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ERE SN —TERNMELTFE

Chapter 6 Oxidation-Reduction Reactions & Electrochemistry
KRBT 7 — R S ——F e — BEB CH BT B RN

§6-1 &f— LTERM

Oxidation—Reduction Reactions

—. Z&# (Oxidation Number)
1. At —rard, 2@ —MNAANBE.
2. GINIHES, A LUR L7 T R A
(1) HIWrRE R KA S —F T SR BL. I JE ] reducing agent
(reductant); ZEALELPEMK. &5 A5 oxidizing agent (oxidant ).
Q) HHEEA—IER M E
(3) BC P4 ——ik J5l e B 75 FE X
4) 3t &Y, nFe (111). Fe (11); Cu(l). Cu(Il).
FINAAE, T UAEA - VELRB S A& 4 0 45 R F0 s SEATL B (R A 0, S
IARPY R,
3. EREEE A
() EETHEYT, TRMWENESE TEFIIE, AR
Q) MG, TTREABOYIAN T2 18] 70 R A% 4
a. fEARMRIEREIL 7T (RO B, TERNENEBONFE, WPy Ssv ChH Py
S\ ClIE B N E
b. FERMEREILN T rh, TR MRS T R IR e R m A A, .

+1 -1 +1 -1 -1 +1 + -1 0 0 -1 +1 +1 -1 +1 -1
H:F, H: O0:H, H:O0:0:H, H:O :F.
(-2) (- (0)
(3) EARI & -

a. BFREMAEMAECNE, I Py Ssh P SHIEMEHES NE, I P—P M S—S
A 3 XV RS

b. F& 7T 7E NaH. CaH,. NaBH4. LiAlH4 FEFIAAE -1 LIAh, AREAEN
+1;

c. FrAmMAIT, FEEMB -1
d. FIEMB—RCh-2, EHEFZHES, Bln05(-1/2) . 07 (=1).
O,(-1/3) O5(+1/2). OF,(+2)%:
H AT TR 105w A A BUA F1+8, 7E 0sOsn RuOs 1, Os F1 Ru AL HI4
+8, HEnRMkmEBEE 2 EF I, FIEE. Hlal: NaCr01 F1 CrOs
d1, Cr AL e, ARG TH O (O KEMEA-1) F1E;

e. ERLEYIT, HEH hABE T HEARAR, HAMEBIYEIE-1: CHy(-1).
CsHs(-1)%%, ko 7R NECIARRT, B B AL T SR A E S dr,
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WHﬁ\ahN%\Qm\Qm%,ﬁﬁ%ﬁ%g,@NOW%m%ﬁ,ﬁ%
HOA+, WCr(NO),, FANO'E CO RS H Tk, Al NO fENRLAR, ]
LEAESC s — NP B Ok B, AR5 R — X L A O R I S L
=8
4. HMHBELAEN LEED X

() BT E SURF: A2 R 7 A EAEFH I R0R, Ot T2 st 2= 5 1 R
77, TEAECR N AFE R, 5RIE2 B AR A2 A IR .

BIAEA ML G C R F#E 44, MEAFRLEF, BT LA A F AL

CHq4 H;COH HCOOH HCHO
WwEM 4 4 4 4
A EL —4 -2 +2 0

) FTH M EREAE: (A MBS (—BAHIE+8 5i—4) , Wl Fe;04, Fe 1110
EM A2, 3. FAEATUEE, r8Ei A, a0 FesOa R (P S
NH8/3, T SEFREMBON+2. +3,

(3) RARMIFFSAE: Pauling @i, FAEEK R N+m. —n: &M EETHED
o Homt n-FoR, ERNMEYT, AP 5FRERIR, Fe (11). Fe (D).

. 8§ TEYE (Redox Equivalent)

1o 83 AR B M B 55 T A 0 T B BN B DLE A AITE S 5 OB A A B
A8, TR B S T8 IR B 7 1 2 B E bR LUE R AHE 2 5 I8 b S8 A B 7
=iE

2. 5. KMnOs —> KoMnO4 157.8/1

KMnO4s —> MnO; 157.8/3 Fe —> Fe;,03  56/3
KMnQOs —> Mn?" 157.8/5 Fe —> Fes04  3x56/8
56+16 160 232
, Feo2O3 —> Fe , FesOs —> Fe
2%3 3% (8/3)

3. EAFEMEAEN— RN, F—HEYRELYE (BOEE Y& WA
[, X2 T EAEAR R EL— R RN, AAE A AN F BT E.

4. FEAMG (BOREFD HBERREAN B, RS RIm w s (EUE T
FLMED

5. HEET—A4EAL TR ST, A AR B 22 B e SR A5 T TR 7 ) e R A

=\ §t— TEHZERVEFE (Balancing Oxidation-Reduction Equations)

1. 4%, (The oxidation number method)

