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Chapter 6 Oxidation-Reduction Reactions & Electrochemistry
KRBT 53— R S ——F M — BRI CH TR 8 RN

§6-1 &ft— ZTERM

Oxidation—Reduction Reactions

v E# (Oxidation Number)
1. At —rarnd, 2 —MNAANME.
2. GINMHES, A UUT L7 R A
(1) HIWrR R AR —F T R BHRBL. )] reducing agent
(reductant); ZEALELPEMR. EJF M. A5 oxidizing agent (oxidant).
Q) HHEE—IE RN E
(3) BC 4R ——ik J5l e B 75 FE X
4) 3t &Y, nFe (111). Fe (1I); Cu(l). Cu(Il).
GINEAMNEL, T LAEA H VAR Fo Al S 25 K AT S RIS 0 T, SEIR
IARPY R
3. BRI AR
() EETHEYY, TRMENESE TEFIE, AR
Q) FEHM G, TCREABOYI A JE T 2 18 LT R RS 2
a. EIRRPERILAN 7 (Dt JTEREWECNE, 11 Psy Sz CLHp P,
S\ ClIE B N
b. TERMEREILN 7 rh, TR RS T R TR o w2,

+1 -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) (=1 0
(3) EARI & -

a. BEAECNE, Bl Py S P S EMEH NE, RN P—P M S—S
A 3 X R AS

b. B& 7 7E NaH. CaH,. NaBH4. LiAlHs-FEMEME -1 LA, AT
+1;

c. FTAIMIT, HEAAHCN-1;
d. AN —RR-2, (BEVEZHIS, HlE0,(~1/2). O (-1).
0,(-1/3). O;(+1/2). OF,(+2)%:;

HTC & (M5 s A UL $I+8, 7E 0sOan RuO4 1, Os Fl Ru LA N
+8, HETLRM IR ANBEL LI E, AL Bl NaCrOnfil CrOs
F1, CriAtios+e, FONXEEAEY T A O (O MAEMB-1) {715

e. ERLEYIF, 2H BB T HEATAER, HAREIIEE-1: CHi(-1)

CsHs(-1)3, kTl ikms, 35 e ik b (o me A i 7 R 4 £ i v,
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mHm\ahN%\Qm\am%,Aﬁ%ﬁﬁi,@Now%m%N,ﬁm
¥+, W Cr(NO),, KW NO™5 CO %144, bl NO fENRLARR, AT
DIEESRS E— AR ok B, SRE R —X 7 A O R s i
S8
4. HMUEELAEN b X

() BT S XAHE: A2 JE TR EAEH RN, ot B b 22 B i g
77, MEAECR N AFER, 25RE2 AR A AT F

BIAEA NG C IR TFHE 44, TEAFRLEDH, T LA A F S

CH.4 H;COH HCOOH HCHO
WE 4 4 4 4
A EL —4 -2 +2 0

Q) FTHMEFIEEAE: (A MBS (— B AHIE+8 5i—4) , 1 Fes04, Fe (1L
G2, +3. EAETLIIE, pHEVEE, U0 FesO4 R P b
N+8/3, T SEPREMECN+2. +3.

(3) ARMIFFFANE: Pauling B, FMBERTR +tm. —n; LEN: EETHEY
o H omt n—3oR, EREMMLEYIYT, AP 5EEERIR, Fe (11). Fe (1D).

. 8§ TEYE (Redox Equivalent)
1. 8 S AR S 25 T2 AR 77 2 E E B DUAGRIE 2 5 e B A 48 A B0 1%
I, 3B SR 24 5 55 T8 JE A 3 BB R DO SR RIE 2 5 O 48 40 2 ) 7

=E
2. SEffl: KMnOs —> KoMnOs  157.8/1 Fe —> FeO 56/2
KMnOs —> MnO» 157.8/3 Fe —> Fe;05  56/3
KMnOs —> Mn?" 157.8/5 Fe —> Fe30s 3x56/8

