35S BT JLls
.w\omgﬁﬁglu@uux .......... s S sa by S gaen 3 -)

Y- - Y-
S,0, (f HSO_ (v SO, (v $,0.” (

Y-

b ¢ Vo do s 025 - 1) - AP duass Jlo - | 6w - 028 (60915 ,5 OVlgus - dhawgio p93 )93 9 Ve o jo - by - 1) - AV uass Jlo - ks

JJ.’}:.“’&AC}.;)M ....... &Jﬁd})b)\éﬁdlﬂf}}&bﬁ@‘ ....... U’:"‘Sb&i ........ -y
Jshmn = looed = CBIST (Y Jskmen = looed = 2315 ()
o3le = S - I (¥ o3le - ol - 1SS L (Y

b sbes S 0508 5 G Ol e b oS ol pliagd (215 S SOlS s s ol ) 4y S

R IER X
oslw ¢ Ad:,o—w)qd-‘\l‘—‘\\"t},aﬁdb»—\‘6)»:—a.\&g;ﬂ))fc.v]ll,u—m,zofpy,;,/\«b)o-wbl.;_;—‘\\"—‘\\"glnma.’-‘dl...-l‘ -

€05 ialS= LSt s ST 4 bS5 Eoml 51 SGpls Y
ST (f Lajls S, (¥ T (Y L 5L oot ()

2 Seadasls (S5, 5 IKT S 5 il gl 5 Las 5L et saallae .ol e el ¥ au S
3u50 50 W3l 5 badad 53 a8 COlKT olbdy Lol dzes s B ials- LS| gla 28Ty el gala

b ¢ Ve Ao s 225 - - AP duass Jlo - P 6w - 038 (60913, OVlgus - dhawgio p93 )93 9 |+ Ao o - by - A - AF uass Jlo - HEs

old JS L LB o5 5 hds e Jske (LED GV Slas el Jlids) Sl Gt Bl (\
ol
oS 55 A slse bt (65 5151 i U das Fo bt sl sy O 53 oS ol Gl se s 5L (Y
35d s
] ﬁ-’& & cenlo bl 5 5s Lol Jlas! sl s el o3 (500 51 (6 S e slaely u_iJ(T“
el ol e O S i 53 b plad s STy ] rus,mrt?u'us Sl 3ls OLAS Oty o)y (¥
el ol e g xS i gsls b s - LSt ola ST rl;,u'llaé_é ] g cﬂb\‘ < S

23l ¢ 1) Ao o - 03193 - V-9 Juasd Yo - ¥ (5 - 2345 (52915)5 OVlgas - dhrwgiio p93 5,95

w";'jf:g‘ U':""b )‘ LSﬁg"j'é" ﬁ)§)° LAQTO\.’ Lﬁ"w" 45@1’.‘ L,’. obﬁ w&)ﬁ.{ﬂ LSLA)JQJ} S° J‘.’.) J)‘j.ﬂ rL‘.J—O

....... F‘\JQW‘
sl ge (g gme gla b el (Y GO dsle 3l ge a5 ()
Ladoosl > 3 e b odas (530 555 Olays (¥ ol sl g5 slad f sl (Y

.J)\J\..’ w&jﬁg‘ LJ':'J‘J 4.3 L;LL;)‘ cLﬁJx.:.w\ M &JJ.»AA L’ ey sz',’.j"}} QLA)J .C,a..mr‘ @M CEMIL',‘Y g\"',’.j§
23l ¢ 1) Ao o - @a3jl93 - V-9 Juasd Yo - ¥ (5 - 2345 (52915,5 OVlgas - dhawgiio p93 5,95




35S BT JLls
Sl S8 s SlaaaS 551 Sl s o S laSTsae Sl -7
O el (¥ o eme JSI(F 5L (Y LS s (O
1) CH,CHCL: C+ Y(+\)+ C+ (1) + (-)) =+ =C= -
Y) Cy Hy Oy s YCHYY () + N ()= =C =
¥) CyH OH: YC+ 0(+)) + (-Y) + (+1) =+ =C= -¥
¥) C,H, : AC+A(+)) =+ =C= -

23l ¢ Yol - 023195 - V-9 ez Yl - ¥ (6 - 22 (52915 ,5 OVlgas - dhrwgiio p93 5,95

Sl S > D55 oIS Walis (SLad L 050ST = 035508 (5 g o 05ls5 )0 oS -V
g ol Gl s Sleds W o e (O
ol B T e s o oS - g (Y
Db sle dad 53 055 1 e 53 O5mST 58 Use pa G e sl (Y
el Ka oS s s O &S o S b S e e 53 oy SIS > e (f
el e il ¥ <o S
Dt o G i Sl ol O oS
Dgbee dole Lis 53 055 Jse ¥ 0581 58 Jse on B pme gl 4 00 4 S
Oy + fH +te - YH,O

b ¢ (28l - () $3) 4ab 09eiT - e23)193 - AA_9 uasd Jlo - | (5 om0 - 338 (59T15,5 OYlguw - dhuwgio pgs 595

QC,A.M" C,M.ﬂ)b c«u.v.ﬂ' 6}))) Lﬁ"‘}jg J}l.wz)l.:)b J’.’.). s.,Jua.A)'\ J)}A f\J\S—/\

el SISl e = 5 SIS e B (T

\n Y+

Al e Sl <[Zn ] S [Cu } Ok B (e

e gn odal LT e 53 o G pezn 055831 O 3 o (635,501 (@

S e s Jolsie slid T s 4 B e 31 L0558 0L > 6ol 3 L (&

:C,a..ml)bl.’ 6[.&@)[..9 w)f
J}a;:gﬂo.)\cﬂb.)\:ls cbﬂ&dﬂad)ﬁg‘di)béébjﬁ‘u
T S e S LS e 0l g0 a0 5518 T
b ¢ (28l () 63) 4ab 09eiT- 23593 - AA_9 easd o - | (5 om0 - 338 (59T15,5 DYlguw - dhuwgio pgs 595



35S BT JLls
FSlses 5 2l Gles) 01 sl [iSTes o AgNOg(aq) 51 S Slade slhls 2ds S Jpbe S 55 -4

_ +
cJ\..S )}A.G Q‘ )‘ Q}r".{.n J}A '/V} oJﬁVL j"‘j" C,,.:.Sjj.”.i.ﬂ V»ﬁ‘w‘Ag (aq) Lgbwﬁ J“v.aalS 46.)\3[5
pHcJ.:.Jyugr.};o\.,wb)‘ bLAo\...iJf) Sl r;.)\..a- C%]&‘MOM&)\J}‘OJLQ)}}OJJLA&LJANPH
-y
(Ag=vag.mol [ & b s s 1) sl Jaome
+ -
Ag (aq) t e = Ag(s) (35 <3l dolus)

YY/Y /o (Y Ve/A O (Y Vo/A O (Y \AAAIAN G
Ag (aq)+ ¢ > Ag(s)
YH,O(l) - Oy (g)+ YH (aq) + ¢’

+
+ - + ' -
omolH = rmolex MO ot = [t = amol e

- v L
fmole

- .
pH = -Log [H ]:pH:-Log /\:\
ymol Ag>< V' Ag Ag

? — B
?Ag= +/¥Ymol ¢ x =X Tmol Ag

YY/vg Ag
ymol ¢

b ¢ (20l () 63) 4ab 09eiT- e23)l193 - AA_9 easd Jlo - | (5o - 338 (59T15,5 DYlguw - dhuwgio pgs 895

o & i oS Ll o3l IS Al ankd S sasOliS g JSKa-Y
R Hﬁoﬂﬂm Sl ol Olo i..ﬂ_)jE.’oT .)'I i
5, ZZn ‘(ag) skl sty ()
IE:}i.'s.1}l\“""JIr 5 Zn{s)—>Zn (ag}Te s LS| WS (v
O (g1 TH O+ Y FOH (aq) R ¢ (r
Fe(s) GBS STy L3 by xSl e (¥

ol 5 st 05l JE ol s S 5 gl Gl 2S5 ol s oy ¥ S
_ + -
Gl STy o /n(s) — ZnY (aq) + ve
@15 LSty o Oy (g) FYH, O + e —» YOH (aq)

.C,a.mr‘ C,A.M:)JU Jﬁ)b 6.}5[5 ‘jﬁ\j m..:).ﬁ Lﬁdjr“g.” )LA-\:’
2l ¢ (20l () 63) 4ab 09eiT- e235193 - AA_9 uasd o - | (5 om0 - 338 (59T15,5 OYlguw - dhuwgio pgs 595



35S BT JLls
QC,A.M" C,;..Mr).} Zl’l(S) + AgYO(S) —> ZI’IO(S) + YAg(S) :Jﬁ‘ﬁ LOJL.!)J ‘j’.’.). s.,Jua.A )'\ J)}A r‘J\S
el 0l deST T s 6 ,as ([
C,M.»r‘ oMlS :\.’; GOT DL AgYO (g_)
Ll O 55 Ag O 5 & Zn (o

el b g e 08 = (555 SlaeSs 5 5L w (&
< (\° < J(T" < < (\’ - J(\

:C,a..ml)bl.! LSLACJ)L.G w)f
_ + ,
ol o3 S s S Ol s Ag 0, (1) ols
+
3503 1 eS| 28 (el 03 S 1y GalS AZ Ol s S AL O (O) ol
b ¢ (20l () $3) 4ab 09eiT- e23)193 - TA_9 easd Jlo - | (5 om0 - 338 (59T15,5 OYlguw - dhuwgio pgs 895
o oslinal oy S Ulge 4 %) clale U Sl STkg 5ol sl gla e 4 O Wias Jilesl SO s
4 STP Lyld 55 b a5 slajlS aom ey %Y & Sos of clale 8 Wb wlsl Sy b ilesl STl
- _ .. -)
(H,O(1) = Hy(g) + Oy (g) 55 €3l blas 0= 15, H=1: g mol )
YASS (¥ qyy (v FYY (Y 1 ()
)‘uﬂ.iw‘oM;A@J}lmV»Llfﬁﬁc.}j}dafijbCﬁlal&o\su_’u)gL.w‘@Mchir ‘\“'lj§

w‘oMﬂm‘QTrﬁ% '/Ocuifﬁﬁs&i
YH,O — YH, (g) + Oy (g)

Ymol;s  YY/fL g

X X = q¥v/y L, ¢
ymol H,O  Ymol ;¢ LSt

23l ¢ (20l () 63) 4ab 09eiT- e23)193 - AA_Q easd Jlo - | (5o - 338 (5915,5 DYlguw - dhuwgio pgs 595

-1

=)y



35S BT JLls

QC,M.M‘ w)JLA_B Lﬁ"‘}jg J‘}l..ﬂ .})}A)J 0\...1; f\J\S—\Y‘

E° v+ = -v/vs &
E° v+ = -v/vf &

.MJ&W‘)QT&A;T,.M)QJ}{ d}l.w J\jA J};ﬁg‘(\
.o B 55,8 Cow 4y Jodie (G050 505 51 a0 558 C,ASJ;-C.A.@:.-(\’
el SISV ol Dl ot (em) (o) 5 505 ST g0 (F

Al e a8 A (aQ) o clale Jsle S sl 5 Ol clsdS L (Y

MJ&W‘)J%&:&}JJ«A J};ﬁg‘(\

e S sk B B sy i1 S e 25 1 B e 4 La0 S (Y
eme%:EovulS_ on\:emeAM: VIYE - (e /vE) =Ny s (v

Y+
e LA (8Q) slaos Sals Jole IS wlsl L (¥
oslw L;\bl.g.)-(\“;')T) Fd> o - o23jl93 - TA_19 Juazd Jw - | (g - 230 915,85 OVlgan - dhawgio £33 89>

Sl (e BLEES LSL&C))L&)‘ J)}AJ.'.};MM o313 LgLAJ},LNm.;EO o\_,o\;-}_?l_;—\\c

+ + +
Ee(sn™ /sn) = - e v, Eo(Au™ /Aaw) = +v/0v, Eo(Ca" /ca) = -v/vsv
el Au 5 Sl 508 Ca Saals @, (1
ol Sn - Au 18 Jleemf ) 5 i < Js Y/PY Ol 4 Ca- Au 1S Jsle emf (o

Pl ST VY S L - s SIS sl by e emf 508 (0

Y+ Y+ v+ 3

¥ (¥ v (v Y (Y Y ()

.MW)JULAQ)L?&ﬁu)oJﬁ ((g_.J))CJ)L?.Gw)J Q)L.GL@.JM‘@M@Q\ ‘\“1’.J§

E°ca Ay = V/0- (-Y/v7)=¥/Ys

o = Aemf = Y/¢Y
E°q,_aq = V0= (-2/NY) = /5 }

23l o by - (F5T) Falo o - e23l93 - AA_ A9 luassd Yl - 1 (6 paw - 235 (529135 SVlgas - dhanwgio pgs 2,95



35S BT JLls

.;j)w)lSo\.gQ}fU)f slacslll 5 s 1Ko s &8 cnl otd slagg 5L abes $laaSs 5L ()
oo LET it s S e et s ol Ko add B 08 b slag sl ol s (Y
s Lasls
3l sl e el slasls g slse 3 e g BB lade rils s 4 SO S gkl 51 (v
clea Sl ge ol
g s by b 5 WL 5 Ll e O SUS ol sle cxils s 4 Sy oSl sladilany (¥
ol basls o s LB 508 5 B 568 et el s el Y S
oslw w\bl.g.)-(\“;')T) Fd> po - o23jl93 - TA_19 Juazd Jw - | (g - 230 $915,5 OVlgan - dhanwgio £33 89>

Coin wlice KL 5y a)lge 315,50 ki s (s S5 S8 slad sha

Lo L2515 41 o Laus 515 (5510 @

Las s Sl Cas s D g &S = g @

LS 5 T glasy S cwdle @

SiA ks g

Las g oS e wlis @

V(¥ Y (Y v (Y f (O

LAQMJJ':;SU )‘ L&'Aob)jb_‘.a o el fo':"lg 3 SO Do W Lﬁ"\}jg d}l..ﬂ 5 ek rbu‘ U’:“‘S‘ﬁ L
e 5HILE aes sl 3 s 5,8 el (63 7 an o ST PR PN S S P S S R
(& 5lize)
(0lie) .S o oS > LS Coone 0 L5518 5 LT o 0 LoD 5T ¢ oo land s ST Dok 5 53 52
(oslize) Lol oSe s s Dok o Lol dieos e 5 e ad o5 S0 LIS 5 LT SIS Jle 5@
SN 4 plend 1 SIS Jile 53 540 LS g
Sslie) plesd 4 (SOt s S s 9551 s g
o 3l s S s Ve 2l s ladghe s Ll cosline Las s U1 e CJE1 SIS Ul j5 @
(sl s ool S

oslw w\bl.g.)-(\“;')T) Fd> o - o23jl93 - TA_19 Juazd Jw - | (g - 230 $2915,5 OVlgan - dhanwgio £93 89>

=)0

-\



35S BT JLls
....... B (MWJJLJ.’)LSLAMJSLSM -\
el Sl S w»fb G558 S s b g5, 4as 2815 ()
el VLl IS LSl s S bt LSt slasds g sezen (Y
el 2Y 5P 5 S8 s ullSTsae 5wl s e YL (Y
sl ol 0T b ey el A IS i a4 Dby S aedS 035530 L NACT 1S 5 Jsho s (¥

GO\ Lgux%)fw)ﬁ.w\@;wéﬂgv LY
e 3L S 35S SIS Lyl U 555 4k 251 ()

CHy-CH,
P Y Ll S slaasl GleST slasas ¢ e (Y

OH OH

sl el LOT b les Sl S i & AS 1JS 05531 L NACT 3Gy Jl s (¥
oslw w\bl.g.)-(\“;')T) Fd> po - o23jl93 - TA_19 Juazd Jw - | (g - 230 $915,5 OVlgan - dhawgio £33 89>

558 O 4 s SN (ole O 3G (sl b 5 551 LS;:’;L’ ‘}_ﬁfﬁl uil-’lﬂ) :;’-‘L" - (\
DSgh e Mg oKy S Cand 5 059, 58 cg_.JT Bl L s (¥

+ - _ -
ol YHYO() >0 (g) T YH (ag) t Ye oy o of 3G 5 gl 2S00 (F
el V8l el A5 055540 5 4 05ST 58 e ol (0T ST s (¥

vy

TN Aokt W5 D5 4 DS e S YH,O() > YH((g) + Oy(g) =51y & exs L

el

23l o by - (F5T) Falo o - e23jl93 - AA_ 99 luassd Yl - 1 (6 paw - 235 (529135 SVlgas - dhanwgio p3s 2,95

UL oS Ol e & Wl o Las (2l = (LSt sla STy 53 5 sbae S 51 SKepldS (558 0 31214
H,S (¥ CHCl,. (v HNOy. (v SO, (1

Wl T2 U -Y 515 S8 llS) sue Sluss gauls O 5 ol T SOY 3358 ulsisas (O
.(oMlS) MJWJ)‘Q}}Q‘JJ‘}&&)(@JMMSD .aﬁf..gj,:.(ll.bl}:dav.msor BE JJ§‘5§
e FE B ¥ S ST ke Sl gaals Ogr 5 o Y CHCLL 55 o8 S5l s (7
(oMlS) das C,....»rb)‘ Q}f.(.“ ng.?dav.mj(aw\) Jﬁidjr“g‘k‘jdavﬁw
ol TEL Y 5SS oSt sde Ol ad (ganls D9 5 ool - J.E|J.3H\.S 233 S o= lSTsae (¥
(sLals) M;ws)‘\oj}:ﬁ\.)\j\}?dalaj_éH\.S 23358

oslw w\bl.g.)-(\“;')T) S po - o23jl93 - TA_19 Juazd Jw - | (g - 230 $2915,5 OVlgan - dhawgio £33 89>



35S BT JLls

?J.;‘C,A.M:)J J’.’.)' 6[.&&:))[..9 )" J)}A J.'.?;‘Y'
.J\J‘j)&ﬂ )L«J Mf“'"LSJJ"‘ ch 83 ¢ C,,..M.l)'la.:m)\.)\.:mjb S Lo Lﬁ"‘.}jg d}lﬁv 69).’ Lﬁ-:}y 6&&}1..»/(1
DF s 03 O3asded S8 Odiliam a3l aln YU WS e e Jske 53 O3k LS| sl (&
Sl 55095
Db bdd S plend 655051 e s BB i 05emS | = O3 5 s Jske 3 (O
Y (Y V(¥ ¥ (Y Y (
oslw w\bl.g.)-(\“;')T) Fd> o - o23jl93 - TA_19 Juazd Jhw - | (g - 230 $2915,5 OVlgan - dhawgio £93 89>

Bl s 53 58 ) e ST LY s S e ISl S ke S 3 ) S S S YO/) T
(Na: vy, Cl= m/Og.mol_\> 55 oo Mg 5 luiled
WY (Y PY/Y (Y WY/EY (Y #IvY ()

YO/ 7L

—_—— (_/\_\
235, 1 YNaCl(1) - ¥Na(l) + Cly (g)

23l ¢ gl - (F5T) Falo o - e23l93 - TA_ 19 luassd Jlos - 1 (6 paw - 235 (529135 SVlgan - dhanwgio pgs 2,95

QC,M.M. r‘J\S )‘J)L.s g:)bb g,,..ib.@ C‘M 40\.’)"}# )" o cg_)i C,A_‘?Li.gj.! )J o rL>u‘ ‘J.:...’.L.MS‘ Jﬁ‘jm.’ )J —YY
W (f A(Y 7 (¥ £ ()
JCIW IR ijqfqa&sﬁﬁusuuxsbﬁ.wuewéwgv Y
+ -
YH,O() -0, (g) + YH (aq) + Ye

23l o by - (F)5T) Fdlo o - e23l93 - TA_ A9 luassd Yl - 1 (6 paw - 235 (529135 SVlgas - dhanwgio pgs 2,95

s S clals ¢ rveeeen J b e S el (aSTy co i L(Zn- Ag) SIS Jle s =YY
b h e Coveennn J s
als - T - sl - wls (Y Sialsdl = LS - zaliel - T ()
Sl -l - zals - Wl (¥ Salsdl - S - zals - Wl (T
LT e clale 5 2alS (S Jglome bl (ST i b SIS b 55 ol s il ¥ S
bl ol

23l o by - (F5T) Falo o - e23jl93 - AA_ A9 luasd Yl - 1 (6 paw - 235 (529135 SVlgan - dhanwgio pgs 2,95



35S BT JLls

Sl s 4y S oIS -YY
emf = E® o - B2 s o sty e sl BY Lemf galal; (0
Kb o Ll Sasn Sle 53 SIS Jske 3 bags sSII(Y
sy Wl il e i 5 KIS ik el Fe- Ag JIgE Jgla s (Y
Jsbw 3W5 sl wals S5 5ol T 5 5V aberds 5 (6w 5 LS (JIIE Jsho G s 4 a (¥
PR SO
s S Ll o Sl s ey ¥ <o S
emf = EO(_\;LS) - EO(.\;W) Pl yarss Do a4 OF s bl ) e S
Lo bl s Dl 53 SIS e 5 Laos Y (gan S
sy B s s s T il ol Fe- Ag S8 Jl 3 1Y gay S

asbw ¢ oLy - (¥)31) s> o - 23193 - AA_ Juasd Jlo - | (5w - 03 $2915,5 OVlgan - dhanwgio £33 89>

)y sla Sl <=\JS sylkal Lals gla fusly Jgd s edd e3ls OLS e O ed Comdpe 4 a5 L-YO

€0 ol
Cl Y+ Y+ ;
Be Zn(s)+ Fe (aq) >Zn (aq)+ Fe(s) (i
¥ + +
f:: YAg(s) + FeY (aq) >YAg (aq) + Fe(s) (o
> + +
A Zn(s)+ YAg (aq) >Zn' (aq)+ YAg(s) (-

Bry (aq) + YKCl(aq) ->Cl,(g) + YKBr(aq) (<
el L;’Mrbu‘ U,:.Sb U'.’.\J"L‘" cML’u.AFe )‘ J.?QMLS /n J.l.‘)(\ U’:“‘Sb S48 93
Y+ -
.C,a.nm.:.! L;’Mrbu‘uﬁ‘j g_)'.’.‘j'.’l"" cML;dAFe )"J.?OJ\....MS‘Ag Jlﬁ(u Jﬁ‘j J)}A)J
el L;’Mrbu‘ J:.Sb U'.’.\J"L‘" ‘ML’L;‘Ag )‘ JJQMLS /n Jlﬁ(u U’:“‘Sb S8 D
s L;’Mrbu‘ U’:“‘Sb U'i‘f’l"" cML’u.A BI‘Y )‘ J.?o.)\....ms‘ ClY (CJ U’:“‘Sb S8 3
oslw L;\bl.g.)-(\“;')T) Fd> po - o23jl93 - TA_19 Juazd Jw - | (g - 230 915,85 OVlgan - dhanwgio £33 89>
5800 B pan O Jgo SO s Sl 05,0 ge i (T SIS STy s - VP
/o (¥ V(Y ¥ (Y Y ()
P 25 e 4 O Sla S e P PG I T Rt
+ - -
YH,O =50, + fH +Ye « owl sl

fH, O+ Ye — YH, + YOH <« uls juslys

SS s Sl onl b g e B mme 055U Jge ¥ el Jse ¥ gz 13l Y HL O — YH + O,

oslw L;\bl.g.)-(\“;')T) S po - e23jl93 - TA_19 Juazd Jhw = | (g o - 230 $2915,5 OVlgan - dhawgio £93 89>



35S BT JLls
035331 LIS 4 0 S ki Ll e S VA Sad e, il w Al 5 Zn 3 5s 5l ens LS5 SIS gl 3 =YY
(Zn: $0, Al= YV : g.mol_\> €5 4 oo
Al g+ ve o Als) B (AT /AL = -y /ssV
70" g+ ve > Znis) B (zn"T/zn) = - ivsv
AN V/A (¥ Y/a (Y AR
el O w53 RlST Jes 5 o LT syl 6508 B7 s Al WJshe ol 55 e e b Y oS
& Jshe S oad a5lse sl )l 550 ol O o 53 S Jas 5 syls |, LS 2B ZN 5 ssh
ol e
YAl(s)+ ¥Zn" (aq) > YAl ' (aq)+ ¥Zn(s)

\molAIXX“mOIZn>< sogZn
YvgAl  ymolAl ‘YmolZn

23l o by - (F)5T) Falo o - e23l93 - AA_A9 luassd Yl - 1 (6 paw - 235 (509135 SVlgan - dhanwgio p3s 2,95

7¢/7n = \/+AgAl x =vy/ag/Zn

I 355 plUS YA
o Sl 4 WalS s 5 ey ol s o Sl Ol Jod ot s ()
c el 03,8 55ars, s kiSO1LSS b L Oler o homd Slacst o b ume 51 30 (S5 T 05380555 328 (Y
e S3 I S 5 (6550 el LK 51 LIS gl ol pand & ol SIS Jshr o5 2 s b (F
s oo slgtey S
o 5 S b a1y ST S b WS e St 2D 2 05531 e sad e (¥
AR L Sl S by WS St LS 2 0 e Gladshe ol s s B S

.J\Jﬂwj J.Alfjjlao\.go\sdj_ﬂo\.}m.s
23l ¢ by - (F5T) Fdlo o - e23jl93 - AA_ A9 luassd Yl - 1 (6 paw - 235 (529135 SVlgas - dhanwgio p3s 2,95



35S BT JLls

OgeeSl = O5ssea g Jobw by S 55 IS4 @ a5 L-YA
QC,MA‘@MJ-.{) J)\}A )\ J\Mdﬁ-cw‘

i B0 2B s oS wil e LS 5 LT abye csiuc b e
iy s SRl (LT sl ST 4 Bt

oy iSly abslas s O) s el el Gla S Tys Ly, @

A .M#Qi)som&fiéudﬁéw\ﬁjQﬁd@

OF 05 &S )ls edge p 1) 05 eSS fia ol > @

Zi e Ol ST pl

Hrlz) & PHOR  ans) i Oy 5 etals (i Hy 07 s eds ol 1S5 5 @
:hlJ | “——‘f' Layls g

W Y (Y ' ()

f (Y v (v

oSl slas a5 SIU L wls € S IUS L T b el s 5l oo g e ¥ S
Il 25 g OF S AT Al 0 05
YHy(g) + Oy (g) > YH,O(g)

aslw ¢ oLy - (V)31 Fd> o - 23193 - AA_ Juazd Jlo - | (5w - 02b $2915,5 OVlgan - dhanwgio £33 89>

SIS (2STs ) 53 ST Gla i cosb o slpn 53 Al 035 S5 Al b 4 a5 LY
J)’\;— okals (Y J)’\;— keS| (\

oS|I (¥ sdaas STy« s xSII (Y

e S35 SRSl b sk e slea 5s Al il s sl T 4y S
YFe(s) + sH,O() + vO(g) — YFe(OH)y(s)

el G281yl slasdias (ST Sl S H O s e sdalive oS sbolen

) ) Y+ Y+ ) B

S o gl aJy S A
b ¢ 225 - (1 63) 4ad 90T~ p23)l93 - AA_9 eass Jlo - | (5o - 223 62915,5 OVlgas - dhawgio 93893



35S BT JLls

J,>-0\.’ cw‘ WJJL’ J") LSLAMJS w g,».;uﬂ.ﬂ —Y‘\

C,M.»r‘ J:lsj."j.’jb J\.’T)J OMJ\.:.S‘}J )lsv»cu\ v_el_i_ef ngj)*g\d_}l"“)-’(\
el ShSs Jals S s ok CL.«)J Sl sl b el I8 U"J CEM)J ool sl s (Y
CAS dal

Y+
Db e eyl CU oy cble 50l cxd8 L(SHE - Cu) JIJE8 Jile s (¥
s bl Al SThes 5 Milipe A O3St Sad e 3hse 53 8 3 ol s ol Y S
Oy(g) + YH,O() + Ye — YOH (aq) tod Jlie Oy

ey ;S b o
Tl (QJ".:MS\) J\_:T BE o ‘)"3'5.5:’ )K = f"f’ 92 (Qj}).kfh) BYLY BE ol ‘)"3'5.5:’ )K = QP :\“'.’.J§
TH,O() - YH,(g) + Oy (g)

Lo pl S 5 sl 5 S e ol RSt sae 1) ey S
HePOy: ¥(+V) + P+ Y(-Y)=+ = P=+¥

Clo;:cu Y(-Y)=-y= Cl=

Y+ +
»oedCu (aq) T Hy(g) > YH (aq@) + Culs) < )pmn Jshe ol 53 ol el ST 1ef wsS
+ . .« Z
23l ¢ 225 - (P 63) Vo po - @319 - T4 awans b - | (6 pm - 225 (50913, OVlgus - dhanwgio 9> )93

@]

(E (XH/X):J\HV) Sl s s Y Dt wbgn B e IS5 o s LY

;4; :-E - __;T. -/ (Y
-"'"T /k’ !J\ B /YIV (V

Y™ (M) ? M) XMy R AN )
) s - ARN

w‘.)\:lSch.chZ ij“g‘QZ‘Y J‘}l..ﬂ)b
w‘.)\:lSchJ.ch ij“g‘cX—Z J‘}l..ﬂ)b

=B, -Eg = NY=E - (/)= E = /v
N0 = EY- EZ:> 0= EY- (=2/YA) = EY: YV

23l ¢ 225 - (P 2309,9) Ve ddo po - 02395 - AA_9 laass Jlo - ¥ (5o - 838 (69155 OYlgus - dhusgio p93 )93 9 28Uy - (P 23)9,9) Ve ll>,



5sS gBl Juls
NOW PINCR PSP FUDYS PSR faoms 3 SS1 sdslas (gailse 3l o YT
K,Cr,O, + HCl - CrCl. + Cl, + KCl + H,O
YY (¥ Ve (Y VY (Y VY (O
K,Cr,O,, + yYHCl - yCrCly + ¥Cl + YKCl + YH, O el s el Y 4o sS
huwgio o | Ao o~ o - polez Jlo - A0 - ) uass Yo - (- 22 (50915,5 OVlgas - dhawgio p93 5,95

S+ HNO, — NO + SO, + H,O

Y ¥ \ \
¢ (f 7 O ;0

b.m,a.a ) d?ﬂ-wa):u-lajt.@.‘{dlw-ﬂ‘ -1 MJL»-‘”G)A»-B)&G},T)ﬁ@”lw-%,&f’)b}j)

Sl Sslits ak b S 5 g8 3 O30S 2l 30 Y0

KyO(r (NHy) CreOy (v KMnOy (v OF, (1

| RPN VS SN} S | VGOV P PN E 18- NT-F | CEP JC-N R W PRI e ol ) S
o el (BY) 0T LS 5 81 55 05T (laSTane casl e OFy 550 cite (20last e OF 53 03|

\ - Y-
hugio o ¥ o o - 25l - pilez Jo - A0 - ) uass Yo - V(- 22 (509155 OVlgas - dhawgio p93 5,95
?&_'Sﬁéﬁﬁﬁé)sjﬂr}‘&w\bwcﬁjﬂi}r\.)s)b—r?

Y- Y- - - Y+ - -
Cro,” — Cr, 0 (1 ClO'— CI' (v VO —VO_ (v NOL - N,

hugio o ¥ o o - 25l - pilez Jo - A0 - ) uass Yo - (6 m - 23 (509155 OVlgas - dhawgio p93 2,95
S _
ol DL SiyO s e LSt Ladd asiie 31 (5BLST sde iy 3S pluS 53 =TV
CHy ,C (v Fey (SOy), 2 Fe (
. . 7= .

b.m,a.a ‘ V%ﬁ-@)qﬁ-fjhgdlm-‘\' -9) MJL»-\“G)‘»-b)&d},T))ftbulgw-ihm,.'&af’)bjgéj\"d:)a-@bl:u-f;l.q%dlm- 1



35S BT JLls

Sl 5855 55 o) ST 205 3550 2S5 =FA

HOCIO, (¥ HCI (v HOCIO,. (v HCIO (1
HCIO HCI HCIO HCIO
¥ ¥
¥ Al A\t )

buwgio « YV dl>po - o - polez Jlw -1 - 9] GL,,.A:JJL»-\”G)‘»—a;.‘bg;ﬂ),fnb]ll,m—%#fg)on,Vd:)a-@blu—f;l.q.gdl.»- 1 -

Y-
Sl 65 ¢S 3N Glstone LPO L 55 P nlssae ¥4

N, Oy (¥ NO_ (r NH,NO, (¥ AL(NOy) (1

Y- . ) _

N,O, - NH NO.,

N+ (=) == NO; L L AL(N O ),

i (f N+v(-n=- (¥ xmf no; (Y A W ¢

N = +F & Aoy o Rt SR W A ’“{_‘:}
N=ir N+r(+)=n1 Ner(-n)=—y ‘

N=4r N=—r M=+t

b.m,a.a ‘ V%ﬁ-w)zﬁ'fjbzdlm-‘\' -1 MJL»-\“G)‘«»-b)&d},T);ODIw-%ﬁf’)b}jéngﬂ-@blij-f}l.q.‘;dlw- 1 -

Sl oIS odalS 4 eS| Sl S JulusStsae

Y N
Y (¥ E(w~ ;(v o ()
u.:.mlS +Y o\.,+\c )‘ s S| L§°\"j§ u:,.iLM.S\ dde &S J}.Jru.a r}.bu j‘.’.) Lgé\jbbu BE C,M.»r‘ @M C”“'Lir LS““'.’.J§
cel @l BV 4 Y lekals 88 luSTsae 5 asl
YMnO +aPbO, +1:HNO, — YHMnOy + 6Pb(NOy ), + fH,O
I | I\

+ ¥ ‘ H_"_:I__f".;_-{.i'_\,ﬁ + Y

+¥ alf a0 ¥ +v
sl ST ulestsie a5

Y
okals lstsae a5 o

buogio « 11 d>jpo- oy - 90 - ) Juasy Jw - ) Lg,w—a.\x.'.'ags)ﬂ))fc.vlll,m—@,:o”)a”;,\‘\ d> 0 - 0Ly - Ve - ) Juasd Jlw -(ll



35S BT JLls

() Y+
W I F°Cu' /Cu=+/¥V
In P — (] Y+
I E°Zn  /Zn= -,V
.Jﬁdﬂdjlmb)b Ls_i.AJJ:-)\ L:ad}:;ls REB) Jjjig\)b(\
-
1M 2ot \M Cu™ S OslS Hlads STy rL>u| e 9 Sl S +1/3 e dska E° (v

23S m plond) ST Jos 0T o 53 5 ol e b s 35S0 (Y

buogio « 11 d>jp0- oy - 90 - ) Juasy Jw - ) Lg,w—a.\x.'.'ags)ﬂ))fc.vlll,m—@,:o”)a”;,\‘\ d> o - 0Ly - Ve - ) Juasd Jlw -(ll

QC,A.MI\ oL QL:.’ C,a..mr)JL’ s.,A.UQ.A r\J\S GJ\.\;’L’L;A wf“.wb DL LAQT &.&u J}l}uﬂ 39 Al cMg <Ag &Pt CJ‘)L‘? 'YY

EC’MghL / Mg = -Y/YAV /EC’PthL / Pt=+1/YV

EPAg | Ag= AV /EOAl‘~+ / Al= - \WV

(Alz Wg.mol_\ , Mg = Y\‘g.mol_\>
5,8 o Q)}@Alcla.w)s ey J':.;S\jmchg -Al Uy 55 (0
il dalg BT L W, s 5 e Mg - P IS L (Y

Y+
MMJAngPt w‘f‘Mow‘joMSwﬁ‘é}B(\w
Al il SO/ WS ol talS o SVIY wT o = SIMg - AL J1JS b s (f
L3 w:y\i B okals U'.’.J:LS}B E° u_ij_,“(,S L’Mg ol o3l 6L:AEO It L, el & CML”’ Y LS““'.’.J§

Ll sS| Q_U;éjsl)thL Sy B o 5 i
ey Sl s
3 em ol LSt Jas OF laws s 5 sls 1) LT 2 pase )T AG - AL Gl 55 ()
23 e 2l (625 S oy 0 508 5 S e b 5o G W 0 S e aden (Y
25 Soye sl Al LB Mg 5 sl i Al Mg - Al 1S Jshe 53 odd alnil S5 galslee (¥
NG
¥Mg(s)+ YAl (ag) — ¥Mg ' (aq) + YAl(s)
Lol Al g 0 e 05

ymolMg ~ ymolAl = yYvgAl _ o/ gAl

X X
YfgMg ymolMg YmolAl
buogio « 19 d>jy0- oy - 90 - ) Juasy Jw - ) Lg,w—a.\x.'.'ags)ﬂ))fc.vlll,m—@,:o”)a”;,\‘\ d> 0 - 0Ly - Ve - ) Juasy Jlw -(ll

7¢Al=v/YygMg x



35S BT JLls
S Nyo S rlio s 5 o lone s U5k G AT 0l 4 518 pliS 021313 L s slaesls « ax 5 LYY

Y+ ]
GBS Cope e CU lay 05 S0 Gl s o 1S5 e 101 ite i
- +
ECAu |/ Au= oV /ECr |/ Cr=-/VFV

Y+ Y+
E°Pb  /Pb=-/A*V/E°Cu /Cu=+:/¥tV
o (¥ S (7 e (Y esS ()
E° l{}lé&liwj‘yl"djlj”juﬁ")"’ \)xSﬁM6d|p&jb.w|@Méﬂl§\ S S
Ao okaST sl S B 5 Ll e alS el Ol 8w S s dale S e 508 el
Y+ ¢
J.?C,,.}-b Cu 5 o>y j'."LS)'; s lals NJS U',’.‘J"L‘" cJJAJu.A Cewd )‘ Q)J.".{.H J.?C,,.}-b oM[S}JﬁSu.A Q};ﬁg‘
buwgio « 19 dojo- 25 - Ve - ) uass Yo - | (6 pm - 225 (52915,5 OVlgas - dbawgio p95 295 9 19 Ao oo - oLy - 40 - ) oasi Jlo -l .
X Oy (¥ X0, (¥ XO (v X Oy (1

\7 O};JJW‘:J.:\ cQT)‘Jij)J.:AgTA.:SJ: J}Af}XWQJ}JAﬁLM%}SL@‘@M@Q\ LS‘\“',’.J§
S b o VL Ol St sep 5 8 ol OF b b o V0w s s sl L3 sl Jsas (VIA)
15k (XOW) X, Oy

Bagio « & Ao o= (225 - 10 = A s o = P (6 om0 = 03 (69135 SYlgus - dhumgio p93 0193 9 F Ao po = o0l - Ve - A1 s Sl - P {f oo

Sl o S SleS| e 5 5505m 51 SGplS 3 X0

H, CO,. (¥ CH.COOH (*  CH,.CH,OH (v HCHO ()
O
I
H-C-H CH, - COOH CH,CIH, OH H, CO,.
N \ \ \
0] TV -\ +¥
huu,a.a e ). 41’)"@)#'{’)%—?‘)[‘“"" -91 Mdlw-‘“‘s)m-b)&g;’T))fnbul,an-ihm,hP’Aa),ép" &ﬂ-wbli)-‘ojl.@gdlw q.

