snibiglljfFall

National Center

for Curriculum Development




uibgllifFall
A

National Center

for Curriculum Development

SOl QLS - phie 3L Caall

Jo¥ ol bt Juaa

3 5

(L2t 5) At o)l b s s 5o

Sl A s 3 g )b Iy

Yy

:\__:.h.ﬁbj_—&:\__l_:.?‘

7 EBLLI pglalt ilagh 3S 00 & oLt -

A3V sl 3y b e SN i o SO el s oS8T Jldil gl s glaid o 5l1 5541

® 065376262/237 Q) 065376266 () P.0.Box: 2088 Amman 11941

ﬁ @nccdjor @ feedback@nccd.gov.jo @ www.nccd.gov.jo




eV ol 15 e Py lgnnar a3l 233 VISl oyl (§ OOl 505 ol i 18,5155 0,53
((2022/24) o3 kel g By U1 ok 51 35 €0 2022/5/12 5y ;15 1(2022/3) (o5 ko (3 gealll sl b 1 55 ol
#2023 /2022 gl plall o 2y 0 2022/5/29 5 5

© HarperCollins Publishers Limited 2022.

- Prepared Originally in English for the National Center for Curriculum Development. Amman - Jordan
- Translated to Arabic, adapted, customised and published by the National Center for Curriculum
Development. Amman - Jordan

ISBN: 978 - 9923 - 41 -480-4

it a5, Y1 AL
ticb Jhaesdls gl gl C\.g})l (.5,
(2023/5/2593)

375,001
bl sk b 1 58 05 Y

2023 ¢ jodl 10Lee = gealiadl et 2o 1 58 Ll (VT gyl fadl) I S 20 S il 25 S
.ue (140)

2023/5/2593 ..,
/@L‘.«J\//‘..,L-.:!Iogw//azwl).dlub,wl//catdlﬂ,hj/:ou.pl_,ll
b 215 515 6T e il 2 Y a6 simen o8 2 51 5 ) JolS L5201 (e

All rights reserved. No part of this publication may be reproduced, sorted in retrieval system, or
transmitted in any form by any means, electronic, mechanical, photocopying, recording or otherwise,
without the prior written permission of the publisher or a license permitting restricted copying in the
United Kingdom issued by the Copyright Licensing Agency Ltd, Barnard's Inn, 86 Fetter Lane, London,
EC4A 1EN.

British Library Cataloguing -in- Publication Data

A catalogue record for this publication is available from the Library.

p2022 /-~ 1443 (42 4531 dnall
£ 2023 [~ 1444 welb oasl



Al é\ya\g.d\
L & U ioniall
7 Lt g o) gil) g (ia gadd) Y1 Sas 3l
0 el jaad! Jatlas Mgl 4 ol
T 00 Aol il 5 skl 1 s3I oyl
22 G531 a5l 5 0 etk st o okl 25501 G Sl
B el el il 5 5 ped ) e i I Sl
e Laill Lokl 5 SN 2l 3 ol
519 ol § okl J lonl) 2 2 2015 2151

5
O S o.,\p-j.“:\.ap-‘]o
73 2 gl £leassl) 1A Bas )
_ » 5 Y 5
75 HCl@,ﬁj)@\u@@a\A@\d@&w:@ngpﬁd\
76 e I 5N s N1 S,
0 5 e LAl S 1l

T 2T o 5 PR WK W, PSR [ ot |






Lo )AL
ek 5 53,V DL Y1 58 2o 2L, el e 50,31 S O] o B
o Ll o 0105 o el 0 155 1 e 85

G ol 3350 5 (Gmll el gty i) Y1 Lo Zal) Cone O 5 6l sy Bl 51 el
el J sl

adall ool Tz i A Ladall L oS s o Vol 5 oS i 3855
(301 31 gedd 5l iy GSL alill s s DSl 5 Sl e s
Ol ¢Blle 11 st Ll 35 il slae ¥l Slkae 3 L 1 ek e asbY
el 2l L] ol s 5 il 1 i I ) s Lol

B 55 en pulan o yhall Lol U5 pladl U ealal a2 L s el 55
Do B o o 305 0 23 0,30 Sl et il O L€5|J
w\(-’»-\ ("L"J‘ o)yuw\wu_ﬁ:éﬁbw..:bj diaj.ﬂ S| BL —anss <3 ) 8- J.a.aj
3 s cmnda Lol Bl 83 sl LI F A B &) e
ool Sllas s Lo g S sl s ctomdly e MLl J5 5 colains Spis Lo 3
Fannibl s L o 55 ol pead) Jamid G eladl 3 STEAM ot slzsl e Sl
ol LS (35 e ) OlsIl il (§ sl s ALYl o slalls 15

A3l Sl e Lo Sl el 5 de gl 5 8 50| 1L Ol 55 (i 5 (0 LS ity

a2Vl ol o o (5 5% cianl) bl s 2 DS oS O, 1
3 STEAM e o 3lae) Sll3 s o sy i o ool 6 Il S G 55,1,
Al ol s Jandl wlshas Olus ,E ST (g bl wlaNI (om0 B dlpany

% AL

8 525 ey S Al LA LS 855 plenaVly ool alel Sl




CN

ol B Sl das 5 sl wle g 4L IS

a;s%wb SlaYl 33 (g O JAG B s o Dl i AEE
2 Garll (Jedl Sljlgas oladll 3 Sl day colall Taased ol 55 52

Ovadal ) ollam Sy Jot Vs eyl ackasil 1 31 o) gz ) | 8L L Ol

Al e b 5

G Jg bl




LRadkfl g 0o ] g g2 0o

Acidstand Bases and their Applications
i 2 NA/~H )

(A Aial ) 1 _J

A A ‘ )
- o
" o \ 1 WA
»: ) /
e S, ) \ [
i w
\) | ]
| Y \
Q 4 N\ |
3 5 -~
- N
i

(55350150 gl Jro (23N Linbs g5 Ko 51 g e L sl N L3IARI 5| godl g 128 (6 g5
‘ P bl cqldl 1 e gy Lol L LSS el 3150 e (5 5503 (6 s i3I s 20l
B UL e raeid TR . e R -

| 931 podl s | lows i o i 5> Ll S 5 Tode Wl

1
O

»d




Lalad) 5 il
o35 e 3Lz YU Ll o b Lgotitd 131 5lt S0
Gk g lslae g 215 (e 3‘;;) %g‘;ﬁ Sl 5o
Lewatlast b 31 padl oda Cilosesy oLAST L3I 31501 Lo &3
w;;;gsb@wwa?ﬁﬁm@}@umb

Aol g3l g b semdl 1531

Dl lpailas b del gl y b ol Loz 1t J 3,5
saelilly e w,u s clglalasna 3353 1 30 5,4l
m ) 0l Qs Sl bl b Legel il e slaze
Al ) b s 2SIW 5 JUasl 5l elagiy

L g el 1l g 5 gesedl ey feor g sod) }:;'“ LS )
PP FCHCPW PN P PN WP [JPPERC 2 WO} SV
PH J onall £ o & )3 8 oandll (S 3 6on 5500l U 5
b b Yl eda 581 5 e slaxe YL pOH «duels i s
Adnall el gilly o ged] Jloee 1B

G S ol Chndll Ghend il -u)m;w!
;msj K umxudu g.,.abﬂbwbdhﬂdl.cm).bu:— ey
se il 5 colty Letb ske oy T3 s A Lendll saelild Jt,J\
Pl s ailill S 1 3815 Gl 101 Cl 805055 K
sl %;':?)JJ-:@J‘ ﬁ;"

Aakiadl fowadls eIzl N )

Gaels ol Ldas Jatlas Yl fe 2SI 14 )l s,w
! Sl gl J gloeald kel o J’“ o S
Lo ad ol Gaeadl e Grindl gueldl dwj‘ Ol e
Ldis danall el J] 4l S 5 o lanadl J gomadl oy
M‘JM‘ sl WM‘M‘@«J‘L@Juw
waU‘W‘ﬁu@ym«eﬂﬁ)‘@rﬂ‘
RAENTID 5 e




dacldll g Jaaall (ailad

335 5 NBOH p 535yl dousS 3yt J gloms €0.1 M85 5 ¢HICL 2y S 5 kgl i  ploms 1l 5Y1 531 s
e sl Tl WIS Gl Ol e Tk Sl el eS| SlsT eewll Lol 3 sue jlesl Cull 0.1 M
e Slsli )
: M\‘;uw\aﬁw\ Shsls | psl @
ol s 31 ol yladl 5 aseadl Cilans (5551 @
-fﬁéjﬁj‘%ﬂsj)@d}bwuwjj‘@.)%})Jﬁj‘u@%ém‘JJ}T.
: Jodl Sl glas
calijgs,)%@\u@edgmysmeL;%ngmgw\émi:msi

(1) 3515 sl ol b Lgndl o3

s, 2 ) &
L@J;,,;\gcsﬂfd\alﬁr\bwww\s)\feﬁui.s‘.
c\.lpw\)cl.@.ﬁjj L}V\}ng\@f\aﬂW&\ﬁ)}W‘ ‘h:-.y‘.

(2) &3“9?\

sy 2 s o

.é\:ﬂ\&&bcrﬁbw\w‘))@dw(3‘2)&;@\)}\

Z 2 w 3 é & w/?-q
Loy 5 L] s 3 wlS 3 (1) sV ol g ST 05T

A p
<l g (3 ‘2)0;}14;3\355\p‘zg};v\;ﬁwswlw),@d,w
el 5l il 1 WIS

Cmm 3 J...\:;J‘
dneS 5o 9 Sy IS 55l oo e JS J s 3 lenss s e a1 8,504 el oy gl I 3051 i
0l
o ol G S0 (0 sl B 53) i oegl) 23301538 B 2
g S 5 ol ot 5 0 ol G5 12315
ol 1 S0 3 o slomadl st 0 gl plomeld oo 55l 23301 581 -4

_v\‘.

V



Acids and Basles

. ") Acid Base Concepts ) gill g (2 gasl) aalia
43I 5101 5 51 S S S aelLilly b gesell A 5
5y9dly JUS, 1y O padll (l23Y of Laal Glde Zaab¥I oo
cM\M\Méﬁ\cd&M‘&thc&wé&é#
(1) St Sl el g0 S Gaas o 551 ol g il (g g0 LS

T T O - x 2 -
M\CUMdeﬂd)ww‘M\w‘ﬂ‘gﬁupM\ﬁ}j
Lgn 5 (I3 padl T 38 o 3 Dol g G a1 0501 125,500
aried 3t0d ccolibinall delin b delpall sy i)l tatially

& 1 u oty % 0 ’..
guﬁJ'U)cééJJ\Lgmbijﬁ\wJ&\}Anﬁ@j(2)&@\)@‘

G300 el ool ) 653855 5 ) 5 b 8t 1

Lo s 55 S5 Toute il 5 aaned) Spa SIS 0 gileansTl G5 S
31 50dl G e sde ST M 3ae il el
Arrhenius Concept (w538 A g¢da

Jeo sl el )3 5 b e (Arrhenius) u»j_:;:.zj (’;J/bd\ ;,_/iu
IS ¢ oo A 5305 oy a1 YISl o) (5L 480
9M|JW@EM\JE#aMQzJJQSMwUM\P
Loy §m sl die (2 el 35 piall Lab . SlaSTl ool
qu\f«wb 3}-@3&.‘\

Aoyl e g g B ge (1) 200

A el @) e g sl (2) JK20

-

A
§ (-
(1L G

:MA\B@\}
Ll b el sl g 2 gomell ez
el 3055 01 B 5dll 5 $3LaS
slaxeVlsdeWly ol iy o0 Sy s
Just Sl el b lagil il e
213t QG 5l clagiy o 5 egd! O
Al JI e Uy 1SN

- s\ s €

(:j.@_u 55‘5 E.J&Lﬁb U;"":':J‘ :Lai—
(§os) ~Xeig s o psien ] o IS

oS
psthn Gby BleS SVsles LST-

&\

\§

(Sos) g s e g )|

% 55,’2
el e ddbl el C\jﬂl a1 -

el 9
:OW\Q@_Q%\{
Arrhenius Acid =~ v son S e
Arrhenius Base O SR Slaaels
Hydronium Ion £ 553 ) O

Bronsted-Lowry Acid
So P g p sdes
Bronsted-Lowry Base

Conjugate Base 43,0 8Ue8
Conjugate Acid S o e
Amphoteric Substances & 5 ae K 4o
Lewis Acid o s e
Lewis Base o sasld
o J

103



o 6 gem s (1) J sl

M|
LSl

o

-

HCI )y 51S 5!
HNO, )
H,SO, Sl
H,PO, <l gl

CH,COOH | ol Yl
H,CO, L 0 S

Sl S 3) s
S aen

@

. s
Arrhenius Acid _w g2 ) 20>

O34l ez slodl 3 LB Acid aasdl O | o sion Sl 2 5
g sledl G HCT o 5 5.6l g5 515 518 413 e Sas (H) 5 )0
Y Dsledl b S oJpbeadl 3 HY 555l O 5l
HZO H+

HCl

© + CI”

(aq) (aq)

H s pked! O sal s oLl s 2515 (HNO, &y )l B U
LV sldl B LS
HO .
HNO,  —2 = H

(aq) (aq)

+ NO,

3 (aq)
a5 e (6 5o b 8w st ] e e b Gl g
gt )l o gemm s (1) J sl F sl B ¢ ST
s s SHCL Joo a1y oo 9508 333 e (5 g0 (5 senddl jand
P e S Ledn «Monoprotic Acid 0 455 JI ;591_;\‘ Loas
055 LS L s H,80, ;81 Gaas o copr 5ot
oo e mrmades I35 O e Lelons S>> & Diprotic Acid
Triprotic Acid & 55, (33 Laa> o s HLPO, El ) pindl jo0>
M e (5 g 4l 4o «CHCOOH &l ¥ aem Bamo b G35
s Y 1 e 5,0 L o 5 S 830 i o oy oot 33
and L) IS 12y s (3) Ul il L ey s a3 i L
B 5 SV B, 85 o (5 5T o s shm 833 Slas 2l S
il e Cal s e a3 208 s 1 a5 LI 2L 453
Y Dslaodl 3 LS 055! L;;\}fu.ig
H,0

2 + -
CH,COOH H',, + CH,CO0™
H
H
H
H



H,50, i S 2o (BB %)
ALl e s ¢ 3Dl el O 3 bty Sl G & pall G5 5o
S Gham et gl et ile BT, 0L~ o e

) %. LLQJCMMG:\{J:J‘MWBJQ}J\)A‘JW‘
il G gl b

. 1 } -
Arrhenius Base . goon I s0sls .

Z);.J =53 s LI < j;u B3l Ll Base sl oyl G5 c

sl NAOH p 535 gl i 5 ubon 23] i (Sliad .OH 1S g sg)l |

N1 Wslaal 3 LS OH S 5,001 O] oy |

NaOH . HO0 o~ 4 Na*

(s) (aq) (aq)
Eard

SV Uslaadl 3 LS csladl 3 KOH p gl ol S 5 50em 13l s

H,O - +
KOH, 2 OH ., + K,

o yoreadl Sl SlnS g dn e —ple S-S Glays

) . s h ) o
REURIT S R P pRv-PNT ) P PR P RSP PAE RPN P PR J0F iC PR P

e s 3 - ?; P .
(bS50 Ol e 6 5o S o syl el 53 O sl G ey

NaOH p 523 goall 4w 5308 20 o 5 Ao 55008 O ol o (6 520 Lgrancd
.Ca(OH), p 5 SN A 55008 Joo oS 5500 5l e (6 g2 Lpnans 5

Byl T el 5l 0 455 N sl o padddl Lo LRSI s b S

sl el g3 am1(2) Jsddl

.
: : sas )

KOH ‘J'f.““"sj)""t."h
£ 5ol 5
LioH | JeS20
£ 3!
NaOH ol e
rﬁé‘yﬁj‘
Jo S
Ca(OH), | "2

WL g wiliy

A 1 celoaS) Joms b gt ST £ s st gl oS0l 5l o8

ez o5 e Lo Jmall b A1yl 5 b paed| g5 o s
S s g NH G 5oV J20 0 5 oo e ) gte W) 511 s e
2o NH,Cl p 55 5091 5 IS oo ¢S o (gl 51 sl

eI NaHCO, & 5 gl p o> goall Sl gy S 51

[3 - - <. G ;«;,é
HCIO, , KOH , HNO, , HCOOH , Ba(OH),
LIOH p st 51 A 5508 gl (gobeldl) 2301 125 slan ZisT -2

Nt




Hydronium Ion ¢ 355 ! 5 M

. 2a + 50 b ol

e 055 S H sl 0l ety Jsloeadl B aendl il

S 53 Ui e B8l S Bt s [ i o g3 a3 05
sl Dl Ly 3160 el 315 s oy O K 36 (Bl 230

145V slaedl b LS <Hydronium Ton p g g el & 2] U3 elo eg 3

H',+H0, <— HO"

aq) 21 (aq)

A = )U
& -+ k., = —

o 3530kl O el Py J gloeadl 3 e 5500010 ol 0 ondl] Sl s
Y 3 WS HCL o s okl by 518 35 sl SoG5 Sy 5 <HLO7

T -
HCl(g) t HZO(I) H3O (aq) + Cl (aq)

Bronsted—Lowry Concept 8 — i g 1 4 5¢8a
45\yg‘m}ﬁ\jy,@\;ﬁ,;sswyrau;,@wwﬂg}@ﬁx

o HCL b, 5IS 550l s Jols oo dlgMels (g0 23S 5ol 0 (S0 o]

Shaz Jol Jroy S NH,Cl g 5031 2y 1S el ey (S HUINH, L 5l

5L LS G Al ol L lwadl b el 308 o

NH, . + HCI

3(aq) (aq) (aq)

NH, & + HCl(g> S NH4C1<S)

3(g)

— = NHCI

eSS U5 35 €S 55l O e (6 5 Y 5o ls NH, L 5o Y U
o o iy Ol 185 3] sl Gaenl e sgie il )
053, Js e slazsW sasllly paasdl o pgied dplr S5 g
Lo Wy ¢ Joladl o1 3 el J| Saasd) o (e skl 04D HY
Sty e B3e s clelilly Gaedl Go S0 Yped 25T G
=) Jeldl $LsT & 055 (:j“"’ leSes 5L «f Bronsted—Lowry Acid
e L ¢ Bronsted—Lowry Base G Hmd g 5 8 Gl (055 0
a5 ) e Sltad (0l Jeites) el ol 3 055 Lt
et Loty ¢ ansd) oy (HY) 855 0 et s lall 3 HCI 5,04
a3 23 5 2V Aol Gaslal) frays «(HY) & 55,1 ol

HCl , + H,0, — HO"

—® 27 (aq) + Cl (aq)
CLA



telodl o () 855,01 s Lo eladl 3 NH, L 531 215 i Gl

LS el 5 Resdl Ll Ty e b el o gl gy
FEN RN

NH + H,O

3(aq) 27

s CLA
HCL o (H) 055,01 Sy NH, J oo o HOLJ Jows el s

NH,"  + OH

(aq)

(aq)

L5V Dsleadls el fs A NH )« ol 3 aandl oy g1
Wspds

4 _
NHS(aq) + HCl(aq) NH4 (aq) + Cl (aq)

JECUE
Ll e 055,40 JUasl Lo ooy 31 e il ) ) SCns Vg

.SJ.GG‘} u..a.o:: é)')’\.cw

Conjucated Pairs 43| o]l ébf)!‘

StV Aol 3l 5 5yl M (o 1358 (5550 i 5 0 e 355

sl Jelin Stab . Jelidl 30l | el 5o 055, JUasl e
Y sleall 3 LS «CHNH, 45 J shoes 30 HCI

. .
HCl, + CHNH,  —— CHNH’ ~ + CI'

(d.é_«.?) C)LO (5u213) J..a.‘l.....,o dﬁ\f V,AA.? Ztﬁﬁ‘]a sdels

o5y C‘ﬁ H* 055 c«u HCI 2.2 57 Dslaall e C} ;:,
oF asUl L1 9 ‘Conjugate Base da) » 34el i, L§~U‘ «Cl”

o gies H O 55 0 CHINH, S lall s LS 0 55 ) s e

s <Conjugate Acid Giladl el s «CHNH," 5,81 U5
J;Lé:J\gu@jﬁoﬁu@jso}:ijaJ;w\dL,aulQ_oaqau\’iSLd\
31l b 1o s Sl 3 kels K05 il 31l s 288 0B
55 ¢33l ol Lo 5 sl T il Lodl Buels s Jhamdl Lails sl
(oLl 2l ) e Jelis i LT 03 Bl s i o |

SENHERUIFICE

HE_ . + H,0 F,, + HO"

(aq) 27 (aq) (aq)
(C:Ln) o> (W) sl 5\.5.3‘)» sl G}'@‘J"’ d’e'“"’:

i ()
359 ) palall 5

e sV e il 55y
PETRCIENA RS P
L1 e Gtd £ e 31,
bl w;ﬁ\wu <NH,
3 ¢Sl o 5 3L Ll

5

rJ&J_«)\ SEPRICH AN RN
Ll il



J f‘.l_>h:.wb cr_o...a|
«(Scratch) i1 S @AL}){
oo /\{s,_@.u’ H} /'3:1_}]9
Ll A o5V el

(o) = di 2 p e é—”)
. 52 NN
il

53

SasBy ansdl s (Bl e sy o Janty ol O s
(H,0\H,0") 38| ol luzo 5 3ue il 5 «(HF\F) dal ol

e oS Ll 1 50 35 b Lol 2 NE L oY1 o Lzt
LY dslaall S

NH + HO NH," + OH

3(aq) 27 4 (aq) (aq)
sl u.e.o:/- Jé\f U"a""’: 315\}» sdeB

o5 3oLl tlan (bl 20 ) e Joxdy Jelidl O cm’ a5

OB Vg «(H,0\OH") &8l o)l 54l 5 Ldamdly «(NH,\NH, ") Gl ol

el 1l e s S (6 (S5 p seie GB Jelidl
@\JJ‘ LWJ Bu\&w\j ‘lb\JqJ\ ‘GJ.OLEJ

dslea] o C“"
H,CO; + CN- HCO;~ + HCN
geIes saes Az e uels S8 o oo
(1) Gl s (2) 38 20 55

(CN™/HCN) 5 il o)l 5aels 5 el o bl 2 b= 55 (H,CO5/ HCOy)
38 el lpam g 5ol o Wb 2 L 5

4 £ ¢ ?? ¢ &
o1 el e 5 s bl s 1335 2 itV
+ CN HSO, + HCN

3 (aq)

CH,NH,"

H,S0

(aq)

+ OH"

(aq)

+ H,O

2(aq) 27

3(aq)

CH,NH

(aq) (aq)

2%

Acid and Base Strength suelily 202154

S ol s ey S e 6k Gaedl 355 i3
il St e 31 pdl 2S5 g Je il a5 o omad) 3 B 15
Y1 Dolaadl Lo (B8 L1 3 HCT jaes)
HCl, + H,0, — HO0"

(aq) 27
U”b“"’: saels y‘f J“"’,‘ 2.55\/.4 sdeB

Ay Lt e 8 s Sy J ol SHCIOT isknd o i

(aq) + Cl_(aq)



H,0*
® CH,COOH
@ CH.CO00"

CH,COOH CH,COOH H,0*CH,CO0O HCI H,O" CI

s e (O L,Sj-;u""‘"(i

CI 051 0B oS Jolis & s 51 1305 65l 2,1 HO 2L
CS any Jolial) O Loys - ol 2l HO* Sy Loy cinelis Sy
ui.o?,ﬁijTHCluM\giul\j.;udﬁsgusbawﬁbd\o;jﬁ}a

ML@S‘HO M\wéﬁ“u\j ‘HO+ dwd‘uﬁdyjf.s\

Ju\a‘g‘HOOJ&LA\UAO}J‘)JJ‘JLM‘JLQOJJS&\Cl oa.cLa.S\o\dH
oxw\}&gd\g\@\w)s&w\ged O,ody\o.prHZOo,&
P [T LEENEPN LR
U3 s (0/4) ISl T 2l 31 gl 555 3o anety el 5
LS ol ool g Joli) p0 T8 S5 ¢ S JoliS &g pts

sledl 335

LS Jelidl 05505 oJ ploeadl 3 G 2518 2imdll 5 sl G

LS clas By Ll 3 CHL,COOH &l sl Y1 Jhes 25k oSleas

LN sl
N . s
CHSCOOH(aq) + HZO(D H,O @ T CH,COO (aa)
u,.a.«.g seB y‘f‘d““‘? 3_33\}& sled

Jsboall 3335 5 5 ) CH,COOH _aasll iloall - JW) ix s St

M‘U‘VUJWQ(“_M)M‘J‘I‘" «H,0" M\}gﬂ%wuwﬁ
M\Oﬁ\%}QHSOJru.é.q.gJ\:')AO)SjﬂJ\CJJLGE),GﬁTCH3COOH
35T CH,CO0™ sl O o oS (H,0" L aesell Gy Cinsl CH,COOH
Basll 0,55 gy ¢ shmall b FLO sl Fpe 0535 01 Il e 5,8

oSl Sl &y 325 iy L0 sl 7 s 31 CH,C00™
R CI7 a1 a0l G2 0,85 HCL g3 a 5\3&“&‘;,@

CH,CO0™ sl i £acls 055 CH,O00H pmall yonsr) Nyl
(s ol dsl ol suell ojﬁ Js gErel oj.e sl LAJS} chw Qg

L 5ol 3614 Kl
Lan | 5 saell 5 & 531
N &

HLO" s o5 1o
.MEJ}USJ_({



2 5ol 533 52 BMA11(3) J sl
) e diade! 55 3

2 65 saedl  susldll
HClO, | clo,
H,SO, | HSO,"
HI I
HBr Br
HCl | I
HNO, | NO;-
HO" | H0
H,SO, | HSO,-
H,PO, | HPO,
HNO, | NO,”

T vF | F

- | crcoon | crcoor
H,CO, | HCO

v | HS HS-

2 | Hco | co
HBrO | BrO~

MR
HCN | CN-
HO | OH

el Ll ‘t}\L)U BERCIES

slae ST ] /

Lagd CHZ;\

HNO, 5 OH™ ;s Js

a7

L 15 OV s o O (6T 6 in VI3l 155 o iy Jolis O
3355 2 semdl 855 BN (B) Jskondl (s ¢ Jolidll b Cans Y1 31 sl
(B ol Led yom s dinndll del gl e U3 Gulayy (481l Ladsl
Cd3sae Wl 35 sl LS5 ccansl Gl Ledam 05 6 5V 3l

g I Gl Gaasdl 853

VLY e o o(3) Ul e Bzl : Gl ¢

125V o semdl w81 aesd 3051 -1

HNO,, HBr, H,CO,

\o

z

(AN n A1, Bl 0555 1Y 2 sand) G335 2
HI, H,S, HF
Y1 il 3 VI s o 15l gt 3051 -3
HNO,, +CN NO, ., + HCN(aq)

Amphoteric Substances 3 5 5isY! 3 gl
el G5 80550 = s p i 335 3026 51 e 53LJ1 9 Sl
L3 gl s el 51055 0 e o Lgs 135 Lo Jolis 3131 )
533 722 304 gl 31 g sy T Jolis paaslis Ay Jolis 3 j2ans
@ Belis éiw dalJl el de +LJI Seod tAmphoteric Substance
S oS Uy HOI el IS5 5gll Gans fie ¢ samdl 2o dlslis

23 il 5300 2L 8] g5 ANHL, L o1 s el oo kel 30 s el
aowe _Jes oWl 5 o 5ol e i e T ILII b oY1 e isT1 S lin
HSO,”, HCO,", H,PO, ", HS ™l 31 s o 5 il B 5L S5 Jolidl 3
.CH,COO™ s HCOO ™ : fro¢ LS 5 SIS ol 5 COH™ b ol I3 10 25
Ll e o aloli s 51 3L HSO, 0 W1 Ly 520

Y Uslaall b Lo <HF

HSO, ., + HF

3 (aq) (aq)
slels dﬂ»}
K

@%,ﬁw‘CN‘y‘afuémwmu@J\ 2 gl LaT Sl
5ol Jray CN™ O ol 015 g s ¢ Jelisdl o131 3 CN™ 0 1 JIHT 0 55,1
(el 2l 5 Y slaally ¢ Jolid b

H SO 3(aq) + F_(aq)

HSO,”, . + CN~ SO.” .+ HCN

3 (aq) (aq) 3 (aq)
dw slels

(aq)



Lewis Concept gy ;}UCJA

sl e slaze WU el sl Dyl o Ity f g 555
0553, LUl LS oI 6TV sl J] sl Fpn (HF) 055,01
sl (e ) Loxts ¥ s0el = aem ool o 2501 lin OF LS el
d;wig_a?ﬁ.viung;y\j;u\é@;ﬁ\ouﬁw\ﬁywy‘ojsmu
€31 goll o gl s |

Qs e fats Y 31 as s b pumd) Mol Lewis ) s
Qs o sbaze¥l 8oty sl psgied Uik 15508 sy 05550 |
& Lewis Acid ) e O ns ¢ Saondl ] 3aslil o g SOV 2155
s 345 T ¢ o otﬁi@@\bﬁﬁ?\&e}fﬂ}j 255 il LS, B @)
‘L}.au.ﬂ\guT%gonfgy‘bﬂ@jé*WBEbg@éLewisBase% -@ﬂ‘w‘?’j”‘ﬂwhﬁw‘

sl s HCL sl Jolis 3 sl J) 1 oS5 s o p il s tsle
(505 805 Elliag el 2 s G5 (055 ) HY s gl O 06 €NH,
e 5 0l 2SN oy 328 U g3 NHL s a1 b s 55 Bl Ly
555 3 By o iy 250 55 o 1 ENHL Lo 81 I HE 055 1 s
Lom go 035 5o W Ol 3505 (RS Ty Logiy L85ty Ja3 s s 20
S e Loy Joolonll Jolid) 25 Sy N, )

Wl b del gl 1y s r.bw
p 23 | LS 5 sk Joo (a5l
lilzall Lelis b pleng sl
Jilns ol G lns s O Lol
ool S 5 5en G ¢ ol
TCKIN | I UV SR

+

. H Lol Gl ol Drlasy

|
+ N . /IE\ 5 cﬁf«b)\wﬂ\%\owww‘g

H + RN
H H
555, H p H H M bl L;\ Sila Ls
S&G—WQWWM@rQ\MQrW;TL}Mm%
Lede Gday ¥ T ol (g5 —dnnds oo Lo Glay I
05050 o558 N6 o NH L sa 1 Jolis 2 Jon (g5 5) = Aoy 2y |
1Y) Usleall e 50 U1 B
e . i .
FE e~ SEQ /
B—F: +:N—-H —— > :F—B— N—H
o/ oo \ e/ \
:F H :F H
w")uw WJJSJ&LE
EWWNHg%;L{\)be)JIQle)MNWjM\o)..b :
KL BF, 5 B 05,5153 s O w3 skelill J2a3 NH, O ligss |
ezl Jroy BE, 05 g s 65 80N Gyo 55 Jlian) s LERKES GG



= )
BF, 09,5 4o, 40 g;’y"
aie Gy Uelis 1250
t— 0555 e Ly
557 ¢ CaF, ey il Duss
s oy o oS o e
b 4500 | 2300 1y Ls
" ?\—w L sy Ly
kol 5o b 0w 0 Ul
s L5 )l Lo £y
G pnll LSl ol s

abedl 8

Ag' g + 2NHsg)

Sl opn G55 A 3ined) N1 385 e o o) 5505 S

CN™ fro s 21 bl o SINH, STH,O 0 0l o oo SIS Gans S

LS <Cu(H,0), 0531 ST H,0 bl o CU™ Ol Joliey Sl
(N Uslaadl

2+ o 2+
Cu + 6(: (/) —H) Cu(H,0),
H
S e

o) 2y UL 65,6 BT QU ol &l iy &
22 M - . - P T 1 .