56+16 160 232
, FexOs —> Fe , FesOs —> Fe

2x3 3% (8/3)
3. fEARMEA— ERMNF, FE—hEWEA S E (BUEE S8 mar A
[, X2&HTENEARPAEN— BB, SAE A F T E.
4. FHEAN (BOREFD HERFEERN X, FreRpREAF T YT (BRI
FLMED
5. fEARf—NEA TR ST, A AR B 22 B s AR A5 T SR 7 ) e 4 R
=, fit— FEFEXWEFE (Balancing Oxidation-Reduction Equations)
1. 4%, (The oxidation number method)
(1) FEARKYE: RPN — RN TR, S BT S T B
1) A AR AR
(2) 3. Ll P4+ HCIO; —> HCI + H;PO4 K17
a. LS RSN S o1 B 1 X
b. R JE A5 b BT T B S B T v (R B R 3 R TR R AR
BTG, 4P: 4x(+5-0)=+420, Cl: —1—(+5)=-6;
c. MRHE bHPANEUE, HHENR RN AEE(60), HEKEEMT . & JEH 5
TR & %010, 3), B 3P4+ 10HCIOs —> 12H3PO4 + 10HCI;

FeO —> Fe
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d. HYIBAS K E R A B AR N AN R AR AR 3 H . DLR R 7%
KT E R TS, EXXP Al EilnZ 36 M HIEFA 18N O J T, fr
PAZE L BN 18 4N HaO 431

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

2As: 2x(5-3)=+4 oy
3S: 3x[6-(—2)] =+24 Pl
N: 2-5=-3  |x28
3As:S3 + 28HNO; + 4H,0 == 6H3As04 + 9H2S04 + 28NO
2. Bf—— HF% (The ion-electron method)
(1) ZEARMKYE: EE T HREAWIL, JETF NS ST B L 0 % .
() HRSE: DLH+ NO; + Cu,0 —> Cu?" + NO + H,0 Jyfil
a. Sl NI Y LR B GRSV 55 HL RS AR PLor TR

ZDNE
b. RN IS BN e N — MR, AR
Cu0 —> Cu NO, —> NO

c. M—EHHMETMNBT (BRIEFMAT: H'—H0; BERMT: OH —

Ho0) i S B 32 1 J5 5/ BOR L O S —— X R R AP IR
Cuz0 +2H" —> 2Cu>" + H,0 + 2e ®
NO; +4H" —> NO +2H,0 - 3¢ @

d. HRIEEAMIE SN PG R B T A IR S5, R A SRS LIAH B2 B R 8, 50
BT T R
®X3 + @Xz 15

3Cu0 +2NO,; + 14H"

6Cu?* +2NO + 7TH20
(3) 5 H1
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:
14C10; + 3As,S, + 18H,0 = 14Cl" + 6H,AsO, + 9S0; + 24H’
b. ClIO” + Cr(OH), —> CI" + CrO;

ClOO + HO —> ClI + 20H - 2e ®
Cr(OH), + 4OH" —> CrOj_ + 4H,0 + 3e @
Ox3+@x2 18
3CIO" + 2Cr(OH), + 20H — 3Cl" + 2Cr0i7 + 5SH.,O

T — BRI O
(1) BN SRR 2 I A S T B AR AR 58, T RO A
(i) IEFARINAN B ERRYEAN R, R HT, REN H0; EmtEA TR, X8
H,O, % OH .
(iii) AR 55 FL AR R A AE T2, T DA B8 1 S N2 7 R PR I R TE B A T P AT
@) A a. ARTFEEMFBOLE R AN RIZN, b, ERFIRET, 125
A —IE R S B B AR ST .
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IR — e B AL TR, (HIX PR TR R R R AN . AT A —F B WA
38 J5 R (RS- 51
C,Hs0H + O —> CH;CHO + H,0
M CoHsOH —> CH3;CHO, Atk 2w ali v, ST 0—ANEIR
Fo WEEEAMEEI N 2, 0, —> H0, FALEEN 4,
. 2CHsOH + 0, == 2CH3CHO + 2H,0