(1) FEAAKHE: ERCFEN — IR N7, SR ST e E S T A
(1) e FEARAE

(2) 25 L) P4+ HCIO; —> HCI + HsPO, A4
a. LS RSN S o>+ B T
b. IR ) 5T A TR AR S T S E A SR R BT R TR

BRI, 4P: 4x(+5-0)=+420, Cl: —1—(+5)=-6;
c. MRHE b HPANEE, WHEATNHEDAEE(60), =K EF . &5 5
TR 2%0(10, 3), Bl 3P4+ 10HCIO; —> 12H;PO4+ 10HCI;

Fe —> FeO 56/2

FeO —> Fe
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d. HWBAS KoE ok ks A 7E N A R A EAECR A 5 H , DAR R 71
KWL AR THE, LR Aat A% 36 N HIE TR 184 0 J&T, Fr
PAZE D BN 18 4 HaO 431

3P4+ 10HCIO; + 18H,0 == 12H3PO4 + 10HCI
#l: AsS; + HNO;3 H3AsO4 + HaSO4 + NO

2As: 2x(5-3)=+4 oy
3S: 3x[6-(—2)] =+24 Pl
N: 2-5=-3  |x28
3As2S; + 28HNO; + 4H,0 == 6H:AsO4 + 9H,SO04 + 28NO
2. Bf—— HF% (The ion-electron method)
(1) AR ER IR, RS B r o B A &
() BB LLH + NO; + Cu0 —> Cu?* + NO + H,0 Al
a. Sl NA =Y LB PRSI EEY) . 59 B SR Loy TR

ZADRE
b. RN IS BN e N — MR, R
Cu0 —> Cu NO;, —> NO

c. Mi—EHHMHRTAMN RIEFRMT: H —H0; BiESIFF: OH —

Hy0) 5 2 S B PR FA) AN ORI Hi 4y 0 45 Kot R IR,
Cu0 + 2H" —> 2Cu?" + H,0 + 2¢ ©)
NO; +4H" —> NO + 2H,0 - 3¢ ®)

d. FRAE AL JFUS B 5K H 7 A IS, R AN S VR LA L) R 8, B F
AN B T R
®X3 + @Xz 15

3Cu20 +2NO, + 14H"

6Cu?* + 2NO + 7TH,0

(3) &1
a. ClO; + As,S, —> H,AsO, + SO; + CI’
Clo; + 6H" —> CI' + 3H,0 - 6e )
As,S, + 20H,0 —> 2H,AsO, + 3SO; + 36H' + 28e ©)
Ox14 + @x3 15:

14CI0; + 3As,S, + I8H,0 = 14Cl" + 6H,AsO, + 9SO + 24H"
b. ClIO" + Cr(OH), —> CI" + CrO;

ClO" + HO —> ClI' + 20H - 2¢ @
Cr(OH), + 40H  —> CrO. + 4H,0 + 3e @)
Ox3 +@x2 1§
3CI0° + 2Cr(OH), + 20H == 3Cl" + 2CrO} + 5H,0

T — HTIERE RO
(1) BRSSPI ) s £ S RO AR BONAE 5, R RO A
(i) IEFRINA R AR, REMHT, WEN H0; RN FEE, A
H,O, % OH .
(iii) FR 4 55 AR AR E IR 2, 0T DU BS 5 B2 7E B PR IE 2 ZERR P A 0T TR dh AT
(A ri: a. ASFHTFREEAL R BOE R 7 1 S AL AR 4L,
b. EECFRFEF, A 58— N PR E RS
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MR — L B W ELP U7 v, (HIX PR R R AR . FRATA A WL R
38 J5 B () ST 51
C,Hs0H + O; —> CH;CHO + H,0
M CHsOH —> CH;CHO, FiUtb A DbHAEIR T, 4T —ADFEE
Fo AEEEMEE N2, 0, —> H0, FALEEN 4,
. 2CHsOH + 0, == 2CH3CHO + 2H,0

@ CHCH(CHs)y oy 0 0,+H,80, —» @ COOH , (CHy,C= O

+ MHSO4 + KzSO4 + H20

@CHZCH(CHWE@FCOOH\ (CH).C=O0 #ILEL, Ri#LER#D 34

Oy, ZMAHE T, MHTS4DO0K T, MiMHSET 8 AE T, 1 Mn™

+5¢
—> Mn?%,

CH,CH(CH
5 @ 2CH(CH) 8KMnO, + 12H,S0, =35 @COOH +5(CH;),C= O

+ 8MHSO4 + 4K2504 + 17H20

§6-2 HRHEPE
Electrode Potential

—.\ EREHEMBERE (Faraday’s Electrolysis Laws)
ARG R e £ H KA Davy, 00 FEAREEAT E BT T 00 2 At B R 1 2
A FI BT Faraday. Davy fERM: ERIDIGE SRR CRILT &J@8N. #) , (H2 iRk k
A ANME 2 A B ER B TR T RIIR 2 AR« AR AE 1832 Rl 1 Hf
1. VEPIEREE— e e FARRY, 7R B PR AR S I T F AT Y F R E L
2. HTHSHEMHMFER: Imol BTN 6.022x103 M HL T, 1N TR HEEN 1.602x1071°
FEAr, ] 1mol HL 75 (R LB A 6.022x10%3%x1.602x1071° = 96472 (C) £96500 (C) = 1F.
FrUA AR, XA nmol TR RN, THFEMHERN O=1(%h)x t (F))=nF.
3. VEPLEEEE MR B 96500 ECHIHE I N 96487 FEL) , HE 14
T B AT A B P S AR B R o T