?&.«_\M&.ﬁ Obe w3 SHE 5,450 5 & Le els -7
S r 55 O 5, 5 03da 35 &S 5 55,501 ()
Db PH= Y L ad Gl J s 5505 055,008 58 (Y
Bad e sl atm Lis L oy ,ae 38 SHE 55 U1 s (¢

sk eat S Ly i labes rm)”},ﬁ\d\wq(\‘
deosl3l Jsle 355 5 LS o s O saxd (g, 1V AtM LIS L 05,4 38 Lol [t cﬂb Yo sau S

+
i (PH= ) & 6@)YfQ<HvO >
bugio ¢ 1 dojo- oo - p)lez Jw-9- - 11 Gl:.aa.’n‘dlw-\“g,m-b.).."&g;ﬂ),f&l’l,m—ihm,zofgayppl- d> o - (6L - polez Jo[f -




35S BT JLls
€3 3 g0 2 gmime SRS LSt 5 sla STy 51 SCplus -YY
NaHCO,. — Na, CO. + H,O + COy ()
MnOy + HCI — Cl; + MnCl, + H,O (¥
KMnOy + HCl — Cl, + KCI + Cl, + H,O (¥

Bry+ OH — Br +BrO_+ H,O (¥

ol S 5 LSt STy g g ek SRl e ks by Sl s Lol oo Rl ) e S
5 laST STy s S CS 5 e 5 el 4Bl emis pso b Jsl b 5o ST W8 e IS sbe
ol s
buwgio o 1+ oo o255 - polez Jlo- Ao - A1 luass Jlo - ¥ (6 - 038 (5915 ,5 S Vlgas - dlrmgio p93 95 9 1 + Al po - 3L - pilez JWof 4+
Sl Gy dla 5, 4 Al gl gools 355 pls -FA
il o 3N i Sl Ey el 5 as s SN
25 e (Al Op HLOY) Gl Sy oy 201 (7
il e NapAlF g s s 0 s8 Sas gosle (Y
ool 400 C s 2l lis T s e (¥

e NapAlFg 5 AL Oy Juls ooy oSOl sl o bl S o Sl Las g 2SIl L e &b ¥ 43S
o YOYO7C a3 5 e VU ol slue T Oogd (gadais .ol
b.m}'&ae \'%»-dﬂ'f}%db-“'-‘\‘Mdlw"“‘s)m-b)&g;’T)ﬁQ”lw-@m,&P’Aa),)p"d?ﬂ-sabl.‘v')-‘ojl.@gdlm q.

S J.‘;oMlS ‘j'.’.) 6[.&0\.’; )\ &fl.ﬁ -¥4q
+ v+

K (¥ Ba (v Al (v Zn ()

Z + Y+ Z Z
QL:.AMbwd}}g\éo&ﬂsgjow\jwoMlSK jZn LSLA“JSM‘@MCMLT’.VLS‘\%JS
C,M.»r\ 6}6}5 60MSB3 4BajA1

bugio ¢ 1o dojo- oo - p)lez Jw-9- - 11 Gl:.aa.’n‘dlw-\“g,m-b.).."&g;ﬂ),f&l’l,m—ihm,zofgayppl- d> o - 6Ly - polez Jo|f .

Hg (¥ Au (v Cu (v Mg ()

w‘@wcﬂg\ LS‘\'.‘-lj;

huu,a.a e Ve 41’)"@)#'{’)%—?‘)[‘“"" -1 Mdlw-‘“‘s)m-b)&g;’T))fnbul,an-ihm,hP’Aa),ép" &ﬂ-wbli)-‘ojl.@gdlw q.



SsSeS BT Juls
ei.aﬂ_‘o.)\.\:.‘._’dt:’ C,M.»:)J Lﬁ-:}y d}l..«/éé)l_.!)b ‘j’.’.). J)\}A)'\ &{.f\.)\s—a\
el e 31 S i 1 LS 5 ()
s o szl balaglas Suwlsl O 5 G el ol o oot g slad sl 51 (Y

- +
'J}";Lﬁ'ﬂb)bHY )'lfJJlSJJJOY )'lf.)j)s(f

hm}*‘ e Ve %ﬂ'dﬂ_fJLQZdb-“-—‘\‘ Mdlw-‘“&)w'b)&g;’T))fbnl,an-ihm,hfggaJ,),|. d’)“_@blﬂJ_fJLQZdL” q.
S el 5 sla S|y 5 Splas -0

Ag(S) + Cu (NO\”) ) —> (Y Zl’l(s> + CUSO\‘, (aq) —> (\

Y(aq

Me(g) ™ MnSOy 5

)™ (¥ Cl\,<g)+NaBr(aq)—> (v
el e el ¥ S S
Ag + CuY+—> s pl
\ \
05 S go s .S O S gokins
bagio ¢ 1+ Ao po 0505 - plez o= Ve - U1 luass Jlo - ¥ (6 puw = 030 (5915,5 EVlgaw - dhwgio 93595 9 | + > po - 3Ly - pilez Jloff 2+
Sl ol Oly s 3 gl sle Sl Splas -OY
s e BSS IS i 1 Los O e %YV ()
S n g B sk 3 e IS i SO Gk 51 e S e L (Y
ol IS e Ky s Iy (¥
el CaCly IS i 61y 053 S (osle s Jshw s (¥

ol s S ke 5l J}l.w@.«\@z..ac.«l.i\” S S

bugio ¢ 1 dojo- oo - p)lez Jw-9- - 11 Mdlw-‘“‘_;)w-b)&g;’T);Q”'w-w,hfgéa),)," d> o - (6L - polez Jo|f -

o505 35ms o leSTads b oS 1 K a5 2505 5 SGplaS s -0F

CH.C= CCHy (¥ CH.COOH (v CHwCHOHCH, (¥ CH,.CHO ()
o A
CH. CHOH CH, (¥ He-CoeCHGL (3
- : ;?7 N I:I +1
3 H
H..C.oCHC..C.-H (¥ CH, COOH (v
—TE k. w  H_y :
. . # % A
buwgio « 1) do o= 25 - polez Jho - V0 - ) uans Jlo - ¥ (6 u - 225 (50915,5 OVlgas - dhwgio p95 295 9 | | Ao 0o - 2L - pilez Jlo[fd -



35S BT JLls

ol ot Oly o> Ssle puS =00
e S JS g3 S sosle 5l e 3 ()
el (1) SV e SIS 5 1S e 5T s sk 5 (Y
5l 53 05T e GR35 0581 Jge 20 s 6 A3l e S S Wl U 53 3 KaS (sele (T
2l = COy 5 Oy 38 e Jskee 55 LT GILI s (¥

R AlF\w B VNaF Q)}wo\_g 45NavAlF9 gjﬁ S8 LSOJLA e @M CML"’ Y LS‘\*-U§

Rty NP
[ :
Al |¥F e O Jge P - e O se ¥
+ -
YNa |vF
b.m}'&ae \\%»-wﬂ-r;l@.‘;d‘m-“'-‘\‘Mdlw-‘“‘s)m-b)&g;’T)ﬁQ”lw-@m,&P’Aa)géjl\d?ﬂ-sabl.‘v')-fjl.@gdlw q.
Cwl oo QL:.’ Sy Q)L?.G f‘.)s -OF
S e e Laltl sl dT OT 4 &S il s Al O H O s Jlas Jse 3 (Y
ol e ol S 5 e I b e 51Ol AL JEs (e b s (7
s Jeate s S Jsle B w4 cal AdS L o s S lan g el WS g 80T s (¥
huu,:-as Hb»-d)qﬁ-f)l.@.‘;dlw-Q"“‘Mdlw-‘“‘s”-b)&‘s)g]’))fﬁlul,an-w,hfgéa)géjHwﬂ-wbli)-fjl.@.‘:dlw q.

QC,A.M" w)bbgf“éf.f“g‘ u:,_::}}l.i J)}A)J CJ)L..G fl.)S—O\/
+

v
Db Sdg S Jsks 35 200 Glal g & pon S5, s2IL ()
N f}ﬁj&ico;&cw&uékiﬂ(\w

el o il b 3 KIS e SRalS J- s T (Y

oo SV ET Jsas 5 68 38 el s G 0L 13 2 f@.w|@wé~ﬂgr Sas S

’J"’ﬁfg{a)|J§ Qﬁfﬁ‘ J}l}nﬁlﬂ.:?uﬂ)b QJ}.LNQ%[SQ)}JO\J J\.’)‘J).J.;
huu,‘ue ‘ Hb»-d)qﬁ-f)l.@.‘;dlw-Q"“‘Mdlw-‘“‘s”-b)&‘s)g]’))f&m,an-wybfgéa)gépHwﬂ-wbli)-fjl.@.‘:dlw q.



35S BT JLls

QC,A.M" C,a..mr)bl.’ J)}A f\.)S cﬂsdﬂ J)\j C,A_‘?Li.;f d}l..ﬂ)b ‘) g_J‘J\.A J".’.J".’. NM&J_OA

ol (357 as g e Jsh ol e .)H.ﬂj_e (¥ vI -ve > I\‘ 1) ok Ry Sy (v

C,.J@MC..@Y LS‘\‘.",’.)§

+ -
YNa + ye = YNa L&

YNal
L) {

huu,a.a AR bﬁ'dﬂ'f}%—‘;d‘“"" -1 Mdlw-‘“‘s)m-b)&g;,T)ﬁQ”lw-%,&P’Aa)gég‘\ ﬁﬂ'@bli)'fjl-@-‘:dlw q.

YI'-ve' > I, &

Sl flJS CaCrYO\, 33 pJS owlSsue @KYCYO\‘ 35 S LileS sde o 04

Y (¥ D v "

( Y( T N

B RSERYW-rE CaCrYOV 33 (’JJS B KYCYO\‘ 03 1S mlST e Gl Lo Ca C.ﬂl_i Vi S

G

hw,a-a f Vd?ﬁ-wg)qﬁ""-“| Mdbﬂ'rd)w-bﬁgs)j]‘))fd)”',m-%,br;)b;jajvw)o-@bl.u-‘\'-“‘ Mdlm'“ o
\a _ Yt
Sl S0 G ZN Gy Joe o8 Ul S e lT L s s osls STy CU Jos LM L -5
QC,MA OJ\.\; M.Liﬂ C,;..M!)J ‘\"'.’.Jf f\J\S )J Zl’l J Cu ‘M LSLAJJJ
M>Zn>Cu (¥ Zn>Cu>M (v Cu>M>Zn (v Zn>M>Cu ()

C,M.»J‘C:Mcwl_i\ LS‘U‘-ijg

\R .

M+Cu  — e o 2SI =Cu 5l senals M
Yt L

MtZn  — & o SSL=SM o senals Zn

bugio ¢ ¥ ol - 0L, - A -9 Juass Jlw - ) d)w—aﬁg)pTA)foUl,w—&w,xofpa;,;,\”&clq-ug):ﬁ-/\‘\-‘\- ez Jo - 1 s b -




35S BT JLls

(o™ =¥V ) St sl 5 e S SugliS sy S5 4 a5 L =51
Cu

S Jss 55 pheedl G L o O3auda S8 T s ()
yi e 30y HCL Y g

Ao S 1y s e e 55,50 (1

[yt o IS 2515 (Y

sk Cu” (aq)tH, (g) —>Cu(s)+vH (aq)

Cu (aq)+Ye = Cufs) Hig) = YH (ag)+Ye )
g a wlS Xl gans O3 3l (\°
ol s Lsdie ks T (aQ) sbaoy a5 adl (LS iy Glad S5 &1 53 ol s gl ¥ 5655
S s ki o gaas s ol s plnl SHE s xSl ot gaas sas 2 Jes
T Y S M e 4 g e (955 K SSlaas 5l 20 5 LS o LB sl O3 S gedasJlaz|
‘M"L;“'.’ S g;‘ﬁ:"%..'.’.‘\"ﬁ:

bugio o ¥ galz - (poby - A% - Qe (luas Yl = | (5 m - 53b (52913,5 OVlgaw - danwgio p93 8195 9 ¥ @olz - ()25 - Ad - 4 uass Jlw - ) s b - ¢

e gy S sl il S I PR o 3l wls Al Oy j\fﬁ;ﬁﬂﬂ.g}:@ﬁgjuxilfé);—ﬂ

.JJ;JAQJWM‘AIYOY« P> Olge w e Jse s L
NapAlFg -1, -c81 8 (f NaAloFy -1 8 - ol (7
S el SBIE e 5l A LS 5 T e s 4 i)l gl 53 ol s el ¥ g S
358 n o3lizad (Al Op ) Lo T IS 0l o (NapAlF ) Clie o)y S

bugio « ¥ ol - 0L, - A -9 Juass Jlw - ) d)w—a.\xbg)ﬂ;)fo)ll,w—&w,xofpa;,;,\”éclq-@):{ii-/\‘\-‘\- ez Jo - 1 s b -

E°  =+.AV Sl Cemnys 0, 5 g 1 (S1IE) ot U b 3550 55 o olus 5T
A—sg ROWRHCIR NN BT C

EOA1Y+ = _\/9?\] C,M.»r‘ C,Jj '//\9 j"‘j" GOT EO (Y
TAL e psin I s 0,8 51 Sy e 3 052801 0L (Y

+ Y+ -
YAg (aq)tAl(s) = YAg(s)+ Al (aq) o) pwe of sl (¥
S s b LT AL 55 53 ol Lol 58S 6,8 B2 ) fMJAIEO el e el ¥ g4 S
S ST s b e SRlST bl BT AL 0l o A 55 Sl oty Al 55 S0 51 05 531 oS >
Al e blie D) son

+ Y+
YAg (aq) + Al(s) >vAg(s) + Al (aq)
b.m,"&a‘éal:?—w)ch-AA-A‘\MdL»-‘..5)w-B)&GJ’T);Q]",M-%,Iaf’)b)j)j&ol.?-@blﬁJ-AA-A‘\QJ?A:JJL»-‘gs,wu- % |




35S BT JLls

s alin (ol 0 028 bt LT 35 oS olanst [2lSTsae &8 53 oluS 55 -#F

- Y-
HIO, ,NO_ (¥ MO , SOy (
Y-
NH,. , ICly (f 50, 5ClOy (v

w\@McﬂLi\‘Lgulﬁ

bugio « ¥ dl>po- 020 - ) - A luasd o - ) 6 pu - 035 (52913, OYlgaw - dhanwgio p93 2,95 9 F Ao po - 23l - A1 - AV luass Jlw - |

Sl DG ol 0 oS Jast DT 15 o (5 e 53 iuleS| sde 4y 38 oS )3 =50

+ -
ClBr,., CIF. (¥ NaF, CaF, (v (v NH,_,NO_ (1

el C.ﬂl_i\”tgo\.._ljf
N c
n NH :N+(Ox¥f)=Hy=N=-v
- ¥
NH _, NO_: ) (O
NOY:N+(-V>< Y)=-y= N=Y

OF,: 0+ (-yx 7)== 0=+7,CLLO: ("' x )+ O0=+= O=-¥ (¥
NaF:yv+F=+=F=-,CaF,: Y+ YF=+=F=-) (v
ClBry: CI+ (\x ¥)=+= Cl=-v,ClFc: CI+ (-yx ¥)=+ = Cl = +r (¥

\- Y-
.OY jOY ‘OFY 03 3ol =Y llSTsae LS 5 el s OS]

huwgio o 1) Ao o= 25l - ) - ¥ Jass Yo - | (5 - 2345 (529155 OVlgas - dhawgiio p93 2,95

NOW RCIHERCHIE ST 5550 3 Sole plus
g Jeate 5L Cte Clad a5 e sl OF (o 3 2S5 S e ()
Ll sl g 5 gLl g sls b eslind 5550 s SUI (Y
AL o 1S b s ekl g S8 Sla0 8 L T s (Y
s e g5, KIS STy Se wl s (Y
Jsbor (e a3) LIS Olsie w358 00 3bm) OF (655 518 3505 &5 o ool i ol ) w5
) LT Olge ap (sl gy 51) Aoty Jais s g w55 ol L1341y (530 5 3500 0303 13 25 S
AL eslial 3550 S5 S (U8 o oo 5L Sate b a1y OF o) s e 13 s 2SO sk (e
S (sl LT 56 slao 538 hls L) s Jaisse e Sa) Sel 13 S 3L 56 laos bl
Loy L el 33 (IS

5 Ag (ag)+ € —> Ag(s)

- + -
Ll Ag(s) —> Ag (aq) + ¢
ol Su,m ol wailiy B a4 55wl ok p B ol s easli e B laossls WL (KT s

bugio « V) d>jyo- oy - ) - P Juasy Jlw - ) (S)Jw'DA&G)’T);Q”I’M'%’hf’)b}’)’r‘ d> 0 - (0L, - ) -V Juasd Jlw -

55

| P gaad



35S BT JLls

Sl Comys b plS das o OLES | g gie )T gl sk s 5 S8 4 a5 LRV
el Al(aQ) goas Ol B s s 5 0L e A ()
ol sl G 0L e Ay 2315 ks C (Y
c el Jgh iS55 0l ol paia JTC 5 2315 WS B (Y
P ot sk ploil JS STy 5 ool 2318 LT D (Y
-2l YAL Op(8) + ¥C(s) = fAL() + ¥CO, (g)

oy SR
fodis Ma AR, o ALDY

.C,a..,w\ OMJSS L;.“M)JO\.’(Y) LS‘\"'.’.J§)J J}LWLASJQSij\ ﬂ‘ﬁ J\J‘D .w‘@wéﬂgf LS‘\"'.’.J§
CI @guﬁﬂmsﬁsc 5ol paa JI B i 0L > a2 A
Bagio « V) o po= o5 - ) - AP hoass Jho = | (5w = 035 (529T5,8 EVlgun - danogio p93 595 9 Pl po = (b - 1) - A uwams Jo -
s ad (555 oAl 033 S5 a3 55 25 slaisly 51 Soplus -#A
- - Y+ -
Oy(g)+ Ye +YH,O() — YOH (aq) (¥ Fe(s) > Fe (aq) t+vye ()

YFe(OH)y (aq) + H,O(l) > YFe(OH)y(s) (¥ Feﬁ(aq) + YOH (aq) — Fe(OH)y(s) (v

:g;w!ﬁ;c))ya{@zw&;su.wl@wéﬂgfé@ﬁ
YFe(OH)(s) + Oy (g) + YH,O(l) = YFe(OH)w(s)

bugio ¢ V) d>jo- oy - 1) -V Juass Jlw - ) (5)“-a»Zd),T))faaﬂlgm-%,hf,)b),),"‘\ d> 0 - 0L,y - ) -V Juasd Jlw -
Sl SialS - LS| g1l 51 5 STy olis =54
+ -
Cu' + fNH,+ YOH — [Cu(NHy) 7O (
At

YFeCly. + YKI - YFeCl, + I, + YKCI (v

YK, CrO, + H, SO, — K, SO, + K, CrO, + H,O (v

Cr,0 " +YOH > vCrO] + H,0 (f

\% ¥

oSl 5 noel Jrals- fullst st ol il Se> g ST el G s oSl Coamn K o Shias

buwgio « I"-wﬁ—d)qd-‘\l—‘\YuJ#a:JdL»—lLg)u—a»ﬁd),T))fC)UI,M—m,hfpo”;,\"-da)a-@bl.u-‘\\-ﬂl‘glz.aﬁdlw—



35S BT JLls

QW‘W)-’&TL;J)F)"LS;}L}Q&T;-’)}}-’)}‘)-’“*—i;fbs'v'
Bade S Gu L el (S Oy clile & b s ()
.;}ﬂjdﬂ‘}?(.ijtg.)j al_<.il.3 33 u.:akf;) (¥
g e Sdibloes S35 ol s o 5l gekialS sl b g sl (Y
ool enSTAD) al Olea TS5 (¥
A3 oAl 31V placts s (g 534S AL andls uled (5 L oal oS a Ll sl ¥ an S
(GBS CBlix) W5 pas S5 oal 516 (e 5 pose )l (s, Joo) 5500
bugio ¢ VY d> o - oo - 1) -‘\YMJL»-\Lg)u-a.\.é‘ag_;),T))fC)m,m-%,hf,)b},),\'\' d> 0 - 0L,y - ) - AV Juasy Jlw -l

?iw....’_"_' 35743 55 o i p g 53 ST IS s Slaesls 4 a5 L -V

v A \
Al / Al= -\AV E°Mn' /Mn=-/AV  E°Fe' /Fe=-/fV
+ +
Mg/ Mg=-YAAV  E°Cr / Cr= -V

+ +
Fe(s)+ Cr (aq) — ... (v Al(s)+ Mn' (aq) = ... (1

+ +
Mg(s) + Fe' (aq) —> ... (f Mg(s)+ Al' (aq) = ... (v
) el [t Cwl.i Y LS‘\‘.",’.)§
EOJ}L&:EO_\;S‘EO_\J] :V.i)j\dawbd.g ‘)LAJ'L..Sb)‘ &ﬂEO
E° .= VAV - (V) = v JoYV (V) saesS
E° = - VIV - (- XV) = o /xYV (Y) oS
E° = WV - (-Y/FAV) =+ [5AV (Y) saesS
() seusS

S| u.d..,aé)‘.kiﬁ (Y) LS‘\"',’.)§ uﬁb 4_,19)_,]4]30 L@_JQM osl> LSLAJ:‘“SU U?")| J.,Sda ab>Ys oS Lg))lém}m
J}";’Lﬁ"” rbu‘ ,,MS:" b}
bugio « VY d>j0- oy - ) - AP Juasy Jlw - ) (5)..»-OA&GJQT);ON’M—%,hf’)b}’)""r d> 0 - 0Ly - ) - AV Juass Jlw -(ll

¢ sessssssee J_!\J d}l..«)b J..{JLSNMC,A_‘?K_;J.’)J—VY

s ol S i 3l S 5 kT ()

J}.Jru.a oJ}ﬂ‘NaCI J}l}uﬂ “ g_)jb 64\125.’ u.:.mlS LS‘J" CaClY (Y

3 g o .slﬂj.ls)'lf L1 s (¢

col IS 58 e aa (Y

AT e Comsay IS 58T 3 5 i 55 1S s e NaCl colsS s 1ol s s ¥ 50 58
YCL () > Cly(g)+ Yo (1) £l <l S
+ - :
YNa (I)+ ye — YNa(l) (-) L5 —

bugio ¢ VY d> jo- oo - 1) -‘\YMJL»-\Lg)u-a.\.é‘ag_;),T))fC)m,m-%,hf,)b},),\'\' d> 0 - 0L,y - ) -V Juasy Jlw -l



35S BT JLls

3B by s 3 3 g5 e 3l uoiclwﬁ Sl S e st Al oslys s plus VY

ol bl 93 e kS gla s s asl fl;gﬂ LSL‘“J.:'.‘S‘JV'::’ O
S o Do e i s LlS] e 5058 e WSS SIIE Jale SO B e 03 50 8 5o (Y
ol oo Wl ) e Cdas 28 el b i ol s 5 e L3 B8 el S5l s (Y
\ - -
Cuie s s s Zn(S) > Zn (aq) T Ve O pon Ldu el Cuie b s asl plsil STy (¥
Y+ -
ol Fe(s) > Fe (aq) + Yo o )yma >
v+ - ;
Zn(s) — Zn  (aq) T Y& adw cal g i Clad
Y+ -
Fe(s) > Fe (aq)+ Ye : )= ;5 bw s

buogio « VY d>j0- oy - ) - AP Juasy Jlw - ) Lg)u-a;é‘ad),T))fbﬂlgm-%,hf,)ajgég\'\' d> 0 - 0L,y - ) - AV Juasy Jlw -(ll

S b s 535 5513 1 S (1) oo Jibour L 515 o ol 506 48 ol o aieie bl s Y

Cu>Fe>7Zn 3 Saals w,ui (Y Zn<Fe<Cu ;L6 _led s ()
+ + + V4 Y F Y C Y
Y Y Y _ ) n v u ) ) . o
Cu >Fe >Zn 0,56 Sasl o6 (f ——> o~ —ag okl S B (v

1S L3 Ol e a8l plondl (hlesl e 5 Lol s ol ¥ su S

b Saals o,
o . o
3,16kl L;,v..mlSE v+ v+ v+
0558 Susio,s|= Cu >Fe >Zn

= /n> Fe> Cu

bugio « VY d>j0- oy - ) - AP Juasy Jlw - ) Lg)u-a;é‘ad),T))fbﬂlgm-%,hf,)ajgég\'\' d> 0 - 0Ly - ) - AV Juass Jlw -(ll



5SS BT Juls
QC,A.M" C,a..ml)b CJ)L?.G r\J\S —\/()
el ialS 5 LSt sy K YK CrOg +H, SOy 5K SO¢+ Ky Cr O +H O asst, (0
;
c el TY f‘f C[]r_g_o_{:lh BL )‘Jo)u.w U"JS J:_il.wS\ Sde (Y
LS e i s paie Saen ST sds ials 5 2 llS| sl mSTs s (7
Jﬁfdﬂ S go oMlSO\.’oJMMS‘ Lgd;}g)\ o)\}AJA Q‘}J&j‘ JLE.:.,\(\‘
Pl 03,55 il ol g SaleST s | i (8l = LS end S5 sl ()

Higr M
H=C §,§-—-(I:-—H LS 55 el S LhleST sde & (Y
H H

)\bo)b;ﬁ;ﬂu‘b&: Q{;cj;e)wdl&.ﬁ.k&— wyb&lﬁd}ﬁ(ﬂb\“:\‘- y = +Y
S o SullSTsue oS L:ar.ﬂ (Sdar L\j)\ oS - LSt Sty s (v
"j‘.’.‘)‘:’.d" rL>u‘ oJ\....MS‘O\.’oMlS Lgd;}g)\ o)\}AJA Q‘}J&j‘ JLE.:.,\(\‘
buwgio H"%»-dﬂ-ﬂr-qvwdh-fLg,w-a;é‘ad),'i))fc:lll,m-%,hfp>b}3>3\Yd.',)a-@blu-‘\r-‘i\“glz.aﬁdlw— .
QC,A.M" C,a..,w)b CJ)L?.G r\J\S 4
.C,a..mr‘ slals °)|WHVPOY J}g‘}a P LSJSJA V.?‘ (\
405 O3St Osls s 315 O5aode 5 S @ Ll rals (gosle (¥
O 7 7 Z
sl TV .s,;da(,;;-’i”p @ u_}jjz.i.ﬂ ool S g ee SollSTsae CJ-lJ:’J)J':’(V
b e Y lstsae sl FerOg s 5 s al (¥
..3)‘.3 )‘} 3}5- u.:..iL.MS' She uﬂ};f)f)b‘\f@‘;ﬂ.wﬁrj‘HvPO\c DL LSJSJA VJ‘(\
He PO, : Y(H)+ (P)+ £(0)= « = ¥(+1)+ P+ ¥(-Y) =+ > P = +0
Sl 0313 s )\ dj)‘“g\ M‘}fdﬂél}-gji (& u..:Li Sl 0 (:;b 3}5- J:il.wS\ Sde U'.’.J'?j)f BE u.a..?\ Lﬁ':';j
&l odnST Sy Ll palS 5 5 K 0, Wil g e iy Bl o3l 05 Osls s S ol
!OM[S&SJ“
2ol (OaansT) O sanS| u...ejf g (J-<-l-’ s O3l u.v.alS) O5a,d 05y 4 Ll skals (gesbs (¥
- ~ P [ - -
el TV O GilSTsie o 5S 55 5 Sl VY o);pélm;ﬁdar:ﬁ-rp w ol bl o\Su.‘._?\(Y'
sae O 53 ol ) FeO s 5 50 Jola FepOp S5 ol +Y 5 7 LSt sue 5o ghils ol (f
2 Fe [ Sle listsie 5 ol (o) 7 nlstsae 0F 53 pal ) Fe Op 5 (5 +Y nlus
A
FenOp t ¥X + ¥(-1) =+ — X = +2
e\w Y,.Y’ Y(‘Y)f '_) - ;

bhugio « 1V b»—dﬂ-ﬂr-ﬂvwdu—\‘Lg,w—a).é‘ags)ﬂ))fc)!ll,m—%,zo”)y,;,\\" d> o - 0L, - AV - ¥ Juasy Jlw -(f .



S BT Juls
Cowys sbay skl SI- 55 Sty ol s &by e EOJ‘}'LM oSty Oss5 L Os J-ij‘:ifL?L"‘ o Sla VW
QC,A.M‘ ol ML>;A
X+ - . + -
N1Y (aq) + ye == Ni(s) o= -v/yoV F PtY (aq) + ye = Pt(s) E°e=+1yv/y.V

Ca' '(aq) t ve == Ca(s) E°=-v/aV , V' qtre ==V() E=-/nV
Ca(s)+ V' (aq)—> Ca' (aq)+ V(s) E°,_=+1/»V (1
Pi(s)+ Ni' (aq)—> Pt (aq)+ Ni(s) E°, =+./80V (v
Ni(s)+ Ca' ' (aq)—> Ni' (aq)+ Ca(s) E°,, = +¥/s7V (v
Pis)+ V' (aq)—> PU (@@ + V(s)  E°, = +v/nV (¥
T Ol & ol iy ool (6508 S Lol Sl Ul L aglie 3 el Ll s oy ) (555

J}.Juu.a €L>u| e“d&gg:))}wd.g LAOTJ:.;S‘}}OJJS‘}A&
E° L= E° - E° yi= (-\/Yv) = (-Y/AV) =+ /svV

bugio « Vo dlopo- (p25 - A - AP s Jlo - | (5 - 038 (57913)5 OVlgus - dhanwgio p93 293 9 P+ 4o o - ook - AF - AV Luass Jlo -

S.
e ploil ST e S0y bels ol Jgles 0555 v o5l laag asls L3 L =VA
Y+ Y+ ;
syh - N1 - (Y sphe- L0 - Al ()
Y+ _ v+ .
sph - CU - JT(Y sph - AL - B (Y
. Y+
A8 L NI G N slaoy Llp o
Y+ - .
Cut+Ni — x4 fl?w‘
bugio « Vo o o= 02 - AP - AP luasd Jlo - 1 (6w - 0345 (50913)8 SVlgas - dhawgio p93 593 9 Vo a0 - ol - A - AV uass Jlo - .

QC,A.M" C,a..,w)b (SHE) OJ})J.:A J)‘J\_!LTM\ J‘)J&J\ Ls‘ﬁ J}J}- &_A.’_ib) ?‘J\S L C)M 6uob‘b —\/‘\

3, | 4am e | e pH H, F L HUT e cEE | Jsops 353 f (O
| S5 st peas| Sy e 50 | = ) (Y
bij et ta D iete ..n_r.n..- Y Py (PR n;F.Id- i
7 b s P [ PRV | Slyie Y (¥
i 532 S LS i Ay ks v (f

ol (o ra 8l VP) il G Hy 5 L2 5 o j¥ 50 G HCT U clale o ool 25

buogio « Vo d>jo- oy - A - AV Juasy Jlw - ) Lg)u—a»ﬁd),T))fC)UI,m—dam,:.:o”)y,;,\"- d> o - (0L, - AV - ¥ Juass Jlw -l .



35S BT JLls

C,a..w‘ j"‘j" ....... D2 eeeeens J:..:.LMS‘ JJ\.GL’CJLQ.AJ._{ m.wti )in.ﬂﬁl.ms‘ She -Ar
J‘:MS\L:c.aj)lstgsgle(\’ QLAJJSLSJQﬁchJS(\
Al O304 <02 S (¥ L5l 5 55 0 855 (7

Sl ol &oke KMNOg s 586 (iles)sue ol g Gl Vs S
KMnOy = (+V) + Mn+ ¥(-v)=+ = Mn=+v
3 J\.."\:J)L?.GJL..IJ)‘}A S 5 53 34 e (,.?\ owleStsue L:ao\:..l)fjl ;i_ljm).s Lol
(HYOY_:>YCr+VCW):—Y:>Cr:*V
\
Cl,0, = YCl+ v(-Y)=+ = Cl=+v
SF,=> S+s(-)=+=8S=+¢
HCN: +y+ C+ (-¥)=+ = C= +v
buvgia o Vo dlopo = grpo5 - AP = AP oass Jlo - | (5 pow - 038 (59155 Olgun - dhawgio p93 093 9 Po dlo po - by - AV - AP s Jbo -[f s
Flp 5 K Sl atalS 5 odenST slaw S 5 ol 288 = LST g 5 51 (SRS T gl -A)
Na,CO,(s) + CO,(g) + H,O() - YNaHCO.(s) ()
YLi, Oy (aq)+YCO, (g) — YLi, COx(aq) + Oy (g) (¥
(¥
COy(g)+Hy(g) »CO(g)*H,O(g) (f

C,M.»r‘o\- OM[S} sl S| U’ﬁb U'»’~‘ BE e @M CML”’ Y LS‘\“',’.J§
YLi O, +7CO, - YLi,CO, +O0,(g)
T L | T"'Y T

= ] ALY
T 1

' 3

bugio « V) d>jo- oy - 90 - ) Juasy Jw - ) Lg,w—a;&g)ﬂ))fc.vlll,m—dau,:.:of,)a},;,\‘\ d> 0 - 0Ly - Ve - ) Juassy Jlw -l

5 oo &g d\)s.sﬁw_',&zso\g Jobs 53 Y sars Js JﬁdﬂJ}YSOY Jolee 53 X (gars -AY
S b S s
.;,;J&ZSO\G Jols 372 ans (O
S o g Hy 58 ael SO S 5500 LZ 5 X 9, Y (Y

Y+ Yt Yt
ol geanSIZ 0 S X0 1Y (F

+ + )
X7 YT e 0 st w5 st o YSOg Gyl 53 X g6k (55 i) s oy ¥ (550035

Y+ b -
Y J;ASJ,@L:“S@\Q\L;L;M@;};J@&ZSOY Jsbws 3 Y & = 0l 5l Ll csl eS|
b e SeknS) Sole 4o S A
bugio « V) Ao o= op20 - Ve - ) luasd Jlo = 1 6 paw - 0345 (50915)8 SVlgas - dhanwgio 93293 9 ¥ s po - by - 1 - ) Joass Jlo - .



35S BT JLls

.C,a.mr‘HYO ‘Ok-wS\_ O}j).)\.:.ﬁ Lﬁ-:}y J}.Lw 6.)\." 603)}‘} (Y

3 g o o;l.é.L.«\HY S oke b @i s o s slad g s (v

Db ST s S8 (5 C e S G p Ol s e 4 Wad bl s (F
Db eS| il 4 K8 (8 Gt GG 0L

el Hy O 03081 = 035008 55 g Jhn (5T (503,51 3

vHYHOH'—)\‘HYOHe' &

O, +YH,Otfe — YOH x5

VHY +OY — YHY O

Al e S o sl Tl O3S = 055 0 5 s J sk RIAPRN|

buogio « V) d>jo- oy - 90 - ) Juasy Jw - ) Lg,w—a.\x.'.'ags)ﬂ))fc.vlll,m—41»»,:.:0”)»)3;3\‘\ d> 0 - 0Ly - Ve - ) Juasd Jlw -(ll

Sl oIS s 5 4 () 5 (V) gl jrals [uSTy os -AY

ol ga ki J«.swiﬂ{
O.(g) 0O.(g)
*x_<\ 8 /3'
S L]
Fe Fe
(V) J5s (V) o

+ : + -

SnY (aq)+Ye — Sn(s), FeY (aq)tye — Fe(s) (
+ _ - -
FeY (aq)tye — Fe(s), Oy(g) + YH, O()*+fe —»YOH (aq) (¥
+ : + -
Sn(s) >Sn'  (aq)tve, Zn(s)—> Zn'  (aq)ytve (v
Oy (g)+YH,O(D)+fe —YOH (aq), Oy (g)+YH,O()=¥e — YOH (aq) (¥
0 o sl e s aih p B (o8 J8) ddw Al s 2als S sl s el € S S
ol 3 Sl Do s wlie Sugby 5 OS] >
Oy (g)+YH,O()+fe — YOH (aq)

buogio « V) d>jyo- oy - 90 - ) Juasy Jw - ) Lg,w—a»ﬁd),T))fC)UI,m—41»»,:.:0”)»)3;3\‘\ d> o - 0Ly - Ve - ) Juasd Jlw -l



35S BT JLls
Sl IS ot 5L 3 g Sl s 3 ot plonil (2S5 ol ol a3 s -A0
+ - - -
PH,O(D) — O (g) TYH.O (agq)tfe (¥ YH,O()+¥e — YH,(g)+fOH (aq) ()
+ -
YH,O() - O, (g)+tHeO (ag)t¥e (¥ (v

T S - RTRHCy SAT Lo STy (o GBS 5 aul b s Lo e ol Y s S
(+) L1 {9HTO(D - Ov(g)+\‘HVO+(aq)+\‘e_} AlaST 2810
() 55 {¥H O+ fe - YH, (@ YOH (aq) | als STy
buwgio « V) dojpo- opo5- 90 - ) uass Yo - | (6 m - 225 (52915,5 OVlgas - dbawgio p95 293 9 P ) o oo - ol - 40 - ) oasi Jlo -l .
el Bl odkias ST e fgslan 3 AP

st~ CO(g) > CHLOH(g) (v L2l - NO | (aq) »NO(g) (1
as-Fe' (ag) >Fe' (aq) (¥ 22l - Cu, O (s) > YCUO(s) (v

ol 4Bl EalS  esls s I OS] No; L) ey S 5

el 4l palS 5 4 S 055,48 CO 1Y) gan S s
+
el al LS g esls s 310 Cu ™ S S s

Y+
ol 4Bl LS| s esls cows 1o SIFE tf ga S s

buwgio « ¥ ol - (oo - A -9 s Jw - ) g)w—amgnga)foﬂl,m-m,xolopa;pgl"éolq—k;\blg.;-l\‘\—‘\- ooz Jlw - 1 s b -

Y+ +
Birp S S b a Zn(s)tCu (aq) —>va (aq) * Cu(s) : uSly S:pl 4 axg L-AV

el i ZN(8) b ansie 5 05 xS O3l s 3 g1 Cu(s) Ll (O

Pl LT (55 35 (s = ($35) 3510l oty SO g s (X

yls SualS i Zn(s) 5 Saest i Cu' (aq) (¥

el 508 e 35 SUE® 51, 55 ITES (¥

St 0o S 03l s 51l OF biles el 0dd o denSTZN S ) 4z 55 LSl e el ) 4 S

(e & ) o
buwgio ¢« ¥ @l - (oo - A -9 s Jw - ) g)w—a.\&g;ﬂ;,f«b)ll,.»-@,h.og)a;pgl’ gol> - o0by- A -9 Juass Jlw- ) o fRb -




35S BT JLls
J}lmpH,BaFY L;,TJANQA_%KBJJ[J} J}.LNPH,CUCIY L;J&.;)J}lmw&fb—/\/\

D ph e f e = Ll e als (Y b e SalS - a8 s ()
S e s - b e ials (Y b e alS - b e il sl (Y

o CuY+(aq)+Ve_—> Cu(s)
SLE i, .
H,O(I) — 53t

L llea oJ\.;J..’HYO LgLAJJQ}AJ o.)\.';)'l_.;CI- Lgugﬁ LSJ"’T C,,..’L;) L 4&5) LSLAJ}.LN)J 0\9-}3

) {YCI_(aq) — sk
ERURSR + -
YH,O() — YH (aq) + O, (g)*+¥fe

+ -
&5) J}l}uﬂ (',,._9&5]., J'?‘j"ui‘fl"" J}ﬂ;ru_a %JJJH Qﬁ 46.)\.’\ Lgc\lzw BE J}.\.:uu.a QML:..AG\S))»QLAA
:BaFY J}.LNC,JK_;J.’