@ CHCH(CHy)y KMnO, + H,80, ——> @ COOH (CH;),C= 0

+ MHSO4 + KzSO4 + H20

@CHZCH(CHQZE@FCOOH\ (CH::C=0 #ILLEL, HI#ILERED 34

OFT. ZWAMHIET, METHANOET, HAMHET 84T,

+7 +5e 2+
Mn ' —>» Mn

CH,CH(CH
5 @ CHEE: | e MnO, + 12H,50, =5 @COOH 1 5(CHy),C= O

+ 8MnSO, + 4K,S0, + 17H,0

§6-2 HLREL
Electrode Potential

—.\ EREHEMBERE (Faraday’s Electrolysis Laws)
S ARG T HAR I 55 B RAL 25K Davy, 106 EEL R EE AT 1 T 70 10 2 Al R R 1) 2
A FNE)F Faraday. Davy fERF ERIDIGE AR CRILT &, £ , (HEIATR
PLSE A B 2l AP AR P3R4k TR RIIRF S SRR . R AR 1832 Sl 1 A
L. VER R — AR FRARET, TR BT I S R R R b
2. B SHEMAEITIR: Imol TN 6.022x103 ML, 1 ANHETHIHEE N 1.602x1071°
JEA:, T 1mol BT FTa (I RN 6.022x10%x1.602x1071° = 96472 (C) L96500 (C) = IF
Fr A AR, X T nmol TR INRBL, THFERHRER O=1(%H)x t(B)=nF
3. VEPIEEEE HfRE . BHEIT 96500 FEEC IR E CREFRE N 96487 FEL) , B 1A
T i AT B e AR B R b

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 +2e” —> Mg 2mol e~ 24.30g Imol e~ 12.15¢g
AP +3e” —> Al 3mol e~ 27.0g 9¢g

FEHRIERE Y, AR T2 B4 ) Imol LTI LR, AR — e &
EAERE EET MR A —E R S &,
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4. VRPN SRR AR, M MENSHEE (IF) L AR,
{ERHM, (anode) b & A4 T AL OB 72 A — AN e M B A A=Y 78 B (cathode) | &
A TR SN IF PR A A T R IR )
—. BREA (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. JiEth (Galvanic cell)
(1) ek (composition) = Ji HLth (1] 171 2 (negative pole)

U4k [ (oxidation), R

LI ) 1E M (positive pole) 1 Ji [ M (reduction)
a. & — &SRB THEM: Zn?* 7n Cu?** Cu, EHFEREAHER
s

b. Ak — BT HHK: Ch Cl, EFNE 14 m Bl Ak
c. & — SEMEEHEENY) — WETHK: Hg—HgCL|Cl,
Ag—AgCl|Cl &
(2) AT 5 : (=) Zn| ZnSO4 (c1) || CuSOs4 (c2) | Cu (+) (Daniell’s cell)
GORTRAE /23, IERTBAEA T, o« FosMB A, |7 RoamimAs
[E) VA, B PA [) R 52 1) [ b R 1) FH SR SR, ¢ SRRV IR L

> Bl = 9
© 9
Salt N (
T bridge /—‘—___— o L
I 1 1 Cathode Atjnd@
U’( = ) = '_V -
5 = ﬁﬁd— H, gasin
e
I_’KO
Cu2*—>p OH- |
o ~“"Cathode ‘
¢ y | |
\__/ 0, gas out +— g i I ==} gas +
Cu?* + 2¢ Cu ol Eainlile [T water vapor 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) HIb IR

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

b. lead-storage battery
iEM%: PbO,(s)+SO; (aq) +4H (aq) +2¢- —> PbSO,(s) +2H,0(aq)
Hifk: 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
1EMH: O,(g)+2H,0(1)+4e” —> 40H (aq)

fifk: 2H,(g)+40H (aq) —> 4H,0(1) +4e”
S 5 ) — LE it
(=) Pb | PbSO4 | SO? (0.0500mol-dm™3) || C1"(1.00mol-dm™) | AgCl | Ag (+)
(<) Zn | ZnS | $* (0.010mol-dm=) || H'(1.0 mol-dm ) | H, (1atm) | Pt (+)
(-) Alloy | C;HsOH(1) | COx(g) + H'(1.0mol-dm™ ) || H' (1.0mol-dm™ ) |05 | Ni (+)
2. HREHR A
(1) FEURN 5 R A S5 YA VP T 1) R S 22 P T

AR —Fhem e (M) fwAIKS, BT ARMEAR KK 75 5 0 b i (0 <2
JEE TSI TR AEKEER, GR—EreRETS5&RTHHESERE T
[ HE A ss, HEWUEFERIMENSSRRmELRKEZ . SEE %L
R WA SRR, VR HEN T B T A I AT, XA e R AR AR
WESHBEIR G, UBRZHEEE T REAGE M MERKES, MNEREETH
AERTER, MG ERAVRSIEME . v = v B, BB PRSP, IXFEAE
SRS, BT R A, AT A E.

