- | Chagher Y (Redox)

Find the oxidah'on & P the inddcaked element 11 cache 'ﬁMn}

(4) S In 802
Oxygen mw} have an O.N.of @

ot the Sum ot Fha  ON. n a compand musibe zeo.

'S=+‘-l}

(rale # 3a on page /32)

S+ 2(-2) =0
) ¢ »~ COCL,

rule g 3a - 0kj ea 1§ -2 ON.

rule B 3c ° hologeas (like Cl) erc -1 O.N,

C+(-2)+ 2¢(-1) =0

C= (4
& > l<-l-l

(C) Mn n KMnO _ -
_ ‘ f M0y The sum o ON. 1n a

afomic o mustbe

l
P:Mfo/‘echarf{h the /e

(d) Br ia HB a2 2) ==
r 149 r _—
0" [#a=GD]

H+8-+0 = O
| +8-+-2 =0

) As in /454,( |
Asy 15 an elemeal, so 7he OWN. %[745 /s zero_-r

Thas  Compound 1s /ooz‘a.ssfkw Pfrm‘:de/- e
Chargey can oaly balance & Csue K is +1)
If e anion Is Pfron'de J 02“2

So oach Oxyj(n hs an oxidah number of- @

—————




.C’A@l& 4 (Kedox)

Find the o6xidthon # of The radi'cateld

elemgat 10 Cach subStance.
[4) . Co in L-I.COOZ 14‘ CO + Z("Z) =0

g & [«-@©)
(6) AL in NabfHy '
Sodiun aluminum hyolnvie J Al = @j
Na* Ap+3 H - :
(c) C in CH;oH (methad)
C+ 4(H) + Oxygr =O
C+ Y40)+(-2) =0
[C= -2
d) N ifa  Ga/V
Ga 3 , N3 (gallivm nitnde)
[w=-3]
(€) o in HCLE,

— .'.[

Oxyyal =-2
tl+ (CP)+ 2(-2) =D

ﬁl = +27
/15 J Cr in Ba.Cro.f
Y~
B2, C”“f-z—)

Cr+ H(-2) "—' =7\ ovhdtdtaycmim_
[ Cr= +6 ]

=1ops.

345502




‘ (ﬁafp:‘{r KO

The pictce seems 1o show-

a-:'-o}ar‘n_r [eaving the €lecthode,
Jons with a smallg

for mip
raditls fhan 1he Origiial
atomg, and .m}en;;{ AGIg o

Svluhog (Aissalving)

(C) Sice the 70ns in Soluthon
hgve a smalle-~ ragliug ﬁmlﬁr
0nginal ateons, the rons musti
po.S:'th _fy Gkaryfd ;

(4) Smc;nrfi.c motad 6:?7"04(-5
are m:hj Posinave 3
oS, oxidathos is oCCUrriag, (%‘9—;‘;”’ ‘mujxv‘;i@-‘ﬁf
the atomg must lose  e- +o atons , but fg.gfm,r have
foron cahins. ﬁf(?mny,k_ : a S_MAE radwus thaa fhe
«le- or1ginal atomas.

Cacs) = (u*2,,,+ 2¢-
efr.
(b) is Is the anode Swite pxidahen is occurn'fy.
(46 iss tienect page) .
£ C%n (E%er) is HCJaﬁV¢,Wn

%
(a) Aéorxn ‘will be pO‘!.ﬁVb
(b) Kei will be less Tha one.

shows +hat e rxn .
t Wrmodutmdm:‘m!_/g,* 7%90@.)

( The negahve sign for E°,,
is ot Spwtmcgm—/ 5 Nno
(¢) no, an elechochemicd a1/ 5W m WS rxn can

ot Le wsed +o do work on ifs summndaiy.r.
ratker, wock mustbe done o caust the  rxn +o occur.
(d.l'hwuﬁh, £ we have a \/fj smal value of Q, we

coa make Ecy Mo Po:rhvc thon E®cey ,Sv;?"ﬂybe"")

T
T | Jandid condeh
an st conehiy tlfl solu wﬁaﬂc }%Iar

=Tops.

T ass502
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‘Chap‘ff 20
B0) Jvea - o hotf - E°ved (Volts)
Bo) Nvea - Reduchon hotf -rxn E°red
*claq)"'e" = Acs) 1,33
B ag+ 2= —> B 0.37
Cgc_:‘;)" - C(Z;S -.12
D%py + 3> Dis) =1.5%

@) [Qhich substance is the shongest ox;‘d/'-z,);/a ageat, arel
which jsthe weakut oxidiZing ageat-

7he shongest oxidRing AJet weould be tta Subsance
most Cafabb. 6f being reduced, so 1 wanld

Substance w 1th the ~most positive E%ed.

So the shongut oxidizing ageat (oxidant) is | A
the weakest ox:‘d.fﬁﬁj a.j(nf “"“"'d_ "C-I D+3’
(M{y Cm:‘d&r:‘y Hhe veactands 1n
e absve chart... C%t + Ze— — Cgsd> Cmldoccur
bud we woe notgivea a vo ltege for this ! )

() Which substance is the shongut veduting agent/ whichis Weakd
The S#aneﬂ—ffdua}‘tj o.je,ﬁ‘ wonld be #e Sibsiance most
copable /£ bting 0Xdiged; iy wadd have Hhe most posiC EY

X .
(£ we revtise the 3;vm reduchen Aobf -rens, Wt et oxidah n
havt Ny " .