) 4 oSV 835 ki HLO Lol 5 ST el

Miges fCU™" ulond) 0 Y Lol e LSy 0l SOW1 e
b e CU bl O das 10 ¢ Jrelidl s aaell [2ay 2000

L U SOV il b e Ll Sl e sy 21 4SS

Cu(H,0),"" O 5 V1 U3 s Tyl g 5 atay) I

ON™ a3l Sl e (AgY) 2231 0 5] Jolis S (g SIS 5
1Y) Dsleadl 3 LS AG(CN),™ 0 Y1 550

Ag"ag + 2CN () Ag(CN);, (aq)

i) G e diass
I a1 & ol Bl Lo 2,6 BT ey Lo sl 22401 0
alll oy A" LB 0l O Vg sl b U5 ) zlsl CNT
CN™ ibos 05l JS O o 3 e JOLil 3 ) o Jtog s 5 Y
ol B e S35 s Sl b s S0 £ 55 2531 0l ey

& &
: s

5V il G S 5 o) p sihs Cui 5s il et 305

Ag(NH;)," oq)
B(OH)3q + OH () B(OH),  (ag)
Ni**(q + 6H,O Ni(H,0)s" " aq)



VA

o2 s>l 85 is,w
rel 92Y1 5 31 gl
OU ML43S 5 ¢CH,COOH &l 5V e J gows 0.1 M 35S 5 ¢HCL b, S 5 gl e J gloes
BOML &l =505 Hlies ¢ 5L 48 shaas il Sler ¢ oo 5 VT 2 s0e BOML dal Ll WIS
bl o OUadl Mg p griie oy 15 cpladl GBS Gy 51 5T oo sl o831 ol Sle
29 W FC NI
el b Al LSl ol | &1
ol 3ladlly G311 ol il mseall Cilans 5551 ¢
2y oIS gl 2 Slazzal ,df @
ol O ghas
o Seadl dol e Lo S e STy i 1 oSN T -
) Lol W1 3 Lhsl s HCL gloes 10 20 ML ZoAR1 Sl plasenaly il -2
j;,.;fg o gloeal] o 55kl S Ll CasISII G55 o e s ol (B3 olin Sl sty Sl -3
015 O dplon 3 Wktls ¢ 21 Sy S sl bl ) Sl ool 235 4
el 5el 3
3;93;” cmj)w\j&xw&oﬂb\@‘dw\géZCmU)LfWL{JJMT:ﬁ}Yf -5
S

-

P )

S JMU «CH,COOH &b 5 Y1 [aa> Jglowal dalul ol sl 5587 : 2551 -6
szl o

o shomall G IS i g el G331 3351 1

S oo 53l e 55 251 J ot 335

o sodl o S b com s el 3 el e s 5,81 3

NI Saesdls g BN Saenl S

S AU e g AU 65 Jons 305 o ol S50 S0 JS 5 ol 355 s BN ] 5

2

T\ —0\  —0\

(207



gl el

2 Ron R 2
- {%ﬁju@\gﬂﬁwmlg\wmr\mpg&\dj@\j,s\ s M3 ,S1 -1

p siell e p g2 (N LYl

S e JS0 3 sl 2551 -2

:\;ﬂJ)MTE.SLAO .w}jz.i&uo .é)jj—mjﬁu.b.v;o uw):.\:.b)iu.a.o.‘i-o
W);
225 3

o 558 p shn CLE HOIO Ghans Jslonad paonsll L1 -
(o8} = Al p s Sl CHNH, J gloead (gl E\ju\ B
Gns Laas HNO, 355 Loy € 55 Lo HBY 2asell 455 -

P

Ahons 5 55 01 5y oy )Y ) ST 4
H,S0,, HI, KOH , HF , NH,, N,H,

> £, 082 ,’2

V) el s szl 2155313350 -5

= +
oCl,,, + CH,NH

3 (aq)

HCIO, + C;H,NH,

- +
H,CO,,, + H,0, HCO; ) + H;0
_ P e £
PN Wslaadl 3 o) p yie Gog 8ol s yaen) 30T -6
3+ 3+
Fe @ T 6H20(1) Fe(H,0), @

s £ . = 2 ~ . = % XA “‘./:
Yolaall il Be5 5 (CNT 5 HNO, 0[S as el e HLPO, 0 0 (5,5 5201 8 L1 3030 -7

2



4Gl 12 gllg g aigantll¢

gl ) i) g (2 gandl Jllaa

Strong ACids and Bases Solutions
Ul s HO" p 45,5l SU ol e il Jowall (6 s
Lo 3 Ei e 06y coladd U1 sl e Aol O S 5 kg
Sy HO" 45 el U ol e olell b e 13 5
3 paiall Lod (OH ™ 4 5 el 0l e oLl b el a413)
b 525550t Ul 5815 o 3l Ly Soliald 51N 2T
Sl Sy iS5 € Ll I el 5 1S 55l S ol

CU ol 5 U Yl eda 51 5

Autoionization of Water slall J5I31) Sl

Ak} STV ¢ I A Joo 5o 3 e a1 2L L
S oo OF sl S 4 J] 525 5l o801 s ol 22301
G b Bod e (s s o ) Sty Lt it oy 60
ssd Ser 3 tlem Lo sl ol Jelis ye Bl S Y
Mgy OH™ dmS )t 0l I Smns 09 1 iy OF Lo
53855 Tl (g5 iy o b candl b ey o
S cale s 3ol & sl Sy 58 Vg $HL0 55550601 O 5
sy o5l Sl n sl 5515 e (g omg olall O
sl 0 1 L1 s e U5 COHT s 55
s sl Sl o ans By s+ ‘Autoionization of Water
VI Wslodl 5 canis ol 3 dol 58 Sy 5V Lpuany s 2 oS
HOIE ’c,ijs
+ OH™

H,O0, + H,O

2(1) 2 (1)

H,0"

(aq) (aq)

;m,)\é,m\}
S gl e sladl J el (g 520
a3 oS )0l S il 5 4 5 )
PH Jloeadl &5 pom 25 (o ol
e slxe¥L pOH «5uels iy of
s b Yl oda 3515
sl Ao«
lall S L s el masi-
H,0" 0 JS 555 om B gzl -
Jslowal 3 OH
skl L Gles el g -
Jsloadl B oS 5 5]l rjfvjb
8 plaes Glat ol s bl L,Sﬁj -
A B aasl pe 5 8 e
: odbuohlg aueslahl <
slall 1
Autoionization of Water
¢ LaJ| u.jL, <ol
Dissociation Constant for Water
Hydrogen Power pH  jor 5,44]l ('J:,H
POH LS 5 gl o330

Hydroxyl Power

Titration 8 plaadl

Equivalence Point 5] dag

Neutralization Point ~ Jsledl dai

End Point Ll dag

Indicator s
o J

(223



(233

r‘J}r.‘:_mL» L@j[_w;-ug.q.:j c\j:-w Qbﬁfyhdﬁﬂﬂjgib‘;ﬁj
LY el e Jelaal) 01 Y1 ents

_ [H,0"] [OH]
¢ [H,0] [H,0]

K [H,0]* = [H,0"][OH]
G iy sLall 55 5 0F i e Jols eladl Sl Of 117
RO S-SR O PRy PRI PN JONL A SN N
1 G505 K «oJ 55 )5 Dissociation Constant for Water L)
3l i e 11X 107" ‘é}[—aﬂn—i | Jo-§ 238 5 s Lol uju a.)\J_’?V\ é,—g\j
LSVl e e 25205425°C
K, =[H,0"[OH]=1x10""

sl T H0" Ul 5815 Ol 3 oladl 2B e o sliy
H30+ Qbﬁié}&i&l‘%) .6\5;&» MJ}T;S}O)&.LAMOH_
rasls el 3 OH b gl -8 2 Cslas 055
[H,0]=[OH]=1x10"M
phos OH 050 lasp Lat e paanll p 5 gy HOT 051 Lo
Jobes I ¥ edin 5813 s Jdbeadl S By Sy 5 caie
1(4) d sdadl s LaS el laze 51 isusls 5l i

OH ™ 5 H0" o0 58 IG5 Jbedl Sizas 1(4) J sl

T

1x1077 1x1077 Jaled

e B O S|
1x1077 1x10~7

e ! e Ol
1x1077 1x10-7




1><10_3MLa;SJJOH_oUﬁTdLa¢j:.>qd3bmq% H,0" ;S 5w

(gl o
[OH =1 10 °M
K, =[H,0"][OH]=1x 10"
HO" 55 5 Slas 1o sl
: |
K, =[HO]J[OH]=1x10" S
HO* w 1x10™ iy
O =Tom7= Tx10° ~1x10

1x107°MlayS 5 HO™ obgl Jo gy Jlos § OH 38 5o
HE|E W R WE,
HO7=1x10"M
[H,

K, =[H,O*[OH]=1x 10"
OH™ ;S 5 Ola 1o gladl

K, =[HO]J[OH]=1x 10"

. K, 1x1o™ .
OH T =TH0T = Tx g0 1 X10M

JosT . e 38 OH™ 5 HO™ 3515 SV el 122 s /
gl Lo J ol b ol Ll '

1x107°M [ENEINECl

1x107'M Ul J sl
1x107'M S J gl

(243



| : 2 5 (HCI)
i ) a3
biss ol el
oSl 55 eadl Slay 3|
45 adaddl JI s
e Dless ST sl sl
oaexdl i 5 e 83l
&Jla o= gﬂ_bj ‘4_.\5’[3 t..aj
BBl cLaall Taal 51 3Y
LaS il s oLl
e e ool sl b
Al o a aand
d 03831 S el
S el a0 J] L]
s JSy 3l

(253

Strong Acid Solutions 43 §81) (& gast) {Jullaa

3] imd ¢ Sl 3 0 55 ) e s ot Lo 65 el 5 s 5
‘)7\1.0.9 C.SL»};-TC}J} H30+ f-}?’j)"\?ej‘ :)ﬁié’(;j u:f[:ﬂ eloJl %59 u.é-aeu“
35 ¢85 Tl Ll e 1L 3 HCL Laesl e 0.1 mol &3] s
1Y) Uslaedl 3 LS H,0" Ul 5 5asl;

HCl, + H,O,

OH™ S 50l o ol s H,O* M},Aﬁj\ouﬁiduwﬂ;wo\swj
ool I o Eskan e ety LS il i slall ol 3 20 0151 Bl

+ ClI

—  » HO"

(aq) (aq)

+ OH"

+
H,0, + HO,, HO" (aq)

b o =i ) sl = 5Ll S 0131 006

LS ol ks BB K el 2b Sl iy OH byl 35 s

La 38 5 e 10 1 ks 0,55 sloll 1 301 Ss dosldl HLO™ o f
) ot N Sandl Ghasdl G5 ¢ Jagh 6658 Gaandl b e sl
:}Téi‘up.@‘ﬂsjﬁl:)wJM‘@L&;S;dﬁjchﬁ%w
[H,0"] = [Acid]
[H,0"] = [HCl =1 x 10"' M
Ll 26 gl plnaly I ploadl 3 OH b gl 58 5 Sl (Sass
» :g:Li Ls K,
_1Ix10
1x10™
Jsbws 02555 N 332 eladl I 58 panr BLS| O G Lis s
(5) d sl (s COHT Ul 55 5 0o ZST HLOT 58 543 0,80 oo
H,0" bl 58 5 ol £4S b 5 2391 18V 5801 5 samdl Sl
(§ 5 ez e 3 OHT Uil 55 55

— Kw —13
[OH] = =1x10"M

[H,0]

i b gendl il (5) Jsasdl

1S 1

HCIO,

HI s 539 5408
HBr g 9048
HCI ) 415 5 508!

HNO, & il



8 diall

1X 107 M o385 HBr Gl g 25 ,egd] 2oz d glowe 5 OH 35 55 HO™ 5.5 5 ol

(gl s
[HBrj=d'x 10°M 5
OH™ ;S 55 HO" 55 5 el i gllaall
L el
HBr,, +H,0, —— HO" . + Br sl 55 Wsles

[HgO ] = [HB1]

[H,0]=1x10"M

K, =[HO'[OH]=1x10"
K, 1x10™"

.
ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

HClO gluj.lSJ..J‘ wOOZmol«‘:bonfdjlm&OH }SJ_,}HO J.SjW\
el BY 400 mL dﬁ
HE|F W WP,

HC104(aq) + Hzo(l) — » H O+(aq) + C104_(aq) u..é.c..gJ\ u—lu Jsleo

0.02 mol = HCIO, (n) <Y 4 54
0.4 L =400mL = (v) djl};aj‘r}@'
OH 35 55 H0" 35 5 ol 1 shiael
:J:Jl
HO" 55 5 gl W1 nnd) 35 5 V5 o

[H30+] = [HCIO4]

[H,0"]=5x 10°M . . .

K, =[HO'[OH]=1x10"

.
ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

Sl

0.04 M o35 sHNO, &b 2l jae> Jyloes s OH™ 38 55 HO' 55 5|



AN del il el (6) J gl

Strong Bases Solutions 42 s&ll o g&l) il
o gs AT O sl 5 OH o,;\cw‘;u@usa:,d\u\,m;_?t

//)‘

AWK u—’L" cLoJ L;a 1 LQJ NaOH sl S 0.1 mol i13] e ‘)L..w
(Y sl b LS <OH™ )'_:SJ., SUisls s

H,O,

NaOH Na'(,q + OH™

(aq)

@35+l O™ ol 55 5L 0l tandslts Y sl Uiy

S sl 55 5 e 3 RS L) 5o 48 055V o e i3]
OH™ bl 58 5 61 1175 LB K, oLall b b s HLO"
o g 38 2 B K 10 05 el 101 21 e
‘OUﬁ%}“aJ_@J LS s SJ_QLEJ\.KJS}«LJL«.A\O_QQSV\_OLU\O_%U

ﬁ

Lg\‘ad_ﬁw‘fsj.)bjwdw‘@ufsj;dj—{:j
[OH™] = [Base]
[OH]=[NaOH]=1x10"'M

2B el plasi s I ol S HOT 0 gl 5 5 Gl o S
“.;L’ oS cslodl
K, 1x10™

== —1x103M
[OH] 1x10"

[H,0"] =

Sl o3 bl L& 5o L) O e L iy

djw\mjcli.)&b@u‘d)w‘dﬁj ‘HO ‘}_ASJ;LJ.M)OH_
5,30 el s3ll 531 (6)

R—— . )

J“"Ubff°f”aj‘ JS.\MS,)MJMuo\fJ\fm
& ol (:fwmwu iebo b (3 ks s
b by hbeadly SNV oot b f0sd A1 (asmd)
LI Ol I Al 3l sdn LS o ¢ IS 1 2y kel
i Lo 4 ffﬁtau:ym*@ﬁapwa;\ﬂ\j
«Lithium Grease g 201 0 L2l @ J2s ‘qpiJ\ O plall

.Sodium Grease _» 43 sl O L]l 5




o all

5)(10_4MaﬁSJSLiOH<a):§.U‘%~SJJJ¢AJ‘,.\m“;§H30+hSJ3}0H_EmSJ3w1

HE|F W W,

[LiOH}=5x 107 M

H30+ S5 OH?J’:SJS&-.JLM}:%JM‘
t el
Y Dsleadl 555 5 255 &5 5006 LiOH sus3)

Hzo(l) 3
el b dslas

LiOH, ——— Li*_ + OH

(aq) (aq)
(VI B Gy OH 58 5 o
[OH] = [LiOH]
[OH]=5x%x10"M
SN B plasenl, HO' 55 5
K, = [H,0"][OH] =1x10""

K, 1x10™"
[OH]  5x10*

[H,07] = =2x10"'M

.
ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

Y1 wadl B OH™ 38 55 HO' 58 5

0.5M e ;S 5 Ul KOH p 5sls sl oS 55 3ol J loes -1

0329 3ol domS 550 55k e 8 2 LIk S S (5 Jglos -2
MF o = 40 g /mol 0T e .sLall 5 200 mL 3 NaOH

(NaOH)

(287



POH oS 55 43305 pH (rin g ) 4250
| cessed)l Ul e o 8k 5515 e T el 5 500
Gasl e a5 A aeS el Sl pls Jploeall 2 pom o 78 o
el 3 0 58Sl oty 26,1 o s Joladl & ganal . sl
Vﬁjj\,‘pHWwJ.@\‘..eJJ\JMM;uﬂJ,Lmj\uyupﬁu
L Lo JS ] S flogin IS 3 poaiall Lo POH LS 5 4]
5 Cadels 5 J ool L5 so ye andl

: Hydrogen Power :(pH) (s> 533 4250
L 0" skl Sl 585 e ol 25 e oz
Hydrogen Power %;Zz.?‘”.\?@ﬂ VJ;.H o g pldsel O 55! A
st 0l 8 A LI e U1 a5 slonall i o 5 il
Y1 BL Gl i S5 10 Luled J sl 3 H,O7
PRIV pH = —log [H,0']
(5) Sl e slazeWU 3301 | 14 ko 0 251 olide 5eb 8 plomal) 2 samed CaS Lol B
A ol gl 50 A PH s e 333 omall 0 g B3I (5) J20 s
107 Mg sl S HO" 5 5 3o HO" oy s0ed) U il
107 M g B0 15 o 107 1 28T as HO' S 50,5 el o O JSth o iy
N o 055 dalszall d plowall s 7 o BT PH e syl 0350 203 0555 5
Dlell Gl sl ) el 2 J slomadl 3 U7 (553 PHL o5 el 5015 €107 Gslow HLO™ 35 5

SRl s g SH el S35 107 e BTHLO" 35 50,50 gasld

alaiall Jyllaal

iomeall Julladl | ipac ) Jallad)
(07 10° 107" 1072 10-* 10~ 10 10°° 107 10 10=° 10-° 101 102 10~ 107"
| | | | | | | | | | | | |
HCI(1.0M) Ol ppae 40l obie culall ol Seallhga 45 LigaY)
(pH 0.0) (pH22-24)  (pH3.9) (pHG6.4)  (pH7.4) (pH 8.4) (pH11.9)
bazall aen Jall sl Luwiaall culs NaOH (1.0 M)
(pH1.0-3.0) (pH2.4-3.4) (pH 7.0-8.3) (pH 10.5) (pH 14.0)

I I I I I I I I I I I I I
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14

pH

e ) a5 Jleall Sans b p st DU sl 55 5 BWI(S) Jsa

o) o S

293



9 5 I Biezadl Sl

OH™ s pokgll <Ussls HO™ ppissngdl olgl 5515 ooslis
pH L;'-;-’.'})-‘-:éj‘ (;3;-5\ ey g el sl 5 gaml) 3L ol uﬁ
AN BN plasalys HLOT @lpl 55 5 e sloze VL pleall
pH = —log [H,0%] :

150 J slowall 55 5 ety A
ss0_ .

Sl o soddl) 4a35 O
.(pPH=0) 1720

bl

(10g 2.5=0.4 5 Lke) 0.25 M o35 5 HNO, b 2l o  slonad PH. ior 5 348l S35 oo :
[HNO,] =0.25M  :Jigdl Lo
.J sl I pH Clu> PN :
tJed!
Y1 Dsbedl b Les (S HNO, aesdl il

3 (aq)

N
HNO, ., + HO0, —— H,0"  + NO
[H,0"] = [HNO,] =0.25=2.5x 10"'M

pH = —log [H,0"]

pH=—-log(25x10")=1—-1log25=1-0.4=0.6

.
ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

©

(log 4= 0.6 3] Lke) 0.04 M oS 3 ¢HCIO, &y, IS ol e J shoead PH ior 5 344 S5 ) ]
[HCIO,| = 0.04 M :Ji3dl Jolows
.J sl pH Clu> HEP VN
3 s g
(Y Asleadl 355 LIS HCIO, Laesdl il

4 (aq)

+
HCIO,,, + H,0, —— H,0"  + CIO
[H,0] = [HCIO,] = 0.04 M

pH = —log [H,07]

pH=—-log(4x10*) =2—-logd=2-0.6=1.4

.
ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

3 5 Ol Sus g sos Il isledd o 5 0gdl ;;ij,u,,mib LAY Ol ye Lan e BT ZaC
HSNI Bl plaseialy Led HO' p s gl U ]

—pH
[H,0']=10"

(307



Jéall

%

4 éJLﬁpH%;’ﬁjjJ,@ﬂg;ﬁ)‘ZﬁL@?bg}ﬁnJ&J\&ASH [H,0'] e
pH =4 :Jizdl o

[H,0"] ol 1 ghlaall
[H,0"=10"=10"=1x10"M S
4 Jeall
2.2 sl PH iz 9,0l 5370 01 Lle © 580 & godlll om0 90dd [H,07] el
.(log 6.3 = 0.8 5 ie)
pH =2.2 :Jigudl Jdous
[H30+] WT g.fjlh.«j
[H,07] =107 =10"? = 10022+ g
=108 x 10°=6.3x10°M
0.02M a};; NaOH rﬁb_yﬁﬂ M}Ju\?ﬁ sae | d_,bsq) pH %;'.;.?‘QJJ?@J‘ ‘;J;jj‘ WT
.(log5=0.7 ZT Kle)
[NaOH] =2 x 10° M :JI 5l Jodos
Ledelall djl}m.‘ pH WT ujlu‘
) o L tJed!
1Y) Aslaadl G35 US NaOH sueldl -l
H,0 ; .
NaOH(S) 2-10  Na @ T OH (2
[OH] =[NaOH] =2 x 10 °M
HSYI Bl plasaly HO™ 58 5 |
K,=[H0'[OH]=1x10""
K, 1x107™
HO'] = — = =5x10""M
1,0'] [OH] 2x107°

pH = —log [H,07]
pH=—-log (5 x 10 °) =13 —log5=13 - 0.7 =12.3

.
ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo



ile) 0.03 M o 3.5 5 ¢HI Els g 5 )l e J glomad pH vl -1
.(log3=0.48 B

A3l ho 550 a3 5 655 50) e o Bl [H,07] | -2
(log5 = 0.7 51 le)

0.004 M o35 5 LIOH p ytll) 4S5 pn 52l d loned PH ol -3

(log 2.5 = 0.4 5 le)

POH (heusS 5 201 23750
sk oy acll Hydroxyl Power pOH LS 5 gl ‘b JPNEEN
5 OH 0S5l 6 ol 58 2 Il e 0 il 505 o sl

(VI BMAL e FR05 10 Lol J ploeadl
pOH = —log [OH] :

[0 9Gal
0.01 M &3S 5 KOH saslill J glowad POH S 3l S vl
[KOH] =1 x 107*M :Jizdl o
POH S 55l 2350 oo ol
L el
slnadl 3 LS oJ plomall s IS KOH &3l selall 15l
H,0

N -
KOH 2o, K., + OH

(s) (aq)

1S LS e lomall SOH™ 38 5 Dl S s
[OH] = [KOH] =1 x 107°M
pOH = —log [OH ]
pOH = —log (1 x107*) =2 —logl =2

.
ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

B yrey Jlomadl § OH S o) Uil 555 Sl Saps
Y1 Bl plaszaly 48 POH S 5 5egll (31
[OH7] = 107" :

(323



[

4é,wponJrs,).u,@“;éjm%g,«xw|¢ysﬂ [OH] o]

HE|F W R WES,

OH (yo Lo Jle 35 5 o 55 oo 1800 B 85ls Ll Ll

pOH =4
ool 3 OH™ 55 5 ol i ghlaall
tJed!

[OH]=10""=1x10"'M

oooooooooooooooooooooooooooooooooooooo

CRS)

giﬂ.ﬁ jj_l:u W‘ gf.:l?
o seeradl dS 5 5 s
b pasuiag dlasIL 8% dy
P P s il B >
“.’)—?’}' J_(,;, s WAV

-l sl

.
ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

el deeSssaa Jsheod POH oS ool S ol -1

.(log4 = 0.6 01 i) 0.004 M » 3.5 5 LiOH

POH S 5 5ell S350 0T Lo 0 528a 35ad [OH ] o] 22
(log 6.3 = 0.8 01 ie) 3.2 (5 5L

pOH s pH (i 483a)
o sloall B 555! Sl 55 5 PH oo s5okedl) 5301 o

Jol s S o) Sl 55 2 POH oS sl (5301 Jas
K, eladl o2 Eu e 720 i s oy Jplomall b V1 555 5
LY BYL

K, =[HO'OH]=1x 10"
11 o Jall 2l 3 T 13

log[H,0"] + log[OH ] = —14

tke Jheme (D) 5,LaL0 Aslaadl i
—log[H3O+] + (—log[OH]) =14

C'=
)
[

pH = —log[H,0"] ¢ pOH = —log[OH]

LY gl e AL B e ndll Sy 4518

pH + pOH = 14



Aalaial) Jallaall
dacaeall Jillaal) Ao ldl) Jlladl)

h
(o]
- —

12 13 14

pOH 14 13 12 11 10 9 8 7 6 5

S ) s e sl N e BRI (6) S
S5l 35 U shoeadl o oy B3 gz

) (3 s s G o Al 1 1 (6) JSN G fotty
(3l PH 0555 Lakis 6300 . ylowall POH LS 5541 (35015 cpH
Lo (6l b 35 1m0 - S0ay Mg s 412 (5L LgJ ALl pOH a3 0,5 2

(AN B jra J gl

BT
dglonad POH oS g skgdl G315 PH s s pugll 3350 =]
1 X 107° MeyS 5 M HCL &by, S 5 50l 20

[HCI = [H,0" =1 X 107 M :Jl5udl Joboes

tJed!
%;L LS @M pH WT
pH = —log[H,0"] = —log (1 x 107°) =3

pH + pOH =14 QLL«@S ‘pOH WT
3+ pOH =14
pOH= 14 —3=11

25V sl Sn (ST POH 5 pH yo SIS o]
1 X 107 M (g5l 43 H,O" b1 55 5 Jsloms -1
1% 107 M (g gl 43 OH iyl 35 5 Jslons 2



0 5 10 15 20 25 30 35 40 45 50

mL 5.5\7-}{ d\.m.“ .NaOH V.>;‘>

HCI 20> plas oea (7) jiiJ\
.NaOH sue L

LD

Strong Acid Base Titration 4348 338y 5 8 (aan 5_laa
iz 35  ploes s ja  plows 1y oo A 0Ll G 45

& OH 0eS,uglls HOT o g sl Ul dolasy o edladl

PIN PN LS cladlells o T ¢d sl

H,0",, + OH

(aq) ZHZO(I)

aq)

e 35 5 51 Saz on  same 35 5 e B ol Jolis ponliny
o S A psbae dloms n s o S Wl 5 e S 8026
oy 5 ol J ol St 23 ¢ sl J gl i 8256 5l e
oda iy 058 5 Tens 51 A1 58 31 d s J ol ] (e iy 2ai)
.Titration 5 ;leodl £losl|

S o Bae i 050 Bone 15 ) Ul o 1 BLOYI Bl Sas
( glonedl SHL0" p g 55kl bl Y 5030l GBI OH o 5 gl S ol
SP 2o b e sy <Equivalence Point 315l i 2zl o 5o
*s ‘Neutralization Point Jalad) 2t ) il eds s Sl 4 35456 5
Linsar S 55hgl) Sl o 55l Ul Glas s Dol 31 e
7 (53 J shomall PH 055 5 ekl 8355 plaall Eas I3

st dslomall ) oaldll Jomall e Dl 1 Elal i s
el 3354 s 5 End Point &gl B a3l ) e Ty 55
b pladl Llas

348 5345 (6 5 e § ulae i ] ol CadlS Bals psen
@qj)%@\E.%jj\;ﬁdv\ﬂx&éﬁpw}u\glo)ﬁ\ﬁwwﬁ;;&
pbnedl Dlas ol 5 gl B 0l 35 s s (8.2 10)
el Gy e Gaesdl Jloned i ssgl S elike B3 (5 20
sae il é)@w}ch}a)» ;31-33 cLehoens 5 S0l ff“éuljswﬁ
Lo ) Jso sl e J DLV e Jlomall s s 5gl) (53015 BLAAI
i plas e (7) JS80 55 6 plaadl o fw;rj @ plradl g dny
NaOH sae Wl HCl 20>

fo $ 553 L & ey Lalaadl bl 55 5 Y1 LY

T s 8d el



14 Jeall

La32S 5 ¢{NaOH sl J glows 0 200 ML 2o Uiles 0 250 mL Jsles 13 HCL jaasedl  hons 35 5 o]
HCl,, + NaOH NaCl, + H,0, 1Y) Uslaad) 335 0.02M
11 Gl s

0.2 L =200 mL = NaOH zue 4 >

0.02 M =sueldl 55 5
ool 5 5 ] 1o gl
Ll

5ol Y so Sue o

D Naom) = [NaOH] X V(naomy = 0.02 x 0.2 = 0.004 mol
:STéTeawLﬁ\ Y g0 30 Uslons Saesdl Y g0 306 0555 dsladl ke

D yey = Dinaon)

[HC]] X V(HCI) = 0.004 mol
[HCI] x 0.25 L= 0.004 mol

0.004
[HCI] = — 5= =0.016 M

.
ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

16 diath

LIOH s 3l J ploes 00 20 ML s Liles o5 13] 0.4 Mo 3.5 5 501 HNO, aezell J ploes oo o]

. . T e 2 .
HNO3(aq) + LlOH(aq) LlNOs(aq) + Hzo(l) AN Dslaadl 339 0.2 M oS 5
11 5l s

0.4M =HNO, _awdl ;S 5
0.02 L =20 mL = LiOH ssill v

0.2M =sacldl 35 5
.HNO3 u..a.«:ga“ V.>v-> WT u\,.\.k.q.“
t el
el Y ge sde o
n(LiOH) = [LiOH] X V(LiOH) = 0.2 M X 0.02 L = 0.004 l‘nOI

5 T8l DY go suad U sl ezl Y 5o 5ue 055 daladl e

(36



D in0g) = Dwion)

Nyinog = 0.004 mol
v B n _ (0.004 mol)
(NOg) — [HNO,]  04M

oooooooooooooooooooooooooooooooooooooooo

ul i
Q‘}\_&ﬂp— é.o\.&:.’l_w\

N e I Y
G LI Sy
$5 ez il f ol
Sl LS 5 i 34elB s
2l 3 el S A
Sz [ 33,1l

Caall

G773

=0.01L=10mL

.
ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

Bl Lgwe 20 mL Jslas 13] KOH sueldl J s 3.5 5 o S /
1Y Wslaadl $550.2 M oS 5 ¢HBI sl J shos 110 30 mL 2

HBr,, + KOH, —— KBr,, + H,0

) 27

Indicators :ail 4JI

PO EX PVRE R HEC PR INERNEL PN PR N FRES
Cls ngj)j;MLL«“S:\y Indicators :A&!,SJL% gl & pan ;foﬁj
o £ o 10 O3S g 14 5 gl ol gl 35
bf)‘JU‘fﬁ)*@‘ﬁ)‘&@d*@@ﬂ%w“ﬁ” Jel 3 4]
Y sladl b Les ‘JM\ oo 4B HIN 5o Iy pbosddl sl

Hin,, +H0, In" 37 (ag)
104 204

555 e S paex e JIHIN RSN dows LS| s
ol G 5m Jolid) 05 $idlsl J glomms ©)lis HLO™ byl 1o o5
555 e JE Al ploe 3 Sl ol VL pdiey O o e LS )
S5l e 3 Q)L s InT 01 58 5 e 3 Jlas H,0°
Jsloedl 3 (1) &5 ka5 2lall 2 HIn Casls)

o dle 55 5 e 6 5o sael U loes I SIS gloes L) e U
s O s O o e s sdegd! 8 )1 (ske ¢OHT L
5 o i3 T b g5 LS J ploms 3 MLE22 HLOY 5T 01
Dslas 3 HO" 555 3 aidl Gapnd elo¥l oW Jelid) wby
i e e ol 3 (2) 50 b I 0,31 55 5 e Lo 21
Jsloed) o (1) £ 5] iy 3l 6 HIn Casls) 35 5

o Sty pmspdl) G e e e S 0 S
oS ke (7) oo s koW s ) i 2500 o 55 0 2
(bl S am & Y oo Ty s e 5 )




) SI1 s OV S 5l W31 (st 1(7) st

S i s gl 3 M st

3.1-4.4 ol oo S0 Ll
4.2-6.3 ol o] oY1 L]l

6.0- 7.6 &) ol 32331 50al6 55,1
6.8— 8.4 o] Aol oY1 J gl

8.2-10.0 SAJ Ol e ol g dll

.w\m;etw;w J gl s

St 6 s e eabiall CaUSNL) Le § sl 3l 85 daed

dis 65ad bl i ) o3 e s pien o5 e ) Ty s

Jetodl 1 I el Gl fused NaOH saslilly HOL jaosd! 5 las
ol 2 o s s i Ledl) T o oYY

RIS
V) el e S 3 a1 Oy s 3 (7) ol D]
(2B s 3 eI il -1
g D sloe 3355591 o0 1 -2



S

B8 8aely g 5 ann § plas
rl 92N 5 31 gl

VY Q2 MELSEANAOH p 5 geall dnS 5 50m J ghome ¢3S 3 J s HOL Gy S 5508l a J gl

)
’

-
%L. 0

i

L;?l?j CQ.; ‘ng'b J.o\} GSJLQ.; GC)JAJL:.‘;w (d>=ew 250 mL JL‘}J}"‘ LB))D cdjt’.ﬂ.‘j:.d.“ asls

el Elsls )

el b Aol LSl sl ] &t @

Lol 5Ll 5 31 ool Ul eseall Cilans 551 @

.,@mwu))&w}a@;}ww@&ui .