RO A 22, RUMER NS Ze B, R
WPEH . TR CARFAEZERINE T, U E TR, BIUTREE
J& BRI, IM <@ AE Sy — 3 T @Sl AR s T IRA S A
W TG B e, R Btk ey s i S er 220 (i 6.3a):
WREEE T A GHENEW, R CEAFAE R IR B 5 W] 1) <68 DU i B vl ek
RS & B e NV, DRI R A4 Al IR H Ay (W] 6.3b) .

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

(2) RS RIS e =V o (BRRM AT —V o G SR L5
(3) a4 JE IR % (factors that affect electrode potentials of metals) :
a. GBEIME: b, AT ERPREEE FIKE: ¢ WRE
3. ta#EIR R H % (Standard reduction potential )

(D) X fE25CHF, &) FRZEE S TR Imol kg™ VAR AT B3, RN
BN IR S CERR BB TR EAREIRE)  EHH ARSI ER R
B, SAERE SN lats(p ) o

(2) PrAEE MK (standard hydrogen electrode)

WKEA—EESRABNE R (SEEEHENH ) BETEE FIRE %
HULSUNTEEE @) 9 Imol kg™ FIBRIRIE R T, SR 5 AN il A\ 58 0
1.013x10°Pa f2ET, AR S TR EIEA, TR — . XA
[ B & AE A0 R : Ha(p ) —> 2H'(1.0mol-kg™!) + 2e~ XA = A 7E b ifk
SR AR RV U R 3, ARV ARAE AR FB 5. K e ATy s a3 A
XRdE, 4
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% P, = 0.00V. FEATART IR 2 T #E b e S AR B R A A (Sfr
FHRHEAFRREA D o bR FARMERIS ER AR, e R R
AR/
(3) PrUEILJE HLAL (standard reduction potentials)
a. FHPRHES AR HAR S PR THOIRAS T B HL AR ZH RS Fa s, U7X 28 rL AR S A
SR A BN, T P AR PR AR A SR LA
b. #iltn, H—— SRR e RN Zn?t +2e” —> Zn
(<) Zn | ZnSO4 (1.0mol-dm) || H' (1.0 mol-dm™) | Ha (p=) | Pt (+)
ET= QT == Oy ~ Py, =0.763V 0, =—0.763V
i EWoEEN i}
(=) Pt|Hz (p <) | HC1 (1 mol-dm™) || CuSO4 (1 mol-dm™)| Cu (+)
ET =050 — @5y, =034V O, =10.34V
R A] LAINAS — Z 41 42 8 BAR AR I S5 fL AL
(4) JUR U -
a. FbniE AR LA ARARE 1 B 51, PR AR R %, TaTRR FLAL
o BRI EERBEWRN pHo pH=01, E]RMENHEEK; pH = 141,
PES AR A — AV T I B SR 72 pH = 7 I BB FLA H5d0E
b. £ M" +ne M (AR OB, MR A (Ox) AL, MY
FiHEJE (Red) %4, Bl: Ox+ne === Red. FTLPLH Ox/Red KFE/RH
5Fs @0k s rRea FRAIBRAEIE J5 HLAT 5
= BIAEUA B K/ o A B A5 FL T e ) (BE R A Jo %
REJ) WMES), @ BIE, EWRYITF TR kR, o B, IR
S HL e TR
d. o” MABE S RMWBELR, PEHREBTHZ DK,
flfn: 2H"+2¢” —> Hy, S H +e” —> 12H,, H,.,, {HAZ 0.00V.
4. HIBHEBIH (o) 5T N HBHBEZN (A Gn) ZIEHKFR (The relationship

(emf: electromotive force)

between cell emf and free-energy change of cell reactions)
(1) RS SF AT, MBI 2 OB (A (G ), p RAFE R
(A er)T,p == Wele = _N(EEEJ$)Xt (HTJ‘I‘EJ) =-IVt=-— Q 4
V=¢ , Q=nF , Jo (A G )T, p =—nFe
FERAEIRDL T : AGR =—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: K ]: Prer = T2.87V (/)B*i(l)/Br, =+1.06V
ET = (pFig)/F, - (01;:(1)/3{ =+42.87-1.06=1.81V
S AG = —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; 5= +1.195V , @5, =10.337V
Answers: (a)l0, (b)+ 828 kJ-mol™
(2) IR AT E R R (K
=%, WAICUT A.Gw =-RTInK 5 K A G =-nFe S5%REFF, 5

-nFg =-RTInK =-23503RTIgk * “©
- F o
lgKS=— _go , LLT=298.15K ftA, 13
2.303RT
- 96487 \ 00592,
IgK*~ = z ge=— o, WFeo= lg K~
2.303x8.314x298.15 0.0592 n

£ 298K I, N1 IE HMb e = AT BASR B R BL I H ) 5PETH R 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 O3 is reduced and Fe2" is oxidized in the reaction.