-
-

Bess —> At +\e-

Dmg = .33V
Bes) > B+ 26 E%x < —0.37V
Cet— C3+ + 1€~ E°ox «0.12V

Din = p¥ + 3¢~ Ex = + 159V

aﬁ,& :&cs‘) 15 the Wm {{MQ{Q i_{j:‘ﬂ_}'.

Whidh subslncecs) cod oxdize (% 7

0o Sheen abowt, C2* b anoxdeghn po¥nhal ot 002V

EPren= €%x + Ered 2O  Prn pawtbe & Yo ocowr s)am-}w,u-’_ly
S0 wenwd a subsHing vith Ced > — 12 V

So A*' (T = 13V) 0d B (@l = 0.57V) Conld WK ]




l_ ‘[lmﬁe‘r A0
@) (a) oxdaton = [oss of electrms

(o, ar [acrease jn oxidahmn Num b, This ¢aud
due fo outnght [oSing elechans, or by becor
vaa.lfnﬁy boled 7o a Substance that s vey”
¢l eche-withdawing Like Oxy96a, Fluorine, E’fl)

(h) ia an oxdation halt=reachbn,  the €ree eltcthms are
wntitn o the right (product) side ot The equahron.

€) an oxdart (aka ‘oxdiZing agert") (s a swbstance that
causes othor Substces Fo “become ox'clited, The oxidat

btcomer reduced C(puuns eleches) hen s /‘ffp( nS; the oxdadl
fakey <Llechou awg Aom the substance it /5 faoﬁ}nj w ik,
('au.H'fy that swbsfance o btcome oxidiEed .

(d) Sec <o) an _eﬁ‘émj‘ is fthe same ﬂ'—'"/ as an _Qkf'éf-!a‘!/b{afﬁ__{:

) _
#/ﬁDaZ'educﬁm = gan of elechms

(or, a decrease in Ox'dahsn numbt;, Which cod be
due fo qouning ele , oo by becoming Covaltally
bonded an”element wit lotr €lechon jﬂﬂwy)

(b) in a reduchon half-reachs, the free electons are
Writth o the [eft (retactoat) side of the equahn.
€) A reductant , o reduciog agent, s a substaue that
causy ofhe substaires— prbf,zm - reduced. In a redox

reachm, the reductast itself becomes oxidied; it loses
Llechms o the substance 1] 15 cracting witn, gllowing At
substance to. gadn LleArosy becone = reduced.

12) See (c). a reductaqt is Hhe same —ﬁuy A agdua}z;%%'f"

b




s 1 ’ Chagler 20
ny l\l wa}dt ard belance cach half-nrwm,
'hd’lm whether it 1s O‘xadahﬂ of' reduchs .
; o = added Ze- v riyd]
(4) l Snia (aq) S.n_:“f) + Ze < E‘.‘dc-}o balance Cthq.
s 1S an OXJ‘ddhn
d) (b —nn,
(acid) )/2" & ‘/H*’+T'Oz,) —> T3 'ffq) + 2 Hza/pﬂ
@tk ada}fd YH A added 2 H20
%') lo I?ﬁjt: laace kydvf(n O :+bflante o)gyjef.
thea T added Z2e- +oleft7e
balameckarf Hhais 35 reducth m.
(aced) |(c) LJE" + 6}1’" ('103“” — (7, m
. ®
r'cd@.whm @
(acid) (4) [ be- + S’H*’ + /Vz,”'—’ ZNH"fae){
3 .
??nw Scfa H* 4o ® neted a Z + balance nihogen
f(d?g‘fnm bhalanc lljdaf,
. &2
W @) 200"+ 2OH 4y = Oz, * ZH0 +Yg-
\ @add Heo
@ balance oxpgen od Oft-
wrinthe 2 o balanc
hydegn
oveall : ‘:“Olt’ — 02(5,),# ZHUQM + e~ J@x,daim,)
bonc (F) 20][ )t Hz_O * 503 o) > S—O.[faf)
,\-
| Do e . ]
_ @ balance Hydyen
oveall |
. U*“dahn) J 2 OH o) + 503 tag) —> Sby a9 l-)zo/,,*ZeJ
o) | |
@bal%nw H O balance N T@

T

2H,0 *2ef
€)
balgn @

chage

o™

—
-/
- 6on7 / (reduch'og

b;@na&
chage
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7z A0

23

(b)

LN

(a)

+ Imq) —> Cr,m + TO3 Y,

@ @(“9) @

oxidahm hadf -rxn

reduchbr half-ren

3o+ I

@3

Cry 0372+ be~+ IHH" — 2.3 + 7 H,
Add Wp- a0 IS5 Swice 66~ 01 Cach Swle will caqcel

—3ttgomt I+ (07 + Gr<s MUY — T057 e TBES

& €2)

— TO3' + 6H + geT

Comfldz 4balance each n«), ol 1D 0XidMZing and rediting a#m.
(acid)

(klﬁtbbndlw)

' Mn0lf éﬂ,;OH ’——')Mn“”‘ + @COZ +  (acdic sbh)
fO*

Checomta reduced )

redachm hodf - rxn

oo+ 5 CH3zOH
+ ZE U+ o Maby +}0{—

C
/ S~
b ” o @
oxdahs Aolf-ran
Hio + CHi0H —s HCOyH

( SHY + Maby ' +5e- ——>  Ma** + 4H0 ) Xy

‘/l"}

+ YH -+ 46"'/

}_3 S HCOH +—Z0— -tZDq.
+ 4 Unt*+ —Fé’ H; o

- - Crs O -2 A4 +3
Im,; o (;; : + 5 HW)-——> IO:;‘” + zCr“” 4%%3
r‘t'dz:anjdy(nf "‘omdlﬁ-m_j aj—(nf |

