr,0; + NO;~ — Cr0,*” + NO,~ (1)

Cr,05 = Cr0,%~
NO;~ - NO,~

aragiaimllg guawsSi lac ciljall Gjlgs
Cr,03 = 2Cr0,2~
NO,~ - NO,~

5 gusplalle @il @6 Guawsil Gy
5H,0 + Cr,05 — 2Cr0,%~
1 ogdplalle dplill @6 Graums3l @
NO3_ d NOZ_ + Hzo

10 gyaphalle @lgdl @6 Gragiamll (@s
5H,0 + Cr,05; - 2Cr0,% 4+ 10H*

2 oyalle aulill o Grag)amll (Gpo
2H* + NO;,~ > NO,” + H,0

&ilgill @] 66~ gani 3] (6) syl Gur gl @a Ciliniill Gy
5H,0 + Cr,03 = 2Cr0,%~ 4+ 10H* + 6e~
cilcloiall @l 2e” gaai 3](2) gudpall oo duilill go cilindill Gy
2e” + 2H* + NO,~ - NO,” + H,0

oo LS @61 &g3lg 311 anilill (apAt dagluia e CiligyisIXl
5H,0 + Cr,05 = 2Cr0,%” + 10H* + 6e™
66~ + 6H* + 3NO5~ - 3NO,™ + 3H,0

o)laiAl OSal la pnidig dligyiSRAl biaig guilaleall gand

2H,0 + Cr,05 + 3NO;~ - 2Cr0,*~ + 3NO,” + 4H*

wacls laug @ Jeloill o3 gragall @l apuSgpamil Ggil capas
40H~ + 2H,0 + Cr,05 + 3NO;~ - 2Cr0,%~ + 3NO,” + 4H* + 40H"

gacléll lhugll 6 adsllh dlaleally zjAil slall paiAl
40H™ + Cr,03 + 3NO; - 2Cr0,°~ + 3NO,~ + 2H,0

Cr,05 :JjiAall Jaloll NO;~ :awSéall Jalell

OH™ ”e
Zn + HgO — Zn0,” + Hg (2)

Zn — Zn0,%~
HgO — Hg

digjga (ragiaimllg GrawS3l lac ciljall gjlgs

2 gpaghallc @lgdl @6 oS3l G
2H,0 + Zn - Zn0,2~
1 guaphalle agilill @é guaws3l @G
HgO —» Hg + H,0

4 gugpalle @lgdl @16 gragiamll o
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2H,0 + Zn - Zn0,%™ + 4H*
2 puophalle adlill @ giagyamll (Gpo
2H* + HgO — Hg + H,0
&ilgill @l 26~ gani 13] (2) gusphall Gu gl @a Cilinuill Gy
2H,0 + Zn — Zn0,%~ + 4H* + 2e”
cnleloiall @l 26 gaai 13] (2) gudpall gus &ilill g Cilindll Gyo
2e” + 2H* + HgO - Hg + H,0

dglwia Gilig)isIX|
oJlniAl gSal L yniAig diligyiSAl diig grilaleall gaq
H,0 + Zn + HgO — Zn0,%” + Hg + 2H*
wacls laug o Jeloill o8 gragall @l apuSgyamll Ggil capas
20H™ + H,0 + Zn + HgO - Zn0,%~ + Hg + 2H* 4 20H"
gaclsll lnugll 6 adsll daleally zjAil slall paiAl
20H~ 4 Zn 4+ HgO - Zn0,*~ + Hg + H,0
Zn :Jjirall Jaolell HgO :awSéall Jalell
2007 cliaiSll zlmia 618 32)gg dugiil 2014 3)ljg JIGw

H+
BiO;~ + Mn?* — Bi3* + MnO, "~ (3)
BiO;~ - Bi3*
Mn?* - MnO, "~

digiga (gl oraws3 lac ciljall ojlgs
3 graghallc @lgdl @6 oS3l G

BiO;~ - Bi3* + 3H,0
4 gusplalle &l o oraws3l G
4H,0 + Mn?* > MnO,~

6 sajlalle @lgdl @ Orag)amll G
6H* + BiO;~ - Bi3* + 3H,0

8 graphalle aulill go guragyamll (Gpo
4H,0 + Mn?* - MnO,~ + 8H™*

cnleloiall @l 26 gaad 13] (2) Grapall g @lgdl @ Ciliaddl (G
2e” + 6H* + BiO;~ - Bi* + 3H,0

&ilgill @l Se™ gani13] (5) graphall g apilill @ cilindill Gyo
4H,0 + Mn?* - MnO,” + 8H* + 5e”

e aac guSey dliles JS wpais (10 jendl clyidiall cacliall dglnia je CligpiIyl
10e™ + 30H™ + 5Bi03;~ — 5Bi3* + 15H,0
8H,0 + 2Mn?* - 2Mn0,~ + 16H* + 10e™

oJlniAl gSal L yniAig diligyiSIl cainig OLilaleall gaq

14H* 4+ 5Bi0;~ + 2Mn?* - 5Bi®* + 2Mn0,~ + 7H,0
Mn?* :JjiAall Jalell BiO3 :awS§all Jalell
2007 clparsll zlmisa 19 3)gg droun 2014 8)ljg JIgw
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_ OH™
Pb(OH),*” + Cl0~ — PbO, + CI~ (4)
Clo~ - ClI™
Pb(OH),*~ - PbO,
digjga (ragiamllg oraws3l lac ciljall gjlgs
1 guphalle @lgdl @a grawssl G

Cl0~ - Cl~ 4+ H,0
2 gaplalle ailil o gramsH @
Pb(OH),*~ - PbO, + 2H,0
2 aphalle @lgdl @6 Grag)amll @
2H* + Cl0~ > CI™ + H,0
0 guayalle auilill g6 gLagyamll (Gpo
Pb(OH),*” - PbO, + 2H,0
cnleloiall @l 267 gand 131 (2) gusphall gu @lgdl @o cilinddl o
2e” 4+ 2H* 4+ Cl0~ > CI~ + H,0
&ilgill @l 2e™ gani 13] (2) guaphall O &Ll @6 Gliadill Gyo
Pb(OH),*” - Pb0, + 2H,0 + 2e~
2e” 4+ 2H* + Cl0~ - CI~ + H,0
Pb(OH),*~ - Pb0, + 2H,0 + 2e~
ojlniAl Sy Lo paidig Ciliguisi¥l dinig uilsleall gani
Pb(OH),%” + 2H* + CI0~ - PbO, + CI~ + 3H,0
wacls laug @ Jelaill o3 gragall @] auSgpamil Ggil capas
20H~ 4 Pb(OH),*” + 2H* + ClIO~ = PbO, + Cl~ + 3H,0 + 20H"
gacléll lhugll 6 adsllh dlaleally zjAil slall paiAl
Pb(OH),*” + Cl0~ = PbO, 4 Cl~ + H,0 + 20H"

Pb(OH),*™ :Jjizall Jalell ClI0™  :awSéall Jalell

-
ICl = 105~ + 1, + CI- (5)
IC>1, +Cl
ICl > 105~ + CI-
2001 > I, + 2CI
ICl > 105~ + CI-

0 graghllc @lgll @d oS G
21Cl = 1, + 2CI~
3 ossjlalle &L @8 Oraws3 @)s
3H,0 +IC1 > 105~ + CI~
0 graghalle @lgdl @6 Gragyamll @

21Cl > I, + 2C1~

6 Oropalle dulill g6 guagyamll (Gpo
3H,0 +ICl - 105~ + Cl~ + 6H*

cnleloiall @l 267 gani 131 (2) gusphall o @lgdl @o cilindl (o
2e” +2ICl > I, + 2C1-
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Zilgill @] 46~ gani 13] (4) guspall gy agilill @6 Cilindl Gy
3H,0 +I1C1 > 105~ + CI” + 6H* + 4e~

o LS aulill @brig 2 @lgdl cpal dagluio e Ciligyisil
4e™ + 41Cl > 21, + 4Cl™
3H,0 + ICl - 105~ 4 CI~ + 6H* + 4e~

oJlniAl gSal L pniAig diligyiSIAl diig guilaleall gaq

3H,0 + 5IC1 - 103~ + 5C1~ + 21, + 6H™

IC] :JjiAall Jolell ICl :awSgall Jaloll

2016 slrassll zlmia G160 399 drdun 2002 8)lig JIguw

H+
Sb,S; + NO;~ — Sb,05 + S + NO

szS3 d Sb203 +S
NO,~ — NO

atagiamllg grams3l Iae clall ojlgs
szS3 d Sb203 + 3S
NO;~ — NO

3 dphalle @lgll @6 Guaws3l G)é
3H20 + szS3 d Sb203 + 3S
2 guoylalle agilill @o ouaws3l (@Go
NO;~ - NO + 2H,0

6 geaphlle @lgdl o guagiaimll (G
3H,0 + Sb,S; — Sb,05 + 3S + 6H*

4 gyl aulill @6 gragamll (§)o
4H* + NO3~ > NO + 2H,0

Zilgill @l 6e~ gani |31 (6) gudpall G @Jgil G Alindill o
3H,0 + Sb,S; = Sb,05 + 3S + 6H* + 6e™
dlcloiall ] 3e™ gan |31 (3) (sphall Our anilill G Gliaddll (gyo
3e” +4H* + NO;~ - NO + 2H,0

oo LS @817 @lgilg 2 apilill cipat dughuia e Ciligyisil
3H,0 + Sb,S; - Sb,05 + 35S 4+ 6H* + 6e~
6e~ + 8H* + 2NO;~ - 2NO + 4H,0

o)lniAl OSal la pniAig dligyiSIAl diaig guilaleall gand

2H* + Sb,S; +2N0;~ — Sb,0; + 2NO + 3S + H,0

Sb,S; :Jjizall Jalel NO;~  :awSgall Jaleoll
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Galvanic Cells dyilalsJl Lils Il sonilill gujall

suilil gujall cilagyoi @

gl ailymsll délnall daiia JljiAlg awshi Cilels’ lmys ¢iani Cilgal gl 8jmal :drilarSgmsil LAl o
Im| dSImiuia

dvilymsil dsliall daiie dyiléli Jljialg xwshi cileled lmys ciang Cilgal gl sjmal :dpilalall LA e
(@ibymsil jLyill)

JUEAl Jelei cani gl awshi Jelad ani lmpé Giaag dglelall adAll ga gja ddall cani e

O Jing 203 AnS euita Jglas @le gging U oy JSiii @le @alaj wgail :dialall sjhisll e
ailmsll lmiling Jaled gl kholayg auAll ganl

ailymsSil dodlall 896l gmg (oilymS )Ly ZzLi] @le aall 8261 gulisa :g)lieall dlAll ams @
Cilgally gulsig dylieall cagyall @6 Lamiyy amall @16 iy &l @ulng gy 8algiall

LALAN Gillag] aplioall JIEAN sgma gulisl parimd @eays cilas g)lieall Gragamll cihg e
@gluy H ciligyl juSyig « 25 °C 8)lya da)ag « 1 atm jlell lhea :emg dyliaall caghall @io dyilalall
AM

dylieall cgiall o diganll JIEANI Jeloi dni Jual gulisa ig)lieall JIIAX Ama @

aflany duilyms ddla @l dalall gga Filgill OgSig Jeloill digan :Jeloill auilsli o

Jgatig lmailai ¢ asell 26614 tdlhyaall dfull @o slgallg sgall slgmll ga lmlelo’:ciljlall JSTi
LmiLigySq il gz Sg lmil sy Sgyapmg ciljlal ApwlsTs Liiliays Gl yisl 3y dga @l

m16 0gSy dpilaln aylA JySili Ings @iy ST o agaall dylen Glla 0o ddaimall dylanll o
jaull ol gl dubayll dnyill Ll xemall (Quala agruiiea) dladiill Ciljlall aalg lnimall ayaall
Gitlg)iSIil Jglaall Jiais

sdouipl 6p<all Y
@il Jljislg ausli Jeloi Gyl oc dyilalall 441All s dyilyms a8l @ &ilaySll asliall Jgais
lm| &igSall cillasl dgjlieall JIILAN Aagma @lc Zilll amall (Gpo raiolg «ligaall
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Slaclgil Log cdpilalstl Lilsl oo L :aponi

SayiliaySqms LAAIL sgnsall L@
m datia Jljialg awshi calelsd lngs diani cilgal gf sjmal
lm) &Slmina g drilymsil asliall
SayiliaySqmsi LA glgil Lo @

eleins LT el Jas e Calisng
el 1 L s IMA femautly olty
Alalad ! sl Jee Tare 4 @laiis apilolall LAl -1
8 S 1 B8l (e Tollall g @ilpm sl Julaill LA -2
Wb oo loe @l IV oy adl 29 Savilalall LMAIL agndall Ls
o Mit?;f:ﬂ S ailali Jijialg awshi calelst lms Giang Cilgal of sjmaf
(@ilymsil Lyl ayilymsil asliall daiia
avlel LAA @gle dlial jsal
@S il dLls (daqild) calyliag Gadiull &Ll i (ailg) clyliag dmclgily cilyliagl -1