1mol mass of Unit Mass of
Cathode reactions Charge (Q) electrolysis Electrolysis
Charge
products products
Na'+e —> Na Imol e 23.0g 23.0g
Mg?" +2¢- —> Mg 2mol e~ 24.30g Imol e 12.15g
AP+ 3¢ —> Al 3mol e~ 27.0g 9¢g

FEHE R, A THEZ B Imol LTI I &, RA— D54
EAERUE BTz R A —— R R
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4. VERCE MR R SRR BN, B MEAREEE (F) Ml AR,
FERAMR Canode) _EJZE T AL NI A — AN Te MR SAAL ) AR (cathode)
R TR IR I A A B SR ) .

—. BB (BREHE) (Electrode Potential)
In principle, the energy released in a spontaneous redox reaction can be used to
perform electrical work. This task is accomplished through a voltaic, (or galvanic), cell, a

device in which electron transfer takes place through an external pathway rather than
directly between reactants.

1. JRHEM (Galvanic cell)
(1) 4% C(composition) : Ji B 1A% (negative pole)
JR B IER (positive pole) MR M (reduction)
a. & — SRBETHEK: Zn* Zn Cu
s
b. Ak — BT HMK: ChL Cl, B4R B bR Al
c. &8 — &EMEESREENY) — P HEilk: Hg—HgCh|Cl,
Ag—AgCl|Cl &
(2) AT 5 : (=) Zn | ZnSO4 (c1) || CuSOs4 (c2) | Cu (+) (Daniell’s cell)
PRTIAE /21, IERRIBAEA L, o “|” oM A, “))” RaRmAA
[F] RV VR, B ol AN [R5 PR [R) M R 1B FH B R, ¢ RORVETRIPIIR FE o

S A M (oxidation)

Cu, EFEEAFME

© 9
Salt N )
—  —— bridge __—— — v ca
1 Cathode Atjnd@
U’( T = e ey
LELe ];1— H, gas in
e
I_’KO
Cu?*—» OH- |
o ~“"Cathode | ‘
—»H +
Cu?* + 2¢ Cu Eainlile < I wét?e?s\«apur out
Fig 6.1 The original Daniell’s cell consists of copper and Fig 6.2 A hydrogen-oxygen fuel cell

zinc electrodes dipping into solutions of copper (1)
sulfate and zinc sulfate, respectively

(3) HIBIFR 2

a. dry cell
1EM%: 2NH,(aq) +2MnO,(s)+2¢- —> Mn,0,(s) +2NH, (aq) + H,0(1)
fitle: Zn(s) —> Zn*"(aq)+2e"

b. lead-storage battery
iEMf%: PbO,(s)+SO; (aq) +4H (aq) +2¢~ —> PbSO,(s) +2H,0(aq)
fibk: Pb(s)+SO; (aq) —> PbSO,(s)+2e”

c. nickel-cadmium battery
1EM%: NiO,(s)+2H,0(1)+2¢- —> Ni(OH),(s) +20H (aq)
fit: Cd(s)+20H (aq) —> Cd(OH),(s)+2e"
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d. fuelcells H;—O; Fuel cell
E#: O,(g)+2H,0(1)+4e” —> 40H (aq)

fifk: 2H,(g)+40H (aq) —> 4H,0(1) +4e”
SIS = I — LE HL
(=) Pb | PbSO4 | SO> (0.0500mol-dm) || C1"(1.00mol-dm™) | AgCl | Ag (+)
(=) Zn | ZnS | S (0.010mol-dm=) || H'(1.0 mol-dm™) | H, (1atm) | Pt (+)
(-) Alloy | C2HsOH(I) | COx(g) + H' (1.0mol-dm= ) || H'(1.0mol-dm) |02 | Ni (+)
2. AR A
(1) FE AR 55 R SO VAR 7 T 1) R A7 22 ) TR

AR —Fh )8 (MO SEAK, BT IR AR R B 7K 73 7 5 0 B s B0 <6
JBE ARSI TRAEKEER, R —BreRErS5&RhmHEsRBE T
RS Es, BREVUEFEEMHEANS&BRIBELIIKZEZ . GBI
ZR R B T AR, RN T R B T IE BT, IX A s R A A
e XAER G, USMKZ &R S T REASE A HERKES, WERETH
HFRMER, MBS EEEMR . M van= v B, KB M T4, XA
SR SHEWCE, BT A A, A T RALE,

& EAOREAK P AN 2, BMERANE A ZEBERERT, WRAMME
FIEH. TR LA EZE RIS T, LA AERP T, RIDTRR S
J& B R, DA <G R A S — S T RSP WR B R R TR S A
W WG B AR R s ey, O bhali K S s 6 7 F e D (4 6.3a)s
WMREEE T A G NG, B CAAAE R IE ST W 48 TR FE ] G
RS i @B NV AR, PRI R A < T IEFL A (AnfE] 6.3b) .

