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odili g3 NH,CI,MnO, ,SnCl, 3l opas lawgi ly 0T GBlbl g (s )3 gl J1s 558

anode : Zn(s)—>Zn" (aq)+2e”
Cathode:  2NH," (aq)+MnO, (s)+2e” — Mn,0,(s)+2NH, (aq)+H,0

Zn(s)+2NH," (ag)+MnO, (s)—> Zn" (aq)+ Mn,0;(s)+2NH, (aq)+ H,0
Al 15TV OF @y yldie 9 dib 2 Brae LS 0396 plr BB Syl opl Conl o
B bl il

Doy K wisbe

10,8 dusslma Jud dlasly 31 O1g5 (o 1y 3yl 9 i1 5L g
E= E+ E
Cell Cathod Anode
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pt(s)|H2(@)IH*[|Cu*|Cu’(s)

H,(g) — 2H* + 2 E° = 0: Anod

Cu®t(aq) + 2e~ — Cu(s)E® =7?:

Hy(g) + Cu?*(aq) — 2H* + Cu(s): Cathod

E® = EOCathod + EOAnod
E® = EOCathod + EOAnod = 0.34V
Ec,’ =E°+E%; =034V —0 = 0.34V
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Snt*|SnSn** + 4e 2 Sn0.15
Cu™?|CuCut*? + 1e 2 Cu*0.16

ClO~,ClO~ 5, OH~|PtClO~ 5, H,0 + 2¢ 2 ClO~5 + 40H~0.17
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Cd(s)/Cd(OH),(s)/ OH™ /INi(OH,)/ NiO,(s)
inanode: Cd(s)+2OH’ (aq)—)Cd(OH)2 (s)+2e’
incathode:  NiO,(s)+2H,0+2e" ——> Ni(OH),(s)+20H (aq)
Cd(s)+ NiO,(s)+2H,0——>Cd (OH ), (s)+Ni(OH ), (s)
531536
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Paper spacer

Moist paste of
ZnCl, and NH,Cl

Layer of MnO,
Graphite cathode

Zinc anode
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D BB L Gyl cpl sl 121 0T B ylaie 9 ¢ sl (H,S0,) sl Soygibas b 5,865

..... Hge 5 6 wsle a2

Anode: Pb(s) + SO3 (ag) — PbSO4(s) + 2¢”
Cathode:  PbO,(s) + 4H+(aq) + SO (aq) + 2¢- — PbSO4(s5) + 2H,0(/)

Overall: Pb(s) + PbO,(s) + 4H" (aq) + 250.%'(&:;} — 2PbSOy(s) + 2H,0()

L b3 S5 ale

Removable cap

H,S0, electrolyte

Negative plates (lead grills
filled with spongy lead )

Positive plates (lead grills
filled with PbO;)
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Anode: 2H,(g) + 40H (ag) —> 4H,0(l) + 4e~
Cathode: O,(g) + 2H,O(I) + 4¢~ —> 40H (aq)

Overall: 2H,(g) + Oa(g) —> 2H,0(0)

G 45
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&P addes cpl 5o b (2 3L We A pb 4 G 0Ly Jawgi b CSe o A3 dddes
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Add sodium 2See Cygao ($395 4 095 Jalad dads 33 1 ALbI 0Ly 3938 394 4 ( gl S)

chloride

Zn(s)+ Cu (aq) ——= Cu(s)+ Zn**(aq)

‘ala.b S dlde g ASUI

Molien Sl aa)fk},ag By Gy 0Ly OF dg 59 03lyly8 oo b oy K o plab S PRV
sodium chloride Na* Ongj sl Gy ds CI OyT o ) 33,5:“’ R Na*,CI” 614-333T @ dbgrye
300 b s 38 4 3958555 09 AN L 03b il b CI™ Ogl g0 5958 Byb 4
s 9 ASI ) i3 ol o 3gine Jad @adgen 3 40 09 AU el (78SL Na™ ol 090
Cumo o 31 9 3938 Cumn 08T 318 51 o3z ()3 L 33,80 Jlamiul (3955 39w plabo