(16X ells zyi aiyw) dlganall cupwlgallg dglall cailgmll @6 arAT'

t ;!E

Lithium-lon Battery Ni-Cd Battery  Zinc Carbon Battery Alkalme Battery

ifd
; i
§ §
s ke
Ni-MH Battery Coin Cell Battery  Lead-acid Battery Sealed Battery

Fuel Cell

Sqdgll LA -2

2g8g £9i Imis @illg dlcloiall dyiliassil slgall JAls dijAall dslall lmié Jgaii agégll LA :gajla )J)m@
@ilyms )i ziiig duflyms dblls @l (Al Joiliwall of gragiymll) Jio

mlac Tarag dgilalall aglall ciligSe aletiu @il JSiul o

o] 5
Zn & = ; e ‘ Cu
(anode) drxzs (=) —— - (+) (cathode) lags

draell ke ..q:)Ln;l A3 .St agall ke ol b f J )
Zng — 70" g + 2€° EEUNE Cu* o + 2¢” — Cug
2. 2:
Zng ; Cu™ gy — Zn"" (g + Cugy
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JSaiwl ligle 4isf Junla’ ga guli @ olidafl La doaliag dylalall ddAll Jualai @ Jeaall Jus &
il blitig (ealadl Juad) Jeloill 1am

Na Mg Al Zn Fe H Cu Ag Au  Jslgsiblall ol s o Lialer jei + éalll oo &
el L s daa laddti¥l paiell Jay dua galadl Juadl Jelod @gili
< dlwl @le Liaaiclg @iliSpe aal @ thabivs Js3i paiell
dan 44848 @45 04 2aTue dlubul @6 il Iam @iliaysl oLl
aleiing dyilolall &lAll @é JIjiaNlg awshill ylad JUA ¢ slalell logle
dnaldll yugyall o ¢lly

CuSO,(aq)

0w U)lég lmdye’t @ill @iluasSll bliill dlwlu @le Liaaicl g Lla
Jay @llillg Cu gulaill ga baddtil Zn gpaylall of aniw ulaillg gua)lall
ulaill Alips Jglaa @é Guayld darem gal dua (Jeloill 1am 16 alaa
@6 qulaill Jas Jaug biiisl ail ailigyisl] easay guaylall awslize
JHALS Ciligpisyl elli cuuisy gulaillg grayla Gligll J<i @le Jglaall
dagonll @lcg Jelaall o cuuying
Znggy = In** qq) + 2e7 awslill Jeloi cans
Cu?* (aq) + 267 = Cug) :JIiAd Jeloti cani
Ing) + Cu®*uq) = Zn?* gy + Cugy  Jljiadlg auwslill aysil alsleall

Je1iite (sleg o8 lamlnd’ gulaill aalg 13 oAl lmado @il AligyisiXl odm (o AL6Tnt @i @

wilLay Sl Jeloill [Am (1o driliyms )l ellay ginil CiligyiSIXl Lamiy)

Loloc iagog dgilals i Luls Il ag<yi

v&'

Zn(s) + Cu**(aq) — Zn?**(aq) + Cu(s)

Saylala il pisi S o Saulalall alal ligsa g Lo @

Js) jlall ciligl @le @ging Jglaa @6 duigass dpjls dagom @lc lamia JS ¢ging Oleleg -1
(apilely A @ni @aw cleg

dlingall Qg3 gf Zilanll elli gy dlinga diala ¢lalul -2

Otslegll @a Jullaall gur dlnga diala sjhis -3

Jugiall @6 apilelall adill ama @le wpeliim) dAll @ng g amall (G)o gulidl jitailgs jlma -4
(dwaalall

dgala dylnidg dlnga ¢l lamiyy A c@ni lamia JS Oleja sdgilalall aAall jlaiilg

lam cquaging dpalall eludly Jgnga zlunaS @ilymS jana Sy grlaiu
Al o Jljiadlg auwshill Jelati ga gilill @ilymSil il cuuy luaall
avilelall
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Slmiaylag Log Slmyd zlall Jglaa £gi lag Sagalall 8)aisily agmndall L. @
Jia 23adl an % guiie Jglan @le ging U wya JSibi @l @alaj gyl
ayilymsll lmiliad Jsled @le holag alAll @ani ou
Ciligs3l ga mlall ciligyl Jeloii Mg lewite 0gSy Of :8pnisll zla @6 oy
Al @le Jlia dms (el go gl dgilelall alall @oni @6 sagagall
KCl, NaCl ,KNO; ,Na,S0, ,NaNO; :8jaisll @6 gagi
@le kol @ dgilelall alall @ont @o adilymsl Alindll Jaled :dialall lhisll doilag
@by sl Ll glyw paings @ilym Sl ol

HOLIEN )-Um@
Ol jaiuns alAlall ay5lall Gl dynlall spaisllg dpaglall yflall Glei cillasdl (g dlalgll Elalwl
Hiatlgoll 66 ey ¢llim g (g EllA patug (la Lamaaf Liass glg «ilym sl jLuill
eyiaiall ol (5 @le s s gaig gl Ja o oladll JUA 6 361 guiiall alall Jglaa -
agilalall agdall @é @ilymsll lyidl saled slailly Tayg dgnlall
¢y cuuyill s Jeloill @le Jlio wlegh Jullaa Ciligyl ga dpaisll @o zlall ciligyl Jeloii X qjly -
ilegll o JEAN gl awsTill Juatd X a3 X spnisll ciligll Lagl (Jeloill dayit cuuly ogSiy
il aplalall aglall @é Jelaty 3 oyl Jy Jaleia zlo splaisll o Jolaall 0gSy of baydiy Juglg
(culliall QLS @6 al aguil J8gio J1ég Jang ama) 280 daiitidll QLS @6 (5) JIguw
Sas Ll agilelall alall @a JIjiadlg awslill Jelot diaay uus@
sl @le ga (Awsliy) ailigyisl] asal IMaeiwl yiSH gm ladiidl jloll
286 baddti¥l jloll 1ams (awSlill &ula canl) Jglaall @o ailigll Jiiig
pc dnglall slall @il o Cmailg casll @le Caens ailigyis]
awsliy of @Al lalivs Ja3 jloll gmg A3 cihsll @] Clarm @ Jitailgall
lmluwiS jgé Jglaall @b @il @iligyl J3iad cuya (JIiadl agle Gaay J
(AN agld @ni) Cligyisidl ell
R R aplalal aall Jac aul 71 @
) btz (G awslill dula wal o gualall cils awslin awsTill agla cans -1
Ing) - Zn2+(aq) + 2e”
Jaig dmjuSyi alajud alglas @ Zn?t cilighl @l ciasll @le ¢a Zn Cilya Joaii awslill ciyug
OuajlAll &1lA wnl @ Zn guajlall cidas &lis
Zn gua)lall cibas (e e CiligpisI¥l Jaiit adall @o Ciligyisi¥l @Sy -2
Cu gulaill i @l deaglall jlall @6 w3l jic
zLAl ‘uL|g)_|S_IZI Agen 1A’ (Anode rena) QunjlAll aihé (e Jgbid
2 AJg_I(_LLLIJ_ILIJLLIJa_I“_Q.mg_Ig()d_IJLLLICLIAJJJG_IJ_C
atle dligyishyl
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24 - _ a = .
vitailaall Alsa wdl & e ALimaill LS 13
sz*taqj + 2':_ ‘=._ Pbgs] —U..|.3 )‘LLA‘IJ g'QJ (JA (5\']; M.. ol o 9—1J (@iN] <
ronall Imidg jLaig ciagally 9gSiw deljélle
Aeng amall g J83l JIHEAA agma Jgany
hhima @lc3lg
dvlola dda JS @s @lsl Jeloill Lujl@
dilolall GulAll ja) E°cep jitailgall 3¢l)8 digjgall dulsll dlaloall
Zn|Zn?* || Cu?*|Cu 1.10 Zn + Cu?* - Zn?* 4+ Cu
Al|AI3* || Cu?*|Cu 2.00 2Al + 3Cu?t - 2A13* 4+ 3Cu
Pb|Pb?* || Cu?*|Cu 0.47 Pb + Cu?* - Pb?* + Cu
Al|AI3* || Pb?*|Pb 1.53 2Al + 3Pb?* — 2A13* + 3Pb

lmyd coMTAN jwalg lmwilis 6pa @Al dgilalall LMAN agma G o)LaT@
adall ama alj Giganll Jijiadlg awslill Jelot @ani o JS Jua lj Lals
gm JEAl ama J83I éylieall JIIEAN sgma Jgan @l paill JUA (o Qlasill AN agma aaX

dulols @i ama @lel @hey lamiy Gl ulaill gm Jliial ama @lcdlg aguialll
E°al-cu > E°A1-Pb > E°Zn—cu > E®pb-cu

dusall LAAN agma @18 le Blaicl Inlljial sgma Al Gog Cililall ciyiyi gsgﬁ@

dpilalall aulAll jo) JUEAN ama Uyl agali go cillagl ey
Zn|Zn?* || Cu?*|Cu Zn
Cu
Al|AI3* || Cu?*|Cu Al
Cu
Pb|Pb%* || Cu?*|Cu Pb
Cu
Al|AIP* || Pb%*|Pb Al
Pb

gbﬁdng&l,A;Jl@.éJa_!_m.AuuLA_iJlng—CuQA@J_cian—CuQA@LCTAI—CUEI_.I_JAA_OJ;QTLA__I

Al ama J53 gmo amgs agiialfl 0lé «al dpuill xona JS giga ()61 @22)a
Al <Zn <Pb < Cu
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Sjbopll dldsdl aos :(28) Joe ddjg

iladg Cr3* agySll Cilyii Jglaa @6 ugagall Cr agySll cihad (o digSa dgilela dulA (1) cuyai S
sl dyglieall cagihll o Orilegll MSg Cd?** agraalsll cilyit Jglaa @6 gugasall Cd pgraslsl

:of Cale 13] gilioall aall ama cunal @i &l dlsleallg Cileloill cla
E°cq = —0.40 V E°c, = —0.74 V

agilala dulA jay gm @3l el :(2) cyi B8
Pt|Fe?*,Fe3* || Br~|Br,|Pt

:of Crale 13] g)lieall dAll ama cuwal

]§:°Br2 =+1.07V EoFe3+|Fe2+ =+40.77V

agilala dulA jay gm @31 il :(3) cuyai S
Al|AR* || cd?*|cd

—0.40 V ggluy pgrealsll gjlreall JHiAN amag 1.26 V sgluns sjlieall Al ama Ol Calc 13]
agiialll g)lioall JHIAN ama cuuals

Japl sl @l gulaill )lreall awsTall Aama cunal B)glaall dilelall aAll @l pailly «(4) el L

0 = leall guagyamll awshi ama of lale (dylall @asianl

H,(g)
1 bar
—
IRE
i ,
H*(aq) Cu-*(ag)
L am D (1M)

Jolll guuljall Jnall -2007 Jus Qz@ vossgill clena< — gus gl gujg<




xclqallquaqgaall

cqlowil g poi) | CWURSILL0S)

Jljis g sl Gllelas dgas dyilaliy guiill

i Imlglng @6 Ciljla Jaa Jai Ciljle of jSATH guiliarSll nliiill dlulul &6 bl liioalia o &
e @linire HCl caarall jaanll Jalaa @ uagiaimll Jas Jai Cilils ellim Ll dmia bl
atagiamll jle jpay of @Glaiy 0ls Guaginmil Jaa Jai ol Glils ellim Laiy Qiagyaimll
Na Mg Al Zn Fe H Cu Ag AU julaill ciligS Jolas @é graylall Jelai:Jlia

TR RS NI

——— Jelaill Gaaw Al gulaill ga badi] Guajlalls
Zn + CuSO4 — ZnSO, + Cu
:JIHiANlg awSTill &Sl dlsleall
Zn + Cu?* - Zn?* + Cu

caoAall ghanll Jglak @b Gpaylall Jela : Jlia
cfh' Zn + 2HCI = ZnCl, + H,

Z0(s) + Cu*(aq)—> Z?aq)+ Culg) (@ ilsli Jelaillg aenall gmé awsliy guajlall of @l
otagamll iad JIHEAl ama g 8l gm Lilss cllully OLS Gualall JIEAL ama Liws Laaicg
jlell aclailg Guagyamll jle Cilfsja @l gragiamll cilighl Jiindg Guaylall awslip @llillg

Jgis gragpamlljle @Glaiy olg Jeloill ang ols semall olipyiclg gulaill Jelat gl Laiy

Cu + 2HCI - NO REACTION

CuSO,(aq)