L el &) glas

IS B LS ¢ ool e bl el 1 D52

0323 3l dS 5yt lomns adll ezl Al ST 1235
Al s |

J 2o HCL Gaos| J ghoes (0 20 mL 50801 sLseodl plibealy 31 -3
-gbﬁf;ﬂ Gy b lgasl s 5 Al

O shoen ) e sl RIS ol 34 3 Bl il -4
el

\V

/ .Jgu\‘;us@umddué@\dwduéw\gjﬁwéumc{-5
dslonadl 25415 ¢ paamdl J ome ) oy s B ya5 Bl o e ldl] J lows BLSL 1] 1 5>V -6

LSS (G135 o ploedl 053 5255 B VT3 55 B 50l Sy oy

Do b (5.,230 5y atie oty 31 Al i 5ol J phoms 8L e i g 10l Szl Jasl -7

3393

£
DLl el J plos G J515 ¢ el
£

ICU.L‘.'.»YU J.;.\:;‘d‘

; . .
CJ ploeadl 0 ¢ 25 Lastie Gty ) Al 25T 130 .1
Ladl NaOH sael@)l oY 4o Sue S
el Gaesdl Y 4o Sue é...ﬁ
HCI el 58 5 Sl
“w “l. o /:5 2 <
Sﬁw‘wunc:u‘d}wwj)w‘rﬁ)\}efl
ey Gaesdl Gy ol Jeladl il

o L Lo



Clgndels 5l ool Bdar oo 520 13Lay 1 I 3,840 -1

st

b e JS4 3 aiell 1 -2

lgdl a0 i plaalle PSPPI 4 4 slall 1 22l o
1Y) el e IS S OH™ 5 HO' ;S 5 S -3

0.02 M oS s HNO, (|

0.01 M s 3S 5 LiOH (o

bl
e %

sl 51 el 5 dndes Wbws JI d sl b 28l Jldl ST -4

pH=9 [OH]=10"M pOH=4 [H0=10"M pH=3 ([ IE Il cipis

J oeadl Ciinas
.WJMM“&J\@OH‘}S}&:}&;{-S

(log 5=0.7 51 121e) 0.0005 M oS 5 ¢HI e J plouad PH x5 58l 13501 S -6

S1Gle) sl e 400 ML b s 0.81 g 413L, 525 HBI o> J glowed PH x5 3ugll 23501 Sl -7
.(10g2.5=0.4 < 81 g/mol = HBr ae>l) & 3ol bl

0.008 M &3S 5 ¢HCIO, J slowal ior s pohgl! 5515 oS5 sokg)l 551 Lol -8
(log8 = 0.9 5 Kle)

dj.e_?uKOHd}lm&nGOmLécLiwdsw:jSO.SMo;SJSC?‘HId)bm&A4Oer}L*I;w’T -9
KOH 35 5 Sl 35 3l

(400



Weak Ac1ds and Base Solu ti ons

S

M %.z,..a\.nwuu@mwgmgéétw\

Equilibrium in Weak Acids and Bases Solutions

bl 3 0533 5506 Bimnll de 2l 5yl O G Lo 3 L e

2 OV Bl e 5 ¢ SLaSO1 01 5Y1 Lo Vit &5 Wil 3 O
A6 et fu,wu G5% Lils ) imall 5 samld oLl Ll
l;iS Lolas Jvt.g &> <Acid Dissociation Constant (K,) 2>l
S VI b 36 s 1 (8) Sl 2t hnndll ol 51
Aol 53l Ioead O YN Al ye Sl ey LS .CH,COOH ( J5-J1)
«Base Dissociation Constant K;, s 3)| ;\3 Yy f\mb sl

Zuz

Ealt e LS il sl 2l G35 Lot L2 RO
¢4M|J.G|jﬁ‘3;)‘M\MM‘SJBMJLEA%;‘)@Uﬂ

(D) Sl S¥1 Saam 256 1(8) J2l
R
v

-
a

3

) Ywyadl )

i :MA\%@\)
Sl ol b Cinall Sl T
r\wde|ym)M u.r«f;fj ¢L¢J.>
Jdl IS 5 K, aamddl o2l calt
Le,,t, L;mu;j;:f N a2l sae il
uf r,\xMJ ‘Kbs.x;uj\o.f;\sql:.g
Tasll Db Y1 5815 Olaad I

Jpoeald gl o35 Sl
- ol Sl
G J5 o ol S paill 351
sdeldly jaasl
oty sl Sl s 6,1 -
sl aesd) e IS0 0
: A\>dbnhlo eus\ahl <
aazdl i ot

Acid Dissociation Constant

sae | ujb <o

CH,COOH + H,0, —= CH,CO0 |

27

Base Dissociation Constant

- Y

+HO+

(aq)




digdal) (ya gaal) Jullaa B G5

Equilibrium in Weak Acids Solutions

E g

. 3o . S 2 .
H0™ ookl Ol g csladl 3 Ui damiall (2 pandl

5 LS e s X 5o 0l IS8 ol U5 136 Il 5T
N RPN

- +
HX,, + H,0, X Wy + HO
| | | |
|

u.éa:/- saels w‘f saels é}\j/a u.a.«::

el Y1 e 051 Wl B Bl S aendl ol 55555

(aq)

s gall dgr) Sl i 155 Jolidl 3 01 5Y1 30 05505 (H,OT 5 X
lias (HLO 5ol So (g 31 (X0) @ ,ol steldll OF | S ¢(llelizall
A s8¢
Jrrd 685000 85 302 ozl 555 B2lels 0575, BV G LeSE;
ol e 705 48l e Bl Y 5 55 Bl e el 55 5

0]
TN

B3 i il 5 el Gany b a3 (8) Jsaadl B

S o e el |

A o 53085 sl 58 o Gl 5 Lo SR 25°C 3
555505 o35 1 LS ¢ ydanedl B ol A ial 3313 5 S |
o omed| 835 5 Koy g5 K, el 35 Eols S 513 35 $HLO”
555 e B pandl b ol e olind LS an ey doncall |

crdl) Gaasdld doead s 54! g-%fr“j <H,0"

25 °C3)\}>5\>,JJMW|U.&M|ﬂﬁtqug:(g)dj.b.&

1.3x107° H,SO, IV o Sl yas
6.8 x 10~ HF ) 5l 5, 0dl e
45x107" HNO, I (o 5 sl o
1.7 x 107" HCOOH b glidl jas
6.3x 107 C.H,COOH 2

1.7x 107 CH,COOH b Sl jas
43 %107 H,CO,
8.9x107° ,
3.5%x 107 HCIO
4.9x 107" HCN

an
97
I

O gyl A4S e
5 S gudl ol 28
Shilow g bl pae
el s@kL)U J gl s

ElEle
At
AL

£

sa¥) p gl fa )l @)
S/ HCOOH &b gliadl 20>
d:ﬁj}‘a‘ué%?
sl U = s e dil s
- “ A .
RS P ek S Je
OJ&UJJ\J.&«QYL?Q\
clael amy B abiid tands
as ke Jall) i e o)
ol 5 ¢ Joddl Oland) ansl b
iy aslesl e Blasll 17502
éW\yo}PJcc)&wq:ﬁdj
DS b o ¢4 gl b Lnzasl

2
..-‘

— ;5 ‘(8) JJJ.;J\ L;»Jbi

Yl ey e

2
£

1 Y1 AesdI 305 -1
H,CO, ol HCOOH

wE &

ot o5 4 541 2
HNO, sl J gloes : il
HCIO sl J gl of
s S Al OT We
P 3l J s 1 3 51 3
S5 N 15 A il
TOH™ &b gl s 128 5 e
¢HF, HCIO, CH,COOH

(423



il (o gerd) JIloeed HO" p g 50l 00l 58 5 Sl
el 3 Cindl) Gaesdl 56 e HO padgsded) sl s
SVl 3 LS Gaandl 2b el plasanl b3S 5 Sl 6 2 s

16 dahh
0.1 M 655 5 o «CH,COOH b 515y Laes J gl SHOT bl 58 5 L '
K =17x107° Sl
[CH,COOH] = 0.1 M :Jl 3l Jokos
K,=1.7x 107"
[H,0"] clux 1o slaall
tJed!

: yaasel G sles s

CH3COOH(aq) + HZO(D CHSCOO_(aq) + HSO+(aq)
0.1M 0 0 Ll ks 551 )
—x +x +x S sl
0.1-x X X ol N e 5 St Al

et Cust
[CH,COO][H,0"] G

Ke=""TcH,coomn]

©

(0.1 —x)

2 - S - . }/ f‘ . e (e @ Z . . . o - . v

35 7y sardllia Jigs 4(0.1) Saesdl 1S 5 G e e | Jho Gaesdl 58 5 b asl O LW
0.1-x =~ 0.1 M 01 T ¢l el

L SL LS H0" 58 5 Sl S0 s

1.7 x 10 =

X¥=01x17%x10"=1.7%x10"°

[H,0]=x=13x10"M :Z’“”‘;O?JM‘J:"? =L,

.
ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

: 3o "T/
0.03 M 635 5 & (HNO, (1) o 5 2l o J s 3 HLO™ b gl 55 5 S
K,=4.5x 107 of ke

(433



il b gl lloead PH o gl o3 Sl
Ogl 355 Je slaxeVU Jloeadd T ]! gv-’;—” Slo Sy
:L?f}!l Jeadl LS HL0™ p 55 0gll

17 Jgalt
2M ¢3S 5 CH,COOH sl o d honel uom 5 okegl) (33 Sl
(log1.12=0.05 , K, = 6.3 x 10~° 51 &)
[CHCOOH] =2M  :Jigudl folows
K,=6.3 x10~°
L el

el G sles CsT

CH,COOH,, + H,0, CH,CO0™,, + HO"
2M 0 0 Ll s 551
—x +x +x S b el
2—x =2 X X ol 5N e 5S1 Al

.. 3;,, T |
~ [H07[CH,C007] e o]

K=""[c.H.coon]

AL LS Gaendl B et LS [ Sed X = [H,0'] = [CH,C007] 018 Ll

2

6.3x107° =

X =[H,07=\1.26x 10" =1.12 x 10°M

B el o sl 235 S|
pH = —log [H,0"]
pH = —log (1.12 x 10%) =2 —log 1.12 = 2—0.05 = 1.95

.
ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

0.02 M &3S 5 o HON Sl s jdogll o sloned PH. ior 55| 1531 S

.(log3.1=0.49 (K, = 4.9 x 107"°) o ke

(443



* P T s . g =
: Ko el ol Saesdl LS Olusd wa-‘gj.kté.ﬂ rﬁ)‘ é‘m‘
L L3O paandl ZaS Ol S Jploeel] o s (3501 8 nen
Ll el Sl B LA kgl (B e slind LeS o o]
: 13 s 5 1Y Y5 ¢ e

|6 d6all

2.7 e 3,50 43355 1L Lo a0 J plons o) 1331 HCOOH &b giliall o A8 o]
(Mr=46g/mol,K,=1.7 x 10*,log 2 = 0.3 5i Kle)
K,=1.7x 107" Jigudl Jdous
pH=2.7
Mr = 46 g/mol
M‘MUL“& Zg.aj.UmJ‘
tJed

end] 3G Aslas ST

HCOOH,, + H,0

- +
0, HCOO™,, + H,0

(aq)
(5L LS H0" 55 5 Oleo S PH o Sling
[H07=10""=10""=10"*""=10" x 10° =2 x 10~° M = [HCOO"]
L L LS T el sl aesdl 1S 5 O]
 [1,0%) [HCOO- < oHlebe s ezl 3S 5 C
[HCOOH]

a

2%x107%)°  4x107°
[HCOOH] = ( )4 = —=235x10"M
1.7x107"  1.7x10

@LL@S‘JM\L;@GYJA3J&:MTM‘MuWJ

n
M= —
A%
235%x102=_"
1

n=2.35x 10> mol

ST LS Gl S Clasd Oyl S s
n=—— — m=nXxMr

=2.35x 107> mol x 46 g/mol = 1.08 g

.
ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo



[

55 500mL j ws 0.1 mol &34 723 3 g oluy ur s hed) 435 HA Chnds S (26 S Lo
(ool 3 5l Jonl) el
(gl ol
0.1 mol =zl &Y 4o 54 (pH =3
0.5L =500 mL = (v) dj.\?;aj‘r.?&'
K, pasd! 2B ol Sl 10 gliaal
L el

 saasl G Asles s

HA . + HO

(aq) 270

A

+ H30+(aq)
L L S e gk Cﬁ}” plasial HO™ 35 5 S
HO1=10"=10"=1x10"M=[A"
3
quﬁL«S‘JM\ﬁ?}GY}AJ&(\WbM‘F}&p

(aq)

&

&

M-— =22 -02M
Vo5

S LS aesdl b Eul st

] St T

O] it “

a 5.0 x 107°
[HA] 0.2

.
ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

i i N HSO, (IV) e S o e s S
2 é}\ .‘.*,ﬁ))w\i_ﬁjja.SLi_iq&ud)_l;u
(Mr=82g/mol, K,=1.3x102 O L_il)

EZPTIE)

ez gl B R, Do)l il ol iS50 W
AT 660 &l 55 G g b Ll 224 G Ey gian sl Ln
ity 156 sline 5 O el S an e (g0 b
L o 0 slasi¥ bty s ekl 220 3801 3 g s ¢l

®©

03,31 el dels s 35 S Slalgu)] oy L)




Sl 49) dsandl JL ¢ L
RPN o

o
- &

1

-

C;H,N (’T NH, gf‘;’*ﬁ)%’“
s 58 2 Lagd OF ke

2

sl s Y laaei3is] 2

2
L _%

Lo 05 oI35 3

o By S,
L aoter o35 514 B3l el
\J 0T e N,H, of CH,NH,

s S )

473

5T i I skt 3557 1

sAdaal) ao gil) Jallaa A 4150
Equilibrium in Weak Bases Solutions
OH™ o kot &l g 8 slomall 3 B33 Bl o301 15
s BB B e ple IS8 Binall el U e 36 o 35T 055
Y slaadl LS

BH",, + OH

(aq)

B e paex Al e saels

Tl S Y1 o Ol 51 Al b Al b sl ol 32 0555

o gadl i) sledl i 1 55 Joliadl 3 0155V s g0 0555 <BH 5 OH™

L0 Laasl e s 5 (BHY) 351,adl Lasal O ) alls s e(ilslizadl

Jeledl 3 (B) saeldl (oS5 domy 5 2831 ol 5o lill 0 55 ) éa aSau s

s (g o Bl U Y1 35 % B0 Ule L3S 5 S Ol ety
Y ol e il 01 51l o Sundl
_ [BH'J[OH]

B

Ky & 5555 sdeldl) b ol dinall saeldll )l O 51 Eal Loy

25°C ) s o Ul del 31 e A okt 35 (9) Sl s

¢ 2

LSS OH™ zfs aldll Ll saslall 5,00 25 Wilae ol ol 3635
Ky b a6 5135 f0H 2y 1 e L5 ol auslill 535 ol
cdw pH @?j)J:@\ij\de{Jbﬁj ‘H30+ QbﬁTﬁS}JE_‘!;ﬁw}
5 ¢ Ldng Dl del 31535 8, b 3ae Wl 5 cult e Bl

3.4:&45\ sde ! dj.l:x.o.‘ L;Z:q-)).\:@.“ rgjﬂ ;.)L..p- gﬁéﬁ «OH™ j:SJ;' ul....a-

25 °C 5l o i Bmadl e 81 and 2T ol (51(9) Ut

el
4.7 x10™" C,H.NH, el i)
4.4 x10™" CH,NH, el
1.8 x10™° NH,
1.7 x107° N,H,
1.4 x107° CHN
2.4 x107"° C,H.NH,

ol e 65 o)



WGJPUJ‘,.\mu,JOH ub}d‘fsjuhn’
ud.q?J\jOH uby‘%bwc&‘;@‘@by@\oww\db
U’ib wb (U}wb OH™ ubﬁ\ J:SJ.: ul.w:- ug""i) cadelald dﬁ‘]o.n

SOV PO I NP R

Y Dslaald b g sldl 3 L Y1 S5

OH . + NH,"

(aq) 4 (aq)

NH + H,0

3(aq) 27

Ko =1.8 X 107° 5 591 -5l <ol 5T Kle 0.2 M 63,8 5 & (NH, L 3aY1 J glows 3 OH™ 5.5 5 Lol

INH,] = 0.2M  :Jl3dl Jlows

K,=1.8x10"

[OH] Clus 1o gllaodl

L el

el 36 Uslas LT

NH,,, + HJ0, NH,",, + OH
0.2M 0 0 Bl ks 581
—x +x +x 511
0.2—x X X Ol Nl we 581 Al
o _loH] [NH,'] ol e St
b [NH,]
2
-5 _
1.8 % 107 = 55—

0.2—X ~ 0.2 f jlzel LSasd el 5.5 2 B )lie 10n 3 s X dad OF ] 175
X’=02x1.8x10°=0.36x10°=3.6 x 107°
x=[OH] = [NH,"] = 1.9 x 10°M 10 e oy ol i ds

.
ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

s o

MY\ Ul 0.9} «0.04 M JSJJ‘ u\: N2H4 U”)\)"L'@J‘ UJL.:
N,H,",, + OH

2775 (aq) (aq)

Ky =17 X 107° 3 5edl o35 ol O e . J plomadl s OH™ b 53] 58 5 S

(487

N H H,0

2774(g) 27




s 306  ploned PH s 5l o5 1 Sl

-

G COH U 51 55 5 o 8as 1 U gloead i s 5kigl) 2350 ey
el HiO" bl 55 5 Sl 35 bl el 3 LS Bl [Say

d.U.) éiﬁ %;';S“ jLLJU ‘pH :;W&T L g ‘KW PLQ.S‘ Uj;t; C;.:U

11 diak

2

2M o};SJSC;? «C,H.N w%H‘JWﬁ}J%@‘éﬁ‘@T
(log1.9=0.28, K,=1.4x 107° 5 Zls)
[CHN]=2M :Jizdl fdo

K,=1.4 x10"°

J sheald PH Gl 1 sldaol)

: |
el b Asles ZasT

CHN,, + HO, CHNH", + OH
2M 0 0 Ll s 581 21
—x +x +x 511
2—x X X ol Nl we 581 Al
X =[OH ] = [C.H.NH"] Of Loss
OH[CH.NHY . & )
, = JOHIIGH, ]:%;Liusofu\qu;:su

[C.H.N]
: L LS Ky 21 a0 536 plaseinl, O 35 5 L]

2
1.4x107° = X

X=[0H]=N28x10° =N28x10"=53x10°M

K, = [H,0"][OH ] S s K sl 36 et el HO* 35 5 S
HO" ZIX—W: 1.9%10°°M
3 -5
5.3 x 10
o . Sagy s %
pH - _ IOg [HSOJr] IU}'\&S\ r‘b&wb ‘f'..:q-})%.@.ﬂ ('JJJ\ g_,..w;-‘

pH = —log (0.19 x 10™") = 10 — log 1.9 = 10 — 0.28 = 9.72

.
ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

0.02 M &35 5 o NH, L 3a¥1 J plonad i s5kgl) 5501 S|
(log 1.66 = 0.22 , Ky = 1.8 x 10~ 131 Loe)

(493



Ky 21 al 5] 3ol LS Olooed or 5 el o5 1 Blasica
s Lo (e Jlome i L33 sl £aS Sl Sy
S G Ll i LS oo 31 padl el el (350
5 25 N1 Y15 Ll b s B e 51 U lomad s ptg)l

Wsleall 3 LS oldl b 1l CHNH, i p LYl dslin b pasdsaels kY
+ -_—
2(aq) + HZO(I) C6H5NH3 (aq) + OH (aq)

31X 107° M a3yS 5 SOH™ b gl _Jo (6 5om 4 M 058 5 tlgre J ghowad 5oV 36 cols S|
[CHNH,] =4M  :Jigudl folow

[OH]=3.1 x10°M

CH.NH

(Kp) sue il b ol Ol 1o ghlaall

%, - s _s- ‘

el UT’-U C_;.:U -y J’d
[OH] [CHsNH, ] '

b =

[C,H_NH,]
(3.1 x 1079)* 9.6 x 107" "
Ky= =27 ) = 220 —24x10
4 4
18 36all
3590 Usleodl 355 CH,CHNH, ol ftsfsael) Sl
+ -—
CH,CH,NH,, + H,0, ——— CH,CHNH,"  + OH
Ko = 4.7 X 107 5ol 36 o 3 Khe 11 @3,.\1@\2133@%1»33»&\};;;&1
[HO0=10""=10"=1x 10" pH=11 gl Julows
K, = [H,0*][OH7] K,=4.7 x 10"
L x10- saell 35 5 Sl 1o sllaoll
[OH] = —=1x10"M [OH ] [CH,CH,NH, ] .
1x10 Ky = kel b el Cast ol
. : [CH,CH,NH,] o
1 x10° :
[CH:CH,NH,] = 47X—(1)0‘4 =21x10°M i ¢OHT 38 5 Slom oy steldl 55 5 Ol
e E 2l .

%;'L LS «pH (:\.,br.';wb [H3O+] &iwv\?'i U 5

.
ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo



C 4 o :
= \@, e s ad s Cindll Gaandl 36 b o BN e 5T e N8, S -1
(8.9 ¢ gy Eontans) 125Y1 Iowadl s IS 3 POH &3y OH 35 55 HO™ 38 5 Sl -2
0.02M 6 ;S 5 ¢HNO, J s . |
O.OIMoﬁS‘;éNH3djl>m e

w‘o.\&w\djbw‘}ﬁOH Jsj.ab‘bjauau‘wbobbf J.w.%

oo Bl ool G 3k o 2l 18 bl S0 252 T 4

6.3 x10°  CH,COOH

IZ..S’Y\ :\Jﬁmiﬁ\ J° wi ;3 c”" | ol

45 x 10* HNO,
17 x10°  CH.COOH PH o3 Lol L 1 d Lo wwwgﬁsl N
4.9 x 10710 HCN HCNr\HNOZy”MV.eJJ.ﬂ«JJJW [g 330 (e

.O.ia.iud.eHgHsO ;,:Sjsoj.iié,d\ué.agd!c:.;ﬂ —
OH™ b gl (yo 58 5 51 e ol glows (5 g g0l ol B0 .
Ko oladl 50 400 ML b ais 12 g &3 525 ¢ CH,COOH U shomad PH s 5 3ogl o390 Sl
(10§ 2.9 = 0.46 ¢ 60 g/mol = CH,COOH _asll & yall 2D &
< X A - / 2 .
YAl e Sl 35 el ol i) eyl G0 san) K (;gdjw\j,;g -5

PH B4 601 31 ol s L

44x10" CH,NH it s ;
. o HO" o 585 51 o el slows (g s 15201 31835
1.8 x 10 NH, )
sl 3 B ST uel i)l & A T.
1.7 % 10 N H, Wl 50 ST el 2 e
14 % 10° C5H5N uw\del u""}J'H f,ié\ v.: QMY\ RPN JAST J.G-T o
+
NH,,, + CHNH  —= ... e

w@,.@\“”ct@,ﬂdwwgu\wmomg\L@au\pw\NH sde | S Sl n
.(log3.9=10.6 a\j 32 g/mol (g 3L.s N,H, suelal) & 4ol s SMede) 9.4 Sl



TIRERA ) d&j

Salts and Beffered Solutions

Salts Solutions Cﬂ-ﬂ;ﬂ Jallaa

e PITS 1WA | POVES E N i W[ PPN 10 @umx
S o S o b e 555 2S5 ool sl Gy b e
plandl oS 5 3 o5 p e S 2 3ld €l ks A1 ol
Bl s Ll 031l B o dels o g3 sl Sl 5 Ol 5
el el Aolas LS pull lars (oo e iy gyl
o) JUasl g B polll e sV 55 Ml il s oo Jo
o) Dl pimnn s iy p3Y1 o 20 Blis 3 2N Jan
Slelaall 3 i)l oS R (9) S8 Hs dla s
floatlas calley $3YL3 paioll Lob. dilisea
17 e ) g Lnaaal) (ailadl)

Acidic and basic properties of salts

G5 ael il y b soddl o S Bghas (g0 iy £ e 355
Lodazdl aslasll ] 555 LS cllaal 0555, e e Ll
b ALl 510 5 ) e o Ll gl 5,080 Gs 5L Gaelill s
& oAz sloee dols e s 5 ol oS e Salts }C)MSIG ¢ Jeladl
615 a2l B SIS oLl 3 Lenld] i 3155 J sl
OH™ 51 H,0" b s s slall o SU sVl ok Jolis 5 2L
dl& 56 b 3V o slis 5 Hydrolysis €23l has G 0 Lo b
qsuL@J\uph,uCM\w&dymuﬁwa\

s 1(9) J2
&55 :\AM‘ CWN‘
el wlelua)!

-

euffered Solutions  dcJaall ‘_}.Jbu..i\/

) Ywjal )

;w,)\é,isa\}

e Jatl it S 25
G skt S5 o a5 S el
o s wl] SLE 1 el
oo oo Gzl kel kol 3l 5
o lizad) dglomad] s b b in 2
Lot Bimndl sl ) ol LS
A Gl el el g
S b e Ll el £ 5

05 GaS ) il Yo 3 o g

: @lail| A«

cacod| ccl.d\ e j—i’ 3_}»,4.5.&}\ é.ij—
V.)a.«..“ J}JM.H ‘ﬂw‘oﬁy‘

sl idandl e Ll Jaslas 5 250
PENT]

d).\aq.‘ g*s:“..‘?'j)"\?ej‘ pjﬂ :..,_wo-i—
MWBMG)TMM

el e a8 L)
kol bl o xy g 1=

el J s ddly
: Aiahlg us\ahl <
Salt ch\
Hydrolysis éﬁ\
Solubility oL sl
Common Ion GNP

(523




CaslSl o) skt (10) e
(P81 C}u\J\ oo Jlws
Leatlas Gy

P et ety Gaesdl e Ul daed B oS s bl Bk Cilss

LS HOT Ul ms VI el 3 EREY A Shes bl o Jelidl e
L AT Y by NaCl g s sall 4 IS e cllolacs dach &3 g8 SOH™
P el S e des Jatlas 4 0458 H0T Slpl pnd bl b
Pl K p gl gl 58 o0 cZdelB Jatlast o 5 COH™ byl ey 51 <NH,C
LMY b 3 G551 U g g1 adlS 0 e e S (10) S

WVl edn an sattas Shl b Sy edilas GosY b 330
Neutral Salts {sleod }C)UY‘

i 8 5108 e 58 aen ol e Dslaadl SN s
7o HBI (5 5l jaasell J slome dslas o NaBI p g3 soall o ele ety

(Y Dsledl L LS (NaOH & )l sae @l J yloes
+ NaOH,  ——— NaBr_ + HO

(aq) (aq) 27

HBr(aq)

A6 yay B 10 ] o D35 6l INGBE bl B b 581

055, JL ey Y CHBE ey ) 530 el ns G
OxYIGTH,0" TOH byl 35 5 3 55 Vs coledl o ol D6 o glowadl
Lo 5l s NaOH p s suall 4S50 5301 Eaelill Saes Na®
25 ey dgbomadl O™ T HLO™ iyl 555 3 iy S celall o Jeli
L 05K Ay el il a5 OH wbgls HO' byl 5815 0
s g8 e Jelis o Bl ) Jlead skl

sk Ldlows 055547 (5 sl $NBE 3 sl A el
Acidic Salts Zuaosdl Z50Y]

s i 1456 s (55 e ol e Todandl 231 ez
HCL &l ) 5lS 5,0l aa Jols o NH,Clp o5 591 2, 1 mle ety
V) dslaodl 3 LS NH, L 5eY s
HCl,, + NHS(jq)

e R 18108005 LI O Y10 486 sl ol SIS e 5
S5 B o oS T podl O V) Ay Loy ol s iy D6 46 53
Slted H,0" oo o,gdl Ol s eledl o Jolin s (Al e lal)
Y sl 3 LS bl 3 NH,Clp g go¥1 5 5lS le s

—— NH/],
aq)

H2O(l) + -
NH,Cl, —2 . NH,"  + ClI"

Gl 1S 55l aned Liad L1 0 5ol CI7 g, 41801 O 51 OF Loy
Y &l 6l ¢d gloeall 3 0 55,1 Jlial e 8,08l & jud s HCL (g 531



©

P

\ H

NH," + H,0,

4 (aq)

NH, sag T HO (aq)

sSast s el 530 J‘EU (dlondl B HOY S 5 sls s My
oz lodl Jshoes |

Basic Salts £asldl ’C)L:‘ﬁ\

Loy chads e o b adel Jels e Lol SN i

:gjsmtswwj@y@u\%,&iﬁwﬁww\cumm;
el 55 881 e 5l LI O V) ey Lt ool e Jolisy 6
che oy 3085 LOH s 5, O sl et ool e Jieling s cciondll

W Aol LS (ST s slal 3 KNO, o 5l pl g 5

KNO 0, NO, . + K
R —

2(5) (aq)

p 55 50| DS 55 B B K s 1 ] Simn 0555

(aq)

OH™ I H,0" byl 555 3 55 ¥ elall o Jolis ¥ g5 411 (KOH |

e G B 58 4331 10 342l g3 NO,™ g 2l SU o Bl o slomadl b

2V sl 3 LS ol o Jolis 611 HNO, Cignnll (H1) s 5l

NO, .., + HO

2 (aq) 27

(Jsloeall 3 3133 OH™ 4 55l ol 585 O sl o iy

HNO + OH

2(aq)

(aq)

wucwd;»ujsj‘pﬂyww\ﬁ;myq@j

leS CL" J~° e ol of 5 ol ‘-’L'iﬁ et Sy e &f@
a3l Lhos 3 Gl <Solubility ol sl £los & 2 e 1da 5 «NaCl p g3 sl
Sl 385 o a5y Ll o Jolis elall S 1 il N1 OB
0554 Mgty Bt sbmol] i s pdigl 331 3 355 35 e (H,O STOH
Sl bz e S5 dozny 5 o Jslaza 1 5206 51 o 35T VI Jl ol
(10) sl T 5as @l 5 aend) s kel

U 1 yazed b ol & 5l 1(10) J st

Jslas L 5ast S5 oan
2 ons 45 $5 a2
Rt Lhouel - -V

L"”"’éj’d"‘}"u“""'NH (’J“’)ﬁy‘df‘d\w"@“w‘@&u"g
‘.J).l?;&).“ c—Lo.Udyij\c.ac\.\gu‘NH b)AY\w\oJ&wj
Y Uslaodl 5 LS HLO" oy g5l Sl g

Ol sl Sasdl Ls
Slg S e Lghelis o G
PLIHCO, &oeor 5,44l p 522

N

: hou ’T/
3 @ N [N %/3
.gutjopjwowﬁn@j\ -1

Ldasdl fastasdt 3350 2
Jld Wslazedls el 5
N,HNO,, i35V ~5sY
KNO,, NaOCl, CH,NH,CI

J sleal L;.Lol.o)\ ’“LJ\ J.w.ﬂ -3

.NaOCl CLJ\

G543



/g

C)MGY\ 3:133
ICJ‘};}IU g‘j«d‘
p bl ), S NH,Clp 5 5o 31 a5 5IS NaClip s geaall Ay, IS 12391 =Y Gn Lo SaS
100 ML &5 1S cpladl i3IS J gl «CH,COONa p 5 saal il 5lsy] <NaHCO, dpeor 5 5ol
C;:Lz)L.:;'pjcwwd|ﬁc@'ﬂwﬁc8)@cﬁ¢ucdﬁoy d)jy‘(s)hx—"

)
4

VJJ'“ G 2
ek 7y W | Q‘:Lﬁ")l

00123456 789101 121314 el W ) sk 41
._.a\;uﬂ\ji:;u\obwuw\&hudxj-
_ oy Lo Sl 5l ol 2 falos

o> Jalaze sels

: : Jon) S glas-

e Guall (3.3¢U~jj.§l\.)>|dLoL«.mAUMBUld)jJ\udeoﬁM\chbL}Sﬁ\gﬁs\ -1
,u’;"uwws@)ﬁ,}mwm\

A3 IS S b B L)l 50 20 mL 250201 jinall plaseraly @bl -g;m 2

5Ty izl s J5 L W1 Gasisdl J,Lmuﬁw,m o5\l gl il YT -3
M\jd}bm)wj)b‘ﬁ\ Sy ol dabs plizzaly

Jlall 3251 '¢L@JM\U~L§J\J}\WUcNHCl¢y}AY|~\;UJSCJAuﬂ3gJ,a\ -
.@J@Jqé.xj!ujbld.;h;\j

Sl uuw\j ‘J:Jw\o\ﬁ;.j:‘;.si}y% s Y 3 B Y1 Lk s (4) stD'J\jjﬁ:JbY% -5

me,d.ua\

LMJ.QWLQ\uu\m‘«,ﬁdu@uwywu\,}\w\ 1

KL ALl S J gl 513 4] S L] oy NACl 3 ol 18 Ul ) s 3251 2

Aslaze 31 Gl Sl en )2l 5 o3I s 222l 3

.M\ng\gfw\@:,\sua:)w‘o\;wdmmvwﬁm_gd}wjngmgyi 4

sl IS0 el 31 ) 3l Lgtand gy 525 50 Dslan ST 25 s



Common Ton Effect :¢_sidal) ¢ s il

D151 D Bindll Al 531 [loen s dindll 5 503l [illoes dor 5

39 oy~ il el B 5= 0131 s B S Sy Sl
fam (0l 5083 013V g 3 35 Jelidl ) Bale BLS| Lt tils
Y Dsleadd Gi s LI 3 CH,COOH &y 5V

CH,COOH,,, + H,0

+
) Y0 + H,O

CH,CO0"

(aq) (aq)

ol # e 0 51 Jl- 3 (CH,CO0™, H,0") &l PR

L g 52l S it pele DL e s «CH,COOH 3lall o aanell |
a5V Dslaadl 5o 5 IS SISy J sl |

CH,COONa, _19% CH,C00"  + Na*
—_ (aq)

(aq)

<] s T . - s 5

(Login JS oS 5 b U 545 $CH,COONa ekl 3« CH,COOH o
I CH,CO0™ 0, ¥1 8L e 5 «Common Ton £ 8l § Y1 iy |
55 31 0 B3] e Jamy CHLCOOH. i) sl s
0391 586 (e Lo sn o shoeoll 5 31 sod) 5515 3 ) 52505 ol |

2

il SU Y10 555 G 0151 Dl b iy 5l 5 50| Soam dr s

B LS okl o aedl Gl e 0151 B b Gaesdl 6 e
Y dsleall

HF_. + HO

(aq) 270

F + H,0"

(aq) (aq)

Y Dolaall |

HO - +
NaF o, Fgy + Nag,

e Ln ol E 03 o s Of (Ll ool o

OLs e glomadl b 8 2l 3NV E 0,5, My NaF bl =31, HF |
0523 38 55345 I 535 HF Ciomadl el J glons JI NaF el L5
S 15 0131 e g 01 tediles ) T B g5 e plomall 3 B ) i)l

JS 5515 e I ie 0 ol BLs) 3T L .Common Ton Effect £zl
U sall 3 OH™ bl s HiO" b gl oo

The basic Effect of Common Ion £ i)l ¢ 50 sl jﬁﬂ

Lipdlg g ) psle ga iy @)
Lol oullas
spiall s 5 I B
L olall (g el (|
Sl S e ddle i e
ol 130 oy IS
el DU g S e Sy
o s LIS A (o)
L?_éot_;ﬁ}iﬂ Ql_;fjj_:SJS
Jlows 5 Joladl bt coLoll
U cerJLQ\ olg S
S5 s Sl
oy p oSl S S

L 5




LS (HF Cigndll aasdl b e [l ¢(alelinall sl poll ) L i
ooz e gloeall s gl S e s (HLOT Sl 58 5 e Mty
BLs| dis Jslall PH s spagll 35015 HO™ byl 555 Sl

SN N PELRCRPAN]

k) 2355 (0.1 M 38 5 o> «CH,COOH Ciondll jaasdl J sloeal S 3] ‘.%J\ b ol L]
K,=1.7x 10" 5 Gl .CH ;COONa p 523 goall i 5ilty] eko oy 0.2 Mol @i 3 ] W‘ 13 pH=2.9
(ool il Joal)
[CH,COOH] = 0.1M :JI3uJl Juloes
1L = Jgoall oo
0.2 mol = CH,COONa cLJ\ oY e sde
[CH,COONa] =~ = —==0.2M
K,=1.7x107°
pH=2.9 c\ﬁj\@u‘&w‘})v\ﬁ@)\ JJ\
PH = 2 1ol DL oy or s sokgll 2331
APH o s sokel) (531 ol Ol 2 shlas
tJed
CH,CO0™ , + H,0" oAl ol 51
Y Asbadl b LS (2USiy CH,COONa plodl B3L5) e
CH,COONa,, _M:9 cH,coO" + Na'

CH,COOH , + H,0O

(aq) 27

(aq)

ol SIS 5 (CCH,COOH asdl 5 1o ity CHLCO0™ 2l O 1 0T il pdslnad o ey

o 0555 450 (s ZUWI CH,CO0™ &byl 5s 5 36 ix Sas Laesdl 26 cult 0¥ 5.CH,COONa

055 CH,C00™ 8 201 0 531 55 5 515 U e 531 0g) s ) Snmadl kel S5 cellon] 8 i
101 (51 ¢ showel 3 CH,COONa kol 55 3 5l

[CH,COO] = [CH,COONa] = 0.2 M

[FLO"][CH, COO'] 1SS HO' 58 5 Clesd Ky Gaosd! oy

[CH,COOH]
[H,07](0.2)

0.1
[H,0"] =8.5x 10°°M

G573

bt fas
K, = f

107° =



5L Ls 1 35Ls) da «pH |3 I |
pH = — log [H.0] L b LS ] ool pH ior 5 y0egl) (5501
pH = —1log (8.5 x 10™°) =6 —log 8.5 =6 — 0.93 = 5.07

L5V B pltezal APH i syl 331 3 Sl S|

ApH\=5.07-2.9=2.17
M‘d)@dlﬂw‘dﬁw\bulw‘z17)‘.1.5.«;‘;\?‘5)%@‘rgjj\qﬁabgjajbél%‘iﬁj .g

0.1 M ¢35 3 ¢ KNO, pekodl5 0.085 M &3S 5 HNO, Laosd) o 0550 J ploned som s okegl) G351 ]

.(log 3.825 =0.58, K,=4.5 x 107" i ile)

[HNO,] = 0.085 M Ji3dl Jdous

[KNO,] = 0.1 M
K,=4.5x 10"
CLJ‘JM‘JJWW}JW‘VE;‘UW uJ.Un.qJ‘
IJ:J‘
kel aesd! e JS Dalas Ll
- +
HNO,,, + H,0 NO, (o + H;O ',
H.0 +
KNOz(s) — 0, NOZ (aq) +K (aq)

 SL LS K, plianl [H,0T Sl e plonal pH i 55 o351 ol
_ [H,0"NO, ]
‘ [HNO,)]

L, [H,07(0.1)
4.5 x 107" = ——0e—
[H,0"] = 3.825 x 10~*M
LS Jonl] gl (53 L
pH= —log [H,07]

pH= —1og (3.825 x 10*) =4 — 0.58 = 3.42

.
ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

‘J\‘400mL4.o.;o-‘502Mo}5J;w‘HSO M‘dwd&j)w‘ﬁ)‘ N\W\&d’éf/
¢
.(log5.1 =0.71,log 5.2 = 0.72 , Ka =1.3 x 102 0l Lake) .NaHSO, CLJ\ o 0.2mol oJ] Cans|

(583



¥ < 3
el L L]

Y o el
s (b - (Movie Maker)
bkl jasladl w5
0 Y1y (;LA?U el
[ a3 48 Ll 05 e sl

The Acidic Effect of Common Ion : 2 ziodl & ™ ezl jf’)l\
OH ™ snS pogll gl g oLl B33 dinsd RIRNE
Sl o 011 U 3 sl U Y1 581505855 ek g 6 5 2l

Y Dalaall LS (a1 15l 5lad L loall p aliall 6 500l

NH," =+ OH"

NH, . + H,0 e

3(aq) 270

(aq)

Sy 342 Wl plows JINH,Cl o g5 501, 1S Joo ko LS| e
Y Dsleadl B LS
NH,Cl _H20(1> NH," . + CI° *

4 (aq) (aq)

Lomdorl NHL 0550 e S O il lsbaall o sy

9 2l 55N NH, 055 <lldes (NH,CL bl 5915 NH, 3460

NH, L)l 515l Jplows J) NH,CI ol BL5J s 5 o slonall 3

15 015V b se OB adilas d Tad Gy o8 2l 031 55 5 5l

NH, Ll 3o @l G e Jlas c(llelinall ol soll dg) HLodl 2 )

Ul 5852005 25 oy OHT Ul 585 oo ans 230 5 JI&S

LaS p 5 2N AN J slonadd PH i s 5tigll 23301 Js (H,O7

sl d ylowad PH o 5,00¢d] @315 HLO' 5 OH bl 55 5 lo
2 22 0 gyl ] S ek Lanall

‘:“11 63L~pHd.,.>”.L€J\w”¢01Ma,5}:3 ILW'._.,}‘NH L;y‘ﬂ‘d}aﬂyw@‘ﬁ)‘@,&)\w‘

(o2l i) Jos] (K = 1.8 X 1077

<log 1. 1=0.04is).NH Clr‘,..’y‘ﬁmu.\fcbu.aOZmolulwl

= dsadl o2 0.2 MOl = eloll Y 5s e [NH] = 0.1 M 13l Jhows
K,=1.8x10"
Sl J glowad i g soegd) S il Ol £ phlac
tJed!
NH,,, + H,0, NH," ,, + OH 1L S elall g sl fe JS dslas Cs]
NH,Cl, "%, NH .+ CI,
0.2 mol . .
[NH,CI] = [NH, ]=—=T=O.2M ‘-;’;L.’.LQSCLQJ\J;SJSW‘

[OH][NH,]
b= [NH,]

593

S

:d,bLQS [OH ] clusd sueldl b &y L p s

_‘s



K, [NH,]  1.8x107°x0.1
[NH,*] 0.2

[OH7] = =09x10°M

K., =[H,0"] [OH]
K, 1x107"

LN = ——— ———=11x10"°M
OH]  09x10° .

