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AP OMM/ MUXT&* R IZedoxRevie;!—J

Rb* ) + le- ---mn- > Rb,, phed= 292V
2 H,0, + 2e- ------ > H,, + 20H", E’red= -083V
Oy, +4H",, +4de -—- > 2 H,0,, Ered= 123V
Fae + 26 - > 2F', E'red= 287V
Ly + 26 > 21 Ered= 0.54V
Cu*?,, +2¢ ------ > Cu,, E'red= 034V
NERNI JS—— > Nig, E'red= -028V
Sn*z(uq, +2e- - > Sng E'red= -0.14V
Zn* o T 2e- --—--- > Zng, E’red= -076V
Fe',, +2e - > Fey, E’red= -044V
MnO, ", +5e-+8H", - > Mn*”,, +4H,0O, Ered= 151V

dehydroascorblc acid + 2H"' + 2e- ----> ascorbic acid E'red= 039V

, k {h se from suun esl to weaIl:)ertI oxidizing ?{ggt: -ﬂ'\g S'l'YbfljeS+ %Oﬁd 12N jfﬂ 3?A+
- IS the substaice 1§ mos
Eof(d“d,: 2% 26 _023\/ C&Fﬂ’bu ff b‘e”ﬂf l’fd“wd

(s e - the SubStance with the h"zk.ec?‘f'
o wmkesl- (most+ +) reduchtn ps ahab.
The nlb W}"i;tjaz‘il au%ngdgem: ,OorF'"? L
lsﬁd;bfﬁshnc: mj;)-ffgc‘afﬁ-frta QHF — Fa+ 26" E%x = -237V
of being oxidized, <2 20 = Dy +4yH++ yeo- E%x =~[.23V
Tho M 2

os1hve Ereol cevese the e Auch
or the “standard hydrogen electrode,” e e puchn
tances (? At what pressures amrbf !“ “cntral mnm:qgﬁ‘%seﬁt? cj"f mere Fos rh Ve,

L) TR
e 4 | Mol . SMAI‘
Lo ‘rite-the-half reaction T rs at the anode, and fill in the half cell voltage. 1 f—"l’“ A7 .
Hyegy—> 2H* + 26 o O oxidanty |,  E%s
fe anode [Rb *292y

¢. Write the half reaction that occurs at the cathode, and fill in the half cell voltag

—_—

|Zn *096V

2 ]’l"H.q-Qe' - HZfrn E'rel= o A% f'-tdubh:} Fe + 0O Yy v

caq)) OCCM"S

d. Use the voltages given above to determine an activity series of metals and hydrogcn (e ‘h“d-e 7 N ’ +.28 v
Include rubidium, nickel, tin, iron, zinc, copper, hydrogen. / I
mehef o1 the aaﬁvn} Strie, 3 | Sn t.a4V
the more Ca p‘?u fhe me fod (MH) i ’f Y -' H(man) ¢V
£ RA LS
'S o L&m DY I JZCJ ’ . j Cnx -0.34V

(7 & o)
m oxs‘dahm Pomhnp (E. D'X) AL T
an dquu)us solution of nickel (11) fluoride is electrolyzed, what will be the half rxn at each electrode?
+2
DML N Covﬁmnj /\/, -1 and H20 3
S h €4q) ., F(aq)/ 2Lre) )

Ca'l’hod.e CQQHG; 1on ) LSIne 0%V >-p%3 onode (DX/‘daﬁDQ)

Ni(“;rZe' = N;(S) €% ed = —O-Z@ V.___ Nitt=a2 -+ 27 db;\e:;;m
Lcaa) ) [ 2FT A€ +F2 L9 <-231
2 HzO -t:lf"‘ — H 7+ :LOH Eofcd E "%3\/ \QHzO” "le "'Oz*"le—)*' E 'V‘
) P ox * 23
Fr+te-— 77 detont 1‘0‘10}0'/‘ tS’mce -123v > -23F V




4. Vitamin C (ascorbic acid; CsHgOg) can be oxidized to C;H.O, (dehydroascorbic acid) according to the following half
|

reaction:
CGHsos(aq) “““ "‘> C6H606(nq) + 2H+1(8q) + 2 e'

O + 2HY «+ 2 €~

0" Voli-agcaand rengs
* fom page 1. | reversed

He v tamin C velinge

a. Write the balanced redox reaction that occurs, if ascorbic acid is oxidized by permanganate ion, in acidic solution£p £ e/
~| i _ - = +
9~7‘(M"0*t cap)” 3 H:M)* be- — Mﬂt;‘n"’ HH.0 E%ed = 151V / ’:’5
& x (CeH06 — ¢ wege-) E%* -039V
oHu0p + 2LH 26 ) o :