S@ilBli jie ol @ilsli dyilalall alAll o Jeloill of aled @5@

ailyms aslh @] zling A9 @ilsLi Jeloills Linge oIS Ol «glieall alAll ama cilwa JUA (o

A JUA 04 @iey dgilyms dllay ¥ Eang alg @IlaL e Jelaill ol Wl olS 13)g adlany

byl Jylaill

auisl C¥alealls dliaall Jliadlg awslill cilelet @f (2) Jgaall dileiwll gégil :107 0 (17)@1@
ells yuelg @ilsli Sty iany

Pb2* + 2Cl~ - Pb + Cl,
:Jiadlg awslill gleloi colail &ulisg aulsll dlaleally diloTudl :Jall
Pb?* +2e~ - Pb
2ClI~ - 2 + Cl,
Cl, jglSllg Pb (olnpll JIjiaXl agma zyaimi Jgaally dileiwXly
E%p, = —0.13V E°q, = +1.36V
senall dla @6 jglsll Ciligyl ciawslig darmall dula @a galayll ciligdl cujial dlsleall cuua

E°cenl = E°Cathode — E°Anode
E°cen = E°pp — E°c12 =—-0.13—-(+1.36) = —-1.49V
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ama Olo JJEAN agma L1)ls glg «Jigaall @ilsli yie Jeloills .l Jeloill gjlioall ddAll ama
aglelall alall @é Jelaill aiy @in bhimall jA3lg senall g5y Of 2 Mé J&T jalayll JIjiAl
2Fe3* + Sn — 2Fe?* + Sn?*

:Jiadlg awslill @leloi colail dilisg aulsll dlalealls dileiwdl :Jll
2Fe3* + 2e™ - 2Fe?*
Sn - 2e” + Sn?*

JIHAN Aagma ZALw Jdgaall diletndly
E°, = —0.14V EoFe3+|Fe2+ =+0.77V

renall ddA @6 pansll ilja Gawslig daimall dda @ agaall Ciligyl Cujial dlaleall cuun

E°cen = E°cathode — E°Anode
E°cenl = EoFe3+|Fe2+ —E°%, =0.77 — (—0.14) = 4091V

Cigaall @ileli Jeloills «iaga Jeloill gilieall d&dAll ama

jLé @llnisg HCl elyglSgyaimll hen Jola ga Ni JSuill 15 Jelaty yusl 10800 (18) i @
Geagiamll

:dpigdl dlaleall (1iSi @i Jeloill dlales isi :Jall

dgan (a)iois (uagiamll jle @Glaiy g Jglaall @6 joll zla ggSiym gasnll ga jloll Jelotiaic

@LillS Jeloill
Ni + 2HCl - NiCl, + H,
Iméinié dajoia dullwll jglsll Ciligi
Ni + 2H* + 2ClI~ - Ni?* + 2C1~ + H,
Ni+ 2H* = Ni2* + H, :audsll arigiSl dlsleall

Jiiadlg awslill cilelei calail
2H* 4+ 2e” > H,
Ni - 2e~ + Ni2*

JSail JBIAl ama AT Jgrally diletuwdly
E°y; = —0.23V E°y, =0V

Gany @Al gm lamg sy JSuill Ol aeagyagmll JIHAL ama ga J8T JSaill JGEAl ama Ol Ll
¢iganll @ilsli Jeloill of @l @S daleall @ Ued

E°cenl = E°Cathode — E°Anode
E°cen = E°h, — E°\i = 0—(—0.23) = +0.23V

Otagyamll jlé aclniig HCI gaan ga Ni JSyill Jelaiy 3]

jle Glaiy 3q HCI ¢élyglSgjamll jaan Jglas ga Cu gulaill jo Jeloiy X Jwal 1109 n (19)&&;@
G4ng)amll

:dpigil dlaleall (isi of Jeloill dlales (iisi:Jall

digan jayiais uagiamll jle @Glhiy g Jolaall ga jloll zla 9gSinw jaanll ga joll Jelodaic

(LS Jeloill
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Cu + 2HCI - CuCl, + H,
lmornié dajoia dlwll jglsll Cilig
Cu+ 2H* + 2C1~ - Cu?* + 2C1~ + H,
Cu+ 2H* = Cu?* + H, :aulsll dvigi3l dalaleall
Jiadlg awslill cnlelei calail
2H* + 2e” - H,
Cu - 2e™ + Cu?*

JSll AT sma zyATd Jgaally aileuil
Eocu = +034V EOHZ = 0 \Y

J3irfg laymall cilng gm gulaill Ol Gragiamll JHAI ama 0o ST guladll JIEAT ama OIS Lallls
@l @iligja Awslii gl aenall gm ggSuw 13] J&T guagyaumll JIJiAl amag daimall &yl @uo ailigyl
@ilsli je Jeloill Jgsim nleloill clail o dang gall guse lang (Jglaall @d Guagyam Ciligd

ELILLU UgS_I_LLI_Q (é\.m'b_'l'_éXI (J‘CLQ-L” U-”LL”T ©lc (§)L_I_AZA.|| ?'I_l_|"\|| amA Litwa Ijlg cCIgAA“

E°cen = E°Cathode — E°Anode
E°cen = E°y, — E°%cy = 0 —(4+0.34) = —0.34V

gyl jle aclaiy Xg HCl jaaa 2o Cu gulaill Jeloiy X 13

SCr pgySll (o ddolay AgNO; d@nall Cilyit Jglaa Elyai gSay Jm 11100 (20)&&@

ells dspealg Jolaall Cilighl ga Jeloti A ciny ails wg)ll 0o déelas clyaill gyaiw @in

c Jelaill yayia

aselallg doimall alA @d JJiAT @il gms Jglaall @é jloll cligyl jlins :Jeloill aylish dejpw by
senall dla @o awsliy gall jloll gm

Cr— Cr3* + 3¢~ awslill Jeloi cani

Agt +e” - Ag JEAN Jcloi cans

digigall dulsll dlaloall
Cr + 3Ag™ - 3Ag + Cr3*t

dnollg agysil JIHEAT ama ZpAtwd Jgaally diletndly
E°c, = —0.73V E°pg = +0.80V

limall daallg awsliy xenall gm agysll @llillig dasll JIJial ama (o J&l egysll JIjial ama
deloill @ Liled diang @il lamg (JIJAl atle Ciangs

E°cenn = E°cathode - E°Anode
E°cen = E°ag — E°%¢r = +0.80 — (=0.73) = +1.53V

(4 ddela) ansll At Jglaa ey liisay 3g dganll @iloli Jelotlls wiaga @)lieall dlall ama
@g) Sl

Sl agull @laAily KBr pguwligul aragy Jglaa ga Bry agpll jpani gSay Jm :11000 (21)dL'i'A@
walaig of 0Sas Jo Jgdi gl agullg aguuligll sragy Jelai (a ilill gm @ioy agyl yran Al
KBr wguuligill apagy 0o Bry gyl I agyll
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opanT Agyt @Al @il @] Jgaiiw @ill Jglaall Ciligdl AT :Cinleloill colail &4liS! doyyu ey
Jelol @l jiat @in claill Ojlgl @f Ciligd @l Zilill @6 lmlgaig jraailly agdim @ill 8alall jlidig
JUEAN Jelot canig awsTill

2Br~ = Br, 4+ 2e~  awshill Jeloi cani

I, +2e” = 217 AN Jelot cand

Agull plaATls alglag ga pgpl pant @in dedgiall digjgall aulsil dlaleall
2Br~ +1, - 21" +Br,

Agillg gyl JIJEAN ama Z) AT Jgaally dileiwly
EOBI-2 = +107 \Y EOIZ = +054‘V

wayityg usliy senall G415 @6 095y Of U2)iets agul AT ma Ga JaT agull JIEAl ama
deloill gulul @le gjlioall dulAll ama iy glg ailigdl Jjiak lumall &1 @ ggsy of gyl

dllw da1s @lao g olinyial GAll
E°cel = E°Cathode — E°Anode
E°cen = E°, — E°p;, = +0.54 — (+1.07) = —0.53V

@laAiwly alglag go pgpl juAani LiSay 3g digaall @ilsli pe Jelotlls ccllw gjlieall Al ama
gl

111 @wl@

Al wgrialdl (e sleg @ FeSO, [T aganll Cligns Jglag hoa 0Say Jo (1)

d1nga aflii apaall diniig daimall dla @ Jjiad @ill @ma Jglaall @a jlall ciligyl jliad :Jall
auii ali aiind agiialdlg aenall &la @6 awsliy gall jloll gm slegllg « 11 ja) 0 @malg g Las
d1aga

Al = AB* +3e”  aawshill Jeldt cand

Fe?t + 2e” — Fe :JIiadl Jcloi can

digjgall aulsll dlleall
2Al + 3Fe?* - 3Fe + 2A13%

agrialdlg aaall JIJEAl ama At Jgaall dileiwXl
E°pe = —0.44 V E°y = —1.66 V

aaallg awsliy @il rxenall ails aguialdl @llillg aganll JIjEal ama o J8l agaial3l JIiAl ama
Jeloill o I:le diang @Al lamg ‘a_'il_'lg,ﬁ JIHAl agle dang gAll lagmall

E°cenl = E°Cathode — E°Anode
E°cenn = E°pe — E°p = —0.44 — (—1.66) = +1.22V

agrialdl cleg @8 Jglaall 1am bhan LiiSay 3g Cigandl @ilali Jeloills winga ¢jlieall ddAll ama

$Sn pandll ga cleg @6 Mg(NO3), pgrurieall Ayt Jglas hoa ¢Sy Jm (2)

Jamall dlA @a JiAk @il @me wgruioall Ciligyl g Jglaall @ jloll Ciligyl jliad -l
Ojlgig Cleloill colatl i /aenall il @d awSTiy @il Jlall slegllg

Sn — Sn?* 4+ 2e~  awslill Jeloi ani

Mg?* + 2e” = Mg :Jljiadl Jeloi can
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digjgall dulSll dlaloall
Sn + Mg?* - Mg + Sn?*

Handllg agrutieall JHEAl ama ZpATw Jgaally dileiwly
E°mg = —2.37V E°, = —0.14V

sty sonall ailSg pgruicall @llillg jansll Al sma G g8 pgruicall JIiAl ama
Ogjgall Jeloill @a ciang X 1amg (JlJEAl atle diang gAll lhimall gm pansllg

E°cenl = E°Cathode — E°Anode
E°cen = E°wmg — E%sn = —2.37 — (=0.14) = —2.23V

pgiuioall cilyii Jglaa o LiiSay @llillig diganll @ilsli je Jeloills wllw gjlieall Al ama
HAndll Oa cleg 10

adl e day ) Y

e il BV el 48 Ll s eI ) Sl Ul oty

o Lt aaedl SLe G e Zmy (L 3 sl LA 0,301 L
B0 3058 o Ll pall fe 125 SSLe il ada 055 L L (LA Flasl o
QL::;LU| RS ;_‘:_.,,.‘}u

dlgls o aluyyai

Holl 1am oS (Jeloill Iam (o Guagyymll JLe @Glhaiyg jloll awSgpam ligSa X2+ @l awsliye
laml [oiga zpidl . FeSO, @ilifll ayanll Ciligns Jglas @6 auac aic aile 36T @l ymbay X awes
@ilatsll blitill dlwlu @ el

Hall giial ama of @iey 13me aganll iy Jglas @é Jiiak ol apaall ciligrlg sty of jall 1am :Jal
Jaima X g rena agaalls gusSell Ji daimas jaSlg aenaS capaiy o Jall of @l aganll Jijial ama o pst
Jae Jag @ie slall @ jloll awsliy iy oilorSl blitill dlwlu @o ainig aaall ¢ alivs Ja&l X jlalls

X jlall @ilillgragiamll jlé @] Jiidg éua laima ailS pmipn gragiamllg renaS cpaiy lins gragyyml
@iliat Sl bliill dlul @ aie @lelg guagyamll go bl

X + Fe?* - NO REACTION E°% > E°,

2+ o o
Fe2t 426 > Fe X +H,0 > X** +H, E°x < E%,

X2t +2e > X
2H* +2e -—--> H»
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JljisUlg aun<iill llelai dyilaliy §aiill :(29)Joe ddjg

JIEAN agma Of Crale 13] calglag @b Joll Ciligyl Jjiatw sleg @l @é Wit uaylall cilipns
E°n =—0.76V  E°); = +0.80V ;o dyjlyeall

—
—
n Ag
e
AgNOy Zns0,

Beaker A Beaker B

;o Algall JEAN Jeloi colail of Cale 13] qguian

0, +4H* + 4e~ - 2H,0 E°=+1.23V
Cl, +2e™ - 2CI7 E°=+136V

Glheall JIEAA ama dard cuna venallg khimall cii)g (g)lieall ddAll ama cibwag ElA o ashi
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.f lale S agyuligrll 3pagy alglaa Ga pguull Jilu gyl galAiug of oSaa Jm L1l (3) ciyysi 55

