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Reagoes redox

Pure copper Copper wire in dilute AghD, Blue color due to

wire solution; after several hours Cu?* jons formed
in redox reaction

2 Ag" + Cuyy S 2 Aggq + Cu*

| E—
Silver crystals
formed after
several weeks

Reagdes redox

ZFC + OZ - F6203

acido, + base, = base, + dcido,

o CH;COOH + H,0 == H,;0" + CH;C00-

dcido base dcido base

An.'d + Boa = ‘Aua 4 Bn.'n.l

CU(S) +2 Ag* s CUZ++ 2 Ag(s)
B

A A B

red ox ox red




Reacoes redox
2 A9+ + CU(S) hary 2 Ag(s) + CU2+
2 A9+ + Zn(s) s°2 Ag(s) + an+

Cu?* +Zng S Cug + Zn*
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| Oxidantes: Ag* > Cu?*> Zn2*

|Redutores: Zn > Cu> Ag |

Ndmero de oxidagdo

5. Hidrogénio = nox = +1; Oxigéhio = nhox = -2
¢ Ex.: OH", H,0, Ca0, CaCO4
e Excecdo:

- hidretos (CaH,) e peréxidos (0,%, H,0,) = hnox = -1

6. Halogénios (Cl, Br, I) = nox = -1
e Ex.: NaCl, CaBr,, HI

o Excegdio: compostos com oxigénio e fluor: ClO-, BrO;

Ndmero de oxidagdo

1. Atomos em um elemento puro = nox = 0
e Ex.: Cu, I, Sq, F,

2. Tons monoatdmicos = nox = carga do ion
o Ex.: Ca?*, Cd?*, Cu?*, Fe3*

3. Composto neutro = Ynox =0
Ton poliatdmico = Y nox = carga do ion

4. Fluor = nox = -1
e Ex.: NaF, CaF,

Balanceamento de equagdes
v Exemplos

Fe?* + MnO,- —— Fe3 + Mn?, meio dcido
H2c204 + MHO4' _— COZ + an*, meio G’Cido
I,+5,0% —— I +5,0.%, meiodcido

HS +ClO; —— S+ Cl-, meio bdsico
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Cela galvanica

Reagoes redox

[Cu elecirode — 108
‘ Ag electrode

e
Silver crystals

Blue color due to

Pure copper : Copper wire in dilute AghO,
wire solution; after several hours Cu?* jons formed farmed aftes
in redox reaction several weeks
[Cu?*] = 1,000 mol/L [Ag+] = 1,000 mol/L

2 Ag" + Cuyy S 2 Aggq + Cu*

Potencial padrdo de eletrodo (E°)

2 Ag* + Hy(g) == 2 Ag(s) + 2 H*

H g
P, = 100 stk l Pout
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ay, = 1,00 mol Lt
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Qsg. = 1,00 mol L

=0
==

Q

|2 Ag'+ Cu(s) 5 2 Ag (s)+ Cu?*




Eletrodo padrdo de hidrogénio

v eletrodo reversivel;
e reagdo catédica:
2H +2e = H,
e reagdo anddica:
H, = 2H+2e

Ponte salina

Limina de platina -
I
platinizada

B pisco devidro v E = f(T.au..Pr2)

— sinterizado

il
\\"\'.qohlq;lo de HCI >

[H*] = x{meol L-1) Convengao

atH) = 1 mol L1, p(H,) = 1 atm mmmp EC = 0,00V
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Potencial padrdo de eletrodo (E°)

J 2 Cd?* + Hy(g)== 2 Cd(s) + 2 H*

° Ecelu = Eindicudor - Ereferénciu

-0,403 = Eindicndor_ 0

I El’ndicadcr =-0403V
S H i
(& = b -

ay, = 1,00 mol Lt gz, = 1,00 mol L1

Cd?*+2e S Cd(s) EC = —0,403 Vv

Potencial padrdo de eletrodo (E°)

G 2 Ag' + Hylg) = 2 Ag(s) + 2 H'
..%-—-' — [ P E—1
_m__ I v heumn © Ecela = Eindicudor - Ereferéncia
# | = o ) 0,799 = Eindicador -0