Pomo =*123V, o2 o =+0.77V

LlgK© (P10~ Prope) =31.0811 K

= = =1.21x10%!
0.0592  0.0592

The large magnitude of K indicates that Fe?* jons are unstable in acidic solutions in the
presence of Oz (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 G, is related to the standard free-energy
change, A Gn :
AGm= AGw +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:
A Gn=-nFe, MGm =nFe”, RALRX B: —nFe=-nFe™+ RTInQ

RT 0.0592 X
a. a=af*——Fan , FRNEH, Be=c- lg O — REHTRE 5 1%
n n
TR (0x)™ + Ha(p ©) —— &5 (Red) 2% + 2H' (Imol-kg ") I [ BT 5 -

_ 00592 [Red]
2 S 0x]

o U TARFT R AE SRR AR S S AE T

e
Poxred — 0= Pogrea =0

It i A m] R S5

=8

Poxred = Poxred T p g [Red]

AR VIR AL TR VR . U B T s MR 2 8] ) 58 B R &R
Sample Exercise 3: Calculate the emf generated by the cell described in the following reaction
when [Cr,02] =2.0mol-dm™, [H']=1.0mol-dm™, [I"]=1.0mol-dm>, and [Cr*"]=1.0x
1075 mol-dm™, Peror e = F133Vse @ =+0.54V

) 0.0592 = [Ox]
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Cr,02 (aq) +14H"(aq) + 61 (aq) —> 2Cr’*(aq) +31,(s) + 7H,0(1)

[Cr' T _ (1.0x107)

Solution: = = =50x10"
¢ [C,OX J[H'T*[I7]°  (2.0)(1.0)"(1.0)°
0.0592

E=£%— 69 lg(5%107"") = +0.79V — (- 0.10V) = +0.89V

B
0.0592  [Cr,0 J[H']" 0.0592 2.0

e SO+ lg—2—1 =+1.33+ 1 =+1.43(V

¢CrZO7 /Cr ¢CrZO7 /Cr 6 g [Cr3+]2 6 g (10 Xlo—s)z ( )

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

b. JLS B
(i) [Ox]. [Red]Hi#3fe LA 5 S E0H R X 7 5
(i1) Gan SR H O S — W B R R B, T EATTRIREES N L HIAAR 1
(iil) X RS, WEH A E (atm) SREIR.
Bltn: Oy +4H" +4e —> 2H0(1) , 03+ 2H,0 + 4~ —> 40H~
0.0592 0.0592

lgipo, TS o Pojon =Pojon +—,— lg{po, /[OHT)

— <
Pomo =Pomo T

5. MG ALK 2 (Factors that affect reduction potentials)
MBERTRE T RE AT AL, B TR, Ox Y. Rex UM A G IIKREE (85r ) Xtk
SR AL M A, e R R I
(1) BREEXTIE I A2 52 Caffect of acidity on reduction potentials)
Sample Exercise 4: Using standard reduction potential of @77, = 0.00V, Calculate the standard

reduction potential of ¢ H, -

Solution: @, AHXTBIATHLER SR : 2Ho0 +2¢ —> Ha + 40H”

P, 18 py =latm, [OH J=1mol-dm> I FIEJFHAL. 1 F/KIHH KW=[H ][OH ],
SFF 2H + 2e —> HyKiF, Z[H']=10"“mol-dm3 i i AEbn i JE BT

. 0.0592 [H'] _  0.0592 K
* Porim, = Pun, ¥ ;¢ Pu, SPwm e py [OH]?