) X5

4
\

12 HY

S CH3z0H + 4 Mafy"' + iy =2 5 HCOZH % L{Mn dy
(aq) r (aq) . HLO o ,
rc%’w{“ OX:dlijo‘t
| Che sxicized ) ( by rédu )



. ‘ ) fﬁﬁiakr 20
#23)|EardD
(c) T, + oce~! — 103" + (Cp-! (aciduc Soln)
D, @ €2 O, |
o x:dahi holf -rm : |
Tz t oHG, — 2L 03y, + 12HT,, + (0"

reduchbr half -ren -

—

(d)

!
e- +_2h’}'a,j0(' o
2 |
Toi! Tz +6H20 + [P+ IpH!+ BOU~ —> 5 (4! <5450+
2T O3 +42H™
+ joe-

w o ey

reducid

aij

 A203. * N«%’,’,,). —> H3AsOup,, + M203igy 3
- ®E@ B

O
oxidatin hadf —r<n -

©®© @

SHO+ AS203

reduchon half-rm

bHH + 2ANO3™ +4e- —> Nz O3

SH 0+ 5,05 + 6HH + ZNOy! +de- —> 2 H3AsOy + 4 HH +
ox:‘d.agex}' the- + N203+ 30
y

rf;Luah 9 agent

> 2 HzAsOy + % H™ <4 e

+ (=~ -1 : - -1 +|
Ta HeOyy + fCﬂ(q—)——) 5 (‘,0(‘”4- 2 1203“9; ZHYL
/
oxidizin g ageat
(aiidi¢
b)n)

-+ 3H20

—

(a4)

3ta4)

v
220+ Asalygy + 2M7 + INO3 ) —> 2 H3AsOy + Ny

Lo

"|l'||!m |



| ‘CA@J& R0
[8) MO,y

+ Brlagy = Malsy + Beoy” bg17)
(aq) 2Z(S) 3 cag) 3
DD 6 DD &
oxidahvr half-r<n -

6o+ Br;!aq) + 3Ho0 —> 5:"{.'93'—;;9) + 6H,0 + 6 e-

reduchm holf—pon -
Q?k( LIHZD + Mﬂ&q” + 3e- — /44,10&(.9 + Z'HZO - ‘/CJ”-D

Conbined * :

bou-t+ B!+ 3H0
“SHyo+r ZMnly' + e -

Bros? + 6H20 + be-
—>
+ 2 Mapy + 4H0+ § OH!

-1+ S — '+ 2 Man 2 on-!
Bf llﬂ)+ Hz o (ﬁ z MﬂOy (ag) 3(03 (41-; 0 (_s-;- H ag)
i F
{cd'"'“ ’j OX?JJ%MJ ay{an‘.'

1 POONE 5 (007, —> Pl » Ol (4

, cag)
& D, & D

|oxidatiy * Phioh)y?  —> PhO, + 2H O +Ze-
reduchon

e~ }4H7_0 * Lo’ — o+ M « 720H"!

CMM’

PhOH)y™ + 2e- + Heo ~(07' = PhO,+ 2H20 + Ze-
~C o+ zon™

Pb(on)q + (R0 — PO, + Heo - (U + ZoK~ J

S (o) (s o) toq)

| "fm 04(}0[- ageat”
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‘ ‘CA@}V K0
2u)| More redox énlananﬁ !
) NO&' + Cro32 —> Cr?3 +NOs (294
DD 0 @ @ @D
oxidahn half -
( H0 + N@z_"

veduchm half —ren

[
¥

—s NOz + 2 H L Ze-') X5
e+ 14HY + Crp 0 — 2Cr*2 + FHyo
Conbned

3 H.0 + BNQ-,_" 3 NOF! + 6H* + be
-rée—*l‘IH'”-'Cf'zO-? +2zC—3t TH O
[ ? H caf) + SNDZ ag) + CZO? ‘ai)'_% 3/\/03( a§)

+ ZO"ZG ‘[Hzt?&
)| Sy + HN&B(A;) —> He 503(,4) + NzO,j) (acid)
© OO @@ €D @
oxdatmat  ( BUp+r S —> HpSOz + HHY <+ te- )x2
reduchin e+ H'+2ZHNO3 —> N0 + 5Hi0
Cowbned :  bH, 0+ 25

| s 2 HS03 * § HY'+ ge-
* Se-+gH+ Z HNOo

+Nzo + S H20
HLOM)* 2HNO3+ 2SS ——> 2 H,503

+ N, ©O |
caq) (s) - (aq) ‘ (7)
©| Crs07° = 662?43014 — H@H <+ (3 (acd)
He . p ok @
_ 2l
u—C"O ,C\BIH
Ao A
otdaba [ CHyoH +Heo —> HCOH ~¥H*+de- ) X3
reduchm
Combingd

3 CHUa0H + 3H2D

% 3 UCOZH+1ZH™ + [2e-
* 23y 231_07‘2* 2¢- 7+ 1t~ U G2
3CH H + 2 Cry03

“+ 0 H::q)—_) 2 HC@LPE‘J 4Cr3 + 1l H0p

(aq) 1 J

(I'-I H*ogy+ Cry077% t6e- —> FH0 + 26’*3) g

3




- @‘CAIIIMZO

uY cufd g@(@ @CJD D
[;) O3 + Nszf Br'" + Ny N (acd)
(w;) .7) 7
oxidahm: ( NeHy — Nz_ + LHA 4 Ye- ) X 3
( eH*+ BeOs' +be= —> Be~l«+ 3,0 ) X2