_|_
Ba' (aq) —> oL
sLls oai, , -
YH,O(D)+Yye — YOH (aq) + H(g)

) {YF_(aq) — ok
6.)\." C,a..’l_;) + -
YH,O() — YH (aq)tO(g)*+fe

. {vHYoa)ﬂeA YOH (aq)*+Hy (g)

+ -
YH,O() — YH (aq)tO(g)*+fe

SH,O(1) - +(H (aq)+OH™ (ag))+ ¥H, () +0, (g) = YH,0(1) - YH, (g) + Oy (g)

- Y+
Oy 5 b o il BaFy Uyl c.JAh(HYO) D= e Jrals 5 Obey cosdS Ltz OAs G ae
o & ol (Ba(OH)y ) 5 3k S 5 (HF) Cins ael K K3 BaFy) e 3l i S, BaFy

b Gl 55 Jske pH 5 131 OH oy il
bugio ¢ ¥ ol - o0 - A -9 Juass Jlw - ) g)m—a.\&g;ﬂ;,f&)ll,.»-@,b.og)o;pgl’ - ol - A - e Je- )




35S BT JLls

s S Ced ML e 36 G OIS 6l s S e S b S s JSe e s LAY
M il

--’ﬁdﬂwﬁj-”‘ofoj}ﬁouj IS L PRPRN S xSﬁw&;g(\
+ -
S ol M (aq)+YE o M(s) 2Ty 15 s (¥
o Ml T (Y
c ol en Jslme ooy S (¥
w‘(MAﬁ)oMJJ’Sj))lﬁJ‘(;ﬁJ}f.{H J}'LNW‘CW c*'l'.’.\ctsg\“:’.ﬁ

bugio ¢ ¥ ol - o0 - A -9 Juass Jlw - ) d)w—b»ﬁg;;T;)foﬂl,m-%,xofpo»AgY - ol - A - Juass J - | gl -

Sl oS 438 oS 5o N 2lstsus -

N, O, (¥ No'Y (v HNO,. (v N, O (1

NGO e C..ql_i\” S S
Vo gaosS D YXTY(-Y)= 0 = YX=A = X= 1Y
Y gag S XY (V)= = x=+0
Yo gaesS i XHY(-Y)=E-) = x=Hy
¥ ey S YXTO(-Y)= = Xx="10
buogio « Vo d>jyo- oy - 90 - ) Juasy Jw - ) Lg)u—a»‘:ad),T;)fcaUI,m—m,:.f,gon,l- d> 0= 0Ly - Ve - ) Juasy Jlw -[ll

V) P S 3l BT (les 53 5 leeetis S e 3550 3 sl pluS -4
Fe Fe -3;55» S pmlaST sl (A) d}l"“rf 03 (\
| | l ybe 0333 (B) dhns ool gais 055 1 (Y
U Fesofu uF‘eSDT_U sl YOV Jl Ll (Y
'“T::'LA‘ \m;]:":“i‘ Lgsr (B) oo a4 (A) 5105 2SI S 5 e s (¥
QM.GLJ}'LMMJANw\u;ﬂa.lﬁif)\uinfﬁ‘J}Lw&{cﬁ)pw‘@wcwliréo\ﬁﬁ
@ : Jsbwas 5 5,8 0 Sope SleS| Jas 01 53 &5 o3y &I (A) 508

4 (W) A Sl ol e s os Sl s ies Ll LS (B)

& ﬁ = ol (55) B Ca

Y+ -
Fe aq) + ye = Fe(s
L Feso,® < Feso, Ll @) ~ ,+< :
«/AmolL.L" \mol.L- Y [Fe ] S /e0A o/
(A) (B) EJJJM:_ 0 L0g|: Y+:|J - - Y LOgT:+~/~YQOV
Fe .

T

bugio ¢ | golz - o0 - A -9 Juass Jlw - ) g)w—b»ﬁg;;T;)foﬂl,m-%,xofpo»Ag| - ool - A - Juass Je - | g -




35S BT JLls

+
F -
o <e—(aq>__./wv> Sl o ol S Cblis gl 5b lus -AY

Fe(s)
Y+
. o Sn_ (aq)_ ) )
o & (\’ E <Sn—(s)—-'/\\"v Cl_e(\
Y+ Y+
Zn'" (aq) ) (Cu (aq) )
E° <——-~ Vs Eo\ ————=+/¥¢
oAl 3l 5SS B s s el Slasls 5l b ol g8 bl gl ol e feb ¥ oS
..)\:’)‘J
bhuwgio ¢« | @l - (oo - A -9 s Jw - ) 6).»»-bﬁé}’T))fO”',m'%,hf’)b},}" gol> - p0by- A -9 Juass - )
@ Sl oy e oS skel 3 g pa 31 5 lie S @ a5 L =AY
\o/ —Sn 358 Sl (S5, s &5 5 ()

|—>F c e o3 JE L e a5l askad ol (Y
c +

\ -
| ik e Sn(s) —>Sn (aQ)TYe 1o 4 gkl STy o (7

\a+ -
355 ol Sn - (aq)tYe —>Sn(S) 1o 4 Ol ials STy o (¥

Jsbow 53 0,1 sy s LS‘J'.’CB AJMJATJ.L% Lles 055 5 s p.@\ewéﬂl_;\ S S
e @B cblis allu g oud S| ol s B asl LS| ol S eas 1SS
buwgio « Vo dojpo- o5 - 90 - ) Juass Jlo - | (6 pm - 225 (50915,5 OVlgas - dbawgio p93 295 9 P+ o po - ol - 40 - ) oasi Jlo -
S e aslsl Of 4 CaCly s luae NaCl Cgs slos il bl gt s ()
ol gl B8 5 zal § T (Y
g g oS e b s IS bl (Y
.ol Nat(aq)te —>Na(l) (o) 50 4 L s oas oLl 2S5 0 (¥
S e a3l CaClly (s lais 0F 4 NaCl Cps slos (a1 &) malS | slaie a0 (a8
g o ST (LT) e S s S slal g 1Y san S

el @MNaJr(l)_{_e_ —)Na<l) :CJ)}«.& L J:«..Sb
bugio « Vo d>jyo- oy - 90 - ) Juasy Jw - ) Lg,w—a;&d)pT))fC)UI,m—dau,:.:of,)a},;,\"- d> o - 0Ly - Ve - ) Juasd Jlw -




35S BT JLls

Sl Cwys ennnnn. Lgx..i)_f}q-o\.g.s)b.atgwmjéilzﬂ}:w&é)&giﬁ—‘\a
S8 T s b e,i ()
3L a8 glad g ol b eslial 3550 o5 SII(Y
S e b e e 1 05 800 0,8 gl (F
L G b U, b s Bl Wl 2 5 g0 3ol OF (555 S350 S 55 & oomer (¥
Al B Ol ULy Bl s a bl OF (o) 38 2S5, & o Lol g ol ¥ S
e S0 O 3 S50 Y cad Jl 3 S sl 5 Glal s b LL 8l gl ealinal 55y S

J}Judaobf)lsmﬁlﬁjjf“ﬁ|u|}«9mﬁ)|ﬁa})\ J}lﬁc*ﬁ-"l-z&)ls&j)-’ "ﬁi'.')‘J';
huwgio « Ve 4.1.'>)o-ug).z£i-“\--‘\\l).,,aa.'idlw-\(5)“-a.\.&GJQTé)faalllgm-%,hf,)b;,),\“4.1:)4-@&“—‘\--‘“Gl:.aa‘idlw— .

s Sy U"J 053 Ky 390 434S el -47
3L L5 0T 55 O3St Chle & das e ) s 53 S ST ()
C,M.»r‘ Lﬁ"ﬁ 6L:L~u) ‘Lﬁ"jﬁ )\J\.A‘) gs"jjﬁ\ LSL!L\.N) c@j)b )‘J\A(Y
s e 555 pal 033 S5 f o (T
el ot ol ST (ID) ol (ol S5 (¥
() ol 8 was o OLES 5 Y(FGYOV.VHY()) Sose 4 1 YFC(OH)yp ol s oy F (S
3 e 0l al K5 L et po] LS|

buwgio « Vo dojpo- o5 - 90 - ) uans Yo - | (6 m - 225 (52915,5 OVlgas - dhagio p93 293 9 P+ o po - ol - 40 - ) oasi Jlo -l .

Sl IS o I Lo oSl mlaws 55 ol plonil (28150 (2T LSS 1 ] 3 55 -4V

#H, O (1) —O (g)T YH,.O* (ag)t¥e (¥ O
YH,O(aq) —>O, (g)+YH.O" (aq)*+Ye~ (¥ YH, O(aq) —H,.O*(aq)*OH-(aq) (v

ol 25 T 4 SIS s T Sl S g 0T IS T8 53 il s ol ¥ s
] + -
(+) «l {9HYO(1) — O, (g)+ YH.O (aq) + ¥e } LSt STy

(-) Ll {\‘HYO(I)+\‘6-—> YH, (g) + \‘OH_(aq)} SalS STy
buwgio « Vo dojpo- po5- 90 - ) uans Yo - | (6 m - 225 (52915,5 OVlgas - dbagio p93 293 9 P+ o oo - ol - 40 - ) oasi Jlo -l .



35S BT JLls

U-I\-;'Ji:;c_____ ?w‘w)bj)@j)dﬁb)}d)bQ)l.?ﬁf\.)\s—q/\
{)r{g}\/- \ el e ganks SO Ll (O
X . - Y-
=) Enfs =T A s e 23 pdy o0 g OY t¥e—> YO R u:'“"“ls U’:"‘Sbrﬁ" (Y
Fes) el ol W 5 glags sSUEX (Y

03 pd 03555 pal Sl o3l B ey bl e (50, SOT 3 s L (Y

el 05l JE L iyl gandas Gl ol el byl IS ()

ssie el YH O+ Oy + Yo = YOH o) p0n 2alS 28150 (Y

_ Y+

e S LI - WU W NV (Y-S SR E Y L5.:;-(\°
buwgio \V%»-d)qd-ﬂr-qvwdu-fLg,w-a;é‘ad),'i))fc:lll,m-%,zof9>y,>3\\”da)a-@blu-‘\r-‘i\“glz.aﬁdlw— .



35S BT JLls
ol Eo 535 el (63 s st D gt ST S el e3ls jolie 3kl L2alS (sl fudly 4 e 5 L 44
ol &yt ol
E (Ni™" (aq) / Ni(s) = -+ /10 V E (cu"™ (aq) / Cu(s)) = + /reV
E (cr™ /Crs) = - ivrv E (V7 aq)/ Vi) =-1/vv
s v /vy ‘CuH (aq) + Ni(s) > Cu(s) + NihL (aq) (O
I, /aY Cr(s)+ V' (aq) = Cr' | (aq)+ V(s) (v
o3, /90 Ni(s)+ V' (ag)— Ni' ' (aq)+ V(s) (v
30 /0% V(s)+ Cu' (aq) = V' (aq)+Cu(s) (f
sty S peaie 5l 0y 2SS 555 e plnil (635500t Doy ASTs Glos il o el B gy S
5 o osls el i B sls o8 (akSl) o805 S e el 6505 B syl oS (s285)
shot 55 & 5 E a8 oy LT B d e )3 8 508 E N Os S g a7 Sl S5 o Bl

LS s L:ao\;.ijf@.;j)dﬂcsﬁfdﬂ\) L pL

@]

+o
J...ib_‘? U'»’~|J"L"’ el J:;VS B )‘ J_{.:.r E 9 Sl ol 63l Cu “ Nl )‘ L:wj):.(.ﬂ U’:“‘Sb U’~’~‘ BE

[0}
Lo ol Sty ol Bl (o ptas

o o

s, =B - B g = /M- (- /Y0) = v /08 s

J

Y+ v+
YCr+V —>Cr +V
o] Y_'—
J\...ib_‘?u_i‘ U'»’~|J"L"’ c@‘jﬁﬁbbb )‘ NJSE Lﬁjj UV S WA oJ‘JV o\.,CI‘)\LAQJJ:.(JI U:V.Sb U’~’~‘ BE
LT Y+
¥YNi+V —Ni +V s (63 54
° +o
J\...ib_‘?u_i‘ U'»’~|J"L"’ cw\;ﬁ (".’."L’b )‘J&JE Lﬁjj Sl 0l oJ‘JV O\JNI )‘ LAQJJI.{H U:V.Sb U’~’~‘ BE

Y+ Y+
\‘)V+Cu -V + Cu s (6 505 4

@]

Y+
J...ib_‘? U'i‘ U‘»’~|J"L"’ sl J.?vsuw.ﬂ)\ V‘.’."L’bE jC,,..Mr‘ o oals Cu o\_;v)‘ LAQ}JQ.(.H U’:“‘Sb U’~’~‘ BE
(0]

[¢]

E .o,=E c-E . q=/vr-(V/m)=n/or <

buwgio « \V%»-d)qd-ﬂr-‘\\”wdbu-"Lg,w-a;é‘ad),'i))fc:lll,m-@,zof9>y,>3\\”da)a-@blu-‘\"-‘i\“gl:mﬁdlw— .



35S BT JLls

@ (zn™" (aq)/Zn(s))—-./w L) Sl s ki (5 5 s S S L

I!T[g) ‘e --:u = E:[ ,JJS aJLﬁ.’Zm‘ )yy &i s.,;.b.l.@ L’HF )\ d\‘}ddﬂ Lg.)\.,lS J\.}L.’)J (Y
] ‘_‘_f.-.-hL o R ] P C,M.»r\ C""Sj_./\/?j"b" J‘}l..NE (Y'
_." BRI J\."j)u.a SHE o\.,Zn O )\ u'.’jﬁ'-’ )\J\.ﬁ BE LAQ};.“.(.N (\c

S o S S e 4 O WS S L
SHE Zn(s)/ Zn"" (aq)

phe SSE 0L e L 28 5 s ()
St SO el S sl pH= v Wlg o 0T V50 ) clale ool cinss dd O HF 05 (Y
E? L= B0 - E? = v - (-0 /ve) =+ /vs (v ol L Y SO chlE L S o b
buwgio « H“‘b)o-u.l)qd-:\r-qvwdlw-r(5)..»-DA&GJ’T);ON’M—%,&f’)bJ,)Q‘Fd’)&'@blﬁ}'qr'qrwdh- .
J}l__ﬂonw|J3L§}§L§oJ;w5\ ....... jjéjééomg ....... 45@3&)3&\‘935;040.)\,103‘36&]30o\_.,o\p.-)_?l_g—\'\
W NG PR 2ol = SIS s lnkd pland s S
Y+ Y+
e (g™ (aq) / Ha) = ++ /a0 <35 B2 (O™ @D/ co(s) = - /xa s
Y+ Y+
E° (Mg (aq) / Mg(s) = -Y/YA d}) E° (Fe (aq) / Fe(s)) = - /vf s
Y+ Y+
+/yv¢#-Hg - Mg (v «/vy-Hg - Mg (
Y+ Y+
+/v#-Hg - Hg (f «/vy-Hg - Hg (v
ol E° RS Gl &S G Sx S8 Gokass S L S gs8 (godals Lol G C..«Li Y g4 S
Ao Sl S S s S8 ek S0 Sl pa S8 sednS| Lol (S8 gedals ME
; Y+
E° IS 0 (ol - cIS) slilial olewss S Jbe 3 vl 56 oS HE ol E°
.;;w\)xlsu';z_;&bﬁuw‘;)bé;vs

hugio « 1F %»-dﬂ-ﬂr-qvwdu-\'(5)“-a.\.é‘ag_s),T))fC)m,m-@,zof,Aajgég\F%ﬂ-@blij-‘\"-“\“glzmﬁdlw— .



35S BT JLls

ol o3l a8 laS =10 Y
Pl Y ) S 5 55 S GleSTae o 508 ()
S o ST 0T s glaw S 51 s xSl e ST L oS el (glosle o ST (Y
23580 35T 0 S rals (ST 5s (Y

“_‘i._-_ .\” _3},\;,6‘ J\)‘ iji.i.” cu:..iL.MS‘ U’:"Sbf’f B
vy H Xv H 28 Rl
1L

el T Y ST el s s S U1 s o S ) kS
esle QT )‘ ij“.i.” u.:_ejf L’ ‘) )lS U'i‘ 9 ijgu.a Ji'.'." (_SOJLA J';..{L.MS‘ (. S ol 6‘03& slS|Y LS‘\“',’.J§
o LS 3 SRSy gl S L il s S S Ly LS] e Ll e ST SO s Y a8

.MJJA X3 QLA)VJA) 03 ¢
bugio « V) d>jo- oy - W - F Juasy Jlw - ) (5)“-a.\.&GJQTé)faaﬂlgm-%,hf,)b;,),\'\ d> o - 0L, - WV - F Juasy Jlw -l .

- +
s G65S 5 e L . 6 Cut HY + NO_— Cu' +NOy+ H,O iy js-1ev
syls e
s alS ‘NO; S| HT (Y s alS ‘NO; wlS!  Cu ()
oS ‘NO; wals HY (¥ oS ‘NO; wals  Cu (¥

- +
Cu+ H*+ NO_— Cu' + NOy + H,0

sde O 54ls ednS| B No;~ Ll el b 2al5s) 0T leSTsie 5 o3y odkalS L okisd LS| Cu
ol 4l 2alS Of O3 25 LS
.Ia.m,:;.a‘I"\%»-d)qd-ﬂ\“-ﬂfwdh-\Lg)u-a.\.é‘ag_;),T))fC)m,m-%,hf,)b},),"‘\da)a-@blu-‘\\”-“f'glz.aa‘idlw— .

(Cu = f«\‘g.mol_\>
yors (f yyoy (v VEA (Y ove ()

Dl ole rals Jﬁljm;.w|@wé.«g\°6%§
A\

Cu (aq)+ ye— Cu(s)
ymolCu  s¥gCu
X
ymol(e) ‘YmolCu
bugio ¢ V) d> o - opo - AV - 9F Juass Jlw - ) (5)“-a.\.&GJQTé)faaﬂlgm-%,hf,)b},),\"\ d> o - 0L, - W - F Juasy Jlw -l .

fAmol (e) x = orsgCu



35S BT JLls
QC,A.M" C,a..,w)b CJ)L?.G f\.)S—MO
B0 wsb wal g3 ol () ool gl 0 Js &S 51T Sl )i Jsloes 31 0,8 M e S1()
ool ool 5l el M e
+ + o
A" S i S s s b 5 Al (ag) F e A(S) S o slr B e s (7
sl (6 5858 gkl
_ v
3,5 6K e Db 3 U5 e L AL (aQ) slao g glls s (7

(el Sy sals s NaH(s) + H, O(1) - NaOH(aq) + Hy(g) s, s (¥

m.w)dﬂ J‘.’.) 64.33@ LY e 0\5‘)‘ 64\.]JL&A u.:.‘)jb )‘ Na,Jr d}:’, LJ':";"K )L.S L’ C,M.»r‘ @M CM’L’,‘ ¥ 69\...1)§

I'l'+[4rl.r1;l—1ﬂ]|'+li,l. VS‘ 55 5 u-i’ 5 oals |y edals S s edd 1.5 H ‘Jv-lsb &i‘ 5
ey Sl oS 2l 1 skt 28 5 @l Sl HyO @ by 05500
?1\ el by e O35 0en peais as 53 S| 5 edals

v T s sy S s

Stals o, Fe>M> Ag o) ga S

n* ©

A Lol 568 sekalS A L5 8 an Ol e Wik S S B oam a Y gy S
A\ vt
S 1 (el oS AL 51 Cu Saals conls) el Cu 5l 50 Al Suslcool ¥ g S

) v+ #
bugio « V) d>jo- oo - W - F Juasy Jlw - ) (S)Jw'DA&G},T);Q”I’M'w’hf,)bjjéjr‘ d> o - 0L, - W - F Juass Jlw -l .

o 53U b cdy WYY Ll Fe- Ag Jy 56y 5 <l */VY o Mn- Fe gl 53U & S50 j5-118
Coul &Jy > Mn - Ag
V/aA (¥ VYY (¥ o (Y VY ()

o o o o o o o [0}

EJJJ_,: Eiss-Eu= EJ}J,.‘: Efe- EMn= MYV = Enn = Epe - +/vY

ZFG—Ag J}l..ﬂ)b

o o o o o o o [0}

Ey,=Eus-Eui=EyL=Eag- Epe= VYV = Epg = Epe + V/7f
2MH—Ag J}l..ﬂ)b

B - B (ag) - Ewt vy

= (EFe + \/Y\‘) - <EFe - ~/\/\‘) =/I§Fe + \/v¢ /ﬁFe + V= 1/aAV

buogio « V) d>jo- oo - W - F Juasy Jw - ) (5)..»-OA&GJ’T);OW’M-@,hf’)b}’),"“ d> o - 0L, - W - F Juasy Jlw -(ll .



35S BT JLls

(Aowa 58Y 3 X M) Somd s Sole plts il BSY 5

EM/M>EX/x)>E X /YY)

~ nt
Muﬂ)ﬁﬂéumﬁw)baw|u{;6)§M J°Mlsu1’.j36}5X(Y

[¢]

S cslire plw L T X s 586M X 3 M 5l ol SIS Jsho 53 Sl s oaly ¥ S
Y 5 8IM Y 5 M 5l Job= Jse 55 b 3head Ml Y0 X s jlilad 288 gls sl Jsd o
Cig Olg e 1 e Y 3 SN M s el S

\)Xn++ ne=— X E;

DM + ne=—M B> B <E <E
1’1Jr - \ .

\)Y + ne < Y EY‘

Z . n+ - . . F .
3 X5l ol S8 Jslo bl sest o 568 Y 5 edals o 568 X e S cpl w53 b 5l
o o o

o

Ej.=Eiss-Eu> :r-i)‘-’ b e Bl SY
B> v basl sl bt Clady 5 LTL e Cdad X L e

bugio « V) d>jo- oo - W - AF Juasy Jw - ) (5)“-a;é‘ad),Té)faalll,m-%,hf,Aajgég\'\ d> o - 0L, - WV - F Juasy Jlw -(ll

Sl Kon Slkie s 5o S 2LaS | sde S 5 S 53 -1 0A
ClO™ (¥ Cl,0, (v HCIOy. (¥ HCI (1

Al (P om) e cpl Lol o 8 gojled ol JS llSTsae o S e Ol e ol ¥ S S
el 458l by S s IS LlusTsae
Y Y gan S VY g S 0¥ gay S SRR

huwgio o 10 Ao o - 2ol - AV - UF uass Jho - | (5 - 2345 (529155 OVlgas - dhawgio p93 2,95



35S BT JLls

QC,A.M" C,a..mr)bu CJ)L?Q r\J\S - 'q

GO o g Mg(HCOYDY » Mg lstsue b OFY 50 lstsae (O

ol O e s Fe oS 555 o LS8 S8 il 0,8 @po 32 ol 5y ST(Y
Al 508 Gl B SIOTE® &8 5 8 eslinad 636 5l il gl s 5 G S bl sl (¥

siness 3 OH g Jde 555500 s Hy 518 5 IS 58 IS ot Bl e <3155 51 (¥

sl TY ol Mg(HCOYDY » Mg OFY 50 lstsas (O

Ll i o ool (=) s OF j3 Fe as 55 e sl SIIE Jgha G5 sl 315 > 65, SI(Y

: - Y+ -
(Wg_,.b) Ll Fe— Fe  + ye Al e SuluST 5 e S
el e 5 05, el Bl ety B asl anils g 508 B7 il el b ules s 5 (Y
+ :
Na — oL
LS s +H tasS s NaCl Lle lasee <3155, 4 (¥

Y

YH,O+ ve'— YOH

: YCl (hle) — Cl, + ve

.U‘)J:
H,O — a5t

b e J':.llj-_élOH_ Op chale 5 ous s Cly 5 Hy iy o a5 5 5b0kes

buwgio « \?%»—d)qd-‘\l‘-‘\\“@#aa}db»—\‘Lg)u—a.\a'bgs)ﬂ))fc)!ll,m—@,zo”)o”;,l?da)a-@bl,u-‘\\‘-ﬂ\“gl:.aﬁdlw— .

b e sl le JT S ol sk s S godiasolis A ()
ol LT ool B (Y
a3 e OLE |y Sl 0 T C (Y

.w\@\ﬁﬁj\dpﬁvﬁjmsﬁ(f

el Ol (NavAlF9> c,ﬁjﬁ;j<Al\,Ov> Lo ST b ol S Sl s el ) g S
buwgio « \?%»-d)qd-“\l‘-‘\\“@#aﬁdb»—\‘6)»—a.\..‘i'ag_;),T))fC)m,m-@»,zofp>oJ,>3\74.1:”-@&“-‘\"-““6’.:@:6;]1.»— .




35S BT JLls
S e 3l i 1S ks esls (sls B Jltde a5 L1
E° (Ag' (aq) / Ag(s)) = + /A <Js 12 (Pb™" (aq) / Ph(s)) = -+ /vv s
re (A1 (aq) / Al(s)) = -1 /55 <Js o (sn"™ (aq) / Sn(s)) = -+ /v¥ s
e et STAE s ol o 5 (0
I e g P N L SISH LN FJ=N Joker 53 (¥
c el 045 S3U 3 e T Gan e T = 6,80 351kl bands SO sbe 5o (Y
3,5 G s OB 53 Olg s |y SnhL Sl J e (¥
oty S s 1 ool s ey ¥ (555
sl FedinST 5 5o, S 05 S 68 il 5S8R B aie a8 (0

J&Lc@\j&éﬁj\ o E° O 53,8 a1y JJTU.':.E_}‘;)IJ 6}3(’5]30 S 635,35 Jehw s (Y
Sl s

LT 28 e sl (855 awin T = 0,80 Jsbo 53 5 ol 003 2V b s LT uloands S0 Jshor G s (Y

a5l

- Y+ _
M‘J&dﬂd})bd‘j&bsn J}lﬁ«@‘éﬁ)‘}bkéd}fﬁ‘cuﬂdﬁ(\c
buwgio « \bb»—d)qd-‘\l‘-‘\\“wdbu—\‘Lg,w—a).é‘ags)ﬂ))fc)!ll,m—%,zo”)a}p,lbda)a-@blu-‘\\‘-‘i\“gl:ma‘idlw— .

Sol 5S35 g S 51 SGpldS 3 0 S ilaSTsue -)VY
Ol (¥ J bl (7 el o 3 (Y Ladle s ()
V) CH O:CH(Y () +(-Y)=+ =C=r el s el ¥ S

Y)
¥) CHyOH:CH (¥ () +(-7)+(F))=+ = C=-¥

£) CHy. CH( (+1)=+ = C=-
buwgio « Vib)a-wg).zﬁ-‘\\“-‘\\‘wdbn-\‘6).»-b.\.&g;,T)ﬁOUl,w-&w,hr;)b;gagv‘tb)o-wbly-‘\\”-‘\\‘Mdb-\' | P
3l 513 015 o1, 518 f\JSX Lqu-o\.ngAlFf Sx eSS VY
5 (f e (¥ ol (Y S (0
C,M.»-‘Jbﬂj."f Lﬁ"ﬁ s.,,.:SJ.? &)J oJMSC,,Ser Lng(,.?l J';.»,’L.MS| sl wa‘ «and C.,«Li\” LS‘\“',’.J§
Y(X)F(FM) (- )= = X=+)

il (Na) s Wl oy oo TV 1 X056 ilasTsae
hugio « A&H—wg)qd-‘\\”—‘\\‘l}ya:ddb—\‘d)w—b.\&‘s;,'h)folll,m—4};...,:0'»3)::;3;3/\wy—wbli;—ﬂ\”—ﬂfglrazsdu-\‘ o



5558 BT Juls
Sl vy goay STy 4 a5 L ojle plus -NVY
Na(s) + H_O(I) > NaOH(aq) + H_(g)
ol S50l s ekialS 5 stinS| ane ()
RCWPRUNC S PRI IR PRI
e dO+Ye = O Soge 4 O ials sty o5 (7
b e et (ESTy opl 53 oS S L8 gls jate gaen (iolaST sae (¥

G| Qj}).)\.:.ﬁ w,':.;Slj Q‘.’.\)J OMS)OM‘W@‘@M@L& \ LS““'.’.J§
(oot asly oo il
—
Nail.{+HY0=—+Na(]H+HT

u
-

(o lS) el o LS
huwgio « |- b»'d}?ﬁ'ﬂ‘ﬂ'q\cwdu'r(5)*»'bﬂd)’T))fO”l’M'@’hf’)b},)’" d> o - 0L, - W - F Juass Jlw -(f .
GOV U oSt sde Ol uas (gamls ol i, Covenenes o=l ST sde Ol uas (ganls -VV0
el ol =3 S5 (¥ 05 e B (YOSt lemr - (Y 055008 =53 =051 ()

(VDY) am s Y O5soae gl s (YY) s ¥ 05nST eS| sie Sl s gl (O
sl am o ¥ O5ST gl s S(-Y—>10) ax oA Gaes LollSTsde Ol s (gasls (¥
-C,a.mr‘ (‘\_)') a4 &Sﬂﬁ.})ﬁ}lﬁ LS‘)"}(._)_F\) 4> 4> &_{J“ OJ.E_.’ ‘J.:,..’.LMS\ Sde Q‘ﬁ&? 60\...,4‘3 (Y'
.C,A...A('—)‘H) o K V?"”L:'i Lgb_gj(-\'—)"’?) a5 A .sjf_}f o= lSTsde Ol oas (ganls (\°
bugio « |+ Ao o= 02 - A - AF luasd Yl - P (6 paw - 0345 (50913)8 OVlgas - dhawgio p93 293 9 |+ > po - by - W - AF uass Jlw - ([ .
ol Kae fulS| sae RAeS shls s =l s S 5l sl ax 3 =)V 8
+ -
ICI, , HCIO_, €1 O, ClO_, HCI

V(¥ Y (Y v (Y f (O
+
ﬁ|ﬁIC1Y s HCL 55 Js olistsae ool (5)) 054 jlus) sus RS e s @Lﬁ Yo gas S

w0 ) Y (5 HCIO, ,C1LO 4010; 35 5 -

huwgio « |- b»'d}?ﬁ'ﬂv—ﬂrwdu'r6)»'0).&6)"‘"))?&)”"“'@’hf’)b)’)," d> o - 0L, - W - F Juasy Jlw -(f .



35S BT JLls

B (V] oSl o 5 o3y pdeldl RS1 el g dpdr a4 g LMY
: ?.s).sb(EoJ#) R e
AT f+ v N N
Sn [agq]l+ ye == Sn  [aq] Ag (aq) + Sn\‘ (@) = ..
¥ .
o/A Ag+[aq]+ e = Agls] Sn +(aq) + YCI (aq) > ... (¥
= + Y+
- \¥ Ag (aq)+Sn  (aq)—>... (v

sn' l[aq]+ Ye == Sn[s] Cly(g) + Sn(s) —> ... (¢

V/ys Cly[g] +ve == ¥CI [aq]

Ld.i‘ \) MSJ'LEJMMJJ’L..Sb jb;ﬁ‘ﬁ)b}ﬂlw rbu‘ ((\))69\;&)§)J J}D-}AJ:«..SUM‘@MC»’Q\C ‘\“1’.J§
aay S nle oo

+ + +

YAg (aq)+ Sn' ' (aq) —> YAE(s)+ SN’ E° = A« A0 = +/50>
+ -

Cly(g)+ Sn(s)—> Sn' (aq)+ YCI (aq) , E° = /¥ - (-+/11) = 1/ > »

bugio « Ve d>jo- 0Ly - AF -0 Juaxy Jlw - | G)m-a)&g;,T)ﬁQUl,u-@,hf,)b;,),\"- > o - 225 - F - 0 Juasy Jlw -[ll .

QC,A.M" C,a..mr)JL! CJ)L?.G r\J\S —\\/\
Al Y pl sl 5 ol gbog ss N Sl lestsae ol ()
.w\ousigwyoﬁL{oiéxﬁ.uL;uoj,:ijlg;@)wj%,m,:sw‘SiClv el (¥
el Cte ol gen S 5 s sl LSt e (Y

sl QLS ST 5 S8 5 w5l 5 5 S8 35S st sae (¥

NOV:X- =-)\ =>X=710

N =A Aol HO) g4 S
NH\‘ =SXT¥f=+) =Xx=-¥

& s T b OF 3 sl slass Sl Hlad o ms ) Sltla woax 5 L1 gau S

:Cl- §i-Cl: |:0- §-0: Sl o VY ol LS Sl s O s U sle0 s Sl Ll

Cl: 10 SalaST sde Ll 05 mSI Osls s Sl a Loled bajl SOT s 410 a3

.C,a..n.»‘ C,;.;;LAOJ|}M ~.,,.:§j3 L LAQT

L(F) 6“‘-1)§

SF\‘ =X-f= =>X=+¥
SOY =X-f= =>X=+¥

bugio « VY d>y0- o) - F - 0 Juasy Jlw - ) Lg)u-a;é‘ad),T))fbﬂlgm-%,zofg)ajgég\Vda)a-@blu-‘\\‘-“bglz.aa‘idlw— .



35S BT JLls

QC,A.M" C,a..mr)bu CJ)L?.G r\J\S -\ \q

Y-
el 5K SO 5 SO0y 558 LSt s )

b g (ST Ly 055 28 (530 ST (V) 05525 50 oL (Y
3L e T 0F 53 655 e o1 GieleSTsae 5 CCly w1815 0 S 3 S05e e b (Y

.w\dbﬂé)‘.)\iﬁ OJ‘NA VJ‘ ‘J.:...{LMS\ JJ\.GABY J}ﬁ}a)b (Y

Y- Z . Z
J\.\.:ll.}dﬂ—i_? J‘."J‘.’ﬁ QL,.M.i.l SOV’ B SOY’ B S J;.il.wS\ dde 1)) Lgo\...USC,_..«\ @M CML”’ ¥ o\...ijs

Y-
SO\‘ = X-A=-Y= X= 1§

NyOy= vx-1v =+ = x=0 eSTV) 03550 b ST by 03555 630 Ny O 100 gy 58
CCly = X-¥=1 = x=+f A5 (IV) 05 b ,IS15 s 0 CCLg 20 sy 5S
ol s il Bl 508 0T s S0 Yeme 5 ol 655,50 51 A STABY IS5 s 1) g4y S
Y 5 SnCly +Y SOy 53 655 50 o) bS] sde il ol S (5lde O [ialeS|sde &) 50
s TY . NOy +y 1, OF,

el e olas (A 51 dslas) O Jilestsae 5 OCLy wile Llad S350 ) Ul

buogio « VO d>jo- o) - F - 0 Juasy Jw - ) Lg)u-a;é‘ad),T))fbﬂlgm-4.5‘»,10?9)5}333\'0 d> o - (0L, - F - 0 Juaxs Jlw -l

X(s) lﬁ a5 ooy alie S onl 5 ol JE al 035 S5 s Jhals STy o (Y
Fe(s) {'j .2l Oy (g) + YH,O(D) + te — YOH (aq) PP
STP Lyl,s 55 05mS) 58 2 0/F 05 S oo O Jlasl Jlis 5 (Y

RSP

ol ol ) S S X sl (655,53 Ll (¥
X 5 pSas ool BY ol sl (LSt sl s LS00 S1JE Johr 3 vl s el ¥ a8
el g5 g a JalS (RS ke SekalS pal slagdl 5 es s

Oy + YH,O + ¢ — YOH
ymolOy  YY/¥LO,
'molO,

? LO, = ymole x = o/s LOy
fmole

bugio « VO d>jo- o) - F -0 Juasy Jw - ) Lg)u-a.\.é‘ag_;),T))fC)m,m-4.5‘»,10?9)5}333\'0 d> 0 - 0L, - F - 0 Juaxy Jlw -l



35S BT JLls

u.:..{hls “S‘ﬁv-*-’ EO[V] ew‘iﬁw_)j_l._’ Q)L.G r‘.)s ) J}J}-Md}_—k}sb—\r\
Y+ - el 0dalS Lale o 568 C s oSt Ll p S D ()

AT b ve = A | - - +J“ RASSE Yi bl iss Do (

B + v =B |-/ B s o b5 oD st bsIA 0y il w W5 C (Y

v _ _\/v ) .J}Jro.)\.:.ﬁls

C +yve =C VAV ol esls 1y B i A 0Ty S A LX Sl ol L W5 S1(Y

CoD by oop AT YCT YA 470 s 0 A-C dule eit ajlye cdoles (F
el dal g 15U o S A
Qiom%\yémww\ﬁgwu\)msu';s;Ajxiu;z;C‘A-CJ;M)J.wuewéwgf@;
Dl el ole
A" S A
ey S ol s, (C- D) ga o s dal adiaSt o Ss8 5 0dialS 0 F658 o S (n b e 52
Dload Gole Saals 5 Sasl ool el 5 i) gas S
Sas o, s s:C>A>B>D
Sestessess D BT >AT >
O e SALRUTYE RTPUNSI s ST Ve prite
ol 1y Wl 28 X 5 wls 8 A &S ol s EOG L= B pis- BP0 w0 el 4 s L) S

Vav = (/%) - E°y = E° = /¥ - /av= -y o,

bugio « VO d>jo- o) - F -0 Juasy Jw - ) (5)«0-a)&d;,T);Q”l’m-%,hf’)b}’)jra d> o - (0L, - F - 0 Juaxy Jlw -(l

S0T 3,8 513 Coshy 5 a5 ,me 3 ol S (gosb oo sl 32 (e s @&TC@J{;\-M

el O 5 S g sy o5 558 e sl 25,0 Ul ()
Oy (g)+TH O() e > YOH (aq) & 4 0T [1laST 2815 0 4 358 o bl SIS Ik S (Y
ol
L35 g8 03 9> OAT = o bl s pd g8 Cbli> (g5, bu g LIS e U.:J Adw U"J 5 (7
Y+ -
cwlSn(s) —> Sn (aq) + YC om0 ylS] S o s 3 (¥
GSlaes s> A 3 piiee sbml SIS Jske ie el 5 e s ol e ol ToausS
cb)}ﬁ- 39 0\3.9[.1 J:...’.LMS‘ UJJ GL;J} L C,....»r‘ u.:.mlS J:.Sbvf ¢ OY(g> + YHYO(I) + Ye-—) \‘OH_<aq)

J}.Jru.a
buogio « V) d>j0- 0L, - AF -0 Juaxy Jlw - | (5)»:—a;&g;,T)ﬁQUI,M—@,hf,)»;,),"’l > o - 225 - F - 0 Juass Jlw -l .