.0592
=0.00+ 0.059

x(—14) =-0.829V
B AR IIE SR B AL RE pH A BTG R, BT DA SRR AR A MR RE pHL A B AR 1T 14
B AR, QT O B BB pH T
(2) PLHERTIE I AL 52 Caffect of precipitated formations on reduction potential )

Sample Exercise 5: Calculate the standard reduction potential of the following half-reaction:

AgCl+e —> Ag+Cl, @5, =+0.799V , Kpaecr=1.6x1071°
Solution: Xf T @agcuag M5, £ AgCl+e” —> Ag+Cl 1, [Cl ]= Im(mol-kg™), FrA]
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HICI ] =1 mol-dm?HkALE, ..[Ag']=Ky/[Cl ]=1.6x10"""mol-dm™
+0.05921g[Ag*]=+0.799+ 0.05921g(1.6x 10 '*) = +0.219V

. e
o ¢AgCl/Ag - ¢Ag*/Ag

o Kop.agx [Ag'] Prexing (V)
Agl(s)+e” — > Ag+1 -0.151
AgBr(s)+e- —> Ag+Br~ I Ik +0.073
AgCl(s)+e —> Ag+Cl ‘ A | PN +0.219
Agi+e —> Ag +0.779

M b, AT Ko BN, piaxmg B/, AgX FEALTEIES, Ag L 1G5
Biltn: 2Ag+2H" +2I =2Agl+Ha b, & =+0.15V, A:Gm <0, 1EJNJ7 A F].
(3) BLA WXk JR A 52 (affect of complexes’ formations on reduction potential )
Ay (BET) B, Wl A bR E TIREBIC, Fril
a. TEAMNWA FTERBC R+, WG B A7 FEAG, e P =P

- AERACEURA R A F R B AR RO T, TR PR C S T I AR e SR 2 o 11
THEBFEAS, B @p oG ey = T0358Ys T @ = +0.771V, X L]
Fe(CN).™ EL Fe(CN)!™ R
(4) 45 (Summery)
a. HXT M +e —> MODTIE, M)/ MO ELERCR, ok, Hoe
5 pH Tk
b. MEHEAETHREAES FHIBENE, BRI pH X o A, &FERIEET
MR, T IR R () 38 KT 3 o 5
c. A HXH MY AR TIE BC S T, WUTIEI I K 8RN, BB 71 Kol
K, BN @ BN ez, S s d JE A 5 A T e BBCES 1, T
TEVIH) Ko /), BLES T KetloK, T o (EHOK.

§6-3 @M—LF-FH LR AL B
The Redox Equilibria and Applications of Electrode Potentials

—. ¥l Redox Reactions BYJ7[5]

1. Mg ATER, AGn>0, WIEXMNIAEE K (The forward reaction is nonspontaneous) ;
2. Mg NIEAER, AGn<0, JIEXMEEHK (The forward reaction is spontaneous) o
Sample Exercise: R Wr BB N : Pb2* (1mol-dm™) + Sn(s) <== Pb(s) + Sn?* (1mol-dm3)
A0 R IE SN JT [ HEAT 2 548 P> B IR I/ 21 0.1mol-dm™, T Sn? 8 Tk 4477

Imol-dm™, ] Je NLAE 15 A% L 11 e M5 [y AT ?

= =—0.136V = ~0.126V

£ =0 07 = P e~ P =—0.126—(~0.136) = +0.01V >0
SO RE ) TE SN T TRV IEAT

E=QPr =Py > P =Py p, T

Solution: Pov oy =

0.0592

1g[Pb>*]=-0.126 + (~0.0296) = —0.156 V
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Py =0T €=—0.156-(=0.136)=—0.02V <0, ~AEHAH T, [SAHHILE
ST T AT
= IHF Redox | RI#HTH0IZRE
TP AGn=0, HAGn=-nFe 13 ¢=0, . .0;=0,

Sample Exercise: %5 MnO, +4H " (aq) +2Cl (aq) Mn?* (aq) + Cl,(g)+2H,0
1)~ 1 4
Solution: @\ =P ae + 0.0592, [H] e 00592 P

5 g[an+] © Peer = Perier T 5 g[Cl:]z

. 0.0592 . po,[Mn*"]
o Ig —2rrr+14
2 C[CIPH]
0.0592

= go;jnoz M2 wci o s BRG Prmom =123V, goc%uc], =+1.36V

lgK™ =+123-136, .. K~ =4.06x10"

WU S S I MnO2 5K IR I B, AR IICLT], RFER @ o - ATREIFH Cla
=. & Redox K MIHITHVRFF, i&ZFEENENLFISIEER T
Tl EHCRAE Cl T s, RS A E 7 B ok, DU B Al L. 3 Cl
WA Br (aq)F I (aq)iR SR, i 0 TE W0 —Fe 25 1S e Sl AL e ?