Fig. 6.3 The electrode potential of metal Fig. 6.4 Standard hydrogen electrode

() Bt SEAERE S =V on (BIERTATEE) -V o (BB )

(3) s 4 J& AR Z  (factors that affect electrode potentials of metals) :

a. GBEIME: b, FEATFAETERPREEE FIKE: o WE
3. ta#EIR R H# (Standard reduction potential)

() € = £ 25°CH, @R FENZE R & TIKEZY Imol kg™ FVE M EL Al K B3, FRON
EEKIPR AR IR g (SEhs BB s AR IR o HAH RS I AR &
B, SAARRE SN lats(p ) o

(2) PrUEE M (standard hydrogen electrode)

WEA—ZamRE BNy (BEAERNER) ETEE TIRE (%%
Myl NN E a) 9 Imol'kg ~! Y BR BRVE W th, SRS AN IRl N R 9RO
1.013x10°Pa FZEE, fHHA BRI S B BMAT, TR — DA R, EXA R
(L R AW R RS2 45: Ho(p ) —> 2H ' (1.0mol-kg™") + 2e~» XA P2 A 7E b
AR AR R VA R 2 TR ) S, RO A AR AE AR FE S o R EAE Y AR R A A
XfbRifE, 4
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HNE: @5, =000 V. EARFTEEE T HEHE A R EREH AT Lhr

AR HFEREA R o bR EARMER S BRI AR, w R A
VB
(3) PrUEILJFE HLAL (standard reduction potentials)
a. FHFRHES AR S HAR & AR RS T I rEAR ZH B e i, P15 L A 5 v
NN S T =0 S E 2 BN TR o= S iR i A SR A
b. 4N, F—— SR BB NY: Zn?t +2e0 —> Zn
(<) Zn | ZnSO4 (1.0mol-dm) || H' (1.0 mol-dm™ ) | Hz (p=) | Pt (+)
ET=Qr = Piim ~ 05, =0763V Lo~ =-0.763V
iS5 A i
(=) Pt|Hz (p <) | HC1 (1 mol-dm™ ) || CuSO4 (1 mol-dm™)| Cu (+)
ET=Q5 00~ P =034V ST, =+0.34V
RAEHUAT LLIAS — 250 < B bR eI S AL AL
4) JLR B
a. B ik A R RACEE B 4G B BUFP HES, BRON R AR AL P 3%, (T FR FLAL
¥ o BRI EE RSN pHe pH =0/, EERMENHE: pH = 141, &
PR A — R AL P B R R pH = 7 A FEA L 080
b. f£M" +ne” <—= M HIHRSH, MY REL (Ox) B, M AY)
FiHIIEJE (Red) %, Bl: Ox + ne === Red. FTLLH Ox/Red KFERH
Kty @G/ rea FRAIBRUEIE J5 LA ;
c. @ KAREUE I KN FoR o i AL B A5 L T Re ) (B SR B ik v 1
REJD) HIXED), @@ BIE, FARYITS T REBaE; o= Bt &R ALY
2R HELTBE B
d. o° WRBESFRNMBEEXR, HE/RETHZDSTR.
flfn: 2H"+2¢” —> Hy, B H'+e” —> 12H,, H o7, {HASZ 0.00V.
4. HIHEIH (o) 5B F RN HBEEN (A Gn) Z[EFIEHR (The relationship
between cell emf and free-energy change of cell reactions) (emf: electromotive force)
(1) FEAE TR SFIR6AT T, A RS (A G m)r, p RAEHL DI«
(A G m)1.p=—Wele = =N (LI )xt (N [A)) =-[V-i=— Q- V
V=e , Q=nF , S (A G m)t,p=—nke
EFRHEIRIL T A G =-nFe ™
Sample Exercise 1: Calculate the standard free-energy change, A.G%, , for the following
reaction: 2Br (aq)+F, (g) —> Br,(1)+2F (aq)
Solution: EXM: @ . =+287V @i . =+1.06V

e = (pF:ié)/F, - (pBr:(}l)/Br, =42.87-1.06=1.81V
" AGrn=-nFeT=-2x96500x1.81 = —3.49x10°J-mol~! = 349 kJ-mol !
Practice Exercise: For the following reaction:
L(s)+5Cu™(aq) + 6H,0(1) —> 2I0;(aq) +5Cu(s) +12H" (aq)
(a) What is the value of n? (b) Use date in Appendix to calculate the standard free-energy
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change for the reaction. (013;/12 =+1.195V , @2, =+0.337V
Answers: (a)10, (b)+ 828 kJ-mol™!
(2) IR AT E R H (K
EHE =, WA A Gy =-RTInK ¥ A Gn E-nFe 5EREH, 5