Br, + 2e” - 2Br~ E°=+1.07V
[, +2e” - 21 E°=+054V

Uy 18 daylieall JIJEAA agma t)g «g)lreall aUAll ama cilway ElIA (o asthi

Cun (@ilall Jglaall @6 8y8iuia jré Co3* dindill ariali CiligSl Ciligyl 13kl Jiud «(4) cuyai 55
(LIS YA cnleloi clail of lale Co?* ayilif ciligll @] Jgal

Co®* + e - Co?* E°=+182V
0, + 4e~ + 4H* - H,0 E°=+4+1.23V

SaLilalijre of auilsliolinl dugisall Cnlelaill Jm aan gglaall Jgaall dileiwdl «(5) ey B

3Cu 4 3AP* — 2A1 4 3Cu?*
Cu*t +e-— Cut +0.153
Cu** + 2e-— Cu +0.3419
Hg** + 2e- — Hg +0.851
Al** + 3e~ — Al —1.662

2Cu* + Hg?* - Hg + 2Cu?*
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eqlol ayjn . >l cwbmAl Lo Sl

dljis pllg dasu<goll Jolgoll dgd dijldn

“ dAﬁ- 6‘“ G:CJI G 25 d';ul""m“ JUEAS sgma Of Aty dylioall JHAN sgma Jgaa (0 ¥
) W5 L : N j ;
e dcid?' Ml jluy uadl o iy 1img :iganll JITAN Jelat canl dia Slajy @l «Jgaall
it s sl o o s 35 i
Jalell 398 @ies lamg Cigaall awSlill Jeloti cant Jra Alajlg digaall JJiANl Jclo'
@lel @l Linon Lals

+ - [—
5 : - e — L, -3.05 Jalegs@l
s ) - n
. Ca_zf'IIJ - . N K{:} -9 LJJ:'M
N 6 2e = (Ca, -2.76
= - o
Mgziﬂﬂ : 2E b Naf’] —2.71
2 - —
M:thn N 3'3 — Mg, -2.37
an?u! ¢ = Al -166
(2] + 2e” — Mnf’] —1.18
2H,0p  + 2e- = H 0
Z F23 el - .33
n gy + 2e” = 7n. —0.7T6
Crh{,qj + 3e~ “ .
ch_‘, . - Cr(,] —0.73
Cd;x_.,{an 2e- - FE{,} —0.44
e + 2e” = Cd, —0.40
Co"y + 2e- = (o, -0.28
Ni2+{aqj + 2= . (=) =
5n2+ + 2E D Nl(’] —0.23
a - —_—
th*(fﬂ e - Sn[,J —0.14
{=q) + 28- = Pb{} —0 13
FCZH- - _ . 5 ’
2H+{ﬂq] + 3e - FC{,} —0.04
T+ 3 —
Cuz.: q) N 22' _ Hﬂﬁ]‘ 0.00
: {2} 2e = Cu, 0.34
) + = e -
Fc‘*zf' ) 2e = 2y 0.54
Ag.{an + e" = Fe’', 0.77
+ - _
o e = Ag, 080
a - —
Bgr fag) T 2e - HE{'] 0.85
Ozm + 2e” = 2Br, 1.07
. 02{:]_ + de~ = 2H.,0p 1.23
< l? o T Be- = 20", 1.33
- = S -
il g o) 2e = 20, 1.36
W U oy + e~ = N 1
T S
54 - ' ¢ Mn™, 151
o+ 2e- = 2F .y 2.87 J Fisea

4 I3 . %1
Li* gm awS§e Jolc cdonlg Fy :gm awS§a Jale ggdl
. | ; ; JNE W Wonlg Li :gm Jjita Jalc gl
JiAall Jalell esia c1aga :awsgall Jalell : g2l gupall 6 oliale’i Al @imAll aylyl jSAT jyjo’ @
e
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2clqallq usqaall
eqlbopul g . p-dlac| 1 all][]Toml [ RITiTY]

Imigs (Gog Laclai ari¥l slgall crifg dyjlieall JIJEAN agma Jgany greiul :111a (22)dm@

dylieall gpall @6 8awS§a Jualges
cl,, Cd**, Mn0,”, AI*

clelei dlail lidis Jgaall greium :Jall

JIHEAN sgma Ml (§og ImLiyig slgall ellil JIJEAX]

A" + 3e” == Al —1.66 ayjlieall
Cd®* + 2e” = Cd —0.40 al MnO, ™ jlurl Jowl gm awS§a Jole sgéls
Cl, + 2e” = 2CI- 1.36 @)leea JIjiAl ama @lel
MnO, +8H® +5¢" == Mn*" +4H,0 | 1.51 Jal al AB* jlul @lel gm awS§e Jale caenlg

aclad cugiyillg s)lies JIiAl ama
APt < Cd?* < Cl, < MnO,~

il aliwdl e cual @ dylieall JHEAN agma Jgans greiud 11110 (23)d|_'i'.<s@

aplieall Gagyall @4 dljirg Jalges lmigs (Gog Gackai ayisl slgall crifi -1
Ag, K, | Co

slgall ellil Jjiad cnlelei @lail jliais Jgaall greiu :Jall
dylyaall JBIAN sgma M Gog niyig
K 4+ e =K | 292 Jhialama J8l al K opedll @lel gm Jjita Jale sgdl
Co™ + 2+ Co | —0.28 awsTill 5T g wgjliea awslisma @lel @ioy glies
I, + 2 == 21" | 054 (+2.92)
Ag + o — Ag | 0.80 Jiial ama @lel al Ag gradl Joul gm Jjira Jole caenlg
J3is Jale cawial (-0.80) awSlill Y&l Jrass gjlien 3wshi ama Jal) @)lioa
Ag <1~ <Co<K Laclai cuyiyillg
Jual Sagagul Ciligal sawsT culigSll CiligsX gSay Jo -2

Co™ 2" —— Co| —0.28 Jale . gﬂ;"b'l
L + 20 =2l (<051 | Jsee Gileall JIIAR ama ga Glel agull gjlieall JIIAR Ama
Ag + e — Ag | 0.80 JUA (0 awsliy of @llillg (JFa Uas yisT agylls «iligsll

i U1 J 3y gt Jalal! CaligSll Ciligd
dBgs M| 4S5y 1S3l Jalally

Jyiee Jale 553l

Jale

i | Kt 4 e ==K | —2.92

i o Jing 2ushi aso dany gl gng semalls awma Jouslg rens eledl o clys &
Jalellg aini @l Jjiay Jyidall Jalell of jS3ig asgs (i awSdg JIHial ags ciany sgull gmg baumallg

Jolll guuljall Jnall -2007 Jus Qz@ vossgill clena< — gus gl gujg<




xclqallquaqgaall

cqlowil g poi) | CWURSILL0S)

il aliwd oo cual @of Jganll @o dylieall JIFiAN agma guyal :111a (24)dL'i'A@

AwS§a Jole gl aanl -1

Jiira Jalc gél aanaf -2

@iila] jual § Cly jglsil cilfyya JIial Ni Jsiill gpaiug o -3

Juidl € Pb ol 83wl Cr3* agpsil ciligyl eihiwi o -4
@il

Cr'* + 3e” == Cr | —0.73
Cl, + 2e- ==2CI" | +1.36
Ni** + 2e- —= Ni | _g.23
Pb* + 2e” == Pb| —0.13 ) . .
Gledl @l J82I go JIHLAR agma Ly [an amag et Jgl :Jal

ol Jiiaa Jole @ Jmg dugliag 8alo JS 3aa1 af waendlg ¢gidl Jill @6 LS Cilmlaidl aand @
adgd @l AwSEy AwSallg ind @lll Jjisg Jiisall Jolells awSéa

auSha ¢ Caanl Jia g g3
Crii4 3e- == Cr —-0.73
Ni** + Ni | —0.23
Y

Pb*" + 2ef<=—=="Pb|) —0.13

Male g8l 0gSug JIHiawl Jue yisl al wsliea JIial ama @lel al éa Cl, AawS§e Jale sgal -1
ool I Sa

Male sgdl 0959 aSTill ST ity Jaag gmo JJial ama Jal al gall gm Cr Jjisa Jale sosl -2
oyl XJ_IAA

Cl y9lS11 4jiAa Male 0gSyg amsliy JSyill @ilillig Cl, Ga JaT alliial sma Jjida Jale JSyill -3
aint o Jjiag Jjisall Jalell S
lumall gm jglSllg xonall gm JSiill Cuag Jeloill digan a asTill Liayl glg

E°cen = E°q, — E°N = +1.36 — (—0.23) = +1.59V

@Al lmpre Jjinig awslill Juais abajll 0o JaT lmlliial ama awS§a Jole Cr3t ogysil ciligyl -4
cilig)l Jgbis 03mS§i dg yalayll Jjird @llillig «g)liea JIjial ama @lcl aill Imia Joul gm
adgd (o AwSEy AwS§all Jalell )SAT . playll AwS§i X ag)sll

@l wplopll 2SEi wgySll cligl Jlgull s @io) wsjlieall &dAll sma cilung Jelaill sl aslis

limall gm agySllg xenall gm (bl of
E°cenn = E°cr — E°%p = —0.73 — (—0.13) = —0.60 V

cllwll amall o Giganll @ilsli e Jelo

Jolll guuljall Jnall -2007 Jus Q3D vossgill clena< — gus gl gujg<




i pyp0. 0.3l |

o< cual @l slgall prad dybeall JHAN sgma ey @l (o8l Jgaall guyal 111302 s i@

iRl alfwd

JYl els Canas E° (V)

Cr,0.” + 14H* 4+ 6e” == 2Cr""+7H,0 1.33
Agr+e = Ag 0.80
Sn** + 2e- = Sn —0.14
Au’ 4+ 3e” = Au 1.5

Jiira Jale sgslg amSga Jole sgsl 3aal -1
$Sn?* ciligyl J3iAd 3g Cr,0,% ciligal Jjiad ciljlall ¢l qiiiul -2
caeal ¢gil CillahAall aanig jS3l @l Ja3I (e dylieall JHIAN agma iy :Jall
o J3ie g 553
JpYl Jels Cial

Sn —0.14
Ag +e Ag 0.80
e~ = 2Cr'*+7H,0 1.33
AU +3e” ¥ Au 1.5
auS5e p 253l Jia g sl

Sn Jjida Jale ggdl AUt awS§e Jale sqdl -1
ama J&81 Jjiay olg (Cr, 0,77 ciligl Jjiay of aia JIial ama @leSl Jjiagm Jjiae Jolc gm Ag -2
Sn?* ciligal JjiAy ol ail ol aie JIEAl

ol of Cuale 13] dljide Jalges lmigs Gag X, Y, Z dwalyiodl jgapll Cilga ciljlall iy :113a }sjo
Y2+ ciligal Jjiag Xg Z2* ciligdl Jjiag X
:dadl
Y laiyy 77" ailig JjiAg aind 0gSuw 7 @llillg aiad @lll Jjis) gms JjiAa Jale X OIS 13)
Y2* ciligyl Jjiag ol @illillg asga
Y<X<7Z éayleall JHAN agma cuwn cayiyills

yuSelly 9gSw dljita JalgeS Imigsd cuun c1yi)illg
Y>X>Z

JIgull Gglud ayil

Jaill guuljall Jnall -2007 Jus @@ Vwosgill cliny< — gyl gujg<



xclqallquaqgaall

cqlowil g poi) | CWURSILL0S)

(1294 $)lieall Al amy 5)lilg @ilELT dpilelall dAll @é Jelotll Lails o
guSei gl digaall dilyms ddlkh asjlig @ilsli je Jelaill Of Inlies dyllullg
Jelati @i laill

sy Jewl aws§a Jale sgilg (granll @lel Jjida Jolc sgsl o

8)Liil 99 Jglaall 3o oppay of Gragiamll jle @lhaiss jasall go Jelaiy gill jlall o
ama §)lilil Jeloiy X gillg (gaagyrmll Ggod Jgaall b aeirgag dull alljisl ama