2Mndy'+ 5 CoHglp + BHY — 5 {6, + 2Mn+>+ §HO* M"‘
b. What is the value of “n” for this rxn "_ﬁ

c. Calculate AG® for this reaction.
E%n= E%ed+ Eom = 1.SIV+C03av)= (12 v Elos’o KT/mdle

o _pjge. -[lomelee: e e-
AG° = -nFE°- " )/m)//./z -g—') = =)0 $0632 T/mol(>

mole ryn Mol e-

d. Calculate Keq for this reaction at 25°C. 43 T /msle e
"AL)D/R'T + 108D 2 m qgél lgq
=€ (@F3amTymr)(248¥) = E ( b7 >

K- e
_e. Write an expression for Ke.in ms of the appropriate concentrations.
\ K. - FCbeO‘js Mﬂ*’i
c =

CMa0,]*[Co H30, ]° [H*] 1¢

A tablet/pill 1s tested for its vitamin C content. A 0.60 gram pill is crushed and dissolved into a sulfuric acid solution.
This vitamin C/acid solution is now titrated with 0.045 M KMnO, solution. 20.8 mL of KMnO, were required to reach

the end point.
f. Determine the oxidizing and reducing agents in the titration. \'\\ Vl ﬁm Ic C (Cé H 806 )
\
o e Mhpy s\ \\ > reducing ageat
Mnoy" = oxdizing agen ! ) | g
i j 7L / ffd“[(d \\ (H‘ 9fh o’”df z_eJ
g. Calculate the number of moles of vitamin C that must have been dissolved il the solution. ’

| .45 mole_KM
(0.0203 1) (Lm0l "03) > . 000936 molea KMnby a

(000436/&401.? KMﬂOq)[%) = 0.00234 moley —al 0.0003 kK
h. Calculate the percent Vitaminby mass) in the pill. | moles-
/76 1256
(-oozsymos ) (176125t 5) = p 41213 002/92;3 0413, :{—67%7
V.t

——




6. If you were going to make a [not very good] battery using the iron and tin half reactions on page 1,

a. What would be the overall reaction and cell voltage? = oo - Vv
Fompl: f Fesy™ Fey+2em Egx=+OM4
F(l:; +2e—— Fqs) E’red™ -0 Y4V Snti. + 12— S-Y)(_S_)_ Ej(f(b: Ol

N tag)
E’ﬂ/ =04V

Sn+i ¥ 200 SN¢s) ‘
(wc noed o reverse one ot these Since
poth are reduchen, Since it 1S Tor a
ba e (o “5AIVM.'(0{II "o “yvo Hauc cell ")
i+ midsr have a posihve Emn S0
WeIl Fegeeer reverse the Fe rxn,
b. Calculate Keq at 25°C (Answer: 1.4 x 10'% -

p4o= -nFEC = —[(2mdee” /wﬁ)/e_z_?_l) = -57891 7/mode

mole ren molp €~ T
o
- DR /RT +57841 T /odle 23.36b o
Keg= € e @3 - e = |H4p5x10
eq- = € (3314 T/mel X298 ¥) = L4p5
- 1o
l Kq_ = |.4x D
¢. What substances would you put in all places in the battery? \ :
d. Sketch the battery, and show the direction of flow of e- in the external circuit, and the direction of ion flow in the

salt bridge. Also label the anode and cathode. ¢ / d NE on NExt Pag{

e. What would be the cell voltage at 25 °C, if the concentration of Fe* is 0.010 M, and the concentration of Sn**is 2.0
Molar? How does E compare to E°, and how does this relate to the value of Q? =

Q-= [Fe*Yam] - 0012 . ppo50

(5n*%ag)  %° (83M)(29%) v f I A
. (83M)(29%) v 005D
E= E°® - %.ﬂn& = 030V - (2)(a642S) n[ =
= 0‘30 VvV - (" -Dégv) = 0'3?‘ V

f. What would be the cell voltage at 25 °C, if the concentration of Sn*?is 0.010 M, and the concentration of Fe** is 2.0
Molar? How does E compare to E°, and how does this relate to the value of Q?
L) 4
(234)298), )0 (200)

Q= (2.0) _ 200 E=E°‘.,§Un@’ O30V = 2(q4uss)

(.01 0) 7
E = p3sv - 0.06%V =|0.23V i
‘fince Q>l, E‘Eol

g. If the concentration of Fe** is 5.0 M, at what concentration of Sn** would the cell emf be equal to zero? Explain.