P =HL36VL @ =+1L.065V. @ =+0.536V,

S ET =08 o~ Pa g = +1.36-1.065=+0.295V
& =05 o —075 =+1.36-0.536=+0.824V

Ve >e”, SAET BT Br S FIREMIER, CLEREMT BT
IR 2 — AR R I A LR BRI, 1 S B o 138 SR, AR 2 Wy
Redox X MLIRFIS, EEH B PEA, FRILEFIFIRESERZR, 5UESS HE R
ERR
P9, Latimer fRER[REME R EMNA (Latimer Standard Reduction Potential
Diagrams and Applications)
1. Latimer GEELSL/K)E:  (Latimer diagrams)
WIEL2E SR Latimer $EAS [ A0S (8] AR AE AR FLAL, 2 IR SUA S A0 IR AR 1) It
7, HEI BRI 7, SO G R I EARERRAE . R FEICR SRS Z AR
W AL AL AR . s

+1.00V, +031V - 0.20V -
YV OV IV HOSIVL om Y 150V 0

2. JLE LR AT A ) R
(1) AW E e R A S 2 S R BB R Y. (disproportionation reaction)

P &9 (O 0
(0x), 0%,/ 0%), (0x), _T(0x),/(0%); (Ox);
> SE A B R

FPGv 00, = Povyion, Mo (0%)1+(0x)s —> (0x):

i"l ¢(g;()|/(0x)z < (D(_g;()z/(ox)x ETJ‘ ’ (OX)Z + (OX)Z 2 (OX)] + (OX)}’ ﬁﬁiﬂ:&{’t
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B4 0,28 g o, L7V yo 2H,0, = 2H,0 + O,
pH=0 105 — [, 2OV = g0 ST G == 31, + 3H,0
pH=14 10; — 228V |, *038V 1= 31 4 60H == 10;+ 5 +3H,0
(2) AIEJi AL B A R FE O T R LA, SRR R LA ] A R ) AR LA

‘ I ‘ o 0= (O
st FAC RS A A< > B2 C<— > D
BN DNEIRHES], Wead FEN: AGn™=-mFp1% AGm = -mFp, 5
MGy = -m3Fp5, MAGs (A—=D)=AiGn + MGr + MG CIRAS R EUMETR),

S —(n + o+ n3) Foap = —(mFQir+ naF s+ nsFps”)
nlqol% + nZ(PZA} + n3(03%

[i4 qﬂﬁD =
n +n, +n,
Sample Exercise 1: L% BrO3 +054V gro- 045V %Brz LV g , 5}L<§DB?07/B{
4x0.54+0.45+1.07
Solution: @57 /g = =+0.61(V)
3 4+1+1
Sample Exercise 2: TUA1 T FIL 5 P A AL A BOI8 TR FLAL ] -
VV +1.00V, VIV +0.31V V]I[ -0.20V V]:[ - 1.50V, VO

A =ML JEH: Zn. Sn2. Fe?t, AL JE AL 5 3R Po jzn — —0-76V:
O g = T0TTV, @2 . =+0.15V, RIEFEE L KPR, KB T 51522 -
@V'EV"Y, &V'EV", Vv'EV',

Solution: (a) " @ v =+1.00V, T @7 n=+0.31V

SRR FeX B FARIR SR, VYR VY,

1.00+0.31

©) @)y =~

SRR Sn2 B RIS R, VIEI VY
1.00+0.31-0.20

(©) O3y = 03TV ey =020V

SO BERE Zn AEIRIRA, A VUE] VI
. FIRAEBEMNEESMHEEER
1. K HII5E :
Sample Exercise 1: LA AgS +2e- —> 2Ag + S IQ “~H-0.69V, Rit%H AgS I Koo

=+0.655(V), T @3, = ~0.20V

Solution: @, =+0.79V , @, =-0.69V
. 00592 .
S Prgsing (T Pug 1ag) = Pag ing + Tlg[Ag ]

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

[ . = - 0.0592
W [Ag"] = Ko 0 Prasing = Pagiag +Tlg \/KSp
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gK. =———(@F . ~0= . )= 20.69 — 0.799), Kip=4.97x10!
S 0.0592(%&5/Ag Pz ine) 00592 " )y Ko