[H,0 =

1 b LS K slall 6 ot pleaany [H,0°] S

QLMGJMPHW}J%@‘F?‘ ;Maj

pH = —log[H,0"] = —log (1.1 x 107")=9 — 0.04 = 8.96

2.04 i Xies o e 518,96 I 11 o pH 3 5 BN

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

o 400mL ) g5la| o531 CHNHBr seloll &Y 5o Sus Sl
10.5 x5 4l 35 gead 0.1 M L3S 5 ¢ CHNH, 5uslil] J jlows
(ol 3 ) Joal log 3.2 =0.5 K, = 4.4 x 107" 131 ie)
(I gdl o

[CH,NH,]=0.1M« pH=10.5¢ log3.2=0.5¢« K, = 4.4 x 10~
400 mL = 34l (o

CHNH,BI mloll &Y g s Olum 1 gllaal|

: A LS (alally 340 Fyo JS Dslas ST 2 Joul

. .

CH,NH,, + H,0, CH,NH," . + OH™
H,O _

CH,NH,Br _—o_ CHNH,  + Br

‘H,0* ;.S 5 ol pH (’l.bw\
[H,0]=10"=10""=10"x10"=3.2x10"'M

K, =Ll ujb <l el OH 35 5 Con|

K, 1x10"

OH7] = =————— =31x10"M
[OH] [H,07] ~ 32x10™"
e wt 6‘
8 ol loll 3 5 Cleod Ky sl 36 S S0
__[OHT][CH,NH, ]
° [CH,NH,)]

3.1 x 10 [CH,NH,"]

4.4x 10" = 01

[CHNH,"]=1.42 x 107" M =0.142M
LSS el Y o S Col
n=M.v=0.142M x 0.4 L = 0.057 mol

.
oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

.
ooooooooooooooooooooooooooooooooooo

d.:»ul/
PH o5 ]! 63;“ o
055 5« NoH, sue Wl J gloeal
0.2 mol L5Ls| u_e 0.4 M
Al NHCL el Gy
131 13Le). d yloeall 50 500 mL
dog5.88=0.77K,=1.7x 10™°

(ool il Joal

(607



— - +
HCOOH ,, + H,0, ==HC00", + H,0

Joes L3 L) T (1) Jen

e e

Ce1)

(aq)

Buffered Solutions daiial) Jullaall

5 Al I 53506 5T (555 e oo A LS BLS| oo
Y ol u;m I O V) (sl Jplomald e s5gll WS 3 oS

Joloeadl s DLV o it Lol S8 S gl 16255 Sy

("J” < r*:” Lo slae LeSay JJLxA > ‘Buffered Solutions Zdazel)
L] & 45 sae s 6yww¢wﬁ«§uu\pryj)HJ\
(o&jww) ‘J‘J““J“L’ﬁwu‘-“"uﬂd)’(‘u’é‘a
JRIEN] JJJ} (ke s Lans 302B) 351 ol Lo 5 dinns 30
Tolis oVlme 3 s o8 mid) 0 Y1 Sl Zal o ddisal)
5l Sleluaalls ¢ Jramdl Ol pamtnn s Lol dolis o canly
o S e Lol Sl plorl b &yl RalaN1 (g g LS cla 8 5
e 0 03 S 0l b Tl w1 T o el o
w3 e Blasdl e Jon s HCO,™ &2 o)l 5225 5 H,CO, 2L 52 S|
Gnall 13 Lileall 31 sadl Jamy p B (7.4 g die pald oo 55
s 33 555 S of 033 gl JI 55 N Bl 5T sl
L@Mmjw\ywvu&ygdw@uw«w)
Acidic Buffered Solutions & 2.2l Redizel! j.)bu.)\

B ol 51eB 5 s e e el Tyl O35
‘HCOONa 4>l g (HCOOH &y 35liadl [aa J gdoes (6 5o D0l
sl Fpo Wl s ey hadl 8 Laesdl 0l 3 e Al i Je
Ul o b dnd ) LS| eladl U g0 225 HCOO 251 ol
el S 5 aendl 13 sV OWslaall 55 555 HLO7

HCOOH  + H,0,

(aq)

HCOO™,, + H,0

(aq)

(aq)

Hzo 1 - +
HCOONa(S) O, HCOO + Na

(aq) (aq)

U = ;g NaOH Jo L8500l e 1S aS L) s

-

5 ~

uj&j‘HCOOHUp_@J\C»L@bw Gk o5 abes el e OH
)mJau}wM\f.@w\@j‘HCOO 2 al) 5ol U e
uﬁ‘ﬁ\é;;\;ﬁwwﬂ\ge} (Lladlsuel) Blasdl OH™ Qbﬁ\}:SJJ
G155 Jannd! 55 5 o ] a5 Sy i kol HCOO™ £ 2t
Jdor 5 i Gty HO' 355 iy «(11) Sl il (5 Gy 81,

Il pH g 550.4]) r’z” & U’: ST



ry:ﬂ‘u‘yb\cwb‘o 5Maf5j‘-CH COOHu_byLo‘Y‘uqugjﬁaJj.\:sdd.ajj.h@.“rﬁ)‘w}‘
NaOH 4 g2l saeldl 50 0.01 mol “L"MJMJ"JJ'\*@"‘"}“‘“)U‘V‘ «0.5M oJ.SJ.a «CH,COONa

ez il Joali Ka = 1.7 X 109, log 1.7 = 0.23, log 1.63 = 0.21 o Leke). J gonell 5 1L |

[CH,COOH] = 0.5M ¢« [CH,COONa]=0.5M « [NaOH]=0.01M :Jizudl Jolows
Ki=17x107 ¢ 1L =dyloall o2

Wadas s NaOH L) |3 J shoeadd o 5 5! o5 31 8 5Le o gzl

_ N L el
CH,CO0™, + H,0

(aq)

CH,COOH,,, + H,0,,

H,0, . .
CH,COONa  —*, CH,COO™, + Na

(aq)
14 2201 0N 3 LS «NaOH saeldl] Bl 15 J sloeald pH V51 S
[H,0"][CH,CO0"]
[CH,COOH]

(aq)

a

[M,0] (0.5)
0.5

[H,0]=1.7x 10°M

1.7x107° =

pH= —log [H,0"]
pH=—log (1.7 x 10°) = 5— log 1.7 = 5 — 0.23 = 4.77
[OH"] = [NaOH] = 0.01 M ojsj $ 2 5ls NaOH sae il L) wis
:MOH*}Q:)\@%;J:J@) CH,COOH axdl g Jolis s
[CH,COOH] = 0.5-0.01 = 0.49 M
g OH 38 5 ey 3 5313305 CHLCO0™ 881l Eus ) 5355 ) et 5
[CH,CO0] = 0.5+ 0.01 = 0.51 M

LS o e PH i g o) ST HL0" 55 5 Clusd K, sl 26 St fsend
_ [H,0][CH,CO0]
*~  [CH,COOH]
. [H,07](0.51)

[H,0]=1.63x10°M
pH= —log (1.63 x 10™°) =5 — 0.21 = 4.79
0.02 Jludag or s kel o531 3 o A5l 2lin O o Fpo e

.
ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo



Jsloeadl JIHCL Joo 658 oz o AL £aS BLS| e ¢ Jrall
: sww\&a@uw *,LU;L@&M:&GMJJJ\HUQUJJC;;}@?@
CHO0H,, + K0, = CHQ00",, + KO?, i el S 5 Ja S5 *CH,COOH Laasdl o 55 CH,COO™ a3 ol

---------- jru\ L (Gl Gaad) BLAUIHO ol 55 5 luie; CH,CO0™ 181 ol
Lol =~ R

.ﬂ 2h o § § LS5 o Bl FAS s cand Uil CH,COOH _aesel 55 5 315
o © o < :

HLO™ 58 5 iy o(12) JSCall Sl s oy 2881 1 6 5 e
PH s kel ﬁ;‘&"\{.wjﬁ”um‘%‘j élj;;sﬂ_;_.p@
e BL| 21 (12) S SNl G b o U5 e 5 S5 - ol

«Jgloeal 5o 1L JIHCI jaesdl 50 0.01 molawwwuuw@@mﬁybw\‘syw\
(el b il Joal dog 1.77 = 0.25 o Lihe) 0MY|&JJML¢>3J&€J|VJJJLMJB|VJ
(15l Jdows

[CH,COOH] = 0.5 M

[CH,COONa] = 0.5 M

[HCI] = 0.01 M

1L = Jsball oo

K,=1.7x10"°
Madas s HOL&LS] J3 J slomald o s sokgll 03501 650 10 gldanll
tJed!

CH,COOH,, + H,0

(aq) 27

- +
CH,CO0™,, + HO"

(aq)

HO
CH,COONa, —=%s CH,CO0",, +Na’

- o _ é/ ° &
BLAY S o ssed) S L6135 HOL S BLS] dny PH s 5 5gl) o5 5 S|

23 3 &

[H,0%] = [HCI] = 0.01 M 5555 GBS 251 HOL jaasdl BLo] die

(el HO' 58 5 ke W3S 5 duj (CH,CO0™ 8| ,oll 345l o HOI jaasnll [olin
[CH,COO] = 0.5 — 0.01 = 0.49 M

23 -
e HLO' 55 5 s 55 5305525 ¢«CH,COOH and) 0355 S ity
[CH,COOH] = 0.5 + 0.01 = 0.51 M

(633

(aq)



&

LS o 0 PH. i 55l (33015 H O 55 5 Gl K oandl (5 Sl fsee]

_ [H,07][CH,CO0]
"~ [CH,COOH]

[H,0](0.49)
0.51

%% 107° =

[H,0]=1.77 x 10° M
pH=—1log (1.77 x 107°) =5 — 0.25 = 4.75
PH ol HOI sl BL5] g 1 477 (65 HOL sl 8L3| L5 J sloeald pH 51 BV
0.02 Jlues o s soegl) W31 3 1 L5 sl it J) U5 203 44,75 g s

.
ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

* _ % P £

ez o JS e 05 elite slnad s ssddl B33 Sl -1
555 CH,COONa ¢ 535 5.all o5 54 oo s CH,COOH s 52
K, =63 x10 51 ke 0.2 M Logee JS

50 0.01 mol BLs| ke il Jglowall o s sokgll S5 Lol 2

(ool 3 ) Joal) . J glowall o 1L JIHBI jaeon|

Basic Buffered Solutions &2 \&) aiiall Jllaal)

Ntas . 1ol Lo 5 Bins 5156 o oW 2l I oI O3

Sl e e Ld e (55 NH,CL dehe s NH, 345l Jyloes

SUINH 311 Gaasd Sl o o e £ s el 2300l

OWsleadl 5B 55 OH b gl s aiin s J) B3] bl 36 oo

2 S—1| + -
NHM{) +H,0 ) NH, (uq)+0H (a0

kol sas @ G IS 36 0l o

[ + - .
NH3(aq) + HZO(I) NH4 (aq) + OH (aq) ' _________________________________
H,0 5 S sl M
27 + - : L] )
NH,Cl, —=%% NH," = +CI' et
: <

U gl 255 ¢ 215 NaOH fro & g8 3006 (0 1S ZaS Bl ey

205 NH, 531 oll sl o Leholis 5y b o Leblans Mg & <OHT

BLAUIOH™ &b gl 58 5 jlies NH, 50l 58 5305 5 S ONH, sae il |

5 5 e St i RL NH,' sl 15 5 iy c(@iladdisneld) | e Lol 5T:03) Jo

oy OH 55 5 5 o(13) S T s oy 551l Lo el gelS e d o
Jsloeald PH i s o)) 15301 i s 85 ooy g 813 8

©



P ‘NHCchqJ\jaSMLA,SjW‘NH u,ﬁv‘wu,&@dww,,wwﬁw\
u.aILJ\NaOHﬁﬂ‘a.\&w\w001m014&L¢|-\~de&3JJ~@J|r&)L¢JB|Va‘05Mo}SJ.a
(Rl b il Joal (Ky= 1.8 X 10° (log 5.5 = 0.74,10g 5.3 = 0.72 5 Lide)  glowel
(I gdl Jedoes

[NH,] = 0.5M

[NH,CI] = 0.5 M

[NaOH] = 0.01 M

1L = Jlomall o

Ky, =1.8 x 10-5
adns NaOH L) 13 J sloall o s sokgll o550 5Lie o slaodl
tJed!

1 A LS calally 3 Fyo JS Wslas ST

NH + H,O

3(aq) 27

NH4+(aq) + OH_(aq)

NH,CI HO, NH* + CI”

(5) =——> 4 (aq) (aq)

15k LS (NaOH sus Wl BLs) |5 J slea pH 5 [OH ] S

- [OH][NH,"] .
[NH,]
Kb [NH 1.8x107° x 0.5
[OH] = [ ﬁ] = a a =1.8x10°M
[NH,"] 0.5
L;'?L LS <K, ¢ LaJ uﬁ: C_AU r‘.b:;’.wl.; [H3O+] :AM.;-T
= [H,0"] [OH]
Ky 1x10™"
1,07 = —>— - 1x10 5x107°M

[OH] ~ 1.8x10°
‘:;.;LLQS‘JM pH %;'.:.?j).l.:@.n (,.3;“ :M.&T

pH = —log[H,0"] = —log (5.5 x 107"") =10 — 0.74 =9.26

: 5L LS «(NaOH sue | 5L5] dny J sloeald pH 5 [OH] Covs

Y

[OH] = [NaOH] = 0.01 M %sjusu,u NaOH s | L) des

CA@JOH UL{))‘)‘SJ’)‘M°)‘SJ’J“NH+03\)*HUA‘°’J‘ J&LQ..:}

[NH,"]=0.5—-0.01 =0.49M

rad OH™ gl 55 5 ey W3S 5 sls 55 NH, s 3 5555 U it
[NH,] = 0.5+ 0.01 =0.51 M

653



(CHNEL 1 5k LS NaOH saeldl BLs| day J sloeald pH 5 [OH] Sl
4

b= [NH,]
Ko [NHl 18 %107 x 0.51
OH |=—5 7 =— - —=1.87x107°M
1OH ] [NH,"] 0.49
15k LS K bl B ol plasealy [H,07] S|
K, 1x 101
[H,0] = =53x10"""M

[OH] ~ 1.87x 10
1S LS «J goeel] pH %;'.g-j).,\:@\r.;:.“:,ﬁo-
pH = —log[H,0"] = —log(5.3 x 107"") =10 — 0.72 = 9.28

z - 2
J el pH 3 3 (0.02) e Vi 115 il &g oY
b gl sl 0l CHOL a5 58 o (oo U5 LS L] ke U]
o) S NH, 50s W) o Wbl Gy b oy Lelblans Hgnds H,0°

NH,,, +H,0 ~_—‘NH+ o TOH

2

Bladl HO" ol 555 ltie NH, sasll 255 Ja ey NH," | [ ":,';‘""ﬁﬁs;;
- 5 8 ' NIL+ © :—
Ty e L NH, " 330,00l el 58 5305 55 o(GBlaa)l jaasl) -—

355 s (1) JS S oy il e s S 50

Nﬁxu@\@g‘\bodeM\&Ho )OH UAJS

S e BLS| T (14) K2

31 dleall
J kel 5o 1L JJ HCI szl s 0.01 mol BL5) e 3oLl Sl J ploeald or ,,.x,@ﬂ‘;éjm;.fi
(ool 3 il Joal) .10g5.8 = 0.76 of ile BLSYI |5 J gloeald 5,0 Vﬁj)g £, ra
(I gdl o
[NH,] =0.5M
[NH,Cl] = 0.5M
[HCI] = 0.01 M
HCI o> 4Ls) we NH,/NH,CI J}bm.u pH Cl> Igﬂh«“

IJ:J‘
)‘},:—

[H,0"] = [HCI] = 0.01 M &5, 5 G5 25k HCl el BLs] e

(663



pead L0 58 5 e S 5 Jas NH, 515l 2o HOL s Joliy
INH,] = 0.5 — 0.01 = 0.49 M

e HO' 58 5 ke 355 530 50 NH, 3ol Ghasd) 5385 el iy
[NH,"] =0.5+0.01 =0.51 M

:%;L LS (HCl jaesdl 8Ls] s J goweld pH 5 [OH ] S
[OH7][NH,’]

K=" N
o - —SINH] 18+ 107x049 1= M
OB =" =7 o = Lo
: Sl S K sl 36 ol plieanly [H,07] S|
—-14
[H,07] = L IxI0 —— =58x10"M
[OH] 1.73 x 10

&;GL.{L«S‘JM pH W})Hﬂ ('.gj}\ :,.w;-T
pH=-log [H,0"] = —log (5.8 x 107"") =10 — 0.76 = 9.24
Jploeall PH 03 3 (0.02) lias 12r 5 | 5Lisil & i Lom Y

.
ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

L el S Sl gl i) ol BT Bl 1201 e e
: B3 0ol 5l (55 L e ALS S o) BLAS Lkie

S
: 2z £ S 5

P o el e 055 (e ploned s sl () Sl -1
L e A lS ke lodls 0.15M LS 5 CHNH, el
P (Ky=4.4x10"", 10og3.03 =0.48) 0.2M ;S 5 CH,NH,CI

: 2 2gy 8 &
uﬂfnjﬂj).,\t.gj‘ué.ae-b.oo.()l molg.a.:.pﬂ.)lw:;-j)u\:.@)‘rj;j\w\ -2
| ol dog3.8 = 05801 Like) Lol  slowoll s 500 L ) HBr

(vaoJ‘%;eﬂaﬁJ\

C673



5 2
o] patall I loedl S b 3T 1t M8 S -1
: Al Ui [0 5 somtall 2551 -2

i\M\Oﬁﬁ)ﬂo A.f;gj\o

P
L e
=

Y Y e IS0 Y1 Sae 3357 -3

KNO, , CH,NH,Br , C,H.COONa, LiF

Y Y Ge Lol 4555 U AL 33T -4
KCN , LiBr, C.H,NHI , HCOONa , NaClO,

E) {

Wslaze s sl Braom LV ALY e (22
KNO, , NH,NO, , LiCl, NaHCO, , C;H.NH Br

-5

w

HS jhax  jloead PH s NaHS (LGS reboll o5 00 6 205 8L53] 5T 425
PH fag penad 0.02 M o35 5 HNO, J slows 0 400 mL ] Lgsils] 5301 KNO, sehel il Sl -7

85 g/mol = pelall (Mr) & oll ilisJl < K, = 4.5 x 10™* <log3 = 0.48 51 Lile 3.52 J glomall

oledls NH, s1s @l o 3550 10 (sl i g poegl) 2255 Jplons 3 50l ] pelall s Sl -8
K, = 1.8 x 10 5§ il NH,CI

STLle 0.4 M o35 5 C,H,NH,CI edls 0.2 M S 5 CHNH, oy 5556 0.5 L idn rk"‘ J s 9
(ool 35 Joal) log 1.1 =0.04 ¢ log4.3=0.63 ¢ log2=03¢K,=4.7x 10"
Jsloeod) s 5504 EJ}“‘:“-"'T A
HCL 201 40,05 mol 43! u%«ﬁﬂ Logd e ploeall o skl @35 Sl .

5
KOH 322l ;4 0.05 mol ] and| o Lok e ploeeld s 5l 43 Sl -

(687



adl b aliial) J shaal 2wgill g 61 ¥

Jlowedl G 3 Jo 201 (5 smy
S B e By il
UA} ‘(7.35—7.45) o %;'.:q-)).,\.:eﬂ
Sl e 43 B Fo Sl
dlr by ol B & sl E3LaS
7.8 oo el o ssbdl (331 8L
Al x5y 6.8 o BT ] aslisal
S (35 By el B (g 5]l
pH:\M;MW}J\r}QﬂJJ}dU}“
s 3
N 5250 5SS g1 S 2 J gloes 45
(s.LH HCO;{ ¢ 25)” Jl I l v) HCOg_ 33}“ ) ) /j : )")ﬁ ~ i %
sl 3T (H,CO,/HCO, ") 431 ol
ol il plowadt a5 2591 Usbnally cpll b inell llona
HCO;3 (a9 + HiO (o

ST S8 25183l 5 bl b 1 paST il Jobmo 8315 ] el L sl 1 22318305 (358
HyCO; 35 55545 Jl o539 L]l (‘:“ Joliy el I B o= «CO, O g,

H2C03(aq) + HzO(l)

COqg + Hz0q) H,COsag)

&,bopdns,csag}s\awoﬁupjsa&\UJ;{:E;AIJ}J.mﬂMefﬂgéHso*auﬁTisjss;gjw,
555 My Jas ol b o3 5 3135 H,C0, i Sl G 0585 i sl B ) 013V g g 23]
HCO,™ b ol 5] ) &1 Fiomy Ui H,0™ il 555 o5 HOO,™

Ay o ol 3 s SN o 35 5 S ool polanal Jo 801 s clo 38 5 3 ] iy
il Gy o Lain Sl (g s ol Sl €O, 051,50 ST 6 ) 0 3 s S o
Lo B HOT ol gl 55 5 oliy e delog s ¢ ppodl o (5515 Sl g 850 0131 s g0 B3] S0 s
el B et o Gy il (ke e bl

S 55 b o Jorh 88 )1 Ul Blas of 535 HCO;™ oyl 555 Jas e o &I O ¢l
o b 2l g S ez 58 55 LS 505 SO ]

(69)



H,SO, + CN~ = HSO,” + HCN
H,S0, + F~ = HSO, + HF
HF + CN_.+=— F + HCN
A 83V al ol sae ) daes CusT-
K, el sl el dxes CasT-o

2
5 82 %

LBV [OHT a3 0550 ol sloealt 1 3357 >

HON J glowe o HF J ylovs

PH AT 5, S0l [ sasedl Jlows 13051 - 5

o 01M cpn 035 2L B J loms Gt

il pH =4 skl 4335 RCOOH. e
PH a0 a5 (RCOONa pelall Fpo ZaS ]
Al oY e Sue Cal LB s 152 ey
(ol ) Joal) log 3 =0.48 STl . oLadll

&> <HNO, M\wzﬂw\ J slos .

GLe.02 M &3S 55 KNO, mlalls 03 M &3S 5

ool Sl Joal) K =45 %104 0

J bl pH Cuni - 1

0.1 molg__é.:..ﬁ\'sl&u\d‘}bg& PH Sl -
s 1L )| NaOH 51 (s

s 4 .
S CHNH, 3aell G 0585 olate J slows
S35 5 S CHNH,Cl i Lol 5 03 M a5 5
LeLa! 55U HCI aasdl &S 1T 02 M
O ale) pH=10 pead) Jglowall 5o 3 )
o) Joal (Ky=44 310" <M =365 g/mol

o _ - b w

e 3dea) o 5ol S SV sl 2
SR PR RS I [ AP NN [ +EN R W
Sl adll fpe s, ade e (Ul J el Lgos Sl

PR
F|{E|[D|C|B|A| Jd
05]12] 79| pHis

10

11

bas gl daal e

1 Sh B IS s praioll 2251
UAM‘)TEJ.GGO
P s o

el J slowall o

3237

Dl

 sie Sl HNO, J ool pdonell 8,101 - 1
.é))J—M}ﬂ

o el die HS™ 0 0 (6,5 500N Ll -0

NO,” sHCI ;s JS

- 3 ¢ ’2
sV e lad| b dsl ol é\jmi,\;\ |
(aq) NOZ_(aq)

—— C,H,NH",

HNO,, . + CN- + HCN

2(aq) (aq)

C.H.N

575 (aq

)+ HCI +ClI”

(aq) aq) (aq)

w
-

t Y Jeladl 3 Busli s ) Loe 2051
Co™" aq) + 6NHyaq &= Co(NHs)s " (ag)

—0\

S 3ok J gl POH S 5 gl S350 Sl
2200 mL b & 0.4 g 413k 035 NaOH p g3 5.0
40 g/mol = NaOH s &l £J o) sl 5 s L)

Jog 5=0.7

cdslad (LiOH J gloes 0 10 mL 5 lae & >
Ce§ 001 M 3 5 HBr J ghoes o0 20 mL s
LiOH J slowall 35 5

s Jllwed 3ol 15T Esbandt s
O & S 1 & Lsadl (H,S0, « HON « HF)
Lol slsall dgr Lgb 15 0I5V pd s
o i&? (,., «Melidl Joysl 1S wodkelinl
lels ) eyl

(703



bua gll A

Jskoes s HNO, asdl Gps 0355 J o) pH o] 113
Ka =45 %107 4245 55 1 Log (KNO, peloll
YOI IG5 pH Al oty L 33,5114

128 (ool 3 il Janl) (G s ool 5

NaHCO, eloll o5 e 15 LS L) - |
HLCO, Laasd! J sloes s 500 mL )

NHNO, sball 5k oy L a8 8L -
NH, s4eld)l J gls -0 500 mL _J|

S LCH mlodl oyl oy 315 oS L) -
HCI L aasdl J sloes 100 500 mL

355 Jllall o o Y1 ol g g, 15

o3l L Balanedl Sle ylaal S sTM g S
SV A e Sl 35 el yladl

Jolaaly gt clagles  Jglaal
[H,0]=8x 10°M HC uaeall
K,=4.9 x 10 HD (aeall
K,=1x 10 B sacdll
pH=9 KX gl
[OH]=1x 10°M KZ gl

CHZ aosd| oTHX Ghaosdl Cindl Logil - 1
O Y1HD jaesl J glows ol dslas CasT- o
: .'.C_
)%V-;‘

O P CON| B IO  JCON | NS RN ES
el S OVIES , A T o
O r\ D~ i V| 3.53‘,@.“ sde c‘b&w‘ -
b U U MO 555 Lo
BHC mlolls (IM a3 5 A1 B saslal

0.5M oS 5 s

1)

[OHT=1x 10° M Lgb 0 55 345 - |

KBr peloll Jtag 601 sl) J slomall -

1 Mo3S SHNO, jaa> J sloes -

.O@ujsT@[Hsoqj;;éwww_ B

ol e Jolis Y byl d glome -
u@ngu,l“du%ﬂ\ jju\?;” Syem 12

(o gladl ol ool idandll del i)l 5 5 sesell

:L@?Ls&,ﬂ\‘u:,ﬂ%!\g;:ﬂj;:

Joladl) 385 Jstaally dileie cilaglnn  J plaal

02M [OH]=1x 10'2M | HNO,
0.03M | [HCOO]=2x 10°M | HCOOH
0.1 M K, =3.5x 10 HCIO
0.1 M K= 1.7 x 10 NH,
0.05 M pH=9 CHN
0.03M | [OH]=3x10°M |CHNH,

HCIO J s 3 [H07] 35 5 Sl - |

¢

P B PP JCU N JU PN [pyS [
.HNO2 d}bﬂ (J HCIO djjow I[OH_]

w
- -

KNO, 123l e 5,5 :5T ol 13051 -
HCOOK (:T

e 3 w{g
CHN el 33 o1 jaeadl (s 6l gl 331 - 2

CHNH, 12l 331 o el of
CHNH, J s o1 CHN J gl :[H,07]

¢

o o35 Jel ) el (T 305
CHNH,CI I NHCLJ gloes :(pH)

—0\

-

\e

3

—0\

-J

HCOOH J ool s 553! 23501 Sl -5
I HCOONa sl 5s 0.01 mol BL| s

el o



:HBrué.v;j)bw 9
OH" Y g 3us ad (5 5Ls HO" &Y g 3us (1
OH- oY g 34 o ad BIH,0" Y 50 30 (<
AhdlHBr SY 4o 305 43 6 L H,0" Y padus (=
OH™ &Y 5o 5 4 (55l B Y 50 3us (2

&Y el s pH e o 01 J sl 10
DA cdnd ;SJJJ\ "

NH; (> NaCl(= HBr(< NHCI( |

LY sl o pH s 5T o g J gl 11
n S b A slsall
HNO, (> HNO, (== NaOH (o KNO(

LY el S HO 555 T ) J ladt 12
o S A g sl
NH,CI(s KNO, (= NHBr(w HCI(

L5V LS ol 5L L Jall S35 .13
55 A b &5zl (LIOH, NH,CI ¢« KNO, NaCl)
e Leass Sias
KNO, > N,H.Cl >NaCl > LiOH (T
LiOH > KNO, > N,H.Cl > NaCl (&
N,H.CI > NaCl > KNO, > LiOH (=

LiOH >KNO, >NaCl >N, H,CI (s

O3l Jglomadl oo NH 82201 &3 ez 14

$o
N,H.Br/ HBr (& N,H,/HNO, (T
N,HNO/NH, (5 N,H,/H,0 (=

" 4
b olll dsa 4
L 55,5 IS0 denall Y1 52T 16

Sl dT 30 e sl L 1 28 505 . 1
toSas Lo el lgwds G5 Lol e el 3 45V
HCIO (> HCOOH (= NaOH (< Ng, (1

slaall b coeaall 5Ll . 2
'* (HA+HO <= HO +A)
LGS HA Laesd 25k (1
Jsboeoll Gpo St HA Shodl (0
cCias HA Laesdl (=
Aslaedl B 281 20 253l Y (5

tp b b b cans Yl dBl ol saelall L 3
CN (3 F (= OCI (< NO, (]

& . @ . 5
O o st (ij.@.u e o gl Jgladl 4
}A‘QS}L.NM
NaOH (> HCOOH (= NaCN (< HCI( |
6 pael ISV BV U Y1 AT .5
HCOO~ (> HCO, (= HS (o HPO, ( |

S 5l Ol s oLl B s I ESLI L 6
A «(OH")
T (e S
Gty pidels (0 s ylidsls (=

s 2SIV e 55 Sl st BT 7
Z@céﬁi'&iboﬁk{\)xﬁ

COo,” (>  BF, (= Cu(c F

OLs (Lo Jyloee 3 [H0]=2% 102 M OIS 13] . 8

PV [OH]
2% 1012M (< 1x10”M (|
5x103M (3 1x10°M (=

(723



Aoty s oG]

~— &> Electrochemistry

“’,
LEARN 2 BE jamie _%

5ol G g 5 NHLCIO, p 55 501 15 51 (3 58 oa U380 QLD 15 48 5 E5Ladl] Lol 1S5 o, 5
AICL; p g V1 25 S 5 ALO; p god V1 ST id o eV 5ST e ) JSUN G5 g8 Jos 3] 4AL
A8 oy S 3305 2760 °C 551 B y3 ) Jelidl Jumys oN, cpoom 5 20l 5L 5 FLO Lol liny
3 graiodl Lab 1 Y15 ST SOl oy GO Y Ao o 63Ul - 5 el wbs ] 5 (33

e das ol Dol lidatl Loy $J1 52 Y5 anST oM Lis




sty

- -
&
- | ““
L =
:
’Aﬂ /.
i

I
I
"
. f
A -
i

il # ‘W

o L

«dcalal) gJﬁS‘

Lgns chonrll p 2l i1 ST Eelis B

bl e Ol mSINT DUl Rasy deluall b

Bl 2] e lembias Loy oJ 5 1 aslall ) s

LSzl 5T asl 8

Y5 ST 5N o,

3353 31 col e 1Yl ST Selis 1dus I 8 S

Bl Gy e 1 A Bl st L)

Iy ST Yl G5l 50 o Kans ST slae]
Jeldl Caas 3

Glalondl L) 2 L ool

S Bl ) BlasS B 3o 2 N § S0

S Jlly St Jels Gu b e Blildl DAY 3

Jz¥ g o milll dgadl G dazags el

L &5 OUas™ 4 Laadl

S Jedoudl L3 W) G,

Jolis iy asl e Bl pisend i M E S

L SUAS ol s Sl 8 Iy s

1 ) ¥
i i .
Y.
‘ 717171717,
a% 7
- - B ‘
é " “v

-




 aainligs

HOI 518 s )] Gaas e I3 (any Jolis

djlau ‘Cuwbvdb‘AlrijmQW ‘ZHW)BJ‘QLYT‘? <5 Cmédjla (’W .19.3}.1 ZCJU;ﬁbi‘}d‘
8,0 3554z 5% Jes QLN ol ol <(4) sie JLast bl (1 M) 5.5 5 ¢HCLE S 5 gl e

kel ok

o) 515 5508l Glom o elis I g\}.ﬁ\iiﬁ-l
HCI
o) o Lol b Leb Ly i ol Al ]

wm@\u\,w«j,y@wuvsww\ 3
el

Ml 3 318 S it e b ol Zaci 3351 -4
£ Jolidl ¢ 5 Lo amL

- ) s
A Slals

Jelslo . clladlly 41 J1 ool jadly aseall Cilans 650 . pmseall b Zolall dedudl g\;\..})lé?ﬁo

: Jordl S ghas

(1-4) cyo Led Ty B 5 2l Lz %UT4J¢>%
Y ol e Lensl

oo 10mL =500 seall plasealy sl . el
REPH ) (o RUSHCFSN p-Ies

B3 phiials M g peiiall Ly i S 91 D
Wl (1) i sk VI Ol b ansl o5 6 jical
fgu> Jo L € el Gus> fa il
Sy B Sl =

Sl ey L ol sl Bl 4 |
Ja ool s o gV Sl s o1
Jolidl bl Sl iless € Jolis o
S e b S J5uT € el o

A Jelis J e i She J2ul ot B
(Y Jsad! S HCL G mo adtetenal|
RN P PRES

bl
Jolizy § bl 5 ot

H, jL& uslas

J.GUJ&}J’
ch.a.?