—nFe =-RTInK =-2303RTIgk * “
- F o,
gk =—— g5, BLT=298.15K LA, 78
2.303RT
N 96487 ‘ 00592, .
lgK™ = k fe=— oo, WF o= IlgK™
2.303x8.314x298.15 0.0592 n

£ 298K I, W13 JE b e < AT AR HL It S BRI 5 P K
Sample Exercise 2: Using the standard reduction potentials listed in Appendix, calculate the
equilibrium constant for the oxidation of Fe?* by O; in acidic solution , according to the following
reaction: O, (g)+4H"(aq) +4Fe*" (aq) —> 4Fe’ (aq) +2H,0(1).

Solution: We observe that O is reduced and Fe?" is oxidized in the reaction.

gDS}/H o~ +1.23V, ¢§'/Fe3‘ =+0.77V
. = ne< 4 . .
gk (96 1.0~ Proper) =31.0811 K~ =1.21x10%

©0.0592  0.0592

The large magnitude of K~ indicates that Fe?* ions are unstable in acidic solutions in the
presence of O (unless a suitable reducing agent is present).
(3) AEdTRF /7 #E (Nernst equation)
As a voltaic cell is discharged, its emf falls until ¢ = 0, at which point we say that
the cell is “dead” .
Recall that the free-energy change, A .Gm, is related to the standard free-energy
change, A,Gn :
AGm= A Gx +RTInQ QO ---the reaction quotient
Because the emf of a redox reaction indicates whether the reaction is spontaneous,
we might expect some relationship to exist between emf and the free-energy change:
AGn=-nFe, MGm =nFe”, AR 8: —nFe=-nFe™+ RTInQ

RT v ~0.0592 R N
a. a=af*——Fan , FRNEE, Be=c- lg O — REHTRE 1%
n n
AL (0x)" + Ha(p ) == iBJE AL (Red) 2" + 2H" (1mol-kg ™)) [ V1T 5 «

00592 [Red]
2 °0x]

o U AR AR AE AR AR IR KA T

_ e
Poxred — 9 =Pourea =0

g i A m] R S 5

- 0.0592 . [Ox]
Poxred = Poxred Ig [Red]

AR VIR AL TR VR B . U B T s AL 2 8] B 58 B R &R o
Sample Exercise 3: Calculate the emf generated by the cell described in the following reaction.
when [Cr,027] = 2.0mol-dm™, [H']=1.0mol-dm™, [I ]=1.0mol-dm~, and [Cr**] = 1.0x

107 mol-dm™, @2 . =+1.33V, @5 =+0.54V,
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Cr,02 (aq) +14H"(aq) + 61 (aq) —> 2Cr’*(aq) +31,(s) + 7H,0(1)

cr’'y 1.0 x107°)?
Solution: Q = 2[ d ]14 —= (1.0~ ” ) —= x 107"
[C,O IHT[I']  (2.0(1.0)"(1.0)
0.0592
=% — lg(5%107"") = +0.79V — (- 0.10V) = +0.89V
B
0.0592  [Cr,0 J[H']" 0.0592 2.0
e =QF L+ 1 & =+1.33+ | =+1.43(V
¢Cr207 /Cr ¢Cr207 /Cr 6 g [Cr3+]2 6 g (10 ><10—5)2 ( )

[ FL0mol-dm™,5 @, =% =054V, e =0 o o @, =+1.43-0.54=+0.89V

b. JLm U
(i) [Ox]. [Red]Hi#3fe LA 5 S E0H R X T 5
(i1) an SR H 0 S — W B R R A, T EATRIR B N L HIAARZ 1
(iil) XY R ARA, WZEHAES K (atm) KER.

Bltn: Oy +4H" +4e —> 2H0(1) , 03+ 2H,0 + 4~ —> 40H~
0.0592 ) 0.0592
Pom0 :CDO?HzO t— 4 lg{pO [H ] } ¢02/OH’ = §0070H’ t— 4 lg{po /[OH" ] }

. SR JE ELAL PR Z (Factors that affect reduction potentials)
MBERTRF T RE T AT, BR TIREE . Ox . Rex MW A G (50D Wik
JREALIEEM AN, eI R RIS A -
(1) BREEXTIE I A2 [R50 Caffect of acidity on reduction potentials)
Sample Exercise 4: Using standard reduction potential of ¢, =0.00V, Calculate the standard

reduction potential of ¢ -

Solution: gy, AHXFRLAGHLIR R : 2Ho0 +2e —> Hy+40H ™

Do, 15 Py, ~Jatm. [OH ™ J=Imol-dm I (¥I& R HL L. T 7K I W Kw=[H ][OH ],
XFF 2H + 2e —> Hookik, JZ[H'] = 10"mol-dm™ i [ FERRHEIE SR HL AT .