Oag)amll Al gier diagae g)leall alljiil
@ioy Jamall ga g)liee JIEAl sy @lcdlg renall ga g)lia JIHEAl amy JE3I
dglieall JIJEAN agma Jgaa @id Cini humallg Ggé Ladla renall
Jalell ga g)li2a JIHEAl amy @ledlg (Jiisall Jalell gn g)line JIHEAl amy JE3I o
Jaanll jluss gi Gray Jalgall Elli galgal ayiii of Ay dg awsgall
Jiiial ama @lel al gall alglag @i jloll ciliggl Jas Jag JIjial ama Jo3ll jlall o
alglag @ Lakiiti J&31 jlall Jas Jagw awSTill Jray g3l @iey kil jloll o
@ taLiri J831 joMl Jaa Japw JIEAN @l Jrog g3l @iy bl il oyl o
agll @i pgpull @ gglsll ga baditil jglall calglag
AwS§all Jalollg ais JIjial ama ledl @iey aini (o Jjisg Jjidall Jaloll e
aia Jlidl ama Ji3I @iey aligd (0 2uSEy
@ilsli Jelat Inlies gaMATwdlg cuuyillg yraaill Clelai o
(deleti &iany N) adgsd @ill cAljlall Jullag haay jle Js o
(Jelaill Eang A ay Mo ayjls ddelay clpai gl sl sleg @6 Jglas baai gia o
% aisl aiigs o Jjidg Ag Jelbiy ¥ ai ay elyaill guatuig aigs (e taday Jalls
JSTig cuwyi dianyg aljiiyg aga Jelbiyw aill aiai (o bhaay
C—BgA—B :Jlis cyilaly drla o yisT go cihnd ayliftiy Lesic Giljlwall g o
Lieage i oprioi Liils (GuitlAll @b lhuma of guitlll @ laens B lsg
oyl druwilly gpa3lslgall gage Wyl @ia gbny guyl aisl jan ailsg
il ge soydll om C gf A slguw Inisle 9g<i Boceyp )lenn ama @ledl dulalls
limg ol rene gm o B cuna JIHEad gl awsTill Mys yis3ig B @aajall

Jolll guuljall Jnall -2007 Jus @@ vossgill clena< — gus gl gujg<




xclqallquaqgaall

©qlojul agjo o -3lc] al1]1]T i) | HIT T

4 djisoll Jolgall joy dgd dijldo :2 dspsill

Anaall alyis galapll clyit (JSill Gyt gogurioall Cilyis 0.1 M lmjuSyi lmia JS dolizg Jullna @aAiu Q
auaa jraluag alapll (JSuill qagruyioall :agidl Cililell (u ghd gl iliyia @aiiws Q
@ilhinle Jaulg wgridll @ ojls Iac L jlo JS gal @ glial cglil @i @ Jglas JS gal A%

4 ol Jolaall @ jlall cilighl Jjialg el awsliy Jms

:Jeadl Sy Cylatl elli amail Cilblaiall 33aig Cariyily dlieall AN sgma i

BauSha alse A jisa Jalge SauShe Jalge A e Jalge
ME " g + 2e- — Mg, —2.37 Mg g + 2e= — Mg, —237
Fe™t Fey —0.44 Fe ) sk X x = Fe, 044
Ni** (aq Niy, —0.23 Nty + 2~ =% =Ni, —0.23
Pb™ ¥+ 2e- = Pb, —0.13 Pb* (g AAfZ Pby —0.13
3uuSha Jalse W e Jalse S U jaies Jalse
Mg o+ )é- — Mg, -237 Mgy + 2e- — Mg, —2.37
Fe''uy + 2e- =b= Fe, —0.44 Fe™' g X)éc- — Fe, —044
Ni2+[,q/:" Ni,, —0.23 Ni'y x Zes, = Niy -0.23
2e- = Pb, —0.13 Pb, + 2e- === Pb, —0.13
Fe(NO3), Pb(NO3), Ni(NO3), Mg(NO3) alclaig yriell
Jelaill ¢ian Jelaill ¢iang Jelaill ¢ian, - Mg
Jeloill ¢iang X Jeloill Giany - Jelaill ¢y X Ni
Jeloill diang X - Jeloill Giang X Jeloill diang X Pb
- Jelaill Giaay Jelaill Giany Jeloill iang ¥ Fe
wguil JS @ Ealall Jelaill Jiad digjga driliars dlalea cuis
yaill digjgall &ulSll dlloall
Mg Mg + Fe?* — Mg?* + Fe
Mg Mg + Ni2* - Mg?* + Ni
Mg Mg + Pb?* —» Mg?* + Pb
Fe Fe + Ni’t — Fe?* + Ni
Fe Fe + Pb?* — Fe?* + Pb
Ni Ni + Pb%* - Ni** + Pb

Mg > Fe > Ni > Pb dljiss Jalgc Imigs cuua Ciljloll L,.;UT@
¢iangs (JSuill 0a jliea JIFial ama Jol agrugioall o8 . JSuill il ea agrutioall Jelod sic JSiill Cuuyi jue]
cuuyitig JSuill Ay @l JJAT @il Jsyill Aligy2 2jiAa Male 099 pgpugieall sl
Jale g @llillig apaall ga glies Jial ama @lel gabapll o3 apaall Cilyis Jglaa ga goloyl Jelaiy X el
spaall gl Jjiag olg ausliy 18 paall 0a cienl Jjire

Jolll guuljall Jnall -2007 Jus @@ vossgill clena< — gus gl gujg<




©eqlbpl wjo . p.3lxc| 1

ATd{dell(ValdiL}
Wl LaSl

dljisnllg dam<goll Jolgoll dgd dijldo :(30) Joe dd)g

slgall @ (@8l Jganll @s Jijial cnlelai baidl dylioall JIEAN agmay diletwdly (1)

8auS4all Jalgell duuilly aligd aaag Sagul Giliija @l agull Cll_'lgj 5w S lmarAiuiw acidl

Joaall lam @ gya3l

Julell asNell aaatulg Jgaall jluy @le awsSgall Jolell ghgag dylieall JHIAN agma gy jSAT :3acluia

Br, + 2e” - 2Br~ 1.09
L+ 2e > 21 0.54
Cu?t + 2e~ - Cu 0.34
2H* + 2e” - H, 0

Ni’* + 2e~ = Ni —0.28

vael @l (8l Jgaall @é JIHAl Clelat cilaid dglieall JIEAN sgmay dileiwdly (2) cuyyai B

adgd (e AwS§y AwS§all

a0l slgall agiagall jla
FeCl; ayanll aygls Jglaa -1
NiBr, JStill atagp Jglae -2
I Jilwdl agull -3

@il Algall Elli g (o AwS§o Jole 698l Las (Na aguagall 16 AwSEi 8ala (o ST ellim OgSiw

Sayaill g8 lmliaa At

dgaall s ziam JIHHAL Jelof can HLIAT @uia Jeloitn @il 8alall gi cSyall derdnl ariil :3acling

Na’* + 2e~ —» Na —-2.71
Fe?* + 2e~ - Fe —0.44
Ni’* + 2e~ = Ni —0.28
I, + 26 — 2I- 0.54
Br, + 2e” - 2Br~ 1.07
Cl, + 2e~ - 2CI~ 1.36

Jolll guuljall Jnall -2007 Jus @@ vossgill clena< — gus gl gujg<




xclqallqusqaall

cqowlgp golx) | CUUERANLS)

gl Ol dyliay -q1 oAIll galoyll dyliag -1 :Cilyliagl -1
ciljlell JSTi -2

alyyUagl

damall dilaoll Cilé il (ga cilyliadl ro 13Lal @
Savilalall LAl
agilslill JIjiaXlg awslill cnlele’ lmis Giaad aid
il @l dxiliarsll dslhall lmga Jgaii @il
adilyms
Alyliadl lmalgi @il dribymSll dslall aliAt e @
. ) oAl
aliAn’ @i gag ImiligSa @ alind clgladl o3
Imyo dyilymsil &sliall Algi @ill Jljiadlg swslill cileloy
Cilyliadll glgil ysal ®
aslall ailyliagll : Lo dminii 8ale] (Sad Xg 8anlg 814 @adiw Cilyjliay gun :algl Cilyllay -1
dglal dolal Cilylial
:lmiag GuALI Alyliag :Jlia ol 3aleX dlils dlylay @ :d1gili dilyliay -2
(duanll ol dylay) gualoyll aSyall -
agiilll Ogil dyliay -

"y A 3 w0003 VY
B i oawn E

&% wnonm @

0 (9 e

Taand) ol

H,SOq PO,
S(GATL gloyll dpliay) dpaand ooyl dyly OgSTi aa @
dilea (aling Zlgllg aenall Jiai Pb galng zlghl (e lmia JS 0gSit dgilola LA Cuu -1

lumall Jiad PbO, IV jalayll apwshy
dljle gilan Iniy Jood dbliis dsylny Goiie @Syiul elegs (LA Gllasd crifi -2
@llgill @lc LAl Jingig (1.28 g/cm3aisliS gall H,S0, cliinsll jaan Jolas @io jasl -3

Jolll guuljall J0dll -22007 Jus  (244)  wworsgill cliny< - oasausyl gujg<




xclqallquaqanll

cqlowil g poi) | CWURSILL0S)

12V deiaam)! (oo oIt Ao yllan

LA algi s gl .dpaanll galiayll dgjliag @ ¢iaad @ill Jijiadlg awslill cnlelod calail o @
SelymSll draandl galayll dyylayg
Pb 4+ HSO,™ = PbSO, + H 4+ 2e™ :xonall Jeloji
PbO, + 3H* + HSO,™ 4 2e™ = PbSO, + 2H,0 :laimall Jeloi
Pb + PbO, + 2H* + 2HSO,” - 2PbS0, + 2H,0 :@lsll Jclaill

dlsloall 0im khas aaalaslull Cdsleall JS haad gia e &
Pb + PbO, + 2HSO,~ — 2PbSO,

@lsll Jelaillyg digigall cilelaill colaily z)Aiug miijlga wlc Jacl @i

Sayladl aghel il amall §)6 aSqdpaanll palayll dyliag ga saalgh dlall ama La @
2V s saalgll dldall ama
12V ayladl agnet @il amall G)o

Caraanll galnyll dliag 8eloS aganil dsyhll Lo @
6381 Laa dyliagll elaaiul aagis aSimiul @iy Cus H,S0, el sl jaan dslis gulis JAA ¢a
aislis glasi @l

Clmiljea Lag S@ilslill lmleloi cadgi aic duaaall galapll dgjliag alariul sley cars @
Jeloill @i gag Jliadlg awslill glelet guse gpag dua (@ilyms jlyi dawlgy ayliagll g
ayliadl @ @ISl
Jiaiall (galigall) jluill lga dlnwlgy yaintag @ileli JSiny gauili dayliagl oo Cillull @ Lol
Bl elyna)

Sapannll goloyl dyliay jac a5 @
L&t Cilgiw 5 -3 (e lmpac Zglyiy

00 sja @ Gill PbSO, 83k 280 ayS gl Scudgll ga lmitalin dpaaall galiayll dyjlag 3667 (s @
SlmiligSae
Ouilll Jliadlg awslill @ilac dayit 0gSiy gall PbSO, Jis miligSa (s leja dylladll 2807
:ailage wliulg dmys Gliaa
@il @le AlSpall spatuall &Spall dayit galall Zlgh gc PbSO, 83k sl

Jolll guuljall Jnall -2007 Jus @@ vossgill clena< — gus gl gujg<




xclqallquaqanll

cqlowil g poi) | CWURSILL0S)

PbS0, 8ake 1286 Jla @é JIiiadlg awslill Jeloil diang 13k ®
wuuSell Jeloill 66 83gaga jré PbSO, 8ala Cun wqeriy LaS dyjliadl gaul ale) X

PR ol 1(11) s

TR PR
P 1 I g 1P
o R

{ Li=Ce) n,.::_ =il

(=) decas

v,) L
% \__ LiCoO:

e (+) Lo

agrlil oo dyliny dpanf o
palall Cisgh @6 Lalaaiwl cibyladl glgil yisT (o A -1
-1 :Jlio Galiaall Ci¥laall @ lmilgalg LiaglgiSill Jilwg cm auaell guiifl &6lall jyne @mg -2
aSMmiudl duilymsll simall e asell -3 dlganall ilgmllg copmlgall =2 dilym Sl iyl
S aor il gigdf & yliag g6 CLosATul s Jof o @
1991 alc
S guitlll 9ol dyjliag OgSii aa ?
(omg ) CiligSa AT ga 098l Imia JSg lmaeyy dlnia LA Bac (a OgSil
(clegiul) oAT @le aijpré) jraiy ¢l € Cuslall 0a 8ale 0gSiy (cullwll cihsll) senall -1
Im1é yuilill g9 ailigalg eguirlll Cilya
Co0, IV ciligS!l aywst : Jia (@lSTil paic apusX Ciljgl (o 093y (cingall ciasll) khymall -2
cualyall Jia qoguilll ciligyl (Gilegiul) guiai bayl aiSay @l
zlall ats Gighy sgac ciydag agitlll Zilal 3ad @ileX Jglaa (4 O0gSiy xuitlg)iS¥l Jglaall -3
CH,CH,CO;3 otluindl ciligyyS o Llxa LiPF, gadiug saleg
gl ogal dujliag @6 Ciani @ill JIjiadlg awslill cilelai colail o @
Li » Lit + e :(awskill Jeloi cani) renall
Li* 4 Co0, + e~ — LiCo0, :(JIHANl Jcloi cani) bumall
Li + Co0; - LiCo0,  E°cey =34V :@lsll Jeloill
elymll pgyialll ol dyliay LA algi cays @
Lit ciligyl @l dlgaia renall aic aguidlll iy awslii -1
O anlall gylall yre AlighiSIdl elati laiy kumall olyil @itlgyiSI¥l Jglaall pc Joiih -2
himall @l Aenall
LiCo0, @ Co®* @l Co0, ciligsll apwsi @a Co** ¢ra culigsil Ciligyl Jjiak -3