The cell voltage will be 2éco when the Q= Cret Ldx10= (5.0M)
mnis at egm. lnpat (b) e foundTal Csn**) T

Kei =) /."I)CID’D . H"W;” bf d7" EQm £

' > 3bx) 07"
whon Q= K= |Hx)p? Csn ] : <107 M
(ol do = 50—_’%”,,@ ond Solve QR when E 20 )



&e) </d

5“*;}4)* Fecoy — FC"’(ZM) + Sn (s)

EOC(H = 050V

em I sabt Imdge
Noy SOy, K’Ls(gjﬁ\'aNoj .

9 So 2 Na-ﬂ\ (0q) Sn |é— ef_____ PtIS))
& F:;;d ( ) -4 3@\&)&&
od\/ =S Sonwe el
= ‘ belowSn
chw.
\ i
Fe> e HCathedy
120 S| (S =
’ S.n-n"fZ(“—‘,gn
B e
_—— ;‘;::) ioi | Sty NOy”
A
/ o RO SO !
or Some cahn (™ ek or SOy ©.. .4,
$rad wony Yeuck 0 solid R,
for exampt No Y+
| SN (N0), (a)
$o W Fe [NObWL S’ u
NaNO3 N2 g
K‘LSO\.,
F¢ SOy

4t



7. Concentration Cells:
a. Draw a picture of a concentration cell involving Co™. (What substances are presen
b. Write a balanced equation for the reaction that occurs.

S
CD-::.q) + Cocg Coap) * CO(S) *]

® K- (g giie

di u£ y J +2 —l
“"“’i’ﬂ' o H '}.*S.l ¢ onceqin T cagd Conteakd
¢. Answer these questions on your picture:
Which way will the e- flow in the external circuit? = -
Which directions do anions/cations flow through the salt bridge? Q -D——g’Q‘ = 012
Which side is the anode/cathode? 25

How will the solute concentrations change over time on each side?

How do the electrode masses change over time on each side?
d. What is the value of E’cell? @
e. If one of the solutions is 0.30 M, and one is 2.5 M, calculate the E_ at 25°C

E-;' ED —%ﬂﬂ Q
£ O - (5 3W)(298) 0 (012)

The Hnies « €~ 2(96435)
p- Ii,h’t bulb in
& € the wotld
Salt Bridge ¥
Co 235, >
@ [ Na—n S‘p‘;lj

{ = -
x |

D”u’-{ anode
concenhated ) goluhm ( )
e e (cATHODE
OX)DATION ocewrs
3educ-h'm OCLUCS at Hhe ME@Z
CATHODE = 2 _
+2 2e-—> C Cocs) —Co U\Q)*le
* A0 0¢$)
CD tag\ - o Hhe ancde Side,
. i .
co on the cathode side, . fCo*b.qA TaCleases over‘i;\:' .
(Co*2, ] decreass vetime g e mass sk ke E2lid
” Co elechuit ol echade Aecreases Ve Pme,

ang the Splid A
oSS inceeases over Hme.

% insiead oF CoSOutaq), Vo€ Codld v Co (NO8)3 0y (o Clrragy *

s H '+ bﬂa
¥ inskepd ok NG SOy inthe $4 9€
we coWd do  KeSOy , L;2S0y, NaNDs, LiNO3, KNDs ...



8. a. A solution of zinc iodide is electrolyzed. Zinc ion and iodide ion both react. < ( _;_—% Z,) s)
If a current of 2.00 A is applied over 5.0 hours, what mass of zinc can form? M)

Sohe )/ 26008 )/ 2.00 C) Imole €~ /IMole-Zn 65.389.) _

9{/2 ymsZn

b. Calculate E°cell.

2Nty t 26~ = 2nis) ES%ed =-076V T revesed the Tz /T ;xp

-1 —> T 2e- E°. = - /f‘wm ayelsmu:r'npe‘y
21 aq) 2+ = ox B o054V bcare "y

2 r
Zn‘*}m) «~ 27" taﬂ) Znes)y~ Ty E ceu = -l 30 VJ

Zn";zaq) ad T ',' both react acc o part(a)

¢. What is the minimum energy required for part (a)?

(5.0 hey ( 2E)(23 ('3”)//'37) > dey 47 k7 |
oR o A~

(1209% 2 )(ﬁmh’f’) 96435C \ /1307 P
. 0] )/653?j /miloZn male e- )[ ) pr—s La.}z gj}

fom put (a)




( 9;’} Balance these 3 redox reactions. Show the balanced oxidation and reduction half reactions too.