E 'E-J Eindicador =+ 01799 v

'-'\_.:J';E = | [inicador |
- 4 -
Ay = 1,00 mol L't 4. = 1,00 mol L

A9+ +e 5 Ag(s) EO = +O,799 vV

Tabela de potenciais padrdo (relativos)

REACAO E0 a 25 °C (V)
Cly(g) + 2e- 5 2CI +1,359
0,(g) + 4H* + 4e- 5 2H,0 +1229
Ag'+e S Ag(s) OI 799
Fed +e S Fe? : 0771
Iy +2e 53T +0536
Cu? + 2e” S Cu(s) +0,337
0,000

2H" + 2e- 5 Hy(g)

AgI(s) +e 5 Ag(s) + I -0.151
PHSO,(s) + 2e- 5 Pb(s) + SO,z ~ 0350
Cd?* + 2e- 5 Cd(s) - 0,403
Zn% + 2e- 5 Zn(s) -0763
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Potencial padrdo de eletrodo (E°)

v Potencial de eletrodo quando produtos e
reagentes apresentama = 1

v TUPAC = Potenciais de redugdo
v E0 = £(T)
v Independe do nimero de mols de reagentes

Fel* + e~ =Fe?* =+ 0771V

5Fe* + 5e~ — 5Fe?! E'=+0771V

OXIDANTES

REDUTORES

Tabela de potenciais padrdo (relativos)

REACAO E0a 25 °C (V)
Cly(g) + 2e- 5 2CI +1359 espéci ;

N ' . - espécies mais
0O,(g) + 4H" + 4e” 5 2H,0 +1,229 A efetivas como
Ag +e 5 Ag(s) +0,799 receptores de e-,
Fe3* + e 5 Fe? L0771 agentes oxidantes
I, +2e 53T . 01536
Cu?* + 2e” S Cu(s) +0,337

0,000

2H* + 2e” 5 Hy(9) - espécies mais
efetivas como

-0.151 doadores de e,

agentes redutores

AgI(s)+e S Ag(s)+ T
PbSO,(s) + 2e- 5 Pb(s) + SO,z ~9.350
Cd? + 2e- 5 Cd(s) - 0403
ZnZ + 2e- 5 Zn(s) -0,763

Potencial padrdo de eletrodo (E°)

v’ Potencial positivo ==y reagdo espontdnea em
relagdo ao H,/H*

0
In K. = ”F-E?élnl:l ‘ log K. = ”ECC] 25 OC

q RT - 0.0592
Potenciais Padrao de Eletrodos®

Reacio Efa2seC,v
Clig) + 2~ =2C1 +1,359
Oylg) + 4H" + 4o~ =2H,0 $1.220
Brylag) + 2¢” = 2Br +1.087
Bry(l) + 2e~=2Br + 1,065
Ag® +e” = Ag(s) + 0,799
IH' + 2¢” = Haig) 0,000
Aglis) + e"=Ag(s) +1 — 0,151
PLSO, + 2¢ == Pb(s) + SO} 0.350
Cd* + 2e~ = Cd(s) — 0403
It + 2~ = Zun(s) — 0,763

Aplicagdo de potenciais de eletrodo

v" Com base na tabela de potencias padrdo de eletrodo,

quais espécies predominam em uma mistura de Fe3*

com I?
Fe3*+e = Fe2* E°=+0771V
I;+2e = 3T~ Ec=+0536 V
l |
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Equagdo de Nernst

Cela galvanica
aA+bB+ne- = cC+dD

d
RT A Ay’
nF A A,

E° = potencial padrdo do eletrodo
ICu electrode R = constante dos gases = 8,314 J K! mol!

T = temperatura (Kelvin)

n = nimero de mols de elétrons

F = constante de Faraday = 96485 C mol-!