Jolll guuljall Jnall -2007 Jus @@ vossgill clena< — gus gl gujg<




xclqallqusqaall

cqlowil g poi) | CWURSILL0S)

ColymSily o Loiin agitall 0ol dyllay @b Gand @il dxlacll Lo @
i dyliagdl gadi JUA @83lwll dlaell jlua yuSoly
LiCo0, awsliy -1
Cudlpall dlA i olaily uitlgyisIdl Jglaall yic Lit aquiylll dl.'ngj Elyati -2

3 2 Jiaidys

Li aosiall il apliay ciljya js31 @

Lithiumw‘m‘ ayllaill édulle déla aalis -1

0:34gmo 68l gms «g)liea JIjial ama J&l agrisll o3 «cilyall Cilfa Imiad sale] 0Say -2
e ol

0 Jgo 1 ZLin¥ dyolS aio 6.941 g of Cun «silo paic @Al pgrilll o3 10jgll daseA dyliagll -3
CiligyiSIXI

;dl} H._?JJEL..E.IU ,,:-HHS").'I_;JL;J_QL..‘ ._u_..LﬂiHJLla.”c_.e 4_,_.[_,.1_5;- L_l'}".ﬁr- =t
e \_,__H zL'.’:-J &_g ;__..a.J'\;g l_é_lLl R F mals «2H, + 0, — 2H,0 :4._.5\:11] aJsladll
Mg Sobia wm“uwu_.:Mu;uﬁJu_,j; o Ll el il S

s Sl L w baid (@ T ide b pdiads o Sl Sl LA pladl Jl 5 k)

alplall J<ii

Saljloll JSliy agrdall La @
slga @l Jgatig lmailai (e aaell 36616 dhynall diull o slgallg ggall slgmll ga lnlela|
LmiLigyySg lmilyispSg il g Sgyapmg caljlal ApwlsTs diflyays Gl yisTsaan
scallell JSTil 8y Sl duslaiaXl jlpAadl Ls @
ciayll ggall clgmll Jeoy diljliullg @iliallg jguall duw iyl JShmll aio g_m_l [CAVIRWEEN | JSLiy
ng.J_IJJ ALl aaall diasS guai @l opilinA jAigel zLL'_uQ Jhmll cdall agaall fam 3_|_ug
Saganll JsTiy cars ¥
(ULl C1anyd oo slallg GuawS3l agags diang @iliasSgums Jelot Joay agaall JsTiy
zunug Fe? ajaall clighl @l jus gf kitS gf G Jeos anlhw adiSi aic Fe agaall awsliy -1
adlAll xenag cjall 1am
Cun Imidla @l slall 3pady Blacall aaall délhio ¢ oawsli e aailill CiligyisI¥l elpaii -2
OH™ awSqyaumll Ciligil ligSa elgmll (uawsT JjiAd élling «lall o Juléllg slgmll aagy
auAll lime ddlaiall oim Jialg

Jolll guuljall Jnall -2007 Jus @@ vossgill clena< — gus gl gujg<




xclqallqusqaall

cqlowil g poi) | CWURSILL0S)

lmisln olaily spasll §Sya (o Fe2 ajanll cilighl ¢ljaii -3
ouSloall olaiXl OH™ apwSgyaimll Ciligll Elyaii -4
ligSa awsliy Lo glepw gall Fe(OH), I agaall apuSgyaim @iiyg Lamilsill aic lea gMeloii -5

:drilarsll dlaleall cua Tanll
4Fe(OH), + 0, —» 2Fe,05.H,0 + 2H,0

¢la E}La ; 0t |
Ll ‘ S~ JSELL: -(12) [
W e—> ,\ I 5L vickalsudl dudsdl

JE B i

Fe — Fe** + 26" tdmas [1.ST 05 4 2H;0 + 4e” — 40H :Lags /U152

Sagaall Tm_l Agndall La @
Jowl yanll zlaw dAyeq dlgmuy piisTig dyaganll sl @le OgSii Oglll duis dim d1ln 8ala
JSL (o agjal Lmie

STanll (o aaall dalan G Lo @
duhimall dlaall

Cashimall dilanlly agndall Lo @

anlg bumall agaall lmgé ogSy dgilela alA JuSilrilmeé aiy (JST e aandl dilan Gl aa

@idlgyisI¥l Jolaall Jiais yaull olia gf duayll dyill Lol cxenall (Gua)la wgauyioa) dadiil (_,mml
Sfas il oim drenl Lo gI Sagamall dglaall pariw’ aié
(lagill gl jlell) ol @6 digarall daganll li¥l lhghi djlan -1
gaumll elual -2

Cailalall Al ayiii &yS df Saghimall djlaall 6k raisi pile P
i damall ajanll Ings ggSy apiloly dla JuSiti @le déyall 3aie’
r — | byl &yl Lol cxenall (Guajla agiutica) dadiill ciljlall aaig

‘ @ itlg)iSI¥l Jolaall Jiats yayll olpe of

ssaall Gulidl dnuil dbumall lanl Jac & g @
agrugieall s aligh dyaganll culidl Jingi -1
ellwll e CiligyisIyl J8iitg (renall) agruyioall awsliy -2

(lamall) ¢3dgall gl @l Jgjeall
wuanyg pgruioall swshiy ellagg graws3l cliga Jiiai -3
JSL o agaall

Alasd) 1(13) 2

) Tl

Jolll guuljall Jnall -2007 Jus @@ vossgill clena< — gus gl gujg<




©eqlbpl wjo . p.3lxc| w

1clqallquaqonll
Wl LaSl

Géull il damall dlaall Jac &yl xing @
@il digowll JSumy pgrutieall (o gl Jingi

ot adshull a6 il lmiilan

Salsliall pgrutioall c_JUc\_QI 2o Jall Lo Q
)9 JSiiy AT callasly Imlls il @iy

&9 Guaylall gl agruticall wladiwl juwal ;1184 }sﬂ@

anall dadarmall dilaall

cllal aia Jil gjlues JIHEAl ama Lamlg agaall ¢ labis jiST gun)lallg pguutioall (o JS 03
X Jilsallig uawSH Jjiay Cun lhimall @l lmia dailill Ciligpi SNl Jaiiig «ljlall odm A SLi

xall Giang 3g agaall awsliy

dvilela aA aganall JShi sy sl :118n (8 i@
lam zuayg Fe?t ajaall ciligd @l pus gl s gl G Jeos anlaw (aidiSi aic Fe ayaall awsliy

auAll xeng cjall

Aagy Cun Imiala @] slall 8pasy Blacall ayaall a8hhia (w oawsli ge dxilill CiligyiSI¥l ¢yt
oam Jiadg OH™ apuuSqyaumll Ciligil (igSa elgmll cuawsi JjiA) ¢llimg «lall o Juléllg slgmll

qabas:3
<aienll alll dmbu o)) VI Gl alll dslw o) VI 3ol & 23l ¢reg 2l G (o>

8 Lphuaoll Glal 0

D

tala¥f
§ alll zg) (o guilss Vg ¥
wgulg daSg i sy azydg ¢ Jole adll ofs

® v

Rahaf shadi

qabas :3
<l alll dakuw o] Y &l alll deluw o Y iJjiall @ adol (png ol B (o

Gl e dnuas 33U pegall o iizall (ko ubly iy aagd 32 Lo Jlo 5
SIS a8 alll oles oo jinly alll delb ;8 Azl llsg blig bty
Sy g (548080l 22y g patuwly rul.h.wlgulh.llbs,\;nulumﬁxsbg
&J,\))nqubsLml:dIuilnS 0 ay) itk iz apolas g alll delb 3 yaiuy
uliall BVl 5 jlgilly Ll & Linay 0ylgig aly) b sgizms iiss cpmandll
LJ)M‘"ELGMUAS JB @3 i gayhll glbd i e astiy ig il ghily i
o alll 3 Jiiadl gy sl st e juog blidg suog 32l jlw ge iisy
Lj,nmuboypugsmdlcqulcmlmuiwp Ablig Jolus pas £l g
izl g deghsll dalull oim Ly izl Juolgg yuang sgizag (regell

' @ - 3

LAl bhima dabaiall

aonall gm apaall:agaall JShi @6 aad
@le awsli al Giang daimall gmg

@le graw s Jljial diangg aalaw
aalhw

ol agaall daghimall dlanll @6 Laiy
g aganllg caia kil jlall Ji renall
gm L3l Lol Miad (héd lhimall
egpuioall awshi ciange aguuyioall
JUAl diangg gruioall zlaw @le
aaall] aganll zlaw @le guawsi
[aglasmall ylanll @ loyma lags

Jolll guuljall Jnall -2007 Jus @@ vossgill clena< — gus gl gujg<




xclqallqusqaall

dgiLadsll aylsl Slapai 1(31) Joe ddjg

dliialg aw STl Jeloi @on’ uisl @i Jsidill gle lhimallg aenall a8lnia aaa :(1) i 5

agilalall ayaall JSTi dula s Jalall

Sdilaoll oAm Q6 himallg yenallgm la -

by 25

Saanll dilan @le pgrutiGall Jaoy casS e -

Aonal :dpaanll gaball dyliay Jiay @il JSuinll :(3) cuyai
dayliadl o lg limall 8alag gaanll Jglaa (e dnuiyll CiligSall JSill @le aan -

_ + iy caySq dgliadl @ dplalall LUAN A oS -
Sayliagll @ LAl

$Cdgll )gpa ga dyliadl 8cl0S 3an’ 1S mag -

Jolll uulall Jnall 2007 Jus (250 ) wnossgill cling< — gusausal guje<




xclqallquaqgaall

cqlowil g poi) | CWURSILL0S)

:dagnnll Cilagleally gholl JasT:(4) cuja
........... dayliadl :lmtle Jliog dminiii dalc] Say dg 8aalg 8pa @ariu’ @il @G .......... dylladl -1

............... Cilyladl e Legl Aot aguilll ggil dyliay -2

X @llillig golapll Zlgh e e Bala ndlwii Gyall @le CiliSyall spaimall &Syall darii -5
araaall palayll dyjliag gadl Bale] gaiu

............. Cllll @16 @AATUG . @le 810 Jg¥ @grialll Ogul djliag CLarAiwl -6

@iligilg oo AT @le Jaos GAl e 0 pgdislll ggul dujliay @6 renall OgSiy -7

GuA @le Jaoy @all qallatil paic xSt cilygly ga pgrislll ogdl dyliay @6 aumall -8

donall Aic e A ST guidlll Ogdl daylay g0 -9

........................ 3G coit oo =2 et eeeeseeennns =1 1 AT aguiilll 9gal dyjliag -10

Rama Abu Hammad
1315 gubgiiia Caclas sLadl 13]g»
lhe iy sy «laasll Udoahsd L4hy b izl I3f5
B9 e bt alall (o Lhs Jo=i U aglll

o ® & o
talaBf

B e clide ) daalud] IS0 Yloo &y Vg « ol Gasd bl cluds il -
W dag8 831))g pjeg delonin Bglirally @lgall JS azlg

Jadll Guulyall Jndll 2007 Jus 251 )  wossgill clins< - gpsm<al gujg<




xc|qallquiganll

cqlowil g poi) | CWURSILL0S)

@JLI." guwall puac

cdrilyms ddlh ziiig @ilali Jelai myd dyildla LA :glegi driliarSoumsIl LVAIL -
dgilyms dslha climiuig @ilsli e Jolold Imyd @ilyms Julali Lldg
dgals 8phailig Jungi elilulg dlngs cilhaslg (usleg (o OgSii dyilalall GUAN -
:0lo dyilalall &l @b dlclois dyjlo cilhdl aladiwl vic -
B)lall @6 aaii Ciligyisi¥ OX lumall @l renall o Syaiy Jitailgall yifiga -1
umall @l senall ga draglall
Joanig lumall @le JIpEAl ¢ianag (il dinid Jasag aenall @le amshi daay -2
sleg o dragall Ciligy3l juSyi Jiyg caxenall sleg id dragall ciligydl jusyi alajy -3
lumall
dragall Ciligsdl aaitg cxenall sleg @l dualall $jhisll e dullwll Gligsdl aaii -4
aumall sleg @l dxalall ylaisll yuc
hhumall dlis alajig aenall alis J&i -5
Osag)amll cihi g dyjleesll JIEAN agma Jgan @é padiuwall geajall cihsll -
)l=all
1atm ciljlell héag 1M drcgdl @6 Jullaall j1Syig 25 C 8)lya daya rdylieall cagylall -
Osadll @le hymall clegg jlungll gile senall cleg :dgilolall dlall oy -
[el13 yS3ilw] aiad @l Jjisg Jjidall Jolallg asgs @l awS§y aws§all Jolell -
[ilali ye Jeloi] abigsd @il Aljlall Jyllag hhoagjls s -
@ilsli Jelai olies JiaYlg JSTillg jranillg cupuyill -
@ilsli yie Jelat oliea clyaillg Baall -
Ciljtall JSTi - Cilyliagll :agilolall GAll Gléya’ jmil o -
dyliagg dpaanll galnyll dyjliag Imiag Gaddull Judi dygilill dygilig dglgl cilyliadl -
gailll Ogal
ol «opmylall Jio badeil j18 @adtuwi dghaumall dyleall JSTIl 0o syaall dales Ga go -
PgLuticall