R 3Nz + 12ZH* + |2e-
] + 2B + 6HLO

veduchin

(.‘Mtbmao 3N2H4
+ 12H*H~ 2505 * |Ze-

3 Nqu"' ZB(O -l 5 3 NZ(’) + ZB(.IMO)* 6 HZ@/I)
L) ? cag)

\—/‘

(f) Né?z (o + Al —> NH '“ I-r AEO['M,) (i basi Soln|
) - ’
€D

G3¢D ® B@

Aah'm - ("/DH‘ | ALo,! “;LL + Ze- )"7—
oxdah'm : | YoM 240 + Al —> y  +4H0 e
—> NH,* + 2#H70 + gon-’

-1 . d
]_.9 2 A0; '-tHzD‘*G{J

lreduchtn 6e VO, +8H0
+ NHyt '+ SOH"’

Coubined * Cort+ 2A4
+ pe- + NO' + 6H1.D

2H,0. . —> 2 AIO{(‘M-; NH.J"“

. =] +
2 Af’(s‘)-‘- Nazme) ()
iy h0,, aq) *+ ClOg,, — (RO .y (92[3) (15 ko)
@O @ B ®
oxidatm : 20K+ He 0 —> Op + 2ZH:0 + 2e-
) X2

Veduchn: (e + O — (L&
Op + THi0  + Ze-

Cominned 20U~ + H20, 5

A 2ee+ 2 (402 « 2 (6!
__-__-_-_——_'_""'-—-———.

T

200"+ Ha0g + 2010 —> O, + 2 H.0+ Z (40




&) v € 1\F§ lC_&lﬁf;J‘ef'QO

@) 1—:;3 sglt bvd f

NaNO3 qiven* overmll mxn is.
” +] 2+
| Ag [ P * 2P0 Feory 3P
(a4) FeCly iagy | | /4) Fecsis being ox;dlgfg, |
— | | A9eugy is being reduded.
(b)CK(JUC‘hn habf-ren - oxidahin half-ren -
Agag * L =7 Agp Fecw —> F‘J‘:fi) + 2¢-

(c) Svice Fe s ox'duzed, 'ﬂ‘fl Fe elechode isthe anode
Sing Ag*is reduced, MIAj Llechode 15 the Ca'Hv\wLLJ

A The I Llechode s tHhe _;(4‘47'7%. elccheoole
The Ay tlechode is the ?oﬁhw electroole

le) €lechons Plow Hom the Fe elechode Jo the Ay Cltchede|.

() Na‘ (o whatever cahion is iaThe sdfbn‘%) will mig-alg
'/'D‘»lﬁdl‘(lc‘i' in My pictue; Joward Aﬁ side.

NO3™ (or whatever apisr s in fhe Salt badge ) wi
mdalt o e nght In my pictwe; fowad the- Fe sile.




| [Chasz;zo

il

f1}

) Hztjdroj(n elcctwde ia accdit soluhan, if itisthe
athode of a voliaic ced -

a) The half veachon will be a reduchon half ren
Swcee ¥ is at +he Cattiode

| RHYp + 2e- —> Hayp

) e Standacd hydogea elechede
ivolita o 4t a cnaatahin o .0 Mola,

ca

ad  Mzcgy at a pachal pressuce of 1.0 atm,
(aad a Hmpratue +f 25°C, asvally ! )

In gtatral, The standad reduch e po Hahals-
(Apptadix E) iavelve L0 M soluhérs , ad [ate .

te) The Plabnum 6il provides 4 Sucface o the ruy,
7o Occur o /a place for HY . ions #o pizk
up elechons , if 7he above Aslf--ren is Occurnng |
#, 4 plate o Hzy to "deop off " 0- if
; otews” .
this half nn oleurs qu)_? 2H 42~
Fft s a good Corductn Melc'cfn‘c? and a gooc
re

surface catalyst. If H* s bein duced, .

The - Faved Trom the vter half cell ad Ftach
HH -Hifbujh/'f\.t Pt. If Hz() s Aﬁﬂj O)’;dl?ﬁldj
it leses its e~ atThe Pt suctac, avl these e-
pavel 1howh fhe Pt (asd 01he wire #OJM!; 4

fo reach fhe. reduchsr halt ot the cell.
D)) st reduchm poteshal of a standacd hydogen electede

is zero N
— W%y + 26~ — Hyyy ESw=0.00V

(adso |
Hag —> WMy 2e °x = 0.00V)




| Chaple 20

) given Voltme cell m with  ES, o .19 Vv
I+ +I
Tl * 20y T 'ﬂue) v 2 Oy
Cag)
() oxidahm hedf-vwn (at anode)
Crtimny —> Oy + le-
redncksnn hadf —rin (ab Cathede)
T.Q*-‘iﬂ + Qe- — TL7 IM)
(b) cobealatt E°red for the above Thallipn hdf-vn

Acc_-lo a.pfwwlm £ (p.1064)

Crt3 + - 5 (o2 EPvred = -—O.4| V

—

Ebxa = 114V (givea)

E?ra= Eox - Ered — e~ flow
19y = o.4IV + g°ry

et = 038 Volis |

So, Cr** 5 (r*3 + o= Eox = +OMHIV

&— Since Hhe rin

¢ /ol o
“ I T %ﬂ?"cﬁf,@,
\-—\Lﬁl _ ' we conld yde
6(“%":;)(. 5 / Qﬂgluk w
Do Y % ngw
/ | L Cr** Y Llechalia
NO5"' NOs™ /50y /et |
I | 4%
/ ji‘ Cr*%is oxidized at
-2 o
catnmo
o‘HMr uﬂ‘l"\aj wm ﬂg‘l’j owk or

7ascsSMnD

PArhClpai’-l n (o ..