[Cu?] = 1,000 mol/L [Ag+]=1,000 mol/L
. Equagdo de Nernst
Cela galvanica QA +bB+ne- — cC+dD
0,0592, [C][D]®
E=E°- log=—= =
n Og[A]a[B]b 25°C
EXEMPLOS:
Zn2 + 2e- 5 Zn(s) E = B9 - 0,0592/2 log ( 1/[Zn?])
§
Cu electrode — Fe3* + le- 5 Fe?* E=EC0- 0,0592 '09 ( [F€2+]/[F€3+] )
— Ag clectrode|
MnO, + Be- + 8H" 5 Mn2* + 4H,0
E = E% - 0,0592/5 log ( [Mn2*]/([MnO,] [H*]8
[Cu?*] = 0,0200 mol/L [Ag+] = 0,0200 mol/L

AgCl(s) +e 5 Ag(s)+Cl-  E=E®-0,0592 log ([CI])




Potencial padrdo de eletrodo (E°)
v Potencial de eletrodo quando produtos e
reagentes apresentama = 1

v TUPAC = Potenciais de redugdo
v E0 = £(T)
v Independe do nimero de mols de reagentes

o Fed* + e~ = Fel* E'=+0771V
0,0592 [Fe?t]
E=0771 - 1
1 BFedt)
o 5Fe®* + He~ — 5Fe?* F'=+0771V

- 0,0592 [Fe*]\®
E=10,771 5 lo{j([f‘e:‘*])
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EXEMPLO 18-3

Calcule o potencial de cletrodo para um eletrodo de prata imerso em uma solugio 0,0500 mol L' de
NaCl wtilizando (2) 3, 5, = 0799V e (b) £5 = 0222V

(a) Ag® +e =Ap(s) ER o, = + 0799V
A concentragio de Ag™ nessa solugdo ¢ dada por

K 1,82 X 107~
[Ag*] =

[{'I‘h'l =050 3.64 % 10" mol L !

Substituindo-se esses valores na expressio de Nemst, tlemos

1
e = 0,799 — 0,0592 log - 5 =020V
2 2 g T % 10
(b) Aqui podemos escrever
E=0.222 — 00592 log [C1"] = 0,222 — 0,0592 log 0,0500 = 0299 V

Sistemas que envolvem precipitados
e complexos

« Ag+e S Agg EC=+0,799 V
OAQCI(S) +e 5 Ag(s) +Cl- EC = +O,222 vV

«[Ag(5,0;),3 +e 5 Ag,, + 2 5,0, E°=+0017V

Cela galvanica

o
=
;

[Cu electrode -

— Ag clectrode)

[Cu?] = 0,0200 mol/L [Ag+] = 0,0200 mol/L
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05
0412V
3 2N
. Chemical
i ﬂl“l‘l!-ﬂlllll

[Cu] = 0,0200 mol L [Ag+] = 0,0200 mol Lt 0 ————
Eunogo = 0,2867 V. Egrogo = 0,6984 V

Equilibrio

Eceln =0= Eca?odo = Eanodo

e
[AgF

K = 4,1x10%

[Cu?]=0,0300 mol L' [Ag+]=2,7 x 10° mol L!
Eproto = 0,2919 V. E g, = 0.2919 V

Potenciais x Constantes de equilibrio
DAy T+ aB, = DA+ aB g

Ay Taes = A
B, + e~ = B,y

bA + bae™ = bA, 4
aB, + bae™ = aB,y4

ab(Ey — EY)

log Keq = 0.,0592

Potenciais x Constantes de equilibrio

v Com base nos valores de E°, calcule a constante de

equilibrio para a reagdo:
2 Ag+ + CU(S) 52 Ag(s) + Cu2+

Ag+e 5 Ag Ec=+0,799 V
Cu?* +2e S Cu Ec=+0,337 V

Volumetria redox
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S
LIS |
[
—U T
F W A
( )
x AL —==T calomel
=— ——|. __ rference
L T elecirode
*in 1 M HCIO Iip“.\.,”_.

J—
2 .| Magnetic

H— — stirring bar

S Ce*  E0=144V
Fe3*+e 5 Fe?* EO=0,77 V

Curvas de titulagdo

Curvas de titulagdo

V(Ce*) /mL E/V
O —_—
5,00 073 25,0 mL Fe? 0,100 mol Lt
12,50 0,77 com Ce* 0,100 mol Lt
20,00 0,81
24,90 091

E/V 15
13
25,0 mL Fe?* 0,100 mol L!
L1 com Ce* 0,100 mol Lt
09
-/./
I/
0,74
0 10 20 30 40 50
V(Ce*) / mL
Curvas de titulagdo
V(Ce*) /mL E/V
0 —
5,00 0,73
25,0 mL Fe?* 0,100 mol L
12,50 0.77 com Ce* 0,100 mol L
20,00 0,81
24,90 0,91
25,00 1,11