Jadll Guulyall Jndll 2007 Jus 252 )  wossgill cling - gpsmsal gujg<




xclqallqusqaall

cqlowil g poi) | CWURSILL0S)

dgilalsl GILs Il :oilill gugall daslyo

Sauilymsl aslall dyilalall & All i (s «(1) d@m@
e CiligyiSI¥ Jaiiig aenall aic awSTill diang igaall @ilsli Jliialg awslill Jeloi JuA (e
JEAN drlac oaic ¢iaail lhimall @l el

@lueall JIEAN ama dyalall jlaisll e JSy Agnsdall magl :(2) d@ml@
sginall 619 jgSia
Co + Cu®* = Co** + Cu :@idl Jeloill lmys Giang dyilela dulA «(3) (_chju.ul@
limallg xenall Imgs aaa] -
Cu laumalls gulaill CiligsX JIEAl Ciang Co renalls Col awshi diaa
JiiaXlg awslill Jelot @ont wisl -
Co = Co?* 4 2e™ :awslill Jeloi cani
Cu?t + 2e™ - Cu :Jljiadl Jcloi can
apilalall dall i) et qisly glieall adall ama cuual -z

E°cy =+0.34V  E°;, =—-0.28V :dylieall JIJEAX agma (Jgaa (n
E°cen = +0.34 — (—0.28) = 4+0.62 V

Co|Co?* || Cut|Cu :ayilolall adAll ja)
u.l_lJoQ_lHlScd_lj_luAA_l(sAJl)_m_lJH.A -A
Cu gulaill cidag alis alajig Co CiligSll cing aLis J&i

:dylieall gl o dpilela alA gMSiiny oLl Jeloill lon :(4) d'@-‘iﬂl@
[, +2e” - 27 E°=+40.54V
Fe?* + 2e~ - Fe E°= —0.44V

lam) déloiall il aliwdl e caal
aulAll oo @lsll Jeloill dlales cuisl -
cani guSeis awsliy aenall gm agaall olo agull go agaall Jil gylieall JIEAN ama of Ly
himall gm agull OgSug Fe - Fe?t +2e~  JIjiadl alclos
I + Fe > Fe?* + 217 :lnidll panis «iyglmia CiligyisiXl
@)lieall aAll ama cuual -y
E°cen = +0.54 — (—0.44) = +0.98V
SFe?* g1~ (o JS Ciligdl juSyil Crang @il peill L -z
(aulshl alsleall &ilgl ga ¢lla aad) Fe?* 11Syi alajug 1™ ciligyl jusyi alajy
O digSall apilelall LMAN ga srel glieall dAll ama zagy ¢l @il Jgaall guyl (5) d@uﬂ@
i3l alfwdl gc cual of dinga dvilif Glighl 0gsi lmerang dalyiodl jgal Cilga Ciljlall
dyalyiodl Cljlall elli ciyi ol daimall 0o gliea Jial ama J8 aenall /aila JS qiji ol
B},LumeE—Bgn—Bom@am@Bonmg@wld|mx|;mglpw

Jolll guuljall Jnall -2007 Jus Qs@ vossgill clena< — gus gl gujg<




59

bl aype . 0.3lx¢| 1

ATd{dell(ValdiL}
Wl LaSl

E ga J&T C ol aniad D s E Jgais 15 auls ama el gy Imisg o)laig @eaa cihns
HSH ai¥ A pat aylmill @og emiag 0gSid Guilull o juSl gmé E Ll dmdgs lnyiyis

ama @lel al gall jloll aaal -
1.3 D D-B D<B D SCalD glioa JIjial
1.5 E E-B E<B
0.4 C C—E C<E A5G0 ale 698l aral-c
0.3 B A—B B<A LiAdg jlusy Jauwl Jais
Jale sgsls jlall cilig
At :awS§a
@iila] yusl § A ga diolay E Glyis Jelna elyni oSay do il -z
C2+ o> G Jinhwgdigns st alljial ama 03 adgd 0o Jjing of A jlal
£+ E (Jeloill ¢ang ol @llillg rena aid awsliy jaSlg lkiume gms
— A 0o dtolas E O Jolne elyat 05as @ilills
D2+ x> D apilalall adAll s cludl yie Ciligrisil dSya olail aaaf -
Bz+ ____‘-:“- D2+|D .." a 2 .g E2+|E .." . . . (:J_A a_.]gS_A_”
A2+ SIA D @l E 4 Ciligyisi¥l aati . D gm laimallg E gm Aenall
T i (a digSall dgilalall aulAll glieall &AM ama cuual -o
B2+|B ..“I. . .g C2+|C ..“ .
C2+ > C 0.4 E%_p =04+ 15=+419V
E2* > E - Gl Wpeid (uitlA S ama aand Alplall culiyi e
D2+ —>D T3 11.5 iyill @le dlgmaall LA
B2+ > B —— ey a6 120 ©
s 0.3 Lamiligyl Cun « B g A dwalyiodl jgayll Liacl ¢ljla :(6) JIgull
AT > A Y Jelei @amil dylieall JIEAN sgma cluys B* g A%
(@uidlS dgilela @Al grigSall guylieall JIjEaXl
A3t +e” > A2t E°=+0.77V
B*+e B E°=+40.80V
JuSeis dauma @ilillg xena Jgdl Cuny 1S J831 (w agmall 0} gunn JSii drip @laidl :Jall
A%t 5 A3 pe awslill Jeloi wni ggSy Jgdl Jeloill cand

avilolall auAll o @Sl Jeloill dyiliays dlsles cuisi |
Bt + A%* - A3t + B

> MmO

@l Jeloill E° cuual -
E°cen = +0.80 — (+0.77) = +0.03V
[Cialeloiall gl :auiil] Jeloill @ Jiiaall Jolellg awS§all Jalell aaal -z
B* :Jcloill gé awSgall Jalell
AP icloill @6 Jjiaall Jolell

Jolll guuljall Jnall -2007 Jus Q5B vossgill clena< — gus gl gujg<



xclqallquaqanll

ac cual @i algall gael dylieall JIJEAN dgma Jiay @il jglaall Jgaall guysi(7) dlwl@
il alfwdl

Jgaa bais auy Jqlaig pS3l @l Ja8I g JIEAN sgma iy« Jall

Co?* _0.28 algall ElLil JIiaX gu;b_'i wlaiX
Brz ]..U'? ¥ -‘ lllllllllllllllllll }
2+ — _
P2+ _0.13 Mn Mn 1.18
A cd” = [cd | —o0.40
Ag 0.80 ﬁ s g S
Co™™ Co  —0.28 s aols
Mn2* ~1.18 =, ol 2ldls
24+
cd —0.40 Pb — —0.13 "4 Fo,,=0
- >
Ag® —~(Ag) 0.80
dussnsnssnennnnEmE )

Sie gigssl( Br) — 2Br | 107 | Sk .p caasl

Jiias Jale sg8lg auSga Jale sgal saal -
Mn :Jjisa Jale sgél Br, :xmSga Jale sgsl
@lila] jual SAg daall g sleg @ Bry agpll koa 0Say Jo spiiind -
Jeloill diang @iey &aall @l a3 awSéig JIHAN al Ganpw @llillg pusT alljial ama gyl
adll ga sleg @6 agyl bhan oSay X 131 61 0gSyg
Se)lea dyla ama sl dgilala dyla oligsy olall oljlall L :o)lel -z
09 Of A1 X jlo guyl @il agull @ifinig hos Oljle avipall dlulull (o jliriu ari
Ag g Mn Lam gljlall @Sy Lo piST alall ama 0gSy @in 0Say Lo ST Lamiyy doluall
Pb awS§i 3g Cd 83wl guhiw @ill salall iziitul -3
AwS§w awS§all Jalell lam duyn Co?t CuligSil Ciligyl mil ymlbay olisaa gl lahaall ¢
Cd lhéo awssy @llillg i J&l alljial ama (s
Cd — Pb agilolall alall @6 ailis alaji gall cibasll aaal -0
Pb gm ilis alaji gl 3] daymall gm Pb g aenall gmé Jal alljial ama Cd
caarall haan Jolas 0a gragiamll e jyay ¥ gall jlall saal
Ag gmg c1nge alljiAl ama 995y
033 Joyll Culnel @ill dgilelall alall @a -
Sc|Sc3t || Co?*|Co
;i altudl e cuals Eocey = 1.8V gjlieall dulall ama off Cuale 13
aulAll @ el e Aligyisi¥l @Sy olail aaal -1

Jolll guuljall Jnall -2007 Jus Qs@ vossgill clena< — gus gl gujg<

9




xc|qallquiganll

cqlowil g poi) | CWURSILL0S)

Co lamall @] Sc rxenall (10

Sc pguailSwll (gl @)lieall JIJiAN ama cuual -2
E°cey = 1.8V E°%, = —0.28V  E°. =?V
EoCell = EoCo - EOSC
+1.8 = —0.28 — E°%,
E°s. = —2.08V

alAll o @ISl Jeloill dlsles cuisl -3
2 X (Sc— Sc3t +3e7)
3 X (Co?* + 2e~ - Co)

2Sc + 3Co?* = 2Sc3* + 3Co

Jadll Guulyall Jndll 2007 Jus 256 ) wvossgill clins< - gpsm<al gujg<




©eqlbpl wjo . p.3lxc| W

1clqallquaqonll
Wl LaSl

ilipa< Il Julsill Gils st gupal

:&ULEN gupall Glagyai

Jety @ilsli e Jijialg awshi Jelot lngs iang dyiliasSgms dulA (@ilymsll Julaill LA o

adilymsll asliall

Jelei Gigan cupuny lag dimS 83l Jglaa gl jgmna 6 @ ilymS L jlyal dlac :@ilymsil Julail e

@ilsli je Jliialg awsli

augipll dp<all ¥

@ilpm Sl Jelaill LA o @ilsli je JIiialg awsli Jelod dilany aflymsil dslall aaaiw

dyilios<qpa<Ii LIl gy doypw digldo :a4ond

aplolal aulAl g lniy @oll @le Wjolin Junail &flynSl Jlail &ls ole ligei s &

@ilym il Julaill dyla

aglolall aulAll diléall ang

@ls i Jeloill digaa

dxilpass @l adlyms oo

atilyms @l adilials g asliall Jgai

(-) lhimallg (+) renall

(+) lbumallg (<) aenall

lhimallg aenall Ciliag

(+) @leeall @Al ama 8l

lhimall Aie JIEAN dulac digaa

Aonall aic awslill dylac digan

Jaimall @l senall ga @ilymSll Julatl dlag dplalal &AM ga JS @6 OligriSl jui gala o1
@le Cilinill g1 Cun (u gloliag lamislg aenall @é awslillg daumall §d Lamysd JIEAN Gangg
aglelall adAall o Aligyisil @onili ddlall Jga'ig 6\.?LQ.I.| HCg @jLo_IJ Jeleill gqig daimallg xenall
Ja00) dilymsll d8lall Jooy Ciligpisidl geaii dnlill alAll @ laiy Oudasll gy amall G)s Joby
dpilaly ayla Inlal @ ylladll ol )S3ig (dyllayll Lo dslial

axh [;. ‘ Ll.,'}zv'

Laga)

(e s
[

Jolll guuljall Jnall -2007 Jus QsD vossgill clena< — gus gl gujg<




2

59

jl pypo. o -dlx¢| 1

ATd{dell(ValdiL}
Wl LaSl

CCiani Ciganll avilsli yie JipiaXlg awslill cnlelod Joal dsyyhall LA@
LAA @6 Giang lAmg «WwaJA Jana e adilyms déllag lmaagyi (o a1 X Aleloill élli daat @gia
ByLiti¥l Culluwr &lAll ama 9gSy el 1amlg @SlymSll JulAill

Ag' )