. _ 00592 [H'] _  0.0592 K
** Powm, = Purm, 5 1 a =Pum, T 5 Ig Py [OH ] 2
0.0592
=0.00+ x(—=14) = —0.829V

AR AIE S5 R 2B pH Y Vﬁﬁﬁi‘j( JIT PA S SR AR A VE B pHL A AR T 1
B MR, WQT G O, % LB SR pH 3.
(2) PLHERTIE I ALY 2 Caffect of precipitated formations on reduction potential )
Sample Exercise 5: Calculate the standard reduction potential of the following half-reaction:

AgCl+e —> Ag+ClT, @2, =+0.799V , Kpagcr=1.6x10710
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Solution: Xt T @agcvag M &, 1F AgCl+e” —> Ag+Cl 1, [Cl ]=Im(mol-kg™"), FA]
HICI] =1 mol-dm3 kAL #E, ..[Ag']=Ky/[Cl]=1.6x10"1" mol-dm™
e Puscing = Prgng +0-03921g[Ag 1= +0.799+0.05921g(1.6x 10 ) = +0.219V

FEL Ksp.aex [Ag'] Prexiae (V)
Agl(s)te —>» Ag+1 —-0.151
AgBr(s)+e —> Ag+Br T8 I +0.073
AgCl(s)+e — > Ag+Cl | N | N +0.219
Ag'+e —> Ag +0.779

MR, AT Ko BN, pagoag B/, AgX WAL IEIRSS, Ag IL JF 1G5
Biltn: 2Ag+2H" +2I =2Agl+Hy ', ¢ ©=+0.15V, AGn <0, 1ERMNJ5IAHF.
(3) BLA WXL R AL 52 (affect of complexes’ formations on reduction potential)
Rea (B BAEE, Wl E Be &S TRERAK, Bl
a. {ERCA EIRRICE T, ML AR, W: oo <@=

Cu(NH, )} /Cu cu®'/Cu

. EEARBLRE JFE Y R B A R T U'JE%%%MB%%E’J%%@H@%%WJ
THEBFEAR, B @ 5 poony = 10-358V5 T @2 = 0771V, XU
Fe(CN). El Fe(CN)!™ R
(4) 245 (Summery)
a. X M +e —> MODE, M)/ MR EE R, @ R, H
S0 pH TE5K;
b. MEFABTHEARE TR S, WM pH X o Gi2m, FEBRIRET
ARG, BETR IR K 4 5
c. A7 HN FR A AL U O AR CTUE BRI S -, WDTUE DI K BRI, TS 11 Kl
Ko BAIH @ (HBR/N s Rz, S e oo SR B 5 A R e B B T, e
TEVII) Ko B/, BCES T KooK, T o fEHERK .

§6-3 &M — R0 LR re o g S
The Redox Equilibria and Applications of Electrode Potentials

—. ¥I|#7 Redox Reactions AJ77[5]
1. Mg AER, AGn>0, WIEKXMIEEK (The forward reaction is nonspontaneous) ;
2. K e AIEER, AGn<0, WIIEXMiFEH & (The forward reaction is spontaneous) .
Sample Exercise: RFWr B : Pb* (1mol-dm~) + Sn(s) === Pb(s) + Sn** (Imol-dm)
ST BB IE R N7 A EAT 2 54 PO? S TR Bk 2] 0. 1mol-dm™3, 1M Sn? 5 FIR FE4EFF1E
Imol-dm™, [n] ;B2 15 Bed4% Ik 1F s N7 [m) gk AT 2
Solution: @3 =-0.136V Pop, = —0.126V
£ =TT =~ =-0.126—(0.136) = +0.01V >0
S A =4 [ W 5 Ay [ i
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E=Qr—Qu s PE =0 py +¥lg[Pb2+] =-0.126 +(~0.0296) = —0.156V

Py = Pargy» € =—0.156—(-0.136) = -0.02V <0, .. FEILFEMT, RMAREHIE
Ayl b iy
. ¥IiT Redox & NMiH{THITEE
TEFHTRT A \Gn=0, HAGn=-nFe 13 e=0, . .0;=0,

Sample Exercise: i1 5 MnO, +4H " (aq) +2Cl (aq) Mn**(aq) +Cl,(g) +2H,0
101~ 1887 8

, 00592 [H']’ 00592 pa
Solution: @y v = Prino win ’ 1 [Mn>] © Peyar = Periar T 5 lg [ClI T

. 0.0592 pe, [Mn*"]
AN lg—= Cp—"
2 C[CIPH]
0.0592

= Prmo, > ~Par o » BRI O e = 123V, @0 =+1.36V

IgKT=+123-136, .. K =4.06x10"

M SN H A MnOs SR ERER I N, LR EI[CL ], %B%TEE(DCUCI,, A el & Cla.
=. ¥l Redox K NMiHITHIAF, IEZFAENSLFSIEET
Tk B3R Ch Tihparh, BRE PR 7 B8 disk, DUHIE Bl L. 24
CLiBA Br (aq)M1 I (aq)/R &R, W fal ST il — Fh 25 1 S bl S AL e 2