Liquid ~
il 3 )18 OT S 9 cdlalad dS 3,800 o3 lasuw! 5 g3l

sodium
Anode(oxidation): 2CI7 ——>Cl,(g)+2e”
Cathode(Reduction): 2Na™ +2e —2Na(l)

2Na* +2CIT——2Na([)+Cl,(g) , E2,=—4v

cell
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2CI (ag)——>Cl, +2e” ,E°=1.36v
inanode:
2H,0(1)——0,(g)+4H" (aq)+4e ,E°=1.23v
2H" (ag)+2e —H, ,E°=0.00v
incathode:{2H,0(l)+2¢" ——>H,+OH (aq)+4e" ,E =—0.83v
Na* +e‘——)Na(s) JET =271y

in anode: 2CI (aq)——CL(g)+2e”

in cathode 2H,0(l) ++2¢ —— H,(g) + ZO}I(aq)

2H,0()+2CI (aq)—— H,(g) + Cl,(g) +20H (aq)
B8k Oy guo Sole Jasl iy (b3 dlelas plab S 3T Jgkorays a8 ol 83IU5LAS dyy23
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2H,0(l) — O(g) + 4H (ag) + 4e~
A[H"(ag) + & — $Hy(g)]

2H,0(l) — 2H,(g) + 0(g)

Anode (oxidation):
Cathode (reduction):

Overall:
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0,(g)+2H,0(I)+4e ——40H (aq)
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Anode ‘ :

€

1 —

( - Cathode
1
= Dilute H,SO, solution
Oxidation Reduction

2H,0(I)— Os(g) + 4H"(ag) + 4 4H*(aq) + 4¢- — 2H,(g)
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Type Minerals

Uncombined metals Ag, Au, Bi, Cu, Pd, Pt

Carbonates BaCO; (witherite), CaCO; (calcite, limestone), MgCO;
(magnesite), CaCO; - MgCO; (dolomite), PbCO; (cerussite),
ZnCO; (smithsonite)

Halides CaF, (fluorite), NaCl (halite), KCI (sylvite), Na;AlF; (cryolite)

Oxides ALO, - 2H,0 (bauxite), ALO; (corundum), Fe,0, (hematite),
Fe;0, (magnetite), Cu,0 (cuprite), MnO, (pyrolusite), SnO,
(cassiterite), TiO, (rutile), ZnO (zincite)

Phosphates Cay(POy), (phosphate rock), Cas(PO,);OH (hydroxyapatite)

Silicates Be,;AlLSic0yq (beryl), ZrSiO, (zircon), NaAlSi;Oy (albite),
Mg;(5i,0,9)(OH), (talc)

Sulfides Ag,S (argentite), CdS (greenockite), Cu,S (chalcocite), FeS,
(pyrite), HgS (cinnabar), PbS (galena), ZnS (sphalerite)

Sulfates BaSO, (barite), CaSO, (anhydrite), PbSO, (anglesite),

SrS0y (celestite), MgSO, - 7TH,0 (epsomite)
V,0,(s) +5Ca(l)—2—2V (I) + 5Ca0(s)
TiCl,(g) +2Mg()—2—Ti(s) + 2MgCI, ()
Cr0,(s) +2A41(s)—2—>2Cr (1) + ALO,(s)
3Mn,0,(s) +8Al(s)—2—>9Mn(I) + 4 AL,0,(s)
WO,(s)+3H,(g)——W(s)+3H,0(g)
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33,80 gaz 393553

2MeO(l)—>2Me \ (Catod) + O,(g) Anod
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LA 0L ) gl 99,8 olie (033 Sl polys b3 Jaux

Li Na K Rb Cs

Valence electron configuration 24! 3! 4y 54! 6s'
Density (g/em’) 053 097 0.86 1.53 1.87
Melting point (°C) 179 97.6 63 39 28
Boiling point (°C) 1317 892 770 688 678
Atomic radius (pm) 152 186 27 248 265
lonic radius (pm)* 8 98 133 14§ 165
lonization energy (kJ/mol) 520 496 419 403 375
Electronegativity 1.0 09 0.8 0.8 0.7

Standard reduction potential (Vf =305 2711 293 =293 -292
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