Cdfz NO_’{'{‘” e

o 11 I |
Ol %

. (/m)ml(/' 20

@! celedate E%., MJ AGO ixn

(a) sz(q—)v 2T agy —> 2 (7,

Acc +o Prpptndnx E

N + Lzc)

Ch, + 2~ — 204!
(p- 1064)

E°red = ).359V

2T > T, 42e~ Epx==536V
T, +2¢~ = 2T E%y=05%V —
Q__.. yevecse Yhis one

AGopn= —nFE®

= =/ Zmelee™ ) /944F5C
“molorcn

©) fero v2Fe*d, — 3 Fe?

E°xn= Eed + Eox
and change sgn

0.323 7T
“wole - )/ )— -158514 7

L3599V + (~.S36V)
0.823 V] ()

nn

A

tai)

IA(,’ = —157 LT/M&J

+
FC:D"’le— - Fe

-::L') ES red = O. ?7' \%
ey — Fc""‘q) + 2e- E%x = 44D

E on‘n

N o

| r
0.37IV + Mo v =‘ .21V J¢o)
Age = nFE®

- () ()2 ()

oce to App. E
Ed + E’x

\'4

Fe*%+42e-—> Te )

E°ved = - 44OV

So T veversed Hee
hotf ~rxe .

- 23"} l‘T/}'mslz, J

, Cut®™ 2¢- — Cup E°wed = +0.33FV
efse: [ Curs) — Cu*>+2¢~ Efou=—337V

H

-E rxn - E‘)x‘f E/(A—
AC, =—A?E°

b mole- )( QbMgs C

mol\e yxn

-~ 337V + 096V

3 H (4g) -+ 3 Cu(_ﬂ —> Z NOI’)*’ '.'/Hzo/”* 3[14

ox ']
N03"+ H¥'+ 3¢- —> N0y, ‘*ZHZOMJ Erd = m

“olg €~ )/0 baT)[mw:r =F3éo KT

12
chy )

= 0.623V P
[062 v ]

M b/e_




3 l CMPHK 20
@ Ag* +le— > RAged  E°red = 0799 V

(u*2 42— D Cu¢gd Eov’ﬂl = O0.53F V

N;-ﬂ--t?_(' S Nf(;) E",“l = -2 Vv

6(43*3(_ —_> C(‘(‘-) E’red =

- 74 V
(4) Combine The hwo that wounld give the |agat posihve E°rxa,
ge‘}a the S-')V(’( holf wn as is, Swince 1+ haa the lagest E®red
te the Cr*3 men Sinceit has the mostntgahne EC g

Agt +le- > Ag  ESned <. 799 V E°mn=.799V)
Cf‘cﬂ_ —> Cf'*scq) + 3¢~ E°x =TO,F4V ‘l +'?4...Y-

= 1539 V4| L5V

oAl |§ Aj-;la;)._ C(-“) - C‘(—*?“) + 3 A'jCS) /

@ | M Cu (NOﬂ,_m&;’/ shipoef Cucg > connecked w/ saltby
M SnSOqu)w/sMp et Snes)

vo HimeHr Letween f\ecdnia
look wp hotd nens -

Cu"f‘,_n + 2e- — Cut_ﬁ Eor-ed. = 0.3334V
SnYup+ 2~ =5 Snep ESred = 2136V
one of the hatf -vens mustbe veversed
réeveese the Tin halk wn so that the oveall el Vo IHage
C omesr— owt posrhve Cspontantous rén)

Sn —> Sntt+2¢~ E%x= +.136V
cutt+ 2e——> Cu

Ered = 337V
4+ C(uW¥>—> Sp*+2 +
l SNe Yeay Nagy ™ (e

)

(D) Eren= E%+ E%q = 0136V * 0337V =| 0473V

|4)
(8) The Tin 18 oxidized 55 the solid Sp_elechode is the ancde
The (W4 s reduced So the

C“(S) Js The (‘av“hodi_
(b) The Cucp dlechwdt will gain Mmass  Siee Cucs)

1S produced in The oveall” rxn. .
The Sn,q) olechode will [oSe masgs sinc
Sneg) 1S a reactmt Mthe oveall rxn.
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@ Dejtinune +he shonger reducing aget in each pair. (s Bpp.E)
(a) Fecs) o Macesd (b) CA(S)VA,(J)

7he shonger regluc.«:y ageat voould be phe substance moe “'C Je
of J"*’"‘j oxid1ged, or fic Substan ce with The more pesitive E%px,,

fom Appendix E revense those 1o get pxidahsn hotf -mns:
Fe tan+ 2e-=>Fecy Eoep = =440V Fecs) = Fetiagyt2e~ E%c = +HUYO
Mj"'—‘" +2¢- qu) Ered = -2.37V Mj —> Mj""z--fzr‘ °°x="*‘ 3?\/

Cat v 2> Cac) Eval = 237V (Ca —>Ca*+2e~ E%on=+2
M+3agy+3e-—> Pleo E%ed= ~h66V Al > BI*343e Ef=+||L4V

(a) de) 1s a S}rbnfv K{ducmj aj(,,-} than Fecs)

sine 2.3V 7 O%oV 2

(b) Cacn 7S a shonge reducing agut than Al Ca
o 257w 3 bsy SIS / 'ff}

note that s is consiskeat with our Al
achvity sene of metaly! Metals at the top of Zn
Fre Staes are moe r<achve; more Capoble of Cr
ba‘nj oxidseed -+ ﬁlmud 647‘7}:2’1! SF_f
for example Mg is highv jha | — |5n
Ca ’;s k«‘ghy Hhon Al. ' | Cu

This wonld be Fhesubsiance riore “capable”

1Y) Determune the Shonge, OXdizing ageatin cach pair.
@) Al Y AJ a-,f ng reduledy
7he Substance with Hhe more positive  E¢raduch !