INACID:  SbOy+ H,Ci0,,, ~——> COy + Shy

@ ©® & e

OxidaRon =) oy —> 2C0a + AW« .- )X 3
(edncho s Sh0y « 6 R + o —5 2§h + 3 H2O
ov eatl

3 U, G0y * Sb203+ 6 14k —> 4 Oz - bW+ 28k + 3 Uzp tbe

“111‘-51-[3 ”zCZOq + szoa ~—= 6602 + Q.Slo"" BHZO]
—_— —

e —E_.____—___,,_____ ——————
InBASE: Br'y,, + CrO%, -—— > BrO,", + Cr(OH)y,
bx dah e

éoq‘&gf" +3Hw0 —™ B"OJ—‘ ""6’420 - 6@'“

0t owidahtn Trvnic 'LéoH’ +Br' 3(03 i 3"‘10* 6~

reduchon ™
Je- + Crou® ~5H0 Cf'(DH):; * Yoo -tS50H .

So e redirchm L& s {Be -eCrO., +LH1L7_O—-»Cr[DH)3"'50 )

P :
oveald - l Be"'9Cr0,? + 5 Hwo — B3 ZCr(DH)3 ~+ HoH *7

In BASE: 10, ‘(aq) + Sy - > I‘(aq) + SO32(aq)

® ® @ @&

OX:‘A&!'HM - l
S AAN (éon + S —> SO0 L, ye- + 3 H,0 )'*3

{.fA'MC-Hb(_\_ (I03'| + 6€” 4340 —> :['l + 60H" ) X Z

. b -
ovenld L4 o™ + 35+ 2Tp5 + 124 %O—‘ 3S03 *12@ +9H0+ 27T
*2{01"

oveall - L@ O + 23S + 2T0; — 3 S05°+ 3Hz0*:2I-'J




(10 1ot tre end 6F TS Key - on last page )

11. Each reaction below has a positive E’rxn. ;

Therefore each reaction could be used to make a “battery”, also known as a VO H'ﬁ-l C cellora 3@ |Vﬂ4‘lu“(. cell,
For each reaction, determine the value of “n” for the reaction, and determine a substance that could be used for the
electrode at the anode, and a substance that could be used for the electrode at the cathode.

(In several cases, more than one substance could work. You can just list one substance though.)

The electwoe Substances have to be solid phase and have
to Conglinct {’Iec‘/"n‘dy.
The M’j substance, that coducl anr splidy are metralo N?r'hf

Cov bM):

1 there 7S a meted onthe reactmt Side, You need to wae
that metal b the electrde. ( itwonld be the anode,

Since Yhe metal wowld be pxitdized 1nthe rvn;g pmetala
will |ose €~ wh!nmlffo.d'.)_

-

D ——

a. 2 Coyy + Sn*,,, --—-=> Sn +2 Co,
0 4y o +2

Pnode (oxidotion) half rxn @ Cor)— Co™  +2e- e,
(2 Coi) QCo‘n""’\e') S

Cathode (%M) halbrsn + Sall o HET 2> Snesd

Anvde: must use Sohid Cobadt (Co)

(athode *  cmld wse Soltd TM(SN) o0 graphilr or Pt
(o any metnd that IS below Sn st Hua ac%_v._iy_s.eqa>

b.  CH,OHy, +Fe® ——-> Fey+CH,04, +2H" .

@ ® ® | n=2 |

Anode: CH30W — Cy,p+ 74+ - —_— .
e z?aq) Hm;—ie anede’: Pt or 301;]4,,11
Cathode * Fet**2e- — F"cﬂ Cathde® Fo o PL o 9 rap 4}(

¢ 2Cr+3H0, 0 > 30y, +6H" o +2Cry
Wdﬂ"“"ianodﬂiwn 2 HzOz_"? OZ*ZH’-H*Q(—

a : '
(3 Y0, = 20,4+ LH* ~ ée-) _/\ode Pt o 3:’&]0’4«

Catmde: Cr
Cri>«3e- — (y Pt o
(26(*3 +be— — ch> L ?("P\MJQ

recluch o (cathods)

=6 |



L” , Con 7}

d 3 1\%) + 8H"(y + 2Mn0,",, -—> 3 M%*2+ 2 MOy, +4 H,0,,

Anode Mg = Mg+ 2e-  (3mg—> 3MGH +6e-) I n=é 1
Catnode * 3e- + Y Ht & Mnot’——" MaD, +2 HZO [6("* gHA"\'ZMﬂ&; - 2 Mal;

- : e —— -rl-}-Hzo:
LA"W" Mgesond) |
Cathode : pt o graphite |
1L o Jrap .