35S BT JLls

Sl Sy SIS 5 25 xS glad s (go,ls 4w S el 1YY
.w\dé.;,ax.,,.la_%x,lsj:]m);(\
S o Doy SleS] fes ke (b T o3 b 53 5 0 (v
el e 5 e S BT (5 ks SIS 5 s S sl sk s (T
S e S e LB e b e 5 SIS 5 a5 SOl e sl 55 0508 (Y

Cte 5 e b g 4 B SIS 5 s S gladle 5o 100 g S Lol s el ¥ oS
(o) v p3b) Al s
3 5 e a8l 1y S e 53 6 5,8 e Do Lo RLST es sk 3 e 0 1) sy S
(ol i p3b) sl e e Cad T SIS Il
A5 (AG< ) o @ s Dopo 0 Sl o 4 1o S GIE sladshe 50 109 a8
(ol e s30) 23,8 o ol (AG > 0) (o3 a0
5 e s LS s S glad ke 55 5 AiS e S i LS Ca 4 OIS Jgkes 55 a 53 10D gau S
Al e oo a3 LS SIS lad e o

buwgio « V) dojo- bl - AF - 0 Juass Jlo - | (6 m - 225 (52915,5 OVlgus - dbawgio p93 293 9 P ) o oo - 225 - AF - 90 oasi Jlo -l .

Cdits s 5 Sockd o)Ll (glas IS 515 50 i ) YY
Sl KT gl sl
S S b il gl e g4
s JUast glad (gl to sl IS (g3 s
dbe Lol b s ConS o Piedy S
Lasoa ot ealinal 5550 B 0L W5 sl s g6 SIS ol
o (¥ ¥ (Y v (Y Y ()

23 e o3lital s Sl (T clde 315e 5 Lad gloes (4 25 g C3ISE el s Gl ) a8
2 gdge ol U s, 5 5 S Gla b il gl e gladd s
gl e el U8 Cbli- e Janl slad s 5l 6,8 il 6l
(ol L 5 s I Odre Ko LS 31) il Il 55 Gl lan T Dl e S
03 g g oalinl Lag s 2t (geslinad 5550 G 0L W5 Gl w0 g5 SIS lad sl
busgio « V) dlo o= ol - UF - 90 dawasss Jho = 1 (S5m0 = 83 (529135 S Vlgus - dhrasgio p93 593 9 P dl po = (o225 - AF - 90 Jwaazes Jbo -[fl s,



455eS BT Juls
S o g 513 b 3 IS e Jskeee BT 1 Sl e B s 3 ()
el OLSG O T 5 1S s iS50 53 35m 5e Slals L oS onl S Jsher G s Ik (Y
C,M.»:\ V-"’M J\.:S}: LS‘J” WLA )L:..M.’ o‘)NaCI gﬁ'»’«LAJg LS‘\',’.J?J (Y'
s e alS ) Csd gles CaClY 03533 9 550 o0 93 AN C gles s uAbNaCl (¥

sk &5l Jgho (Y oS o a5 Jsbr 5o Olde IS s S sl e G Cas o O

- _ _ + _

O plonil 3 e sl (Vo o5 5 CLooy 0 il s s Na 0y 01 B s &8 el 25 S0
buwgio « V) dojpo- 26l - AF - 0 Juass Jlo - | (6 m - 225 (52915,5 OVlgus - dhragio p93 293 9 P ) o oo - 225 - AF - 90 oasi Jlo - [l .

)‘J:‘i ‘_;:-35};:-{” J}«Lﬂ JJ\S L ‘) LSJ’L" 64\&2_3 9 C,».M.A s.,».lﬂ_; L ‘) OJ,E..’ QOJE_.’ L’ 6)1\.‘3 64\&2_3 &'.’. LS)L{JT L (\

.Mbda

el Ol s 58 5 Sl S 058 Csd wbge db dnl s e 5 A (Y

el e Sy 93 O3l e s 5 5 o 0L e ST (Y

e g ke 515 W5 COy 58 T s e il b s e T 5 55 (¥

ol GV e s SSI 65 5 ool e G pae e 4 Jla J;.lb_é.g;ﬁdc.:w cwl.i\’ <o S
buogio « V) d>jo- 0L, - AF -0 Juaxy Jlw - | 6,~—aA&L;;,T))fQUI,M—@,hf,)b;,),"’l > o - 225 - F - 0 Juassd Jlw -[ll

QC,A.M" C,a..mr)bl.! LS)&"T J)}A DL 0\...1; r‘J\S—\YV
i 6ol LWl el (5 K Jles 5l e s S i (Y
el b e a8 4y oze b 1 (IS sl 53 05,801 0L g (T

el s S glad sk azws 31 (WO U les (¥

.J})da
bugio « V) d>jo- 0L, - AF -0 Juaxy Jlw - | 6,~—aA&L;;,T))fQUI,M—@,hf,)b;,),"’l > o - 225 - F - 0 Juass Jlw -[ll .



35S BT JLls

0y(g) oS el Al (Soy e dnl b abge & 55 S8 4 ar s L-IYA
l L) {u) QC,A.M" C,MAJJ &:J)L?.G
_ . \Rs
(¢) b e Fe O . xH O s Fe  (aq) cs54c¢5a()
S e 3L O3St Sl S T oKL s el SO (Y
J}.Jru.a

il YH O(D) + Ye — YOH (aq) + Hy(g) &m0 4 0 55 sul8 Sl (¥
330 kST FE(OH)(8) & ool jsloms 55 5 05T (stlaney 4 S <l FE(OH) (8) oleab (¥

- Tz Y+ Z
Jses OH (aq) glad s L ot K5 il oL L3 S FEo () ol cool s 2l ¥ au S
39 Q}:....S‘ Lgo\.l?w) “ ﬁ" s.,.:SJJ U'i\ J\....Su.a — ) FG(OH>Y<S) Q)}w o9 ob‘b U’:"‘SU LgJJlS ol.<.il._’: L o
J},\;rda Ji‘)"‘: FG(OH)V g_)}.w) “ “_JT Q)jL?:A DL

YFe(OH)y (s) + O (g) + YH,O(l) - YFe(OH)y(s)
aey S ple ooy

Y+ +

Fe (aq) « FeY (aq) 0y a: gau S
s e LS5 XS oL s el SO5 ) e S
AL e \‘H\,O(l) T Oy (g) + fe — \‘OH_(aq) Oy o 4 GBS SRS 0 1) xS

bugio « V) d>jyo- 0Ly - AF -0 Juaxy Jlw - | 6,~—aA&L;;,T))fQUI,M—@,hf,)b;,),"’l > o - 225 - F - 0 Juassy Jlw -l .



35S BT JLls
Y- -
SO (¢ NO (r SOCl, (v COy (1

O0=C=0 => i€ isf
) { 5 i e } V= osls

COy=x—-F=om x=+F

P -
”/ | \;(5_'- = S € cas o
Y) «Cl: V= ol

= (i e-;,.és_—f

N, L = s
) 9 o” \g. V= o

hI\’U; =S X—-fFf=—\=2x=+b

Y- 1
:T:
O—S—0 = u € can ,
) 417 = s € ==t Y=ok
M S

SO S x-A=-Y=>x=+48 |
bugio « VF d>jo- o) - F - 0 Juasy Jlw - ) Lg,w—a;&g)ﬂ))fc.vlll,m—41»»,:.:0”)»}3;3\‘\‘41:)‘-@blu-‘\\‘-‘ibglz.aa'idlw— .



35S BT JLls

ol Cnys Cllas fUS wdd osls gla LS Ty0 E® jluis 4 a5 L-AY

Las (ST s e LSS J L e o llwl sl s s ()

B o™ (aq)/Cr(s)] = eV & IS e sl - UJ/S JIUEEY Ao (

-+ 313 s S = xS dbe 51 g 508 B i - e el J sk (Y

Eo [Mn"" (aq)/Mn(s)] = -viav - _ R
..3)\.3 \) Y MOJ|N}&AGJ{LM Lgl.ﬁg_j}l.wm;w;d‘}ns J}.L.NJ?{...J)J (Y'
Pl s S = ) Jsb b e JAW BT 5 (Y

:V.:LSL;ANB.'JEO Jed> \.)\.:.3‘.@|@Méwl.;\c o\...ijf

Ee (Mg (aq)/Mg(s)] = -viav

MghL (aq) +ve === Mg(s) ° = -Y/¥A
Mn'" @D <= Mn(s) ° = )/\A
& A R T T

Y+ Y+ .
SekS| Mg 09 c.bhbu.a_; U’:"‘S‘ﬁ Mg Lgu&.«.: J}l’uﬂ @ pJS J.l.‘% cJ}J&- é«lﬂ QR Lgo\.wS

SUICRPRVA RGR VTN RVSP ) Dub{| STt

By =EMn " - EMg" T = VA= (<YrR) =
Mn Mg

] (EOJ}W: - NVY - (A) = ~/\‘\‘> «NJS—}'K;A» Js E°
V.iﬁ.;ﬂj J\..Su.a JA.GJJLS Q‘}.‘.G 4\.30)‘}4.&} als ‘) EO U'»’JJU:"T’ NJS 4.3}9.-‘5“1 (_Su()‘}lﬁﬂm) Q—:—.’:W” (54-&-:)§
.J;SdaJA.aJ\.}Tob;.co\.ge)Um

- . N o - . . . =z
.Ia..;,:;.a‘waﬁ—d)qd-ﬂf-‘\bwdbu—lLg,w—a).é‘ags)ﬂ))fc.v!ll,m—41»»,:.:0”)»)3;3\‘\‘41:)‘-u‘bl,[;-‘\\‘-‘ib(,l...a:u" 5 Jw -l .



35S BT JLls

ke 5 kb S M IS5 g s Lo

Hrt-_u_; ~ +/“ - <+ 0O,(2) Sl
L‘* Jﬁé\}ml{gTQlﬂﬁiBJﬂ);jgbﬁiA(\
—»

ol ol il Sl (Hy) cope s (Y
D3 h S e SOV

LB
8

+

~ + )
ot i N ¢ Oy(g)+ fH (aq) + Ye — YH,O(l)
S & ot = @ HyO{g)—» L . _
i [ 2 358 L 6 O3k 38 Jske ol s (f
A 55 5llls .ﬁy@j&jﬁ\j&}‘jﬁjo.kﬁo@ﬁc.ﬁls
) SorS Aol slis

el e oS i gau S
2oyl sl g uTC,,_eLiBJ., 23 o\.gHY S g W 5 1Y g S

YH,O() — YH,(g) + O((g2)
S 5 W e ()
+ - - Z
(H\,(g) — YH (aq) + ve ) ol il bl ST S BT d nl 5t ey S
emf=E° .-

(e e 28 ) Oy (g) + \‘H+(aq) +f¢ — YHYO(I) Lokl J'z;Sbm;)

S o 5 0S5 05 s edd edg KT 3 358 L 63505 05k S gl 53 1P gy S
bugio « VF d>j0- o) - F - 0 Juasy Jlw - ) Lg,w—a;&g)ﬂ))fc.vlll,m—41»»,:.:0”)»}3;3\‘\‘41:)‘-@blu-‘\\‘-‘ibglz.aa'idlw— 3

o S e Laotins STy (6550 mlaw 5 3 5d 00 M5 e Sl b s 5 pre T bglse (2ST5 55 VY'Y
c el Laes 515 (51
Fowl - O3S (Y AV = O3S (Y Aol - Ok (¥ AV = 03554 (O
Sr oS5 S Oikes S5l U s s el byl 5S1s 53 o) memo mul VoS
31 AVL deetins SSTs (@55 o 0T 53 5 00 (AH < 4) 03l S 2815 ol 55 e 5k (NaAT(OH)y)

.C,;..Mr‘ LAOJ)}‘J.‘.B 6JJJ‘ Ck.w
bugio « 4 dl> o= @a3jlgs - AV-AA luass Jlo - P (5 a0 - 335 (50915 )8 SVlgas - dhanwgio p9 5,93



558 BT JUls
Sl S D J.,<.~I: LS)K Q}:...«S‘ J}Q}A}é}) LSLAV:’“ QL:.A U’:"‘Sb Lgo)l..s)b J’.’.) s.,,JUa.A )\ &fl.ﬁ—\ﬁ“
Jﬁdﬂﬂjbtﬂdkws‘j6})@@()})’&”()%}3403)}‘}J‘}AJA‘}?(.:J&')|9\J(\
- Y- )
2l Oy (8) T Y6 = YO (8) oipw a0l js rals 2siyas (Y
&ﬂdaﬂ&oMSjow‘J@)Jw‘;MQ}:.MS‘J‘}Q}AJLSJJVJ‘(V
Lles S cule, ) pboiia godels OF 0l 5 0458 &S ol S oS 5 SO STy opl gensl 0 (¥
- Y-

ol Oy (g) T Yo — YO (s) Q)}@o\_g&:.:alsui;ﬁjmj(\’
&ﬂ&;ﬁ&o&‘jo“gﬁjbw‘;MQ}:.MS‘J‘}Q}AJLSJJVJ‘(V

e ] ] o
Ar[Yd om0 0T S S (bl 15 a8 s coley | @uwémg(Zn >6j)o,g5(f

IR @Mﬁjg@.‘npﬁesﬁ
huwgio o 1) Ao - e23jl93 - AV-9A Juass Jlo - V¥ (gm0 - 225 (50913, OVlgus - dhanwgio pgs )93

fol Cnyol 5 sl sle S &ifus -\Yf
sl s 3 FedalS g, 56 (0
cdas s STy 05enST L S 5 S dile e sl (Y
A e eslaad b Se 05 S el gl V_i}::.a&:;'-y)'\ w8 s (Y
e SRS S5 01 sd o ke 458 S (S L oS s pleacd (2S5 50 s (F

J}ﬂ}daobwﬂw‘)f@ﬂd‘}aﬁﬂ\;ﬁﬁmw“}y)\ w&.@é‘f Mﬁ)bw‘cwcwlir ‘\“1’.)§

huwgio o 1) Ao - e23jl93 - AV-9A Juans Jlo - ¥ (6 pu - 225 (50913 ,5 OVlgus - dhanwgio pg> )93
°C) Sde 3l o Slebies gles| b olewd alis| 36 oU| & p 0315 L3 Sl pleesls o3 Jsd 1Y
[t el J S e S £
0 Feo T (D) e Jsbe 05 58 laass
-
\ < s e Ol YOO gl s Sl
0, Au Wo | ai 5l 5 ke S8l slabes 5l Kplas
Y. °C Lol Lol 3l sluss a= 03 4
Oy Zn S0 e
LI
O¢ Cu s Y Oy (¥ Y0, (O
V Oy (Y VO (F

MJ}.L}M}&}))U‘}ALJ J'L..Sbla}lm (_SLAJ‘\?L:.:..’)J} w‘;uﬁ\'ﬁ;ﬁb LgLAJ.L‘? )‘ 6}) LgﬁJ_iJ:.SUO
e Gl b bl LSl 5 i e (1)
bl 5 45 ad 6t g (ID) oo Jgloms UOB 5 e ozl 51 plaS pa Jals (2815 b s (sles @
J}.J:u.a_’ rL>u‘ d@j‘jﬁa&‘ﬁ)b‘y M‘jp-\d'oc
huwgio o 1) Ao o - e23jl93 - AV-9A Juans Jlo - P (6 pu - 225 (50913, OVlgus - dhanwgio 9> )93



35S BT JLls

Cans o 5o 5 3050 5l s 13 Sl g (D) e Jsloms 55 15 55 o i 51 glars S
(Zn: $0,S=ry,0=s, Cu= 5¥: g.mol_\>
Al o Sl S s 0 e Ole e 4 (1
b e il Oley CtIS L el s1se 0 (o
c el Al Il s Bk 53 e (Res bl o 2 (0
Db JSES gas gS gl p e B STl S 5l e (&
f (Y v (Y Y (Y Y ()

I J'i) C)J‘j»p @J.EJJ)}A U’ﬁb Lgo.)\.\.i'u 9\;)‘}&: Lgé\ij&AC,a_w‘ @M c.»rl.i \ ‘\“1’.J§
Zn(s) + CuSOg(aq) - ZnSOy (aq) + Cu(s)

:C,a..,w)bl.! 6[.&@)[..9 B

. . Y+ )
Q‘ 6&0)3)@}&5@;(}5%%&%‘})3 wauﬁcﬁ.«lcu Qﬁjzn)lﬁu.:.’u.l.«&‘ U’:“‘Sb (\

Ll Colb
b e LS5 (FYECU(S) e Iy oS ke ((FOZZN(S) 53, Jse e 03 o 513 & (o
el 52 u_éjlé)ssﬁja(djlm)o@la}b'ufﬁ c.)\.ale-ﬂ}arﬁui.mlspcfﬁézﬁl.;ojjlé4.349.-}3[.3(;?;

b e
huwgio o 1) Ao - e23jl93 - AV-AA Juass Jlo - ¥ (6 pu - 225 (60913, OVlgus - dhanwgio pg> )93

QC,A.M" C,a..mr)JL’ «°js'.’_6j))) J)\Jub.w\ J\‘}JKJ}.L.N J)}A)J j'.’.). s.,Jua.A)'\ J‘J&? 0\9:

(Zn: 50, Ag = V1A g.mol_\>
b Jods S (5 4 et (555 sten (1
cile o ol oy S J sl 53 0,8 5 55 0SSl (o
S gder 0338 0 i g e VV/PE (sas gak SITE 0A 03,5 il 4 (o
el LIS e Cad g S glad sl GV (Jgke ol s (@
¥ (¥ v (v Y (Y V()

o le e p - s sl ¥ < S

s phe b5 (S S5k et 55151 i (IS Dk s (]

slao S chle by culS L Zn(s) t YAg+(aq) —>ZnhL (aq) + YAZ(S) (sdsles las (o
b Sl RlBl e 8 s o)

25l o8 Gard e 4 YXIV/PE (gsy gard 5ITE O0E e, bl 4 (ST sl Gilas (o
P yhs

huwgio o | gol> - @23jl93 - AV-9A luass Jlo - P (5 om0 - 338 (59T5,5 OYlguw - dhuwgio pgs 895

-\vs

-\Yv



35S BT JLls
s 5 Cdlas rus -\YA
3 58 e 8 L aled 3 1507 015 e e T O 63,55 51 6 S sk 612 (1
a3 o SES|g ks J S g 4 05emS T L 055,08 S8 (5 g sk gl Sl olaS a s (o
i DLy w b e (slm 3 ekt adedl 2 o5l JE al 5 e (Sos s anl s el gla ST (o
g el 31,8 WS 5 LT L s S e G5 AL Oy Sl aeen 3T 5 6l s il 3 (&
oo (Y o (¥ o (Y o d(
ol Ga sl s el s el ¥ <o S
23 g e 03555 Ll il o alST a8 I U e ST 5L (1
Iyl 5 dshe cnl 516505 gl 55 5 cnl g dgh by O3S = S3aodee (25 s dohe (o

J}.Jru.a ealaal C,,..>'-}.\.~ Q‘}A.G LI J}JU\ Olw
huwgio o | gol> - e23jl93 - AV-9A Juass Jlo - P (5 o - 238 (59T5,5 OYlguw - dhuwgio pgs 895

& (¥ v (v Y (Y Y ()

Tl V.:.aly Sy ge ol o (RS fl;;,\HJCIMO L,g,,.gj.?o\.,r.:.;b.?da B o\.',)'ba.w\c.:wéwl.;r <o S

- oan - +
\CryO "+ 21 +0¥H = 21, + vCr' 4+ VIO

v+t Y-
-, - - Y+
CrYOV t#I +yfH >yl +yCr +VvH, O

hugio o Ygal> - 23193 - AV-9A Juass Jlo - P (5 o0 - 238 (59155 OYlguw - dhuwgio pgs 895



35S BT JLls

rWh DS 1) 05mST = U5a50d 5 g Jsho o5 blie 2 -)F
| o gy NS S S 5y Sl LS LS s
4 e ® ' foml ol Gasiie Cowy3b O 69y 2 25 30050 )
g T- s LIS 5 w1 (5,553 Joe ()

r = 0S| 5 O30 slagss,s (Y

L ]
H, (g) = L 8 —H 0O(g) 9 e 53 03 SIS > g (Y

o bl b il ™ l Lo oF il b wolr ;Lf..b)JQ).?jﬁC,ASJa-C,.@e-(\C
O g g0l dldlea dL.'.-...ﬁ

Wle LS o 1S 0555 gekeSdsle SLiE L oS 050mST = 05550 5 s sk 3 oSl s Gl Ty S
S e S o 1S s (| Ll ) i pslS oIS sl L
huwgio o Ygal> - 23193 - AV-9A Juass Jlo - P (5 o - 038 (59155 OYlguw - dhuwgio pgs 895
ol el (2STaas (b)) sils ke (@) dls il 3 s e a5 glasl8 J gammlio OLSG [LES 5 Les 55 -1
olS 4 (d) OF 35 5 b e a3 55 edls plndl 2S1o0s 5 (€) o C3LS 5 ol cote a3 o
(C: WY, 0=y, H=1, Cl="0/0: g.mol_\> ol Gy &y 5o

b>a>d>c (¥ b>a>c>d (v a>b>d>c (v a>b>c>d (

YAl Op(s) + ¥C(s) > YAL() + ¥ CO, (g) 2(a) Jla 2l b
YNaCl(l) - yNa(l) + Cl,(g) :(b) 5s ek
H,0() >0, (g)+ H (aq) (OGRS
H,O(l) >H,(g) + OH (aq) (d) o ol e i

buwgio « Ygol> - o23jl9s - AY-UA  Juass Jlw - P (5 m - 538 (5913,5 O Ylgu - dhwwgio p9s 595
9o ¢ TRelx - o ol 9o p



35S BT JLls
Oley e b ST oas o 5l 3 ~//\m01.L_\ chle L CuSO¢ 5 Jglos 00 omL 55 1) aie T a5 S -V FY

- L YY

BE) mOl.S > U’:“‘SU C,,..Gf.»: 4.3},\:: é\jbl..,a okals 9 s lS| 4\.,‘55 O ij.“_i.” \'//\Y'?X \K) cdj..:.;bm.;
Sl <=US ol o3l u_’l.ﬂ) ;o)L’

n/nn\(\c n/\/\(\"' n/nn‘f(\‘ n/nnﬁ"(\

w‘ﬁ) Sy ol ol rbu‘ J@S‘j:\jbww‘@wcwli\c ‘\“1’.J§

Y+ YY -, _
WL‘S&LJ};«&&_@WCU Jse aw & X FHYX V0 € dsle l3l 4 08 S 4 Ol g o dolas 3l

. . Y\' Y+ . o | e
13,8 denloee s SINV/AYE X Ve sl gl 0 1, CU 5 ae e 015

YY - Y+
sx ¢/ryx Yo ¢ = YmolCu Y+
X = +/+amol Cu

YY
VWAYE X Vv e > X

’ Y+
3mi§dﬂwl>wbo\«_é,wlm}uwﬂdu.mpwa\ﬁ\ﬁCu s o
= An _ -+/+amol

-\
Y+:__:_7: ~/~~VmOl.S
R At s

o3L s oSty g o J"iiu" Cod ol SOV BT VY GV 00 V.:.ME_?)'l oSy e V‘S'.’"’u"

=)
el toamolls L el el Sl
hugio o 1V dl> o - 0235193 - AV-9A Juass Jlo - | (6 pm - 225 (50913, OVlgus - dhanwgio 9> )93



35S BT JLls

-\
(A:OQ,B:\ngOI )Qk:auv\"@MOMOL:JU—SLL.‘)\&Sﬂf‘.}\s(ﬁ)&i&@“}jb_\fr
Ye Ae \fe Ye. . pe Ye Ae  yre Ye Ae

il o\

Lpi B ae palf o Wl e A jaie wles 35w pie 5 Wb Wb (g ol ()

Al sl 4 05508 3l s O Jge Al SO s S il S oS 5SS Sy ol e (o

—t| —

el

s oSt 2 5 Sl e KI o) a0 5 xin 05 5 50 S5 g aie A (0

33 e dlS S 5 ¢ SN STy s 00 e 8 S 51 % (o

&:Jjg_fc;ﬁ\(\c g:)jg_f(r <o (Y o5l
0581 L s ol o KT 65s a5 ontin 05,8 55 o8 ol (o FE s AGE ool s 5l ¥ S
D o34l odalS J2E 05 2SI 0315 s 31 L 5 esls STy YFe + YOy —> YFe, Oy &) son

\ _ ;
o 5 b dile g obe Ll T OF s Ol 4 055 S ol S Ce Fe Oy S oS 5 sy

G e (o2alS) J:J pf WY 0580 Jge £ dals sl a0 [T ol s dias 5STy 0581 L Wl g el

:J}.\jda

fmolFe osgFe
X

yYymole ‘YmolFe

bugio « 1V dl> po - @a3jlgs - AV-0A ooz Jlo - | (50 - 335 (50913 )5 SVlgus - dhawgio p9 593

?7gFe = #mole x = Nygke



35S BT JLls

4SS s glio w38 oS 5D 5 C B A slagls bl et esls slasle 51 a leSI L -\ FY
Floul ol plasil 2o
s o STy danl SIS 55 N5 G Jsles LB A gla sl Lais (I
.(,.Ul.so\ij SO slls Jloes 5 ol 5 ed Ll V.Ul.so\i}B Loy Gl e 3 @il 5 0 L C b (o
G 40 J5doize oln 31 La0 sl oliws S8 Wbl LB s A glasls 51 eas 1S5 SIS Jsle s (o
S o oS > B Ul
B <A™ <™ ep’ AT BT ept g
e CY+<AY+<BY+ (x gt oA - pTe CV+ -
oS e Il 2alS Jeedly Jsde o 1 W3l 51 G e oSl s 1l el s el Y a5
0 13 05k YLD 5 C glasls s H 5 500t B s A glals cibs 015 o0 Jsl e
S Skals ©,u3 C sl 513D ety hls dsoes s o\;wIJC}uoﬁws‘w}.wuﬁ
b D e
S Skals &, A v s B el i S el LS| fee B dsbe o8 53 osm dher wax g L
ol 5wl A b s O CamB e Jsd 3 5 340

C\‘+

H
: _,&\‘+

BY+

SR o S -

hugio o 1V > - 023193 - AV-9A Juass Jlo - 1 (6 pm - 225 (50913, OVlgus - dhanwgio pg> )93



35S BT JLls
s cw s X 5Y o Ko waergs LY

J)JMUP-JZ:.S ....... f‘j.’STPla.i‘flu
MNAF = §50S1 - 055,54 ()

Y/XA = 05550 = 055,00 (Y

NAF = 3555008 = O5aST (Y

Y/YA = O3St = 055540 (¥

Craig s adf afals plls

Sl Giapden S Jub 2l
Sl 05081 58 X 58 5 055508 S8 Y 58 Los S oS > g 4 a5 bl s mul ¥4y S
Jse ¥ sl sl3l & YHy + Oy —> YHO 1281y 1S Wobee Gillas (353000 5005 dobee LT 4 Y 5)
3 P Oy 58 e 05580 Jgo /A Walis sl3l sl s 53 o0 S ame Oy 58 20 YY/Y e 05,5801
g sl I Y/YA L STP Ll s

bugio « 1V dl> po - @a3jlgs - AV-0A ooz Jlo - | (50 - 325 (52913)5 SVlgus - dhawgio p93 5,93

Sl w);Ug.,.lla.Af\JSJ.(.ia\.go\q-)Jl{—\ff

el 5 U 5 T S el pal 6l glas s ()
s 0Lzs YM(s) + Oy (2) + YH O (D) = YM(OH)((8) &) smes 0155 a1 ok sl IS 22815 (Y

3L (Sn) &3 6 (Zn) s, ol 5 s Wiy s M (T
el Oy (g) + YH,O(D) + Ye > YOH (aq) o) sma dl b ol 53 ials DS (¥
! > O 3L Wls 03 S L ZN Kl e Mg ol 3B 0 4 8l s el Y4y S

bugio « 1V dl> po - @a3jlgs - AV-9A ooz Jlo - | (5 om0 - 335 (50915 )5 SVlgas - dhanwgio p93 5,93



35S BT JLls
Sl s (357 o) IS ok dgn 53 25 e Sl 350 plaS -V HY
(Ag= VA, Zn= o%:g.mol_\
+
Eo(zn™ / Zn) = -vsV

re(Ag"/ Ag) =+ v
el 0, J s 4 (550 Jm 31 S Dle 53 5800 5 G555 e 3 L0 plS 08 g (A
S o S Jshuns on 53 LT G s a0 sslS clale (o
.MJ&OL&J‘)‘\/O;VJJ&@MJ‘)‘M[{MOJLZ\&J%@MQJdé_-“‘\_',l_il_;ﬁ|(a
Sy 035 B LS G e e SYNE T 0 S 0/P0 G e il (5
z A (¥ 5 ‘C(’ﬂ > g oA (¥ T O

P e T <o S
S e 53 Lo S ES i e s Sass e U3 (0,8) KIS & () LTSI o ls oS > g (A
el 0,8 4 ()
S g et e 2 52 LS clile SIS Jale s (o
as oo OLES e | Wy e d 5 IS Ll s slaabl e sSas dlasl L (7
Eg.=Egis- Egi= +1/A- (-:/v#) = op V

Pl old e o iS5 L e el (1) S 0 S il
:C,a.mr‘ J'.’.). Q)}@O\.ﬁ @\}jgd}lﬁﬂjb ol rL>u‘ Jﬁ‘ﬁ (J

oS oo dmloe |y S oS 035380 p o LT B eae e 231 L
YymolZn YmolAg VAgAg
X X =

sogZn  YmolZn  YmolAg

hugio o 1V > o - e23jl93 - AV-9A Juass Jlo - 1 (6 pm - 225 (50913, OVlgus - dhanwgio pg> )93

W/s0g7Zn x Y/\sgAg



35S BT JLls

el W5 sl da )b abge S 5 S5 4 am s L-IYA
a0l 55 oS das e Ol |y il S Jsle O IS ol (O
s e OLES 1y s (1) e b
2l o ol p e T 5 o S s e Y 5 X(Y
Cle el Jge ¥ 5laie Oy 58 Jpe ¥ 5 3w (¥

3 5d e e3linad (CaCly) WIS ods 51 AL Op s s 03551 ol 1z (F
JﬁwoJW\%ﬁMJ‘AlYOV u&bMdb)jiwlﬂLdfw‘@Mcwli\cdﬁﬁ
ey ;S b oo
J.(.f& QoA g L’ J\Abda ol \) J}l.w u.d..,a s.,,.]a_“‘a LS 9 Ce s.,,.]a_“‘a cJ\j L;:-:jﬁ;&j‘ LgLAJ}.LN B T\ :\“'.’.J§
ol Jshr ) (W) e Chab @ ) amin
S 3 1Y) 4y 58
LSl A g Lm Sy 1 g S

YAL, Op(s) + ¥C(s) = YAI() + ¥CO,(g)

bugio « 1V dl> po - @a3jlgs - AV-0A ooz Jlo - | (50 - 335 (52913)5 SVlgus - dhawgio p9 5,93

Y+ +
M 56 315 es o el 355 g o YM(s) + YA (aq)—>\'MY (aq) + YA(s) _=sSls-1¥4
s Sl el 055 58) ol Gl wu3S el il a5 Hy 58 bl Jyloe b 2515 55
+ + +
+ Y+
L5gd o fbﬁ\wlag",,.@e-)sA(S)"" YAg (aq) — A (aq) T YA(aq) * YAg(s) xS, ()
ol 1S ) Swals o8 5IM G Saals a5 (Y
Y+ Y+ Y+
aLPt LCu oS Wi e A oS (Y
L e b g sl 51 S Wl e ML (Y
Joily el 03,8 5T Hy 58 sl Jgloma b (2515 53 M3l Sl @ a2 5 Lol s ol ¥ g8
Y+
AsbZn LMg Wis oMM 058 L arg ool ae M 5 ials
ey S b oo
el io A GIA Saals oyl i ey S

el Sl ek S 0ke )3 saalS o Se s td T w58
. Y+ Y+ . Y+ Z . . . . £ Z
LM sy Pt LG o8 A 31y el e M osjlalal Lials Lk, 100 &S

. Y+
bugio « VA 4> po - @a3jlgs - AV-AA ez Jlo - | (50 - 335 (52913 )5 SVlgus - dhawgio p93 593



35S BT JLls
J}A L= 9 ol objj'_"a\ B LY e @ rjf L= 4.3}.\1 awlS rj§ Y/¢ J\j e )‘ J§‘ Zn - Ag u_,\}nf J}l.w )J-\a'
( ) 255 00 ol 05 Sl
E =+/mV, E = —~/\/5‘—V>
< (Ag+//\g> (an /Zn)
VOA - XYY (¥ es - XYY (¥ oA - APY (Y eg - MEY ()
.gL.w\JJlSAng\.}TZH J}ww|)b.w|@wéwl.;\' “*—ij§
Zn(s) — Zn' " (aq) + ve
+ -
(Ag'(aq)+ € — Ag(s) x ¥

+ +
Zn(s)+ YAg (aq) —> YAg(s)+ Zn ' (aq)
Yymol Zn VmolAg>< V' AgAg

() = e
’gAg = Y/rgZnx s0gZn * YmolZn ymolAg NrYeAe

- ymolZn Ymole -
‘? = = a/
mole = Y/¢gZn x sogZn X “molZn /+*Amole

bugio « VA 4> po - @a3jlgs - AV-AA ooz Jlo - | (5 om0 - 325 (50915 )5 SVlgus - dhanwgio p93 593

sl L woslan glad g ol lacs b s 1) Lasls
uf.s)}ﬁ- SR W g,,.:sj.? 0\...1J§ f\J\S cJ\AJu.A olis YOOC
faas o QLS awpd a ], Lasle

A>C>B (x A>B>C (1

]1”'-’ |}||F pll.f C>A>B (f C>B>A (v

G O b sl iead min (PH V) ol glabses 5 L St Sdd Lol G c.,ql_i\” <o S
Goboan ps bl Soy i g S GBS ans Olg e Fe>Zn ials 5] LI S R WY

b s C>B>A o0
bugio « VA 4> po - @a3jlgs - AV-AA ooz Jlo - | (5 om0 - 335 (50915 )5 SVlgas - dhawgio p93 5,93



35S BT JLls

(Al=Yyv,0=1s,C= yyig.mol ) Sl 3L a8 s VO

S o Jrate (5L e Cad 1) o 8 e Sl (glars i bV 5 &15_&_1_;)&%1 » ()

s plnl GRSl 3 0T e a3 5 55 e planl a5 iSO sk SO ISST a5 (Y

gm0 ol T s G bl s il s (T

i 5 COy S5 o S i AL Op o S Y/Y G me (3l uane T W5 sl Il gl 3 55 (¥

Jaze (L) e b a1y (538 G306 G See) sipd (OIST e ((OISST s e b ) S

LS s

ey 8

YAl O.(s) + ¥C(s) —> ¥CO, (g) + YAL(D)

'molAl, Oy YmolCO, ¥rgCO,
' YgAL Oy YmolALLO. ~ YmolCO,

bugio « VA 4> po - @a3jlgs - AV-AA ooz Jlo - | (5 om0 - 335 (50915 )5 SVlgus - dhawgio p93 593

2gCOy = T/t gAl, Oy = \v/rgCO,

OLiS 1) O5emST = O3 550ep (55 g Jghon 4 0l a3ls JSC5 4y am 3 -1 OF
Sl Sy 455 S s o
Sy ge b Ol GllS iz 5lkis (ol ()
sl J s ol S edas OLis b e (Y
s e las ) Jh ol KTY e (T
O sl STy 5 O3sda 38 Shlest ol L gl sty (¥
ol O als

+ - e

OY(g)+ fH (g) fe— YHY(O(I)) 25 Sl Gl U5St U i s ey 1) ag S
ol O Ol es 403 5 anl zals

el T otiaslis ¥ e (el 1Y iy S

+ _ .
C,a..,w‘ H )}& DL kas‘ u.:..ﬁls O\ 6.}5[5 J:‘“S‘j (.C,a..w)bu ((Y)) 0\...:;
bugio « VA 4> po - @a3jlgs - AV-AA ooz Jlo - | (5 om0 - 335 (50915 )5 SVlgas - dhanwgio p93 593



35S BT JLls

¢ . Yo, c
A ke LB Ll Wl o i 0 ol 00l sae VIYE XY 51 (AL Cu) J1JE Jpbe s V0¥

- -
(Cu=+2Y, Al=ryv:.mol )¢, sal= e S

o

E =-\/¢¢V , E *+~/\“\‘V>
< NN cu' /Cu

Y (¥ Y/08 (¥ /A (Y Y/¥ ()

ts,ls 0y J;Iu';z;wjﬂw,:ﬁ\jx&ﬁngﬁu.wuew@gv Y
+ +
vCu' ' (aq) + YAI(s) = ¥Cu(s)+ YAl (aq)

#¥gCu
.Y —_—
L o mol Cu x \molCuNWO?
T e ~
LT Ymol Al x TvgAl
ymol Al

huwgio o 1A d> o - e23jl93 - AV-9A Juams Jlo - | (6 pm - 225 (50913, OVlgus - dhanwgio pg> )93

Cozas ol 5 s 5l 50 plaS LA>C>B>D wjpmn a8 L Skals oji s 5 S1-100
2dipll C(s) + HCl(aq) > (2815 65 )58 B e 51 8,6 55 1) sl SIS 5508 01 81 (1
ol
NS S Ls’aob)jb_‘.a )\ j:")\‘)‘:’.l'.’. LAoMJJ’L.'.SU} Sl ﬁ.)\irbu‘ (B(S)+ ANO\~<aq)_)> J’:"‘Sb (g_)
SSly e <A(s)+ D(NOV)V@‘CI)_’) SSly o ddee les il Ohe (o
o <C (s) + D(NOV)V(aq) —>>