(a) C\th) o B{i(l)
Clacgy + 267 = 2Uag) Eored = 1359V
szl[‘, + Q-C" —> 2-8(4(“,) Eo{"d— = l-Dbgv

@‘5“‘— shongy oxiduzing ageat, sine 1339V > LOGSV.
(also, Yemembe  Yhe Mogcn achivih, sees)  Fo > Clp > By >[I )
(L) Z"l-&%aq) o Ccd ™ tag)

Znti+ 2~ 5 Znae ESed = - 0,363V

09)
A%nr 200 = CAeo  Ered = ~OHO3Y

NCd*l l 7S the s%wnjv oxidit, sme -, 4o3d > -.763

=Tops.

35502
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|
Nf(s)

Ni

| (a) Feepy =+

ML 7 A
'q ﬂ))
EOKQQ

55) Calculdl ¥eq v eah v @ 795 K
—> Fe*%,ay +
= =0.28 VY
THYEOV T vevtae ran
D16 \Volis
) = -30 $750
msle

ECred =
= +.y4yov
)[ lo T

Ni*?« 2e- > N,
ECma= ESred + E%< = (-0.28V) =+ (.H44OV) = 0.1 Vo
qoygse
LZbXI(

e |

Fe*2 42— > Fecs
Fe () —> Fe™? +2,
- — o _ Zmole €~
Age = nFE - - Lue e
AG°= —RT.La Kecl
AN +308%357 /mo\e . 12.4 6198
Ke{‘ € rr = € (33Tamnr)(2a3k) = €
b) Cowp+ QHCM) Co+czaq)*nlt3)
C"ts) —> (Co** + 2e- E%x = ‘('27'7 v)= .2%%YV
E%n= E%x+ E%d = ©.237V +0.000V =L 012727V
= -nFe°
n}e°
< Q485 € Z?fl l
sle.e— )[

+ b Hj",’)-——>

= -RT.ln kq
e
6XF( Mo&m )( M
(3.31% Tjuot-k)(229 )c)
Kerl‘ 62'97 = 2.%43 =101 -aﬁ.;qx,oj/
ZW-‘Z&,) _ +5 8o,
)
? vevese

+ 3 HZO[!)

E ved = ,.QNOH

[ =3

7 Banx Ze-
g E;f”— —> Li }{I(QL()

'ﬁ 4
-4}
(+9)
O mplee-

(C) IO B{"(laq) + Zmo'f (ag)
Brogy + Ze- —> 2Bc7,,) Era = 1.06SV
E%x = —l.O6SV
M wg)
LSV + [ IDbSV) T O.4Y(s) Vo s
o Lms) :r))

)

Mn Oq Loty IH

E%wn= E°ed * E%x

K"'i exp (n?E) exp ((‘ Il
Ifr 34

268§
e o 1732 :ua T

b ‘_ﬁ{ 3
= JWIl"J
356082

T/mol k) (298 \C)
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(SQ) Voltdic cedl rn ° Sn“_)-r—_tg_“) —> Sn+2 cagy * ZI'(ag)

what sthe max Llechicel wWok (inTJowle) that can
be dore by rw if 75.0 G Sn ace Consumed ?

Sntiup 26 2 Sy E’ved = -0036 V
(Jrevezsc this, and change Sign. i poteahol

Sﬂ(“) 1 Sn ‘M) ZC- v"ox "-‘—(".lSGV): "’O.l?»év
Tag + 2e-—> 2Tl Eved = 053¢V

E°mn= ESox+ Ered = 136V + S36V = 0672V
oz 0432 V o O.632 Todts/Cadbmb

——

(1509 5 )ty N Bmihg, )( s ) (24222 ) - 3190w

The max wok that tanbe doe s [3]9003“{
(o 8.9 kr')

=Tors.

353502
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@) Z”CIJ + ZH-;“‘I) —2 Zntaq)"’ ”u?)

This wadd [neraese Q, so Egpy will decrease .
(b) Zinc nitdaile s added 1o the cnode habfcell

This will tagyease CZ,-,‘"_'J which will & increpae Q,
caus:hj Ecey o decrm.ae

cc) NabHis added fo the Cathode half-cel/ , Jdecreasing CHY]
7Wis will cause (Q Fv [acrease, So Egpy will Ad€ere

(d) Intrease the su-fae orea of anede.
s will ot affect @ ,s0 Beeu TS not atfected.

How will the cell emf be affeckel bfke following chaye

Note + Z(U = E‘g - m_/@,lég 50 aa Q 1hcreases,
n} Ecell decreases—,
() pressuce of Hz g0y intresses o= CZnt2 Il |
[H*3?