J — - e - —— ——
M{:f ——— — — e e R 3

e. GOH”‘..,H]_ +%H3OHH(M +El:03_|{m|l > ISHO + 3 Nyy+ I i)

- S
— ——— — ——

Anode ANHIOH™*' , yoH- —» Na + 2¢- . 6H20

(LNH;DH"""' 120H™ => 3 Na-~+be- + /8 Hz0)

Cathode - -
)
Io37' + e~ +3h0—> T-! « 60H "~ Al '
M‘Pt‘ or grafLu].e j Cathode Pt o 3rapki+€

f, 2Ag" . + Sn*, +2H,0p - > 2Ag, + SnO,, +4H",,

® @& ® @&

Sn** — Sn0y + HH*'+ 2¢- Anode: jrAFM‘tk

Anode

Cathede  Ag™ |, _ Ay

P
(2 Ag* < 2e- = 2 ng) cathode Ag sy
rem—— o 3m‘olu~’-€
L———r‘r\’ 2 P A € { P -

L R
g .

A . f i \

T Alg+ 3LIQP., + 6H > 3H,0, +3Ti%., +Al%,
SR @

Anode +3 _ g
AL — AL Je L-n____g \‘
Cathode 28+ T30+ €~ — Ti*® + Y0

(6B + 3TI0**+ 2e- —> 3Ti*3+ 3H,0)

__Prr_x_oglﬁ" f:szo\.‘d) -
Cothode grﬂ'oM')? g P‘t.




12. a. In reaction 1 lc, above, what mass of solid Chromium ¢ould plate out, if the reaction produces a current of 0.044
amps over a time period of 3.0 minutes?

(#tic+ 2Cr*3 340, = 30, + 6 P4 2Cc,y N6 )

—m——
e am—

(30"444)/50 S OL/“C)/ Imole € — lmole moe ¢~ 1\ ,5].99% ¢
Innin 964 95C 3malee )( Imoe

/QMMA(,-
e mplo e )

= o023 > |0.0014 JAms Crg,
WOulal'lCA/"V)

b. In reaction I 1€, above, how long would it take (in minutes) to produce 5.0 mL of nitrogen gas at 25°C and 0.91
atm, if the reaction is producing a current of 0.022 amps?

W Fiast use ideal qas law o fisd moley Nzog)y

PV=nRT
A‘Nz = _P__K- = [-9,47‘)‘1)(0.0050)_) _ .000l3g77
KT los21at )/ 2ask) molds Nz

@ use Km(sbiclmwfy) 1o convert moleaNy s noley o—

ne : LOH’*GMHBDH*)* IOS"-% IS H0 + 3'\1215)* I-\ ___‘(9

(. 00018597 m,| bmoles e—\ _ I;z _
moles Nz 3molulvz> 0003?19 moleg ¢

C
@novu— nse Cwrent ﬂ&QQOZ’Z A o .022 /S,ar\pl”\e ﬂw«de]

(00037149 mome-)[%”sﬂ)( Isecond - N = |13) seconds-

Imoble € 022 Coulombs o[ 23 minutes]



Reactarts —  Products

@ Suppos; that a reactign has an E°’rxn .Of 0.' 10.

& the reaction proceeds in the forward direction, a _ Fm MC +s
Does Q,,,increase or decrease? ITnreasl réa cia ~1S
Does E,,, increase or decrease? d!( (4 ( {a4e

< (becomes Mole Negahve)

E=£°- %ﬁna

i A>1, thn 0B is ® S0 E £ E®
w RT y
the large- Q becomes, the lager the =~ rydn @ Hom

becomes, the lage # Yow Subtnct Hom E®;
P moe negahve the volimge becomes,

@/.. To protect nails from rusting, they are often “galvanized”; They are coated in a more reactive metal, so that the more
reactive metal gets oxidized instead of the iron. (The more reactive metal can be called the “sacrificial anode.”) Based
on the voltages on page 1, which metal should be used to coat Fe nails: Tin or Zinc?

Fom page | ( wel reéveérse the reduchm 4 rns 7.‘ven> :

Feey = Fe** <2, E%, =toOu#V & Nalls (mals +HFe)
S-n(su——"; S‘n-t-ﬁ- + Qe- Dpx = +0,14 V

Zagy = 2t o4 2,- E°%< = T0F6V

\
Zine !

) I

?-ng) is oxidzed More '”Cﬁﬁ""j than  Fe cg)
[Zn[g hay & more FDSJ‘)')VC E%x than Ff(:))

So “gﬂ}\/;m/‘z,gj "nails are codted 1n Zinc.
Thot way iL e nadly ome n contact wi,

a0 pxdizing  ogent (i 46 B « 020), Hhen

the Ziac coahng Wil ged ovidizey nStead
of the 1/n ){kajs mtho insite f Hhe pail.