P =H136V. @i, =+L065V. @ =+0.536V,

/Br~

S ET =05 o — P =+1.36-1.065=+0.295V
&7 =05 o — 075 =+1.36-0.536 = +0.824V

Ver >e, SAET BT Br B FIREAHIERS, CLE kAT BT
AR RS s 2 — PR AT R A T LR BRI, B e S R ok ) SR, (R 7 ) I
Redox MR FIS, BB RPIEZ, HEEFEAIREERZR, B NE55HER
451
4. Latimer frEREBEMERENA (Latimer Standard Reduction Potential
Diagrams and Applications)
1. Latimer GREA=/R)E]:  (Latimer diagrams)
VI HEL % K Latimer $EAS [F] S0 A0S 18] 1 AR v AR FELAT . 42 B AR A 25 4K IR B I 149 It
Fr, HEBI B T, BT R AR A BRI GRS ENAS (AR
W AL IR AL B . 5l
PV OOV Iy FOIN 020V <150V, o
2. JuE HAR AL I R
(1) FIrE TR P A A S 2 5 KA [ S (disproportionation reaction)

= >
? 09/ ox), (0x), P0x), / ©Ox), (Ox)3

> AR

P G9100, = Povyion, M2 (OX)1+(0x)s — (0x):

(Ox);

H P G000, < Poason, s (0x)2+ (0x)2 —> (0x)1 + (Ox)3, K AEHA
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+0.68V +1.77V

#itm: O H,0, H,0 2H,0, == 2H,0 + O,
pH=0 10— [, 2OV 1m0 ST G == 31, + 3H,0
pH=14 10; — 228V | #0388V 1= 31 4 60H == 10;+ 5 +3H,0
(2) M i B Ay P e L G R E AR LAY, SRR Ji LA P P AR Y R LA

¢ 0 9=
A T AT RAREIL R AL A A <—> B<— 2> C<—">D
FAAENANEIREES], Wesn PEN: AGn = -mF@1® AGn = -mFp, ™
MGy = -m3Fp5, MAGE (A—=D)=AiGn + MG + AGr CIRZAS R EUME TR,
—=(m + n2+n3) Foxip = —(mFQi~+ mFp:+ nsFps”)
«[5& qu%/D: nlqol% +n2¢2% +n3¢34}

n +n, +n,
Sample Exercise 1: A1 BrO; O o 045V %Brz Y g, ROgo ne
4x0.54+0.45+1.07
Solution: @57 /g = =+0.61(V)
3 4+1+1
Sample Exercise 2: TV 1 T LI & P A A 138 Ji7 FL A7 1]«
VV +1.00V VIV +0.31V V]I[ -0.20V V - 1.50V, V

A =FGERA: Zn. Sn2t. Fe2t, AR A5 58 Pon 120 = —0-76V5
O g =0TV, @& . =10.15V, BUEHEE S FE R, S T A2
@V'EV', & VEV, Vv'EIVY,

Solution: (a) " @,y =+1.00V, T @7 u=+0.31V

RAgik Fe B TARIE SR, v E VY.
(b) @ yn :wzmﬁssw) 1 @yu , =—0.20V
SORBEE Sn2 B TARIR IR, A VIR VY,
1.00+0.31-0.20

(©) Py = ilel —=4037(V), Q% =-020V

S HREE Zo MEIE TR, AE VY E] VI
B FIRREMNE S FEEER
1. Ko F5E
Sample Exercise 1: U1 AgeS +2e~ —> 2Ag + S* 1@ “N-0.69V, RiTH AgS 1 Koo
=+0.799V , q)Ag s/ag = — 0.69V

Solution: ¢, .

. 0.0592 .
(oAg S/Ag( (pAg /Ag) = : /Ag + 1 lg[Ag ]

KT @y gng M s [S7]=1mol-dm™ , Ky= [Ag' ]2 - [S*]

o L0059
l)_I\IJ [Ag+] = v,Ksp 3y e (D/QS/Ag = (pA:g‘/Ag + 1 lg
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=

(~0.69 — 0.799), Ky =4.97x10~5!

(Presing = Pag 1ae) =

gk =—
&% 700592 0.0592

2. Ka E‘Tmu%:
Sample Exercise2: A —JEH: (—)Pt|H2 (z= )| HA (0.5 mol-dm3) || NaCl (1.0 mol-dm™) |
AgCI(s) | Ag (+), HiZH MM EIHA N+0.568V, KIt—ITHE HA (1) H 2% % Koo
Solution: @50/, = (pig iag T 0.05921g[Ag"] = Prging T 0.05921g K, s,y

=+0.799 +0.05921g(1.6x107'*) = +0.219(V)
Pu . = Pi . +0.05921g([H']/ py?) " py, ARHERARUR
S+ @y, = 0.00+0.0592 1g[H']=10.0592 1g[H "]
e= g+ —p-=+0.219—0.05911g[H ] = 0.568(V)