@A




JIEANIg Sl

Oxidation and Redulction

Oxidation and Reduction Concept I 3ia¥) g auslil) o 9¢da
adol 5 LS| gt 4>~S Electrochemistry &5 53 ¢ oSl 6
JnST el e Dol 451 ST 5 45 LanSTN B -y Y gl

Lo il ol ddandl oladadl s JI Y1 g

A L LS e i) o 55 Y5 ST 3o i
2755 iy Jyl sldl e sl Sllenll Gany b o
ey izl ezl sl S el o331 Sl e L
Mol o b 6 558 31 B3 o U e Za 3 B e J&d) 5L
Ity St oMol e ddodl Tuo s LAl Jizs IS
ST 5 emiadl L .l I (5 g2ell 2l sgl) dydondl (5 505 i oo
eyl A aldly cuaush Gl sded ass $1VL
¢ Jeladl Canas 3 oy 1 5V 5 ST S slae 051 5 S 5 € JeLid
oV e 3 85 (6 e Lo L

Blodl Jolis Cio ) AST) ellaan oldl) O 55lonSIl kil
LS @sledl (o S Y1 55 i 1Y) ellanan 5 oSV o
SV el =

2Fe,04 + 3C() — 3COy + 4Fe

5 dio oo 285 15 V1 Gl SV ) Y s 05,806
U ! 2 I (1) S T TIT ol 4T oy oSV
AlpYlides e

) Yyt )

! »
AR
¢OLe 3D I Y1y anSTI e lis
Ll st AEBLI3ISS 3]
slasl 3 Gl g b s e 1 I
ST Y alee 631 o Ko 5 cdnSWI
Jeledl caas iy by JI el
ol o €
DYl LSt alin b i -
¢S 500l Jaladl s STl s
IV s duST s . J seadl Joladl s
.L“;\,Ul
& ol ol st sue Sl
PPN PN
Il Y1 aSTl Y slas o)'\jf—
Jeldl G s
: odbunhlg euzalah! <
Electrochemistry 450 ,¢SJ! s Lol
LSl
Ji =Y
Redox Reaction JI Y1 g STl Jols

Oxidation

Reduction

LS sue
S 5l Jols
Jeadl ool

SN Y15 ST

Oxidation Number
Oxidising Agent
Reducing Agent

Autoxidation-Reduction Reaction

- J

€ I3V s o ol sl (1) K21

(76



& & . }%,g S
st oast I o 33501

1Y odelidl b ed 2
ZK(S) + Brz(l) — ZKBI(S)

Cps) + Oz — COyg

Gy 2oSWI Jolis Cioms Cs2.

LSV Jelild Ol el
2H" g + Zn — Zn" g + Hayg

AT el Jotd I ST ko 55kt (25l 555 o
>Loll 13 oL, Oxidation 48T 335 sV o Jolidll 225 Y
LS 56 Reduction Jizs V1 Gl LSOl Jolisll I3 s 2SO0
Y15 ST e S5 . sLank Jelidl I3t b 2SI 3Ll
S gl j;u:i\ PN IEA [ JOPRTe g Lol ] S ¢y 53
Redox Reaction J) 32515 1uST J&Lm G J1 Y15 ansTl s 4

sbeall o 5 S5 o eSS iy 3l

Cai) + Clyg — CaCly

O et V3t Alelizall s yall iS00 p 5S35 O a3y
o 5onS O gl 5ol 10 0355 il L5 0 CaCly il p S 5 IS 5 o
55 45T D U35 3001 201 (Ll g, U1 Sl Ca™? ol
Loy Ol S o5 B oA 905 JIptly i ) B g IS
Sl ols B Koy U3 e iy My B 0] 4 533 IS S
Az (Half Reaction Jeladl Caal Céy S Jol& heas SO e da L)
156 LS IV e I3 LSl ST e I3 5 ST

Ca — Ca*" + 2e” St [ Jo\s il

Cl, + 2¢~ — 2CI° s [ el Cans

50 6 glmg ST Liloe st 83 kdl S I e O am Y
A5 e I Al 5 2SI

IR PN wll d»br.’J‘ QL‘Q,S d)bv.d & J.ﬁ.,bd‘ J&La.:i

Fe(s) + CuSO4(aq) — CU(S) + FeSO4(aq)

Y ST edelis Slasl ZasTy o Jolidl b J st o a1 o Y1 515,001 305

z
f

tJed!
el a3 25 ] Uslas s

2 2
Fe(s) + Cu +(aq) — CU.(S) + Fe +(aq)

(0sleel o FE™ i ol dododl b oY & sote 5 S0 ity ST Uslazall dpdondl ol 33 0T Lo NI

Feo — Fe''y + 2e ST el Canas

Y bl 5 LS bzl ol 15 Dte 15 oS ey 551 s CUP bl U ol B

oooooooooooooooooooooooooooooooooooooo

Cu*'g + 267 — Cu Y el o

.
ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo




Oxidation Number 2usUil) sas
U 6085 5 51 U e 155 e D Vs STl oSl s Y
3 ¢ianld Loy s W uolis S153 Jas 5 ity o S o 1455 LaT 50
D) Sty S 4 Tl L i Y
d > ,)jbjuw)ﬁ)ﬂ“‘ju@yjjw\judpug¢ﬁg :

B

Hyg + Clyy — 2HCl
Dt M 1 QUIS 5 o8 Bl Aay o)l 553 il S
SN 355 e i) OB e sl A 51 ) iy BT IS0 555

v AT 5 AU B LI Y 5 L Lonles Tl ol

535 sl 2150 030 Bl I g SON £ 0550 rsoedl)

D G s edl) 853 o glish ¢ IS Uil o omy 01 053 1S3

(2) UK b2 WS s Do ot IS 355 e el s i3 |

Sy ¥ A ol oy o I3 Vs STl Gl iyl 0N
. o0+ O—

g Vi s e Blalall 5 138 (301 5 2S00 IS et s

ST e s lgarar JI Vs ST SNl Jus M o |
EESMIE 52Y Eladll 22l 51 Oxidation Number 4.STdf 34e ie;.au
S il 6l 2% (lan L)) L ol LS L) S BTG LY oS I
) Il g 51835 o ol o) 851 85001 LSS OF 2 2
055 tade ol s 50 a8 Tl st L 5301 ) 08 ) 1 S5 1)

(=1) LS ST sse s HCLe(s 3 b (+1) e skl ST S0

2SN Sae ) Gilead Al 2o 68
Basic Rules to Assign Oxidation Numbers :

L e A1 ol s Adleeadl o liall 50 AT slts T 35 pmal s
B LS el sl g8l a e gazmn conns s A 41 5V ST M s
SN () dpaadl

ST slael Glaa del 5 :(1) J sl

H—Cl:
—+—

& el Loaledl Al J12(2) IS
HCls 7~

LST sle] Sl dnla] sl 8

I3 K e D ol s a0 (5 sl 2l pamiall 555 0ST sus
ol sl

0 N,
0 Sg

+2 cu* L . . .
031 s Eod (g 5l 33001 (311 0 Y1 ST sne | 2

787




+1
+2
+3

Li,0 & Li . i

Ca0 & Ca ) ; ;
RE) +3¢4+2¢ +1 o LS . . | )
| AlF; & Al “"2’}‘5‘;\9 S ,L@-)J»Cfvgswrd Jsry
'WLHF & H L, b lue Loo(+1) LS gl st
5 deloe Lo o(+1) & . . e
NaH & H el 'frh*ﬂ:fﬁ”"w : )
(1) e 06K ¢ W s UK ool Ll
BaH, < H (1) dem O 43 ¢ Ll gy B3 ool 514
H,0 & O 5 e L o(2) L .
o d Je of - 45 . I : *Jv\;
K0, & O e jj/ JA(":‘:"’“@Q:"“S s
o g0 0555 Jhill e Ja Lo (1) o O 45
OF, & O o g0 0580 5 Al o a5 Lo 5 (1) it 05553
NaF & F | 4euST soe ‘(_1)@[‘”{‘\_&;)” o b il sl s
K]a;AI L;J\B!L”T‘(_l)‘éjwwlvgfr—h’ug—él‘BT‘CIC)L:??-}JLGJ\ ]

CIF & Cl | 0,5 Al st oSl el (o o o sl o oSV o Lgis ]
HBIO; * Br | CI> Br> T 13l S ALl e Leos 55 i g0 0tnSTsue

150 5 sl Jalazall 8l M oliall Sl ST 135 g S sl s | T

3V Bt (6 5l 301 3 2xe 0 Y 351 uoliall il 33 oo ST sl goms | 8

33V b 31 5 LSl oy S i 550 STl s 3351
HS (> Na,S0, (o S0, (1

2="4
Jo

2

PR PRI 5 ol Tl Gl ST ¢ pladl emiall 850 weS T s Gl
8 o3, 3ol 51 7 o3, sue ﬁipgbwt,@w 55 AST Sl Jsusdl b as ) 1 ael 3l

G s gl il 13

2
so, (I

dde g (550l W) -2 L..SJL"'?. u.?p..ST 3;5 js .L.MSTS e 2 g_a.%ﬁ.ﬂ u.e U.?WSGY\ Q\j: e
g s $15] (7 500 ) o) e S ST st Dl o sllaalls e 5l b g S0 35

5T 6T 4150 55 Lo Jﬂ\wﬁgwwﬂw@qam‘mmi

1o = (g S 133 508 X oS ST sue) + (oS YT 133 508 X eS| ST s00)

(793



(oxidation No of O x No of atoms of O) + (oxidation No of S x No of atoms of S) =0
(NoxidO X NO atoms) + (NoxidS X NS atoms) =0
(—2 X 2) + (NoxidS X 1) = 0

Noxias 7= 4
+4 =¢,3r§J|J.MS;U>J&E)TL§T
+1 -2
Na, S0, (<
wr £ = s sz @, 2
7 5ol ShH cade s Yolah G54 2 il OF Loy
(NoxidNa X NNaatoms) + (NoxidS X NSatoms) + (NoxidO X NOatom) = 0
(+1x2) + (Nowas X 1) + (=2 x4)=0
Noxas = +6
+1
HS (=
w/g 13 @
8 el Shlcades. —1 ammed O 5l 2 53LJI OF =S
(NoxidH X NHatom) + (NoxidS X NSatom) = _1
(#1x1) + (N, x1) =-1
Noas = —2

05T U3 Lind feas AL (=20 460 +4) 0T 31ueT 2Ll 615 0 L3 S i) 51 L,
Azl 0L T 5T LS e b aaSTsds e 38T il 1 il 1500 045

.
ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

—\

1Y) b 31 5T LS I ot s U1 el 3500 STl s 305
Ca0, (s NH4+ (-" g2072_ (U KMnO, ( [
L el
+1 -2

KMnO (1

4

(NoxidK X NKatoms) + (NoxidMn X NMnatoms) + (NoxidO X NOatoms) =0
(+1 X 1) + (NoxidMn X 1) + (—2 X 4): 0
Noxiamn = +7
-2
gz()?z_ (u
(NoxidO X NOatoms) + (NoxidCr X NCratoms) = _2
(—2X7) + (Noxijr X 2) = =2
NoxidCr = +6

(807



+1

NH (=

(NoxidH X NHatoms) + (NoxidN X NNatoms) = +1

(+1 x 4) + (Noxany X 1) = +1
NoxidN = -5

+2

CaQ, ( 5:

(NoxidCa X NCaatoms) + (NoxidO X NOatoms) = 0

(+2 X 1)+(Noxid0 X 2) =0

oooooooooooooooooooooooooooooooooooooooo

—0\n

]

~(Scratch) 31 Sl G_»Lsﬁ

J_:«Laf (: 9_€.a.o' H} /'; L:of

ey oY1y sl

el y STl slue 3 a3k

=32

e 58 £ e

il L} %53’\_:0)

(813

@ ¢ 2 & ¢ ”: g &
apsjdl&JS@L}Mg.U\,M\;}JJMLﬂ\;»iJg\ :&bﬁl/
(Y b Y S
P, < Cr(OH); « PO,” « AlH; « FeCl, « HCIO, « H;]O5™~

Changes of Oxidation Numbers sl slasj A sl

I ol DUl 5T 135 B e 3 ST slel Oloo pa slined
Y15 sl eslels s e ol st

A 5 plons G350 2AH1 5 J plos pn ol Jslizy Dt
VNS Y sl Go g 223 S5

2Ag" g + Cuy — Cu™' (g + 2Ag

P I PO = I FOR W PO I FE R N

" 0 0 e Sl dlam ey STl
2Ag . + Cuy — Cu @q + 2Ags

2ST sde 350 35 <(0 — +1) oo AgT Ladl OnY LSWlsae Slais LoV
(+20) ;o Cu jul=dls s

u)»dl.oJ.wSU\ sde B ekl JJ.; =N .LM.SLJ\ el
d‘&“mt;wujbdl&wu\blﬁ‘jobb)‘d&j Iy Tlas
ST CU ol 153 B e 351 06 o lisll p Agr 2241 i
LSV Y s T bl Sl plasealy M3 s 5 S s
Cug — Cu™g +2e7  1uaSWisse Sl /st fols ol
288" ) + 267 — 28 ASWIsde S Olak /U1 Y] J;u: i

Bl 53 «J\,}mj ST M otomy ST sl 3 15 591 ]
slasl dlats Bl csls A EACPR P RCHERY S LS slus]
W5 5 5 (4) Jliall s e 355 AN oliall bl 51 30 Botonss s



4 360
2 3
(Y1 Jeladl b e s eyl eoansT i el 3051
SOg(g) + Br2(aq) + ZHZO(I) — 2HBr(aq) + HzSO4(aq)

e 2

L el
Hiaall g Alelindl sl gadl 3 I 50) ez ST sluel 30T -1

+4 -2 0 +1-2 +1-1 +1+6 -2

SOZ + Brz + 2H20 — 2HBr + HzSO4

. 2

ST sl s Zaxi 3357 2

sl /=1 JI0 oy Br st sue olais

( 1

+4 0 -1 +6

SOQ + BI‘2 + 2H20 — 2HBr + HZSO4

L J

2uSG /46 JI +4 0 S 0SB sae 5L

9

cmuw,ﬁwufuﬁyzﬁmﬂ
Obr—’uﬂﬂprJJQU‘mJﬁ T gl e(— 1‘—;"-*’)wa<’};~“°)>~\~5‘4>¢°;~*-’~05}
u\é\c&@\@ﬂﬁ\gwbv\?@)\o\)ayJSMb>|w\{¢u¢wla>Y\L«Scdéb-\pxj\

Bry b ool 655 Lo 1 2 55015 80, by 1Sl oo kST 01550

é (+6 <—+4)wa}.<}\0)>.3.~.5\.’3¢0 : .EJ-V\

.
ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

She Blazsl el ) ol wanst 1 e, s ~|/
M\I\ <Se Ll de LSUI slaed dej.’d\
CHy + 20,5 — COyq + 2H,O(, -1

SiCl4(1) +2Mg(5) — 2MgC12(s) + Si(s) —2

(823



N ed‘::‘s
e .\z.é
JI=YI Ca]
SIS, oUﬁf«Qlw
duSW e Olais duSWI e 8L
IS5 Jale J e Jule

N ansT es :(3) 2!

4335340 el gadl g B gall ol gall
Oxidizing Agents and Reducing Agents

L3150 41 Oxidizing Agent .S ga)l Juladl J3%,
s 8] ST ¢ SlaSIl Jelidl b 5 # Bsle 1S5
WYl Fyo s J 5 Bl &) oo s cadaS 53 ssladl o
'FZ ¢ chr207‘ KMIIO4‘ 02 SMS}QJ\ L}A‘)ﬁ.“ ‘_51.9

il 35LJ! <7 Reducing Agent J PN :hbd! &}.3 5
s S] Aady 3] ¢ SlaSI Jelidl 3 (5 5T Bsle J 58

& s 2 P S

ZJAJ LALSG Z\:.Lc,.o | Sl g cL@jJ’.’}:i dﬂ‘ XY} L@.\..Mg.?
.CO « NaBH, ¢ LIAIH, & j5eodl fol )l Lo dzsY|

0S5 e 4S50 Jole ] i ST Lelis IS
IS b s s e Jale ) gl Il Jolis
LaS w25 Y UV Wi astl Sl (3)
Jysadl Joladlg ans sl Juladl dgass

u.ajSJIH.bM‘JMS|chY‘&u‘bwcW‘J‘ﬂYUMU‘gWUbA}-‘ w\.c,J‘J&LQ.:
Y Dslaad) o ¢l ol pgaad L31S B (505 S 408 5 eyl g W,.qm .\?..5|
2Al(s) + F8203(s) — 2Fe(1) + A1203(s) + heat

}

Joladl 3 Il Jaladly Ao el Juladi 335
L el

oLl 3 b Y1 5T e ol 500 ST sl sy Tl 6 525201 ol s S 0l Jaladl syt -1

0 +3 =2 0 +3 -2

2A1(S) + Fe203(s) — 2Fe(1) + AlgOg(s)

256 /43 JLO&AAIJMSTJ sde Bask)

\

0 +3 0 +3

ZAI(S) + F6203(s) — 2Fe(1) + A1203(s)
. )

Jizt /0 43 oo Fe 1St sae Olais

Fe'* wusdl b gl St 3ue Ul connst gl

(837

L?»T ¢(+3+0) 1Al

2
|

ST sl s Zaxi 3327 2

o a1 3 sl e O T



(=2) SVl austisue S (.JLMMJ,’\L@I (0<—+3)J3.w‘FeO .,b.bJ\JMS\@ :
P BRI PRWEL N wail;! 3

LUl e n Jole 53 4F,0; 3 (FE™) dydonll ol I iy oS T AL a1 1,3 Y
(Fe; 01144l s 360 U el ) e L) i 3 51255 ST (Fe™) o
A c&w@qﬁ\ ) a Lt (Fe™) waod! Ul o uﬁrp,uduu LSy 158 50 Sale
MW‘U\SJ‘Ja-Y\jJM.SU\ uywu;duwbuwdmy Yols 32 Sals Fe,0, Sl

1S 50 )\»L@db;&)&!dp&éﬂ\ g..SJa.Hj N}bw)bl.od\);&»lwwé,\ﬂ g,SrJ\

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

o

S Jolidll 3 Il Jaladly e gl Juladt 3351

PbO(s) + CO(g) g Pb(s) + COz(g)

& R g
tJeladt g ooty C«QJ LS slael 30T

+2 -2 +2 -2 0 +4 -2
PbO(S) + CO(g) — Pb(s) + COg(g)
3 & 2 v /?—‘
ST slael b 2l 305
AST /44 J42 0 CaeSTsse 3ol
( )

+2 +2 +4

PbO(S) + CO(g — Pb(s) + COg(g)
L J

Jzl /0 JI+2 e Pb s sus 0Lk
{(Pb 3 io — PDO 5 +2) o ol I 0 ol dusls sts Sl oY
‘(COzue +4— CO g +2)u»uy4.§3|a)>xMSL:J&o>chdf>l TL;T

JALcCO oprsy,‘ﬁruwswmu;»uwwm@\é
1T &Y eS3e Jole PDO 5 PbO 3 Lol JI sl &Y J s

9

.
ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

€50 Jole o a5 Jule ) G5Y1 OY o)l &gt iy o -1
;wfz
Mn*" - MnO, (>  Sn°" — sn*' (& I, — 21 (i

LSV el 3l bl asS el ot 335

Hz(g) + CUO(S) — CU(S) + HZO(l)

2
|

-2

.
ooooooooooooooooooooooooooooooooo

@IS )

S geld Bl Jadll 55 w5
L &’j—g s 802 5] éj"
e AgS LSil u_z S
Sass - oyl Lol
ol gy il odn 1)
o= By 2 iad] il
chsp e pall Ol g S J o
O3 AT by cplaball
w\ CJU}J JJ_.:.%% r_,_:wf}“
rlsledl

3AgS + 2Al — 6Ag + 35" + 2AI

IR EIPT U
e p s

©»



: Autoxidation-Reduction Reaction gim‘ JI A 5 sty
s e Jole s S 5 Jole 55 5 Il 5tV deSTl e lis [y o

_;ax?;.;&iuu) 10 30 Yol s s 35Ladl O s lis jamy 5
i Autoxidation—Reduction d;b JI sl .St J.c«bu o 9 (s Jel)

e Yolma 35 M‘/
7. (Usleadl con HLO, 550l ST dfuuow ¢3tos .Reaction
LSO st J.oLa.,J..M

" 2H202(aq) — 2H20(]) + Oz(g)

2C10,",, — ClO,” ., +ClO, . (i

: 1SV Jelidl 5 @.}J L.sTI 31t 3051

sto4(aq)+Mg(5)_’Mgh(aq)+SO427(aq)+H2(g)(uf +1 -1 +1 -2

2H202(aq — ZHZO(I) + Oz

&j J}\MMY\ W] ‘u,;?-j)J:.@.“ mu:.&.&ﬂ.ﬁr.)& L}YT

L dAS 50 Sle HLO, 0555 «(H0 2 JIH,0, -1 s edoST s

- 055340, 30 JIHL0, oD e ST s 5135 SV ST s
MY\ﬁijmULbd\FY\)MU\QY)‘Yw)&L&HZOZ

513 V115 10T ey Jolidls ¢H,0, b

7 §6alt
1) Bl Wolaall o 3501 523 3ol e 5t sl o 5 S foli
2NaOH(aq) + Clz(g) — NaCl(aq) + NaClO(aq) + HZO(I)
1 " 3 23
APSURDDTP ST Ml e Yl Dol fo il I 130 ¢ 200

2CuCl,, — CuCl, + Cu,, (=

s{‘z\\

PSS Jeladl b Lo U Y15 0 aST shael ol o
+1 -2+1 +1 -1 +1 +1-2 +1 -2

ZNaOH(aq) + Clg — NaCl(aq) + NaClO(aq) + HgO(])

5 ASU LT e el 5 I Wslaal b oliall moazed sl slsl O i
ST sl 3 el 3351
gl /(=1 Las) o, IS0 aslisus 5 )

0(—1 1

- +

2NaOH (aq) + Clz(g) — NaCl(aq) + NaOCl(aq) + HZO(l)
L J

dSU [ (1 i) o, IS ST s ol
s_,UwACI oUs_,UJujc(ClO L;Q-i-l<—Clg&;@p)uﬂuJ*SbJJ&on)))}lSOJJJJMSLUJJ@bY\
dJJujc(Cl uﬁ 1<—Clzjw)umuwbbw&jMU\)}JSJ\UJJJ\};-\ubJﬁjcdeAL&s
Jros Jolish 38 tede s - Jolidl b sk puaiall Bm 1 W1 T OF (gl 60830 JalaS s C, 05
S Il st Jels

.
ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo



Balancing Redox Equations () JaY) g duwSUil) ci¥alea 453 ga

1 s Uie 6lsSl a0 536 55yl J1 52 Y1 5 daST) Dslns 3o

)5l gl b Lgd Qs Lol Ty dlolinall 1 5ald 381 polinll 55 61,

Sloan Tyl it gz O (6 it bk 0 416 325 LIS 5

L) S, SOV e 0,0 Lot U3 i il 3] gl b Loyl |
ST Lol I3 83 yaaedl b s SOV s U slows I1 NI Jelis o] 3

25 Jeledl Uslas b ¢5lted
Mgy + 2H'wy — Mg uy + Hg
Wslaadl b e slazs o 5 5auglls p siiall 133 305 0T oSy

(o) 3 l) Lo gams 55l Aslizall s1pall i g sams LIS
sl 855 058 ) 5 SOW se 0,5, tales (24) (gslons |
L5 (2) by e sl Ul LT 1 U5 SN e (g5l
o8 Wl &gl 22 oy Lpmoar J1 5 W5 ST ¥l 851 o 2305

il s 82, o Lo gl g (52T 91 oladal) 53 38 40

Je ) a4y jhy ) AY) 5 easlil) e alae 4550 5a

Balancing Redox Equations Using Half-Reactions
L.SWI sl &) 5o) Half—Reaction method Joladl Ciai iy b donas

Jols iy AT Jolis i ¢ ol s ] Uslaadl 2 e 15515
5 olonll s I3 BeT o 15 i Jolis i IS ) 50 15 )
o oo ey Joladl e £nall s 82 siaall Uy SO s 81l

3 b Y1 Dl (55 pedt Dalnadl o U guaneld Jo i

ol s 3 oy 45V J) Y1 g ST Dl 31

2+ 3+ 4+ 2+
SN o) + Feag — SN (g + Fe )

L Joddl ol ghas
ol g Ao linadl o godl & jlaas SM3 g ¢ Jolss anai J] el :daw;,...;i
sn’** — Sn*' (44— +2 50 S0 ST sue 313 1T ol Caas
Fe' — Fe*' (42— +3 o Foustsse 5) iy Jelis il
Sn** — Sn* Lol canai IS B ol 51 ol

S Cinai S0 Wsladl L b b slote 1301 e O oY

(86



T L IR
267 BLo| o slslaall b Jo Uglaze Slowt) § sas sy S &l LaSU Jolis Caai b LY

Sn** — Sn** + 2e” sl sl pedl b )
ol § s gy S Ao lizall ol pall 5 b ) ol 85 280 L o By M6 6 V1 Jolis s s U
Fe't 4" Fe* slaze sl 3 b Lo

183 gadedl g Aol Uy 2SN e é,u%
it p TSl 5 SN sk Oy 6(2) (g5bom ST Jolis s b 83 kel g p50Y ke O Y
2% J1 Y1 Jolis Cinad &) il 5 55 gl b 5 SO ke 8l slnad 5 (1) (gl J1 Y1 Jilis

2 x (Fe’" + e= — Fe’")

2Fe’" + 2e- — 2Fe*"

(Y ST el duas aen
2Fe’t + \ZQf —  2Fe*" S ST

sn** — Sn'',, + 2e

2Fe’" + Sn** — 2Fe”" + Sn'*
Zi,é‘w\j«quoﬂﬁu\jagw\gk&o\pﬁumia)@ss;\,g\séwy&wt Seas
L Dslaadl B s IV 5 pte N ol¥l e sloze Dslaall b o Slioetl] (g ol § gomod]

.
ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

P bl 5 DL el 3 1Yl ST O3l lane oo
Ll ] gl WYlee B3lpe iyl O U B0k 5T Laas
LAY 3 B g e Lo 1 s sl B oy LS

P e by B el i B 1 Y15 ST Yol B0
P bl s LI OB ¢ e oy 3 Il Y15 STl el & s e
L oY slae B3 pe b Oladieied S ¢ oLl o 15 0L 5 oo s 5kt

(873



il

2ol w1 B Jelill Cauas &y s 591 Aslaad! 31
Cr,0;" (g + HNOi) = Cr'' (g + NO3 (oq)

L Jeddl ol ghas
Ty delinall o) goll & )laes 2y ¢ Jolis i J] Jolish) Dslas 3T -1

Cr,0;” — Cr’*

HNO, — NO;~
35V ol glasll g L3 5155 Jolidl jinas Ao s -2

Cr,0;/” — Cr’*

S5 5T sl Sy cnlin Jolnas 20 $H 5ol s O eI s ol 301 0515
Asladl B b e Dl
Cr,0~ — 2Cr** el Caas @ab 922 x Cr’") Q{;

J

A
[

:
Tode Lo s o Bslandl G b I HL0 slall ol 5 e 328 LY S 21553 03151
e o) e oS YT 153 e
b b A (7) oSN 53 30 s daladl (o (o1 Ol ] 7HLO SLAS s
Cr,0,” — 2Cr’* + 7H,0
s e e s Dslad) G b JTHT s 550l el pn 30 BLSY s el 155 03151
e ol e o 5 sl 153 e ST
e b e (14) sl 153 55 s tllslaadl o o1 G Il ) 14HT SLaS clin
Cr,0;/” + 14H" — 2Cr** + 7H,0
Sl gpmmall 0550 I Dolaadl G5 b ) (€7) Slis mSIYN oo sde BLL ot 0315
b b e sl Ll (ol ¢ el prnay Coomy ST a8 bt
Cr,0;” + 14H" — 2Cr’" + 7H,0

(-2 +  +14) (2x+3 + 0)
+12 +6

b ¥ g b Jo BT (124) (g5l Dslaald V1 G Il o Slioetl] (g ol § gomad! 5 YT
(64 Gsbows L b o limetl] (6 ol ¢ gl g o1 G5 a1 ) 67 Sl SUAU £(64)
Cr,0;” + 14H" + 6e” — 2Cr’* + 7H,0

(+12—-6) = +6 +6
< @ £ & ’: [ [3
:J!}:;\J\&w@jwabw\opwsmw@eaj.ou;um,qu,@?glw\auhﬁy\o\bw
Cr,0” + 14H" + 6e” — 2Cr" + 7H,0

/z -
1(2) 5 shasl b g el 2 Y1 SbT ¢ 2V Jolidd) Cas 31 gad -3
HNO, — NO;~

(883



e & . /2 &
HNO2 — NOg_
& & ’2
HN02 + Hzo Y 4 NOg_
s
Tl e por 1 Gl I BHT s 5ukon o 5] B BLSL ¢y 5 pokeg) 35 03151
HNOZ + HzO — NO37 + 3H+
U sleio L b e Slimntll 6 ol ¢ gomall e ccpoa 1 G a1 J1(2€7) 5 5801 8L bt 035
HNOz + HzO — NOg_ + 3H+

2
(I

Sa D —14+43=+2
Sa +2
HNO, + H,O — NO; + 3H' + 2e”
Sa Sa

ST el Canal 203 dolaal O U 8 gie LT (g ¢l ol gl g J) ksl i SOV OF LoV
e e IS ol Joladl L el S5

HNO, + H,0 — NO,” + 3H' + 2e

Cr,0;” + 14H" + 6e” — 2Cr’" + 7H,0

ek AU ¢ S Joliadl I dnsladl Uy 2SI ss 5 83 gl s 2SN sue gl O o -4
B sle 53 siall iy SUYI 5o ey ooy choalis Malnny LoglS o ilslaall ] O Bl
el b aaSall b g Iy s
saad Gsls (607) 8 yitall 5 S0V e e (3) o5 5L ST ol Ci a2 o
Sl U SN
S el Cass
N fels Caal

3x (HNO, + H,0 — NO;” + 3H" + 2e)
3HNO, + 3H,0 — 3NO;” + 9H" + 6e”
Cr,0” + 14H' + 6e” — 2Cr’" + 7H,0
S IV iy 135 5 5 gt SR Jo il Bslas o guoeld J1 W5 ST o5 o o] -5
18 g0 Loy Dslnadl STy Wsladl b 0

3HNO, + SH\ZQ — 3NO;™ + 9}%{ + 6}‘\ S el i
o *1.0 N el ol
Cr.O7” + MH" + 8] — 2Cr™ + 7H0

3HNO, + Cr,0;/” + 5H" — 3NO,” + 2Cr’" + 4H,0 LS sl

.
ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

el o s it i s a1 lstedt 3156 iV

2 - - v 2
Hlagee S 3 Jmeadl Jalalls duS 5l Jaladl 30515

BrO; (ag + Co04" (agy — BI (ag) + COu -1
AS(S) + Clo?:(aq) e HgASOg(aq) + HC]O(aq) -2

(893



B oy b foliall Cinas By oy I Y1 ST S Ysls B350
%}3&;«3\LMQ\MLL”SJ&Gbjgd\;}‘iju|ay}l.usj\j§
) sl OH 108 ol b ol o ke By 28 ol e ) 3 g o
Wslaall )b I paasdl ol 3855 sodl Dslaadl SHT o gkl DUl
e 8, T8 OH e .l il o H gl Sl sl e
IS 13 el Aslaall 3 b 3 olll Sy 5 55 HLO sl oy
o s Al 555 gl SIS0 Jolic) 1 bl T 5 gl o s 3 Lol

.éJﬁLﬁ‘Lﬁjj‘&%}j}ﬂﬁ)w

10 dgad)

Z
|

ol Lo 3 Joladl Chai Ay 25V Aslaadl 0031
MnO, wy + ClO, wy — MnOsy + ClO,
L Joedl ol ghas
VSTl asdl Ja gl alnadl &)1 g0 Sl s G5
sl g Alelimall sl yol) &5 le U3 5 ¢ Jolis anas J| Jolid) Ul 1dl -1
MnO, — MnO,
clo,” — Clo,”
1 el gLl 53115 ¢ Jolil i dol SlesT -2
MnO, — MnO,
slaall b b e slco M sl 3 50e O i3 £ s pbogll s S V1 ke 3015510 |
MnO, — MnO,
LY Aslaodl G b JI2H,0 5l 5 5 BLSL ¢ oSV 0155 53050 o
MnO,” — MnO, + 2H,0
546 et ) Asladl Gl JIAH" (o 55 Sl il BLBL S 5ol 155 03151
e b e Lol Hel 33
MnO,  + 4H" — MnO, + 2H,0
) g pmall e 1 Wslaadl G ] (3€7) s 0N 36 BLSY sl 0315 .5
16 slze L b L oot
MnO,” + 4H® + 3¢~ — MnO, + 2H,0 1y ol Canal
ClO,™ — CIO, + Y1 Jeladl i 851 3n b Lo (2) 3 el s ) ) ol gl ZB1

@ & . /: &
rllsbadl b Je sluzs CL) SN il 55 50e OF o> £ 5 5digls S e el 3105150
C1027 — CIO47

007



et Dbl b I 2HL0 oot BLSL ¢SV 133 051510
Clo,” + 2H,0 — ClO,”
ooV Aslaadl G b JIAHT o 5 s Ul B T BLSL ¢ 5] 133 Oj‘ﬁ —
Clo,” + 21,0 — ClO,” + 4H"
XL S s o) Do) G b J] (de) s o) ] BLL ot 33151 5

Uslas e b e ol
ClO.” + 2H,0 — ClO,” + 4H' + 4e” ST el Cana
A% N els Cias s 3 X dnST el Cinal oy $heniSall 55 o)l U 2SI sus (g 5lul -3
(Cl0,” + 2H,0 — ClO,” + 4H" + 4e7) x 3 ST el i
(MnO,” + 4H" + 3e” — MnO, + 2H,0) x 4 s Jels s

15V ST Jolis i o o Loy 3 8555 5l SIS i) sl i J el 4

3CI0,” + 6FRO — 3CI0,” + 120" + 12¢°

AH" 2H,0

4MnO,~ +\‘<5\H+ + }5@‘ — 4MnO, + 8\{%0

3C102_ + 4Mn04_ + 4H+ — 3C104_ + 4Mn02 + 2H20

|-

H S gl sda) Cslows OH™ b ol o 3ue dslaadl o b JI cacsl -5

3ClO,” + 4MnO, + 4H" + 40H  — 3ClO,  + 4MnO, + 2H,0 + 40H"

slo ol K2 e Lo Aslaadl o s G Ml 353 5ol OHT Ul s HY Uyl fearl -6
3ClO,” + 4MnO,” + 4H" + 40H — 3ClO,” + 4MnO, + 2H;0 + 40H"
;\/—J
4H,0
26 Jas B 855 5t IS Yol Uslas 3 ol 3 Jali5 oy olall Sy S T

3CI0,” + 4MnO,” + 4¥i<o — 3ClO,” + 4MnO, + 2ﬁ>Q + 40H"
2H,0

3Cl0,” + 4MnO,” + 2H,0 — 3ClO,” + 4MnO, + 40H" PUCYPININ]

.
ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

Qn



13t

Bl‘z(l) — Bl'_(aq) + BrOs_(aq) éJ&w‘ .E...»,J\ ‘353 "}-Fu-d‘ s :\-a-l}h-: 3:33” fd.sbw.!\ b}‘j

Z
f

L Joddl ol ghas

sl Al lizadl o) gl & las S35 ¢ el anas ) Jelid) dslas ;M;T
mu\&wwyjsguimiwu By o cAslaedl b Lah | 5 Aleline 83la 5 o 5 LoDl
AN el Caal

Br, — Br
Brg — Br03_
2
LN ol sl s sl a5yl gl g ¢ leladl auas dod Sl
Br, — Br- S sl e LSl 315l ¢ Jolad) nai dT

3 o B3 o Jo Ul i pena 42 3 BE om0l s o5 01 U35 05151 ]
Br, — 2Br
N Dbl G b ) (267) s S0 BLL ol 05151 .
Br, + 2e” — 2Br- i fels ol
AT Ul oo 531 b il 50 85 o A L ol sl S

Br, — BrO;

Br, — 2BrO; ool S YT e (5N 30 o
Br, + 6H,0 — 2BrO;” + 12H" NESPR WL PRNCEI. o\ FCH 05 PV
Br, + 6H,0 — 2BrO;” + 12H" + 10e” t ol 43 g0 .