S 3 815 D sk e (B D) I Jl s (o
&:J'&T:J'g_.J(\c CJ-T(T“ gT:J‘\_.J(Y \_.J(\
S il Sl G 5 S S OIS e Shals CLl Co g s Lc e b)) LY
L ASC<B<D @0 i S
S 5eS B a8 Lrals feily pm 08 ObeS B i 51 Bk s 1) deud SIS sy Ol S Sle;
C(S)+HC1(aq)—) u;.S\ 5 9 ey C ;‘\J; )‘ f““:"".." Qj}).)\.:.ﬁ u.,.:«.mls J.:..M..L:.i U‘»’~|J"L"’ Sl Qj}).)\.:.éh
R PR IS
s el 5 A1 a8 5 8w Ol 5 oo 2alS Gl il 5 5w a5

B(s) + ANOy.(aq) —>
LSty o3 amd 55 5 o0 i A w8 Suals &um cplol .o C 5l ms A 68 2als sy

Sl Rl e OT w5 e
huwgio o 1A Ao - e23jl93 - AV-9A Juams Jlo - 1 (6 pm - 225 (50913, OVlgus - dhanwgio 9> )93



35S BT JLls

Sl ;oo o S el JulusTsue t;A?M(?ﬁsf;ﬁJS<ﬂ

IS A1 (Y Ll a3 (T ol Szl (Y o510

L ¥ Y LS 0o b S s sls CHRCOOH Uy b s Sl ol s oy ¥ 458
H O

e |
H-C '-C=-0-H
|4

H v
H H o
| | | - =
sy 2\
H-C —-C -H (¥ C (v H-C=C-H ()
| | N
OH OH H oOH

huwgio o 1A Ao - e23jl93 - AV-9A Juams Jlo - | (6 pm - 225 (60913, OVlgus - dhanwgio pg> )93

Mg = \“\‘g.mol_\)ﬂ?cﬁﬂl K B e
Sl o il el Szl 3 S slags] JislaS T sae s (1

O 0 Mg s 0,8V 0580 Jge iz Walo (sl 0 IS e CISG  s (o
05,503 305 (4)) JleStsae b op S s Il s (@

AN s (F Ve /N as (Y Vo /A s (Y AN Gio ()

il e Pl el Sl 3 S slags] JisleS T sae e (1

T
H—C—C—O0—H
—T{/ji (;\‘+T
MgCly — Mg + Cl,~Ymol ¢ (o

ymol Ymol ¢

Tre X \molMg: y/#mol ¢

?2mole = Ya/YgMg x

(342 A) Laop S ple leSTsae 5 adbe e ¥l s 53 de il sae Lo S gl sl (&
GIUU [ )
-, °j .

huwgio o 19 Ao - e23jl93 - AV-AA Juans Jlo - 1 (6 pm - 225 (50913, OVlgus - dhanwgio 9> )93

-\of

-\ov



35S BT JLls

(E()(Ag+/A >: +~//\V> (Ag: \u\g.mol_\)
g

: Ag (aqg)
(Y} )

el S B s A el SIAE B Skals o, ()

Sl o Sy I 0 B ks el Jesly (Y

ol i Iy Y Ul B - Ag U SIA - B 18 b (g 5505 500 55 8 (Y

s pe 03333 LIS oo w o SV e 1S 5 T o 052801 Jge ¥ sl LY sl 55 (¥

Haay 38 (st o Sl s ol Y a8

ols yole Saals col 5 Joke 55 o 3 Ag 05 L8 5 Jle 5o emf ¢l w45 L) ay S

-C,A.M!\A>B>Ag Q)}.ﬁ‘\{om

:«\‘»2\;,_1)§
E° =E° - E°i= Vyy=/A-E 4 = F 4
S = B /B B/ B=-.xtV
S el SIS VYY I, A-B Lﬁ;\jnfiji.wemfm.:.w\c,Jj-\/Wﬁuf.]EA\ur /A T w58
<(\°»2\;,_U§

+ +

B(s)+ YAg (aq) —> B' (aq) + YAg(s)

YmolAg VAg
X

ymol

LS o uj.i\J-é\ZYmole_x = Y\sgAg

ymole

hugio « 19 d> o - @a3jlgs - AV-AA ez Jlo - | (5o - 335 (50915 )5 SVlgus - dhawgio p93 593



35S BT JLls

Sl 3l w38 oIS s, K 4 a5 L -V0A
Sl sl Ol ol e Bl ()
2358 oslinad oME slse oy S5 b
by S 5l O a3 L sl s (Y
03,55 s 6 SSn alS
Sogon Aulp o cpl s hals sl (P

sl e
s Hy gy cod (i (Saals &y al s ol 5o asly jiilest 5 (¥
\J'.’.) J‘}.\;ldﬂ ob)}ﬁ- (Zn u"‘*‘i) J)\J (szjdbﬂ) 6}&2—; u_;,.mlS J.:...._.L:io\SLg)l.aw\@Mé.«Li\‘ ‘L‘:’.Jg

3,03 09 SN asls s 5l g i b
hugio « 19 d> o - @a3jlgs - AV-AA uass Jlo - | (5o - 335 (52913 )5 SVlgus - dhawgio p93 593

O=15, H= g mol ) feod cosb o8 olis -154

ol VY L’J"‘J" objjb.éj oJ\.'.AJU'L.'Sb J“}A L;S‘}A \-’-i\j*’ C‘M Jla J\...i\je L;lSu;,S\j BE (\

Y+ P
w‘uiw&éf.b])bOMJ\.’:.S}:)KMLLAch\JJ}lM./\j)JQM.LA}:)K(V

3 g sla LIS 5 T o 05 2SN e /0 (T S F/0 U 5 (I3l O30den s sk L3 (F

YAL Oy (s) ¥C(s) > YAI(D) + *COy(g)

S 0 OS L e 4 0358 1T 1 S
:«V»f.\;,_iﬁ
+ -
YH,O() — O (g) + YH (aq) + e
YCL (1) > Cly(g) + Ye #ls dske 5o gl Jusly
:«\‘»2;,_U§

+ -
YH(g) > YH (aq) + ¥e

+ -
O,(g)+YH (aq)+ Ye — YH,O(D)
'ymolH, O fmole

A0~ Ymolll,0  /omele

?mole = ¥/ogH,O x

hugio « 19 d> o - @a3jlgs - AV-AA uass Jlo - | (50 - 335 (50913 )5 SVlgus - dhawgio p93 593



JJK;S sBl JLs
LBl 5o 55 slaesbe wen ool sd W5 O Sl p S VY e o SIT G 51 Jge /Y JalS ot e 51-09)

(H=1,C=1Y,0=15g.m0l" )iy e ool s LS5 ol

el Jgo 0 55 A dSUIL GSOT cnl e e sl (O

el % L Sl s S e s (X

Pl Al OF JalS 25 s 53 0 S Slagd) (2l o S seoma (T

b S S ey el asise el kil 2 5 Hy o G L o80T el 51 e G 2815 51 (Y

(Js0 ¥) ¢85 YF Jltde (oSUT cpl 51 Jgo ) olS 5 s 5l s Slomed 58 s 42 5 b ool s ey ¥ S
ol H Ol s e o SIT 3050 Jge 3 0 ol pls el ol a5
Hy
YH, O —> C Hy, ¢ = C.H,
L1
CyHg + YO — EOY +YH,0

T ]

-¥ +\Y

aay S ple ooy

et ¥p g mol L (CLHZOHY) Jgbl oo 5 ¥rgomol 1 Cully e e m 2000, 8

yY X ¥ .
C&J,__M)_’:TX\H:%‘M HARIPRLY
H H
|
CyHe( s )+Hy 2 H-C=C-CHy 2P S

huwgio o 19 Ao - e23jl93 - AV-9A Juass Jlo - | (6 pm - 225 (50913, OVlgus - dhanwgio 9> )93



35S BT JLls
ol Cavys o sl )l 55150 515550 L =V PY
L CuCly sl Jsoms sl M o5 SO o 0 050l @S = s M- Zin 18 Jske 55 31 (T
2SS M L e 5l b s Ol e
.ol zioFe-SHE Jl. E° 51 Zn - Cu J4 E° (o
g o (0SS5 TIE > okals 655 sy | Lo 28 0« mloois SN (6 e 53 (@
Sl e s Lol S > g oS e - G SIS Uk S e sl 53 aos Sl S > e (&

el J}.L.»/ L.J'i‘ BE
¥ (¥ ¥ (¥ Y (¥ ' (0

:JJU”J‘&;“-M@M’)‘}‘:‘M-W‘@M@EY“5-iJ§
Wl (S S Ikl EalS Ll gl LT LS e oS LT s w0 (GIIE Tl 53 Lot (1
/. . . . . - . Y+ . -
28 MM s G 5 35k s Ul e LS 0551 J s
Q}Lﬂjww|ﬁ.ﬂf|f SHE E° j@‘&?&cwb}fﬁ‘Eo j&i)‘;dbﬂ X3 ij“.i.”Eo (g_)
.w‘%uﬂw‘)é‘))Eo
sz n+ -

50>y oMlSﬂ\JJSAé\SM‘ydAA + ne ZA LT ‘)L&'A‘J:MSUV.:.: c$ij§j‘6ﬂ)b(u
_ ADT

el sk ST S A
J}fﬁ‘Wd{é})b}fﬁ‘W}‘ S it S ) u."}jlfg)}l.w Q{Jﬁ)‘h)bb’n;)})ﬁg‘ C,ASFC,».@.?-(CJ
w|(w~.~]ﬂ_§)JJ[SJ\..A)eb‘y(u.bﬂs.,,.]a_;)&T&j)cg)}l.wu.i‘)buﬁ4(;ﬂ»r|uﬂm

JCED)
hugio o 19 Ao - e23jl93 - AV-AA Juans Jlo - | (6 pm - 225 (60913, OVlgus - dhanwgio 9> )93



35S BT JLls

+ + Y+
ol b b e s YC @) BT (aq) 5> BT YC (aQ) Sl 4 e Lo
Y+ Y+

CT7 51 5D LSuals b 5 ony 2t B SIAT ShSl s oSl ils U s 5 i
S5 ool rnb jsbas Wl5 oo 5 ST 51 G plaS el 2l
N ag)+ Al > €7 (aq)+ A (ag)
=) ¥D(s)+ ¥B' (aq) > YD (aq) + *B(s)
<) VCH (aq) + D‘Ur (aq) > VCH (aq) + D(s)
< (f cae(r e s 1 (¥ 0

_|_
B LB )-|,:,:b:3CY (Srals) any S o, ‘Jﬁ\ngw&w.wlewé.«gf < S

_ 0
LAJ..A..G o&ib L oA g L, U'»’~|J"L“" el J.?QMJ Q);ﬁg‘c )\D wa-r.ﬁ 9 ML’u.AA )‘ J.?oMJQ}J:g‘ ﬁ"
51 9 J\.’}.\Jr rL>u‘ J\..."):u.‘u (g_)) J(D LngJ:.SU ol 0 ) ol oals ledb u.ﬂl.w‘f LY JJLEA J}J&- BE

A+(.1q)+ e—> A(s)

}Sah'ubw-{l
T B'\"l’ +Ye = B(s)
D" (aq) + Ye 5 D(s)

huwgio o 19 Ao - e23jl93 - AV-AA Juass Jlo - 1 (6 pm - 225 (60913, OVlgus - dhanwgio 9> )93



35S BT JLls

Vs ) 5 AT Ol s e Sl e S Vg slasdad Sl S Y sl GaB S (ISKT s -1 Pf
GHB o LT 5 WS 05 S Jge VY Wslo 51 ey -l 0 sl o5 2S00 Ol g 4 Ol 3 6,8 )Y e

(Zn= 50, Ag=VeArg.mol ) Cals o Ll doss 2o
+
E°(zn"" (aq) / Zn(s) = - A5V

Eo(Ag' (aq) / Ag(s)) = ++ AV
ov/Yo (f YV (¥ SY/A (Y ya/o ()

+ Y+ +
AZ ooy bl ol 20 Oy 5 ernSI AE Oy oS 4 g bl s sl TS
G5 B0y Op onl OLd plad b e il o 530 gl (g5, 5 4Bl a8 AZ w0580 Sl
S or 05,5l
Joe VY S5l dpa ) ol oo 55 Ag' O3 s g el 0,8 00 Jgo S lols AENOy e o
Tt 830 O 1y eile BL Jge /Y 5 a8 o Sl 08 O 1y Jse ) et dsbie 05 S0l
PGB gy ekd SCES oL s

VeAg Ag:

Ymol Ag x Tmol Ag

V' Ag Ag

NS ERT T SRR R WA RTPRRSI RV

+
Zn’ (aq) + Ye > Zn(s)
ymol Zn  sog Zn

= +/Ymol ¢ x X = ¢/0g Zn
Ymol ¢ ymol Zn g
L6 wl o~ £~ 5
VoA 810 = VYD
L YVY/O

hugio o 19 Ao - e23jl93 - AV-9A Juass Jlo - | (6 pm - 225 (650913, OVlgus - dhanwgio pg> )93



35S BT JLls

Te Fe Ye A

\|

ol/: o
v

‘J

-.1".1.

4

<3S (’U‘S hd esls I8 w4 a5 L-VPO

Woos S 5l sl s ae A ae (O
.C,a..,w\ 6\0)}3 J}J}-
O 09, Jse ¥ dalse sl & (Y

v

J},JJAJ:K.:JAB ..,.35)3 J‘}A\ coMlSjoJ;wS‘ LSL&M\J;

Y+
Jy&d}fﬁ\;}y\’ﬁb@é\ﬂpA‘f’B—)A

13 518 Glesss Jad= VY o 8 s sz cpl il oY Gl S A Slsle w5 L

. + "
wAArrd vs =0 AT Arrd]

s eS| 2 g w8 0 1S SESTy el o Bl (Y

Y+
..3)\.3 3}’.‘} ijig\\' cA

Y-

+ B G144 5 bl s el ¥ 4 S
Byhen JSSAB Sn S5

ey ;S b o

QR o\...,JS
s

58

2313 ekinST 28 5 sl 2als B ol

()

bugio « Vo dl> po- @a3jlgs - AV-AA uass Jlo - | (500 - 335 (50915)5 SVlgas - dhamwgio p93 593

S %Y WS Jgbuns 53 S5 e amalS kT Wag

c2i8 )

(E (ZnhL

yo/s (f

_ v+

Sla0s5ls
Tl I3l oS L LS o o 4235 YO

/7n) = -ns v, Ee(Cu™ / cu) =+ MV, Cu= st Zn=s0:g. mol)
vy (v

Vay. (Y yors ()

E®) jeast s Jals w15 5 (505 E%) joaals 55 Lals w1 o I8 Jsbo 55 ol s el ) a8
S STy Wslae 5 A4S o Wl |y GBS Wl 5 e s sl s A gy p ol pls Lol (5

" (aq) + Cu(s)
ymol Zn

Zn(s)+ Cu' " (aq) —>Zn"

ymol Cu

«gu,m);Cu e Q\Jxﬁdi\/\”anX

g

—> \/~Y\‘;>< (Ox gr)s=0vsPg

sog/Zn 8

ymolZn

bugio « Vo dl>po- @a3jlgs - AV-AA ooz Jlo - | (5 om0 - 335 (50915 )5 SVlgas - dhanwgio p93 593



35S BT JLls
Jlis &y g0 0l o p SIS Tl & s Loy clble 5 s 50 -V0V

QC,M.M‘ C,a..mr)bu QT J)}A )J ~.,,.Ua.n r‘J\S .C,a.mr‘

(A7

Y+
i B ol rals el Wi e s cnl Bl geaals A 1 ()

Y+
A 045 ol s el Bl sz 0 s 0sls ces Sl A Ll (X

el A e )zl

ke ols 0 dials 5 odinST Glots S o 05 S J5a ¥ A Jse ¥ G ae sl (Y

P yhs

g A s S e sl b 515 B d sk e 51 a0 T (¥

WICM@LY’ o\.._,Jf

SLals o8 codl eals e 10 SIA C8 8w 015 o sl sl .slw'A‘“jL cLle Ot S
v+

pb e B Gley s el 5 s B e e g i

osle S dul 3l s s se 35T 50 (6550 0 Sl A g sls yegdle ialS 5 (LSt gla iS5 s i S

el L e s A ) b s (el 65}\@@°¢;J¢J;AH FRow

YA(s)+ ¥B (aq) —> AT (aq) T YB(S) oyt Jshe l 55 ek il LIS STy 0 e S

Az e sl B 5 LT 05,501 Jge 8 A Jge ¥ O ez gl 4 O 53 o8 ol

o ale

[B"]

< - . Y+ .
G Coms Ol clale Il Ll e RS lBaas IS walsl L B o ohle B e 3 1F) 4y S

G 4y Jodiza o)l 05 51 B s S0 sl oJ sl o 95 om SeSLL OslE gl e SRl 0SS
hugio « Vo dl> - e23jl93 - AV-9A Juass Jlo - 1 (6 pm - 225 (60913, OVlgus - dhanwgio pg> )93



35S BT JLls

el 05,8 03a54 38 5 BCly wl g 5esls Sty el G0 5508 Jskma LB 506 s (B 5 A s 55 51-19A
Sl 3l ay S oS Ol & a5 L
S el sl WIS A G Gl s cpl e (55 SIPE Jske S ()
b T s s enls 28Ty S g (IT) oo BT Jshms L il 5 0 B 5o (Y
ol 565 A 0555 5B 0555 Saest o (
Al g dT Ll dle lagls Wl e 5 035 e 3kl 2alS fily sl B sl (¥
Sl a5 bl s sl Y <o S
B(s) + YHCl(aq) - BCl,(aq) + Hy(g)
a3 e oy kS 31T BCL, Wigai 555 aslyt 5 AICL (HCI W os & Al
LA 5 LB ol by ol i Bosjliliad el fesly 5 cote A sl falS fesly 1) S
L e J&.u Iy J g
ST el by sols LI B VL plends 5N (6w 53 e 8 1T iy S
B(s)+ Cu' ' (ag)— B' (aq) + Cu(s)
R PR INES]
§M|Q)ﬂ:BY+<An+ & Sl o, :B>A S

huwgio « Vo dl> - e23jl93 - AV-9A Juass Jlo - 1 (6 pm - 225 (60913 ,5 OVlgus - dhanwgio 9> )93



35S BT JLls
(o K3 2SI am b Cgmed 055,50 SRaleS| s uis (2ST elus 55 =174
Ny (g) + Oy(g) > YNO(g) (
Ny(g) + vH(g) - YNH.(g) (¥
(v
YKNO\.(s) > YKNO, (s) + Oy (g) (f
e 5 asls plol (LS| 05550 @) OF L3 O ol Soplite 4y L) STy Ol s b ) au S

13 GleSTsde 2alS 035 55 o5l baay S il 5ol il Sl ol sl.s|
1) Ny (2) + Oy(g) > YNO(g)

2 2
. salsl 4y
¥) Ny (g) + vHy(g) > YNH.(g)
2 2
\ als -y
¥) e HNOy.(aq) + YMg(s) > ¥YMg (NOV)Y(aq) + NH¢NOy(g) + YH, O(D)
! 2
+0 als al
¥) YKNO(s) > YKNO, (s) + O, (g)
2 2

o ol Y
hugio « Vo dl> - e23jl93 - AV-9A Juams Jlo - 1 (6 pm - 225 (60913, OVlgus - dhanwgio 9> )93



35S BT JLls

My dgbe e ad 5o IS 5 5 cute b s mle i Sl Jike 3l 5 e dl g s ()

P o

Wy COy 58 ol fomte Gp Ol e Cute b oS (355801 GBIl iy el U5 53 (Y

J}.Jru.a

S e oS S STy s e Sl @bl s Sl ,m s LoV e 336 SO gL KT anl s s (Y

Sy it o 5 0dd U S gty O5S| S8 5 O3oode S8 05mST = 05 sodes 2 s Jske U3 (f

.Mbda

.C,M.M‘ w)bu:«\)) :\ﬁ’ﬁ.w‘@w CEM'L:\ 9\...1J§

ey ;S pled s

Ll ol 30 oo el Olde wIST i SIS 1 Bl dgbe s e W s Al B s 10 58

- +

Mﬁﬁwﬂjmgyuﬁgl}-g}\)J}ébﬁdﬁ(wvw)xgbjﬁ‘mea 6uu}§5

IS 5 ael e JlaST sl s 5035 S > (ke ) Wi 55,5 s 4 CL glagy 1o RN -

Db M5 IS

sosls Sy (Gl D) T 5 Il L YL slos s il o (58 s ST 65 05T 3 s Aol b s 2D S
C(s,2515) + Oy (g) > CO ()

L;J.ZT;)J:.Q\

LT Ol 4 gl i 3590 aem (S35 ool 13 0T lansl & (318 31 51 s 5 e Jaaie (5 5L e b a

OS5 S 53 5 Cond Ml L1 a5 SO l b 5s s 5d o Jeate (6 5L te Cas a1y ST Gl

XS

Cogo d O3St 38 L O3 58 0T 55 5 el 2 e J ke Al OpmST = 05554 Jske U SIPIVELY

Al GRSl ) abeed 55 5 s B i Ol B s e SRSy s b5 edd RS
508 Jdd (S S

huwgio « Vo dl> - e23jl93 - AV-AA Juans Jlo - 1 (6 pu - 225 (50913, OVlgus - dhanwgio pg> )93



35S BT JLls

J\.Su.a g},ﬂ)jw| J}lml_’ g_.JT)J o.).\.i'r.)\ﬁjj Lﬁ"ﬁ Lgo.s)ﬂj_é(\
.C,a.wLAoJ)}‘J_‘.B u)jﬁ “""i‘j"p Cwﬂ j:"g)j" 0\.’)‘}4 )‘ o cLAoMJU:;.LSU u.Sj.A “"1’.‘]“9 ZM(Y
claes gl 3 g3 3 e (Sl g sldad I 5 Ay Waedias STy 55 3 450 (slal g sldaS (v
b e Sl ST b sles Oley IS L (Y
w‘ﬁ) &:))MMJ.LJJ)‘}A U’ﬁb Lga.)\.\;m\.’)“}a Lgé\ij&Aw‘@Mchi\ ‘\“1’.J§

YAL(s) + ¥CuSOg (aq) — Al (SOY)V(aq) + vCu(s)
tady S s
sl J}l}uﬂj J}Jru.a‘};- g_)\ BL) S ol <A1Y<SO\")V> Qw},«u W}j‘ ‘°J"‘;'J‘ﬁ']): Lﬁ"ﬁ LgLAob)j‘J.‘.a (\
C,M.»r‘\cf|f LAoJ)}b_é L;S‘}A g,,..i‘j..a C}"‘NJOJ‘JI’ LAoMJUL..SU u.Sj.A “"1’.‘]“9 ZM(Y

Y+ Y- Y+ Y-

<VA1 ,VSOY ) ‘-}}.’. J}A 0 L&'Aob)jb} DS <ch ’YSOY ) d}.’. J}A 4 LAQMJJ':;Sb DL (V

303 e
Gz ilpl Corge oS 558 0 33T LS (goltis O b 5 exp galS - zLsS) g 3 eddplonil STy (F

hugio « Vgol> - a23jl93 - AV-9A Juass Jlo - P (5 o - 038 (59155 OYlguw - dhuwgio pgs 895
e 351 55 6550 0 S dagals 058l EalS - 2 luST gla 2STs saen s (T
23S oo Wl 1) edeeST 28 e OF 3 65 W58 e eslinal e 3 s ) ulSe g 308 s (o
Y+
aols g o.x;..MSIU.':.E_}CU (Jlie sty j.sjm):(;f
Y+ v+
e Al(s) + Cu (aq) > Al (aq)+ Cu(s)
Y+ Y+ Y+
e Cu (aq)*+ Fe (aq)— Cu(s)+ Fe (aq)
3o 31 LS Sl g (I1) e Jgloes b oyl 5 (g dile olajls Ol L2S15 51 (&
s s () 5 () Globe ool s fal ¥4y S
J)‘}Aﬁl.\.ﬂ W B
gl e 331 50 65 8 O Sl gty Os 58l alS - LSt gls iST ) u".'ﬁﬁ(\ 3540

3,8 oo Wl 1y ekalS 28 4 ste OF 3 65 W38 e eolinal o5 5 s 5l ulSe (gl 43S s (0 55
hugio o oLy - (1 (63) 43 O30T - ea3jlgs - WA auass Jlo - | (G pu - 225 62915,5 OVlgas - dhawgio 93893

-

-\VvY



35S BT JLls

S g (Z0 - CU) GIJS Syl LLLs I o 455 plas =)V

e e
T" A — c ol Bl & o OF sl b sbo ) s IS5 (0
2 . Y+
o0 2950 g = 25 O wlale 5 (il O Jshaed 532N oy cdale (Y
_ Y+
Jloie 8l b e SRl O sk o 55 CU
b e BT 0T e S 5 1S Sk opl e Cab (T
Y + RSty
n (aq) Cu''(aq)
&9 Uk s Jsbud

J‘;’Lw“ﬁkjw}d‘“‘“ﬁkjéﬁ) Jf’l{QT)Jjw‘w)JUoMob\ng.i)b Lm.,,.k_; LgL?-:((\)):\J..iﬁ

b e B Lol e Chad 5 BT SIS slad shee e b 106 4o S
Z Y+ .« Z s Z
J}L.NV.:.; Rl Jdoe Sy Sl g L cpl oy o5l 0 s Cua«u sl Ol CldS L ih) a5

= = = Y+
hugio o oLy - (1 (63) 43 O30T - ea3jlgs - WA Jauass Jlo - | (G pu - 225 62915,5 OVlgas - dhawgio 93893

Y+ Y+
STy 5 pdipleil (g3 s s A (aq) T B(s) > B (aq) + A(s) : sty SI-yvy
Y+ Y+
Sl s s S 3L 0 Belall (63 s 5k +C (aq)+B(s)—> C(s)+ B (aq)
(L aw »C 3B A)
\S G & &
cC >B >A Syt b aw oSS Saust o, s 5 ()
.J‘}A.;(_S)‘J&C h_‘.BJL)J Q\}:dﬂ\)A 6&&.&4(\‘

s Sy ded SIS 5,08 L bilg e € 5L il s =0 /Y0 1y B e syl Lals Lesly SI(T

G5 o ol pilplndl s ST 5 Sl il il Jgl 5STs Sl a5 bl s ol ¥ S
Og e H 3l 500l B e 0 cpl ol .l C> B> A wjina jae 4w ) SaalS o,88

s STy HCI L 05 e s ol H Sl 5l 50 C ae S
huwgio « 20l - (1 63) 430 0g0jT- p23)l93 - WA_19 uasss Yl - | (5w - 225 (50915 )5 SVlgas - dhanwgio p93 2,93



35S BT JLls

# ¢w‘).)\.5.>:oMW&L&F‘&LMS\J&éf}@}cﬁ)gjﬂy)b—\va
COOH

+¥ ()
D\*/CHr +0 (Y
=] +5 (v
0O +v (¥
® . . . .Z
COOH .WI@MCML;\‘ NRLY

(V) —>Y-y=+¥

()= f-Yy="+) 0 s CH,
(¥) > Y- y=+Y # ||
=)+ (FEN)F(EY) =ty 0 ol et slasl LS| sde ¢ e
huwgio « 20l - (1 63) 430 0g0jT- p23)l93 - WA_19 luasss Yl - | (5w - 25 (50915 )5 SVlgas - danwgio p93 2,93

....... L e S AN L e
'J‘:”Tdﬂ Cewd M(ML?—) g_JT w&éf)bdsw‘ 6)'l§ OL«}.& J}lﬁv QJ'.’.‘)J ol J\.:.S}: )'K(\
LT e b OAVEC (50 B g3 sles CaCly Jglee (5 5liie 035581 L (Y
RO PRE S WEINPI IRCICRS YNNI JIPRCTRPI 6 ERCIVIICH (IS I PRy (4
+ -
Lgl.aa)'lfcg.j CBS s y3 &S s s S sd e J\.:J}.?Clv 58 Wl s r—iJ‘““Jb"‘:j}; S Aol b s 10 4y S
Bybee W Hy 50y
T e b OAVEC sy B sl slos (sl <= 53 &) CaCly (s liie 035581 L 0¥ 4y 58

.MLJUACI_ Op SialeSt Jstn 5035 Joos 50 Cote Cad 4 LT 55,5801 100 4y 58

+ -
Na (I)+e — Na(l) 1wl [uslses ioh ey S

huwgio o oLy - (1 (63) 43 O30T - ea3jlgs - WA auass Jlo - | (G pu - 225 62915,5 OVlgas - dhawgio 93893



35S BT JLls

S 3B wash s i 3 35 00 3l melw); S s o s dhe T gesls e plus -VY

feu
s 1y edas 2STy 5 ey wSUl 2m Of (iS55 e s ()
.:;waij¢)sﬁw|wj>ﬁ& s @bﬂlfd}.»&g&bﬁ-dzn):j;ﬂ);(\’
ol e Wl 1y e s i el 56 o el s de Clad i el B s s (Y
Y+ - _
G isw 35 Zn(s) > Zn (aq) T YO O seoa Ldw yal gL i s alifl?glu'z.;sbﬁ(\‘
Y+ -
el Fe(s) > Fe o (aq) T Ye o )yma >
:W|ﬁjQ)}¢4{(L§JJlSAJ)L§JJTUL>'u.)JﬂQrbﬁ‘ums‘jﬁ.w‘@wéwliv < ;S
Y+ - ;
Zn(s) —> Zn  (aq) t Y&  iiw el s e Cad

Y+ -
Fe(s) > Fe  (aq)+tye > 5 e ks
hugio o oLy - (1 (63) 43 O30T - ea3jl9s - TA_A9 awans Jlo - | (6 pu - 225 (52913, OVlgus - dhanwgio pg> )95

s Sy 0, b ol 3306 G (ST (0l s las elus -YVA

+ -

Fe' (aq)+ve — Fe(s) E°=-/ffV
+ -

Ag (aqQ)+e > Ag(s)  E°= -+ AV

Jske s Fe(s) + Ag (aq) —> Fe' ' (aq) + AZ(S) &ymn 5T G 0l 055 3 03k (
.sﬂfda ¢L>.=}|

coils dalp 1y T B Al b e lpa 53 o bl 1 GEB s, (TSI e ST(Y

el et (5L e b a6 ang (T g s (T

oy go xS 0T 035 3l g 3 GESTs el b 555 g 0313 13 6,80 56 Sl (larkad okl AT s (¥

%‘J@é}bkajMojLw‘cé)L%j J}.LN)J@‘@MCAQV ‘\“1’.J§
bhugio « 2oLy - (1 63) 4ad Ogejl - p23)195 - AA_9 ez Jlw - | (g - 830 (5915,5 OVlga - dhawgio p3> 5,93



35S BT JLls

olis ENSEIRY b ojE_': J\_:T Jjji.i.” )\ oslaul L’ s &JG &i LS)L{J = J}l’““ LSL‘M'.’_}§ “:"E'Lb)\"}“'.’ r\.}S—\Vﬁ

(C,,..w‘ ajsqjlﬁ&.q.:ﬂ)y‘}aégj‘}lm MI.‘)))[SG\JQ};IQ‘) QMJL;A

Uge cdals Ys Ugo cdide ;
L [Cu"] PR [Ag]
(v A (
L[Ag]] [Cu]
Gy b by STy < iy
) g \ [Ag ]
[Cu]
' v
[Ag] (f [C“T ] (
STy Sl gl oS ly ol

3 3 gy e 05818 o, LT 55 1SN 1 eslinad U e 326 SO (gLIKT (gl a4 Sk s

+ _
o.)\.\jrv.mr) L;:m)bﬂ\..’«\)):\.;i)g)b}@ ¢w|fLJ.JJLAdA@UJ}lN)JAg s.:».lé.l.bcojz.; Y J‘)J,:g.” OJ\.\;OJ)}?.-L.’
. il

huwgio o oLy - (1 (63) 43 O30T - ea3jlgs - WA Juass Jlo - | (G pu - 225 62915,5 OVlgas - dhawgio 93893

4 (STP) Ll i 55 S 58 o dim s 515 08787 A5 bl 4 colde IS e CBUSG al 3 5o -V A

(Mg =Yf,Cl=¥y0.0: g.mol_\> ST oo e
Yy /8 (% YY/Y (Y A/ g (Y YY/A ()

MgCl, (1) ->Mg(1) + Cl, (g)
\mOIMgX \molClY ><YY/\‘LCIY
YfgMg ymolMg ymolCl,

?LCl, = a7 gMg x = M/#LCly

bugio ¢ (oL - (¥,30) Fdl> o - 234193 - AA_ Juazd Jlw - | (6w - 02 915,85 OVlga - dhanwgio £93 393



35S BT JLls

QC,M.»:‘ )J.gde.- cJ\."oM Um O)t.\.ﬂ L’ 4\5 u‘iu("’“‘ u.:.lL...S| Sde CM —\/\\

g
H H A C—H
ot s
| | [
H,0! o T B el Y
Ty . N
| |
H H
-0 (¥ - (¥ - (Y Y (O

=

H-FOOH -5 - V=) > o5sl 5Lsss
H H

T 70 .