Curvas de titulagdo
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Curvas de titulagdo

E/V 15
"
1,3 A -/
PE 25,0 mL Fe?* 0,100 mol L!
11 com Ce** 0,100 mol L1
0,91 /
I/.
I/

0,71

0 10 20 30 40 50

V(Ce*) / mL

E/V 15
13
25,0 mL Fe?* 0,100 mol L1
L1 PEx com Ce* 0,100 mol Lt
0,91
-/./
I/
0,71
0 10 20 30 40 50
V(Ce*) / mL
Curvas de titulagdo
V(Ce*) /mL E/V
O —
5,00 0,73
12,50 0,77
25,0 mL Fe? 0,100 mol L1
20’00 0'81 com Ce# 0,100 mol Lt
24,90 0,91
25,00 1,11
25,10 1,30
30,00 1,40
42 50 1,43
50,00 1,44

Curvas de titulagdo

50,00 mL Fe?* 0,0500 mol/L

‘Fe2+ + Ce** S Fed* + Ce3*

A Y

0,1000 mol/L Ce*

50,00 mL U# 0,0250 mol/L
[U*+2Ce* + 2H,0 5 UO,?* + 2Ce™ + 4H" |

. QEojans + Elavca) 10,0592 1
F = - oz
- 3 3 S [H]*

10



Curvas de titulagdo

1,5
E, Vv
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1,34 Fe2* + Ce** S Fe3* + Ce3*

1,1
PE - Fe2*
0.9

0,7 U4 + 2Ce** + 2H,0 S
A PE - U* V0,2 + 2Ce® + 4H"

0,5+

0.3 Bl T T I T
5.0 10,0 15,0 20,0 25,0 30,0
VOLUME Ce**, mL

Efeito da extensdo da reagdo

E/V

0/ o E0p = 1,20V
10 H ErE./V  Keq b | o - 100v
a 1,00 8x1016 =1
0.8 — b 0,80 3x108 c
c 0,60 1x1010 V— * E%; = 0,80V
0,6 - d 0,40 6x10°
e 0,20 2x103 /d— « E%:= 0,60V
04—
J € _.E0;=040v
0.2 -
0 I |
0 10,0 20,0 30,0

Volume de titulante / mL

Potenciais de eletrodo

Cet +e 5 Ced EC=144YV
UO,% + 4H* + 2e- 5 U*+ 2H,0 E°=0,334V

Fe3*+e S Fe?* EO=0,771V

Indicadores redox
Ing + ne” = Iny

0,0592 I [Tn,.4]

— 0 _ hYrs L red ]

B B =0
[Inred] — i

[In,.] 10

0,0592
E=E) +-

[Iuredj =10 ki
[, ]

11



Indicadores redox

Color

Indicator Oxidized Reduced E*
Phenosafranine Red Colorless 0.28
Indigo tetrasulfonate Blue Colorless 0.36
Methylene blue Blue Colorless 0.53
Diphenylamine Violet Colorless 0.75
4"-Ethoxy-2 4-diaminoazobenzene Yellow Red 0.76
Diphenylamine sulfonic acid Red-violet Colorless 0.85
Diphenylbenzidine sulfonic acid Violet Colorless 0.87
Tris(2.2"-bipyridine)iron Pale blue Red 1.120
Tris( 1,10-phenanthroline)iron (ferroin) Pale blue Red 1.147
Tris(5-nitro-1,10-phenanthroline iron Pale blue Red-violet 1.25
Tris(2.2"-bipyridine jruthenium Pale blue Yellow 1.29
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Titulagdes redox

v oxidantes
MnO, + 8H* + Be- 5 Mn? + 4H,0

EC=151V

Cr,0,% + 14H" + 6e- 5 2Cr3* + 7H,0
I3_ + 26_ :

Cet*+e 5

3I-

Ce3*

v’ redutores
25,0;% 5 5,02 + 2e

Fe? 5 Fe3* + e

E°=136V
E°=0536V

E0=144V

E°=-0,08V

E°=-0,771V

Escolha do indicador

E/V a
~
0,8 -

V_
0,6 — q
—
04 - .
e
02—
0 I |
0 10,0 20,0

Volume de titulante / mL

300

Titrate dircily in NaHEO, solution
with I

Table 16-4 | Tisrutions with standard trfiodide todimetrie tirations

Species dnalysed Onidation reaction Notes
H A0, + HO=HA0, + 20 + 2
SoCl~ + 201" = Sp0l- + ¢