S5 SOV ke gt (53¢ DNV 1 ol i) s il 5 83 ) s SO ke 5 5L
(10€7) (55l 5 83 saaadl by STV saad U slos dasSl

5% (Br, + 2e” — 2Br)

5Br, + 10e” — 10Br (e el i

Br, + 6H,0 — 2BrO;” + 12H' + 10e ST el Cana
:J\pw,mwJﬁw&@'&?i‘g@vbjgaﬂ}um;w\ydw&

5Br, + 18¢ — 10Br

Br, + 6H,0 — 2BrO, + 12H" + h?q

6Br, + 6H,0 — 10Br + 2BrO;,” + 12H" )
b e
(slaadl B b JI120H Lol
6Br, + 6H,0 + 120H  — 10Br + 2BrO;” + 12H" + 120H"
ol ol o IS e G sladl o 4 Gl 3 OH Ul s HY b ol pa|
6Br, + 6H,0 + 120H — 10Br + 2BrO;,” + 12H" + 120H"
%/_J

12H,0

923

-1

-2

-3

4

-5

-6



(85 Ty 3 8555l N Lol Usls 3 b T 3 gl oy celall il S T
6Br, + BELO + 120H — 10Br + 2BrO; + 1)&{20
6H,0
6Br, + 120H] — 10Br + 2BrO,” + 6H,0 ST sl
5550 Sl LT3 2 Lo WAl 0 65, o Janl b onnd skl O 1Y
3Br, + 60H" — 5Br + BrO,” + 3H,0

.
ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

2

NO: (a — NHiug gboldl) o gl Jolisll i 8y 51 ol Cinai 31

L Jeodl ol ghas
NO, — NH,  wl5ill ol -1
Blaad) G b I BHLO BLY S 135 0556 clsbaadl b e st s ) 15 s 5
NO,” + 9H' — NH, + 3H,O ¥ Dslaadl b JIOH BLOL o 5ot 135 03151 25 cpme
NO,- + 9H* + 8¢~ — NH, + 3H,0 N Dbl G b 1 8e” iLL sestionsd] 35151 2
sladl b JI9OH™ Cardls ¢ s Loy 3 U5 Jolidl i ool -3
NO,” + 9H' + 90H™ + 8¢~ — NH, + 3H,0 + 90H"
sl ol S8 o G dslaadl o s G Il 5 OH Uyl s HY ol e -4
NO;  + 9H" + 90H™ + 8¢ — NH; + 3H,0 + 90H~
-7
9H,0
1o aw s 3 B 55yl Jelidl Caal slae b ol B gl oo sladl ol o a5
NO,™ + 9PRO + 8¢~ — NH, + 3MQ + 9OH"
6H,0
NO,” + 6H,0 + 8¢  — NH, + 9OH" 15 53 p0dl el Chuas Uslas

.
ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

< 2 @

cgreldl aw ) 3 Jeladl Canas 4 oy xSV dsladl 0151 . o] /
legee JS 3 el Jaldls S 51 Joladi 30515
CN (g + ASOs’ (2 — AsO,” 4y + OCN™ -1

NiOy + $:05" (a9 — Ni(OH)zuq + SO5™ (g -2

933



v/); z &
L5 25T (e L OB 0L 3D Il 315 ST Mo lis 1t M3, -1

s s 2
SV stlo astisne T e IS5 smaiddl b3l -2
tast a1 jeziall dST sde Sl -3
BaO, ¢« H,PO,” ¢ LiAlH, ¢« K;SnO, ¢ NaBiO; ¢« N,O,

2
2

) w® ’:
sV oMol b ed 5t Iy eanst ol 3357 : 23T -4
1— 2HN03(aq) + 6HI(aq) — 2N0(g) + 3IZ(aq) + 4H20(l)
2— ZK(S) + 2H20(l) — ZKOH(aq) + Hz(g)

~ & 5 gﬁ . . 82 - - 5 £ y”z
ALY o S 38 coladl o g N 516 0SS NGH, n N,O, Jolis o3 31855 yall Bslaall ool : 31 -5
N2Ouy + 2NoHyq) — 3Ny + 4H,Of

el b sl o153 ST slael s 2a1 3357

£ 13 Jl s sty folis Dalaadl ot o (o
Jelell b J 5l Jolals s 5l Jﬂw\ijﬁ (=

2
L _®

N 5t Shole s 0F Ky I 53Ladl 108 30 Shole s 0F Ky I 53l 325T -6
H" «Br «Na" «F, « H ¢ Cu

- P - e 2
t SV Jeladl b J sl Jaladl s daS adl Jalal 3051 -7
6Fez+(aq) + Cr2072_(aq) + ]-4H+(aq) — 6Fe3+(aq) + 2Cf3+(aq) + 7H20(1)

ol 135 50 Slale Joos aslall oS 13) Lo 333 ¢ Jelidl Caas day oy A5Y1 o e lid] Gl S0 wﬁ -8
1- HSO, g — SO (agy (ol Jaw gI) N 5 Sale
2— Cr0,* 5y — Cr(OH)spg (sreWl Law 1)

O Jaladly e gt Jolelt 3385 ¢ Jotiotl s, oy 25901 01 Y15 Sl sl 31 1 50 -0

1— Cr,05¢ + NO; oy OH, Cr0O,* oy + NO, ) 4— Pb(OH)," (aq) + ClO™ug OH", Pb0y(oq) + Cl (ng)
2—Zng + HgOy OH , Zn0," o, + Hg : 5—1Clug _H", 105" g + L + Cl g

—_—

8= BiO; (s + Mn™ (ay _H', Bi*"(uqy + MNO, g § 6= SbsSug + NO; oy _FL, .05 + Sy + NOg

43



A L))

.:qr—.

) ywyadl )

Galvanic Cells

é e
Electrochemical Cells 4uiliasS ;¢<1) LAY :WA\?&\N
) SL S 6l I Ol BUl J g
allal) dern Jl muéww%;cw;dd\ L s X ,@5 ! | ,w].jfhf
Electrochemical Cells £35S ¢Sl b)&:’d‘l.@.;f\ﬂ.@;m 1250 eI PSS
A ke S Hs | e
s b5 Sl Joloedl L3t 5 Ll O 2y 55 M s | e U1 gl 53
9 - e (B2 iy ")‘G"fwul‘“ @U‘; =)l 35
AWkl L) a5l sl L B35S GUas & jlnad!
Sl Lol 5 dnaly Vs b Lililal WU f35n : ol S\ i
el el ) sgl) B Aattall ot LU D50l oo el | )T e A 5 T30
Galvanic Cells Zild> WA a5 46 I LY 5 ¢(4) Sl S P PVEN [ PO 5L Sl dmdl ) 3 Al Cles L;MET -

I 6l ¢ 2,5 ) 2] o5 sty 4ust S8l g s bl LM
iS5 SELd) T DU Lad L3 48 B ) Led £5LasT BLa) el ) dgr S -

Jolis & TSl £l (g Sy gt ol dganll 6 L] | ol B Rolomall V1 g i 1 -
A el 5k ol ol ol

ezl pan @) S B Lol el lidadll dns 0o il -

LUl
: \Sdbwoblg (&5!8\9.\)\4
LS 5 S D)
Electrochemical Cells
Galvanic Cells  &lal>dl LI
Half Cell L Caas
Salt Bridge Loladl s ol
Sl L) g
Standard Cell Potential
Sl s gl

Standard Hydrogen Electrode
Sobaadl Jl Yl g
Standard Reduction Potential
Spontaneity of Reaction |elellZ3lils
Corrosion of Metals o\}@\ jSTS
Cathodic Protection £la.goJl &Las!
- J

(957



n - B (+) (cathode) lags
/

Cu

sl () Js

danaall dis o I 530S agadl die el bl I el

Zne) — Zn2+(aq) + 2e” LFLQ\ J&L&.ﬂ\ Cu2+(aq) 42 — CU(S)

2 2
Zn( + Cu™" (= Zn"" a9+ Cugy

Chemistry of Galvanic Cells 4xlalal) LYAY) sliasS

Half Cell s i Logee 8 L12s tiele s oo il L1 03655
sl e (§ s sloms g dn saio 308 Bin o slos IS 6 s
B R goks 2D e ) Bk o 05T sl s i ¢33
¢ Bl Sl S J sloes J20 Z0*? o 5l U sl e (6 gy J sl
el s o 055 ool it ol BT 20120 50 I i S5
Jgoes Jto CUu™ Wbl SUoT e S5 Joes b Lo seie Cu
Loegro Tl Lt 1 S5 «CU™|CU 3 JL Lz TR0 (ool ol S
T Joo s Jlowadl [ 55 (IS sl ooy SIS 5
U G 55 e sl e 0555 o Salt Bridge Zolois Jusll 5
8 5ol SU Y e Ul Jolis ¥ cpie le J s e (g 5o
JERCI POy PR ER ) o B PSRRIV A s VI OS BN
LUl SU3Se (5) KAl ad sy sl b o dgadl (33 el

S RV RN P PO JOR PR vy w BN EN [P Je e
S35 STy G el ST ol s oy US55 550
PN RS Fl |

Zng — Zn*,, + 2e”

) I S Zn o il 5 e DU SO i

2135 ) Dmn S35 QU™ ool bl LgotSS o U ulod

96



W o
NRECSHP A

3V Sl el
|7 —wad |5 —(Movie Maker)
L R A5
Lghoe Ta oy A LAl |
s Ml Y5 4
G ¥ [ ke s

¢

aall

073

sleadl L5 bl s e 24 5 Cu
Cu** .y + 2 — Cuy
G yoll el b sl I L s oy sl ol35 TS e
ubf.(.‘\uby\ﬁym)wuwjbﬂwwgLAJSJ.»J\JJ.»‘ZH
iS5 J.cu 3 e plodl Lo Caas B Jl iS5 e SO LI
s AL ol S uuy\,sﬁ@,u.a CU* Zor ol ol S 5]
J.\a,.cd\ d:bu RUE>Wes] < bJ_@S u\f\ ple S e o5 gl
ubﬁJ _\Jms_«:;-%ﬁ;w?;“ M\ngyl{ﬂﬁ\ bl ol
Uslaad oyl Bt i ) Lmeladl 5 Jatill Zps CI7 L) oy 5 AT
Bl i ) i soll KT S0 A5y 70 iy 555 533l
351301 SO,5 b slan) ol
CLas a5 AnOde damasdl ST folis sz oty U1 ol iy
S 65133 ST oy B 5 2SIV sz Y il e 5 21 s 541
Cathode Jagoll iuwsd 15 V1 el st Sy (01 Lol U cilles
313355 0 55 ol g SIVT 2ot 3] € o R s CU ulond] S ga
e Lol 55 ol o T Ul st dms LS
STl ol hai § pamn b L T 3 IS Dsbadl G
(dl N
Ing +Cu”ugy — Zn"'uy + Cug
Hgin 5) Bl s 8 s By oy Tkl LU e 0 ploST) 0 055
okl 3 Jacil
Zn|Zn™ g || Cu™ | Cug
dnSWI D Chas Jl VI s i
Lﬁ:ﬁww%mww@auj&z‘&iu&ﬁw
(1) bt Logiy oty eckeSTol 2ekas C,L; PR W PO PR PN
3 ol 8 Al O | 031 gm0 Ot 1538 Zng 2™ g 1 SV
P P LV POR S N R P [N A B POTHA s
G Cugy £ SV () st Legiy il o) 52 Y1 s St



18 J6all
e Rl B o e 85550 il A g o slomad) [T ool
5
sV el e Lo o Ni**|Ni JS) L i s Zn* | Zn
LB lagall s dneaall e SIS 3357 -1
Y st el auas CasT -2
. 2

Aol s el Se AL A sl b Y1 ES > ol 3051 -3
. . o NEX
€ sl SIS 3 oy JS S 3 Tl Le -4

e

ZnS0,,, NiSOsaq)

 Jodl & glas

Jeter 700 i it 5T (6T ¢ Sl b ooy e il b e g SOV S i K2 e oS -1
Lagadl oy Ni Sl 5 cdanasll

(Y el Caaly JuSW el Chuai CosT -2

®©\

Zng — Zn”", + 2e” ST ey Cianss
Ni2+(aq) + 2 — Ni ZJ\}:&Y\J&L&M

S 1 Do 5 707 | Z11 ¢y ) Bt s ol K3 i) e €17 I EL Y1 35 -3
NI INi S s Canas ) Eoeladl s o] Fpo KT d 5l

28 315 55 o glomadl ) 25 707 il ) s 40133 ST s sl st s 5 4
bl e el 55 Ni* sl gl Jl ot s JSC1 s

.
ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

LY el L ooy AN DU IS 3
Crig + 378wy — Cr’ g + 3A8()
Y st el auas CasT -1
Tz e 2
I 3 by IV ES o ol s Jagoll s dnnasd) Fpe SIS 35T -2
P Ea
& 82 ,é
Hod s Ll S LI b Y1 ES > ol 305 -3
915Ld 5 Facles 31 35 (Ul Cdatll L -4
Ul s G, CisT -5

%87



93

Cell Potential 43alat) 43140 Aea

25 ] e 113,43 Lolas Cell Potential ik 1) A 327
B s 5 ) 50, 01 A1 500 g5 cced sl S ¢SS
LS ol s o S o353 e el o) B3
O Wl 5 ALl (losi = (o)) B L oo b e sl ) 21
G W gd bl Do ST o 28T g ¢ o) Ta ey 28T 21541
o 8 ) ) s 2SI 5 B3l 4 Andls §33 el oy AU g
bl e ((lagal)) Cu bl Cdas | (danad)) Zn s 51 Cas
& sdold 1V el Canad oo o oms 1530 Se 38T Cu™* ol
ST Jol5 inai Jor 9 5005 ¢(Breaueion) 34,0 4 35,35 ¢l Y] g
(Bosaation) 3236 4 35 55 STl dgomy & skl

i oy Jol Il Do I 5tV Jolis 4 odomy ) L) s ey
ele Ul SIS U5V s sy G5 kST i b ooy (101
B L

Jols e IVl s = Lol Jols cavad JI Yl ager = 051 ug
danzsll

-

Ecet = Ereduction(cathode) — Ereduction(anode)
25°C 5| dr s knedl GBI 3 LU D D Lekie U
Bl dgr o latm (s sl 51 Laxs s (1M (g 5lus DU oY1 S 5
Ol dslas é.,aj s «Ecell 4 j,: 25 <Standard cell potential S]]
Lokl D3N g

E cell = E reduction(cathode) ~ E reduction(anode)

1SV el g Tl S

E’cen = E cathode — B anode

05 (11 V) 3 1T sl 5 onall (20— Cu) &t dgr 0
3 LB 1 5 5 615 o e ) 1 ¥l g 3 Sy
Saadseadl S Jl 51 s
Standard Reduction potential ¢_kaall J)53Y) 3'64

A s oo s di S5 683 e Tl i gz S S Y
Plalall Sl SIS sl dgr (6T Logg gal) G b b3 8y sl £l
Standard Hydrogen electrode g jlaall o 5 )begdl Cdab 52 n o CLad
B s et S 5 85 5 Y1 i) U 1 3 o
5 g OF e Blaall elbasl 155 ool iy S e Slean Sl b
(0.00V) Gsbus J g lasdl



RpIRCIIiw

35 S HCI Saam J sl ' N W O
(IM) &b ey 5ol DUl | :

— s H, ke B

33
e dedn o Gy sl o olmall (sl Cab 038

oz ol b R pain 05555 oLl i) e 35 5
&2 S (M b HY s padl) Ol 55 5 ¢HCL Gl 5lS 5 504!
(1atm) s s s 1 5 st Sl Jais i ghomadl ] cpm ookl S

[(6) SISl «25°C 3 ) - 5

LY sl ¢y el kst s o (s U1 il 205 £ e
2H+(aq) + 2e” Hg(g) Eo = 0.00V

U N S 30 inie e il s OF ) 50l gl Sty

..X....ST;'JQTU::-)J.L:@.S\)LQCJLQJ;JZ&'LQSGJJJ}:;OTH+U:>‘5‘)J?@J‘

lab plaerals Lo £t Conad (6 5baadt 15 Y1 g ol iS¢ S0

@8

Wl sl Bl i o Blilr Dt S sl

L3 31 4(7) Sl b LS o lmodl Gog ol 3 Sts syl Bl sl

Sl (

- +
q ol M TJ-—HZ@
= NaCl ~— :

HCl

(aq)

(—dxze) Zn

Zn(NOs)s(aqg)

fobradl s ol

(+ 1) g omad

e s sokedl) b 1(6) Sl

Labdas &3l s +(7) J2
9l s o s3]
Ol




o B b e dendl G i Bl s (0.76V) et il 503 O
e 5 (5bmed) 151 Qg 3358 S cmlonall o skl
LS 1 oLl O B0 o S 3 gl sl S e
O T ¢ mslbonodl ey 3okl b ol ol b e 5 25TY
Dsleal o5 ST Sl o i s dnaal oy 70 oy 31 e
Zng — Zn2+(aq) + 2e” st J&Luin...a_:
Wby Il Blas iy Jagoll oy cpmssdegd] b Ly
RPN

2H'uy+2¢ — Hyy  EWy =000V iVl fels Cias
Ing+ 2H g — 20"y +Hyg Eea=0.76V FACU RN

B f A €y 5 (6 bnall I W g L]

o

o o
E cell = E cathode — E anode

0.76 V = 0.00 — E’qoce s sl
E, = —0.76V

(—0.76 V) = ¢yl i (ol 1Y gm0 1
ST T s o ) e (g nadl I35V g AJL e
B0 T o1 U s il 1 530 e BT
e EN YOI RERP Y P [ P P [ TR P NEp P W
sl

-

WG S

<Ll Standard Reduction potential (¢ )Lxadl Jl 53] A S Joy
bl G g Il S sl J1 VI el Cias food e L
e sl Dl 52 e STl Ss 28T o )l 153 S U
SPES B L§T ¢(0.76 V) Sl (o, Bl (g Lnod! JeSTI g Z)L.e <l
LY B Sl gobadl Al g (g5l il (g Lnol LSt

ol 5N g — =5 lnadl STl g

E° =F
- reduction — oxidation



=

Pt | Hy | 2H' o || Cu™ oy | Cuyy Y 5o A Altaod) Slidondl TS
0.34V = Eour (g 5bnedl Tl dgr 5 Caale 13)
oeld kel 1Y) g G
 Jodl & plas
Joos om0V Jolis Gy AT oy s sl 630l U1 Jadaien Lo slaze WL, -1
Vs Caad Jrosd (6 bmodl ol Ss BT e 810 Sl (g ylomall o s okl Lo

Hz(g) N 2H+(aq)+ ze— :J..WSL:'J\ L}_@Las ) :'

Cu2+(aq) + 2 — CU(S) J\PY‘J&L&M

- 2 -
H, + Cuz+a N 2H+a + Cuy .4.:1&5\ sl
® (aq) (aq) (s)

el (obaedl I 51 B ST 6 lomadl o s skl b g5 (6 lomod) ES) dgor 3 520 -2

° o o TN pluseinb
E cell — E cathode E anode ‘BM r N
0.34V = E°,, — 0.00 e s s

E'c = 034V ol Sl (g5 ladl 1V g Lt

J\ﬁﬁ%;ﬁiww\ubﬁiéT&S@jg&Mj)wujﬁiuﬂwé)\:&J\J;}Yl.L@?

G Je bl b ol SU ol 52515 55l Sl 3 ST A ¢ gl Ul 0
gl Qs B s

.
ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

i s 2H [H [Pt o 5yl o Gl oye 105800 150l 005 )
Solnadl V1 g Sl ¢ s Lnadl Cd2+|Cd PSRN At
UuSg,_..a.a.:)O4VL§jL-L§)L&J\4_JoJ\J_€.>uM,_QJ&b|D_¢>&U

e ) G b ) Ja il dm p S ol

Standard Reduction Potentials & ,Laodl J Y1 5 5g> j FRCS

G i e i LSS ol 5 omodl o s gl S il
A el U & lnadl J1 VIS g o ¢ lned bis s ol
Sl S e oS el GLasT LS e 0 p5LaSIl 315 lggb condiinl
el 15515 e 15 Gy L 55 e b8 o1 o ot Jelis
() dnd 50 e W13 g S G2 s



25°C )| i s dae ka1 Y1 g 1(2) J g0l

J5) ol i

MnO4_(aq)
Fa)

5ed) J.olj_d‘ Y

-
(-]

+ 8H"

+ + 4+ 4+ +++F o+ +

aionl) o SN sl

e Li(s) —3.05
e S K(s) —2.92
2e- Ca(s) —2.76
e = Na, =1l
2e” = Mg, —2.37
3e” = Al —1.66
2e” = Mn,, -1.18
2e” = 20H + H,e —-0.83
2e” = Zn, —0.76
3e- Cr =8 —0.73
2e” = Fe B 044
2e- _ Cd(s) - —0.40
2e- — Coy ‘T Y
2e” S NI(S) kg_. —0.23
2er Sn, K9 -0.14
2e” _ Pb(s) t— —0.13
3¢ — Fe, [l —0.04
2e” = H, 0.00
2e” _ CU(S) 0.34
2e” = 21" (g 0.54
e Fe’" .o 0.77
Ch _ Ag(s) 0.80
2e” _ Hg(l) 0.85
2e” = 2Br (4 1.07
4e~ _ ZHZO(]) 1.23
6e- _ 7H20(1) + 2Cf3+(aq) 1.33
2e” = 2CI" (g 1.36
3e” = Ay 1.50
5e~ _ 4H20(1) + Mn2+(aq) 1.51
2e” = 2F (ag) 2.87

31 adl Ol it Sl 3 11 5oy il T Y]
o e s g B e o s
S LS st Dhas L St Tt Julse dobeall smy Ll 310l
> s I o sl i) (B sl ) AT e 515 015V g
el B3l 52305 g sbmedl T dgr Sl 5 B bnall Il
gl sunS sadl el gadl 335 & s J BLSJ eJl Y15 ST



¢ Jral) ) aga Gl
Ol Sy 3ol 23l & 5K O &y lnad 1555 g 6 mms

B = Ecanote) = Blamote) 2391 Bslaadl C2 (g loned) Tl g
NOUFSRERNFA

16 Jall
1 SY) Jolil) g oomy A1 B! Tl s lnel) Tl S S :
(gl o
e laal) 1 Wslaall 1 laned)
Eooa (§olradl Lol dgr Clu 10 sl
el &l ghas
IR oLl alan L Blozel J1 51 Lol Cinai s ST Lol Cinai 3351 -1
Fe, — Fe™ .y + 26 fanSWI el Caas
Y els (sl

2+ 2
Co™" g + Fe — Co) + Fe''(y

C02+(aq) + 2e — CO(S)
Lol Jeladl aasd & 5laadl V5V g 5 IV el il (2) Jsadl (e 5T -2

Fez+(aq) + 2 — Fei Ep = —0.44V
C02+<aq) + 2¢- — Co,) E¢o = —0.28V

o (o, - s &
E’en = Eo(cathode) - Eo(anode) -E cell Lﬁ)k-:*"’-s‘ “:-L’J‘ e ‘-rm?‘ -3

E'r = —0.28 — (—0.44)= +0.16V

.
ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

16 il

g A Goknall Gy MG M p grmiiod] Tl inaiy AgT|AG Ladl Ll G oo &35 Bililr B
bl B3 A ol ¢ ol B o) IS Bsland) 38T 6(2) skl Lo Jﬁ B ykadl 1Y g
3| F W R WES,
T nadl G5 0 il D iy Lol L s e il 001 055 1l
.Eoceu L..S‘)L:'*"J\ :\;.l};s‘ J\.€_>- upr- %—’M‘
 Jodl & plas
Lo semgriadl s AH a8 e (SN 5V Jols jhaas LT -1
Ang(aq) + e = Ag(s) EoAg =0.80V
Mg™ o + 267 — Mg,  E°y, =237V

ey



LUl T 3 el J1 V15 STl Jelis i CsT 22
d\}b'-BU‘JLaijTAg 154 Quﬁifﬂ éisrwmdbh}_wéJW\ d\}b’-‘ﬁ!\lﬁ-zi LN

Loy 146 5 J 38 o 5L 1 RN \ji«iAg Lol (s 56 S Mgt Ul e
Y S Yoleall LS 153 1Sl Eom clgd dmao )l Mg p s 155 e,

Mgy Mgy + 2 LS el Caa
Aglag + € — Agy N els (o

Sy SV 30 gl S (2) b IV Jolis s doban ST ST Aslaall s J gl
Vs ST ol jnal ool 03 ciniSiall 5 85 skl
Mgy + 2Ag7w) — Mg wy + 2Agy
'Eocell é)\:&o.“ :C.Z“""‘J\ J"@? ULW? -3

Eocell = Eo(cathode) - Eo(anode)
E'er = 0.80 — (—2.37) = +3.17V
@ & w - @ ’:
der OV 4(2) Jobeadls DI Jolis G s 2l o 250 (g lnadl U1 V1 G OF BV
(Y 5o 348) eaS e d 5 33Ul g 5 e sz J1 Y
@’.'JSL{-Q—:UW‘ Cu’*|Cu ool s (o 'j‘Cr3+|Cer_§J\Z\_;l>'-m U_M_,;K» Sl s ;_a.m: *1]
$obomall L g LT 6(2) gl 5 Lot JST 5 omall U1Vl s )

S

ol LYl s 5 s & )lis

TP PP

S 5 ZDS0 e S Sl S AV S ol G S o (1M) 55 % (100 mL) Lgis JS 2o (s
23S 5 4CUSO, loeill Uy 1S Jghoes (50 (200 ML) 5 ALNO)s p sdV1 Sl 5 PH(NOS), ols
o 53 I a8 s B3 cp sl e polo I ¢ ol o 51 G IS (0 Boio «(1M)
342 100 ML &ale & x5 o935 <8 (KTl p gl 531 5 1S (g ot d sl (U G5 S e 50
ki sl ((4)

Lol Esld )

el b alal L) sl ] AsT e

L5l 5 31 ol Ul jeseall Cilans 551 @

ol S ghas
O.aSOijd‘;)“J:Lﬁl&55J«Lzﬂ\o@rsd}waSOmLé,bbcwbjwkjéfjwﬁ-1

LS B o B ol S J e

(1053



5

12 ¢y el y aloeill toesion Calal] 24T 2
SREI Ll Loty 63 picnall G5 szl
Ol Lags2l,

P

4,\>-\>-)5| wLﬁ\@wbd\Wt‘e\ uw ~|

Gl W < e Bl iy ISV

e 2 [

| lmdall Ob e e sl DT ol &

52

Q,:..«:Jjaj\“‘ }JJA:L}WJ

e o . (< 3 £ .u/:
r,\;&ajsm,c@m(,,,ﬂu}gw,;sdjbwgwu_;fpgiém;}m>u:%ﬂ -4

ol Go ok 4 b GLET 25 cad ol pa el 5 g g

S By & e :
LT3 c(u-ué)\:;J\ Bl iy el Bl () CpoenslSN oy ooy S 51 QST 2 12T -5

mm}mb‘(wﬂﬁumwwﬁ\qwot,uyv=5q|_s 513)) el 54 Ly G
.dj.bJ\ua

uﬁ‘\o;l.a.“ M‘WU‘Lé-ﬂsfd)l’“u’wg}sm“‘ul‘u”fb‘((‘w‘_upu))

i3 03y o s Sy

5 g/:
Y gl 3 LD s e 038 JEl i) 2 -7
<ULl dsue

V (5 el Tl dgr
e ) = el 1.1
p sl = ol 2.0
B
ch.‘;:.;'m‘y“g J.:b;ﬂ‘
5

AUl 2t S 3 dargdl s danaall 3357 -1
Mw?uaygdm\ywwg 2
L@....;u%\)\ \ﬂl.@...aL.e S A k) L:)bd\.s}g}udgjb! -3

el U1 3 g 0B e 1Lzl Wl 5251 5 g il 5 by 13NN S 5 38 631 -4

(106



J\J.\AYU S e 1 u\gda 4.\413.\3.1 Jlﬂ\
qa J&J\ J.GLG.’ S JLﬁj cJ,>-‘§“ L@.@u J.t«\.a.a N Lw ‘J}j).\..@.” )LC«
&UJGJJ«W}UU»W|U\‘W})W‘JUQW\ JJ)}.\S})J...@J‘U.AA}
@MW\&QYM‘M\u\yJMJM\JNwMI
}d‘g&b@‘wﬁy‘:}@q-r‘m‘o&y.uﬂw\u‘ﬁdjbw

S Y ST oMl &g a3l

ST ol g a3y gl lmadt 151 3 s 250
Jeladl :;u).)} _s» Spontaneity of Reaction felal £3laks ¢<J) 2=Y1
s agr ol .u, cJ&LA:J\ oY Dol es Bl JI bl s
uﬁauuom; uubyw\u)ﬁuyuﬁ!sb‘&w§)L&J\
5 5 fele

170

g.JJ.: J,..J‘; 4 Ld.Lv J&M uJou M‘)” uYQL&JL\ M‘ d‘ﬂ\“} JMSU‘ uWL@ (5‘ ¢(2) d}JoJL» QL:..«YL cgj;‘
Pb™ gy +2Cl g — Pbyy + Clyg y

ZFe (aq) + Sn(s) — 2Fe (aq) + Sn (aq) g.)
L Jodl o ghas
Pb2+(aq) + ZCI_(aq) — Pb(s) + Clz(g) T

(N el Canas s ST Jolss Canas ZasT -1
Pb* g + 26~ — Pby i fels Caas

2Cl (ag) = Cly + 2€° tanSTI el s

RN

£ 8

101 Aol el 1Y 0 J s g L -2
oo kel 1Y e

E°p,=—0.13V
JSU g laadl dI Y1 i
EOCIZ =136V ’ @5 7
tisleadl oy WS (e E ) 6 olnal Elsdl A Sl -3
Eocell = Eocathode - annode