Y)Y¥-0=- > Y 5 SlSlsus

-V)+ )+ ))+ (Fy)=-¢
huwgio o g2l - (F)3T) Fdlo o - a3jl93 - AA_A9 Juazs Yl - | (6 - 22 (52915,5 OVlgas - dhrwgiio p93 2,95

QC,A.M" C,a..ml)b A'ﬁjf ?‘J\S L o OL:J Q)L.G —\/\Y
S (5 S3l y Uad s sten izl SHE U Ul o 51 SIS Il L35 L Lol an (O

O
S g STl 65 e SaalS i lad p Wil g e & el al&ais SIJE sk (¥
a1y el = Glest (msTs s e T 6550 ples O 51 eslizal b 0150 & ol ol 1P J g oe (€

S e e 3 S SS Ss

:u@ﬁﬁuw)ﬁ.wléwéwgv@ﬁ
LS (6 Se3l 1y bad sl 51 6ok Sy el 1) sy S
el S5 S Jloes 3 e 4518 O - Cg dSlen 1Y (g4 S
s 3 So Sl @ K Ol e 1y el - LSt ESTy s el s3] g5l Sl s 0F a8
YRy
bugio « 25 - (F)31) > o - aa3jlgs - AA_9 ez Jho = | (6 pu - 238 (5975,5 OVlgus - druwgio p93 295



35S BT JLls
Sl iy Gl be 5150 Ao L das o OLES 1 SIS sl G 5 JSS-1AY
(Cd: \wg.mol'\>

re(cd™/cd) = - vV

S a8 o 003lS Jghan oo & Jobsiie sosl 3 Sl e b a0 3T (1
W5 STP Ll 5 55 035508 38 W VY (asls s 51 o 85 0/8 G me sl @ (<

S

ol o g esCd ssom (o

L2l el sl ke emf o s eslind waslS Sl & end sk 51 ST (@

¥ (¥ v (¥ Y (¥ ' (0

Tl s hied Ces &5 ol glacle Lol e b Yo S

135 g ol O 53 uleS) J2S1500 5 Sl BT e «ced B2 vl aslS G 1T le

Cd—Cd™ +ve

S e oS B e 0 0SS 5 T e w0 L5l (SIS lad s s

cd+vH - cd™ + 1, ‘o ole
ymol Cd \molHY YY/\‘LHY

9 =
L= 6/ gCdX T Ed Yol Cd * Yol T,

= \/WLHY

Sl o (S S8 B (GelS| e e CdH— G s $ 58, E° 6\)|>H+ o osls
emf . Bgh s Oy (§55 o lalS s a4 ooy E° FAeS sl bl Ols o V.:::J o ojle
ﬂ LAl i 5 el
bargio o (5225 = (P)3T) Falo po - 0235193 - TA_9 owazes Sl = | (6w = 535 (59T5,5 S Vlgun - dlanwgio p93 59
TS o JooSS s a1y ol onls (gakonr 5 slaas S 5l &f\.)s—\/\\‘
(evnenn S ol o5, )
s e LSS 1 plewd s S glad s e b ol e - LT ()
Ll dalg o Gl Oy ST L= LT (Y
S o 03 7SO ra 55 a0 5518 s - 1S (¥
S e S i O Ca o e 53 b0 s S o gen - 1S (¥

il o SRS Oy CtdS L T s o s e pll (LS| Jas ( SIIS Jske AT 50T S
by O & L 8L sl o8 U ar g Ll 353 olol (6,805 S0 5 ialS s LIS 3 0¥ ca S
b e 2als B8 s O Glad S col S o e Ol e 4 03 5 s

bugio ¢ t;g):.r.'i-(\")':T) Ao po - o3jl95 - TA_1 Juazd Jlw - | (g - 230 $2915,5 OVlgan - dharwgio £93 293



35S BT JLls

....... Oy ge 4 odias S| aS (5 5b 4 das T e DSl o8 0S| = O5ades e sk 53 -AD
NI PR OF Sla S 5l 5 els (2SI oa
St g (G0, U /YL LS/ (olmisl / 2alS - alusT ()
oS S5 I/ WS ST/ golmiil /g (Y
oS Jle /L os3L /s JpS /et e (Y
oS 5 SV oLl /sas Jrs / als - iles (¥

S I g3 sgls Aoy Yo 4 s a5 Gamdss e 53 05 HE 0Ll s .C,M,«lc.:z..a C.ﬂl.i\‘ < S
Sy 03le S STy g e 53 des e ilpl ol 4w B a3l st Jgke s ol LS|
L e G5y 568 VU LK 5 easl w0 Ol e s ladsbe Gla S 5l das o ) ol J xS

3,8 L3 oS (&3 O 5 oS ST woslinad BB S Sl (653 4 pleand (651
bagio o o225 - (F)3T) $dlo o= 023193 - AA_9 huases Jlo = | (5w - 538 52973,5 SVlgas - dlanwgio p33 0793



5558 BT JLls
Tl T s Oigoded = O3emeST (55 5o sk 5550 53 5 Glale Sl 5 ) 50 oIS -IAP
=)
(H: Yy, O=1s: g.mol >
.C,M»\JﬁlS)Jo.)\.\irg_éfm)'lffﬁﬂ\ﬁjbch)JoMg_éj..m)'lffﬁcJ;i\Jﬁao_i\)b(T
Z Z YV’
g g B pean O3S B 0 STV (S o sl Qe ST S AX Y e Gl e (o
c el il T ST B2 e bl 3 ol B lade (¢
el oS S s ST sde usS (Go3llil chal elalS S s (LLlSTsde sl el (il Bl o (o
=- o (f o- oI <= <-10
.M@MCJ}QLQUQ)L?&.@|@M?L;\CM{)§
Oisoded e 8wl 035 g (2l HV O s 0y Hy s jis 51 055, ) 0 (Rlstsae al
o\fOY 23 o 3 05St S1 s LSt ode Lol Y Ll ol nlaSTsae a8 o3Il 5 en g ekalS (g S
BE el Y L, j"‘j" QT J';..”L.MS‘ Sde ﬁ’d 60)‘.)\4‘ ERLEY slS| 69\4; Q}:..MS‘ o ¢l 8 Seuvg) HYO BE -y
Sl oSt 31 JollSTsde oad goslbl el elals (ST e JullST sae s Sl CiS OIS o azm
bosle )z
+ -
Bl 2Slses s Oy (g) + YH (aq) + Ye —» YH,O(g)

- + -
&l Sl YH (g) > YH (aq) + Ye

Ll 3 0dd Gpme 58 3ok S8 U e Yy N
xlsjboﬁdjmjgfﬂ Q}:MS\)KJ‘}A;QA(:F Yy

e ool

-
Y¥ - ymole 'molOy  YYgOy
780, = Y/YeAx) e x X

X =yygO
Y - - ymol Oy EVy
s/vYx Ve € fmole

4+ i
B 4\2.9); Sy U’:"‘Sb emfj Sl Jbﬂ L’ f‘f YHY(g)—)\"H (aq)+ e U’:"‘S‘Jrﬁ-’ E° u CJ)L..G

F el S STy e OF s STa B Ll 05emST = 035508 5 5w J sk
bugio ¢ l;.’)"."""(‘”J.’T) o> po - o3jl95 - TA_1 Juazd Jhw - | (g - 220 $2915,5 OVlgan - dhanwgio £93 293



35S BT JLls

QC_,_,_M_:_, C,M.M)J LAVJ‘ LJ':'-LLNS\ She J)}A)Jﬁ)' LSL&CJ)L?.G)'\ J)}AJC.?;‘\/\V

el YL ol S 5 gaer o OST 1 JullST s @
Sl adls =Y 5 Y LSt sae s Wlg e L il slge ys OS5 Aa @

Ll LOSI cul Gl GelasSTsde (368 5TV L 2l 55850 5 o n Glansl sl leSTode (5t ®

Ll =)
e ALl S Wl Gl ST sde 5 e s S sl @
¥ (¥ ¥ (¥ Y (¥ ' (0
o Y Uy 03 o1 leSTsae OF ¢t oS 5 5 s sl ol
sk JuleSlode fpioman 5 ol =) s TY SullsSTsae oo glyls il LS 5 s SEEPRICRYSE oole
Sl SV L 0L FeS s e b pl 5 RlST e St e s Sle
el Al O GRSt sde S i s eSSl

bugio ¢ l;.’)"."""(‘”J.’T) Ao po - o23jl95 - TA_1 Juazd Jlw - | (g - 230 $2915,5 OVlga - dharwgio £93 293
Lals )|J§ oslaiul 240 Lﬁ-:}y J}«Lv/)b L)\};dﬁ\) J).Lw LJ'l\ .)\3[5)3 OMJ.:.S}: )'K(\

+ -

.cM\VHYO(l)—>OY(g)+\‘H (aq) T Y&  (Jole ol e Clab s el ol J':;S\,m;(v
il il dsloee PH s 5 0 a5 0550008 5 sk ol T GBI s (¥
.w‘.)ﬁls)b QMJ.:.U.?)KV»J;\JJJJ J\j)b QMJJ‘;)KV»QL&.@‘]J)J(\C

oo 4 2l SIS 5 s ek gl JS STy 5 S s LS| sla ST ol e el ) S

_ + -
Ll plest sl YH O >0, + YH +¥e
L 55 eSSty YH, O+ Ye — YH, + YOI
o plonil JS 2815 YH,O - YH, + O,
a8 s

.J;dﬂ)‘} oalaad ~BE% Lﬁ-:}-y J}.L.»A)J)OJ}.EHY (J‘}«L.ﬂ g_)'.’.‘ JJ[S)J ol J‘?S}: ).K:\ LS“*-U§
J:.Sbm.,d}l.wu_i\Wgﬁb});}wlwgﬁb}xlscﬂjﬁléugl}wﬁ\‘ LS‘\“',’.J§

3pbe ool YH O+ Yo' — YH, + YOH

+ - ~
.J..’Lidﬂu:;.ﬁlsJ}lmpHcH Qﬁ@jwpﬁﬁcsﬁw@jawljgxlg.é\J,la\);ZVLgo\:..i)S
-w‘(HY> CJS)J OJ\.\; J\.:j): )'KV»&_M<OY> J\.’T)J OJ\.\; ‘)‘2'5}3 )'KV»:Y LS“*-U§

bugio « t;g):.r.'i-(\")ﬂ) Ao po - o3jl95 - TA_1 Juazd Jlw - | (g - 220 $2915,5 OVlgan - dharwgio £93 893



S BT Juls
+ -

-W‘Na (aq)_f_eﬁNa(l) 6&:))‘}@4.3.)\3[5 L P e rbu‘ Jﬁ‘jm.’ (\
b oo yleS] e Cdab s LT G 0 S w0 LIS ey (Y
03y ol 33 A IS i T gloe 51 015 e Sl 1 IS i sl a OF s (Y
3ol s a3 Lo S Sl g S g anT 3 ST g e 03 015 e b Al 3l D3 edd A 5 (Y
+ - P
LSLAO}.{ Lﬁ'(iﬁj C,Jl:— ML’u.A Na (l)+€—)Na(l) CJ)}@ @ BHLY DL ol rbu‘ J:“‘Sbm" ) Lgo\...lJS
gie s Cly 4 CL glagy &1 s colde MgCly U ol NaCl el s 0F gau S

bugio ¢ lsg):.r.'i-(\")ﬂ) Ao po - o3jl95 - TA_1 Juazd Jlw - | (g - 230 915,85 OVlgan - dharwgio £93 893

(CC) S 3l g STy bolie glos | akd uier | 012 3 51 L abaesls 5 Jyoer 24

Yy Fe oo ke 0503 S5 Glaars &

olis Ye°C sl 5 oW su (H)

i Au 23 ag S fl.)S ol & ary LoLdes e

e n sl Saals oot wolis 5,4

L ia Cu Sl Sy
Cu>7Zn>Fe> Au (¥ Zn>Fe>Cu>Au ()
Cu<Zn<Fe<Au (¥ Zn<Fe<Cu<Au (v

S Skals Sl b sy 63w il i STy bl gley ax e Lol Cand C..«Li VoS
Slos 4yl @ am 5 b pmman wpls |y el eals sl o js Sals Sul8 o min 2N L 5 e oyl
Shals Gl e (Sl 03l & STy Clys Ol5 e ol 03 5 udd AU WS sl g STy b
.l Au 1 22 Cu

hugio o 225 - (1 63) 43 0901 - ea3jlgs- TA_A awazs Jlo - | (5w - 225 (52915, OV lgas - dhrwgio p95 295

Flnl o yal S ESRARY

B S 4 0SUS Glasslul 5 s JSE 53 oS ol pestd slags 5L e 51 sl 4S5 5L ()
bils o 53 b B i 5 J&s (e85 ol SO otd 5B 28 e lags 5L ool o (Y
.a5ls
CL5L 6l re a3l slass 5 slse 5 g s B lde il L 4 SO S slakilonn 51 (Y
clea Sl ge ol
s s bl G 53 WL 5 Ll e OSUS sl slge iy s 4 S5 Sl Sla (¥
s bl o s 1L E® U_U:QSJL;XKQ-JJ;«SMM|@M@QY <o S

hugio o 225 - (1 (63) 43 00T - ea3jlgs - TA_A awazs Jlo - | (6 u - 225 (50915, DV lgas - dhrwgio p95 295



35S BT JLls

Cuan wlie SOUK L 5 55050 5l 550 i s (s S5 S8 glad sl -14Y

Las g Sl a0 Lo gy &S > g Laodins [2S1s 4 G Laos sl 5 gL *
ngfl&.ui},* LS 5 T glass S cudle ¥
LAJ};Z‘Q‘U.\..LQ-A.EL:J*

) (¥ Y (v Y (Y ¥ ()

S e AR
bodias 281y 31 Wes sl b o sl a5 (3554 5 Dysoa SIS Jie js e el sty @
cAzen SILLE Wees 515 e 38 e plal (g3t ST Se 1 S Dol s Ll cdizes 510G

(& 5lize)

(4lie) LS o &S 1 LIS Cas s LoD 5518 5 LT s s L0 sl ¢ ploonts 2SO Ul 656 55 8 55 @
(sliz) sl oo s S Jshor 53 Ll s ot 5 e Clad i Sy LS 5 T SIS Jgha 55 @
SN 4 ol (SIS Tl 55 55 LS g

(osbine) ol 4 (S 80 a5 xS dgbe 55 6550 bS5

o Sl s S s e Ve 2l s ladghe s Ll cogline Loy U1 e CJE1 SIS Ul j5 @
(sl s ool S

hugio o 225 - (1 (63) 43 0901 - ea3jl9s - TA_A oz Jlo - | (6 uw - 225 (52915, OV lgus - dhrwgio p95 295

-\
H=1,0=1rrg.mol ) scl csl a8 plus )4y

50 01 4 e Sl (sl T SIS 1 (sl b 5 30l 5l (S S bl alls T ()
D o SRR ol S Caand 55 O d )'lf “_.JT g;_él_iéﬁ 33 (\’

+ - _ _
o YHYO(D) —> Oy (g) + YH (aq) + Ye o jsma o colsG s sl J'z;S\jm;(r
Wl V8l el A5 05,0 8 @ 05S 38 e s (ol Bl s (¥

vy

TN Rl et 5 D0 4 DS e o YH,O() = YHy(g) + Oy (g) 2515 & axs b

el

hugio o 225 - (1 (63) 43 00T - ea3jlgs - TA_A Jawazs Jlo - | (6 puw - 225 (52915, DV lgas - dhrwgio p95 295



35S BT JLls

+ Y+
s oody TYor i, M(s)+ YAg (aq) > M (aq) T YAE(S) : xSl (B°) (g5 505,501 (g5 0 -1A¥
+
....... Ag (aq) Qﬁlf}@‘ C,J)f‘f 4MJ,L9 Jjj:.i.”Eo .w!¢.b+~//\~ f‘f o;ﬁbﬁfﬁ‘Eo

¥+
o M (aq) 04518
SekuST /e (¥ Sedals o /VE (Y SedenST /Y (Y Sedals - +/¥ (O

+
JJ\QMJ:K.:J Lﬁ"‘}jg J}.L.N BE) Sl oJC..AlSM} keS| Ag ol o3l U’:“‘SU BE) el @M c-ﬂl.i ¥ ‘\“1’.J§
C,,....L'-‘y Q‘juﬁ)obﬁAg JJ[S}M
o o o o

sl T E_xj:) V08 = /A - E.,L;-‘: E_,\_f\

E°=E = - /v¢V

M O35S ;omuAg+ 0558 ol by« S Ml e s 5 Ik el fesily oSGl & x5
ol

hugio o 225 - (1 (63) 43 0901 - 2319 - TA_A awazs Jlo - | (6 pu - 225 (50915, DV lgas - dhrwgio p9> 295

ol o y3 O35 oS sl (SLEEL O3S = 05a0den 5 5 e 03ls <3530 1S 190

.;ﬁgfcjuéxiduwlom@):gi)uq(\
ol B T e s o ss oS - g (Y
e dsle Lis s 055, Jse 55 «05nST 38 Jse 8 O rme sl a (¥
el Ka oS s s oS &S o S b S e e 53 by SIS > e (f

55k e G)l;-_ IR SRV R P «\”f-\:..i)fb)yﬁ-w‘@wéﬂliv ay 58

ad e dsle Lis 53 0850 Jse ¥ 05S | 58 Jge 8 O e 13l 0 (0 4038 5500 3
hugio o 225 - (1 63) 43 0901 - 2319 - TA_A ez Jlo - | (5 puw - 225 (50915, OV lgas - dhrwgio p95 295



35S BT JLls

03,5 35,500 5 (D) ps,S slaty Vse ) Jsbme 1) G Sheps S LKE 055 4 o35 aalas SO (KT s 147
LT 5 Ol o,i Ve ) dskome 1 G S @ L (Rl oo L) bt anad (ISKT s ol ol aslizad LT s
g,,...’.jz.?ou el 6)&.312\&2_3}3 rj>- qu_? 4J}l}uﬂ jbjm)" u’w,:.ﬂl J}A &)}«9[4@\ ol onlaru Lglojé_}
-
(Ag= 1A, Cr=o0Y:g.mol ) Sosl p S L
/5 (¥ AY (Y oF (Y YO/Y ()

Y mol Clr>< ovg Cr

9 = ) =
?g Cr=\Ymol ¢ x X Tl Cr yw/vg Cr
ymol ¢
+ -
Ag +te—> Ag
?7g Ag=Ymol e x ' mol Agx \.AgAg:\'/\gAg

vmol ¢ ymol Ag

e sl = VA= WY R Ad/svg
hugio o 225 - (1 (63) 4o 0901 - ea3jl9s- TA_A oz Yl - | (5 puw - 225 (50915, OV lgas - dhrwgio p93 295

J}l}uﬂ gi) SR W )‘ 6).)\30\.’ ‘-’ﬂ§ )‘J_; &)Lﬁ'j Qw}w (II) UMAJ},LN Q)}J S uﬂ..;-)‘ 6‘4&:3 ogjm (\
ST 658 01 i on Sate (0 b IS0 5l) 655 S (S8l JL oS sl ol 2S5 o 0o (Y
b e

..3)\.3 \) oMlSuf;.E_;ng) ‘J"‘..""‘"L.’LSJJ Jﬁ‘j)b}M@M‘ s.,,.l.G‘ LA}L%U)QM[S s.,,.l}‘ LAJ.L%(V

iy L LED ¥ G 0T Ly el 50 o5 0155 e 55 sad Lile (Slogus b s (555 mim 5l axdsn L (Y

DS

Y+ Y+ .

chle a8 L Zn(s)t Cu  (aq) > Zn  (a@)t Cu(s) =Sl glas nys 1 oS
_ Y+ - Y+

3 1Y S

soeals Ll a ) st O Sl dr LSOl bl Laslel b 281555 Lasls (Aol 5 ccan s 109D wiS

b 0pl @ 5wl RS 0580 dr LS 08 8 L 0 bl 5 sk s 05518 4 GleST e

_|_
.J)‘Jo.)\;ws‘uf;}_;H jQMSJLEJLS})J:M|J}1NL{6JJJZSb)J.JJ}JdA
U‘i‘ QMQ&A‘&;N Mué‘oﬂjww}‘ 6ﬁ3}6})ﬁ)\éﬂ«d&§jbb(@)bb((\c)):\ﬁﬁ

Syl 55 5L ¢
bugio ¢ 2oLy - (Y 63) Yo po - e235l95 - AA_39 Juass Jlo - | (- 3% 62915,5 OVlgas - dhawgio p93 893



35S BT JLls

ol a3l S plas Al Cu 1K sl 532140

3 e sl LT 5 B - 0 S Jffw}jwfv G me sl gk ool 5o IS 21y s (Y

- - . Y+
J"’L.’.u" u.:.alSJ_,\ o\a.;(sj;-)m)s &:JFL@_A JJlSo\.,ng\j ¢J>;l>r.2ﬂ o)\ﬁ.} )‘ )},‘_GL,AI Lgl_:adﬁjlsoﬂ
B Y+ B
C,a.wl& LS J)J:.i.” ‘_}jﬂ‘ﬂ 9 f““:"".." Lﬁdﬁ." )‘ Al u}:.?lS C,,.E.LG Y J)J.".{.H ‘_}jﬂ‘ﬂ o)b,a.ia JA.G B (\c
Y+ :
o CU 5l mi g el

SUEE (Al AT v«:’) X Y

LS (CuYJr +Ye > Cu) X ¥

YAl + x*CuYJr - YAIH + vCu

- - Y+

dfm;‘)‘d.’é\swl.l)b Q‘j&ﬁb%d}-ﬁb&l{’dﬂuﬂgk‘ fﬁ)oJJSQJ}L@A.UlSo\;J;‘ )‘Al

‘5\.\9' gﬁ'('.'.f“g'” )L’ J.L_v)" E_QJ.L )J]AJM‘;)\‘}.LJ )'\ Lﬁdﬁ.’i‘) Lﬁdx:ls )}"GL‘j'.’.). C,a.mr‘ C,M.M)JL’ «Y)) :\"1’.)§
e s

huwgio o ol - (¥ (63) Yo 0o - 0235195 - AA_9 oasd Jlo - | (5 om0 - 338 (597155 OYlguw - dhwgio pgd 093

IS Il s S St sae S5 4 (CoHLO00) & by 53 005 S2lS] sliel g peme coni 144

feu
i e .
7 (f 7 ( ¥ (Y -t ()
+1 ¥
i .
C, H Oy 2D x+A+)+#(-Y) =22 x=+F
o i O PP
Y.CH, - CH, a2
|
OH
. N
= o el S = =

huwgio o @by - (¥ (63) Yo 0o - 0235193 - AA_9 oasd Jlo - | (5 om0 - 338 (597155 OYlguw - dhwgio pgd 093



35S BT JLls

0 e S (A S>3 3l ge den =Y
|:n—r|- pH oo, Of ol LS ;Em; pH Gl sl s ()
ik . B el V1o S al (Sas s SalS ST
= N T s b GRLSTsde il sl pasie (S leST sas (Y
‘ I‘ o o 8l S sl sl
R CBleds o uSs ) dste oyl e 5 3 o s 501 s T G L s (Y

Sadn a5 IS S8 s O Sl e S g anl b s (Y
:«\»Z\;,_lﬁ

T s, LSt sty it YH O — Ot T T Yo
- 2 omleST RSl o TH RS
oAl S, Shals sty wiite + YH O+ Oy — YOH!
\hs
pH > vV <l b
» S ey FE(OH)p al S5,00 Ll oo,sl 5 ccaal Y 1 el jasein o S (luS]sde 1) &y S
CIUE o o VR JURRON S O S I P SR B |
G sy Sdte ol g “_.JT Sl s 1w S
huwgio o oLy - (¥ (63) Yo 0o - 0235193 - AA_9 oasd Jlo - | (5 om0 - 338 (597155 OYlguw - dhwgio pgs 0,93



35S BT JLls

ke 53D 55 00ls 5130 cpimen 535 IS B Gloon L Joows o= G b 3 0l 1, A 5l S1-Y4)

_ Y+

+ v v
e D<A <B Sy ot SLaST o, slis (Y
Y+
g ale 05 S s ¥ B Gy glls Jes LA 5 Jse s STy s (T
Y+ v+
A Gy bl Joe LD 15 1Sty 51 m2e B 0y lls Jdee U D 5L STy sles s (f

NGO
-W‘B<A<D Q)M@écﬁsdﬂﬁ:ﬂ\)}l}ML;MSQ)J.;%JJOMOJ‘JQM:«\»:\;{ﬁ
Y+ nt Y+ .
i A SalSteul wnsd e b D Op s aas e 2SIA T 0 LD i S
Y+ i Yt n+
S A SuSl cnl S KB sl e 3 Olg s LA G b sl.ed D
Y+
el B
Y+ Y+
YA+YB —> YA +YB w);l_',:«\*'»};,_lﬁ
Y+

Aol slawds S (6 o 3) il iy 5Bs o 05,500 O3l s 3l Ll ax 8 1h) S

el i J gl glos s (il axls (g i
huwgio o oLy - (¥ (63) V> 0o - 0235193 - AA_9 oasd Jlo - | (5 om0 - 338 (59T15,5 OYlguw - dhwgio pgs 593



35S BT JLls

3 se 35 Ol 0 05eST a8 AL o (935 2SI Cons 0 S5 Sle 3 05,01 S > g ()
- =+ - -
J}l.w EO L; Q\ EO 9 ML’L;A OY+ YH +¥e > YHYO Q)}wﬂ\.’ Q\ o O\.a)\‘}a LgJJlS U’:"‘Sbﬁ" (Y
+
.J\..Sdﬂ)}«.@H dﬁkjﬁc&}-yd‘}lm)bOJW\JJ}AOJMSO\.SJLALSLL&)"(V
c el g b 53 O LSt (as5h ol a0 553 5 se 55 055508 S Ol s o8 3L (F
g 35l KIS e 1 05S 1 3 5 ol KIS e 0 LT 51 05,5 S > g 1) a0 S
sl b d ol cpl by cd o OF BY 55 8 a ol 055508 (LST AT 55 g 10 Gy S
] e 1 wiS
ol 550355 55 e 53 O
huwgio o oLy - (¥ (63) V> 0o - 0235193 - AA_19 oasd Jlo - | (5 om0 - 338 (59T15,5 OYlguw - dhwgio pgd 093
>l e 2 (’J§ Lo g sl O3S Jge 00X (Oosb e (glaa s u‘""i axdad O oony Ky Al gy S1-Yey
-
(Fe=o07,0=17, H=1:2. MmOl ) €55 003555l anks
Fe(s) + Oy (g) + H,O(1) —> Fe(OH)u(s)
Y (¥ yor (v /oy (Y Y/o¥ ()
fFe(s) + ¥Oy(g) + #H,O() — YFe(OH)y(s)
Sl s 3 pd e sle 05U e VY 5 a5 AeS pskn (D) al Jse ¥ oial Jgo ¥ o G llay
Lol 05N Y Wsle ll @ i p
\Ymole ~ [\‘Fe(OH)r- \‘Fe] ~K[\‘(\~\i){- ¥(07)]

VY8 e RIS
- oYY
el D_f?z +/+¥mole x —g_: Jorg
yYmole

huwgio o oLy - (¥ (63) Yo 0o - 0235193 - AA_9 oasd Jlo - | (5 om0 - 338 (597155 OYlguw - dhwgio pgd 0,93



35S BT JLls

‘_.T Sl |”. ?w‘w).} Mﬁr‘ﬁ«))ﬂj)d.{«iﬂﬂ\}jb'r'f

.M‘J.«A:ALSJ:Ldbﬂgﬁbj%j&sdﬂg}&ﬁkiu@)bgj}l.ww‘)bo}:\&;(v
b T e sladsslS ghls b Jd cpl s e eslinad o)y sSII (Y

_ +
.xsyc,sfx,ts@x,\w;\‘\s@\(Ag > o5 0558 Olen X (Y

.w\emmkgﬁomesbdﬁgp-}:l{.cﬁﬂ\@wéﬂgva;_i)_f

st gy B o 2

b o GRS s 4, S 4 kedad o o (ISKT S ey 100 S

53 elgen Lol fate 5L Cte b a5 AS e Jas LT B 3 Jske onl 55 o, B T WS
ol e Cdad (LS 5 ke Cad LT s S glad

LS e S xsq{xiw;\swu(Ang) 5,5 0558 Olaa X 106wy

bugio « 2oLy - (Y 63) Yo po - o235l95 - AA_39 Juass Jlo - | (- 035 62915,5 OVlgas - dhawgio p93 893



5558 BT Juls

b o L (s‘JS sl dLﬁJﬁ‘I‘B mloff‘\sj)c\Jj)J.i.;ms«;-jb—Y~O

S CA#W)JU 4“1)§

-\ S

(Al=Yy,O=1ys:g.mol )

g M8 Ole el il 3l s ()

LS ed &S s ST s s es e bl S e 3L T (Y

Y+
AL Jgen G e slilay sk opl s S0 s (T
vf
e il 0 fSINV/ACE X\
coed ¥l sl cnl s Laes T s Lasias (23S Ty (6 e 58 sl o o sl (¥

Pl 5 sty Sl e JT 5 sl Jla Ayl B 55 et w5lse dslas Lol s s Y au S
bl 5 B Ol g

YAL, Ox(s) + ¥C(s) = YAI(D) + ¥CO,(g)
ey S s
S o o3lind Aly Op 51 Clde win T a5 6l sl 353 ol o3 100 Ty S

] s 1 S

+ -
Al(s) = Al (aq) + ve

el Cys 1P 4 S
la oas ‘JIMS‘} g,._ilfp CMZ In)

Lho.b‘)jb_é t._,.;‘fp C‘}AD:A: \%
bugio « o0l - (VP (63) Yl po - 23195 - AA_9 uwazs Jlo = | (5 - 238 (59755 OVlgus - druwgio p93 293

}:> M=y



35S BT JLls

QC,M.M‘ C,a..mr)bu M.Jf ?‘J\S L ol QL:.! Q)LT.G
el a5 S (gl s pad5 ) AS RS 5 (S o3l O gzmen sl se A5 (Y
Spn s el a5 o, Gl g s S b slas sl Gi Ll oS L (T

MI@M%SQ)QJI w).sglzsr\/:\ww&%:«\”:\;iﬁ

Ml_!dﬂ Lﬁdi)\ J)}Ajb(ob)j\}%i:sj\ QL..:AJQ\) ﬁdﬁjéﬂgo)\k\j(é)&Tjw&}f J\...’LA) J‘}A

4 Ls_.!g.wb GJ:.LL\.MT 9 OL‘.?) cb.w U:'-i‘)j‘ C,;.G.?- w&jﬁg‘ O\Jlﬂﬁjﬂ LSL‘ELS)}LJ &EDJ wl.w‘ OS) 92 Z«T")) :\"1’.)§
hugio o 225 - (¥ (63) Yo 0o - 0235195 - AA_19 oasd Jlo - | (5 om0 - 338 (597155 OVlguw - dhwgio pgd 0,93

QC,M.M‘ C,a..ml)b ol GL:J. Lgl.ﬁg:))l...@ )" J)}AJ..?:ﬁ)' 6&%‘} J)}A P
1) Zn + CuSOy — Cu + ZnSOy

II) Fe + CuSOy — Cu + FeSOy
ool (D) 2815 b ses 51 5 i (1) 2S5 bslses los uis OLSC Ll 2 s (1
el Zn>Fe> Cu to)son o iSly 55 ediS &S 2 5baw Stals o) sl (o
ol 1y el ST La (ST 9s 50 S ie Q}:.?lS(%

.Msyh:m@uﬁdﬁ@b 3 g ngj.',\l«.:au':.ﬁ\j:\juu da ST &il);(g
¥ (¥ ¥ (¥ Y (¥ ' (0

Aleeys (@) 5 () (1) e le coml oo mul ¥ 4y S

bosle 2

s (1) 2815 bgls ol ol wcd Feo5ls 51 550 05 500 0sls s 31 6l Zn 5 LLs (1) ools
ol 6 5 e sles

Cu 5 (5l Julesl Gl 65 Jil.a_?) Gl Fokals aen 312N 56 il sl lhan oy (o) oole
el Zn>Fe> Cu o jsmn ol Suals @yl tanlis u ol 5 5cbns sdals

) 0
S 5 M SIS 05 S 555 L 0,8l ol € el S ate sty s 5 CUL 0 Q) ole
..3)‘.3 ‘) OJ\.'...MS‘

+ -
CuY (aq) + Ye > Cu(s) TSIy 53 a3 alS STy

.M:ykﬁmpuﬁ‘}ﬁp Iy 50 d&@&;ﬁb:ﬁbtﬂ L 2Sly ol » (o
hugio o 225 - (¥ (63) Yo 0o - 0235195 - AA_19 uasd Jlo - | (5 om0 - 338 (597155 OYlgus - dhwgio pgd 093

Y

Yy



5558 BT Juls
il oo slan s e OF €M 5 ol IS (s = i JD IS Sl IS 2815 -0 A

Y+ Y+
Cu' Al )
(E S = MV B S = VY

VEY c¥Cu' (ag)+ YALGs) > YAL ' (aq) + ¥Cu(s) (1
v ovCu' (ag)+ YAL(s) = YAl (aq) + ¥Cu(s) (v
Ve Cu(s) + YAl (ag)> vCu™ (aq) + YAIGs) (v
Y «¥Cu(s) + \‘Al‘ur (aq)— \‘CuYJr (aq) + YAI(s) (¥

O en Sl 5 3,03 L T 2 551 (6508 B9 a8 el 515 SIS Ik ol 03 ol s Gl Y a8
C,A..w\ JC:\S 4.3)\.3 LSJ:"U':“,:"EO
{emfz Eo(xlﬂ— EO(JQ-DZ JYY - (-V/s5) =YV
+ -
X {A1—>A1‘” Fver il sty o

Y+ - . . .
x ¥ WCu +vye o Cu: el usly o

YAI(s)+ ¥Cu' ' (aq) = YAl (aq) + ¥Cu(s): Jsbe LS 25T

bugio ¢ (2,25 - (VY 63) Yo po - 0235195 - AA_39 Juass Jlo - | (5w - 3% 62915,5 OVlgas - dhawgio p93 8795

358 51 e 0,8 (e 3l e alw u_',ljllf Jshor s 55 3 JESEARE
Sl 3l a8 S O w5 Ldas o ioled |y b
S A s can 4 B s can 1 S Ll s e S ()
s S e

Y+

@l fals Jyle s S8 LA sl g chles o3y Jobe 58 A (Y
c ]
SAGH alS A g 5 5IB s s e Joke ke 3 B s (T
NG

J\JJJSJACJFLGJA J‘)}:g\WMJMZJ‘ﬁJJ‘)J\fLﬁM LSL%Q}:J[S(\C

(B) ﬁf:"‘g‘uﬁj o Ml.:d/a By LY oJ.E.., 9 J"’T("ij:"‘ cojs..:— ("i]‘.!“ u_,\}llf J}l..u BL sl C‘N cwl.i Y ‘\":’.J§
uwjgw)fw\oMobjﬂ\cw‘ﬁSAS(A) °jE'.’:\’."'.2:rj>~"\'.’}°J“‘i"’)}>.'

+
ol 4l alS ek s SIS LA Glaos clale 53 Jobe LIS A Wi 1M 40 5S

SAEH LalS o,k ) e B s Ll e Sl @ J e L S el LT 5 e B s i g S
sl

Jubjsdﬂ &:JFLGJ(OJEJ J}JJ.(.H) JJlSw«J;;l;;:Ab\ﬁ; )‘)J\fb ("i]l“" LgL:au};JlS«W:\...Uf
bugio ¢ (225 - (VY 63) Yo po - 0235195 - AA_39 Juass Jlo - | (g pm - 03 62915,5 OVlgas - dhawgio p93 879>



35S BT JLls
Sl ol 43S 2S5 5 e sle w by e bt Glr 4w 8 ) =l
(Al=yv, Cu= s¢:g.mol” )

ol 1 eS| i S g (II) e o Tl b (g5, 6 2815 55 (1

IO o sl el B Saals oL (o

035 p s W3, Jgn VY Wil sl CuSOy T Jsls LAL 2815 55 (¢

W Cu e SV/4Y = 508 555 - (1) s 0 (Y Span Al SV 55 - 655 5500

Ay Cu t;v/m‘-;vs G- () je 0 (f a0 Al tﬁ\/m—;&;ﬁw—uwyoﬁ(f
Y+ Y+ Y+ _
s eas! zaCu oy Zn(s) TCu o (aq) » Zn (aq) TCu(s) sty sl ((

Zn> Fe> Cu S kals Ll s S (e
Cu pf\‘\\‘ 9 &J]«AAAI rﬁ&\c )\J\.iﬁ 4d}}~“-<-n J}A;’:\jbtﬂ 6‘)‘9\.’ 4;:) J:...Sb ;o.)\.\.:r 9\;)‘}4 :\jJLsu L;JLL.A (g_)
J}";’L;‘J‘?S}:

Y+ Y+
YAl(s) +vCu (aq) > YAl (aq) + vCu(s)
huwgio o 225 - (¥ (63) Yo 0o - 0235195 - AA_19 easd Jlo - | (5 om0 - 338 (597155 OYlgus - dhwgio pgd 293
S C,M.MJJU Bt s Lﬁ"‘}jg J‘}lﬁﬂf—OMJ Ja.i.:..‘r‘ 6‘}%‘2)\.})3 ‘ﬁ.) LSLQCJ)L..G)\ Sl -
Al o Sl 0T o 5 3 s e a3, 0T 53 (5 4a (s 25l e
.J})dﬂ)ls‘\..:)l..: Q)b: Qb)jﬁg': VAJJLS‘JJ ‘M;)‘ﬁb.

Lio (Y V(Y Y (Y v ()
.MWJJJ)}A)L@J;JA.W‘@M?QYMﬁ
bosle )z

.J{Q&J&SQTfﬁjbﬁ&éb}ﬁﬁi)b0\3.:346}).3);2‘.<j‘.
.J})dﬂ)ls‘\.g)l.g Q)‘j: Qb)jmvﬁféb., ‘M;)‘ﬁb.
hugio o 225 - (¥ (63) Yo 0o - 0235195 - AA_9 uasd Jlo - | (5 om0 - 338 (597155 OYlguw - dhwgio p3s 093

Y

-1



4SS BT Juls
+ -
O,(g)+ tH (aq) + Ye == YH,O(1) °=13/YV
.J;;SwJoRS \)&W&jf‘b\cwd\jjgéudﬁ.ﬂi‘y}\é}yéugj}lﬁﬂ(\
s VYV Ll dsemE (O35S - 05550 s sk SO s (Y
Lleds 1S5 (LS 5 LT glass Sl 5 e O ols Lol 6 pmman 31 o s sbad sl (¥
LT G 3l L s WO 59 OS - S 9 S ol s o X JF%}W.C‘M@LV <o S
OOty adh ol 5 osd e bdd S G55 @ pleed S350 ) e LB S dshe ol o
:Qw\ﬁjg)}@pco}:&\—ij)M&yJ}lMéub;;Sbﬁ.mdgoﬁs\)Jiwtgjj_;lgutgjsl{
LT s eSSl o + - _
2RSS e (T (g) > YH (ag) + vel E°= AV

+ -
LE s Shals (sl o Oy(g)+ YH (aq)+ fe —» YH,O(D)

E°=+\/yV
emk = E°(ms) - EO(M) =ty - (/o)=Y

huwgio o 225 - (¥ (63) Yo 0o - 0235195 - AA_19 oasd Jlo - | (5 om0 - 338 (597155 OYlgus - dhwgio pgs 093



35S BT JLls

)J}Jﬁ‘é“é%&ﬁbﬁjf}ﬁéb}uj\dju &LAQYLdsMJdAQLLwaJb)\&U&M ‘j‘.’.). LgLAJ.(.Z—Y\Y‘
S0 3l e M slaaakas 1Sl s i sl 1 s ol 48 S 13 O (glaaks melw
?@‘@)JQTJ)}A)JQMQJ‘J U’:“‘Sbm"ﬁ J}.\;ru.ﬂs.:a.laﬁbm

e T -

+ - [
Cu' + e — Cu  E°=+.¥fV ﬁ Cr Ag
Cr' 4+ ve ==Cr ENY, | T T

+ - Cu Cu
Ag +¢ = Ag E° =+ AV

(1) (Y

Oy + YH, O+ Ye — YOH : sl juslyosoy 1S ()
Cu— Cu' +xe ot leS| a8 o g (Y
Oy + YH,O+ fe — YOH : tals juslyas ) JSa (¥
Cu—s Cu' ' +ve LomleST GES Ty ) S (¥

$FSa S B s 05 5(0) IS8 s s an cnl sl 2alS fdly @ a5 Lol s el Y oau S
(V) IS S o plonil Gl S Tsa 3 58 on Clabls (S5, 51 WIS Olge 4y e 5 axdls [ LT 25 )l

S j',’.) Q)}«ﬁ‘\-’

bugio ¢ (2,25 - (VY (63) Yo po - 0235195 - AA_39 Juass Jlo - | (- 03 62915,5 OVlgas - dhawgio 93893



35S BT JLls

Sl S 3l 5 55050 515550 plaS
S ST Lo a1 51 0 S0 53,5 L s bl iSOl & IS sbons 05251 (1
Al o) LS S el lalaes 53 o a5 WL o PD s AU s lals e Sl (o
3 gh g b ma ol 03 g (glaaskd d‘:’.Ji'.'.l" Sl OAT)'\ Loy ¥ s gl o\.NLw(;f
3580 S del SIS 5om 55 5 el FE(OHDy cpal S5, ol o515 (&

Ll o BLOLas s Ol s Blasl 3 o 5 b e gl 53 Mb 5 Ol c2dS L (&
c;j_fcg(\‘ oo 1 __:ug(\‘ QJ%J(\

L le s Sl (@) 5 (9) Glole ol s el ¥ a8
O3S 55,8 Lis s hled e Ol g 4 e 5,0l 28l il 03 s e 4 0581 :(T) ole
S 4eeS 1y Lol (s e 2alS 551l sl shls el 4S) Lajls S
3 3 sad s o 55 e U Sl Gt i s PD () ols
g B pan e nl Gl s M5 Al Y% (0) @sle
g Jo Aol SIS 550 53 ol S5 (@) ole
AL ed SRleST 05081 5 g 55 5 b e slen 3 5 el s L Kb H(S) sle
huwgio o 225 - (¥ (63) Yo 0o - 0235195 - AA_19 oasd Jlo - | (5 om0 - 338 (59155 OYlgus - dhwgio pgd 093

Sl Canys 4w S el

plomsl ol S Jshor 3 48 ((So)5 blae 3 pslie 5 dned il b 5 SV L 5L SOl 0Ly, ()
TP (‘L" ST sl e

03,8 oo ol I Db 3 68 ol ploends 2SI il 3 I (Y

syde g B 53 COy 5 ST i T 3G 31 s s il b s (Y

s o 5l 3 dlale LIS 5 KT s o Sa i g s iSO e,E b g e 23S0 G KT s (Y
(S blie 53 pslie 5 dedil slasls 51 (SSERY LGl S mla DAl Lol s b ) au S
DS s Olge 4 aS b adsha b 55 g e plonil s Sl ke 55 S Gl B s e skl (IS
b3S e o B s (e 23 K) el Ol Oals e gl S e 5 BT s edd Ol (6,8)
e 5 COy 58 W 5 AL Oy Clie S 2358, s

hugio o 225 - (¥ (63) Yo 0o - 0235195 - AA_9 easd Jlo - | (5 om0 - 338 (597155 OYlguw - dhwgio pgd 093

YV¥

-V



35S BT JLls

Sl o y3l 4y 38 oS (ol by o OT SIS 5y S 5 K8 4 a5 L-TYP

.Jﬁdagwajw\J@éjﬂ.guj;ngfkijJ},Z.Q\(\

A sdige e O Ogol
7\ e- 3L YOO C U s ol [S1y b Jskee sles S1 (Y
\R R s el el gl bl glest s C Jsle pH

i \ 1o B sy S s sl Sty (Y

I | w0 _ + -

\\ W] S e YHLOWM) 5 Oy () + YH (ag) + Yo
\ Y b 'I.JI f)":l

ey S e Sl s ol Y4 sS

oS Codd LA 55 S5 KTB s S oo B8 4 kT G S48 a0 S Cgr a4 a5 L i) a8
L e fos 5L e b

B OT S j2alS 5l Jols S 5o oy L8 55 oS Ly, e B Coan &0 o558 100 1y
S e S, 0 1, pH

- =+ _ s Z
Wi OH S H e (ol 5 gl s LS Ts0s 55 0k sl € sl shilar o o) &0 a5 L 10 8
JﬁM‘yuﬁﬁJ}lmu;lspHcng‘foM

s Z
NGV SR RLY

bugio ¢ (225 - (VY 63) Yo po - 0235195 - AA_39 Juass Jlo - | (5w - 03 62913,5 OVlgas - dhawgio 93893



35S BT JLls

H=1,0= \9:g.mol_\ ) Sl S5 4y S plas =YY
358w Lol Olie s s 511 Lol kb oy ol 51 ks 658 slaedals Jled (sla s ()
3 sdn 5 (W) ol e b > s 5 e IS i OIS L ke s (Y
g0 5 STP Ll 5 55 JS S8 /AL jlade (05,501 Jse 0/ Wslis o131 & NaCl(1) iS5 (7
Al LT s ek W5 05kl 4 B8 s edd W5 5 O3St S8 e s (O 3G, s (¥
AL e

+
Q};ﬁg‘ U':'QJ§ L’Na Lgbwﬁ L”uﬂ‘ PLES' C,,..M:\ JJ[S QL«JA o&m.} u.d..,a s.,,.]a_“e ‘Lﬁ':-fjjf:g‘ LgLAJ},L.N DL :«Y)) :\“1’.J§
.J.A.’Lidﬂ u.:..ﬁls JJ\S )J
S e 05,80 Jse ¥ odsle 15l 4 YNaCl(D) — YNa(D) + Cly(g) IS asSly 4 ax g L i) 4y S
topl by aps 0 W5 STP Lyl o 55 Cly 58 2 Y/ L Jsa
\molClY VY/\‘LCIY
% \molClY

?LCl\, = v/fmole x = \‘/\‘/\LCIY

ymole
.Jﬁdﬂ J\.:S}: JJ\S DL OJ‘})J\.:A )'Kj J\.’T DL Qk.wS\ )'K “_JT C,a.‘?&.;f DL :((Y)) :\"1’.)§

bugio ¢ (225 - (VY 63) Yo po - 0235195 - AA_39 Juass Jlo - | (- 35 62915,5 OVlgas - dhawgio P93 893

Ak 00 ol llnd sladshuns 5l plaS o 55 3 g se Jylos q2- ST Cu - Agy SIS ol 5 -YIA
03,5 (S i 4 0,8 A5 p o huy oo SV 5 V¥ & oo Jshoass 53 () oo Jsbome ke oS (glalamd s e,
(- lodile BL e J b 53 0 A 5 CuhL sy € LS 5 5) Sl
(Cu: $Y, Ag = \~/\:g.mol_\>
SalS e SVOV/Y (¥ Rl e SOV (Y Shals e S FY/Y (Y Rl e S/ ()

Y+
L.:}obﬁ )YJA&S{L}JJ‘JJ \J&.")J I:Cu :| C,a.]a.l&c.)\.s\obfb)‘.bb‘ u()‘}lﬁﬂm.} uﬁw‘@wcwl.i\ ‘\“1’.J§
W‘Q%M))Y}A\/Yo\;d}l.wbjs)ls

. - -
\)ojLﬁLgJJlSo\&;o\.,aMasjﬂ\ rj.?-d‘ JIOJW\LMI}SJJOMJQJJ(H)U,MM/\‘II]OIL o
feS dnles

+ Y+
ok s zs1y:Cu(s) + YAg (aq) > Cu (aq) + YAgE(s)
+
JrmolCu' y YmolAg 9 ViAgAg
\LJAN \molCuH YymolAg

] 0 objj'.‘é‘ aJ.E.;:\;L;J S o\_,\‘Y’/Yg
bugio ¢ (2,25 - (VY 63) Yo po - 0235195 - AA_39 Juass Jlo - | (5w - 3% 62915,5 OVlgas - dhawgio P93 893

7gAg = '/OLJANX fY/YgAg



35S BT JLls

ol S B oS 5 55 S leSTads (5wl 58 S 5 53 oS SileSTads o 5V Ole sl T4

0 HO f (O
© H. O
m‘a\f’Jku/r Hﬂ““\/’fL ] % .0 9(Y
B = T
B - ~OH
HO OH o (f

(a)

3 GRSt de a5 Y e (@) S5 s S LSt sae i o s el ) au S

HU
&~ )
HO,_ H C H

NLC,\ /,CH,. AV AN -

R O £y nc H ‘¢’ Nc=o0
9 e
OH H C=C
[\

(a) (by HO OH
hugio « t;g).zr.'i-(\"o.g_)Jg)é)l"-da)a-'o.nujb)-‘\A_‘i‘\ azd Jlo - V(6 s - b2 915,85 OVlgan - dhanwgio £93 2793 9 w2k - (¥ 2o,9,9) Ve
A aw o cadsl Glacbls 5 o) Soinl ol anlis Cowys Lasls

E>X>D>A ()
E>D>X>A (Y

Ab=4"C A>X>D>E (v
A>D>X>E (¢

AD=A"C

Y+ :

:J}.\iru.a_" rbu‘ ’.......S."' b o\SgL_lew "“.