NH, = N, = dH + de
50, + Hyih== H50,
S0+ HO e SO + 40 + 2
HS =500+ 20" + 2¢
M® & S — MS(0) + 2H
MS(s) =M 4 5 4 2e
IRSH & RSSR + 2H® + 2¢
I+ HCN=ICN + 1" « W'

HLO + J0H™ = HCO; + M0 + 2

V]
RCH + 30H" = ROOG + 2H,0 + 3¢

Ascorbate + H,0 =
dehydrosmcorbate + 24" + 2
H,PO, « HO= HPO, + 2H" + 2¢

Add excess I

SnlIV) i rodsond to Sn(ll) with
il 1M

HS0, o HSOG o 50§
saandanl 17 in dilue acid
aied | with

¥ 1 1 M MO and
Fack sitrate with thicsalfate,

Precipitate and wash metal sulfide.
Dessolve im 3 M HCT with excess
standard 1] and hack-titrate with
hiomisfate.

Titrate the sisliboyedryd compoudd st pH
A8 with I

Titrae i carbanate-bicarbomate buffer,
ing p-aylene s an eviraction
indicasar,

Add excess 1
ki, Al

back-titrate w

o the
n, add HOl and
onalfate.

NaOH 1o the
sample. After § win, add HCl and
back-titrate with thicsalfate

Titrate directly with I,

Titrwle in NaHCO, solution.

12



Table 16-5 | Titration of 15 produced by analyte (lodometric titrations)

Species

i weid Resction Niles

(o Cly + 317 =201"+ 1 Reaction in dilute acid,

HOC) HOCL+ H* + 1" =01" + Ij + H0 Reaction in 0.5 M H.50,.

Br Bry+ 3" =2Br + I3 Reaction in dilmte acid,

BrO BrOj + 6H" + 91" =Br + 3I; + 3H0 Reaction in 0.5 M H:50,,

5] 20 + 161 + 12H =617 + 6H,0 Resction in 0.5 M HO,

10, 207 + 221" + I6H* =8I + 8H,0 Reaction in 0.3 M HCI.

(s} 0y + 4MniOH), + 2H,0 = IMn(OH}, The sample is treated with Mn?*, NaOH, and KI.

2Ma{OH), + 6H* + 617 == IMn?* + 2I; + 6H,0 After | min, it is acidified with H,80,, and the

15 is titrated.

0, HiO, + 31+ 20 =15 + 2H,0 Reaction in | M H,S0, with NHMoO, catalyst,

(] Oy + 3" + 2H =0, + Ij + H0 0, is passed through neutral 2 wt % KI solution.
Add H,50, and titrate,

NO IHNG, + IH* + 31° =2INO + |; + 2H,0 The nitric oxide is removed (by bubbling CO,
generated in situ prior to titration of 17,

As HyAsO, + 2H® + 31- = HAs0, + 15 + H0 Resction in 5 M HCl

5.0 S:0f + 3" =250§" + I Reaction in neutral solution, Then acidify and
titrale.

Cu? 20w + 51— = 2Cul(s) + 13 NH HF, is used as a buffer.

FeiCN); 2Fe(CNIL™ + 31" == 2Fe(CNK~ + Iy Reaction in | M HCL

Mnd; IMnO; + 16H® + 1517 =2IMn®* + 5l; + BH,O Ressetion in 0.1 M HOL

Mno. Mn(nis) + 4H* + 317 =Mn®* + 17 + 2H0 Reaction in 0.5 M H,PO, or HOL

Cr0 Cry08" + 14H* + 91 = 20" + 315 + TH,O Reaction in 0.4 M HCL requires 5 min for

Ce'

et + 31 =2Ce™ + 1§

completion and is particularly sensitive 1o air
oidation,

Reaction in | M H,50,,

. The pH must be =7 when 0, is abdad 101, bn

1MLV, Klirssen, 00, Marchingson, ard B C. E MeGomas, Al Chem. 1994, 66, 2901.|

chilic wobathon each O, produces 1,25 1, ool | 1
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