Fon=—0.13—1.36 = — 1.49V
sl Z ux,&&ww\;mwjuu&u.uwwmgupwu\bw

S ol M Dy JS0 8 lonall 151 5 s 5 )ln i Lok L Bzl ] 520 £

oD



N5 Ol ) 5 S sl ST Y 55 o s ¢ ol I 1t dgor n 5:ST 5180 5 VT g OF oY
P
Pb* olo NN EL ol J 5
2Fe’" (g + Sny — 2Fe” g + S0 o) <

(Y el Chas s JuST Lol Canas ST ¢ d5LanSTI sl Slazu VL -1

2Fe™,y + 2~ — 2Fe*,, Y el o
Sng — SN’y + 2€° S el Caas

Fe® Lol U ol pdaild Y1 el Slast Jlestl ¢ )lonadl I 525 ¥1 5 s J s gltﬁjﬂg -2
Sn* g + 267 = Sn B, = —0.14V

2Fe* ) + 2e7 = 2Fe’",, B et = 0.77V

t el B g olnedl E51 A Lol -3
Eocell = Eocathode - annode -

E'w = 0.77 — (—0.14) =+0.91V
gl 5l Jelidl O s mg g 6 o Joisl) (g omad) £ g OF oY

.
ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

|6 dall
o) 5 Gl L 155 ol ancr J plowe o N UK 30 Joli: 251
L Jedl ol glas
W Dol i (8l S 55l e o S 508 ol a5 5l olas L -1
Nigy + 2H g — Ni*'q + Hag
) el Caai s ST el Caas T em Ll Je bl sbass Blazw YL -2

Nig) — Ni** o + 2€~ ST el s
2H+(aq) =+ 2e — Hg(g) d\jo—\f\ J—“Lﬂs &MJ

©\

5 &

01 Al 6 lnadt 15 Y15 s st ) 65 0 -3

Eni = —0.23V Sl (g baedl 13V g
E%, = 0.00V O3l lradl Il Yl dgr

U sl OF (sl ¢ UKl (6 5bmadl Il V1 a0 58T 55l (6 5lnall d\;;yuﬁgibyi
j.wsujy‘)).\:.@.”é)bﬁij}:};ﬂjﬂ‘M\Qbﬁi&&b)ﬂﬁ\u&iﬁ%iﬁ))w\

(1087



Soorall Tl g Dl o e S ol o 51 gy Golals o) 0,555 ¢ ISl S35
L Jeleld

o o o
E cell = E cathode(H,) E anode(Ni)

E°r <0000 — (—0.23) = +0.23V

el 3L delan s Sl SIS 550l e ae IS Jeliny U

S5
%

s e 56 ety ¥ g bl HOL 1S 5 gl ans J s s Cut ol 38 i ¥ 2,251

 Jodl & plas
tedsle CoST s ¢ Jelidl &g b 5l -1
Cugy + 2H (g = Cu™aq) + Hagg
N el Caas s ST el Cams ST e o 2l el Dslaoy Blaza¥ -2

Cugy — Cu™ o + 2e- ST el i
2H g + 2e” — Hy (N el Canal

. 8\

5

101 dor T ¢, Lnadl I N1 s g s I @q-jlkf -3

B, = 0.34V ol (g mall 151 g
E'y, = 0.00V ywwwww\pyu@}j

J}j)J,.@J‘ubf\df&quuwbd\Mbyqu\J‘J}jJJ,.@J\uby‘u.a
:qu;J\uj»a;sw:{;:;.:ﬂ}cu,z;&\&u:ué)w\a;w\@;wo&)
E'car = Eocathode(Hz) - annode(Cu)

E°cet = 0.00 —0.34 = —034V

é

ol S35 S Jeli) OF (6T 600 s 2l Jelisl) (g mad) sl g OF oY

.
ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

J.obu Sl ;wwu a:)LMJ\ J\ﬁw 3 s ru}w\ ey usw



90 il

CC 3,50 o Linkey AGNO, L8l 15 s Sy pd ey o
I WEPON

.Cr (’LQ‘ B ie gupn Z\.E.zl?.ﬂ AgNO, fM\ d).l?u».“

-

:g..ajl.la.o.}‘

§Cr p 5,515 ANO, L5301 &l 5 ¢y Joli5 oy o

aﬁjx.c..bL@.}&fﬁi&d)@‘Qbﬁju@j%j&WQbﬁﬁTwy“i&Myugjj@d&ﬂ

< L2 s _ s .
. “VLS‘\:JQLXA ;\JLSJ LQ.}'C'J)J} 5 ’Sd,U:
3A8" (g + Cry — 3Ag( + Cr'' o) o it o

il & o US| o Kol 5 605301 5 5 S0 155 Al g 6 ) o) O Lo
OF LT 3] ¢(Ee = —0.73 V(g = 0.8V) a5 cps, S5 Lol L laedl JI oV 550 J) 35 5
d\}‘a’-)u%%Tm‘ouﬁiz)iéiééjwwjﬂ‘J\}'&-‘i@e—&aé&iéJW|w|d‘}5—\J@e—

S Loy ol OF (T 240 b 1 S 75 5,801 Bty S 5,501
1SV el (g laad) B dgr Sl Lyl [

o o o
E cell = E cathode(Ag) — E anode(Cr)

Eew = 0.8 — (—0.73) =+ 1.53V
S g ¥ 5 s e sl SIS Jolish 3T T 68 o Jolisld o lonadl £l dger OF 1Y

€\

L el

?Izsﬁjlr‘m‘gKBl‘f”ﬂU}?}\Jf}ﬂdjlmyBrzfjH‘;M'%g&

1dI gl

Jelos

.12 Jj:.‘\ dsdimal! 35LJ1 (KBr rrﬂu}\)‘ Lo 9 g cw\ JM\ CJL:.M‘
» s
?BI’ZCJJA\Q)&jlzbj:.“jKBI'?ﬂUﬂ\J.:ojﬂdjbuw&w&bg&:;OJJM‘

2Br—(aq) + IZ(S) - 21_(aq) + sz(l)

S

sl Jo il dolae 4l

&p DS Lo oSolly T 551 Ity Br eyl Ul AuST s Bl Jelid! 51 LY
5 B 3 ¢(Ew, = 1.07 Ve E,=0.54V) 13,15 o5 ol lmadl V15 per &’; ¢ Je il
O.»J\;;)‘JL?STBQNJ,J\Z)Q;&:}?UL"S)W\d\;;‘}!\.L@.g-ydl;TprUé)l:&d\d\;sY\Jh@q-

103



LS S8 g Jelis 3

E cell = E cathode(12) E anode(Br2)

E°Ce11:054 1.07 = — 0.53V
S TSl L (sl slals S Jelidl O g

I

el i) Bl euy

U}J:— uL_..uT J_>-T 62\'_3.1.&«%}“

e el LAY Jolis

A piveed! Al O3RN LI
Sle AU e gz ol
gl omed ¢y 9 )]
sda 055 Le Ll eIl
Jsl oyl Fa 17 5 E¥Le i)
odin Lo e 3055 g’_.J\

Izsﬂ‘dﬁuijr ijjluby\MbYJJJ‘Izng\
LS Jelil gkl Dbl s Slom LT 2 Sy

TeZ b Jeliald g bnall sl agr OF LoV
.125):.“r‘mL{KBrrwbjfj‘Jcﬁjﬁd)meABrﬂajﬁj\

N T
ZZ:J‘Y\:\J&.,«Y\O&%\SUL:&J‘J‘J'S-‘YDJRJjJe-ﬂW\g
&;Lojg;FesomngJ\o%rsJ;NLa}j,@&:éjsi-1
wwj}ﬁw o s-adY!
pl.cjgéMg(NOS)z(:M\aUﬁd)lmJu}Oﬁ«Jﬁ:8‘931—2

JJL}J‘)J”\ ¢Sn J.;J..A_QH

A aall g 5auS 3all ol gal) 538 4 ke

IV s s O e 42 madl 15V 356 e ) 520
ol Ciad foo sl (sl sl 3 Jand JI el e sl 5 8 5Lasdl
gjiécuijsbjsw;&.i\y\fj\s}sZT&S@N)‘@}»JJJ\}:;Y\
Jole SansdT Li" o5t 0] ojs Lot (e 3o Jﬁu Gl E, kil
‘Lg)LMJ\d\,&w%,wufym@;)souaﬁ,mﬂyw\m S
Cansl F- v\.»)‘}l.d.“Oy‘JIwLW‘J}?wL}ALﬁ&y‘MLIrj&U‘O\Lg\
535 G5l JI V1 s s i 5 B8 b 5 Y1 AV LU e el
A el 5 50 5l ol gl

:QJW‘JJJM‘JOM}GL}J‘jAS\GJydﬁjb.’\ﬁm@y‘b‘ja”:a;)‘ijLLJLMJ‘J‘F&‘A}G}J}J’UW‘

Cl
Il felss Cavas E (V) 2

A" + 3e” == Al

. Cd* . Mn04 .\

—1.66 el

Cd* + 2 == Cd

Cl, + 2e” = 2CI"

1.36 C)WL@L‘\ :_EL@T SL:-T ‘:\:)L.*.oj\

MnO, +8H"+5e” == Mn’" + 4H,0 1.51

L5 o "“\j Ll sl gl

1D



eL;,L.uJ;s\,\Pjﬁmm}»&u;@w,w\,ug}hﬁca,,ww\;;\mﬂ}
S & L;l‘éjLMdI,o-\.x@;-ch\MnOL; _so\j‘wy&uw\m“ ,Mmuuymu\

-

OmyJA“}’SLGJ;////\jJ‘Wju\ ..L..S).AJALO
MnO,” > Cl, > Cd2+ A"

.
ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

MY‘MY‘&%‘VJ¢MJL¢.¢J‘J\J~>Y‘>3€>Jj.buuM|
M,L,.uuj,wdm,myﬁs%s@,b»uayla\,‘,j\ 550 -1
Ag , K, I , Co
/ﬁ & & &
] S8 T s o o ] 8T Co? ey S0 i Y Sy o -2
t el
Gilal sl ei) laadl JIssVl 34 o JI 63 5all -1
el el A Y| | F\ ﬂ\ | - yj:J\
e
K+ e ==K | —292 | °5° > 5 35 55 ”‘“U“‘
C02++ 26" > Co —0.28 J-OLF w\ cAg ff} JJJ}J‘ t).:.q.i Ja..:\ djgjﬁ 94:3)\.;.*.4».“
L + 26 o | osa :Jj@\wdu;:,gu‘mwugww\é\ed}w
Ag++ e N Ag 0.80 dﬁ}é&ﬁb‘.‘\é\)‘\.ﬁ&ﬁ\ L;‘ ‘deJ»LGng.;\ cKj.Aj
dvsuwmdw\&\fﬂu 53
K> Co >T1 > Ag
2
c@}gnug&u,u@ww\ﬁvw}o\L}\!uc:ﬂ\juxjsna:,ww\,’w;wo,u\ %)
T J@,:quﬁ\c&*@ﬂuuﬁ\%.syvJue@,ﬁ\guﬁ\wd\pww;\wm i

Y e e O ‘f o gl b &Ll 115 g ,“%’J
Cr’* + 3¢ == Cr | —0.73 S 30 Jale s :l;z .
Cl, + 2¢- =—2CI"| +1.36 Uy Jolo (913357 2
Nizt + 2e- —= Ni | _0.23 wL>-| j..:.é! 1CL, , P ol > d|,>-| Ni Ji C.la...w., o -3
Pb™" + 2¢” = Pb| —0.13 | . &l ,..;n fPb ,olo JIs0usT Cr' o5 Sl S 4] ks Jo -4

t el

w

2
L _%
|

) AL o 0S50 ale (65305 (] Elas 1S 5l Jolald oo 1830 ale (551305

D

-1



E° _136\/6,\.@\4\?\%}}4(:12,}Lﬁmdjw\wcmﬂ@wd\ﬁ\%,yi
T AL pa U tien e (5 58T s ks el Jolald St 10 5500 e 5513351 2
E° :—o73VL;,LMJ|mﬁue,vGCrpﬂmJjw\wc&v@,wmﬁ\.\#
U5l D 5T B YE (136 V) IS0 1l Sy (023 V) S J\Jo-\.i.gp-d)b\ 3
S o S by 5 sy S STy U s om0 13 g cyn 81 5 lnal
VS Jolial) (g lonadl Il g Sl 6 g2l Jo il sl
Ni + Cl,— Ni*" + 2CI°

o o o
E cell = E cathode(Cl,) E anode(Ni)

E'sr = 136 —-(—0.23)=1.59V 5 5 @,

Uizt dgr o B VB ((0.73V) 45,80 it gy (<0.13V) Loluo i izl der 501 -4
ST Cr%* oy SIS g ke ¥ G 66 lomodl s S 15 g o el (5lnall ol I
4 5 2 B
SV Jelitl (g5 lnal T dgr Dl s o8 2l Jo il dslns 1S (85 . ol )
Cr’* .y + 3Pb — 3Pb**y + 2Cr,

Ew = —0.73 -(—0.13)=—0.60V L 3
(Sl e Jeladl eIl g baadl A3 agr O L

o5 godl and &y laadl I VIS sem B En S SN T sl ool

jyguoujsotwtgji :@?\%Q\Opiﬁgs
5 s X Yo Zilol wYi| .
\—G:f &= At I Jolis i E° (V)
Ol coade 13 a5 \
i J_A}J CI2072_ + 14H" + 6" == 2CI3++7H20 1.33
24 e ot e . :
YJZ ul.vﬂdﬂxj—lﬂj‘ Ag++e— ‘_—‘Ag 0.80
Y CJUﬁ‘ Jj—bng Sn?2+ + 2e- =— Sn —0.14
N AU’ +3e” = Au L.5

o\o

¢

J;\sudﬂu@sb.\ws;»&u@;".x; -1
6N b ol J 55 ¥ 5 CrO ubyw,,uu\p)\é\ sl 2



/Sy

D ysndl ol gall ans 335 B lae
O P g\yJ\
E Dl S Sl 0 100 ML 4 sde dd Hlanws ¢ ol LS S ol S (P gmmichs Loy 5
Fe(NOy), I apaodl &l 5 (PH(NO,), ol JI ol 5 (Ni(NO,), JSII &l 5 (Mg(NO,), p grmgiicall
(oY B cJadesns 5 4 s B )5 e 251 JLsen ¢(9) e 5L ol 01 M S 1w JS
Lol Slsli )
el b el ALl lalsf Ast e
u\)wbu\j}\u\,w\jwwuau&%\ .
o L ST s,&cf&w .
'J«Jla‘,k.s-
ol 3 Al & M\g,jr\wu\»@b‘rwmﬂw12cmu~3‘ u;,;‘ -1
,.Ausjupu)uwu&s,uuﬂrb\jmw
1-3 ’”b BT ol b Ll i s wusﬂ,q u;,;‘ 2
,b\;;y\t}s@rw\u\ﬁ@ww10mLtp|j‘C)¢J\ L.>=¢J|(=.L>wl u,..a‘ 3
wuyvu,\»»y@\gm \jmﬂ\q;&)\»\wwbmuydsg’ AR
uuuw}b@d&}w%\ G&u,w}uu L@szmw\)\juuuﬁusc,\fmw
;qu.aho)\ U‘J‘d)lm("" JS ol d,lmr\»wb L“J\4c3¢2 u\j.]a:;‘\))ﬂ u;,;‘ -5
.ol JJ»&J&}%JA&\) ¢IIJ.,.L>J\ ol B Jj,l.m
LY sl b oLl J,;;\ uuwru -6

Fe(NO;), J 4= Pb(NO;), J 4= Ni(NO;), J sz Mg(NOs), J J=

Mg

gz ol

e 2 2 &
sl JS b osloall Jelil J2a3 B 55 go E5LaS Dsleo ST -1

u)ads%;%ub J.G /JWM})}A‘\:;"“ > '%Z
U}:&wLJ.A\}zSL@J“ . //Q\}\JLH }"’ -2
Nl(NOg)ZM‘u‘ﬁd)bmch\&@MM\ z w/" -3
Fe(NO,), I dyonll 1 5 o o oo I Joliy ¥ ,.a‘ 4

@ity



Applications of the Galvanic Cell

Batteries <l JLL,J\
3] 63! L) 22 gl Elendl il 2o Sl 5
Ll S Bl g J 5 23l Jl 5 ST EMelis L St
e 38 i b b byl Do 3L, s L6 )

e ol s B 3 5 1 01V sl el Laless
B pisend 1Y Sl e collad) (e dddisen F145T Sl
Bl obyladly @Bl olyladl e dgmed asle] oSay Y sl
P il sl HRE s ! Sl LaT sl 5T e 55,000
Gl s (Edandl Golo I &) ol I oSl e ¢l by
(8) JSad Jhail e g2 U1 0 ]
Lead Storage Battery ¢ Al (ala ) & JLL,I
u.iw 6\ ¢ 5l ub)Ua.J\ e Vi Lndexdl u”l*’JH cu)Ua.: ki
C\}J\JL@MJS%Q“\A}W}WMQ,&% Sale)
Lobo I st Cilaadl oo JI e C\,JU ‘M\L@»Mupuﬁ
Sl sles ot (L) ST o g,s;.: Lgall J2a3 PbO, TV
aam dgln 3 5235 Hile i Lo Joals Wslite 88y 500
G S (I e WS o 555 ¢1.28g /om? asslis (g1 sy Sl
o8 b o I e liall Slasl G (9) S
Pby + HSO, uy — PbSOy4 + H' (g + 26 sl Jolis
PbO + 3H" g + HSO, (o + 26~ — PbSO, + 2H,0) hagadl Jelis
Pbyy + PbOy + 2H" g + 2HSO, (o — 2PbSOsy + 2,0y - IS Jelicl
.12Véjw¢é?3;‘:,)4,:3;)&4\Zigieci,sszvéjws»\;\xgyuk

ilses B0 (8) S
-OLAJLL-.J‘ o

A 1///// 1

i A %I

5, (9) JS2
nzazdl Lolo I i i i i




w,x;O;a;,uag\ogusu\fgsﬁyumwusuwgubéwewu@;\
Lpdom BUS 3

DY sl ol S ¢ Sl S0l Byl ot e

Tl 5 s, ot s s el s ) p I ol
5—3Oﬁa;)uag\jw@\m.sjus}m{&eim(yw\))wﬁymaﬁ
PbSOu fio b3S cpo s 5 DI s Lo 15 gl 31 40y 5 S g
a}.b;:ja@gom,a&gu\J‘;sv\jgmsw%;;wz%zgw\ﬂyé;@ém
cpobo A I e il g3 55 A1 3 e S ol 850l 3
Al i asle] Jlgan gl g.,&,d\ Jeladl & APER o s

Lithium - Ton Battery a5l ¢ s &

c3 5l B Gl byl 15 ST o st 0 &l 453

Sas 35 L o5l BT 41991 ale J5V1 55010 casiial 435 ¢l
el Y ladl b Llals Lo ) oK flas o S0 s I U1
mjzdw\@\,;J\jw\,,;n)a:sb,@.ﬁmbw\g;:uajw
ZGJLbujL ¢(10)J§MJ\,1@\cdfv\dywwm,@mo,@}ww

L3 ey $lab oy 1 3001 St Loy ool 0

JS%&.. U‘AJ\LWM°”L>)\"JA(’}‘“U|QJ‘\“)LEO}L

.gmwjubj.iam))\ao.al.@wag
Gl ey U el e Bale O3 (I L) danasdl -

AP L ISPYOH PN PYNRCA FERE NP ER S

oo e U i 1SN sl e O3 eyl L) Jagdl -

o el Ul F 50 Lal aslay (U1 (COOL)IV oy Sl s
(11) St Sl el 2l

LiCoO;
(+) o

o5l 0l ey 2(10) Jsa

S (1) J
sl 01 8



CPID)

Aﬁﬂigﬂi

@u Uuu,b,az_;p S5l
535 o akalls SV
2H, + 0, — 2H,0 :a5Y1 Uslaall
Y gl olladl e e
ot gl Vs it |
2 LI eds sl u
UL Ll LSl 5 |
INENE TSI
(S0 Sl sl Jlm 350

el L) o

U VNS U U CHE NP N [ JU O
s S b B LiPF, plsend sle 5 cnbodl 4 oy (6 3nae ooy
Jois I3 o 2L oS0l 201 0 sl L3 A 55 «CH,CHLCO, 1ty
1YY sl
ST el i
Y els (o
:L?.LQ\ Jelad!
Jos i bl ) U drasdl e o2l o133 Ausls oo
5o SLs SOV D5 Lty gl ool s SOY1 Jplomall o
o S bl J e o lagall ) sl e L) 5,101
Sy Thes a5 $LICOO,  Co™ ] C00, iy S s s Cot
Li* o stld) S6 ol 8505 5 LiCOO, dsles el e I s
d;;ww|ﬂ\&>wauuu@},§mdw\
‘L;)LMJ\,}\,LPJ}\rrwumuﬁwﬂ(,rwwf\:@uw
6.941g 3] Eom ‘L;waw\ebg.u.ﬁ)cdwdxbéy\mi

wm)w\uug\‘ubjfﬂY\uﬁdylchwLS(ﬁde;l;f)u
u\jd\uu\.@ouloslﬁlu&.j (41.“.9 L@.JU&@LS} cu)j.”

Li —» Li" + e
* 4+ Co0, + e~ — LiCoO,

Li + CoO, — LiCo0O, Ecn =34V

Corrosion of Metals < 3141} st

S, 5.8

Sl sl sl & L@J.ou., &1 Corrosion of Metals <34l JSL O a
55Tt 310 ] 555 Lt oyl 385 el 2501 33150015
dgls U 3,55 L1t 1S 5 LS st 5 Sl ST e (Bl B
e I g gl ol gl s ol ST 65 3 S E3Lasl 31,0 kel
s g il ol £S st p 3ty gl L ol o g
Jaall e Basll Slusdl iy sad
O S 2ol o s il gl s jsu@\
Sty ¢ FleocS 5565 Jolis Jaky Aol ST (o w@w.xm,\sut.a
Ul I amdaw La2S wie Lol LSty 3] 66 slaly cpmenSYl 5 5 5

o) S5 SOV ) o5 ) A £l Vs o $Fe®* 110



elo 8 Jas
Ji” Ju.bJ\ \M 0,

=

-
L Lwdl Se L«e«d‘ww

JSEEbs (12) Jsa
RRHER R

Fe — Fe’ + 2 dmeas [0uST 0, + 2H,0 + de” — 40H :lags /JI 55

2 el o gy o (gl ) oladl 5 lay elad) gt ikt yo aaSTH) e |
Ao 53l S f B3e ol gl DT I Sy olodl S N |
(12) JS2) e LS (U fags falarlon Jrss OH

S ] By Ll ool 8 ) 55 1o e Fe? ol B gy] B

S 3 ey gl e Jelis s ¢ Slaall sl W OH 4S5l
£3LaeSI Dslaadl St U 30 ATy Lo Ol 5 Fe(OH), Tyl

4Fe(OH)2(S) + Og(g) — 2F6203 . HgO(S) + 2H20(1)
% 2 S Be 2 @ 1
Bagdol LY e 055 0, £ 2R 105 33l sl lM}

Jsu‘wdvﬂwg}wmw‘cb‘w;w f«rwwj
Thagall Blesd! £ b L ¢ JSTI T ol Bland Bhe i1 b Janeds |
& adl Gyl WLW b gl Ll 5 rJom ¢ (Cathodic Protection
Dl S5 e Gyl s Doz a2 plarfy (L ST 5UI0 o 1 3
(o 5 6 somminn) Ha S ) S0 S nngal o L 5, il
RSP SRR O SRR s A AU A R PRODSC

B VUGS ¢ it B 35L ol Sl s 13 5l

I dssmedl UL e s SIN JUisls (Amnaed) oyl DS |

o 87

sty sy e Sl 2 JE5E (o) 3V GV |
AL 3 Gl (18) Sl Sl ST e Sl ey gl
23y Jally Lo (5 ) Bpid) IS p sl o Sllail LD 35
.é)jswdﬁl%w\fjwid\gwijw}cw

z ~ 2 u
Dl Dl s ST 351200

I—rwv’i’;

|
qZ + 2H,0 + 4e-— 40H~

Llasdl :(13) K20
Al Llag o]l

LA .2

o sl 13 231 fghal
Ll 5 oy
SERESUPEWIN]

N




‘&_@ﬂ
M % 0430651 BBUall &3 Uilond) A1 55 S s I8 SAI-1

okl dl Yl a0 ododls Jadlle :ngegw\é;j 2
A1 Jo il b oty il T 3
Cog + Cu”* oy — Co™*(oq + Cuy

agally Gnasl L 3251 1

N1 LS Jolis has ZasT o

Ll I G 1 oms LT g plomadl Bl g Ll

e S TS otomy (501 SR L
D loned) Gy ol b B3l Bl 032, 0LV Je it i -4

L + 26" — 2oy  E°= 054V

Fe2+(aq) + 2¢ — Fe(s) E°=-0.44V

2

ogy dalaal) LW LYl o Lo
s s S Je i) ols ZasT
$obaedl Wil S S
Eon () | aman) | Zo0iLs TFe 5T oo JS gl 55 3 Sty 1 201 Lo
1.3 D D-B Sobredl Bl Bgr £33 o SV Jpandt Sl -5
1.5 E-B S0 ol Ol Do 85K Bl LS Fye s
o4 C-F or 3o 535 U ] 0355 ghea 5 «(AB,C.D,E) il 51
AB RN ORI W?VJ

< O ™

0.3

o

.CrTD:&;)L:zAJ\J':i-l.x.@e-dedéJJ\;}.éﬂii; .

S 50 Jole (531 505

.@blﬂi?Aw%Ea\ﬂdw&ﬁ%ﬁ&,T:;;T,_,:

iy B Lot Gl e B350 Sililad) L1 S Se s SOV IS ol 2228
DD L=

BB Ll iy CF|C Lot il e & 581 Llladdt 05l (6 )lnadl 25 Ao Sl .

119

—
—

\&

—t\



i Golaodl IV NI 3 g s ATBY dlogill S B 5 A Ll 3N 54l Lg/ajo\}x; -6
SV Bl L 33N sl I Y1 Jelis
A" +e A" E =077V
B +e —B E =0.80V
k) L 5 SN et E3aS Wolae LT
S Sl E s
Sl b st ol s 3t Joludi 3351
S ool godl dnd &5 ylmall 1515 g Joms g1 5 sloeadl 3 g
Jyses Jole 5815 AuS 30 Jule 5 81305
2250 S15 Lo eley b Br, pasd B S5 o gl o
Co™* —0.28 b
Br, 1.07 Tl s 58T L Bl Bl OB 01N 0131 Lo 10,6 .

w3l -7
BBl
E
a1 .

|

:u‘}f\dw‘)ﬂu.c %ﬁ

|

Pb** —0.13 25 lene
- - FS . Ly B %

Ag+ 0.80 Pbu\.wsj.: Yj Cdo.lan.s‘c:k..ng‘ oJLa.H cw..a\ Y
g . ~ a2 ,’2

(C-PD) St s 5 150 S5

N HCL ja0> J dows oo o sl 535 vL;JJ\JwiJ.;T.j
Cd —0.40 ) Gz )”

Zon & @ 2 . .
R[S 3 v F BN o BN [

Mn?+ —1.18

SC|SC™ ag) || CO™* (aq)| COgs)
= o 2 . _
@Y\ LY O ;.?U cEaceu = ISVLQJL;&«).“ 3:.)\9-_“ Je Q‘ &.A.q.}.ﬁ 13
LN IS S s SIS ol 305

!
2
<

—0

.S¢ pyp il o) (6 lmedl J1 Y1 D Sl L
B S el Wslas T



Electrolysis (b y¢sl) Jaladl)

ol frss 5 Bl | eme Lgre Sl lgd S JI sl
J&umvd\ﬁ\jwb SNl JLJALM‘:\:.’L»J@_Q\ o;@:-‘)“
LAM‘f)b-)MdAMLJ.@SMLELAJAJfL@.Jj.b-g_aﬂa.qjc&ms
Electrolytic Cell L ¢S |l Tl Dol Tl a3
" @ £ . . . o w 2
¢4 48 B3be Jglos Sl Hsgmae B SL S L n a0 Aes 555
S ool Thes Jl sty wST Jolss i ) 635 Lo
S el Lol 5 Ll 031 odia dg 055 5 <Electrolysis
s ol b Jixnd s el {5t ey o cynb 65,8 Sl
& b o salVls p s seall e claalian oy datil) I3
Lo P VE VO P PP FoE < VA PR ST R
ool £l O35 o 03] (14) JS2I 3 LS Slar 54k LeLuSY

N Sut .
)Mé\{,@ﬁ\w\ "\);MJAJ?LGJ&‘\JHU d:b,@.ﬁ\

. ..«//

)JJ‘\MJAA}NLSNLA\MQL@J}.BLAUPMLJ|

B30 g8 Bila  sgucaal (b g1
Electrolysis of Molten Eelectrolyte
Bl pean e g ymm elos oo e ol s O35
oo 55 Il 85l 5 ¢ N 5Tl ol Fpn el Sl g (5
Loz ool 25 eIl 5,0l Loty O A 15 0 om

Lf;\jij w}}ﬁ J.:AD-J.@J:J (14) j.i.ij‘
Bl b e it

) ywyadl )

-

:amg,)\é,m\:
ol iy Ll S0 Bl 23
W b Sl 2 Jipsls ast
- S Jolll

ol S

S ol Lot 50 3355 -
.L@,\A.J.W

saband el ol o Eai -
AP RRPE JON IR SN

ol 0 ool s -
Y oAl jany

Jl b olads ) J -
Aslall b S

: Aokl g eus\ahl <
S ol 3l

Electrolytic Cells

éb,@ﬁ\ J.:l};ﬁ\

Electrolysis




(15) UK 3 WS cmnaal 2205 coor sl Lot 291 Sl L% |

el ey cidlas Ao go Ul e Y1 831 S ppene (5 5m

5o o o] L Tl Yol L ) A5 3 3L
DL B0 BT (05 (Jaged) Il il elaily i pall SL Y1
e G 505 25 ey sl (hnnaadl) ool el bl B
Y B2l S 058 0 g WU ¢ S o A1 3 ity
Ll o5

NaCl sl (gl sl

Y Dbl p sy 2 LS (L 5 Na® bl Je NaCl jypae g 5n

SlreSIl Lol Bl (16) JSall ey NaCly — Na' +Cl |
G s TSI 1 3] e o B s NaCl  sgacd
Sl clagall ol Nat o 50 5.2l S 4] 3}w I e SUS

L5V alaall 3 LaS e 3 el S35 8555 5 ¢l ) s g

Na+(1) + e — Nag b@g/d\k\!\&ww

T B35 wusls o ctnaall ool Doz CI IS0 S 1

iV bl LS o S0
2C1 ) — Clyy + 2e IM/JMST:J\ &WM

Jols Ganais st Jolis Canas i S50 3 U1 Jolisl sl 5

LS5 53 il s IV se 3 slows s Y
2Na+(l) —+ 2C17(1) — 2Na(1) —+ Clz(g) ‘:;“}Q‘J-‘L‘d‘

0B B ez ¢(2) Jaadl g (bl LI s Sl [y
Na'y + e = Na Ena=—2.71V
Cly +2¢ & 2Cl'wy Eq,= 136V

o o °
E cell = E Na(cathode) ~— E Cly(anode)

Ecar= —2.71-1.36 = —4.07V
5 Jelialt OF 05 mg s 6l Jelild (g ylomal it Sgr OF Tt

e a5 T e A i 5 I 5 5 oy s ] AL
)lewgwj) (4.07V) (o ,ST 6T e lnadl B dgr
S tans Jalsnd LS (Colio o puall oMY (il s NaCl |
5,48 Lkl Ll 515 oalms o e p ymnls 5 020 o cilatal

VS bl 1Y s s

T3 N E AN VRIS

U PRI O
(S

(15) Js

Sl el 2(16)
.NaCl | s¢.2d)

Js



iV
. " -

2
£

CaBt,  sgoaed g Jololy el G5V L2 o Lo
me»@w,}w&uwjmwdpuww\ 1
S ,@gﬂ
o sandd S eSI loudl 515 sl 2
steaed) Sl Jlol Jelss Sl pwa;)ww)g;s
A3 33 sl ALyl (e
Electrolysis of an Electrolyte Solution
o1 LI Byl S Y1 e 501 L St ol 5 2
Ao dplonad LS ol e S 6oLl bty 32 e s 5K e
EEISES 8 ORI [J VO ESTEN\ VAT VERIPYE T UK SO
B eladl by 0 ST o sadl 30 1l oy OF oy IS 5 oLl
_,yusf)}wduﬁgj\M\w 155 Al 6 L 8 o
025 591 S ol lomad 5 S0 ol o o Lo i el o) L
KI .52l gl 103 51 J slaal (Al gl Jodasl)
olaall G ol 3 p sl sl by 5 Uiy
Kly 229 Koy + g
Jagoll e sl ol 3 TR ol J1 51 a5 Gl S KT shoes oot e 5
oLl p gl )l o S 2 lnedl 15V s 50 ] 2 s
K’ + € = K Eyx =-2.92V
2H,0( + 26" == Hyy + 20H 4y Eyo = —0.83V
el L1 3T s 60 gl Il o AT Ll et g 0 a5
slnadl Cis AL G S KT syl ol e V12
2H,0q) + 26" — Hyy + 20H
djw‘dn@@)uj Ll ol 5 ST s ol b 2ST [1505 dnnaoll e U
L@,.AJQMJL&J‘J‘J}Y\JWJmM\J\ﬂY‘uWL@JL@\ LS5 (2)
Oug + 4H' g + 46~ == 2H,0,, E° =123V
Ly +26° = 21 E°=0.54V
L) Dlaall 3 s colall sl g Y1 Aslaadl 3 Sl Jolid of V]
i) ("B guction) = (§obradl Sl Dgz O 8 jnasy 7 gl 05 0Sh
Ll (=123 V) b Ll S g Sy sl S0 T3 s 85 Jolid
(oLl 1l g o el 11 sl G O T 60 54V)L;jm;y\m’uj+~
IPSUON PP SR TF-E5 RPN P R 11 R T 3 PO P ER O



2 g — Ly + 26 S el Caa

015V ST Jolis R f gams 54 ¢ IS foli T

2H20(1) + 2 — Hz(g) + ZOH_(aq) J\J&'}Y\J&w Y
2H, 0+ 21 (ag) = Hag + 20H gy + Ly _JSII _slaSIl Jo i

SO a5 3] G5l 8 KT s o) ol sl s U3 S5

S 5o glos 03555 chargall is o s soigl) 5L dolals dnasll s
(17) JSadt il (KOH p gl 51
gySéJW‘M‘J@}:‘L&%ﬁJ

o o o
E cell = E H,O(cathode) E I,(anode)

E°.i = —0.83-0.54=—-1.37V

(1.37V) gy g3 ¢ Jelisll sy 3501 &) S U

CuBr, (il a3 3 J slaal b &0 Gulatl)

Y sl 25 bl b el e s 5 S

HO _
CuBryy —— Cu™g) + 2Br (o)

a@}qu”obﬁij\}&\M@QJ.@SCuBrZJ)M&l;JMJ
ool die oLl
ool el o JSO Eslomadl LW s 0 g L5

Cu2+(aq) + 2¢ — CU(S) E°=0.34V
ZHZO(D + 2e — Hz(g) + ZOHi(aq) E°=-0.83V

ol Bl 555 S 46Lell wn el bl it G OF Bmn

5.