Y+
E+ X = s a0l J2S1s
(Y}\LSLAMJS u_‘BJo-) W‘E )‘j.’oMlSX |J.’L..’

. . . . . Y—i— .
A n 53 s ph e el plend ST X jD Sladsbe 1 plaS a3 A ais 035 50l b
Y+
J:‘“Sb )‘ j:“:"".." A+D - ... U’:“‘Sb BE Q}?; Ll Lol J.?oMlS X 9 D J.lﬁ 35 )‘

Y+
w‘;OMlSDL‘\M_iw)JX wg)bd‘jdﬂcw‘A—f—X - ...
bugio « t;g).zr.'i-(\"o.g_)Jg)é)l"-da)a-'o.nujb)-‘\A_‘i‘\ JPLIWELNT WER ST SWER S gng))fQDl,m—ihm,h £93 2793 9 w2k - (¥ 23,9,9) Y|4



35S BT JLls

S el B 5 sla iy 5l Splas =YY

oFeV+ (aq) + MnO; (aq) + /\H+(aq) - ()FeﬁL (aq) + Mn\‘+ (aq) + fH, O (O
YCO(g) T Oy (g) = YCO,(g) (¥

vFe' (aq)+ H,Oy(aq) + YH (aq) — YFe' ' (aq) + YH,O(1) (v
YAl(s) + Fe, O (s) = Al Oy(s) + YFe(s) (¥

dAe 0\2.9[.3’ u.:.mlS 9 o.)\.:.\.»r)"i_\‘ 9\.’+Y’ )‘ UJJ u:,.iLM.S\ Sde c(‘“) LS‘\“',’.J§ U’ﬁb BE e @M CML”’ Y ‘\“1’.J§
@A} Ju‘o.)w.ms‘gr.a- w&m; 9> & u..JLiC,M.ﬂ‘ 0\3.9[.1 J';JALSJ o.)\.:.\.»)—\‘ 9\.’—\ )‘ﬁ" Q}:..MS‘ J';..{L.MS‘
O 53 35 S S 3lse 5 0350 plal BB STy ol o Sl mls 3505 3 s STl 3 (gladials
P 13

Y+ Y+ )

hugio « t;g).zr.'i-(\"o.g_)Jg)é)l"-da)a-'o.nujb)-‘\A_‘i‘\ azd Jlo - V(6 s - b2 $2915,5 OVlgan - dhawgio £93 2793 9 w2k - (¥ 2o,9,9) V|4

byye OF yroddisboml 515 Jows 53 o5l 8 al plandiy mSO1 (S, dul b4 s sla ity 5l SGplas -YYY
Sul

YZn(s)+ Oy (g) + YH, O() - an<0H),(aqj (

Fe' (aq) + Zn(s) = Fe(s)+ Zn' (aq) (¥
YFe (s) + Oy (g) + YH,O) — YFe(OH), (aq) (¥

Fe (s) + ZnhL (aq) — FehL (aq) + Zn(s) (¥

Lguujjzﬁlj;ﬁywléj))bcw\ J.?oMlScFeL;O\M_iLiA)JZH oS b—di)‘w‘@wcwli\ ‘\“1’.J§
s dalt Oy 2alS o e O gy

bugis « t;g).zr.'i-(\"o.g_)Jg)é)l"-da)a-'o.nujb)-‘\A_‘i‘\ JPLIWESNT ER ST SR S gng))fQDl,m—ihm,h £9> 2793 9 w2k - (¥ 2o,9,9) V|4

fol Cvys 3 sla,le &ifus -YYY
el 03 S LS el gadby (AS e IS sLE L oS S5asdes g sk 3 ()
Db RS ol @3 4 S GG s BB i e slad sk 53 (Y
el B o o BT ) e S35 ba0s xS S SIS lad sl s (7
s oy B w Son g aa3h s Jshe 3 O350d 5 LS (Y
s S Ll o Sl s ey ¥ <o S
el gt O Dol sl gaiby S e 8 cLie L aS o s ke 5o ()
Sgbee bts S GH a plead 655 (e slad s S (Y

el B o 0 BT 5 e S e s Lo SIS > SIS glad e s (Y
hugio « t;g).zr.'i-(\"o.g_)Jg)é)l"-da)a-'o.nujb)-‘\A_‘i‘\ az Jlo - V(6 s - b2 915,85 OVlgan - dhanwgio £93 2793 9 w2k - (¥ 2o,9,9) V|4



5558 BT JLls
Sl s> 0355 o plnl e LIS s OISy OF L3 68 Joha olss 5 e 51 Splus -YYY
G ran (505 G55 sk 5 odd 0T pd (slas J2alS o pe LIS s 4 ST (oS (e 03531 (Y
LS
J"’L.’.JAJ:"A[S‘Q;""'LS")J“Jih‘b)bb)}‘dﬁﬁw‘wvwd}“ﬁi uids‘jm.’ rl}u‘b(‘“
g fL?LQIOAVOC sed= gles n ais g ge dol b (¥

Pl sdelws 4y IS 5 slad g sled il 53 0dddd 5 e sladse sled ()
YNaCl(l) > YNa(l) + Cl,(g)

J‘}«:!dﬂ aalanol JQJ.IS m.....lS (_S)\J\.iﬁ )‘ NaCl g_)jb (_SLAJ u.:.mlS LS‘J" (Y

+ ) + -
L Na plad T 55 &8 sy ol YNa (I)+ ye — Na(l) s, o (L) e lad Osel o (¥
b Sl Na @ L

bugio « lsg).zr.'i-(\"o._pjg)é)l‘-dp)a-'o.nujb)-‘\A_‘i‘\ PLIWELNT WER ST SWER S 6;3T),§&D|,m—4hm,h £9> 2793 9 w2k - (¥ 2as9,9) Ve

Thzes Conbie 5 obe 05 5 S (gl sddnlgniy 35l 50 5l slaas 4 -YYO
(R EEARY-N S P W (P8 Jsle o
b Jods S (5 plesd 555 - S (1
Dshe bl o 5 anb sk s se (ESTs - OD L (o
S o S o T e 4 bl 5 B e 4 W05 - diles (o
el e Ol e b e 4 e B 5 a0 U1 - o (o
V(¥ Y (Y v (Y f(

thﬂcj.lmb)yd))udb;‘}als Lg‘fco.)\,}b% J)}A)L@J;J,Aw‘@z.pcﬂl.i\ ‘\“'lj§
bugis « lsg).zr.'i-(\"o._pjg)é)l‘-dp)a-'o.nujb)-‘\A_‘i‘\ JPLIWESNT ER ST SR S 6;3T),§&D|,m—4hm,h £9> 2793 9 w2k - (¥ 2o,9,9) V|4

;s 5 cdlas olS -YYP
3 pdee 45 Sy Lovw 53 okialS 88 (2S1s0 a3 dadshens B7 Jsar s SUsT sl o (0
s LB 5 I8 568 dasls Ol 3 U5 5L i (o
38 el 1y SIS Jshe G dhns 53 51 G o 25,80 iy U150 et s (gl 4 (0
Pl s ) s el sl sbiagdg S (6 Olge o e 3 6 il slad b BY Lslis (o

(&) () (\° () (L) (Y" () ) (\‘ () (D (\

258 G Sei ) SIS Jshe G Jhnns 53 Olos 25 50 Jemilly Vel U150 L s (gt w0 (o
YOOC 6LAJ L QC,,..M:\ OJ\.AT &W}fﬁ‘ 6f.~ Q‘}«.@ o LﬁJJJ‘} DL S M 6[.&&}1..»/& EO J.ibl.iﬂ (CJ

LS oo end Db o feiln Dlds des kS b5 sl oA (g S o510
hugio « lsg).zr.'i-(\"o._pjg)é)l‘-dp)a-'o.nujb)-‘\A_‘i‘\ sazd Jlo - V(6 s - b2l 915,85 OVlgan - dhawgio £93 2793 9 by - (¥ 23,9,9) V|4



5sS gBl Juls
O350 0 oS sk byl oo 31 X sk e a3 s en50 3 Y g slila e gl b s - YYY

(Alz w,0=1¢,C= w:g.mol'\>
VY (¥ V(Y /85 (Y o ()
) C,M.n|@>=~ac.~l.i\'" o\,._lJSi
C,M.»r‘Al JLJQLA.A(J:;[S) u.ﬂ..ﬂs.,,.k_;)b ool iws 9\;603)}‘}}%&‘J§Qm JLA J}.L.N Y

YAl Oy + YC — ¥CO, + YAl
ymol Al ¥ mol C yvg C

X X
yvg Al Ymol Al Y mol C
bugis « lsg).zr.'i-(\"o._pjg)é)l‘-dp)a-'o.nujb)-‘\A_‘i‘\ PLIWESNT WER ST SR S 6;3T),§&D|,m—4hm,h £9> 2793 9 w2k - (¥ 2o,9,9) V|4

? ton C =Y ton Al x =1 ton C

\g .
S 4 38 5 05 S V00 % ! s bl oas e CBS Ol Ol Hn &Sl S Jeke 53 -YYA
(H: y, 0= ¢ g.mol_\> Sl
f/0(f ¥ (v Y/Yo (Y Y (O

Jpe S 05,80 Use ¥ g gl 05 oo SIS 5 O O 3 o8 25 S Jsbo 55 sl oo el ¥ 4y 55
Cows 4 58 VPG e 53 o e 5 (T8 Hy) 0355 5 Jse 52 5 (TY 2 Oy) 0581 58

YH,O() + Ye — YH,(g) + YOH (aq)

_+OY +
YH,O(1) — fe (g)+ YH (aq)

P Olg e cnl e

Y o- ymol e Ys g gas
VOO X Vv e X . £ 8385 _ Y/Yog gas
fHYx Vv € tmole

bugio « lsg).zr.'i-(\"o._pjg)é)l‘-dp)a-'o.nujb)-‘\A_‘i‘\ JPLIWESNT ER ST SR S 6;9T),§&D|,m—4hm,h £9> 2793 9 by - (¥ 23,9,9) V|4



LS BT LS
Sl oy 3 s 3l slans a M 51 iS5 kg el 336 S IKT 5 -YYe
il S S el 5 5l Ml sl Ll (o
Jﬂwob}ﬂ‘c@‘&@é}bwvuméébjﬁ\ f?fé)&\ M‘ﬁ@ﬂﬂb(u

e TM(s) + 1Fe’ (aq) — YM™ (aq) + nFe(S) 1o pm « dobe IS ST, (o

v (¥ f (Y Y (Y Y ()

el 3 () Sobe bt Ll s il Y S

toobe e A s 2

b S S LSS n al b Ll 3 M L _ialS Lesly oS 5l Mugﬂ(i

e s b 5SS > g b 5SS > (M) T s o Lagsgsl 55,05 1) &1 28 Mk (o
G O a0 S ES o e Sesle Sole 4o el (Fe) B8 e & (M) W 51 Jshe > 12
el O 5l oS

sl BT 8 5 el feate (65l e Clas o (M) siilig 56 (oWT al b s S0 sk s (o
) b 508 O p o 510k s

od M (8,80 = M(s5,55) om0 ol IS 2815 (o

hugio « t;g).zr.'i-(\"o.g_)Jg)é)l"-da)a-'o.nujb)-‘\A_‘i‘\ azd Jlo - V(6 s - b2 915,85 OVlgan - dhawgio £93 2793 9 w2k - (¥ 2o,9,9) V|4
.mA;w)ljéﬁjJﬁ&lha\)CjB A Gl ladrs ‘;;L,&ic,ﬁm;l{CuSO\c Jslowe (g gime B, b ans )5 =YY

a) C+ B(NOy) —C(NOy) +B b) Ay(SOy) +C— Cy(SOy) +A

¢) Cu+ BCl — CuCl, + B d) B+ ABr,— BBr_+ A
A B C a5 CLis ()
HH | a,b.d(x
| asb.c(v
c,d(¥

(V)b (¥)a,b v)J,b

buwgio « 8Ly - () (pogs) Al o - e235b - IA_ Juass Jlo - | (5w - o3b L;)ﬂ;)folll,m— dhwgio p9d )95



5558 BT JLls
fowl Cays 3 slasle 5l slaas as =YY
S WIS LS 5 3 05T L il e b et s tiles 03550 (1
-K:A-AN\AI.‘)NY &y 64\125.] CJ}UE )\J:’VSOY jAr &y Lgo\la.ﬁ_] Q}L&J(g
Ced Sl s b B Do a sl glasi g Sl edkd Sl LS Sl e s LB i s (o
.J\Abda
¥ (¥ v (v Y (Y Y ()

.Mw)JOMJMQ)Lﬁ)L@%]A.w‘@M?QYMﬁ
bugio ¢ (2,25 - () Culigus)l) V1 dl> 0 - 0235195 - A9 oz Jlo - ¥ (gm0 - a2d 62915,5 OVlgas - dhawgio 938793 9 2Ly - () Cudg sl
Jge kom0 pd Grae LIS ,b 4 STP Ll i 55 58 I WY/YF 810581 - 055,40 5 g Jghes 55 -YYY
YH\*(g)—’—Oy(g)_)YHYO(D €355 00 sl 0y I
v/A(F /e (Y Y (Y ARG
YHy(g) + O,(g) - YH,0()
:wya\ij\ﬂb.;ﬁ&d;pojfﬁ\ JJAY‘)'KJ}«Y' e 14
ymol 38 X\‘mole_
YY/fL35 ymol 38

bugio « (2oL, - (slo ) ) ol - @a35l95 - AA_39 Juass Jlo - | (- 03 62915,5 OVlgas - dhawgio P93 893

2mole = \w/¥¥L 38 x = ./Amole

Sogpe a SRl GSTeed 0T waw 3 1S bl A s ()
Aas e i, Fe SFe' 4 ve

Llp hals Sl diles (S opl s S sty (Y
el At al e o S

3 g bl cpal 5 (A ) s (T

235 ge o3litul 5 S gla b el gl cpal g5 ol (Y
oAl st e ekl B S5 L el mhau OF 53 a8 ol e gedkias Ol (Y8 Lol s el Yoy S

g e alb JJTJLE_}); U"J e cb.w)b ool sl Sy s 53 5 00 s jso.mlstl.é O Cnd
bugio « (20, - (sl ) ) ol - @a35l95 - AA_39 Juass Jlo - | (- 03 62915,5 OVlgas - dhawgio P93 893




35S BT JLls

SH 5 bl Gladgbe by e S B 5 A IS 55 4 a5 L-YTY
Sl e 2l w38 IS ol SIS Jihe S
S e Jes B8 28 5B sl gm s A Q)
o (e o3) A S Gy olie D3 Loy SUl oS > o (Y
e (e ) B cn
FCU dpe a5 @l @ SIS Jse onl IS 2815 s (F
s n ol 05 2SN d e
b op 4nalS Olej Sy w0 B Jslee S5 a1 (Y

Y+ Y+
psedZn(s)t Cu (aq) >Cu(s) t Zn  (aq) <m o JS 2S1y .ol e &b Y gLY
Y+ ;
dsle 09, 95 cpl by LS o by 1 09I 5o Cu SLos 5 das o Sows 31 05 S s Zn O
a8 plor oo 2550

; Y+ Y+ _
X W TR W o /n Y W S W U 4 5% . &0 )
T g b e als1 Zn Zn 5 (65 i8) Wb e als Cu e o 3. Cu Vg S

.J)\J‘)

.w‘(w;,,.b_;) J:lsﬂ\.’(dbﬂgﬁb:‘?) J\.j)'\cdjﬁ.’)\.)\ﬂ)b QQPWO)‘N&‘})KJ}.»JJ :Y LS‘\"'.’.J§
Y+ Z 7 Y+ Z Z

bugio « (20, - (slo ) ) ol - ea35l95 - AA_39 Juass Jlo - | (- 03 62915,5 OVlgas - dhawgio 93893



35S BT JLls

Sl & ) LgLACJ)L.G )‘ &irb\s S LSL:MJ‘J ) L’—YYJO

AT g+ Ye > Als)  EP =+ /vV
B (aq)+ ¢ = B(s)  E°=+./AV
C 7 aq) + Ye > Cs)  E°=-\/vsV
D" (aq) + Ye > D(s) ° = . /voV

_ + -
JJSLS)‘J&cc\:&_‘BJ.b)JQ‘}:dA‘)B 6}L>-J}l>uﬂ(\
.MM\PM[SDfﬁj\dﬁ))o\ﬂa)cAJD)’\yl}-gbng}lM)b (o

+_ T + v
Sydale=B > A >CY >D s SLS| O,0 anslis (o
b e sl SHE J4=~. pH (SHE J}LWVQQCWQ:JSM;I » (o

:L&'ACJ)L?.G w)fww)bgbjuéu@)tﬁw‘@wcwli\cdﬁﬁ
:V'Ub L:M\.}}fEO warg b

+ . . o 7
B sl Ul Ol5 oad e 55 5 5ls dal g Jﬁ|jvﬁl{m¢>)|séjjda;ﬂE BaocoCilole
.JJS&)‘J&CJJL)J‘)
J&Sﬁﬁjomw‘mmbﬁﬁiﬁ)bD4L&'AQTEOo\_go\p.-jl.gcAjDu.'s\}ng}lﬁu)b:gQ)lfﬁ

b e
S & S £ R o
) B>A >D >C
SodkwSl ¢ 58,5 E° » ki ol E® w s pg Lo ole

+ -

AL s Gl PH 5 e S s
hugio o 225 - (oo ) | @olz - e23195 - AA_9 aass Jlo - | (5w - 838 (59135 OYlguw - dhwgio p3s 093



35S BT JLls

Sde ﬁ*-‘" LS")‘J"’\ olals L,’. keS| LS‘\-’jf )‘ J}A &i u_‘BJ..AA LS‘)‘ a ol Cj.la.ﬂ LgLAu;MSbm.’ )‘ &f\.ﬁ BE =YYy
el i eS|
Jla sl 3 rals 2sTsa ()
s Sl s Shals ST (Y
TiO, + YC + ¥Cly > TiCly + YCOCl, sty s Lalos! sty (7

_ + : Y+
YMnO_ + V2 H 0T = YMn 0l + AH O 21y 55 jtals assly (F

:masdﬂw)f‘)OMCJ.L.ALSLAJ:MSL)N)‘&J”JA.M‘@M?QY9\...1J§

Y+ -
Jse & G ns sl aw.cul Al (D) +Ye = Al() o0 o Ja Ll d s eSSty 0 G4 S
J}Jdadfmdjr“g‘dyrcu@sbﬁw|)b o.)w.ms‘éo\.,jf

O,(g)+ YH,O() + fe — YOH (aq)
J}ﬂldadwdjr“g‘g)}a\ccd'd‘jm;u_ﬂ)bew‘éob}fg)}a&idwéb‘o\.’
oS VJ‘ o= lSTsae cu,':.;Sbm.} oo il o S V‘ﬂ‘"ﬁl’ﬁj"ui‘.‘sb RIUBLIg Aoy J“V;SUV.:.} ¥ LS‘\‘.",’.)§
53 o dalS 5458 Jse SO O yeme Sl ol ol ool sl COCIY 0> Y 4 baeas SS1y Coaw 5> i
Byder Mg 05 RN e ¥ S ol
(’:‘ o= lSTosue U’.:'.Sb(":'.’ ool s el MnO\G 64_}; wbge STyl g el J“V;SUV.:.} ¥ LS‘V%)§
iy . T+ . /
b s eSS Jae SO Oz sl 4 ol sl s ; M 53 Y o\_.,Ml’lO\‘ 03 TV 5 pRe

bugio ¢ (2,25 - (slo ) ) ol - @235l95 - AA_39 Juass Jlo - | (- 03 62915,5 OVlgas - dhawgio 93 893

Flal Ci)d 3 50 plUs =YYV
..LJ&.»); o Ky ol calss s J_}TQ}AJ:.; Jsl=s J=1s 55 pH 25 ()
LS o ags OF Jsbome IS 4y 5l e U diles S 3 1) e 3 (Y
g e Clabloee ol 5 edd A W55 e e s B sl s (T
S o Jeate 5L Ete B 1) 638 A6 Db 5 L osY g b G KT s (Y
:Lhc\;.l)gw)ﬁ.w‘@wéﬂli\ < S
O 55 PH B 5 s (gl LT GIb1 w53 353 00 W5 o gkt O T L3 O BB 0 550 sau S
kil o0 S 4
S e agd 0T Olde s G Sl ks 5 e dile s I3 1Y S
(5 5 0dkd denST ol S5 (a1 sl Sl s oS il W5 5 S S50 gAY Ledd sty el > 1Y gy S
3 g o Shadle
S r bate 6 5L (e S8 B8 a cduled (OIST ol 13 S 1y Sl o)l san (ST 55 0¥ gy S
hugio « 025 - (slop) | ol - 235193 - AA_9 ez Jlo = | (5 - 233 (59755 OVlgus - dhuwgio p93 )93



35S BT JLls
ol (585 305 € gy 3lm 5l g 25 SLaES s 51 SCplaS 53 =YYA
+ - - _ -
CH.OH+H' +¢'— CHe+HO (r H(AIO +H,O+¢—> Al+OH (
Y- - e g oo Fo'r
FeO [+ H,O+¢— Fe O+ OH (r  Fe,Op+H +¢— Fe'' +HO (v

Pl sdel 5 3 LaptiSTonsd 51T (el (s43l5n S8 Ll s il ¥y S
) HYAIO |+ H,O+ e — Al+ YOH
Y) CH.OH + YH, +Y¢ —» CHy+ H,O
¥) Fe O + 1, +Ye'— YFe' +rH,0

) YFeO |+ 0H O + 5¢'—> FeyOp+ 1+ OH

bugio ¢ (p)25 - ) el - e23jl95 - VA_9 Juasd Jlw - ¥ (g - 225 89138 OVlgaw - dhwwgio p93 895 9 2Ly - | Rol> - e jl9s - TA_A9

....... 5 e M5 o 4 (D) 5 (8) sl B st (I, (D) o iSTy0s B2 o ar g LYY
(Al o ooy 1 ey 58) Ll &
() Li(aq) + ¢ == Li(s) E° = */+¥V @ K (aq)+ ¢ = K(s)
() Ag' (AQ)+ ¢ = Ag(s) E° = + AV ) Pt (aq) + Y& = Pt(s)
/YA -Y/AY (¥ VYo /Ay (v To/YA YIAY (Y /Yo X/AY ()

(Y 5V slaaysS 5) ol o E? 51 585 e oaley BTl o )ls L E® (508 gl Ol 5o o
o,i als B 5l 58,55 of L2als B2 by ool 0,8 5l 508 0 [Saals ©ols 5 oo 56 G 0
.(Y LS“*U§ .3)) .C,a.mr‘

bugio ¢ (p)25 - ) el - e23jl95 - VA_9 Juasd Jlw - ¥ (5w - 225 6;,T>,§o)]l,~—4b~,xa £932193 9 o2y - | gl - e jlgs - 1A_99




35S BT JLls
QC,M.M‘ C,a..MI)J JU& J"‘f.‘}"a L§°)L.’)J J’.’.)' 6{.&&:))[.?9 )'\ Sl 0\9: -Y¥.
e ol rals = LSt STy s GRS ST S J ke (W) e dad 55 (T
Jﬁd‘c)l;- d}l.w wgm)‘.)\ﬁbﬁ U'i‘ u.l.«&‘ Lgo.})jbﬁ(u
+ -
d AL (aq) + Y > AL 0 6 o 1S GBI 3 aplacl STy (o
J\..Su.a g_).)o- ij’.‘.{.” d}ﬂ)l.@.?: olals Lgo\.,ij}a]chLm J}Lﬂu_lSJ:.Sb )J(CJ
¥ (¥ ¥ (¥ Y (¥ ' (0
134 n bl RalS = LS| STy G 5 bS] 28100 G dls b (K1) e s s (1
"0 (1) Oy (g) + Y&’
Oy (g) + C(s) = CO,(g)
s o sk il a3 5l Ol Sl a8 ol e T 5L Oles s a3 Lol o350 5 (<
¥+ -
Al (l>+\~e_) Al (1) Q)}@MJ}L,/J\E[SJ\J.H)Jobeu\J&SUM(u
)L@J; c(C) okals LS‘\-’jf J}AJA cJLA J}l.wu;lsu:jb )J.Mbu.ﬂ Cowd )‘ Q)J’;(.H e)UAJA s lals LSL:M\J;(CJ
MJ&@J}‘Q}}Q‘J}A
bugio « (225 - | ol - @23jl93 - AA_A9 haasd Jlw - ¥ (6 pan - 035 (52913, SVlgan - dhanwgio p393 2,95 9 o2l - | gol> - e23jl9s - AA_19
Soml S5 25 b S 51 SGplas s o S bS]t sue =YY
OSIT e esla (¥ ISy sesla (Y Sl o gesls (Y dadl o Sesl ()
WCH,O: CH Y )+ (7)== C=»
YYHCOOH : (V) + C+ ¥ (-Y)+ (+)) =+ = C= +v
¥)CH OH: CH Yy () +(-)+ (H)=+= C=-¥
Y)CHYSC-F\‘(-H): = C= -y

bugio ¢ (g2 - Velz - e23jl95 - VA_9 Juasd Jw - F (g - 225 89138 OVlga - dhwwgio p93 895 9 o2b) - PRl - e jlgs - TA_9




35S BT JLls

cQT ng)fo.)\,}b% J)‘}A )‘ Sl 0\2:4(‘,;....»1‘ g_)‘.)w .LUJS v.iﬂ..ﬁ C,..‘?K.‘Bf @’J}fﬁ‘ le..» Mlﬂ};]a J’.’.) J.(.Z—Y\CY
QC,M.M‘ OMLJM,:..A@)JU

Lﬁ_g—)l;;)‘.)\ﬂ)bu;)jjﬁ|\;sj>\—~€-’” o
G 0L mie s 5 Sl Glac b

Jsbw I8

Jsho e s

(MECLL (D) Jsho ol 50 (5,53 oo
Y (Y o ()

f (Y v (Y

J}l.w 4]1)' Jg.&(;.w‘ oL um,.:..a C,,..M:)JU 4J§..i'/ S R o.)\.\.i':o)u‘ J)‘}A fL«J sl @M CMIL'" \ ‘\“1’.J§

bugio ¢ (g2 - Velz - p23jl95 - VA_9 Juazd Jw - ¥ (g - 225 62915,5 OVlgan - dhawgio £932193 9 oLy - Vel - e jlgs - 1A_99




35S BT JLls

ot Sl GBS ais el o 3l 2t o S AV (T aiS sadsl o - e T SIS e s - YT
SiSly b S 5 VJ§ Yoo plp bag e Sl Je S 4 SET Ol 3l asl Y msiS )
( ")
Al=yv, Cu= #f: g.mol Coml s p dge dir (e ol 53 Jsbw 53 adelnl
VoY (¥ s (v VJOAY (Y J/Yay (3
C,,..A.AJJ.:) Q)M‘Ud‘}lﬁﬂ U'.’.\)J oMrbu‘
Y+ ¥+
YAl (s) +¥Cu (aq) —> YAl (aq)+ ¥ Cu (s)
A (AD Gl s gadsl o il p S M 1L (Cu) S s sadsl oo STl glaosls Gillas

2JgTL$Ag:~w>c\.3ﬁ)' <o« Cu LRSS WITPRL] rﬁ)lmcsﬁo\:ﬁqlSAl RLEN

Al Cu
YRYY YXFY
ia X

<Cu 60\&:3 f]" S ol cpb ‘J}";'dﬂ Y"g j"‘j" L&'M\&; rj>- CJ}LL? YYeS C,,..Jr.)\f )‘ o “_J‘}.w LgLAo.}‘J L;.,Ua.a

tedp Ol e el el AL s Sl 2y
vy
|:m+Ta:| S[AV+m-a]=TY = a=srg
%(_) %r—)
Cu ¢~ Al ¢

ymol
Y g x
— Yvg -
RAl = ——— 2 = +/OoAY mol.min

<\“\‘~> .
min
S

bugio ¢ (g2 - Velz - p23jl9s - VA_9 Juazd Jw - P (g - 225 62915,5 OVlgan - dhawgio £932193 9 oLy - Vel - e jlgs - 1A_99




35S BT JLls
J';i‘).‘a‘ fjf"‘"":‘)‘:ls"j}:g\fj} ckib}fﬁ‘rﬁ)rﬁ\r J:.:alSLg\)\oumjL—ng) LﬁW};ﬁg‘J}lﬁN)b—Y\c\c
(Zn: 50, Ag = VoA g.mol_\> Sl o
) + -
Skl Sly o0 Zn(s) 7n' (aq) + ve
+ -
S8 Sy o Ag (ag) + € > Ag(s)

YY/¥ (Y PY/A (Y YV/& (Y /Y ()

J}l.w w\g;lsu’i..s‘jw\ J\JT(_S})}J\;[S ojEijE.l—ng) &wjf“g‘ J}l.w)bw‘@zwcwl.i\ ‘\“1’.J§
+ +

/n+ YAg —>ZnY + YAg IO VS SR

\molZn)< YmolAg y V' AgAg
sogZn  YmolZn YmolAg
hugio o @by - (13050) Yol - e23)193 - AA_9 oasi Jlo - | (5w - 338 (59T5,5 OVlgaw - dhuwgio pgs 2,95

7gAg = \vgZnx fY/YgAg

Sl v ysb 3 slac,le &ifus -Y¥0
b Sl PH 5 eas W5 0550 3 (bl e L ol Bl ) s ()
..s}judﬂ.@}.?.)j);V_i.).w}l.éjJﬁls);)lSjlfcgl.lﬂJ\i)lfﬁmwKéﬁ)s(g
b e LSt T s s b aasb e gl s el 2 ol ISl s (o
g ge 2S1s syl BT sy S Gl WIS 55 xS e b s (o
<o (f <o (v o 5 (Y < 5

:me;)p;w)ﬁ.wlewéﬂg\‘@ﬁ
YH,O() + ve > H,(g) + YyOH (aq) oy ) O le
b M W18 s Na 5 LT s Cly colde w18 i SolS3 5 55 Lcnysb i wjle
e GRLST T 570 5 e g 5SS ol 5l s, BEY Lo io ole
g g ST syl KIS s xS il s xS dls a3 s Lo ysllo o sle
Busgio « g0l - (1303 00) ¥ ol = 0235195 - AA_AQ otz Jlw = | (S pmw = 535 ($913,5 Vlgun - dlauwgio 93 29
Sl s 35 oS -YF5
LS e M5 Sl 5 03udes S dadend L ST s sl eles (\
e ealitul 55 mie Olgie 4 e s 3l ol (6 a8 s (Y
s gy EalS - LSt B8y S 15 Sl e (g5 ke 503 s 4k oS a (Y
ol S e 3 a0 sl S g SNl = g, SIS e s W0 sslS oS > g (¥
w3l glaa S o Sl s el Y < S
S e a5 0o B 5 Sl b 2T s bl (el ) gan S
OWaw 9y dshoee 5 e S plpbe issls I3 gy I YL placd s SN (6 53 e Y Sas S
A3 pad Sl
el S ol 3 a0 Sl S8 g b s (SIS T 3 Loyl oS > o 1F gy 5S

hugio o oLy - (13050) Yol - e235193 - AA_9 oasi o - | (5 om0 - 238 (529T5,5 OVlgan - dhuwgio pgs 2,95



35S BT JLls

Tl S )30 030ST = 055508 (55 5 Tk 3550 5 D Le plus =YYV
Al o SleST s e 35l Jsbe T 53 03554 55 ()
s e Jame LT 4 SIS Sl edSddsbe sl 51 LIS L 055 slao s (Y
s e e 2l LSt gl STy 4 St pla SHIGIS Juls 1S 5 T (T
S a3 ) bt (6551 dagg Sl OV o s lad sk (Y
g e ize B a4 LT 510 p ediSAsle clis 5l LIS L 050 sl g Ll e AR
huwgio o oLy - (1305 0) Yol - e235193 - AA_9 oasi o - | (5 om0 - 238 (59T5,5 OVlgan - dawgio pgs 2,95

NH,., SO, , CHy, OF,, CS,, SO,
RESUW I PO NPT IR VR IRCR R PIING < JUONCY ¢
el yio s OF - s 55 )5liS 5 o5 oo OF y J5S050 55 0508t ) S5 L (Y
LS e S g S Ol o SLigel J S350 dilen CH\G 35S0y slad e (¥
sl 3l SOy 5 €Sy slad s 4e slas (S (Y

H-N-H 0=S-0 :S=C=8
H
H :0:
F—D—F H—f%T—H 0—%—0
H

Bl 3l lad S 5o il 5 e NHy 5 OFy SOy glad 050 o ys 1) g4y 8
.C,M\u_?la_EOFY j@‘zﬁOj‘Fé_}EﬁiEM‘ﬁj.w)J Yo S
S o S g SO S Ol 53 5 03 el NH 58050 i j5U 0¥ gay 58
ool odiast SOy U050 Lol (o OS¢ IS5 o ys 1F g4y
busgio « by - (130100) PRal> - @23jl93 - AA_19 haassi oo = | (5 puw = 035 (509713,5 Vlgus - dhausgio p93 593



35S BT JLls

S e i S s 0LALE G ean 5l 1 6 ,ST5m 05T I (b Ol (i

)‘ J'?U':"ﬁ" Jo—b &4” L&'hob))b_‘.? LSf"ﬁS}:“"" “"1’.‘]“9 i}w cQw}w (II) JMJ},LN L’ W}H U’:“‘Sb B (g_)
el LAQMJUL..SU ng;'ﬂxs‘}:ﬁJ g,,_ib.»p CM
.wn_a),ugjuw;%mbd;poi&-sbc\sM%ﬂAlYOVJg.:;o;:msw(m)wﬂo,;ts(a
)b_; 63 g t>s QT)J Q)))‘)‘J\iﬁ w;uﬁmjo\s J}Jru.a di.ﬂfjd_wﬁjj.‘; )‘W&i&ﬂ%d)))‘ o\.iy CM‘ (.3
.a5ls

v (Y Y (Y V(Y f (O

Ju..sdﬂg;.:*ﬁ S BL QLAL:f &_‘Bf,a.ﬂ Ls\j" ‘) ojs‘).& Q}jj.l:; )K cﬁo)b Q\)\J\Jl}- ‘.C,a..n.»:)bl.’(&_ﬁ.n
YAl(s) + ¥CuSOg (aq) —> Al (SO\‘) (aq) + ¥Cu(s)
- L r ) L
' Yl ‘.WJJL’(;.J

C,M.»r\ C,M.A)JU W}ﬂ LS‘J” gﬁ"l"ﬁ e JJJ)[S ‘.C,M.M)JU (C
.J)‘J )b_; 63 9t
hugio o 225 - (1305 00) Yol - 0235193 - AA_9 oasi Jlo - | (5 om0 - 238 (59T5,5 OVlgan - dhuwgio pgs 2,95



35S BT JLls

QC,M.M‘ C,a..mr)bu OT L§°)l-.’)-"~.-*-l-]‘-‘f\~)‘s GJ},\; rbu‘ﬁ)' 6&%\}& &W‘)Jzﬁ')f J}l.w&i)b J§|-YO'

: + - .
SiO(s) + YH (aq) + Ye — Si(s) + YH,O(D) E° = -+/AYV
YH,O(1) + ye - H,(g) + YOH (aq) °=_v/ArV
e SO, ol WS Sl pH Ll T sl tiles aul b ol 3 ()
3 5d e Skl s (O O a0 OT SIS dilen OF il (28150 s (Y
C,M.»r‘\cj.s\f cdjj).)\.:.ﬁ u.:;-}.w J}.LMJALQJAJ},LM Ji\&lSJ:MSU); OM‘\.SJL.AQ‘}J:Q\ J\M(r
L;ML..A Lﬁ-:}y J}.L.N OJ})J\?‘LJK J\.:.S}: LS‘)" CYL} OJ)'LE JAJ a Lﬁjj 4&:-.~| C,Jj '/'\ J},L_N w‘emfdsw‘l;(Y
ol
ST ot B lls (ST Y| FSlaes SeS EY s STy o e b ¥ < ;S
} ) ) + -
(u! 2S1s0s) Slest: Si(s) + YHLO(1) - SiOy(s) + YH (aq) + Ye

(L5 sty o) sials s YHO() + fe — YH (g) + YOI (aq)
Si(s) + YH,O(I) -»SiOy (s) + YH,(g)
emf = E° (L) - B° (L) = -+ /A¥ - (-2 /AY) = + /) V

a8 s

sy M OH |5 ol (s3b laes LIS 3 il 3 55 a3 ¢ ey (Jsl ag S
+ 7 Z

J}JL;AJJ}J‘H cg‘u_éjwl.gjbjﬁ)b ‘.C,..,«).s(p:o\:..ijs

-C,a.»w\ OJ\.:M) SiOY )J +Y u.:..lL,.MS' Sle 9\.’ cjib.ﬂ ‘-I:;J..LMS\ dJe L;

)K J\.:S}: LS‘J" QT)‘ sl th.} 9 Sl ﬁ’:L’ ob)'l{jemfcwﬂj-j djﬂ‘ J}l.w U'~’~‘ BL ‘.C,,..M:)JL’(r)LGJ; ‘\“',’.j§
Al e Ol pdididas 5 SU 55 mie SG Olge a4 Ay 58 5 ealinal (O35
hugio o (225 - (1305 00) Yol - 0235193 - AA_9 oasi o - | (5 om0 - 338 (59T15,5 DYlgan - dhuwgio pgs 2,95



35S BT JLls

il 5 ki a3 o 0L ML s slila s ol aaks G oS 5 IS 445 L-Y0)

0.(g) A Sl s> o pluS

g\_f/‘ 23S eslinad IS JUS 5 T SS6 cotla s Olsie ol g5 onl 51 ()

M{S) A - 7 : .