S [H']=1.27x107° mol-dm™
CHJJA | H ] 127x107)
~ [HA] [HA] 05-127x10°
3. KeWIWE:  (FES PN ERAL SR
75 E[REAL pH BEIXENFA (The Reduction Potential Diagram and
Applications)
1. UL pH HiAshE, BRI NAALKR, 2ol pH AL % REl, XA R EIFR N
R AT — pH .
2. KAFEBEAEM,, NEAEEME, KPEEEAS— pH BT
ERRTEA T : HoO—2¢” —> 2H +1/202, 2H +2¢ —> H,
EWEA it 20H —2¢ —> H,0 + 1/20,, 2H,0 +2¢” —> Hy +20H~

=323x107"

pPH=0R, @, =0.00V, @5y ,=+123V 16[ @ ]
# py =Po =PI, @y =0.05921g[H']=-0.0592pH, " i SN
- ®
% pH = 14 i}, o =
- - 00592, [H'T -
Pow i, = P, * — e e 0.00 + 0.05921g[H"]
? — 0.8+
=0.0592%(~14) = —0.829V 12t
- - 0.0592 Bl T e o e o v
Po.jon ~Po.mo T 4 1g(P§2 [H*T) i '

Fig 6.5 The plot of ¢ ~ pH of water
=+1.23 +0.0592x(~14) = +0.403V

3. WERR EVF, AR Al AR pH BB AR T (D) 2k, MZ AR =T
REA, BOHAS AR — Ol 5T R pH BB BAR T (a) 2k, WHZIEJR
FULSAEAGE R, TR A BNz ], T2 K BEA AL AL,
APOEIFFNET, FreASLEZ WAARGEX .

XFF MnO, +8H +5¢ — > Mn*+4H:0, @7\ o (+1.5V)> 957 o (+1.23V),
MEER EJF, MnO, 7K A BEREAFAE, XA KMnO# LT 7RI A REME R
I CAM A, (ASEPs BRSO ARMILE, B S SEhRfE I AA —HF, RISERR{EIZ
A AR L) 0.5V, BIAE P b DL 4o R () B9 D K O ARGE X
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7KK~ pH B, BARE 5 h 3 — ALK IER H FE s AEA 4B pH JE
FERaE /T o
Practice Exercise: If the standard potential for the reduction of Sb,Os(s) to SbO* in acid solution
is 0.60V and the standard potential for the reduction of Sb2Os(s) to Sb2Os(s) in basic solution is
—0.13 V, what is the solubility product constant , K¢, = [SbO'][OH ] ? What is the pH of a
saturated solution of Sb,O3 at 298K ?
Ammonium Nitrate

Ammonium nitrate contains nitrogen in two different oxidation
states, —3 in the ammonium cation and +5 in the nitrate anion. The
substance is mostly used as a nitrogen—rich fertilizer, but it is also a
very potent explosive. Heating it leads to the exothermic formation of
dinitrogen oxide, N>O, in which the nitrogen has an oxidation number
of +1:

NH4NOs(s) A’ 2H>0(g)+tN20(g)

Ammonium nitrate is hygroscopic. That is, it absorbs mlisture in
humid conditions and forms a sticky mass that hardens when the
humidity drops. This water uptake happened on a large scale in 1921 at
a fertilizer factory in Germany. Lacking sufficient chemical knowledge,
the workers decided to use hynamite to break up 4500 tonnes of
solidified ammonium nitrate—sulfate mixture. The resulting explosion
of the ammonium nitrate destroyed the whole factory and killed 561
people.

To prevent the hygroscopic problem, the Tennessee Valley
Authority devised a way of coating the granules with wax. This
practice solved the stickiness, but it had one disadvantage. Any organic
substance can be oxidized to carbon dioxide and water vapor. The
ammonium nitrate—wax combination proved to be an even better
explosive than pure ammonium nitrate, because in the combustion of
these reactants nitrogen is reduced to dinitrogen, oxidation number 0.
The “leftover” oxygen then forms more water and carbon dioxide by

“combining” with the wax, a hydrocarbon:

NH,NOs(s) VAN 2H,0(g) + Na(g) + “0”
CoHania(s) + (3n+1)“0” ——— nCOx(g) + (n+1)H:0(g)

The accidental fire on a ship carrying these wax—coated pellets killed at
least 500 people in Texas City, Texas, in 1947. Clay is now used to
safely coat the ammonium nitrate pellets, and bulk quantities of the

compound are stored and shipped in tightly sealed containers.
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About 1955, the North American blasting explosives industry
recognized the potential of the ammonium nitrate—hydrocarbon mixture.
As a result, a mixture of ammonium nitrate with fuel oil has become
very popular with the industry. It is actually quite safe, because the
ammonium nitrate and fuel oil can be stored separately until use, and a
detonator is then employed to initiate the explosion. It is this mixture
that was probably used in the Oklahoma City, Oklahoma, bombing in
1995.
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