2. Ka E‘Tmu% :
Sample Exercise2: A — i Hith: (—)Pt|Hz (p#) | HA (0.5 mol-dm™) || NaCl (1.0 mol-dm™) |
AgCl(s) | Ag (+), #i%Hih FEN#N+0.568V, RiItL— IR HA Y HL % 3L Koo
Solution: ey ae =P n, +0.05921g[Ag 1=0,2 . +0.05921g K, ,.c,

=+0.799 +0.05921g(1.6x10'%) = +0.219(V)
Py, = Pit . +0:05921g((H']/ py/”) " py, NARER AR
Ce Py, = 0,00 +0.0592 1g[H ] = 0.0592 1g[H]
e=p+—p-=+0.219 - 0.05911g[H"] = 0.568(V)
[H']  (1.27x10°)’
[HA] 0.5-1.27x10"°
3. KeffJlllE:  (EEET/NERCAL GV kgD
75 E[REAL pH BEIXE A (The Reduction Potential Diagram and
Applications)
1. UL pH ABEALKR, EJEEAI @ NNASR, 2 Hiobl pH BRI RE, XFECREIRA
0 5 HL A — pH
2. KAHBEAEGHEMN, NHAEEME, KIEE B — pH EW .
TERRIEA B : HoO —2¢ —> 2H' +1/202, 2H' +2¢ —> H»
EEA F: 20H —2¢ —> H0 + 1/202, 2H,0 +2¢” —> H,+20H~
pH=00F, @, =000V, @5, ,=+1.23V
# Py =Po. =p= W, @, =0.0592 Ig[H] =-0.0592pH, ok

=3.23x107"

S [H']1=1.27x107 SKa=

0.8

24 pH = 14 i, -
00592 [H']

(D(;;I’/H: = (01?/}1Z + Tlg PH%, =0.00 + 0.05921g[H"] L
sl
=0.0592%(-14) = -0.829V N
k=3 = 0.0592 — 1.6 L 5 ;
Po.jon =Po,mo T lg(pg2 HTY ? pHs T T T4

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

3. MERE B, AR RIS pH ARSI ST (b) 4, Mz &4t
HRE, TR BT —FE FRRIES pH Y RAREAE T () 2, NHZIE R
FBLEALAKIER, BUHES: & AR ALEPT LI, 2 KBEA B A,
ARSI, FTUASKEZ 2R E X

% MnO, +8H +5¢ —> Mn?"+4H:0, @7\ o (+1.5V)> 957 o (+1.23V),
MR EJE, MnO, AR A GEREATAE, XA KMnO# P AERIER A B R
PRI CARIA, (ESEbR G SR AR I, g5 SEhrfR FI A —HE,  BISEPR{E 2
A H R L) 0.5V, RIE v DLRE 2837 Hi SR [ TR i A K IR ARGE [X

HTKK @~ pH B, SRS 5% B WAL K FeSEAE AT 20 pH Y
R
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Practice Exercise: If the standard potential for the reduction of Sb2Os(s) to SbO* in acid solution
is 0.60V and the standard potential for the reduction of Sb2Os(s) to Sb20s(s) in basic solution is -
0.13 V ,what is the solubility product constant , Ks, = [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 sub-
stance 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:

A
NH,NO,(s) — 2 H,0(g) + N,0(g)

Ammonium nitrate is hygroscopic. That is, it absorbs moisture 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 dynamite 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 sub-
stance can be oxidized to carbon dioxide and water vapor. The ammo-
nium nitrate-wax combination proved to be an even better explosive
than pure ammonium nitrate, because in the combustion of these reac-
tants nitrogen is reduced to dinitrogen, oxidation number 0. The “left-
over” oxygen then forms more water and carbon dioxide by “combin-
ing” with the wax, a hydrocarbon:

NH,NO,(5) =2 2 H,0(4) + Ny(4) + “O”
CnH2n+2(5) +Brn+1)“O0” —>=n COz(ﬂ) +(n+1) Hz()(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.

About 1955, the North American blasting explosives iidustry rec-
ognized the potential of the ammonium nitrate-hydroca:bon mixture.
As a result, a mixture of ammonium nitrate with fuel o1l has become
very popular with the industry. It is actually quite safe, because the am-
monium 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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