Fe(s) M Ye 5 Mool guls STy (Y
3L SN e 570 wlg e e M (Y

AL Zn Wls e S sl Sn Wl e S ) s ML (Y

- Y+ -
M‘J\jcoMu\ LS"J‘L-;")‘JFG QﬁjéMﬁM‘)L@b UJA\ 4Sw|mﬂ\>-jbw‘@wcwl.i\co\ﬁij§
. Y+ - .
o=Wst: Fe >Fe  + ve HOl la S0 nl ol
Sals Oy + YH, O+ Y& — fOH
hugio o 225 - (1305 00) P ol - e235193 - AA_9 oasi Jlo - | (5 om0 - 238 (59T5,5 OVlgan - dhuwgio pgs 2,95

03 g gm sl LIS i H IS e 4 S s e LS 6l s O Sl e g Al B s ()
sslinal OLiSd ol Jgloee CBUSE 2 5 0T A5 (sl 5 o3 68 okialS i ilea b slagls plas (¥
358 e o3l oS e 4 o SIS 51 OT BSOS Bl il st o (Y

Aol SIS 5 SIS e 4 S0 e B sl Lo o EME s anl s s ) gay S
.J}.\jdaobwm‘

Ll S o oS = LS Caw 0 O35S 5 Wl e 0 L gl 25 501 5 SIS Jl 55 8 53 1Y gau S
S o S o pliaal L L s Sl e s L0 53l 1 w3 ote oSO g 3 T

Mgl LT Jsos 46555 oo ealizal 0T Oolde Sas 31 e 56 a5 6l 1Y aw S

il e T s s Sl ol pble, Silpl lp sl S SO SI Lbley, el OF Y ga S
huwgio o 225 - (1305 0) Yol - 0235193 - AA_9 oasi Jlo - | (5 om0 - 338 (59715,5 OYlgan - dhuwgio pgs 2,95



35S BT JLls

ol G s 5550 L o5 o )le Ol 51 -YOY
c el (5Y) il OF slacaS 5 pled )3 0581 J1leST sae (1
03 g n demST 0555008 5 e Lo 55 (O3St = 05 5sdes 5 s Jobe 3 (o
35S o Do e B s LS| ST e s iU gl o5 S (IS Dok s (@
Pl QLSS LT 5 S o i o B bl 536 (ST s (o
¥ (¥ v (Y Y (Y Y ()

:J)‘}Aﬁuw)f.&‘wjbg:)jg_)b)‘}ﬁ.w.@zwéaﬂl.iv g\"',’.j§
vl (7)ol ol oS 5 el s 05eST SiluStsae (1

35S o Do el Lote b oS T s LT S Thag 5 el s oS gk S (ST Jshe (G
hugio o 225 - (1305 00) Yol - 0235193 - AA_9 oasd Jlo - | (5 om0 - 338 (59715,5 OVlgan - dhuwgio pgs 2,95

(EOvaJr =-+/Vv¢V, E°A1r+ = -\/99V>

/7Zn /Al

ol I /AL ) sk emf (Y
v+ Y+
ol YAL ¥ Zn =Y Zn 4 YAD o0 4 Jde IS ST (Y
et S oM 53 Bl e ens U3 SHE sl ) Dol sl & I8 sk ) o 51 (
LS s
el LS /n 9 J\jAl el o3l LgL:AEO @ o\;-):;l_;

Y+ Y+
hugio o g2l - (V313 0) Vol - e23)193 - AA_9 easi Jlo - | (5w - 238 (52975,5 OVlgan - o pgs 2,95



35S BT JLls

$3lpe L STy asles) Sl capal 38 oS (al (Sappt 285 5 GRlS| gla S Tses 4 ar s L-T00

(Fe: a%g.mol_\> (-3l s
+ - + ¥+ -
(v) Fe(s) —>FeY (aq) + € (Y) FeY (aq) —Fe (aq)t e
- - + -
(¥) Oy(g) + HyO() + ¢ > OH (aq) (Y) Oy(g)+ H (aq)+ ¢ - H,O()
s e 0L 1y al (Sa) e Al b JleST 2SO 5 ) sladsba (Y
a3 o DL |y Sl b G s oal (Sa)55 a3 s talS [iSTaes oF galsleas (Y
RCIUOY I VOV v PSP Y I - SN PR W s b e 53 LS| S e alie ¥ dslas (¥
POl el e STy (salslas (543l bl s il ¥ au S
+ - + ¥+ -
(1) Fe(s) >Fe ' (ag) + ve (1) Fe' " (aq) »>Fe T @D 4 ¢
- - + -
(¥) Oy(g) + YH,O() + fe — YOH (aq) (Y) Oy(g) + YH (aq) + Ye — YH,O(l)
a8 s
. . Yl+ . Y+ . 1 Z . Z
.J}JJAWFG uﬁWjFG O ) ol S, Aol 3 )5 1Y (ga S
+
s o 0L (el o) H 00 55 55 05081 28lS (2815000 F (galslan 1Y (138
cdas o 0L 1) gl 8 laes js ol > cb.w); SRS STy gdlslae Y S S
hugio o g2l - (V313 0) Prol> - e23)193 - AA_9 easi Jlo - | (5w - 238 (5975,5 OVlguw - o pgs 2,95
$2 500 bralr B 5 T o 05,01 Jge ki LIS 5o 38 2 0F Wg Gl 4 ol ol mSly s -8
HyO() 5> Hy () + Oy (g) (552 3150 dslan) (2,5 iys STP 1 Loyl 2)
Vo (Y Y/o (v V/ Yo (Y o ()
N ] RO E i g F R e e AR
YH,O() —YH,(g) + O, (g)
feols el by o sl e Mg xS s HY 58
ymolHy ¢ poe”

rr/\‘LHY % YmolH,r = omole

2mole = 05 LH, x

hugio o oLy - (V313 0) Vol - e23)193 - AA_9 oasi o - | (5w - 338 (59T5,5 OVlgun - dhuwgio pgs 2,95



35S BT JLls

sl 55 [ 18| T [Jshe oslad| 0388 dsbe 5 (5 sarsd SO ol a8 S0pl 4 4z L-TOV
QML’dA C,M.M)J (C_B) J}.Lw 60)[{)3 &:J)L.G r‘J\S QC,M.M‘ QT (Y—}_)

+y/\A | C | A \ ,
C Jsns 3,5 B Jshansd 51 o Jodsne gosls G b S5l oyt ()

+./v¢ | B | A A 1o
b g 50
e C>B>A G0 a Saals wyn co s (Y
ool I VYA L Jsk emf (Y

C

\WAYNY% BB}~/\9V fodd el J gl 5L IR IRt
AA .0 031> )Md}-‘yw@z@cw“ ‘\"-ljs

o 585 C 5 LT B
L0 (B) Wl s 6 sl SIS gladshe 530 gau S
e A>B>C o a Saals @pls o5 g S

sl

emf, = V/yA=E°.- E°,
{ —emif. = E°- - E°y=1/+YV ¥ S

emeZ ~/\?:E°B-E°A

hugio o (225 - (P13 p0) Vol - 0235193 - AA_9 easi Jlo - | (5 om0 - 338 (59T5,5 OYlgan - dhuwgio pgs 2,95



35S BT JLls

AENE‘@-’}?** Sy 4235 6US ol ool 28l (sla il 5 5 JK3 & 55 L-TOA

(X: $0,Y =05 g.mol_\> S

g e B -t
I EO(X /X)z-\/\/\V
.
: +
(Y™ y) = vev
+
Ee (A /A) = - /vy
Sl g 1 ~h\‘“x,-_-._‘J”,.-;}:jl SUP Ol saxs Loyt (Sph S 4 U Lagy s =SI1 ()
ESPER R LA J':;SUA(NO@Y Jshowe L

S oo Wl 1y KT 28 Y Jshaes SHE 5 01 51 ol Jsba 5o Ll ol 1, 815 2 Y (Y
el 508 (Y = A) Jshos Jomsly 51 ds v /AN so3lbil oy Jshor Joilsy (T

o S T p o 5l SIS w51 05 28U Jge 0 /Y L pe L (Y

wls Ol K8 3l cod X 51 58,5 Y L5l Jodly Sepl @ a5 LSl s el ¥y S
el oy kil Y5 X sladshuns o 5 LIS 5 LT s

502 Y LAl fesly @Sepla ar g bs Koo Y dsbans Coon 00 X dbogs 5 Loy S 15l o ole
033 o ol J':;sbA(NOV)Y slome 0550 Y (gans 03ls 13 L opl plo el A5

Y Jshens SHE 5 Y 5l Jols Jshe 55 O3oa 51 Y 2als foily oy 58,5 s @ tess oole
S o Wl S i
(X-Y) dskwemf = +/t0- (-V/\A) = V/svV tog ole
(Y-A) dsbwemf=+/t0-(-+/Y)= +/50V
ol e (Y= A) sl sl 31y 0 /A o3l & Jobee Jeily ool by
:g&.f;:\}:yd\ﬁtﬁw\YHJrX—)YJrXH oo 4ol el JES15 te sl ole
\molX>< sogX
ymol X

+/¥mole x =Yg Wl ead S o yx

Ymole
hugio o (225 - (V313 p0) Vol - 0235193 - AA_9 oasi Jlo - | (5 om0 - 238 (59715,5 OYlgaw - dhuwgio pgs 295



35S BT JLls
Co o STaens o o3 SOl (ID) s V50 /Y Jghs 5100 emL 0555 15 655 58 i 51 ars G -Y04
s ke o K, b aiS e b aids d il ~/~\‘m01.min_\ N B B T RIS LIUR WA Pv
(Cu:ﬂ‘,Zn:?o:g.mol_\) €3 g o ol 05 2SN o ol 3 ol bs s o 5l S
\/Y~\‘><\~_W-\‘/O(\‘ Vrer sy Vo ()
~/v><\~w-r/a(\° ~/v><\~“~-\/c>(w~
Pl 15 g 4 e ool (ES Ty Ll s Gl Yoy S
Zn(s) + CuhL (aq) —>ZnhL (aq) + Cu(s)

) /VmolCu\‘Jr ymolZn

TmolZn = +/0L Js=sx X = +/yYymolZn
+
'L J ymolCu
—  An B +/ymol B
R(Zn)_ 'E =At= =Y/ 4ad>

=)
«/+¥mol. min

. A
ymol s, /vy xye 0, Iy x) Yy
X = VEX ) Yo =S
ymolZn ymol o< 0l

hugio o 225 - (P13 p0) Vol - 0235193 - AA_9 easi Jlo - | (5 om0 - 338 (59T5,5 OVlgun - dhuwgio pgs 2,95

05,5 =+/ymolZn x

-\
e ond o3I hal O35 Slansl 5l Spa bS] sde i o1l O3S = 05550 g Sk 3 (1
c el O3S slast 5l plaS S LS|
38 G150 Ol5 ad e BB My al (3B 1) Y e SO el SCAS 55k ) s (o
b e Al sl Ss, e DT pH mals L (o
w|L§JJlSo\&§f|fst.UEJ 6.*;‘4&9‘(:?%40]54&5})\4&.&\ &Jlt‘é 6)&.’\ )J(CJ
csolf oo (F oo (Y <51 ()

:C,a..mr)bl.’ J)‘}Aw)f.w‘@zwéﬂli\ 9\...1J§
DD 8 S e u.;.ﬂtgo\&la_% uf.s)}d- wﬂjbﬁdﬂjé%ﬂw‘kﬁmcpH u.v.:alSL,(u
a TS0 SIS T s o 51 G GRSTL s el 2l 1S 5 T aag por oS (KT s (@
g e B 5 6,8 O SO ralS Cel 0 SIS Olaa 5 555 00 LS
hugio o 225 - (P13 p0) Vool - 0235193 - AA_9 uasi o - | (5 om0 - 238 (59T5,5 OYlgan - dhuwgio pgs 2,95



35S BT JLls

b ‘Zn(s)+H+(aq)+NO;(aq)—> Zn" (aq)+ NO(g) + H,O() @ i, « wrs Lovs

U'i‘ Lﬁ'bj GIU R j"‘j" 0\.’)‘}4 )‘ o aJolas “—‘-i‘j"p C}a.}uj ol skalS &i 9 on.MS‘&J“ S J}.Jru.a
o ST STP Ll 53 NO S8 1) i 58 G aae g5, 58 0 $18/0 81 s
9/\/Y—\~—Zn—NO;(Y ?/\/Y—M—NO;—Zn(\

¥/¥A - \‘\‘—Zn—NO; (f ¥/¥A - \‘\’—NO;—Zn (v

5 sl JmsNo; 5 el odialS Sy 5 Bl LSt gy Shinse gl 3 el o il TS
J‘}.\;ldﬂbjtjﬂﬁ)k:))y‘\Ju.:n.ﬁls_u.:..llﬁms“;:'})‘UJ.LJJ)‘}ALS‘\.SJL&AU—:‘JJLJCM‘OJM.NS‘&SJ“

. . . Y+ -

omleSl iSly o Zn(s) > Zn o (aq) t Ye

+ - - .
o2l sty st YH (aq) + NO_(aq) + ve - NO(g) + YH,O()

o Ll STy o 53 e 5 038 w0 Y osde g3 1y RalS STy 0 5 Y sde 5o 1y leST iSTy 058
T s 4ol 45l ge gdslae U (oS o ma

¥Zn(s)+ AH (aq) + TNO_(aq) - vZn"" (aq) + YNO(g) + YH,O(l)

Coew ¢ 19 d> o= oo - 10 - ) Juass Jlo - ) g)m—bﬁg;gT;,fQ)Jl,m-«bw,:o”)a»Ag\‘\ d>po - (2L, - e - ) Juasd Jlw -

oo okl 35 S o e ST nalS (Gl 4 S sl by Gb Ssme A abiends 2SI sk s VY
(Zn:%,Ag:h/\:g.mol_\) Cgb Fobe oS L L8 5,
/Y (¥ YV/8 (¥ ASTE (Y /Y ()

‘}A.GJ\..’TU:;.E..’)J KX 63 ¢ JJ[SU.:;.E.;)J oJ.E_" 46})‘0;5_" $WJJI.<.H J}.L.N )J@‘@Mcwl.i \ LS‘\“',’.J§
LY
T

+ Y+
/n+YAg — 7Zn + YAg
ymol ;;  Ymol .. YAg .

20 .= \Yg X X X BANARY
g uiss g sog i Ymol ;  Ymol . o

S ¢ Vo d> o= o005 - 1) - Y Juass Jlo - ) g)m—b.\&g;gT;,fQ)Jl,m-@,hf,)b»),l"- d> po - (2L, - ) -V Juasd Jlw -



35S BT JLls
J}J&J}LW}LI.S}QMJJU:%JW}A ...... 6)\.)»&&3})5\“»]5-ng)&L:M"JJJ:g‘J}l.W)J—Y?V
o8 sk o Jlomn 40 e 1 ()
5 sk o Jsboms 0 55 505 e o (3
5 sk s Dol &5 IS s el S (Y
i e 8 Dol 40 53 0 Bl o (5
Clle S Bl a o pian XS o 508 Ly Dok B St s 53 LIS 53 kil 2alS (sla0 sl
St b ol XS e 505 1 Jske S s s Sl Ly T s adipd STl 4 by e (slad) 1S
+
D gdn S e e sk S [Ag J R

o ¢ P 41?)0-63)-7}-7"\' -1 OJ-MA’UJLN' | 6).»»-b)ai'aG)gT))fQ)”,m-%,hf,)b},),"" ‘d’)ﬁ'wbli}'ﬂ' -1 GL.A:UJL»-

J}A&JL&‘&‘)‘M} J}Juu.a €L>u| ........... Q)}wﬂ\.g ......... ﬁ‘)ﬁ‘@fﬂaﬁgjﬁm C,JL{_;J.’ )J-Y?\c

Wl -cza -YH O (D Yer - H, (g)+ YOH (aq) -_2als (0
+ -
L - G Ca' +Ye —Ca - als (Y
+ -
L6 -3 3L-YH O(1) 5Oy (g) +YH +¥e - sLsi(r
AT - sleza -YBr (aq) —Bry (D+Ye - 5L (¥
c e CM’L“’ ¥ LS‘\‘.",’.)§
ca’ T ] ]
LIS s b, {HaO — YH,O()+ ve - H_ (g)+ YOH (aq)

v

Lises, BT vBri(ag) — Br.()+ v
H.O
Coew ¢ Ve d?ﬂ-gg)qﬁ'ﬁ"‘\\';l“m“ "dl.w"6,»»-b).&‘_;)gT))me,m-45‘»,2.9'03)5}9)9'" Qbﬂ'wbli}'i"q“;j.um" 5 Jw -



35S BT JLls

ol E° S g o0 rl.>.=',| G554 95 Oy gty ST (US ol o3ls jole s lilinl Lials gls fodly @ a5 L-YP0

+ +
e (cr ' (aq) / Cr(s) = -+ /veV Ee (V™ (aq) / Vi(s) = -\ /YV
+ . Y+
<y /vy ‘CuY (aq) + Ni(s) > Cu(s) + le (aq) (O
+ v+
<Jsv/a¥ Cr(s) + a (aq) > Cr (aq)+ V(s) (¥
: + Y+
s /as Ni(s)+ V' (aq)— Ni' ' (aq) + V(s) (v
+ +
ZIsv/of V(s)+ Cu' (aq) = V' (ag) + Cu(s) (¥
QM.}Q}JZ‘.{” J..A..G )‘ Q‘jj’ig.“ S J}.&dﬂ rL>u| 63)}4\;3}9- Q)}wﬂ\.’ J:.Sb u"L‘J w‘@w C..,«Li ¥ LS‘\“',’.J§
03 gk ey Cel (6 5 E° s & (eST) oL, S0 S e w o ng_?(,S E° lls &S (sdals)
dsbe o8 5B w8 L) JJJV.E_,J}LN 23S 56S E® 51 05 0 (s a1y &G s Céb
LSS s L:ao\;.ijf@.;j)dﬂcsﬁfdﬂ\) L L8
VCu "+ Nis Cut NI
Y+ :
J...ib_‘? U'»’~|J"L"’ sl J:;VS o )‘ J_{.:.r E° 9 Sl o 03l Cu “ Nl )‘ L:wj):.(.ﬂ U’:“‘Sb U’~’~‘ BE
Lo ol mSty pl BP Lol gs s i

B o, = B - B2 = /Y- (-0 /Y0) = v /0a s

J

e R ANNINY ARy

o Y+
J\...ib_‘? U'i‘ U'i‘J"L"’ el J.?J,.:.’ (".’."L’b)‘ NJSE Lﬁjj OV IS W+ oJ‘JV o\.,CI‘JI LAQJJI.{H U:V.Sb U’~’~‘ BE
c s (63 g
LT Y+
¥YNi+V —SNi +V

T+
a5l ol ol St sl 51 S B Sy el et asls VO N 1 b U STy ol
s (§2 7
Y+ v+
) V+Cu —V +Cu

Y+
J\...ib_‘? U'i‘ U'i‘J"L"’ | J:;VS B )\ NJU‘} EO 9 Sl 0 03l Cu 4 V )‘ LAQ}JQ.(.H U’:“‘Sb U’~’~‘ BE
EOV;L.LSU: EOV;A\S_ Eov,i._‘_L‘._q: '/\NY— (‘\/Y): \/OV’“:’J}

S ¢ ‘?&ﬂ-d)ﬂ-ﬂr'qvwdb-rG)N-bﬁgsngA;«D”',.u-%,bf,)b},),\7 da)o—wab;—‘\l"—‘\\"gl..mdl..,- 1




35S BT JLls

a8 )3 A6 maw p B e S M e 055Ul Jge X Wala Lo 55 L ooV 8 32306 S KT 55 -YPP
A3l sk A5 YN sl b el o S YYY lde a5 5STs 53 05,801 e (es Wil b ST L
Sl oS a5 2S5 55 b e el o ML lie o
(Fe=05,Al=1Y, Ag= yeA:g.mol ™ )
YAl(s) + Fe, Oy (s) —> Al Oy (s) + YFe()
5 (¥ VY ( !5 (Y VY (O

b on b pae Al 515 0 SY XYY
ymolFe ymolAl yvgAl

? pu—
PeAl = vv/vglex os gFe * YmolFe ~ YmolAl

= Vv/AgAl

- )
Ag +te — Ag fo i OSST abg e LS (ST o
o LFAger  AYafs 'y
SracAle = VA

?7gAg = \/Ymole x M: \Ya/s gAg =
ymole

S o 1Y oo - @a3jl93 - AV-AA uass Jlo - | (6 - 038 (60913, OVlgus - dhawgio p9> 095
Sie ST das e STy Dl S 350en ke BIS 5lie L PH =V L el (1S 550 sl 2 s Vo YRV
dis ol b s e ol a0 xSl slaes sl ol dle dl b sleas g 58 L sty ol 5l eddid g 568

?-"}:’ J\A\}?- )J.E.?;
NaHCOy.(aq) + HCl(aq) — NaCl(aq) + CO(g) + H,O(I)
YAL, Op(s) + ¥C(s) = YAI(s) + ¥CO,(g)

V/YYY X \~“(\° O/FIA X \~W(v Y/¥ oA X \~“(v V/AvE X \~“(\
pH=\= [Hﬂ = \.-pH: v = Amol. L
+ -
[H ]:CHCIX o = '/\:CHCIX\ DCHCIZ./\mOI'L\

«/Amol HCI ) mol COY
9 = = v/
.rnolCOY /A LHCI x T TIC X "ol TICT / \molCOY

YmOlAl\.va Qmole- " 9/.\’ X \uYY’e_
¥mol COy ymol Al O

YY -
= Y/frAX Yo €

?¢ = +/symol COy x -
ymole

S« Vo dlo o - @a3jl93 - AV-AA uass Jlo - | 6 - 038 (60913 ,5 OVlgus - dhanwgio p9> 095



35S BT JLls

)‘J\A)J ij«“g‘ ....... 4@#@‘)3&&5@‘}&4.)\4[{’ ﬁ‘ﬂ‘fﬁ\“/?wb}fﬁ‘jw‘gi.}jﬁ‘ rj>-
] oML?-O\.’l:- ....... J}me.,w«., ....... J\}leJW)‘ Lﬁ"ﬁﬂ"

(Alz v, Cu= 9\‘:g.mol_\>
e I = e = sa Y (Y NIV PEVANT

. . . . v+ -
ol St YAL>YAL - + e RO
. - . e Y+ -
Sl Jishest YCu e - ¥Cu
Y+ Y+
S sl YAl yCu —YAl +yCu
b e il (VAY - OF = \YAE) g 53 Lo i p o o L SaS (YXYV = 0Yg) _acw
smole
\YYAE

S o g2 - (F3T) o po - @23jl93 - AA_ A9 ez Yl - | (6 - 225 (50915,5 OVlgas - dhawgiio p93 5,95

? mol 05 =¥/5gx = +/ymol o3,



35S BT JLls
ot 5 oS o PH= /7 Lol IS s Do e 3ol 1 p S A o w0, 5 ol slajls 51 byl -YF4
J:.(..:.J eJ.E_,J.L‘? b @j‘k}l}uﬂ Lo s Lo g,,..ijzj ke oo \/V 4 lempH cu_iaw Lngu:MS\j rl.a_? rbu‘ )‘
(Fe: 0F , Ag = V+A: g.mol_\> Sl osls
fo(f go (Y vy (Y v ()

dowl SIS 5 s Jhoes L opal 56 28Ty L aas o 2sS| s HCL B P e e AT
ol s w

Fe(s) + YHCl(aq) — FeCly(aq) + Hy (g)

i - +
Tl s w1y ST ok s skl s H sl

+ - -
pH, =/ = [H ]\: Ve o) ) ./xo mol.L”"
'/5 \
Ve (¥)
+ - Y- - -
PH\v:\/\/:[H ]\*:\'\/\/:\'/‘u Y:\’><\'Y:~/~Ymol.L\

N -
H <kl = ./yd-+/sy=+/y* mol.L \

rt Z P
6 ] r
oA ol e S % — dol Jgo e ¢ (L) o

X S S

A X — -\
Yoo o/yymol.L x /0 L
= = %P =t
\ X OF Y

o Lokt doys = Ver - Yo = %s

S 202 - (P 23098) Ve dlo o - @319 - TA_ A auams Yl - ¥ (6 uw - 225 (50915, OVlgas - dhawgio p93 295 9 0k - (¥ (2329.9) T ik




4s5eS BT Juls
S o3 Al 05550 S8 o pl 55 90505 O5eST 5B p o dO5ST = 05550 (2 e Jghe 53 TV
YY’ Z T Z
Sl oS 0 3 o o Sl S S 0 ile BL 055508 58 e 5 s g ol
=)
(O=1s.H=1:g.mol”)
YO - ¥ (Y Vo - YO (Y VO - Fe (Y Yo - Yo ()
+ -
OY(g> + ftH (aq) +fe —> YHYYO(])
><\‘molH\,O>< VWgH, O
\molHYO

\AY ymole
7gH, O=Y:/yx Ve ex

= YogH,O
v - -
?/n\’X\n c YmOIe

it e YH () + Oy (8) > YH O oy & IS 2815 S oo S 1) 056051 55 SlAde s
ymolH, O  YymolO,  ¥vgO,
AgH, O " YmolH,0  ymolO,

ymolO, ymolH,  ygH,

A\
=¥ g0y, Tg: v+ gH, Hy sads) i

YogH,O x

7gH, =¥ g0, X = ogH,

¥ygO, 8 ymol Oy * ymol H,

oJJbL;‘éL. H\, =Y - 0=10¢g

S o 22 - (slo i) ) ol - 235195 - AA_9 oasd Jlw - | (500 - 238 (59T15,5 OVlgun - o pgs 2,95



35S BT JLls

jomw&éﬁw‘ &ASV.:MJS}J&AS Nw&uéu\mw‘)ﬂ‘rﬁ}lﬁsa" cu_::JjJ:.(JIJ}.LN&);—YV\
GJ\.\;L.’M)J Q/'\ j"‘j" g_)‘.)\,a(’,,.:jjr“g‘ )JM»JS@;?'M)-’ J§‘J"~JL$A w;mﬁmfﬁ}lﬁs VY C.»-il.@_’ BE
(Na: yv,Cl=vyo/o, Ca= \‘~:g.m01_\> ) Sl Aoy L gk 0330
00 (f 2\ M (Y v ()

.J)jiwbd.gb C,,.:jjf“g‘)b(jaCIY rﬁd‘jdﬂ(ca)ﬁ*’lerM)b 6}))‘@‘@?9&@#[{\‘ ‘\“1’.J§
q/+y g Ca o mol Ca
\..gg;.:b):_ij\ \‘~gCa

? g CaCl, = o+ kg =5, Ix

v mol CaCl, v g CaCly
y mol Ca % y mol CaClY

=vo kg CaCl,

LS s o = O kg - 1vo kg = vvo kg CaCl,
Y NaCl(l) - ¥ Na(l) + Cl,(g)

LS s S 5hS X R

Yoo o V—iM(’Jf}L:S
e N X Py p

¥Vo kg x

Yoo \Ykg
Y X OANO Y X YV

= %R = %AA

S ¢ (225 - Vol - 023jl95 - TA_9 Juasd o - P (5w - 220 $2915,5 OVlgan - dhanwgio £93 2193 9 o2y - Vel> - p3jlgs - 1A_99



35S BT JLls

-\ -
(LS o sy poin Il a0 mlans ol W5 e V0N LS (5 5) S 0l
(Al=vyv,Cu=75f,S=¥yy,0= \9:g.m01_\ )
\RVAR Ya/vs (v Y£/0% (Y ya/ay (3
S j'i) Q)M 4.,).19_; )40 U’ﬁb LS"J“":' 9\;)‘}&: Lgé\ij&AC,a_w‘ @M c.»rl.i \ ‘\“1’.J§

YAL(s) + ¥CuSOg (aq) — Al (SO\G)Y(aq) + vCu(s)
:(’7’«)}16‘ Cewd ‘)CUSOY J}lm Lgo\c.b‘ L;S‘}A C,,.la.LGU&."
Vo (LSAJP-M).Q(JJWQK}): Yo X YO/ X VYO .

-y
)N pe = — =y mol.L
oLigd Jo Jsep V£

: v+
T e 0 . » o * Y+ . T
J"j" 9 Q\ Lgé\ﬁjj‘ obls A)?' ¢J.L.;J)}A 69\199;} BE) oML_éJw Cu O cble 8 el
-
.ol v /Ex Y=1/Yy mol.L

CuSOy & o & juas s Jee i = /ol x /Y mTol = +/# mol CuSOy
N
odL

s 52,8 Gb adl 3530 Al 5o ¥ il CU Jpe Y (CUSOg Jge ¥ G ezn 611 4 VU gadslan illas
C""':’)" O‘}:u‘“ O‘ib‘-’l‘.‘i’ ‘J".Su" 0 L;"-:‘-:"‘}ﬂ Sars CEM x °J‘*:J":S}3 o YoA+ Lais

A

CuSOy¢ Js ¥ b pae I3 4 S il il = (\

X Y% 9\‘)-(\‘>< YW)=a4/7 g

¥ mol Cu Y mol Al

V.:,Su.a oalaal wu &J..)‘ Q}«S‘

L}

CuSOy Jy  (B)ass py> Lauldl

v a4/
[ ]:)}{:HHTg
ol F X

S ¢ (225 - Vol - e23jl95 - TA_9 Juasd Jlw - P (5w - 220 $915,5 OVlgan - dhanwgio £93 2193 9 o2y - Vel> - p3jl9s - 1A_94



5558 BT Juls
GBI SuSlsas Sl asd e oalinal S pu Ol 4 mle sl 51 05550 gl 4 (2w Jshe 51 o5 55 -TVY
LS oo ) s oder O oS alols GLLs L oS OFs den o5 s J sk U [ST500 b Jsilie o s sk
$o 58 0 M 5 H O Jge X gl AT 3 Jsilie Jgo SO Jgo S e g3l 0 el 0SS
Vo (¥ A(Y g (Y f (O
Jlie o 4 dslie 5 e Jsbo S SEST5 (50 3150 (5 alalas o ol el Ll mes oy ¥ 43S
CH,OH + _ Oy - CO, + 1H,0 e
fl Jlie g 0 kel OIS 28150 (g0t 3lse salalas (e slaosls Gullas 5 b
O+ H +¢— H.0
S 2 57V Al dpbe 53 p S LSt ade 1S e fes Do cnl @ GBI ST 035 W5l
b Dala € Jse Il Jge pa a3l el ool Y s Shs
LS om0 b G S e s s S s oIS ST 13 € oy Olgis ], f sde
; Oy + SH + 56— ¥H, O

gl Bl s 4 Joble T SRSy oS aolis Jhe IS 2ST L1, G oS LaSTy e S)
+ -
CH.OH + H,O — CO, + sH ' +se

S ¢ (225 - Vol - e23jl95 - TA_9 Juasd o - P (5w - 220 $915,5 OVlgan - dhanwgio £93 2193 9 o2y - Vel - p3jl9s - 1A_14

fowl Cwys 3 sl ,le f\JS -Yv¥
c el adS 28 B 51 5 e e 2alS B (1
DSgh e Mg L1 ,s STP Lol i s 58 2RI YPIM O S Jge Y5 g3l dla Jabee s (o
a0l Ol glacad S (oL sbajls W5 ol el e (o
Pl e B s el el ST 50 Ikl 2l ey bl 055548 (35 5w J b emi (o

() e (\° () (D (Y" (&) ) (\‘ () (D (\
L S s (20 5 () gl le sl s el Y < S

:C,a..,w)bl.’ 6[.&@)[..9 W B

s Sk oialS Ll ol 4 YU 1Y sene baes S 55 (1
)‘j Q‘ﬁj’.’gﬂ JJA\C LSG\.SJL.A j'ﬂj" cu‘ )‘ J}AJA S ol COY QLAJ& Y| B OMJ\.:.S‘}: )K 4JLA J}.L.N B (g_)

EPS RPN

mol e~L CO, (STP)
[f rwr}

= X =Ys/\¥
CiF X

S ¢ (225 - Vol - 023195 - TA_9 Juwasd o - P (5w - 220 $2915,5 OVlgan - dhanwgio £93 2193 9 o2y - Vel - p5jlgs - 1A_14

:



35S BT JLls

s H,SeOp(aq) + H (aq) + ¢ = Se(s)+ HyO(1) 1Sl 55 skis rae slads S0 et S1-1V0
Al e S FIE Ole STy 53 ekalS e baw s sl 5 el S e pl 3 ) s B a4 g
Sl on alS Y ge dim o gy O ShakE (GRS plonil 5l e ASL e T SISl b T (TTD)
(Fe=o05,0= ys:g.mol” )
VARG oY (Y Y (Y A (N
Pl 5 e dedd eals (LS Th0d Gedd w5l g0 S L sl s ) <o S
H,SeOy(aq) + YH (aq)+ te — Se(s) + ¥H,O(1)
el e s 4 FO Oy 2als by e (281500 (Al 5 Fey Oy ol 2815 s
Fe Oy + 5¢ = YFe+ 10"
Sl g )50 5 O bl el 0S5 FOLOp 5 edddjmn 0580 358 STo0s 5o L o
S 3 o LSS el 3 s OF 655150 5 RS (ESTa0 b s 4 5 SU el sdd esls FEy O 4 b o
el edd O me (sla0s mSUN led b sl 5 slals SN Sl ST
53 ok sl gla0s S slad 2l 93 sl 2sSTsas 03 odd Walie sla0s xSUI slad (s laesls x5 L
Sl AL pss ST o € opd 3 b sl oSl 52 € s ol p9> SSlsed
TP U S e Do il 00 S e T s L, sl PSSl ol o Sl BBl 4 O
\\‘H+ ~ Fe Oy
H o chlx (L) oo ] (1) o] ¢ 5
e X Jrem

xx /¢ L
= RE T T gy B
VY VX 8

— x=+/AmolLL"

b e 2alS N A Ol e s g O Chale 5 5 cnl

-\
- Log /A= —[Log A+ Log[ Yo ] =-[v Log|[ Y- V] =-[¥(:/¥) -] = ~/\J]
S ¢ (225 - Vol - 023195 - TA_9 Juasd o - P (5w - 220 $2915,5 OVlgan - dhanwgio £93 2193 9 o2y - Vel> - p3jlgs - 1A_14