5

) 3 CClan ¥ Crp —> B CeMlap + Oty

Creg—> Cr™3 + 3¢~
Ern=Eved + Epx = LIV +074 V !z.sgg

‘ox =+

1438
(J \L)

(b) cdewdile Ecen f ECC“"’J: 30M, LCet3]= O0.10 M, [trt3]= .

Q= [cerI®LCr2] _ (10)3(.010) _ 2, y
[ce+]3 (3.0)3 (04) X107

6 £-eo- BL L= 235v - B3G5)(2%) 4, 3304w
3molee- ) q64%5¢C

Mmolerxn molee-

= 2.35V - (~1z26%5) =W

(c) Cobalalt B, if [Ce*i]= oioMm ,CCe*]= 2.0M ,[C]= 5/

g\
E=E°-RT4,q = 2.3sv - ($314)(248 k) 1.2%107
[E] (Bmass ) (28485 C. %5C>'Qﬂ( 0%

Q (2.0)%(1.5) e

(a) Find Standacd emf (E%ey) Cetts le- — Ce™3 E7.4= [

olV
0,74V

DioM

¥

—

A

= L2xip? = 2.7 - =
COID)3 35V (.1335.> 221 Y
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(951\) Voltaic cell With F100 Za*/ 2 elechoden-
(71“5 S A CM[(AM*?M ceil I”)

NDJ"“_,

Ve N0y o) C _
&_/)
( C#nt] = o0 M
CZn*]= 13 M 0.0l
+ 2¢-
n*te2e- —5 Zag Zney = Zricen c\n
Zn*?* will be reduced o Zn e will b< oxidized to fom ', ——_ LeY) 7
e left (1LY M) side Sna Since the nyht (0100 M) ceil Cmininar
the le( cell comtnins Znt* Zntiat He’ lowe Corttatmhion
at a hight” conceatrntion
‘74) The 1.3 M side i's fhe Hhe .0100 M Side is the anode
Cathode 5,hce reduchon sinct oxidathion occus hece,
\ occus hese,
Zn"'r;'q) + 2 > Zng) (h) E®mxn= ESx +E°red
chrointd - = 363 + 763 =0 \obs
Znes) — 26~ + BN iluke) v v
gZnt: —> Zn*? E? =E%w = O VobHs CV'
c:culdq) dulu*tf a5 L ren v W J
() e= E® - ern 0, Q= CZnliilwe - (o100) - .0055(58)

[zn*] Conced (’7)
E= - {9 34 o,,)(z%’k) I [005556) :) 0. 067 Vo,hr (¢

)[‘ibqi’sc )

(d) [2n7%] will decrause m J4e cathode (LgM) si¥e,

ard gz,,-:-z] will ;ncraase pn the  anpde (0100 M) side,
A rxn™ will proceed uah! the contctatatione— at equal!
onte conc'na om equat, () will ¢gual 01z, :
o E=E° -BIp() = E° = O ! |

L

= Q2.
BDJDE |
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@ Sh*:'”n -+ Pb(s) S Sﬂ(s)* Pb_.&:‘“) (OOHwC Ceu)

(4) 1€ cell emf (Ecey) =+0.22V whea TSn*?] = Lo M,

Wwhat is Cpp+2] 7 Sntt+2e--2 S0 Efvg = 136V

E® Pb — Phtr+2¢- EPox = —(-26 V)

ES%eq + E°
ved 7T ox = 426V

. —13V + (L126V) = —o\0 V
cey= —0loVv

€ both [Snt2] and [Pb*2] wet .o M, Ecoy wadd be =010V,
which would 1Al cate a nonspmtaneons— ren, which
wonld be an elecholyhc cel], not a ve ltadc cell.

but, e CP#2] is pot 1o m!

-
-
-—
—

E=g”° 'gln&
| e
22V = —ojov ~RT g5 Q
n

23V = -RTgp @ = -(8314)(298) p, )

ng (2) (96485 )
i B = -172.914
a=e'™M= 6599 =108
Q= CPs*?] 1659907 = [t so [Ph2] = 1.6599%I10%Y
Csn*?2] L.oM )

(a) | Cp#?]=17x108M

by if [sos2]=lom [, the -
Mode (1ead) half-cell, Fnd Ksp if PBSOy.

PosOyisy == Phiag)+ SO 2ay -
Ksp> Loy 5057 = (lésaxio®)(10) = |17 %1077 |ai)

assoe
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(4) E)fd‘kb]gsfs is wWhia a Power 'Supp)_y _(N“voH'ayc seue’l)

' do& wok in ordnte cawse o nmstM\nu,_
reachem 4o occur '

£ o Y¥n hasr a Posvhve NGOn, (ovd a negahve E%,)
He~ the rxn can not ocecur spo ncou.alj, bwt i+
Can be “Lovod® Jo occw bj ng work = oen fierfafaim‘}'ts.
+he powe- S-u.PP)j “ pumps ™ 'e'}ec,ﬁZm ~from He  substand)
bung oxidized “Fo the substaawe being reduced.

(b) no. Elfc‘/w{ysi.f rxns are not Mrmadynamf‘mlgy 'Q?VW-'J/
spontancoud.. they have o posihre “AG° ma

a M&éfl\& E%eu
ol a4 Keg value of kess Than one.

€¢) In glectwlysis of moMHtn Nace,
which pwcess occurs at he anode?

Nat' 4+ le- > Na reduchmn

ox;‘dai“;m
oxidahm oCcurs at the anode ; 2(1(’2;)—-» C,lzty)...'ze—— }

(d) In elechp lysis .d'f Adueous NaCl,
- why Sosedium potal noF obteuried ?