(18) JSall 2T ¢ ool 585 Lam 3 o cagall i Vi) g G2t

(=) e

Cathode

el :(17) 21
KIJ ploead 5L )

e :(18) 2
L;b}@S CuBr, J g



i o
RECSRP A

| L —(Movie Maker)
FEECELIVIVEN
AUl Y 55 sl
sl Ve, g
L sl J1 Y1 u sl
Sl i iV g
Ciall § Ve [

J:la.ﬂ\ 3_3.1».9%5_9?‘9_33}&\
ANl g_ibj,@g\
N

oLl 2 STBE sl bl 2Ty 255t e U
s 545 kel 1 Y1 oMol Gl &S 5 (2) Jsr JL g s
e U3 & ka1 Y
E° =123V
Bryy + 26 &= 2Br E°=1.07V
B s bl sl ey JSY1 Usleadl Sl Jolidl O s
r),;\,¢w\ypmu\>ﬁ?a,mx&j‘Br‘%)g\oﬁim‘ua;w‘
S3busd 15l ST Dz LT (=123 V) (g5l sl ST D OF o
a0 5l OF o esleld e o 05 01 s G OF YT o (=107 V)
ss__» R P
lslaedl o drazsll s o 1 060 Lo o (ST Jgud Br
SH el Canss
5V ST Jolis s f a4 ¢ IR ol G
Cu* (g + 27 — Cu Y Jels Caas
S oSl i
5355 L0 31 4L, oS CUBr, U gloes oo &llall 550 20 25 G5
agadl e ol 0555 dmeasll dis o5 L
Y IR Jelial) (g lned) 31 g Sl S
Eeor = Ecueatnodey — Ebryganod
'y =0.34-1.07 = — 0.73V
(0.73V) e Ju Jelidl SlasY o550 5, A O ol
Na,S0, p gl Gl S Jglaal (b gl Jalail
olaall Gt ol i p oo seall Sy 8 S
Na,S0, ) -0, 2Na* 4 + SO (ag

QU‘;’J; s/ Nar rﬁbj-qﬂ\ QUﬁT j\}}?’-\ ﬁ-‘»’u/: flijb}@S d s o die

Oz(g) + 4H+(aq) +4e — 2H20(1)

ZBI_(aq) — Brg(l) + 2e

2 _
Cu™ (i) + 2Br (4q) = Cug,) + Bry

.L.:.@.?.H NE N

e IS &bl D1V s e g s
Na',y + € — Nay, E'=-271V
2H20(l) + 2¢ — H2(g) + ZOH_(aq) E =-0.83V

il 0550 I 60 3ol S Y o Lol oLl i) g OF o
OH 1S 5,00l S 15 s 5o e O350 o cangl e Vi
Ll ol 52 51 80,7 ol S b gl sl 25 ctnasll die U
1St o doy Ul tdmaasdl tie SV 5L delias Clase B> ) 03,

(sl Cis el ol



2H20(1) — OZ(g) + 4H+(aq) + 4e” MB\J&L&M

Jolis Gy ST Jolis Cinal”p garmad ¢ U LSOl Joliah G
2H;0q) — 2Hag + Oxg FOPPRI PR

Al 0 1o B8 3 gl b S gl oot i i s 3 o

u@,wbums’\ﬂL;;uif;iidﬁs\ywéu};am’tsw‘&uﬁs

d\ ‘LJL})@S M}N\ uLSJ.‘J\ s J.Ja.J Ll Y1 Ll o .1:}3)\.:

- 8

du‘ub‘y‘}“U\‘jcw‘wdﬁud‘w¢u‘ubfjwﬂ\ub‘yy‘
Sty ooy g1 Jis Oy chnmaall i sl Of Jaig sloll by 3
5o i 0 B ST S g JS0 D onal) D11 sy e ple IS
S5V am Ben O o ) i 090 3 4801 oot s I3 25
Gl Lellns s e S5 Y (NO,™ (80,7 e el 5o
Application of Electrolysis (il <)) Julaill Llaad) Clipdatl

Dlas B ) 0,6 B g0 e 601 o) s Jons

S il b Uty st el Sad LS S5 plasal Gb o
Aozl Ol Ll oWl o cielall b dngs Solidas LSl 0dg)s sl
gl AVl lusaY I3 w, dgbls alas oo |
L@,‘AJSJLG‘LLJ‘UJ jcofﬁo)ubwu\)eé
Aluminum Extraction eMY‘ ua)ﬁu\

S Do sa s a1 a2l B lest SN T e N..wu;f

s i ALOLZHO oS 3 o il )
«ALO, f}.@wm@mﬂ S e gl e it B S
1000°C o 6 gl i 53 s Na AL i 3y KU1 5 pgne b IS

Z);gﬁjcw)fk—dﬁwﬂzogjwébjeﬁ\w\iﬂé

w\ﬂ\uwuﬁw)‘w\&uw\ﬂ\ww J}wud
M\W&\F\J&jc(lg) }guﬂjb_,\ s S‘J..o.») n }/.:.“

g:,.:s\j»uwi p® . o Cudl el e &l
(4rnas) X B Nl (large)
)W&L‘:l} JJ ¢ JJ ), .,‘ C02

A1203 g Na3AlF P r

‘_,;.;-M/
Legslly danaoll Jelis Zis|
Jsloes Jlows wie Gldomy 1l
il plasaly Gl 48 NiBr,

RO

< Yaleodls Contnn 25 -
CuSO, Jsts o e
H,80, J st

N

el (19) I

. @SL’J@S Alzog DX



Au¢ Ag¢ Pt

ol 425 :(20) 2
S il

N1 530 cargall e N1 Y 1) Sty S0

£ 5 q

P A o S e ) il
Al + 3e — Al gl [l Jolss dslas

SV 5L R 0 oSV DUl AT da )l i U

il Cls
20° ) — Oy + 4e” (ST Jdmaodl Jols Dslas

Zu -

05,5 T B U3 bl ) sl s ol S i g

Ci) + Oy — COyy sl S
(635 JSCta i (g 2 (ST Jl (535 L
Y1 slaall s 3 ooy sl KU o lid) fails s
2ALO,, + 3Cy — 4Aly + 3COu

el o ols oS IS o oS £l OF ) 55
LBl 45 A 5 5 0 S0 Bl lle e G5 k] lias plE
el Loy Bl S 353 055 ) s o e IS B LS

(S sl o e 4o DY e SN BBl 7 5% Sy 5l

Purification of Metals < 34l m

0% 0 o 90805 6 5 0,5 0 ) I Ui e o

- s Shos #3548 £50 0 el Pt ot
AR IO PP [P PP EW [ N NP PO A IR H E i
e ool JRE by s iy s ol
e 5 S ol Tl a5 S e

CUSO, ol by S J o 3 01 i 15 ¢ Al ol Gy 8835 By 2
VT Mol ko EA31 3 3L 16 55 e i s

Cuey — Cu’*y + 2 1S ol Jolis
Cu” g + 2¢° — Cu e [lagedl el
P bl e s Iy i, Cu®t sl ) el b ausTs
jzw\;}\ S e A1 (315200 S 53 asTs s (20) Jsed s
v A e Fert 5 Znt ol ol 5358 ddodls ool J2o ol Cpe
D 56 Uy LU Condll BT eyl 5 215 1 e LS
g8 b pass (155 dusts Y el fpdseioed] L3l g (o ol L 2

99.9% 30w gl olowil 5508 T 3 0555 (s



w5~ TR —

LR o JS elmsS o oot s3leY Dbt Syt o
) e i sosh - ) Ll Lok a:Ld,m
sall J 553 8L g1 3,01 S Y Jo s
Jors Ll ,\u\fwwu\ ‘:C,w}u,swé\ 3L ,eS )
¢LleS A e U;’ 1 0 B T35 8 Jubos L
LSl Jelidl Sty clgd oy N1 S dlail JoKny
el b Sl ) el Jolia

>
S
>
£7) o

sl 0ol Byl s

2 *n/
|)....,L}.§.~d\.aL«.»b;.»deMZn“)Fe”uby\d' 25y J.....s| -1 S
S el 4 Sas I3 u.»L».J\
il Ut 0zl —slasS o Vslnas Wininsem 2251 2
(o33 S5t e - de Al B Bl
Lerand| ol 18550 b om0 IS Jos i slas ST -3
Lo J5




/g

15 5391 S ol ans Jellowd 31 61 Julond _
IQ‘})Y\};‘}J‘

| (3 V) dagllar oo 55 I ¢ I il CaslS o(4) sbe bl o Ol (U G > S8 e Ol 0L ol
1l 100 ML ¢ 0.5 M 5.5 2 ¢KT p 5o sl s 3o J gloes (50 100 ML (56 Glsle s Jol> ¢(2) 50e
.0.5M ;S 2 CuSO; =l wly .S
2ol Esls )
el b Aol LSl lals ] &t @
ubLa.a.‘bUbJ\ubUanw\u]wudJ;)\ .
o 3L S| ﬂ,d\c.:ayw .
gl S ot
IS 3 LS el plasenaly (S Jolodl e U G o JS05 e Bl Byl o3 wT Uf‘ -1
B0, J5 e Lol 1 0 e Lo g e el ) 3 sl e 31 581 ST 2
ywﬁmqﬁzswbwg.u\
»Tgwf}séﬁw‘@@p\gﬁm@wm ¢ oo 55 _smuw\ﬁndmy| 5:1» 3
W‘&L‘Swry‘@k
B s Al ol Sl iﬁ% (15 min sdaJlgS 51y 4l g,u L W Jm 1T 4
’ L JlS el e 5t sl PPN
UL i e JA2T5 ool bty S o s il 4 Lo s 5555l 5
: A el b AL J] uuu‘rﬁ 6

b

Ca |

Ll Arall 3@) el
S delas 300 S delas 301 S = Rt
Klag p sG55 52
sV ol
G JS i Bl g8 el S5 o 5ol sl Ao 52 (0 J5 sl ol e 5 Szl :"-f] .
agolly dnas)

?@p,éswt,aw%sjrﬂu,w,\&ﬁdgmyjsyw e -2
ks S Al e St (U J&uﬂ\jma;ﬁ%smw Cust -4

w - £ £
.J»ﬁpw\x&a,\}émdpwwwwﬁm&s‘-5
Culy J glomad S oS Jloudll 551 5 izl -6



_ G M3 SaI-1
AWA (% uJJ J'g"':

S o Al e e 255

N/z
8 2

NaF J glowed U oS ol [ ] 5l Seans S0 ¥ L
.%.s,;\ruy@\;w\wéyj;uwmwmsuy LV K1 0,55 o

Pb(NO,), jele Mol 5. o
.C0S0, Sl sy S >

+
I” &N‘)MJQ%M%@%UJW‘M‘&)’T'4

B A = .
PR [N Q.of,.}T

2

LN B Lol Al 3351

Jsean g
M*X ub‘y‘)ﬂ 45J.>— obu\j c.S)L»Y\ B uLb&N\ 4SJ.>- oL>u\ .5..\.>-\ —

e oty J ol o1 2ILI ol
ST Eoes s G G Sl 35T
M paiall S35 i 5555 o0 Sl 33T

0 ol s il IS o 3 85 =5
S e Syl s o oy U SR Lo .
¢ Y el s Bl N BSLI L Lo

sl o b Malserad Sy Y plows 2 31



ey Mol ga Sale | gl 9 51 ¥
Recycling Batteries

i‘u;sux.ojcu;,gyw\zj&?i);s\jej\jg\)w\j@usawpwﬂs}@?uﬂﬁégw\gm

Bl 3] 65 i) L Go 8,8 S 0S15 I U5 3505 g i) o5 ks 5T 50l

Lo cyop e Al ebadl &30 Lo 3 65 Sholis Lbas LgaS1 5 cp0 5 A O3l 5 dal LilaS Slpe o
colyladl s asle] § S el

£ 74

ng>-\oJAL@;bjg,ar‘W\ochbcwg)bLmL@MyL@de\dJ@ L@b@w&n&wub)w\f}x
ezl yolo &5l 5 iols)
Laalla s asleY Al 3 et asleY Al ol ladl o1 5T ol s Ldanl ol Il lhay 3l

ol I oo eyn 47% o Bzl s Solio 1 Joay G ¢ palonll g1 b ol M islis 35,8

@brl}&mﬁ\

Z@céiﬁJ}-‘f:\AM‘W|Jau)‘agjﬁagﬁjﬂhbl§;laﬁja.ﬁj

B U5 055 b Ol sl ol bl ronsi &) ool
755 Al 1SS, Lgaad o el llal oy

il U3 35ds ol aalel alane 3 Byl EE s
Glas ) S il ol pof

5 Sndanl ol I 3550y o3l s Slasll odin 25525 il
Azl ol els I o 5515 LSaud RN
MW\CE.J‘M \‘L@le:-jj.bé\l})@obut}sﬁﬂg_lj}ca4L@-3>}>‘}¢J‘Jau\w‘9
éﬁ‘b)uwu‘;‘}&&u‘WK;MWCJMW‘JJjJAOJ}jJ‘&jVJ&MJ
wtwauﬁL@\b&»\&i«j«%\f@)\ob)&wbwc}by sz>-| ofrbam.:) c&J;jj
J‘y@wr’ J@*a“d\;%\@L&AW&FY‘MLSJAJoMSUuﬂLoJJ‘(—:\jJ\LA\ L;j"‘Ul""‘*"
;j k_jwa-ujbf.s‘A_LL».«J‘Jﬁjcfu)‘)}wtk»dfuﬁw\wbajﬂ‘g_«.:bm)\d‘jj
ow‘jupujj‘uﬂo%bdjﬂCbl@vb@&gcagjww‘&grﬂ‘gl&j
M\&J&uﬁ-Luij,:b;@’”jﬁw\éﬂcz,a\gjsu\éjimﬁym,mumL:T
uW\yWL@,&JWJWU\oN\WLSqucs«\.o.j\jcl,d| "‘LSJ&UJL"‘"S“-‘SJ"@
JlM\&ﬁ@éN‘@U‘@#\b\‘M\d%\&&&“\uﬂwbww
ol gl gl 3 o) il Zolis 3 etz 33 N@,SO, g 520 el by S

30



bas gl daal e
i

S o Pl oot Tty Talilal N G 3,05
Lagn J5 3 U EY o - |

gy sl fo JS B -0

Y1 STl el Blals -

Eoar 6 olonal) &3l agar 5,080 - 5

W);
D pedl 2

s = Ui G p el V1 o Miend Elas I3 ey SILALO, p s N1 Sl Ll -
.a\}d\;ﬂﬁ:@y\S»GJEws;uls:;&ﬂlg;;,‘ww,,,\;ﬁu\w@@@@ws)u&&i@é &
% 8 2o, e s £ T e e K e 3 4
fas AN Az e Gl 5 e Wl0sl el 5 s Jols Y1 B Sl ARWN] Jeiie

MnO4_(aq) + Cl_(aq) — Mn2+(aq) + Cl2(g)

s LS Jels i CosT -

(o Jans 3) 555 50l IS oLl Uslan CosT -0
(&l I N1 s s Jsdow i),:x:.j) ?@LE.U j.o\.é.:ﬂ fda N

& '2 w z % N 4 13
Heds AU e Sl 5 e s edl) i Y 15N XA Bl 38115 3 et 1 o Jolic Dolao o1 . 4
2X(S) + 3H2Y — X2Y3 + 3H2(g)

Xaastsue 5 udlsast -

Hausbsue g adisas] -o
- 2 2

S 3l JeWI 05T -

P p s 2 < . :
1 el Joladl s S 5l Loladl 33515 ¢ JeLadl s &3 Loy 591 I Y1 5 STl ¥ sles 3150 . 5
(g Lo ) MnO,”” — MnO,” + MnO, - |
(o> bauy) S,0 +10;” + CI” — ICl,” + SO -<
2l 55 5 0T CALE 13].Cr7|Cr s S Lt i s PHPYPD ol M1 &l G o &350 &5l &1 6
: b e Soal sl it e Bls 3 Cr*
e Tl 3 dagadly dmnaad 3257 -
I orts ) ezl 1 polos Il s Al e Sl 23,47
T 3 ooy U K Joladl 25 8555 30 Wslan LT -
(E ) oborad) Bl g Clo 3 8 5kadl J1 591 g J sk (ol - 2

(1323



bas ) daal s

E % beadl i) JH,J Gl 81 sl Jpadl 3207

Al +€ — Ay 0.80 | 3 los wolnll Cu d\g,.o.lﬁb\ (A,B,C,D, M) ,slall

fgagfe T Bo | 166 | Ll fosde 6l DSBSMSASCpa il i ful s Lo s
£ ,L_,_C pogt$S = Co LS 1 s JIM e S s SO 855 (g lomall o 5 el e M

1 n N I< & z 2

Dwt+e — Dy 2T 1 s el e —iald] ol ol Cannadie Sl 6y s sl

2+ - . L 1
M w +2¢ — My | 028 |, 5 ¢, M,,puauE°a:)LMJ\J\}>~w>ﬂ>r:s;)u\iﬁ5\-!

QA ub).a\&dwdﬂmwwtwobjr\m\u.{deﬂM\u cw.w

2
e

[:.3 «J sl LSMMMJ\ Sl slaadl s Y sleodl uﬁ).ﬂ .8

S Jsls | Ca+ Cd™* — Ca™ + Cd wds\wvv
S & Jel& | 2Br” 4 Sn’" — Br, + Sn .m)ﬁ&u‘;y »T—‘
Sl ‘" 2+ 2+ oo - ,f
FH Jels| Cd +8Sn™ — Cd™ + Sn A5 Sk Cuelas 5l Julall S351 -0

SBI™ oy, ol sl €A™ o onslSI Sy S 5tz -
fﬁ::J/x T » fJAc*“Z
€ s olome il g e L Z3Lilr Et O3S0 O O il Lo 261 - 5
A el I Y1 s s st J] g U LB ptlll ooy ks e (5525 S oo £ 9
~.' & K3 ’2
gyl el e Sl
sl i Sy (5] J;L&:J\ Uslas 3;:51 i
?%;LUQ_Q\ Jedodl e a\.,b-}! <’J>U\ q)Ua.)\ Jg e L .wl -

MY\ A.l.w«‘)“ u& g_M>-| u,>=“J‘ oJL&\I ALU 3:)\2.: <l J.:}@ 4)\ C\J.}w\ XLe .10

%;Ljé&lij@wwag)w\oih&wﬁlu

o

oF S ol 05 «CLZ, B, XA, Y Y Lo N a0 ol o il ezl LY Sl gl Lol 11
s 1 ik
Y ol I Y X il s A S -
T s gl 518 Bl s X iy i) Sl 1S 550l o shome o X, B o Sl sl s -
Jelin S0 B
Gt Gl el £kl 8 il e 2JU U 31 85 (Y 5 € oy Sl o Gl £l 1y 55 i -

(1333



bas gl daal e

B plaseal axShel | lows 100 Z S ULM\ ey -

Cy X el (o B3 AN 3 5 SIS ol ezl (1

AL B pdail] Fe 5SN ELI B sl 3 sl Sl ez |(z
?é,w%b@du@a;wﬂﬁbumdwuwm.d,u(3

] 28 SZNO, e 2 &bdbz}w\j,@df_,ﬁwy Tl (4

ol A S el e Bl J,\sww\uwd,w@A;m&u&& . (5
?BM\J%Y(NOQUQ‘Q@J,@;QFO&JA.L,A(6

Y sl Y1 5 e 0 ols ol S & laedl L Sl csasinl (12
wu 55D Bylaadl B D G = T,R,D,M,L

E 0.16 E-D . .
E 0.78 E-L g_,.o-‘ (,.: c\.)..o— 4...:)3\ L;\“ J s LS éu\ eSSy cdslal-
T 1.93 T-E VALY e
E 0.30 E-M i Y

& |25 L3 55 Cnm B 5Ll E2ame o 3kl 2557 - 1
R 0.32 R-E o Jﬁ » Jw }w

-TaRoi;éaJ‘oﬂé%ﬁJ‘%BJJEM@WWBJM@?W‘ =
?@L:Ma;uwuum:\:ubmoﬁifow O34l L ;,,\sf -
o] 2 SR n el 3 D SN 5l st o i 2y o ezl - 5
3V o A Gy IS doemenall DY) Sl 13
: A0, + 2CL + € — TiCl + 0,1 SV Jelidl b ) AIEL . 1
TiCl, - » TiO, - ClL - v o

{5 sl NaBH, <5 ol 3B 05,5l s 3e . 2
=3 5. +5. < +3.

Lo Y| Ol jLall (g L 3
- SeerS Jo il s 8] Sy il Julall ]
S il 5 b5 i) iy S 3 Jolal) -0
Iyt Jole g duS e Jole e Lpnaar J1 V15 ST 00 (g o >
e ke 5T a3 Jale e 15V AeSTl Jolis (g gy - 2

:L;A IOE‘:(aq) + 51_(aq) + 6H+(aq) — 312(aq) + 3H20(1) &;@\ :\3‘5‘)}4)\ L}.&Lﬂ.’d‘ :X.‘)LM J w‘ BJL:A.H . 4

T e Jeladl b S sedl Juldl o A7 $5lw 105 ooyl asTias -
el s e Tty (b 51 sl ol sl - 5 G Vs 108t el 35S

(1343



bas ) daal s

o S50 oS o 5l ad Sl s U1 Jelidl L S

Cu** +H,— Cu+2H" o H,+ Cl, — 2HCI - |
HCHO + H, _Ni, CH,0H - » H, + 2Na — 2NaH =

12 C0s e g5 JI C0,7 0 V1 o e () oﬁ,ﬁ‘sjsmtwgr’fm\g‘m .6
4.3 2. 1 o 0.1

1S 5o Jole ) rliomy 2391 il T 7
CrO,/~ — Cr(OH),” - PbO, — Pb** - |
H,0,— 0, > BiO" - Bi =

15 oy sl ol Joag 2591 55 50l b elish 1 8
H,0 + NO, — HNO; + NO - < NO + 0, — NO, - |
OF, + H,0 — O, + HF - » MnO,” + Mn** — MnO, =

Losda by b VI e ladl Caad &) ) Lo U1 s SN Y 50308 . 9

: g» Fe0,”” — Fe’*

1-> 3.~ 4.0 2.1

(ol las b Y1 el 531 pod daladl b 1L 5501 OH s 5 i) U s Y 50 3510
:j'h ch’lO4_+H202—>M1’102+02

20H - > 40H™ - 60H -~  80H - |

OB A + B o A 4 B GUlad) WU sim] b s VI Je b 08 13 11

Sy A Chillils o B g LI i) -
A il ) B il o 85 oy SOV - 5 Sl AT eyl iS5

Sw

JEE il Wt S sloeall Sl i @

0.78 s M-X Sl ol S usT re Ll 3T X 5L
0.15 s X-N T S
0.74 X-L ‘:5 g\.l;> 4.:3)\ L@...G QLo}l;uj M. N(L :\:*D‘JJBY\

« 2
14513 512 N e S

P P w v £

18 pes Jol a8 g5 CLE X, LN, M el 3l 253112
M>X>N>L- o X>L>N>M - |
L>N>X>M - > M>N>L>X =



£ 6 3l 2 580 B 6 lomel| M—N 1531 dg 13
0.59 - > 0.04 - 0.93 < 0.63- 1

:ﬁ:g,s,,mu:w\otjyp\&fgiy@w;ujgbmi»ww&mémj@\.14
M- > N = Lo X1

S o B o ol (st ond s 01 313015

Cu-> Mg = Sn-< Au- !

Slail Lae Hhan o sl Jsad! sl @

Cu™ +2e" — Cu 0.34 17 516 el 5o B3
2+ - .
Zn +2e —Zn 076 | oo 5l a1 sl 3 g5 ool s 16
2H,0 + 2e- — H, + 20H" —0.83 : )
- : s bangel e I 0L
Br, + 26~ — 2Br~ 1.07
H, < Zn -1
OH - > Br, -

s 2 @ %

Logolltie b AL TS 133 0B «Cu™™ ¢ Zn™ (AgT b V1 e (g som dploead 3L 6831 ol e 17

SYles JICas

> _ B o 5

Ag,7Zn,Cu- > Ag,Cu, Zn - Cu,Ag,Zn -« Zn,Ag,Cu - |
It g gy B Jand et 8o A6 &5l o Slay Lo .18

T Sl - L6 - Lt - |
‘e Ba|Ba™ || Ni**|Ni £3lidodl £ J] il doepens Lpnnor 1Y) 5Ll 19

Jses Jole g 581 Ba -0 LS50 Jole g BINIT - T

5V Lt Conai J2o3 Ba[Ba®* - 5 Ni Claall s 35 o
:dagjw\ﬁijmgmoﬁiqj&{gé@u&dg\mwbwyw\ﬂ;s)w 20
oot el 3 gall (5 C00, ey S daT g .C0™ ) Co™ e sSU f sl -
| Tt i ol Li 201 Bl D 5 Lit il byl S

(1363



Glalhaall 3J.uu
ST e Sl 31 U SN Cs ireduction J) 3ay)
adels les&ﬁd&ywy@s@ﬁiégfﬁaltscm‘ﬂ
(s 05 508G 5l cancho y Cand o2R) (el ooske oSS d A B}j :Common Ion & g&al ¢ o)
S dal e Ul $S s O 93 d)ﬁj bl fhe == Zﬁi :Hydronium Ion a g 5 sl ¢ 53l
ST sue 55 5T 5 AV A3 :0xidation sty

~ 5
& Jp2 les auSse Jolas oWl 8 4Ls :Autoxidation—Reduction Reaction (313 J)35aY)y sl

Leailas o sl Jais tia sl 2l 4 314 S el 5l 7 & L@J.cbu :Corrosion of Metals ubm\ Jst
L‘»L:yjs‘gch-\MJnSchr‘m‘))Mjcu\JM\Mts‘Jwcbwbbﬁ\owkb‘yé\dw‘g

5 - 5
dsaelas il.\.w A~ Ledons s (eSS Sl Ul @l 5> ax ‘Autoionization of Water sLal A el

sl

LST el &g Coils 6 g5 550 d;;ji,wddbﬁs,uj;m :Electrolysis i ¢!l Jalail)
LSl e I
SR 22 s

Lo Y15 anSTI Les 43 Eud SasS j&Lm :Redox Reaction JJ) 3ia%) g auslill Jelis

Y Tl 48 B ) 1 g5 351 01 05555 ¢ Jolidl & s> :Spontaneity of Reaction Jeisl) Ak
LOH S H,0" bl £l eolll s oelll o f fois :Hydrolysis agad

el et u.};LJ ol Y :,.,L, :(Ka) Acid Dissociation Constant _aal) il eyl

ccama sae i)l ujU ol Y i.gl.'?: (Kb) Base Dissociation Constant 3acla) oili culs

Ul Q.;L"J Ol 3N ol : (Kw) Dissociation Constant for Water glall ¢l culs

bl G bl 8 & gasld 1) et canas L :Standard Reduction potential  juaall JI 53Y) 342

Zaslll 3541 4as (SLS LB gkl de D5 ~\Lis :Standard cell potential ;s jLaa)l 4340 32
J)AbwLajjcﬁjLA\ujJE\dW.A@_;\djewdé-JwbuuaJJfﬂmbjgﬂ\

b angll 5,55 Dl Lo g J&sd (JSH G 231211 4~ 31 e Cathodic Protection Lyl sl
s SOV ol ez el als 5T 3 31 % 00 G e 1 o daidl ol S0l D g dmnallg ¢ Dyt g

37D



(HY) S s pkbl O 5 s el g % L5 350 :Arrhenius Acid (gl Gass

055 5ol Jlinul e 2411 53U :Conjugate Acid g8l jall Gassl

KO 5l c;La) Jeledl A:jTL} d=l9 0455 }C"’ ng&wigu :Bronsted—Lowry (s ;! - iy p saea
Jeledi g 35T 5T b5 ) T99 JW\ L@j.{w 53l :Lewis Acid (sl sass

b S e Jlgly st Lol s LJ& L5leS s :Electrolysis Cells il <l Judail LMA
y S e JIz - SlaS 5 45 4 = At Ly
30 S L)

3 Sl BUal) G S 15 5 ST S0 lis L (5,2 Sl ol 515 521 :Galvanic Cells 43t Lyl

Blal) doere JI 3t L.SG el e Eud sl i;@:—‘ :Electrochemical Cells diliass g <! LAY
U iSgs 51 3L S

10 ol J gl §H,0 £ 553 Hb) Ol 58 I ;:wL';j.U\ :Hydrogen Power (pH) a5 a¢d) a8 )

sl 3 OH seS 5,081 o sl 35S 50 JIL (‘M, 5 U1 :Hydroxyl Power (pOH) (S 5 agd) 283
10 ™

35U PR <Ly i) .uw 3¢ LWQ\ Jeledl & ch" s5Ls dr‘ dJl 35U Reducmg agent dJ.md\ Jalad)
eSh s o Bud L&,; el

& 2g

o.aU.\ e b ) wmi; 5! GJ:L%Q\ Jeladl 8 ¢ & asle JMS}; JJ\ 35U Ox1d1s1ng agent QS gal) Jalad)
d\y\ﬁ.«adu,@)uwydﬂj\

o f_e:.w ‘@}\ QL:QJ.I d Gl 43;);}1\ QLEJU RESsY OnY L)l L2l :0xidation Number ausla) ax
Bl es b LeT U 55301 ) CIS eyt S5 783) il J o (3 il &350 85001 LSS 1 it

E A

OH™ WS 5 0| oy\ =55 el @ opls 33l :Arrhenius Base _u g i sac18

055l Gl e e 3£ 35U :Conjugate Base 4| o)) 314l

(055 ) Jeolidl 251 G505 jL?i:.A L{ig‘,i’iiu :Bronsted—Lowry 5 ;¢ - Xiuig s 32cld
Jeledl g ety i) T é"" L@.}&N 53l :Lewis Base gl 3201

ALl I s gl €J.>w‘ T C L3 :Standard Hydrogen electrode (s jusall ¢y 5 yugd)
H A_JL;};\ J‘Sjﬁ 25 COJ|)>- 4> 29 alatm)w\h&p ‘5&‘5 M.:)L.&H g_ajjlaildml.d&\ L}&;L\ umy

Ju;ggjﬂaicvu‘vl»‘yC,:AJJL;&@%QUJPJ&:&;}L@'@};T:SaﬂbridgeM\s,ams

(1383



S el Jslas Lo Lisle, 14
U b U e 20 DU 8 U ) S Binnd & guae del 3 5l Rims & aise 5 42 :Indiicators cid) ssl)
bl @330 Gon ime 5o &

LSl o\!jﬁ\ Ll 5 ;.q, o sl £ 1 :Electrochemistry Q500 el pluassl)
L s L Dol Slidadl 5 I N1 s ST el e 22 U1 3L 1

(A oMl Jodelss éﬁ.«ﬁ} Jes g Mé&;ﬁu :Amphoteric Substance 313 jia gi &5 5 sdai 33la
o2 e s Las BLs) e pH o 5 )08l V.ejJ\ 3 j:,d\ o3l j.}t; :Buffered Solutions ddiial) Jullaal)
/ L) B a5l g8

oo Jlz ol S U D ez e dde d) S U1 de gl 500l J ol £2 01 %u}!\ :Titration 3 jlaal)
S AN s 8ael gl df S Al e sheo

Al Jelis Gaas o s Jolis Conai Lggb o UL £ 7o % 5 2 Hallf cell A1l i

o Bls SURSPRWY abﬁb rﬁ'w%&\ abﬁi LU lance j;b:: ik :Neutralization point Jalail) ddads
7@}\.«5(}))};«.\.‘ pH OJSSJcSﬁM|Z\;.lA.F

Y o 30 BlKe OH ™ oS 5,0l b ol Y o 3ue Lakie s ilns s :Equivalence Point 38\<il) dass

(S O 5 e S s 5.8 A1 J s ol 1) bl ol e S3LsE 21 el :End Point dylgal A
3l Dlee 2lgsl 504



)yl il

s o) aal pall Y

caogilly il 3 sl Hly (dalad) slassl) cape (S 5 ihiae ccphall Gala sl ) e
22004 ¢lac

Olatlss daa i el cdailly saball g Aalad) slaassll oy gin gt 350 un oedl e Luans o
219926550 s o ey s s e lall ) sala g gnn

22¢2009z ¢ piall dalul s ALall) plransl) de guu ga calin iAo

Sl 8 jall Al Qg pbasll (siiag el (e lde (daaa e clane plla .
22000

alall la cla jalic (gfale tddlal) eliasSl) ol B Judall ¢ Lo all Jiolan) desa o
22018¢a )55 dall maadl Hla g Glarl)

i)l yal -

* Brady, Russell, Holum, Chemistry Matter and its Change, 3rd Ed, Wiley,2000.

* Brown, Leman, Burten, Chemistry,9th Ed, Pearson Education , Inc 2003.

* Ebbing ,Gammon, General Chemistry, 11th Ed, Houghton Mifflin Company, 2011.

» Lawrie Rayan, Advanced Chemistry for You, Nelson Thornes, 2012

* Mc Murry John¢« Fundementals of Organic Chemistry ¢ 5th Ed Thomson Learning Inc.2003

* McQuarrie, Donald, et al. Colligative Properties of Solutions" General Chemistry, Mill
Valley: Library of Congress, 2011.

* Myers, Thomas, Oldham, Chemistry, Online Ed, Holt, Rinehart Winston, 2006.
* Raymond Change, Chemistry, 10th Edition, Singapore,2010.
* Stevens Zumdal,Chemistry,7th Ed, Boston, New York, 2007

* Sunley, Chris and Goodman, Sam, Collins International Cambridge IGCSE Chemistry,
Collins, 2014.

» Wilbraham, Staley, Mtta, Waterman,2nd Ed, Pearson Education Chemistry, Inc 2012
* Winter, Mark J, Chemical Bonding, Oxford 2017 .

(1407



BE