+ 20 &= Ing, —0.76
+ 3e- = C(r -0.73
+ 2e- = Fegy —0.44
+ 2e- = Cdg —0.40
+ 2ec = Coy —0.28
+ 2 — Ni —-0.23
+ 2 = Sny —0.14
+ 2e- = Pby —0.13
+ 3e =— Fe —0.04
+ 2 =— H,, 0.00
+ 2e- == Cuy 0.34
+ 26— 24y 0.54
+ e == Fe, 0.77
+ e == Ag, 0.80

eloall JIEAN sgma @l il sujei G

AligpS Jolaag gulaill ddela gu Jeloill diaay Jm

o)Al

alglag (o gua)lall iy @l Jelad digana Liayial gl

ciligyl @] gulaill Jgaiyg
Cu + Zn2%* - Zn + Cu?*
:Jeloill 1aml g)lieall amall
E°=-0.76 -0.34=—-1.10V

Olg @ilsli pe Jeloill of @ied amall dyllull 8Ll

ella diangg ©)la] gos ian gl Al GiligyiSIXl Joiis
ayladlls d8ln jrnay Jelbill agiis @)leadl gaall
CiligyisI¥l &aid (1.10) &ulall ama o pST lnama

diang lamg lmiligyiSll 264 @l GIAS i Gl Jsuing cligriSIAl gylial JSiig 8ale cunSiw @llillig

@ilynsll Julaill als @s

Ciyag opaylallg gulaill @uad Jelois dyilali aylalall ayall @s calelaill of Bl Lialed :dialll g &
ulaill @o awsTill diang duay ailasl Jeloid liwsSe gls daimall gm gulaillg aenall go guajlall gy
@é ang ol Jelaill ol Jijial ama JaSlg kil gmg guajlall @le JIiadl ciangg dalivs J&31 gmg
Ciangw @ilBLIll e Jeloill gle dlall ellil dyliag Lilng gl Laiys (oilsli je Jelot ai¥ dgilalall aylAll

(é\jl_.l)_ms L . ..UI. ..ul. ”(ﬂ_l_‘i ‘.. .9

anode

Sigidm]t SLEE Jalal

=)
salt bridge -‘
cathode
> +
Zn Cu
ZnS04(aq) J CuSOy(ag
galvanic cell

Zn + Cu?* --->Zn%+ Cu

Srgdand! AIEG s Jelas
battery
e |—[/ &

= i -

dage

cathode

salt bridge

Zn

| Znsoum}

L ), CuSOutag)

electrolytic cell
AL ol Alsn
Cu + Zn?*---> Cu®+ Zn

Jolll Guuljall Jndll -2007 Jus Qs@

vorsgill clina< — gus gl gujg<




xclqallqusqaall

cqlowil g poi) | CWURSILL0S)

!

Seilpmsll Julatll dilAay agindall LA@
Jeoy @ilali jie JIjialg awshi Jelai lngs Giang drfliarSgms dyla
ailymsil asliall

S@ilymsIl Jul~Tll LA draml N>)
Alyladl gad @ Jeoiwi -1
lmpmlag (o dadill Ciljlall ga ayaell pplATwl @6 Jaoiw] -2
agtialSlg aginrgalls
00 lmijlanl slgw lmae ] @ilymsll eMlallg Cljloll @161 @b Jaeiui -3
Was mias loylusy of JSTil

@ilym sl Jul~ill glgil )SAI@
aulyms 8ala jgmaal @ilymsil Julaill -1
ayms 8ala Jolnal @ilymsll Jylaill -2

PURRCTINIRTENENUACEPN 2
a_ug_ﬁ dals Jglaa gT Jgmnag sging cleg -1

cAllall (o @ilymSil Julaill dda Glsulat @ Lol (Grisldl gl Cualpall ¢ dlela aliagl -2

dllod cillhgl padiw Liis Ciljloll dy6iig @ilymsll
(agilels ayla Jull gmg) dylly -3
Jungi el -4

JLill Jingi X dlall dllall @ié drigidl CiliSyall :6qili dng pilell c@nll @6 oliuyy Adg Gajla ).1}9_1@
lmile Jolaa (ugSil slall @d lmiily] gl lmpmin dlla @6 «aSpall Jala aSyall 3310 miligyl 0X @ilymsl
duaill adAa o eljail @llillig «dlilwll dllall g6 g dSpall ja zuA' Cll_'lggil o3 slymsll dlnga zuad

JljiaXlg awslill ga wgliaall Jelaill ¢iangg digaitall allagdl gai @ilymsll

@l d55aia 0gSi of 1 X LilymS Imlyl~i goiy @il salall
Jolaall gl jgmaall dlln @ 3| 55010 0gSi (g Bpa Ciligd]
dirlg)isl] gl dlymS Impaurs LSpall (6 (Otea ggilg

Silyms Jalaill &ls Jac &l @
bl dgyliagdl cindy alalall Qilasd aal Jungi @iy -1
ciagall lmady JA3l cidasll Jaiyg darmall Gaug
renall Guug
Ll &AL Imwisi bhymallg senall ciliad of @l
lmwod dyliall ge
il sl Gl ge Jglaall @] AligyiSiil gosy dyladll agsi -2

Jolll guuljall Jnall -2007 Jus Qs@ vossgill clena< — gus gl gujg<




eqlb

jl pypo. o -dlx¢| W

1clqallquaqonll
Wl LaSl

diniilll 6 lml dollaall (el gat Jglaall gl jgmnall o dolidall Ciligydl elpaii -3
lumall @le clall gl cangall gguill JIEAl Giang -4

ronall @le elall gf callwll gyl awshi ¢iang -5

lmijgy JoSil a4l 8ja dyllatll @l ageli @i senall 9o dligyiSl zAT -6

AuUAll Aama UA)_LST @ilymSll Juaill ddA @6 Jeloill dlaaX derAimall dyladl ama LJ_LC@
@JLQ.IJ e Jelof aulAll o diang @Al Jeloill UZ
Jeloill ard Giang aalg cleg gl dlnoia cu_cgl Ou s9illi @ilymSll Julaill DA (g )lA jijeli @

djos slgo prolanl »ilipa<Il Julsill

Catmsll slgall pmlnal @ilymSil Juladill cl_LA.mT Lo@
AmilagglS pmbng (o pguwligtllg pgritlllg wgiagnlls dadiill Cilloll UQAJAJ_LUX

Juadilly elld zuagi ga SNaCl pgiagall Aygls jgmnal @ilymSil Julaill Zilgl LA@

Cl™ agyglsll ung,_llg Na* agiagnll <_|L|g,_|| Gle jgmnall gging -1

(-) laumall olaily Na* ciligyl elyati eliwdl jic @ilyms jlui jgpg dxilymsll 8jlall GAe] aic -2
;o LaS alilwll agiagall Cilya digSa JljiAl dilac lml dianig
Na+(1) +e - Na(l) b_LZD.A“/dU_LAm d..CLO_I i

visti dulac Iml Gianig (+) aenall olaily CI™ Ciligyl ¢lyaii -3
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—-0.73
—0.44
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MnO,~ + Mn?* - MnO, (z)
OF, + H,0 - 0, + HF ()

o dagnall ksl
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A chsll @l B aihnsll (o Elpati ciligyisiyl (3)
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Zn"" +2e¢ — 7Zn —0.76
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i eyl Tagi lmila oo Cu?*,Zn?*, Agt ciligsdl wle giag Jglaal @ilymSil Jylaill aic-17
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s
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D
Ag,Zn ,Cu (2)
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>S§a Jale sgdl Nizt 0)
Jiirs Jalc sgsl Ba ()
Ni cn§ alis alayi (z)
JUIAN &ulA cani Jiet Ba|Ba?? (a)
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o dyjladll
Co** @l Co3* Culygsll Ciligyl awslii 0)
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Cr3t  Jjidall Jolell aaal -2
MnO,~ aws§all Jalell aanl -3
Mn?* g Cr3* (e JS Ciligdl 1Sy @6 Ciang 6all il aaaf -4
6 Cymb Ciligydl OF uSyill alajeé Mn2* Ll (Jcloia gms uim_m_. aid O)JS)J Jsg Cr3*
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IPO, 5 I, +10;~ + H,PO,~ ()
6e” + 4H* + 2P0, - I, + 2H,P0,"~
3 x (3H,0 4 IPO, = 105~ + H,P0O,™ + 2e™ + 4H")
5IPO, + 9H,0 — 3105~ + I, + 5H,P0,” + 8H*

PO, :Jiiaall Jaloll IPO, :awS§all Jalell

€105~ + N,H, —5 NO;~ + €l (w)
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3N,H, + 7CI05™ + 60H™ - 7CI= + 9H,0 + 6NO;~
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B>C>A>D adljida JalgeS Imigé cuwn palioll criff -1
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Khoall oSay @llillg B2 ciligyl J3iak olg A awsliy ol ellal @lel A Jljial

B—D ltos ala ama @lel Il dpilaly dula oligSy gualll gujlall aaaf -4
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F~ ayglall cilighl @l ¢ging Jglaa o 1 atm @gluy bhéay Cly jglsll jLe jya gyl d@uﬂ@
JAN cilele’t colnily lirotma 25°C 8)lya daja ricg 1M Lamia JS juSyi Br™ aragpl ciligilg
@iila] il .edgiall Jelbill digigall &Sl dlaleall il &yl dylieall lnagmag
Cly + 26——2Cl"y, E=136V

F,9  + 2e— 2F E'=287V

(aq)

Bry, + 2e——2Br,, E=1.07V
Bry < Cl, < Fy 1S3 @l Y831 0o JIEAN agma cuna aaiyill i Jall @y
gyl Ciligyl AwSEy @iey aia JIHEAl ama JaT @Al AwSEy awSde JaleS jgl<il jle 13]
2Br~ + Cl, —» 2Cl™ + Br, :olsll Jeloill
Ciligyl jolSIl 3 SEL6 aia @lel @jlieall alljial ama 03X agyull 04 g8l AS§a Jalc jglshl juaillg
auglall ciligyl jolSIl 3 wSEy ol @lillg oISl 1o sgil 3S§a Jalc gma jglall Lol Aragyl
Ggpall o @8l japlls dliaall dgilolall aglall Jiay @Al gglaall JSuiull Guyal :gualal dlamﬂ@

Zn|Zn?*||2H* [H,|Pt  :aviSl alindl gc cual of dyjlieall

il @n’i @6 deariuall Zn?* Ciligd uSyile -l
2 Saylieall guajlall aulA
) [Zn?*] = 1M

/n - . \di? (4 guits Jglaa alaaiuwl gSay Jo -
Bylaisll @& CuSO, gulaill Ciligps
_ e ‘ Sagilelall auAll o deraiuall dialall
Al @lieall JUIAY sma @ila] sl

(E°cen) gulaill
@ olails elpatin Cu?* ciligyl o3 Sau X
Jiiatw gulaill cilighl @llillig sragiasmll 0 @lel gulaill J3ial ama o3 Gragiamll dyla
aall ama Jiad X gulall gjleall ddall ama zungs cuuyiig HY uagyamll ciligyl ga 3y
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; Mnl; Jglaal gulymSll Jdailly jridiall pani gSay Jo -6
Mn™* + 2¢"== Mn -1.18 . =
@ila] pual ¢
Fe™ + 2e"=—Fe -0.44 dlj_'l'A'l um ia by ||(5\Jl()| s:|.A.||g'”'" ||(qu
2H,0 +2¢" —H,+20H" | -0.83 aa Jjial ama @lel clall o3g (Jljial ama gledll
L +2e —2I 054 | jridiall pani gSas X @ilillg Mjial Jmuwl clalls jrioiall
0,+2H,0 +4e”=—40H" | 040 alilnag g0
0, +4H* +4e- —2H0 | 123 | @9 JIHA Jeloticani Jiat digige dpiliats dlalea cuisl -7
Na* + e~ — Na 271 F‘;SIZ Jolaal @uilymSIF Juladll dulA
Fe“" + 2e~ — Fe

NaOH Jglaal @ilymsil Jylaill ilg Jiad digige &41S dyiliass dlslea cuisl -8
NaOH —» Na* + OH™

aali JIHAN ama @ pST aid slall Ciliypa Jjiad damall @l slallg agiagall Cilighl aafi
Awslill ama @6 pST lmi¥ apwSqyaumll Ciligyl awslii wenall @l slallg At Sgyaumll Ciligyl
(1Awsti Jmud)
2H,0 + 2e~ = H, + 20H :laumall/JIJiANl Jeloi cani
40H™ = 4e™ 4 0, + 2H,0 nonall Zawsiill Jeloi cans
2H,0 - Hy + 0, :6laidl gan @i 2 @ Jg3l canill capa rey aulsil dlaleall

Amay Ciagy 3] Mnl, jgmnal @ilymSil Julaill @i o Jiiadlg awslill Jelot daay Jm -9
@iila] il 1.5V o)la6a

Mn?* +2e~ - Mn E°y, = —1.18V
I, +2e~ - 21~ E°;, = +0.54V
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