Noogy + 1e= —> Nac  Ered = =231V
2)4‘10(1) +2¢- > qu)4 ZDH"“’) Ered = -0.83V

In aqumtour Nat, 04 s prestat (1)
HeOo has a more PoS:’hv’( veduch on PO)ﬂw'm—f
M/\/a""g,’) (-.83V > =271V

)
Se Hioyp is reduced (4o hydose Ga0! )
inSiad1p Fhe N+ whon Hevo |thgl
:.S‘a”hed.
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1 E\f’al’wljs'ns cfa Soluhon Cm'lmﬂm_g Cr‘*S,q) r

(a) IA)M mass of (’r'(;) late out afte- 2.00 days,
¥ current is 260 /f

(240day)/ Zi b )/ boos )/ 7.60 € /.—elf—f’—%qggc)/ ;T::ff;—) 51.9969. 996

m alc

] 236 grams Chromium_ &

(b) What ampecage (curvent) is necded o plate 0.750 mule Cr
(fom Cr"" g ) Ia 800 h?

RaARTP = ._i"‘_’L, [25omdac)(Bnmes” )/ AR ) F2361C

— time (§00he)( 3600s / hr) p) §500 S
R

s % 0 e
(@) e .
(s g {
Using a soluhm LM-)-a,mmj (rOy™" (chanoiz M) o elec:tw,glai[
A bum with  (homiua metab !
Density of Cr = 7.20 Hen3

thickness o Creg) laye- = 0.25 mm ér 0.025 cm #uc.k)
ac<a of bumpb’ O.32. mz2

(4) how— many Covlants nested ?
M‘-SJF% CV(S) = V-D = A‘ttD

m= (32 m‘)/lobw) /025 CM)[?ZO-B = 576 grams
Cm

(576 9 C/)/Imoleécjr )/e P )/%tms c) :fz"/"méfo:.

= 2.513 C/s ——> TQ.SI AJ

losks

I

51.99 mole Cr mole e-

(b) What curvent s needsd If only 10.0 seconds needed 71

curtat= Chage o 6.4 x10%C _ oy x165 Am
time 10.0S ] *xi0 PVJ
*ﬁfdﬁ*e(émolee I\)MWﬁ\afndM
mole Cr oxdation # O‘f Cr s (Fb6) 1n Lry®
tind zero 1In Creg) . budyou
Cad.d Wn-]—cmm'ﬁ—r‘wy
C"O'fuq)*@f + ‘-(HzO — C(Cres) + ?OH .
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=z
. Di's propor hbrahn rxn.s v fhe Same ¢lemest'is O idiped
'_'&Ci) P tduced in the 0. Complte/ balance. '

() NI'H —> N+ Nj

oxidahm Nitt — Nit* « le-
veduchn* Ni*'+le- — Ni
cowdneed (1) | 2 NitL, —> NigZe Ni

) §‘;>0.,-z . SPo ”@Zm (i base)

Cmm anate rm | _ Mﬂ“ja4¢$L (1v) oxide
_ pé&man analz ‘

7 permyns (aka “magens,, )

Qx:‘da-h'm H

( Mﬂ&q'z — MnO.," + [ e- ) X2

2z
reduchn HH,o + MnOy> —> M0, +-ZHO + 40U"

2e-
Combined * |
2 MO¢ 2+ 2H0 + MOy —> 2 Ma0y " + MnO, + 4 OK!
taq') " ! ag) "fa,) 29 rag)
-2 i =
3 MaDy " + 2H 0,y —> 2 MnD-{,q_)-r Mngy, , +H OH “77‘

(d) C-Qltq‘) = C«g ca9) -+ (/00.;’;‘7) (I‘t\l bM)
® Q)

oxidehm ¢ Yokrzihor (R, —> 2 (LO7 +H g +2e-

lrednchnr:  Cly +2e- — 2 CA-!
c oubiaed * YOH-'+ (Lz+ Clp+ 2-> Z (O™ + ZCh-'+ 2t
dvide all by 2 i

20Kk + (03 —> (RO + CL-! + Hz0 (
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102\) VoHaie cey witn N}*‘/A/i el ﬂy*‘/ﬂy. )

2% AgHi+le- — fg) Ema=. 799V

At +le- = Ay Epg= +F99V
( Nit2+42¢e- —> N Ered = - 28V
p

comy oot posihve (vollnic cul).

Ni = Njt2+2e-  E%x = +.28V

ZATa* Nigg— Nigy + 2A5s)

Nittis produced in the rxn.

te) The inthal [ Ni*?*] = .ploom,
ad e bl Ecey is Lizv.
Find iaihal Cﬂj-ﬂj-.

evese e Nicked half-ren sothatthe ovemll cal vo lfage

— O
(a) Een= Eved ¥ Eox

(h) ao Hhe cel DPem"'@, ENT'“‘J will inwréade

=.79qV +.18V
%y = 1.O7(2) Volis )

m——

—

(*/05’ is 60 The
Same puje & 91 |
A C(Tld«ﬂlt pﬂjé) /)ﬂ&k)

iOSMi

E=E® - RTp,Q Lizv = 10§V — (83143,)(298¢) 4
"3 (2mdeg— ) (qeupse
Mol ren e e—
$a Q= .08V (2milec/mionn) (16485 /rdec-)
~ (8.3 Ttk )(228 k)
L Q= - 300547
Q= e = 0.044 36
Q= CNi*Y] 04436 = (.0100 L'p,f‘] = O. Y7 /V[)
Chg+]* LAg=]= i




